GAS DI STRI BUTI ON SYSTEM HAVI NG FAST GAS SW TCHI NG
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pl asma processi ng chanber, a gas source that supplies

process gas into the chanmber, and an energy source

t hat produces plasma fromthe process gas.
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20 occurrence of undesirable pressure surges or flow instabilities of either gas. Some
preferred 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.

A preferred embodiment of a gas distribution system comprises a first gas

25  passage and a second gas passage adapted to be in fluid communication with a first
gas line, and a third gas passage and a fourth gas passage adapted to be in fluid
communication with a second gas line. The first and third gas passages are adapted
to supply gas to an interior of a vacuum chamber, and the second and fourth gas
passages are adapted to supply gas to a by-pass line. First, second, third and fourth

30 fast switching valves are arranged along the respective first, second, third and fourth

gas passages. The first and fourth fast switching valves are adapted to receive
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25  and second gas passage.

A further preferred embodiment of a gas distribution system for supplying
gas to a plasma processing chamber including a gas distribution member having
inner and outer zones which are flow insulated from each other is provided, which
comprises a gas switching section including a plurality of first gas passages, each of

30  which is adapted to be (i) in fluid communication with at least one first gas passage
and/or at least one second gas passage, and (ii) in fluid communication with at least

one of the inner zone of the gas distribution member, the outer zone of the gas



conprises a gas switching section including a
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25 Bphe:drra to the plasma processing chamber while diverting the second process gas

to the by-pass line, the second process gas being substantially replaced in the plasma
confinement zone of the plasma processing chamber by the first process gas within a
period of less than about 1 s, or less than about 200 ms; and f) repeating a)-¢) a

plurality of times with the substrate.



confi nenent zone of the plasma processing chanber by

the first process gas within a period of |ess than
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a)-e) a plurality of tines with the substrate. BRI EF

DESCRI PTI ON OF THE DRAWNG FIGURES FIG 1 is a

sectional view of an exenplary gnbodi nent of a plasma
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Plasma processing apparatuses for processing semiconductor materials, such

as semiconductor devices formed on semiconductor substrates, e.g., silicon wafers,

20  include a plasma processing chamber and a gas distribution system that supplies
process gas into the plasma processing chamber. The gas distribution system can
distribute gas to a single zone or multiple zones across the surface of a substrate
during plasma processing. The gas distribution system can include flow controllers
to control the flow ratio of the same or different process gas, or gas mixture, to the

25  zones, thereby allowing in-process adjustment of across-substrate uniformity of gas
flow and gas composition.

Although multiple-zone gas distribution systems can provide improved flow
control as compared to a single-zone system, it may be desirable to provide such
systems with an arrangement that allows substrate processing operations in which

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

time.



systenms with an arrangenent that allows substrate

processi ng operations in which the gas conposition
wanaisan2mke gas fl ow can be changed within a sROTAUS2005/013582

period of time.A gas distribution systemis provided
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processed. The inner and outer zones are radially spaced, and preferably flow

25  insulated, from each other in the plasma processing chamber. The gas distribution
system can simultaneously divert a second gas that is different from the first gas to a
vacuum chamber by-pass line. The by-pass line can be in fluid communication with
a vacuum pump, or the like. In a preferred embodiment, the first gas is a first
process gas and the second gas is a different process gas. For example, the first gas

30  can be a first etch gas chemistry or deposition gas chemistry, and the second gas can
be a different etch gas chemistry or deposition gas chemistry. The gas distribution

system can simultaneously provide different controlled flow rates of the first gas to



a vacuum punp, or the like. In a preferred enbodi nent,

the first gas is a first process gas and the second
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25  replacement preferably can be achieved in less than about 1 s, more preferably
within less than about 200 ms, by providing valves having a fast switching
capability in the gas distribution system. The plasma confinement zone can have a
gas volume of about % liter to about 4 liters for a plasma processing chamber for
processing 200 mm or 300 mm wafers. The plasma confinement zone can be

30  defined by a stack of confinement rings, such as disclosed in commonly-owned U.S.

Patent No. 5,534,751, which is hereby incorporated by reference in its entirety.
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I nternedi ate
material; and a masking layer over the intermediate layer. The intermediate layer

may be of a conductive, dielectric or semiconductive material. The masking layer
can be patterned photoresist material having an opening pattern for etching desired
features, e.g., holes, vias and/or trenches, in the intermediate layer and/or one or
more other layers. The substrate can include additional layers of conductive,
dielectric or semiconductive materials between the base layer and the masking layer,
depending on the type of semiconductor device formed on the base material.
Exemplary dielectric materials that can be processed are, for example, doped

silicon oxide, such as fluorinated silicon oxide; un-doped silicon oxide, such as
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1 Qe 9, Pirdrily 988e: ol UL doBioller 500. Gas is supplied from an

inner zone gas supply 40 into the inner zone 42, and gas is supplied from an outer

25  zone gas supply 44 into an annular channel 44a and then into the outer zone 46. The
process gas flows through the passages in the baffle plates 30A, 30B and 30C and
the showerhead 22 and into the interior of the plasma processing chamber 12. The
process gas is energized into the plasma state in the plasma processing chamber 12
by a power source, such as an RF source driving electrode 22, or a power source

30  driving an electrode in the substrate support 14. The RF power applied to the

electrode 22 can be varied when different gas compositions are supplied into the
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system 100, preferably under control of a controller
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suppics au/prchemtsteins eiche Aest aad sscond garss torfhe spitshing section 400 via
CONJak Bhss3E&II2AM O LCRA, BEQ Yefiectiely, h&Rbitloh e flow rate and/or

chemistry of the first gas and/or second gas that is supplied to the plasma processing
chamber 12 (while the other gas is diverted to by-pass line 50, which can be in fluid
communication with a vacuum pumping system, such as between a turbo pump and
a roughing pump) can be different for the inner zone 42 and the outer zone 46.
Accordingly, the flow control section 300 can provide desired gas flows and/or gas
chemistries across the substrate 16, thereby enhancing substrate processing
uniformity.

