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PROCESSOR RELATI ON TO CO- PENDI NG APPLI CATION [1] The pre pth6 ation is
a cont i NYGBBEIEh- part of our co-pending, commonly assi Bﬂ'@@sﬁ’%ﬁ??’m onal
application Serial Nunber 60/311,050,4filed August 8, 2001, entitled "Dual
Frequency Plasma Etch Reactor with |ndependent Plasma Density/ Chem stry
and lon Energy Control." FIELD OF I NVENTION [2] The. present invention

rel ates generally to vacuum plasma processors and nore particularly to a
vacuum pl asma processor including a plasnma excitation region including

first, second and thi el [ cted to high and | ow
frequency excitation @%\—E@%éﬂgﬁ@b\/ E’iﬁz\ﬁéﬂﬁéé%ﬁt ial, wherein the
excitation region is confined within a vacuum chanber having a wall at the
reference ggtgﬁéﬁl o @’Q‘E@Q—Im&é@&l@g i nvention relates to a vacuum
plasma pr dance el ement and an el ectrode
for respedil] vel Thepcesan gpaligdtiosnia a sonimationvapannebbas m—p@ndlf@ssor with
~high and | t y circuits
é?%ghanﬁﬂ#é‘él Owﬁghréagpro%ﬁfn%! Qpﬁhcaﬁbh seernamwmr@p 056 iRk

for the hi equencl es ow frequency to
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el ement  angdspdsdatiPigdrha D@n@ﬂﬁ@h@mléibyrém\tonaﬂinér@g vl frequency from
flowng fromthe reactive inpedance elenent to the el ectrode. BACKGROUND

ART [3] Vacuum plasnma processors are used to deposit materials on and etch
materi al s FﬂEduﬁi QErINMENEHON hat are typically sem conductor, dielectric and

tal sub g t
chanber gl o ¢ T wBfiEnL o IVADAAE Cfadtds" dhribrlf A" Pé@sﬁ?up%?ﬁffiu‘ﬁal y
in the ranfyecessaws anqureamrﬁqsﬂarly revaeim plasgrm pmesmrdncladmm pl asma in
response Hﬂa%a%x@i'ta%hf Ir€g IBﬁ ﬁcﬁﬂﬁ@%@ﬂeééé‘oﬁd i tiﬁﬂ@ eBEtrBﬁ@éd i s

8o S ol gl e o
a reference potential, wherein the excitation region is confined within a
vacuum chamber having a wall at the reference potential. Another aspect
of the invention relates to a vacuum plasma processor including a reactive
impedance element and an electrode for respectively exciting a plasma in
the a vacuum plasma processor with high and low frequency RF, wherein a
filter arrangement in supply circuits for the high and- low frequencies
enables current at the low frequency to flow through the plasma between
the electrode and reactive impedance element and substantially prevents
current at the high frequency from flowing .from the reactive impedance
element to the electrode.

BACKGROUND ART
[3] Vacuum plasma processors are used to deposit materials on and
~etch materials from workpieces that are typically semiconductor, dielectric
and metal substrates. A gas is introduced into a vacuum plasma
proCessing chamber where the workpiece is located.  The chamber
- pressure is typically in the range of 0.1 to 1000 torr. The gas is ignited into
an RF plasma in response to an RF eleciric or electromagnetic field. The
RF field is provided by a reactive impedance element, usually either an
electrode array or a coil which couples both maghetic and electrostatic RF
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reactive_i npedance el enent is connected to a first ﬁ

first reWﬁn;}Dl(Pé? Y2 high RF frequency and sufficient povver PELAS0Y P t he gas
is ignited into the plasma. Connectiofs between the first RF source and
reactive i npedance el enent are usually by way of a relatively |long cable,
connected directly to the first RF source. A first resonant matching
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sour ce beahgseorkpiccausadnacbiedvial & agferéifcd porsitiab iyt grouhbe Asectrode,
illustrated in Figure 4 of the previously mentioned co-pending provisional
application, it is known to provide such a chamber with exterior walls and a
plasma confinement region within the interior of the chamber.
[6] in other chambers, the reactive impedance element is spaced from
the electrode carrying the workpiece at the bottom of the excitation region.
In some of these other chambers, as illustrated in Figure 1 of the co-
pending previously mentioned provisional application, the reactive
impedance element is a coil adjacent to the top of the excitation region and
the electrode canying the workpiece is frequently connected to a second
- RF source having a second RF frequency considerably lower than the first
. RF frequency. The second RF source, frequently referred to as a DC bias
source because it causes a DC voltage o be established on the electrode,
is usually connected to the electrode by a -second resonant matching
~ network, also usually including a pair of variable reactances adjusted to
match the impedance of the second RF source to the load it is driving.
the reactive impedance element is a coil, the second RF source typically
has a frequency in the 2 MHz range. in these other chambers, the coil is




is usually connected to the el ectrode by a second resonag gatch'(ﬂ)g
network, also usually including a pair of variable react nF i ted to
“match thWABMEHIAce of the second RF source to the | oad PCTUSOMIRA ng. |f
the reactive inpedance elenent is a cpil, the second RF source typically
has a frequency in the 2 Mz range. In these ot her chanbers, the coil is 7
February 2006 WO 03/015123 PCT/ US02/ 25223 3 | ocated outsi de the chanber
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to the nmeta tive ance enent ,
whi | e t he @m%s "ﬁ%'ué@ .e\/@rawnn@w mwallwéa@am@ed a&agat%em%ppt@ntlﬁb el ect rode
carrying tfoeewamplki @andWen the vacuum chanber includes a netal wall, the

metal wal |l _usual efines, the exterior qf h as excitation region.
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ref erence ot ent IS excited to a plasm
in the exeachte mnpedagicerelem@ws wiiiedbg rsecmd |r@lah@e@ low Bh fguesey port  at

the botto f [ | {pRS el ectrode
s upplied t6hdEbekctrbie IBR§Rgl tHe! %F% ?gl‘htéh PeSyadifn

at the top of the citatio onls conn reference
R Iuées a metapwaﬁ}%he metal wall usually defines the exteriror of

pot ent i aI chamber inc
the plasma excitation region.
[S] In still further configurations, the chamber wall is an insulator and the
exterior of the plasma excitation region is defined by plasma confining
louvers spaced from the chamber wall and maintained at a reference
potential, such as ground. The gas which is excited to a plasma in the
excitation region flows through the louvers to an outlet port at the bottom of
the chamber, In these further configurations, the electrode at the top of the
excitation region is connected to the reference potential. ‘
[10] While the foregoing structures have been adequate'for processing
prior art workpieces, they are not believed to be adequate to handle deep
submicron processing of workpieces, particularly semiconductor wafers
meeting increased requirements for etching and deposition of films. Key
design parameters for plasma processors: meeting these increased
requirements are generating and maintaining the correct ratio of ions and
radicals to neutral species in the plasma, the residence time of the ions,
-radicals and neutral species in the excitation region above the workpiece
and control of the energy of ions incident on the substrate. These
parameters provide wide process control to develop the correct processes