In the gas distribution system 100, the switching section 400 is operable to

switch from the first gas to the second gas within a short period of time to allow the



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

to the switching section 400 via gas passages 324, 326
wanwsA62093 366, respectively. In addition, the PCoOwSe@s013582
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and/or fluorohydrocarbon compounds, such as CF4, CH3F and the like. In one

25  preferred embodiment, the plasma processing chamber is an etch chamber and the
gas sources 202-216 can supply Ar, Oa, Ny, Cly, CHz, CF4, C4F5 and CH3F or CHF;
(in any suitable order thereof). The particular gases supplied by the respective gas
sources 202-216 can be selected based on the desired process that is to be performed
in the plasma processing chamber 12, e.g., particular dry etching and/or material

30  deposition processes. The gas supply section 200 can provide broad versatility
regarding the choice of gases that can be supplied for performing etching processes

and/or material deposition processes.



i ncluded in the enbodi rent shown in FIG 3. For
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valotks otelof e ga@bdird 89859963 PAGsl@ first gas mixture can be supplied

to the first gas line 235. Likewise, by opening the valves 250 associated with one or

25  more of the other gas sources 202-216 (while the remaining valves 250 associated
with the other ones of the gas sources 202-216 are closed), a second gas mixture can
be supplied to the second gas line 245. Accordingly, various mixtures and mass
flow rates of the first and second gases can be provided to the first gas line 235 and
the second gas line 245 by controlled operation of the gas supply section 200.

30 In a preferred embodiment, the gas supply section 200 is operable to provide
a continuous flow of the first and second gases via the first gas line 235 and the

second gas line 245, respectively. The first gas or the second gas is flowed to the
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gas passages downstream of each of the gas sources
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t hefldw cadtradasctioar’d Steheh melmdadt lehwwo flow restrictors. Each flow
restrictor preferably has a fixed restriction size for gas flow through it. The flow
restrictors are preferably orifices. The flow restrictors restrict gas flow and maintain
an approximately constant gas pressure in a region of the gas passages upstream of
and proximate the orifices. Each of the first flow control section 305 and the second
flow control section 315 preferably includes a network of orifices, e.g., two, three,
four, five or more orifices, each preferably having a different cross-sectional

restriction size, e.g., a different diameter or a different cross-sectional area. The

restriction sizes of the orifices are smaller than the cross-sectional areas of the other
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to three o our orifices can be opened to
pr caxiadwple, in the first flow control section 305 and/or the second flow control section

25 315, one or more of the valves 320 can be opened to allow flow of the first gas
and/or second gas to one or more of the associated orifice(s) 330-336, while 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

30  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



different ratios of the total conductance of the

orifices 330-336 as conpared to the conductance of the
wonrddsiaz9338, in order to supply different ratPOs/US2005/013582

the first gas flow and the second gas flowto the

I nner zone 42 and the outer zone 46. Another
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sec%%ﬁaﬁ)& the orifice 338 is arranged al ong the gas

passage ke sebdfd o® doRREP@EiIG 919, Shelbrviderd 8iifhQalRd along the
passages 331, 333, which are in fluid communication

wi tgasagsage a9, Bheigaseestage 35 ispheidedingo gavpasgees 372, 374, which

ot hvel v. A pair of..val 320 is.lI ted i
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along the gas passages 372, 374 can be replaced by a single four-way valve.

25 The orifices 330-338 are included in the flow control section 300 to prevent
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

30  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



In the second flow control section 315, a pair of
val ves 320 is located along the first and second gas

woassagam®3 364, 366 to control flow of the secoRdT®&2005/013582

fl owed through one or nore of the orifices 330-336 to

the inner zone 42 and the outer zone 46 of the plasma
processing chanber. In an altergat|ve enbodi nent, the

pair of valves 320 | ocated along t he gas passages 364,

366 can be replaced by a single, fourway valve. In the
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In the gas distribution system 100, the gas switching system 400 is in fluid
communication with the flow control section 300, and with the interior of the
vacuum chamber and the by-pass line to which the first and second gases are flowed.
A first preferred embodiment of the gas switching system 400 is depicted in FIG. 5.
The gas switching system 400 can alternately supply first and second gases to both
the inner zone 42 and the outer zone 46 of the plasma processing chamber 12. The
gas switching system 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 315. An orifice 430 is arranged along each of the gas passages 324, 326, 364



A flow control device 340, preferably an MFC, is

arranged al ong the gas passage 244. Val ves 320 are
woOao@tiezhal ong t he gas passages 376, 378 to CORCTIS2005/013582

flow of the second tuning gas into the gas passages

366, 364, respectively. In an alternative enbodi nent,

the pair of valves 320 |ocated gl ong the gas passages

376, 378 can be replaced by a S|ngle four-way val ve.

In the enbodi ment of the flow control section 300
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366 of "the second flow control section 315. An orifice
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firs40 lgesePAsE20R 38 faRhgdsarf 4445448 | 430 £5MUSD] and 456, 458 can
sectlon 305 is divided into gas passages 448, '450; the

sedisgrlgaed bina siagls, topsway vehe. fihe yelves 449 evrhe S@Iectwely opened
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For example, to supply the first gas to the inner zone 42 and the outer zone

46 of the plasma processing chamber 12 and divert the second gas to the by-pass

25  line, the valves 440 along the gas passages 442, 448 and 454, 458 are opened, while
the valves 440 along the gas passages 444, 450 and 452, 456 are closed. To switch
the gas flow so that the second gas is supplied to the inner zone 42 and the outer
zone 46 of the plasma processing chamber 12, while the first gas is diverted to the
by-pass line, the valves 440 along the gas passages 444, 450 and 452, 456 are

30  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



458. In the enbodi nent, the gas passage 442 is in

fluid conmmuni cation with the outer zone 46 of the
wohesnmazokhanber 12, the gas passage 448 is in PCWiIUS2005/013582

communi cation with the inner zone 42 of the plasm

processi ng chanber 12, and the gas passage 444

provi des a by-pass |ine. The gas, passage 456 is in

fluid conmuni cation with the gas passage 442 to the

outer zone 46. The gas passage 452 is in fluid
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progessin nber 12 ile the first gas is diverted
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"fast-swi tching valve" neans a val ve that can be
op EHBEESHAS chamber including a plasma confinement zone to replace a gas volume of

PO ms, more

about 72 liter to about 4 liters within a period of less than about 1 s, more preferably
less than about 200 ms, to thereby stabilize the system.

25 A gas switching system 1400 according to a second preferred embodiment is
depicted in FIG. 6. In the gas switching system 1400, a valve 440 and a orifice 430,
which is located downstream of the valve 440 are arranged along each of the gas
passages 442-458. Otherwise, the gas switching system 1400 can have the same
configuration as the gas switching system 400. The orifices 430 prevent undesirable

30  pressure surges during switching of gases. In an alternative embodiment, each of the
pairs of valves 440 located along the gas passages 442, 444; 448, 450; 452, 454; and

456, 458 can be replaced by a single, four-way valve.



closed within a short period of tine, preferably |ess
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in the first gas passage 405 and second gas passage 415 upstream of the valves 440,

25 and instead arranging a orifice in each of the gas passages 422, 424, 426 and 428
downstream of the associated valves 440.

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

30  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

mask, such as a UV resist mask. The SiO, layer can be formed on a semiconductor



and second gas passages 405, 415 can be, e.g., a first

gas outlet and a second gas outlet, respectively, of a
wolkow/azmesr ol section that, unlike the flow cORCT®IS2005/013582

section 300 shown in FIG 4, does not include both

i nner and outer zone gas outlets. An orifice 430 is

| ocated al ong each of the firstggas passage 405 and

second gas passage 415. The first gas passage 405 is

di vided into gas passages 422, 424, and the second gas

Pas§aas, AR ak 8 sickh %ﬁer' H}:ltvﬁlé% apgR feF @9@@0 HoPor ftBmm! e

gas passages 422 and 426 aré in f comruni cati on

wi t featimed canéiej og., (vfas and/ac rermbeh a]mmmg suwhatdhivez prasesses, it is

a are in flu nicati.on wi.th a

by D8RI i doPRt i rautipdieik GaE ol SRE T BTG -

9 as cﬁ@l@ssﬁ%%ulég In tHe2fladknde 48811 ﬂx%%tneitfbn@)”so%hﬁﬁ%ﬁﬁf g‘é?ched in the
enbodi nent, each of the pairs of valves 440 | ocate

%l ofiPaihee their Cﬁ%@’@dﬂ@‘@se 422, VlﬂSZHaVeairrduﬁldzaoss&%tlomnIﬁsmatlons are

rep C ur val ve. e I

sup p r%?aﬁ ee\éf i&lre L d %Veh{u(?ﬁy ﬁ%amgit&]ﬁ rc‘ﬁlgﬁg‘élp 31}?5%35% andh effect
Si nb¢ tramsars 1y tha lllé}%r thenSEecIEng. 8a&®, h Pokhifr Byn 9@§§p031ted on the
line, the valves 440 al ong the fluid passages 422 and
42gsidewalisfibifeatiies he val ves 440 along t he gas

passages e G

flows s oltﬁé éP Q%hcﬁ%glggeﬁdh@g\%ﬁe? g h%tEfl)e e?S X ﬁ g®mﬁﬂgpos1ted

1 haobe sidevallbend tHe&iaseg@fSetct}&dCfea\tﬁfe*s @ﬂ’edt@tﬂefb@clﬂﬁtep df Snisotropic
line, the valves 440 along the fluid passages 424 and
426°15hiBS BERASENS ol Rerelepastisd on dambatiosn gt th deatpgiigisubstantially

pas d ﬁ%ﬁ?ggﬁléﬁgs TRRVE ﬁftﬁéjpolgﬂltef"@@ctogﬁes 16 n@xﬁcgcrd’n tﬂ?

nmbodi ment o as swit¢
s h osidewallsFanG/or 6n ¢lanbdse, the dich ratd 0P i cndviregged,md may be stopped
orifi c%s 43 rran ed in the%él st gas. p@rssage 405 and

sectHEPlgEY- M@S%E%lff‘r_ Af rfacaeifviesediesing thighd
ns
AR 1430 GG g e

as sdaposit ed theahasksand4eatuies &f sppleal] inttothd iptasmiapradessihg chamber is

ooy Bheinl LGRSy s ATD S, he Moct, L SUBRLY s ormed

Pl agine MiOf Ry e, Rhile ARODESvididg kermamt Ek?ﬁir‘éﬁﬂ bf-ﬂ%@ctlon of the mask.
etching and/or deposition processes. For exanple, the

gasDuiing elichingiod thes3iOr &ayen polysezan ispgjsidicay m@ns‘eedm ¢he mask.