[10] While the for egoi ng structures have been adequate faqr_processing
prior art workpieces, they are not believed to be adequat eF"BB‘aﬁé (16 deep
subm cron processi ng of workpieces, particularly sem conductor wafers
meeting .i ncreased requirenments for ehchi ng and deposition of filns. Key
design parameters for plasma processors neeting these increased

requi renments are generati ng and maintaining the correct ratio of ions and
radi cal s 106 manyr dypepeefi &ich nandhedepasition presestas. dihcadditions &r t he i ons,

radi cal s ﬂa&d'@iésft?évnﬁg)%gé%rééh the cBXELL értdc%suﬁggéa‘éﬂ @&Rplécbh%sv\m kpi ece
and control of the energy of ions incident on the substra These
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addi tion, for pi eces having |arge areas, the cosi of processing each

wor kpi ecesma*;eala@%@ﬁetharpmw ahd %@?%[ﬁ%é’nthﬁl"rrfaﬁ@b%é%@rf a&epy® The nean
time bet[&ﬁ%@és§h§%ﬂhﬁﬂp¥é& if MR BRIcesBbEr i or, the cost of consumabl es,
serviceability of the processor and nunerous other factors affect the cost
of processing a workpiece in the processor. SUMVARY OF THE | NVENTION I n

accor dancsummnR&rogs;nququEWp@r\pr esent invention, there is provided a .
vacuum pl asnma chanb for processing a workpiece, the chanber jncluding: a

“first electrod® ﬁﬁ?oré’ﬁ@‘é‘? rw@marbéﬁaﬁf-tn@f e Hergasnt invieRionc fgfBel® and f or

connect i ofroliled i va&uwrﬁl 9ravsr»rfa Y;hﬂhﬂiérfifo@qm%sﬁE 8O0WbAPIece, Tecond
el ectrode for carrF\G i ece_and el ectrical cou'glln gwth gas in

t he chantf@rambel ingludins %Eﬁt&ie&@de? furQlpetrical seuR/vo,Witlh\9agriBitiency . RF

sour ce; aéha@ﬁw*armfdﬁ@bhn@ém f0o4 ﬁfs@?éaaumyﬁrgnﬁé uéHty RF Bbafda excitation
region for confinin | asma, the region eln spaced fromthe exterior

wal |, t he%emoagnaeetz&ﬂ@ dex GHW'@Ql Wﬁ Wﬁﬂ?ﬂﬁﬁ%@"@a? ePE@@bP@“EB‘QCM from the

wal I, t hQ;;éH AIAB cPrafibettdnayof @Qhﬁ)ébt?@ﬁ'tﬁ% SécoHiDRIbtRRIV BM frédlferys 1 ows
sma excitation region through the first el ectrode and out of

-into the a
the pl as'%fa %9‘6"#’?&@%rﬁ’?‘%@q"owqyeﬁve%rfefﬁénp%umt'aan%f'qb*) Rla$®a and second
surfaces @fcithtién F&di6h %}Ccﬁ)riﬁﬁhglgb%lasrhﬂ ethl re§lonbi ﬁ@@ﬁaé&l f8m heat ed

between the |ouvers and ctrode for carryin e workpj ece, the
second  exterior wall, the plasma excitation region including (a) Iouvers spaced from

the wall, the plasma excitation region bemg arranged so that the gas flows
into the plasma excitation region through the first electrode and out of the
plasma excitation region between the louvers, and (b) first and second
surfaces at the reference potential, the first surface being located between
the louvers and the electrode for carrying the workpiece, the second
surface being located between the louvers and the first electrode.



surface being | ocated between the |ouvers and the first e)rfe trodg 7
February 2006 5 [19] The above and still further objects, Aty 2806, g
advant ages of the present invention will becone apparent upon
consideration of the follow ng detailed description of one specific

enbodi ment thereof, especially when "taken in conjunction with the
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAW NG [20] Figure 1 is a
schemati c diagram of a plasnma processor in accordance with a preferred

enbodi ment19pf The dbaverHridostill futthler Dbistte, RRatifed ahd dePppthevi ew of a
preferred enbodj nen f IQE& vacuumgl asnma processor ¢ illustrated in

L o . anber
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di agr am ofetahed rde%g\frptimf of ©he0spedifid BAiboAiIMEnt thehbdfl 8pdcially eiary 2006 6
DETAI LED DESCRI PTI ON OF TI—E W NG éz% ef erence 1s now nade to Figure 1
of the dr@kEAJN FARMBFTPHWHE ARE apFQJRRERYNI FERWIBTS] | ustrated as i ncl udi ng
vacuum chanber 12, preferably having a cylindrical configuration so that
t he chamber. . i i rl.ca j : t toits central |ongitudinal axis

: ' Al RS G s conductivity cylindrical netal
si dewal | 2] meFigliee nedisata RichanehtieC disgrant eoc & Nehembi drodessdr , inground) ,  as
wel | as circular cejli gﬁ_ %e? %rC]d g rcul gr ~base 18. Ceiling 16 includes
annul ar e3FQFRNcE ViR adiretarrsd-embed @f ¢ (vepliens) plate 20 which carries

on its | opa] fRigard29s setrees seeidndl M iavpieferréd BehbdHimEhBbLthe0 and ring

21 are electrically and nmechanically connecteq to wall SO that plate 20
and i ng ECUsE Plasths BROGRRSal haRbey INATEOIBHN BlocSeer FiguresTal so

i ncludes gndcul ar, netal electrode 22 (a plasma exciting reactive

i npedanc engnt) and annul ar electrjc jnsulator 24 that separates and

o bt 1 cdPe) *TBe: 308 A Bkl S el A A Hbe PRsHe DECcSsiing 1

el ect r odgjll@strated in Fiyur@tior 24 are coaxial with axis 13. 7 February 2006




WO 03/ 015123 PCTI US02/ 25223 7 [24] Base 18 incl udes ann%u§§ ext qlor nmet al
plate 26, electrically and nechanically connected to wal'l 0Qat pl at e
26 is also at RF and DC ground potential. Plate 26 carries hlgh el ectrical
conductivity nmetal tube 28 having ag. exterior dianeter that is

approxi mately 80 percent of the interior dianmeter of wall 14. Tube 28
projects into chanber 12 and is nechanically and electrically connected to
plate 26 so that the cylinder is also at RF and DC ground potential. Tube