0 raocessin ch feat
207, RelrRTR, BT JLrRAE Eendy 8 Sp TR gy brions of
oV egtthihf of RO, Byehtoanside it kFicrht FREIF and PRSIIOR of the mask is
| ayer can be forned on a sem conduct orwafer, such as a

si 13%bigvedaf er, having a di aneter of 200 nm or 300 nm

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

plasma processing chamber to etch SiO, protected by an overlying mask, e.g., a UV

25  resist mask, with control of the thickness of polymer deposited on the features, and
with repair and protection of the mask. The gas switching system 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 bypass line,

30  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

mixture is supplied to the by-pass line. Preferably, the first gas mixture supplied to



features can be, e.g., vias and/or trenches. During
such etching processes, it is desirable to deposit a
weoabosna209en portions of the mask to repair strParius®s/013582

e.g., cracks or fissures, in the mask (i.e., to fill

the striations) so that features etched in the SiQ2

have their desired shape, e.g.,,yias have a round
cross-section. If striations are not repaired, they

can eventually reach the | ayer underlying the mask and

i N ghlagsh cBEfitdnns Loid &dhd MlatifbrdcB%E, &%ﬁgesis% faLing-
si dewal I s of

Al so, a polynmer can be deposited on the
t hesybstantialbsreplacedwith teesecoist gasmiipibue whthivea perjod ¢fdess than about

si by TR Pl b TeB ECONER” Rkl rfementenpe

et Chreferdlily hhdla dslufRloraping Llifddkd bt A¢i@sgses, pol yner
deposited on the bottomof the feature is

Subst ant T figst gesmirderc daed togidt TRk aen cantaiereg., a filotoarbon

I | ck onfhg side /or on
FeBEies WERIFE My, &g T o EREPLCT A ekl Bl e
be 30/0p/560lseanplied cynd BBinixaire 1834 talfsen & bakyemedUbpdait can
surfaces if it becones too thick. Accordingly, th

. e -
anotitaipe.g.i frfuenehydroparbep spegiestsyele a§ 6H:F aindiangpn: ehe flow ratio

pol ' t d LS.: ied..

o\ 8EE o 1 L0, REK 2R3 By RO Wcna
10condls@inchde (. Foea elpacitivetcoaplet pasinhietdhressonior pfkessing 200

pol ymer posit forped on the SiO2 | ayer, while al so

pr ﬁm&@%m%f{ﬂénﬁwéﬁawr PAFR§ULSaR 3@1@%7%90@{@1*& The first

mas

por TS ATeni 8 iR RN od oty o plesfToccRtyy Ehfmbet i sbout

pol sexendsite apow ROrsaddingds daghasne eds mirotihedrinokhd eliansten (while the

eriods, of .etching o he Si.O2 | ayer to epsure, that
DETRURLRS 1 UANPT orkie By GES eI EhG 5EOMAER TPt Is preferably
152¢ hil@vaintolihe plRmaPrsdetdiRs bhaibes Y B0UALLEAN P ﬁggeconds

W
to sugply process gas into a plasma processing CI%)a er
t 0 efck Hn®iiOB iptredused o the chambers(whyliertlge frest ks ie diyertedito the by-

WV resj.st sk, wi,th ¢ rol of. th hi.ckness of . .
pol PR el T el e 38 Ch B Ghaciie iy 15PR OF estsningperiod
Pr dr@ifdr RSy mEN@epdBisisn pdihied EsheSinkresdeti B9 deoresedwRthin the
the gas distribution system 100 is operable to allow a

f i ryefeped tmeegads. uSeapalymen daposihpreSiraply reaches & majiniven

I nt.n. r N hamber. f 1rst period
2, % BB 0B o B o
poltypiesllyRpie sibtio bbowd BMgiuRE. Daridg Bwﬁﬁfg,spd)lzmr cal6k ddpBEited on
to quickly swtch the gas flows so that the second gas
mi Xt}glg, fn@s]fgo 1R#ppirigHons and provide mask protection. Accordingly, the shape of
the openings in the mask preferably can be maintained during the etching process.
The present invention has been described with reference to preferred
25  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

30  all variations and equivalents which fall within the range of the claims are intended

to be embraced therein.



into the plasma processing chanber to formthe pol yner
deposit while the first gas mxture is supplied to the

woypeasxki ne. Preferably, the first gas m xt uPeT/US2005/013582

supplied toa plasma confinenent zone of the plasma
processi ng chanber is at |east substantially replaced
with the second gas m xture witfjin a period of |ess

than about 1 s, nore preferably less than about 200

nms. The plasma confi nenent zone preferably has a

vol wAQf 1ISeOpUViFD gt er to about 4 liters. The first

gas m xture used to etch Si2 can contain, e.g., a

f1 uor ocatbon 4ygasidsgribugioolsystemCar8pplPinggas targaouun bieamber,
fl ogvr{latsi.lg .of CAF8/ @2/ argon can be, e.g., 20/10/500

seemM & &econd gas m xture used to form a pol yner

deposit can caﬂmléa_)sls @s@e,anaafsk@mfd%yga@@gém ted to be in fluid
speci es, such as , and argon. e flowratio of

CH3mmmyigatéawitk a fisstgas ling/ 500 seem The second gas

capaci ¢ 1 ve- conbt s phedes i LRpiEher bR setaiedsa prip foid

200commonicaih with wese@nd gat hiee, ChfiiSindthizg $4§ faseadies Being adapted
e.g., 70-90 mrorr. The first gas mxture is preferably
flo

{RSUPPltEgs thibe sragimchnrRessarike sasendend foyrth gaepassages being
sec%?%dttgﬁu bgazga%aﬁﬁ%cé&{g%ﬁn@ach tine it is introduced

into e char e Second gas is diverted to

10t he by- pass | a fiss} fastswditdhiiey sedcomthngad alvnk the Rrst gas passage;

T SRt CEnhah o s
i ntroduced inj Qlifdrﬁst%miﬁ% éf)g.% &hﬁ%&&%&ﬂg@& tﬂ@gsyssage;

diverted to the by pass | g etching
on a subst r at &fourthdadt ewgithing fralivh erren geldi abapgpibe if@mntth gas passage;

SRR RN .

15P0! yi5els Bepes iwhilehed Reak Ind BRE HAS sx%it&ﬁff% TS Db CIREPS that

of less than about 100 angstrons during The etching
pr dbe disst gahisshippligdite &d yachamtchampertoa tedist Sishinaaheé the first and

Dur | etchin | yirer can be depasite n the.mask

P 45 B PR M oS e ST L B AR e second
Ac ok din8 ghy thetseeorinm@go@th 4xepa0desd;aag i n the mask
preferably can be nmai ntained during the etching

pr ocess. thypecopd asdird fastemiiching valyep being ddanted toadcaire signals to

2L LR 5 B ARSI HAL PP o s

25
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it ik supgdied itdite vaouebRdibdr vea the ¥eddhtl @as lifle stk ilifd gas passage
forms_other than as described above without departin
f r ohieide digitiens iseppRlfsd tp Acdit-pass ling e the Srsgaetine and the second

err%g' are illustrative and shoul d not be
consi gg?sg 2

ered restrictive in any way. The scope of the

2. The gas distribution system of Claim 1, further comprising:

a first flow restrictor adapted to be arranged along the first gas line upstream
of the first and second fast switching valves; and

a second flow restrictor adapted to be arranged along the second gas line
upstream of the third and fourth fast switching valves;

wherein the first and second flow restrictors are adapted to maintain an
approximately constant gas pressure in a region of the first and second gas lines

upstream of and proximate the first and second flow restrictors.



invention is given by the appended clains, rather than

the precedi ng description, and all variations and
weqguisviatmat s which fall within the range of thectiuazews/013582

are intended to be enbraced therein. WHAT IS CLAI MED

IS 1. A gas distribution systemfor supplying gas to

a vacuum chanber, conpri sing: ;bfjrst gas passage and

a second gas passage adapted tozbe in fluid

communi cation with a first gas line; a third gas

passage and a fourth gas passage adapted to be in

fluid conmuni cation with a second gas line, the first

and t hi ré gasThasgsadjsisibeimyystedapiEldin 8, wheplnythg dissttgas line has

t he_vacuu ha [ d the .second.a foyrth o
pas$ é@i‘ egﬂgﬁ%e%ggggfsg@o%m e ?“ngx‘g I}gg a ﬁ?ﬁoﬂggéﬁ switching
|'i ngdlves dfilésstthdrodbout V0 &hiand thedoleh Bl 38 8ds Ak ORehetfaGveen the
first gas passage; a second fast switching valve

2ar r saegedifiawapgrietheanbibe Hiirdpns fourdls fagbswitching valvésafiless than

SW abcolﬁmg lsﬁal ve arranged along the third gas passage;

a four F3st swit chi ng val ve arranged al ong the

fourth gas passage; the first and fourth fast

Sw t chi ng val ves being adapted to receive sighals to
e

open whi fe t h&hagsghigiihwipn systean efflaing i foethpheprprisine

are cl osed; £ ' '

T chEENe el ddb8d 10BZurydhoB BN B ik bilhassae
10andddvmstrdagad thxalisafyeisswitthing ahe; second gas i s

supplied to the by-pass line_via the second gas |ine

and t he %Mﬁ%@g&ﬁﬁr@ﬁa@a@ loReagesd 2leng tierecanstipssage

andyduiishdah 3 iheWbbE I RhiES BRI N0 adapted to

receive signals to open while“the tirst and fourth
fast swi a tfihdlpwzbiviewr adeptel dedrmogedabdng the thied gmcbassage

' li.ed h hanb ia th d
DT e E T e RO
15 s suppl i gdiht Bov k@trR¥orRRaStel Ed"ﬁ‘e Yikdh bl ‘510@1%?1?% %o%?fl ghé Phssage

and the second gas passage. 2. The gas di
sy sdemsgrargiodiihe fourth fast seitchdngryalisi ng: a first flow
restrictoy adapted to b anged on he first. ga
[ ne upsYPeait e B S fih 3RO SRuORN Fontrarsiar e o
val vggtai@ i appro SRRy toint 88 fre&hRY nddBPbR G HR MEt, second,
arranged al ong the second gas line

third and fourth gas passages upstream of and proximate the respective first, second,

20  third, fourth, fifth and sixth flow restrictors.

5. The gas distribution system of Claim 1, further comprising a
controller which is operable to control the opening and closing of the first, second,
third and fourth fast switching valves.

25

6. The gas distribution system of Claim 1, wherein the first, second,

third and fourth fast switching valves can be opened and/or closed within a period of

less than about 100 ms, or less than about 50 ms, after receiving a signal.



upstream of the third and fourth fast sw tching

val ves; wherein the first and second flow restrictors
wanresadapsed to nmai ntai n an approxi mat el y consPamusgms/013582

pressure in a region of the first and second gas |ines

upstream of and proximate the first and second fl ow

restrictors.3. The gas distriQ%thn systemof Caim2,

wherein the first gas |line has ‘a vol une between the

first flowrestrictor and the first and second fast

swi t ching val ¥§sa@fa preessshbappaleycokhriki, and the

second gas |ine has a vol une %etmeen the second fl ow

restri ct oplasma ptdvessitg ¢hihmbed infcbulingw fhasterimaitetdeimde assembly

val ves, of |ess than about 10 cn8. 4.. The _gas ,, ,.
i sURT e o st BRI e e Tt & ol SR 4 g o ghout 4
t hi fi@drs: bedv restrictor adapted to be arranged al ong the
first gas passage downstream of the first fast o
3w t chi ndeeas distribytipp gysiem prespding éa Cladmdr inglug cemimpupication
be @{tﬁ@}%g@ﬁ&g%&{}% c%%%BE}d gas passage downstream of