28 carri epfAilER RS CRIPTICNOTRITHEVDRAWING 29 that extends radially
inwardly 9o arallel to base plate 26 and

Of_.chanper 12.s0 that the 71ng 1S p
is at RF B3 D@etﬁf%ntﬁﬁjlspmwﬂa% to ﬁl%w"@ bef %er%ngmeretmwﬁsma el ectric

i nsul at or pRRebat ng |§ﬁ|l|§>§,ﬂ'zﬁédoés$rh |vaf€,‘aﬂhﬁ%hhﬁﬂ)efrh132 brei&ablr _Si deval |
of tube 28 and an up ace bearing t | ower face of ri ng 29 The upper

face of i %ﬂm%@o?yl@@ﬁﬁwﬁp'ﬂw‘“ﬂ@" &P é@@trﬁh@ ¢hasober isrsymmgtrieal ¥@  circul ar

el eCtrOdere%ﬁeEp'to e rc)éhﬂg: e ﬁjomaﬁ é’a@s Y8 Shahfodt’ %ern%tudésam
sem conductor {\#a ngy but can di el ectrjc or metal substrate Ri ng 32

el ect ri cafiFGICAGR WWI@HW"G@&"@@H%‘W@' ¥ maintained, 2t RG@ng DEhe ri ng

haVI ng eﬁéﬁ‘@ﬁéh@é p@ttﬂwtiant@gl @ro@ttgeaswm&wﬂéryc@ he%d&lﬁ:méﬁ erior edge
ring dge of el ectrode 34, ectrode 34 is

t
f requent Feﬁ%?r Hﬁn&@g'”%gég;hg@ﬂgﬁtqwadt pxerienfigh glsstical condyctivityc ChUCkI ng
vol t age SMétalﬁplét@O:EO uﬁtwf@)amegtommsctamsrgc@lrﬁgﬁ eRsericH donalibsigg a

arr angement or,_cool i ng, wor kpi ece” 36 while the workpl ece i's

bei ng pr or(',‘tﬁsé@t)‘g'@% g@ é’é‘ﬁd’mg L @F%ﬁ'@é’?”cfﬂy apﬂattl%ctmcqllyt@n@@c 8diteg 20,

i nsul at orw§|m4 rsbrtaat%;aat@@b afdl #RbrA08reHsABERFUN BC %tbhmr ; éﬁet%!rg Whgln .
pi is S

wor kpi ece_ Bﬁ é) %ger i n | ace on eI ectrode 34 t

coaxi al VWeHNGx} ’PﬁﬂesPP cWag metal relagiiades @2t &b Iplasser @x6itinGot  shown)
i's introdéaetivd f‘ﬂribed&h@é”%léméhﬂ) abh@nahﬁahpneléétrrchnﬁstﬂatoel oqt legte 22, which
i ncl udes a serijes 'T(H nd. openi ngs sQ he process gas f1 ows

into regiKPatReRd §|e°§r!$@”¥r'ﬂ@§ate§f$|86ftmd¢ ﬂzpfr@@nﬁla@(&ot &aten2G.egi on 38,
the processy Eﬂ%lé@trod@ﬂ?@hﬂ%’sdlé‘ﬁﬁzﬁt@eI&béﬁ@ﬁmttﬁ'a&fé‘P300€55€5 wor kpi ece 36
in response to electric fields el ectrodes 22 and 34 respectively couple to
the excitation region at relatively high and | ow frequencies; in the
preferred. enbodiment the high and | ow frequencies are respectlvely 27 MHz
and 2 MHz. The




.amount of power at the high frequency supplied to electrqgﬁ 22 g trols
the density of the plasma in excitation region 38, whil g N t of
power atWOt‘ﬁ@l?%%v frequency supplied to el ectrode 34 conPfHUSI¥EE23 on
energy in the plasma. Wile the | ow @and high frequencies are preferably 2
MHz and 27 7 February 2006 WO 03/015123 PCT/ US02/ 25223 MHz, is to be
under stood that other suitable | ow and high frequenci es which respectively
control thf4lonBesertd includase apndsmextaiior trhetapipiateslleelectrigallyc andbe

enpl oyed. %}}I | j 1 ' o]

el ectrode aﬁﬁ’%ﬂ@gh@%‘g@%%f@ﬁ‘%,?‘Q’Jﬁéfﬁ'éﬁé'? ’gﬁ%ﬁé gﬁ?é?eﬁ?\ét he

pl asma abo@Eouns Refeelal. dtatedi earries sigh elechicalhsansiustidticmets] telbe £8e entire
wor kpi ece. hhdiff drf esERoeyhiclél Pat capbxidtateNBE Petcent 0RHAINtidrh axis 13,

I's spaced fromsidewall 14 by, virtue of the fegiqn including.lquver
ar r angermenfIAEEE] PW\éﬁé%#‘tﬁ'@&i%%ﬂ@‘*‘ﬁ%@@ 889@?932 aél‘f'ﬁﬁﬂ%?\@g}‘cai are
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i g a1- 490 GOt Potenhal Pbé ¥ Eitres dH, oGP BBl I L8R C
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ext endi ng : 1 |} I NS 30. Rings
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shown), in which case electrode 34 includes an arrangement (not shown)

for cooling workpiece 36 while the workpiece is being processed by plasma

in chamber 12. Plate 26, tube 28, ring 29, insulator 30, ring 32 and

electrode 34 are coaxial with axis 13; when workpiece 36 is properly in

place on electrode 34 the workpiece is also coaxial with axis 13.

[25] Process gas from a suitable source (not shown) is introduced into

plasma excitation region 38 through electrode 22, which includes a series of

baffles and openings so that the process gas flows into region 38 with a

showerhead effect. In plasma excitation region 38, the process gas is

converted into the plasma which processes workpiece 36 in response to

electric fields electrodes 22 and 34 respectively couple to the excitation

region at relatively high and low frequencies; in the preferred embodiment

the high and low frequencies are respectively 27 MHz and 2 MHz, The

amount of power at the high frequency supplied to electrode 22 controls the

density of the plasma in excitation region 3_8, while the amount of power at

the low frequency supplied to electrode 34 controls the ion energy in the

plasma. While the low and high frequencies are preferably 2 MHz and 27




hori zontal direction through the openings between the ri g_s The (??65 fl ows
through the space between rings 41-43 into annul ar passag eR % IS

coaxi al WA%/3X28 13 and includes inner and outer walls FEIABEYIFE y
defined by exterior wall of tube 28 @nd the interior of wall 14. Thus,
region 38 can be considered as a plasma confinenent region which is spaced
from chanber wall 14 that has virtually no plasma fromregion 38 incident
on it. TheHaptst torheOingarskmgdhaitother sidiabés lowoamy highdraaugngiesiwhiph ate 26 to
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fixedly positioned relative to each other, have aligned inner edges which are

also aligned with the inner diameter of the vertically extending wall of tube

28 that abuts the outer wall of insulator 30. Rings 41-43 have aligned outer

edges which are also aligned with the outer diameter of the outer vertically

extending wall of tube 28.