(o]0) ast Sw

t he se hing valve; a fifth flow
restri ct whergfiaht gak distridatied §RRGEChradudR@ntidlE feplabelth@dEst gas or
passage downstream of the third fast sw tching val ve;
andths Segopdigas othe plasmaizepe pith dbgoetber afdhe Brshgrsergbesecond gas
al o r fourth
s D B B o e b RO 00 e °F £
10and sixth flow restrictors are adapted to nmai ntain an
approxi mately constant gas pressure jn a region of the
first, g'gcond‘,A gtaﬁﬁ’rsgl ne ?Ipﬁorg%lgpigg%éga@b@{qaéﬁ(pﬁessmg
of apdipr oxi _ y . . . _
7 ous PAERY MEL R b AU HEBRREl B oS 13 3 kbl which
di sareiflowt insulateg Stoeneash ofieaj the gas distribhiéon gyt cahprdsing:
controlle ich is operable to control the_ openjn
and cl os? ﬁffwé?s Rﬁﬁ%‘%iaﬁéﬁt?‘??g%ﬁéﬁ“ FPTPRuLcaie YYFJ(" ﬁ%rSt process
15 SEasHWhilce TthE hnbREARSOf the Sas dIHBLGRRR HiRbEr JP4ihd i
Sys aesm of Caim1l, wher eeT %St he fi ?’3& , Igg%ooggl?é@ﬁ?nﬁ%pmcessmg
andchambet #nd abypaswiitahi ng val ves can be opened and/ or
closed within.a period of | t.han.about 100.ns, . Or
less t hah ABALETE e adinted s u T epumupigatign itk e firs
Pl a5eesh EOLHSE¢sH GodPEINEbEs zdHe B EHleSdal distrdbubloASi@nber of the

processi ng chanber including a showerhead el ectrode
as Slémﬂlzyprocessmg chamber and the bypass line;

20 a third gas passage adapted to be in fluid communication with a second
process gas source, the inner zone and the by-pass line;
a fourth gas passage adapted to be in fluid communication with the second
process gas source, the outer zone and the by-pass line; and
a plurality of fast switching valves adapted to receive signals to open or close
25  so that (i) the first process gas is supplied to the inner and outer zones via the first
and second gas passages, while the second process gas is supplied to the by-pass line
via the third and fourth gas passages, and (ii) to change the flows of the first and
second process gases so that the second process gas is supplied to the inner and outer
zones via the third and fourth gas passages, while the first process gas is supplied to

30  the by-pass line via the first and second gas passages.



and having a plasma confinenent zone with a vol une of
about liter to about 4 liters; and the gas

wdi2edsriinesi on system according to Claim1 in fParas2005/013582

communi cation with the plasnma processi ng chanber;
wherein the gas distribution systemcan substantially
replace the first gas or the segond gas in the plasm
zone with the other of the first gas or the second gas
within a period of |ess than about 1 s, or less than

about 200, M. THe gAY ARSLGIGH $yskut SOOI 8! RMLEPEomprising at least
suppl ying gas to a plasma processi ng chanber including

a g8re Bow restigier arangedritlong haohi afghd firstseeond, thinrdemd fourdsprocess
whi fl i | at ed h,other, .th .
o <0 b, AL AR B PR P Dl U s

adagirethnt gaslifedstirelih Uirbsi6N BMRIfRA] scRBndVithiRd Aod foubth gas passages

ﬁrocess gas source, the inner zone of the gas

i SHRStsan;ob andharpFipate the few pestrigierspr ocessi ng chanber
and a bypass line; a second gas passage adapted to be
in fluid communication with the first process gas
process slur cBhe gdsaliatibgiionzsysrnodf Clhen §ashelemtthé Rt §wikching
nenb?r of the pl sng/processlng chanber._and the bypass
| i nElves GaR; P&P@H‘gaﬁ 95 gloseh BP9 did lgsp thanabgut 100 ms, or less

COMIHAKE Als! %J%%%lg%gg%ggld process gas source, the

i nner zone an s line; a fourth gas passage

10adapted to be in fluid comunication with the second

process gﬁs source, the auter zone and the by-pass
line; antt-a p‘fglﬂlagmatpyoqp{ssql&gppag@w%,§ﬁm§sx&1§| ves adapt ed

to receiyglaghdPRlcSsshiy GRBMeLhcRIIREE F8wehhd Qi(gm&&eassembly
first process gas I1s supplied to the i nner and outer

z ortsying the irner fnd euteraoies exbadingamr pelssrgdapoutis lieertdi liters;
second process gas is supplied to the by-pass line via

t heé™hird and fourth gas passages, and (ii) to change

15t he fl owhe @hs diB@ibliti6ssystntla&@eRREtdPCRER 5n $RFESorSBunication

that the second processogas is supplied to the iInner
andvislytherinpes sad oytenzeres of Hershowadeadelecthodyassamadyages,

while t L 0Ges as i upplied . to the by-pass
(e i avurebahs EGiEPuREn Rt R oS o e f e ptace
di stheé ifibst ptdeBsssges oe theGbcdddiirttdls gddihttheplasGRIBS fFieR@nfdone with
| east gne flow restrictor arranged al ong each of the

f i rige othseelbing firgtprecgssagns or S seporish rreeass canwithinsspeagiod of less

20! Nkl @Y0uf 8516116596 ARLPSARPt od to maintain an

25
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appr oxi ma

12. A gas distribution system for supplying process gas to a plasma
processing chamber including a gas distribution member having inner and outer
zones which are flow insulated from each other, the gas distribution system
comprising a gas switching section, including:

a plurality of first gas passages each (i) adapted to be in fluid communication
with at least one first gas passage and/or at least one second gas passage, and (ii)
adapted to be in fluid communication with at least one of the inner zone of the gas
distribution member of the plasma processing chamber, the outer zone of the gas
distribution member of the plasma processing chamber, and a by-pass line; and

a fast switching valve arrangement adapted to receive signals to (iii) open a

first group of fast switching valves and close a second group of fast switching valves



constant gas pressure in a region of the first,

second, third and fourth gas passages upstream of and
wonresimuwe the flow restrictors. 10. The gas PCT/US2005/013582

di stribution systemof Caim8, wherein the fast

swi tching val ves can be opened and/or closed within a

peri od of |ess than about 100 ? or less than 50 ns,

after receiving a signal. 11. pl asma processi ng

apparatus, conprising: a plasma processing chanber

| NCloUbPlY AfisheBEsS @astorth & finePARI ARGSBRLYwHAY h B&ohBrocess gas

i nner and outer zones and an interior volunme of about

1 | istdéverted td theitypass;lingnvia aHestgaeumofthe ifibu igaopassygss amd (iv) to

accqr. di Cl ai in.fluid conmuni catjon with the

g L1 e B e B SRR vt B hdfhgh O st

as semipdhimg VWedsab Bhirdpe teasrstinkd decbnd ﬂt)]l@ﬂes.‘é %8s A6WHSH Abto supply the
operable to substantially replace the first process
Yassespend procesEantp the duws andyauer sonemwhie therfirst process gas is diverted
conf i d - W f process

gagﬂ‘ ogir}gpﬁéejatsséég%ﬁ%av‘%é%gféﬁggr 08@?3&16?‘#%{@% pséesﬁagésd of |ess

than about 1 s, or |ess than about 200 ns. 12. A gas

di stribution s‘;llstem,fo,r suppl ingf rpceszfu%as to a .
pl asma phdcesEhngascdigrbeion systemn r@a’éﬂ gasfughestqompgisingrp

ne ' hope : ' re f
ooy o UEH e £ on B0 1 Uhfing SIF IR, B Rl o Sagong eroups
10c onpfi fastismgtchingaalvewi t chi ng section, including: a .
plurality of first gas passages each (i) adapted to be

in fluid communication with at | east one first gas

passage d/ o I G059 ﬁ&%on@ﬁ’i‘g'

(i) adag?ed ?}é@ aescﬁﬁﬁ%llltgﬁﬁyg%mmmlg%ﬂ%ﬁ th a ing a flow

| easntrohsectibn tdogprisingr zone of the gas distribution

menber of th | asma, processin er, .the outer . .

Tone. of THEGel PR BHsdaran AU OOF Tboggation with
1501 O6R6 8dsNtheGNABP AN In RN ARYnRARh WSS leAREné fit@plocess gas

switching val ve arrangenent adapted to receive signals

to fouidey open a first group of fast swi tching val ves

and cl osg,a second, group of .fast. switching val vest .

suppl y aae[fl?arsi?nep rg&gag © §p§§aql%?°[ ﬂ?W%fﬁSté’gﬁcesﬁgaesr 0 De supplied

zonesm\h figst fasSIaeabdt RAAGAS Se@ad ﬁh§ dkyefted to the

bypass line, via a first group o t%e first gas _

passagesat leastionq thirdigas passags adppted i be flgid copnai¢agion with a

R S T A

profase; gas flows so as to supply the

at least one second valve operable to allow the second process gas to be

supplied from the second gas line to at least one third gas passage.

25 15.  The gas distribution system of Claim 14, further comprising a gas
supply section including:
the first gas line adapted to be in fluid communication with a plurality of the
first process gas sources;
the second gas line adapted to be in fluid communication with a plurality of
30 the second process gas sources;
at least one third valve operable to allow supply of the first process gas to at

least one of the first and second gas lines; and



second process gas to the inner and outer zones while
the first process gas is diverted to the bypass |ine,
woizeosai1zmsond group of the first gas passages. PABUST6/013582
gas distribution systemof Caim12, further
conprising a controller operable to control the
openi ng and cl osing of the fin§ﬂyand second groups of
fast switching valves. 14. The ‘gas distribution system
of Caim12, further conprising a flow contro
secti on, aqesRpbhéfoteth valvel Pemblcab a116RGaPSly P ehd ReSRYFocess gas
adapted to be fluid conmunication with a first gas
| i ne akfgaghonesofithe firstped seopmdigasdmes.on with at | east one
first process gas source; at |east one first valve
operable to allow the first process gas to be supplied
from theid.i r sSTh@ass distfiBufich FktehPetlaN €4 50ER6 tB&How control
$assa e, at |east one third gas passage adapted to be
| useghien Helhdics ak leash ong first Sowaesrietogard atileast arg sagond flpw
fluj ' [ | . second qr, SS
gast SRR AR ddbn it RN BN BT B prssoses,
al | the firfteind sewnd flohoessBtoyabeih® adiptaitp phdisdid 404ppkd¥emately
second gas line tq at |least one third gas passage. 15.
TheCPENHRasres5Hici 1B A regieR BRstspm@nd;psoxamater ofithe st and second
conﬁ§®§é§ﬁbgmgas supply section including: the first
gas I ne aJapted to be in fluid conmunication with a
Iplurality of the first process gas sources; the second
gas Iiney?dap ed to . be in fluid connunigation Wi

] th
plurality’of hesigrhutineyasm f{daigy |o.ouereig thg %tdg%St one first
oneqRirkdridal M@lut@%eitqgsﬁt&djﬁﬁ# h% erééfﬁ?&b%’ &k éﬁ E%stfdn(r%%Econd flow

process gas to at |east one o rst’ and secon
gasrebirictss incurttaont eeeond flow kgitictoh andlay kagpae divsteldvorestrictor has

of TP op bR ARG PR o tsRis T ' 7"

1di stribution systemof Caim14, wherein the flow

control section includes at |east one first flow

restrictbt antheagas|disisbutimmesystencrfClaino i, mdsrein theofirsi ow

I Liurlregtrié%;rns%ag}ggﬁé%gﬁow ctopld&ctrlgncg SARGCE 'ai.!&ﬁ%%’é%&% eaﬂaci to the flow
conductance of the second flow restrictor.

20 19.  The gas distribution system of Claim 14, wherein the second and
third gas passages are adapted to be in fluid communication with at least one tuning
gas source which is operable to supply a tuning gas to at least one of the second and

third gas passages.