[27]1 The electrical grounding of rings 41-43 assists in confining the

plasma to region 38 within the louvers. The mechanical relation of rings

41-43 also assists in confining the plasma while enabling gas that is no

longer ionized or which was not fonized in region 38 to flow in a generally

horizontal direction through the openings between the rings. The gas flows

through the space between rings 41-43 into annular passage 48 that is

coaxial with axis 13 and includes inner and outer walls respectively defined

by exterior wall of tube 28 and the interior of wall 14. Thus, region 38 can

be considered as a plasma confinement region which is spaced from

chamber wall 14 that has virtually no plasma from region 38 incident on it.

The bottom 6f passage 48 is connected by opening 49 in plate 26 to a

conduit (not shown), in turn connected to a pump (not shown) which sucks




adj acent pairs of the three floating |ouver rings shoul dgbl;\%bbet Wﬁ@% about
0.762 and 3.175 nm (0.030 and 0.125 inch). Such spacing stated
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substantially prevent the plasma fromgoei ng i ncident on wall 14. The

vari abl e spaci ng between the | ouvers, which can be achieved with
conventional mechani cal mechanisms, hel ps to.determ ne the gas pressure in
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power at t reguency su rode 34. [30] In the preferred
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22 and 34 lomartdmgowr@@ucﬁ\atye&ﬁf Exqrovde dine pdaginen cesfinamenhiaeffedtound t hat
t hi i lied
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ectro estate area ratio
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pressure conditions between region 38 and the remainder of the chamber,
i.e., from inside region 38 to outside region 38, the spacing between
adjacent pairs of the three dielectric louver rings is variable. We have found
that for pressures in region 38 between 200 and 500 millitorr and pressures
outside of region 38 between 5 and 10 millitorr, the spacing beiween
adjacent pairs of the three floating louver rings should be between about
0.762 and 3.175 mm. (0.030 and 0.125 inch). Such spacings with the

- stated pressures provide adequate plasma confinement to region 38 and
substantially prevent the plasma from being incident on wall 14. The
variable spacing between the louvers, which can be achieved with
‘conventional mechanical mechanisms, helps to determine the gas pressure

- In region 38 so that adjusting the spacing controls the confinement region
pressure and degree of plasma confinement.
[29] Plasma excitation region 38 is bounded by electrodes 22 and 34,
~conducting rings 21 and 29 and insulator rings 24 and 32, as well as louver
rings 41-43. The plasma in excitation region 38 is bounded by a sheath of
neutral particles that forms a capacitance between the plasma, which
‘generally can be considered as a resistive load on electrodes 22 and 34,




conprises powered el ectrode 22 as well as grounded rings_20 and 29:; for 27
MHz power from el ectrode 22, the return el ectrode mainly 7ifsEIaHeE0gr ounded
ri ngs 20WE{§0292%j nce bandpass filter 64 (described infrBET/USORRSRABNt i al |y
prevents coupling of 27 MHz power to4gl ectrode 34. DC bias on the
electrode 34 is a function of sheath capacitance across el ectrode 34 and
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' 27 MHz power from electrode 22, the return electrode mainly includes

grounded rings 20 and 29 since bandpass fiter 64 (described infra)

substantially prevents coupling of 27 MHz power to electrode 34. DC bias

on the electrode 34 is a function of sheath capacitance across electrode 34

-and the sum of sheath capacitances across electrode 22 and across the

ground rings 20 and 29.

[31] The DC bias and, therefore, the sheath capacitance associated with

electrode 34, could be actively controlled by including a DC voltage probe

(not shown) for monitoring the DC voltage between elecirode 34 and the

plasma. Such a DC voltage probe derives a signal for controlling the 2 MHz

power supplied to electrode 34 so that a relatively high bias voitage is

maintained on all surfaces inside the 'plasma- excitation region. By

optimizing suitable area ratio among the electrodes 22, 34 and the ground
- ring 20 and 29, a relatively high bias voltage on the plasma excitation region

surfaces can be maintained which helps to remove polymer that tends to

deposit on the chamber surfaces during wotkpiece processing. By

removing the polymer, processor 10 runs in a clean mode to greatly

increase the mean time between cleaning and thereby provide greater




2 Mz excitation fromelectrode 34 to el ectrode 22. The %f Lerren%@ned
di mensi ons have al so been found to assist in causing a hi BEtYh

vol t age W& B&1¥é¥el oped on el ectrode 34 and to assist i nPESUARIEK ng de-
coupling fromelectrode 34 of the 27 Miz RF power supplied to el ectrode
22. [33] Crcuits 50 and 52 respectively provide the 27 Mz and 2 Mz
excitation for electrodes 22 and 34. Crcuit 50 includes 27 Miz source 54
havi ng suf fwerkpigce poogassing thiuglpe el ectrode 22 to excite the gas in
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. [34] RE e I net.wor I Nc I var e
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L drives, s N8l48bR0 IBShE AferiBdRELr dferPleRBialdt it 28 A8 34 RANdpass

filter 58 is connecte etween the output termnal of “matching network 56

and el ect r ode? s Hhe spacingbabneen the hotiprniaceraf alrpipdeldhand the ap 27 Mz

out put of gaes ef ehttrble SUatds PHemAZal valiid 6f PBRMHAITHE Sodcivy bifegance path
source. es to elgjczzet ode 34

to ground for the 2 current .t ha suppl i

i on ifgs Moss, o BieChBAS 221 A Fainkle 1 BungRnsodeSodsd e,
Filter 58 dafna.beveralimiad eangestoaprovialecidditonst coatiol oves lvouplige biken L h$
out put ter SR : e nc
FebPuar y Z?OW%/\%E%@%?@’% GWEE%S%%B% t'%%%cl%eéﬁg&géwogg a‘?esonant
circuit tumsiaensionsdiavenpisofberijuésity tf assist de cassingThehighaREhbisfs filter 58
can incl udgofagé TR d8isshed b Eldctiolie! 38 shar 1 Msistan dsbsbichpg 48 seri es

ot o BT ey 4 T ST Eratersbpipd B s P
coupled toZd ectrode 22, but the 2 MHz current that source 60 supplies to
el ectrode 34| QR "R Ua" 52 (8Lpafivel B the B RRYz 4R8 2 MHz
excitation for electrodes 22 and 34. Circuit 50 includes 27 MHz source 54
having sufficient power to energize electrode 22 to excite the gas in region
38 into a plasma state and to provide the desired density for the plasma.
Circuit 52 includes 2 MHz source 60 having sufficient power to energize
electrode 34 to establish a substantial DC bias voltage on electrode 34 and
the desired ion energy in the plasma in excitation region 38.
{34] RF source 54 drives matching network 56 including variable
reactances (not shown) which are conirolled in a known manner to maintain
an impedance match between the output impedance of source 54 and the
load it drives, including electrode 22 and the plasma in region 38.
Bandpass filter 58 is connected between the output terminal of matching
~ network 56 and electrode 22. Filter 58 has a pass band arranged to pass
the 27 MHz oufput of source 54 to electrode 22, while providing a low
" impedance path to ground for the 2 MHz current that source 60 supplies to
_electrode 34 and which flows through the plasma in region 38 to electrode
22. : ._
[35] Filter 58 can be configured as a branch connected in shunt between
the output terminal of matehing network 56 and ground, whereir_i the branch




MHz source 54 is protected by filter 58 fromthe 2 M& eégggatiom

el ectrode 34 and current at the 2 Mt frequency advantagedly I n

the pl as® BHLE t he gap between the opposed faces of ePETUSBHER2DL2 and

34.. [36] 2 MHz source 60 of circuit 5 drives matching network 62 incl uding

vari abl e reactances (not shown) which are controlled in a known manner to

mai ntai n an i npedance match between the out put inpedance of source 60 and

t he | oad i indudeses series Irestinagt eirewt towel B4thendl Miie frshiueney Phsewgeon 38.
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2 MHz out petectbdedid sad ceoenhst dwudIMdz tfeeaueacy atpantageeusiyn Aowstinnat chi ng

networ k 62%& ﬁﬁa;gﬁak%ifo%%ttﬁe A bbtwd&i t@oﬁa&ééfmg%ﬁaa&% leobrode 34,

but filter cks the 27 current that source 54 supplies to
el ectrode 899 3fhereby, 2 MHz source 60 is protected by filter 64 fromthe

f27 Mz exc{3gti armMPl ®iueed 608 ch2uindd driideshatehingl natworle8 imtluding 27 Mz
conpl of of y VaHREE I8N oot BHEUANWAEN B3 Bblo M Bea oMo B Rs 22 ana
34. [38] Bawinis: af impédanceghatchriadweanitbe output énpedancenef DuredL0f r equency
et ou g A0 Rl G LRI 34 BI hid 080 2000t
the gap toBandpagsy dties Sddisseanneciadebeivees the AlpUlisFREESE MBECHIRY i i ting
the high 7nEfskEYardeRcti: B Otkdr84 Fat/ 4pa2d Bard ArahdelinepevBcy, 27 Mz
current Otl’EehPQ Rfﬁ-ﬁzt Io%?pu?foft qurggaéﬁoIé]ecr:t(ragdeogti?’\?vhi[e providing a high

impedance path for the 27 MHz current that source 54 supplies to electrode

22. ,

{37] Filter 64 can be configured as a branch connected in series between

the ouiput terminal of matching network 62 and electrode 34, wherein the

branch includes a parallel rescnant circuit tuned to the 27 MHz frequency of

source 54. The branch of filter 64 can include a simple tuned circuit in the

form of an inductor in parallel with a capacitor. The 2 MHz output of source

60, as coupled to the output terminal of matching network 62, is not affected

by fiiter 64 and is coupled to electrode 34, but filter 64 blocks the 27 MHz

- current that source 54 supplies to electrode 22. Thereby, 2 MHz source 60

is protected by filter 64 from the 27 MHz excitation of electrode 22 and

substantial current at the 27 MHz frequency is advantageously prevented

from flowing in the plasma completely across the gap between the opposed

faces of electrodes 22 and 34. | |

{38] Because of filter 64, infer alia, current at the 27 MHz frequency is

limited to the portion of the plasma in region 38 which is adjacent electrode

22, The 27 MHz excitation generally does not penetrate across the gap to

the plasma adjacent electrode 34 and workpiece 36. By limiting the high




adj acent el ectrode 22, better control of plasma density Ii? ttaigﬁ%. VWi | e
specific bandgass fllters 58 and 64 have been descri bed,

under st oB® P#312¥t her filter configurations can provi de PREUSERS2Hy

substantially the same results. [39] Reference is now nade to Figure 2 of

. the drawing, a detailed cross- sectional view of a preferred enbodi nent of
chanber 12. Cylindrical wall" 14 includes netal, grounded cylinders 70 and
72 whi ch afrequesgpec? WiHy caitievietaartive tedrbon pif athen plasoia dti regiare@don 38 and
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i ncluding glass viewn genera regi on 38.
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- [40] Sleeve 84 has a lower edge fixedly connected to an upper face of
'rheta!, preferably aluminum, ring 86, having a lower face fixedly connected
to a portion of the upper face of silicon carbide, high electrical conductivity
ring 21. Metal post 46, which carries silicon carbide rings 41-43 and is
preferably configured as a screw, is driven into a threaded bore that is
common to rings 21 and 86 to fixedly connect rings 41-43 in place at the
periphery of region 38. Electrical insulating ring 88, preferably made of
aluminum trioxide (AlO;), is interposed between electrically grounded
sleeve 84 and metal plate 85 of powered electrode 22 so that sleeve 84
and electrode 22 are electrically insulated from each other. Ring 88
includes shoulder 90 having opposed surfaces to which plate 85 and sleeve
-84 are fixedly connected. Ring 88 has an interior wall abutting the exterior
wall of high dielectric ring 91, having an interior surface which provides an
exterior wall for a chamber for pressure probe 92. The interior wall of the
chamber for pressure probe 92 is provided by the exterior wall of insulating




chanber for pressure probe 92 is provided by the exterior m%

insulating 7 February 2006 WD 03/015123 PCT/ US02/ 25223

pr ef erabwg’oﬁﬂbséz%f al umi num trioxi de. Passage 94 in pl at ECWS“ ﬁﬁect S
pressure probe 92 in fluid flow relati®on to fitting 94 at the top of plate
85. [41] Ring 24 includes a downwardly dependi ng appendage 96 having a
bottom face that extends into excjtation chanber 38, slightl y bel ow t he
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el udes. pHE-HEETI9S HehIRETLRAR 04 LohF S 2 Beighe KR Shown)

i ncludes p
for contr okpaceg blaﬁ‘la pl’qﬂm alt&]p‘ﬁ)mfmwrpmetbdet\%n pfBés @Soandedd et al t ube