25 20.  The gas distribution system of Claim 12, wherein the gas switching
section comprises a flow restrictor arranged along each of the first gas passages
upstream of a respective fast switching valve, the flow restrictors being adapted to
maintain an approximately constant gas pressure in a region of an associated first
gas passage upstream of and proximate the flow restrictor.

30



the first and second flow restrictors being adapted to

mai ntai n an approxi mately constant gas pressure in a
woegisan209pst r eam and proxi mate of the first an#Csaszwd/ 013582

flow restrictors. 17. The gas distribution system of

Cl aim 16, wherein the at |east one first flow

restrictor includes at |east twe first flow

restrictors, the at | east one second flow restrictor

i ncl udes one second flow restrictor, and at | east one

first flow resh¢ ?Qstcggtrihﬁt%rﬁsﬁ{eﬁ &f €Rim 12 OWh&GORAHE ERNGFitching
than the second flow restrictor. 18. The gas

. Ol : g9
di svalvésuaandm opyradamdir ctoised withiz a pdrdaifiess tiganfabost 100 ms, or less
fl O}g\ll re tﬁti,?@t ors.have .a. tot al II ow conduct ance whi ch
|

is SEBABRIEY JIEHGSTVIS A | ow conduct ance of the

second flow restrictor. 19. The gas distribution
system of C aim 14, wherein the second and third gas
YassagesZhr e AdBpAPIOSBAgAAPFRIYE.COBMNFING cati on with

2 oot oo BlASh HRICRE: AR R £R1 S o cARER AR R i Casembly

supply a tunin eas

t hi sl IgasngsiaRges voldthe oFABo@as lithr 8¢ Abduti 4 iliddrs;Sngt em of
Caim12, wherein the gas swi tching section conprises
a f1ow r §t2as disEibutipn yien agsosdige dxchiwrl 2tip dluid peppmypigation
pas %ﬁ ?M ctive fast swi tching
val ?/’gg t egﬁ%%%péesg{nfgfbg?g@%’ebei ng adapted to maintain

10an appr owherainehy gaodistribntiongsstept Boparabdled to sabdtagiatin reflace the
an associ ated first gas passage .upstream of and )
pr oFFRBIOGSIFES 91 (5P @00 pfeaest 26510 berplagpasconfigemep one with the
Sy S§@E &th&hifk Probss MBS &lcind B i}
can be openéd g}nd/ osrgﬁgl osggnmpt ﬁ?ﬁsgtgsg&eﬂrhli o%béo}?oc?@s}ég%anabom
t hahs,alydess thzdGbost 200rmé.ess t han about 50 ns, after
receiving a signal. 22. A plasna processing apparat us,
conprising: a plasnma processi ng chanber including a

155hover hegyl el RGhHEROIEOBHOEIERINY 13BFiIOBYAANSE Sfhchd B 4 fhsma
vol unme of about 1A liter to about 4 liters; and the

gaspbraressingishamnber, eymprésmgiccording to aim12 in fluid
CRITUN 110l DR bR LS5 GRS o
subghid\givating arsefindGRodedS gdd to AtbyPhRCIARS tHEdIastia frB&ssin
second process gas in the plasma confinenent zone wt %
t hechstither caftaining afsepiqongresersbsigals inpludieg eirleash poelayer and a
209 aspa‘@éeh{%i(l'}es?st Qr%rsk %ger%];inlg ﬁrc’esla}get%? n about
b) energizing the first process gas to produce a first plasma and (i)
etching at least one feature in the layer or (ii) forming a polymer deposit on the
mask;
c) switching the flows of the first and second process gases so that the
25  second process gas is supplied into the plasma processing chamber while diverting
the first process gas to the by-pass line, the first process gas being substantially
replaced in a plasma confinement zone of the plasma processing chamber by the
second process gas within a period of less than about 1 s, or less than about 200 ms;
d) energizing the second process gas to produce a second plasma and
30  (iit) etching the at least one feature in the layer or (iv) forming a polymer deposit on

the layer and the mask;



1 s, or less than about 200 ns. 23. A nethod of

processing a sem conductor structure in a plasm
wonreaBsa3zi9Rg chanmber, conprising: a) supplying BCTiUS3H05/013582

process gas into the plasm processing chanber while

di verting a second process gas to a bypass-line, the
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substrate including at |east one |layer and a patterned

resi st mask overlying the layer; b) energizing the
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20 27. The method of Claim 23, wherein:
the first layer is of SiO;;
the mask is a UV-resist mask;
the first process gas comprises a mixture of C4Fg, O, and argon and the first
plasma etches the layer; and
25 the second process gas comprises a mixture of CHsF, argon and optionally

O, and the second plasma forms the polymer deposit on the feature and the mask.

28.  The method of Claim 27, wherein the first process gas is supplied
into the plasma processing chamber for a period of about 5 seconds to about 20
30  seconds, and the second process gas is supplied into the plasma processing chamber
for a period of about 1 second to about 3 seconds, each time that the first and second

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



the mask, the deposit repairing striations in the

mask. 26. The nethod of C aim 23, wherein the plasma
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about 4 liters. 27. The nmethod of C aim 23, wherein:

the first layer is of SiQ2; the mask is a UV-resi st

mask; the first process gas comgyises a mxture O CAF

, 2 and argon and the first pl/dasna etches the |ayer;

and the second process gas conprises a m xture of

CH3F, argon and optionally Q2 and the second plasma

fornms the polyner deposit on the feature and the nmask.
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whedigtmed foeh®bppnss lmeocessi ng chanber conprises a

shower head el ectrode assenbly including an inner zone

and an outer zone, the first process gas being
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i nner zone and the outer zone while the first process

gast9¥¥PYerted to the by-pass |ine. 30. The method of

Claim?29, wherein the first process gas and/or the

second process gas is/are supplied to the inner zone

and the outer zone at different flow rates.