28 of the PRty AN GES (& TN 1§ DAY iclibrPBg iPer face
ey

el ectrical nnec
as is lntroduced through fitting 108 on the top face of aluminum plate

85, which includes a passage (not shown) for supplying the gas io the baffle
plates. Plate 98 includes openings (not shown) for the gas flowing throtjgh
baffle plates 101-103, to provide a showerhead effect for the gas flowing 7
into excitation region 38. The top face of aluminum plate 85 is mechanically
and electrically connected to electrical connector 108, in turn connected fo a
lead connected to be responsive to the 27 MHz current that source 54
produces and which flows through mafching network 56. The top face of
- plate 85 also includes passage 109 connected to a source of coolant fluid
~ (not shown) for controlling the temperature of electrode 22.
[43] Grounded metal tube 28 of the botitom assembly includes aluminum
ring 110 having an upper face electrically and mechanically connected to
the lower face of silicon carbide ring 29 and a lower face electrically and
mechanically connected by a plurality of metal blocks 112 to the exterior
side wall of aluminum tube 114. Blocks 112 are equispaced about the
exterior side wall of tube 114 in passage 48 so the blocks do not have a
substantial effect on the flow of gas in passage 48 from excitation region 38
to openings in metal base plate 18. Plate 18 is mechanically and




the I ower face of silicon carbide ring 29 and a | ower fa%eqeg,l ectﬁ@gally and
mechani cal | y connected by a plurality of netal blocks 11 erior

si de wal W4 Q/Oéﬂ}i’n num tube 114. Blocks 112 are equi space&CAB50232k%
exterior side wall of tube 114 'in papsage 48 so the bl ocks do not have a
substantial effect on the flow of gas in passage 48 fromexcitation region
38 to openings in netal base plate 18. Plate 18 is nmechanically and 7
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spaced fraﬁhigﬁ%ﬁ@?@aﬂalﬁorﬁ%% b%ﬂof‘r{lfaaceJP&pé&“@érb@%hngzd éqq 6 has a

shoul der agai n al so
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one. of i e BBk R 448, PRl Prns BolodBba it beffy SBINFC2 o acen
to but sli e top sdgectimetal duba héd,deninghaniirerofalbatudiieg the ovigravalll uni num
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nmechani cal I'y connéec rical conne
mechani cal Pitagher &9 dbe rbcitan of isriast aiminynt platey d22 oy faa@é”ﬁﬂ‘tYp‘Pfat e 122

and is congg@@dug)(@,w 638 of\hieh 1§S|ﬁ>c§i.hh s t he 2 Mz output of source 60 to
e CONCORE: , EAr k110 Beb e whE SPinP ki bt M hatee e
upper facefiofn tHeateriph2desbéstacked didmdaraalaminum plates 122 and 124 whlch

form electrode 34 and are electrically mechanically connected o each

other. Electrical connector 126 is mechanically and electrically connected

to the bottom face of plate 122 and is connected to a lead which supplies

the 2 MHz outpu’i of source 60 to the connector. Cavity 128 in the lower

face of plate 124 includes lifter pins 130 for lifting workpiece 36 from the top

face of plate 124. The upper face of plate 124 also includes a cavity (not

shown} into which a coolant, such as helium, flows fo assist in controlling

the temperature of workpiece 36 during processing. Plate 122 includes

grooves (not shown) through which a coolant liquid flows to assist in

‘controlling the workpiece temperature.

[46] Insulating ring 32, which electrically isolates metal plate 124 of

powered electrode 34 from grounded silicon carbide ring 29, includes

quartz ring 132 having a top face to which relatively thin quartz ring 134 is

bonded. Quartz ring 132 fits in an annular volume between outer vertical

‘and horizontal surfaces of plate 124 and an upper side wall portion of

quartz ring 116. Ring 132 is bonded to the outer vertical and horizontal

surfaces of plaie 124 and is spaced slightly from the upper side wall portion




shown) into which a coolant, such as helium flows to assq_sf% i n roI i ng
the tenperature of workpiece 36 during processing. Plate

grooves MLP’8BEHn) through which a coolant liquid flows PFE/I@Q%H»?@:‘ | n
controlling the workpiece tenperaturel6 [46] Insulating ring 32, which
electrically isolates netal plate 124 of powered electrode 34 from
grounded silicon carbide rin I ncl udes vuartz ri ngdzjh 2 having a top

29,
face to whPtaUARE EPOVEIS EFHP%JRP@&#@QE Pl Age 1134 exengdyAdaENamRE38.ri ng 132

fits in ans@m I Boveahs h@iw@cewcﬁenm@m Tclaﬂ:ﬁdie ringohexid plané gp4sur f aces
of plate 124 a

n Ll t Ri 132
s bonded Ptjeleﬁ%ﬁ%?é?g@@?'# OB incrr et isao Priieel f@’% 29a0d 159 and
i s spaced slcictrbtié B4from t he upper side wall portion WO 03/ 015123 16 7
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si-licon ca2blndbid3$ rtbemtmh@apk%earl@@theﬁelerr@mr tgeessary doasedlshei n
providing gh&nbbt m?éndrfte'a%in%etrﬁéc\ée%ywaegur%%oa%rk;ﬁé@ébf&@esﬁé [47] o

is to be understood processor “chanber i1lJustrated in thure

i ncl udes t hBe uemam@ap@me%he ofanious eiP@'F% e Revidedabgcaype; Of t
chamber i nfigferért dofftidras of thenie expansivn \ohekkes bQ!I’(s wotkipeesigvatedcessi ng.

Th b
i or ont ERRTPLTERCUTER Sl il e pIarEhe B HEKPRER B ble o evat e
t enper at ur esmphiech toc dive iempehetwénaobetheduhamgemodunmgacleorpopeeélsgng

conpar ed t&é&g tenperature of the chamber during non-operating intervals.

[ 48] Reference |s now nade to Figure 3 of the drawi ng, an electrjc
schemat i c, [484ui Referance iis dinw raagertanﬁewq @eoﬁrttsee%@wng | piseleairied in

Figure 1 §él%rh§& mernt Iclrbweabgtaﬁﬂomecpmraes& mqumetéu mzle@w 1of Fig. 1
can be conS| a. eq enc de because ationp region 38
i ncl udes aaﬁ'f'l g‘é‘ﬂ%@f i "1 V\@LE%/ Jrrgae%%%%ﬁé’(éﬁ 3.?% &nt RF
frequenci esonSIdered as a dual frequency triode because excntatlon region 38
includes a ground electrode and two electrodes powered by different RF
frequencies. :
[49] Because the excited plasma in region 38 can be considered as a
refatively low resistance, the plasma is illustrated in Fig. 3 as terminal 140.
Circuit 50 includes high frequency RF source 54, matching network 56 and
shunt bandpass filter 58 comprising inductor 142 and capacitor 144 which
are connected in series with each other between the output terminal of
matching network 56 and ground. Inductor 142 and capacitor 144 have
values such that they provide a series resonant circuit for the 2 MHz current
that source 60 derives. Circuit 52 includes relatively low frequency RF
source 60, matching network 62 and series bandpass filter 64 comprising
inductor 146 and capacitor 148 which are connected in parallel with each
-other between the output terminal of matching network 56 and electrode 34.
Inductor 146 and capacitor 148 have values such that they provide a
parallel resonant circuit for the 27 MHz current that source 54 derives.
[50] Upper electrode 22 can be considered as capacitor 150 in parallei
with resistor 152, while lower electrode 34 can be considered as capacitor
154. The plasma sheath between electrode 22 and plasma 140 is
represented by the para!le'l combination of resistor 156, capacitor 158 and




[ 49] Because the excited plasma in region 38 can be consi cl;ejé'ed '
relatively | ow resistance, the plasma is illustrated in I:—l _wggoo%erm nal
140. G 0188 i ncl udes hi gh frequency RF source 54, nBELHSHESESt work 56
and shunt bandpass filter 58 conprigyng inductor 142 and capacitor 144
which are connected in series with each other between the output term nal
of matching network 56 and ground. Inductor 142 and capacitor 144 have
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and flows to ground terminal 174 from plasma 140 by way of the sheath

including resistor 168, capacitor 170 and diode 172. The geometry of

‘chamber 12, as previously described, enhances this flow of current from

source 54 to plasma 140, thence to ground terminal 174. Hence, precise

contro! over the density of the plasma in excitation region 38 can be

provided by precise control of the power of RF source 54.

[52] The low frequency current from source 60 flows through lower

electrode 34, thence primarily to upper electrode 22 by way of the lower

sheath including resistor 162, capacitor 164 and diode 166, plasma 140 and

the upper sHeath including resistor 156, capacitor 158 and diode 160.

Because of the low impedance effects of bandpass fitter 58 to the low

frequernicy current, the low frequency current readily flows from plasma 140

through filter 58 o ground. The geometry of chamber 12, as previously

described, assists in preventing a substantial flow of low frequency current

from source 60 to ground terminal 174 by way of the ground sheath

including resistor 168, capacitor 170 and diode 172. . Hence, precise control

over the energy of the ions in the plasma in region 38:can be provided by

precise control of the power of RF source 60. -




[51] From Figure 3, the high frequency current from sour 37 4 flgqe%
through upper el ectrode 22, the upper sheath represented r 156,
capaci t oWOIB#1338 di ode 160 to plasma 140. Because of thECWI@WﬂS?#pedance
effects of bandpass filter 64 to the 4§ gh frequency current, the high
frequency current is substantially prevented fromflowng in circuit 52
and flows to ground termnal 174 from plasma 140 by way of the sheath

i ncl udi ng [583i sB(sdrprmﬁl@;ngca@@tsetQﬁnthVOV%[n’tHledﬂ@]fétylofzhe'H‘@Sf@@@ﬁ'ﬁtth? of

chamber 12, @%;1 pesfemeo symd H B8 thef BhRBGERtbNGSichs P Fadissisapt from
source 54 tO asihma herice tO I‘OUI‘I erm naI 4, Hence reci se

cont rol oveeutrwesm tnyﬂ'@f plpsi@a gp Juayde aélﬁcm?tﬁfi“ﬂﬁg r SR N be
provi ded bycRiratd %@nﬁ@lnbf @he @éS!H@IQ:dDQW oOfthBFfoﬁsDUfadﬁzeﬂM ank5agutféle | ow

frequency current from ourc u r, electro t hence
bt 11y SBECIERAR (aF el Ebste werhach e 1 WalleR ther eIty Il di ng

resi stor 1@hs baymberding thédvarkpiede oitepiiedy| Bavautd Ofathdse tfhetonpper sheat h
i ncl udi ng et he |ow

| mpedance é&?&gc% “% ot ggogétl;e Pérﬁgggﬁgoghﬂdgﬁélﬁgcﬁ%%gﬁig chrrent t he
| ow frequemalyet&@fl’empfp@a%ﬁﬂsysﬂﬂbﬂ% HARG ph@sandl LK.t hrough filter 58 to
ground. Thf%zﬁeo"fﬁérﬁe&fne at’)‘fb%ﬁarilager *, nhamum@sme c@aﬁﬁémaﬁﬂofaﬂs@ sts in
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cleaning of the chamber interior, and (2) reduce consumption of these
surfaces by the plasma to prolong the life of the surfaces.

[55] While there has been described and illustrated a specﬁ" ic
embodiment of the invention, it will be clear that variations in the details of
the embodiment specifically #lustrated and described may be made without
departing from the true spirit and scope of the invention as defined in the
appended claims. For example, the pressure in region 38 can be controlled
with a closed loop controfler including a pressure sensor in the region and a
drive responsive to a pressure set point and the pressure sensor for
controlling the spacing between louvers 41-43.




rocessor 10 provides better control than prior art proc rs f wi de
Bariety of etch processes, such as HARC, SAC and Low K ?é%%“ﬁﬁ%ﬁggﬁnetry
of chanmber 12, including the confinenent of the plasma to the relatively
smal |l volune of the region 38, is such that, a substantial bias voltage is
devel oped on all surfaces in region1®, as seen fromFigure 3. The
substantial bias voltage is established by virtue of the sheaths between
pl asma 149#@1 (1) electrode 22, (2) electrode 34 and (3) the grounded
surfaces 0 gion 38 represented by termnal 174. The bias voltages and
“the sheaths tend to prevent the plasma from being incident on the surfaces

. . : . ¢ | dur i .
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Spitit rZﬁﬁéﬂfg@gﬁ%gﬁéﬁ{b'ﬁegiﬂﬂﬁ%ff@ﬁgﬁﬁﬁagj %e&%ﬁﬁ%ﬁgif%%iﬁ%gﬁvai . For
exanpl e, esqures;s ane exterioegivali 88 & aefdrenconpatehtiad and t hased | oop
C e ponsi et fedith forRoRAGNG Snd Pla. e e B s@i@s ol théCont o1 11 ng
the spaciexterioetwadlen | ouvers 41-43. 7 February 2006 19 CLAI IV:S 1. A vac]tcjymt

hamb g uding: a firs
Pl aatrodo for o Mladths ExeRaRh FoclB iRy () Toue™e Taked o aheS:
connect i ovall, theaplasnst excéﬂalaioh\re?;ipnrbejmg arranged ey tRet metgasleﬂows inie(r:]ond _

I d Yo pm ' Lr in ' as in
ehoct 1 o0tnd Yo M AU BBG80Y oAl SRR R, 75
sour ce; iasma eniciatiovalregian !aetmelea[]mecbwersalromhchl(b) §irst ??lmon?] excitation

[ f i_pi . ' ' romthe exterior
wall i h%:gﬁgé%ﬂeﬁ%ﬁﬁéﬁn%%?%@, | Lffr%t?ﬁéa%?&géﬂééﬁshdga& B/ rom e
e louvers an e electrode for carrying the workpiece, the secon
su_rface being located between the louvers and the first electrode.

2, The chamber of claim 1 wherein the plasma excitation region
is bounded by said electrode and louvers.

3. The chamber of any of the preceding claims wherein the
plasma excitation region is symmetrical with respect to the chamber
exterior wall and a center point on the electrode for carrying the workpiece.

4. The chamber of any of the preceding claims wherein the
excitation region has a geometry such that different sheaths are developed
between the plasma in the excitation region and between each of (a) the
electrode for carrying the workpiece, (b) the first electrode and (c) the first
and second surfaces at the reference potential.

5. The chamber of claim 4 wherein the excitation region geometry is
such that current at the low frequency has a tendency to flow to a greater
extent between the electrode for carrying the workpiece and the electrode




wal |, the plasma excitation region being arranged so tha e flows
into the plasma excitation region through the first el egtéﬁgﬂ’@%gi(}?ﬁout of

the plasma excitation region between the |ouvers, and (b) first and second
surfaces at the reference potential, the first surface being | ocated
between the |louvers and the electrae for carrying the workpi ece, the
second surface being | ocated between the |ouvers and the first el ectrode.

2. The ¢ fu.cl al in the plasma excitation region s bounded
by sai d PR Horf ing b Makial ) FoP ohitingi BRI RO B HBESedi ng

cl ai rs whibeaxcitativn rqgicrs abthexefdrahc®potemjabn is symetrical with respect to
the chanber exterior wall and a center point on the electrode for carrying
t he workpi ece. 4. The chanber of any of the preceding clains wherein the

excitation redi.on hie shgebeetof claimshd toned whiekdiartbet exsditetibhsegioe devel oped
bet ween the i i I Leqgion and, bet ween eac f (a) the

o ect r odc s Fsidh, taf cBltEbl At 48 hibR HeRaBEY neS e BRBeRRT IR AaNG ™ c) 't he
first artd aegmatersexteat detaeen hiber GfsérelacteogmitentheakurfacesTioé theanber of
claim4 £0l: iLpati [ egi try is, suc hat .current at the
| ow fr eqh@%@"ﬂ}i@ﬁoﬁéﬁ&éﬁ({?f)e?%n?quBangigg[%neﬁ?@rtheeﬁﬂ‘ﬁgﬁ[ecg'gfjﬁggn t he :
el ect r odehé @leatandeyfonganryiegioe kpirlgrecand t he el ectrode 7 February 2006 20
than fromthe electrode (34) for carrying the workpiece to the surfaces of

the excitation region at the reference potential. 6. The chanber of clains
4 or 5 wherei 7.t he Theccharmben of agy of thgameetdingi daimscim thabinationent at the

high fre y t ‘ 0f],0 pat er extent .betuween the
first el g@ﬁf%d%%?gsﬁ{eﬁgﬂﬁ}ﬁ&e 3F4tte¥¥éd Eg@c? i 39”?08& v Qfst e reference
pot ent i alsouheebéingrodrimected et thel fest elediotie, thehsecehd RF edardeobeingr ryi ng t he
wor kpi ec f the preceding clainms in conbination
wth a p?cggéggtgpqloE&?%&W%ﬁgﬂ#est and second RF sources, the first RF
source being connected to the first el ectrode, the second RF source being
connected to the s n tode.. 8. The . .conmbi nation pf an f the
preceding cl aiér']rs fﬁﬁ%hgpﬂb?ﬁétlo% of gny & 158 preceding clim&Murfher

including a filter arrangement connected to the first and second RF sources

and the first and second electrodes for: (1) enabling current from the first

RF source to flow to the first electrode, (2) preventing the substantial flow

-of current from the first RF source to the second electrode and the second

RF source, (3) enabling current from the second RF source to flow to the

first and second electrodes, and (4) preventing the substantial flow of

current from the second RF source to the first RF source.

9. The chamber of any of the preceding claims wherein the
louvers have high electrical conductivity and are at the reference potential.

10. The chamber of any of claims 1-8 wherein the louvers have
low electrical conductivity and float electrically and are arranged to
mechanically confine the plasma.

11. The chamber of claim 10 wherein the spacing between
adjacent pairs of the louvers is such as to provide the mechanical
confinement. o




including a filter arrangement connected to the first angel:sﬁgcondﬁ sour ces
and the first and second el ectrodes for (1) enabling cur Ohe first
RF source to flowto the first electrode, (2) preventing the substanti al
flow_ of current fromthe first RF source to the second el ectrode and the
second RF source, (3) enabling curr@Ent fromthe second RF source to flow
to the first and second el ectrodes, and (4) preventing the substanti al

flow of curre econd. RF Ihce fi.rst RE _source. 9. The
chanber of any ﬂﬂégﬁg@ SadTyaP "’U\mgr%qﬁ ﬁ%re"? iﬂ%épé CRVE high

el ectri cadidjustatilectl vity and are at the reference potential. 10. The chanber
of any of clains 1-8 wherein the |ouvers have |ow electrical conductivity
and float electrically and are arranged to nmechanically confine the

plasma. 11. THhES.chaiteecharhbet of amylof thieeprecedingeclsipecwherdietivesum adj acent

Febr uary 9058 4467 vl sy RN ARebA BUAYLST . A ERE ES s ST dfhc epaci ng
i's adj ushaldreas aBtheTirst amhsbemdoéleainydes. t he preceding claims wherein the

sum of the areas of the first and second surfaces is about two tinmes the
sumof the areas of the first and second el ectrodes. :






