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commonl y assi gned provisional application Serial Nunber 2?]?11 04?)%6 filed
August -8, 2001, entitled "Dual Frequency Plasma Etch Rea

| ndepend¥Bt030EH3Hm Density/ Chenistry and ion Energy Cont PET/USO2A5E33D OF

| NVENTI ON [ 2] The. present invention telates generally to vacuum pl asma
processors and nore particularly to a vacuum plasma processor including a
pl asma excitation region including first, second and third el ectrodes
respectively connected to high and | ow frequency excitation sources and to
a reference potential, wherein the excitation region is confined within a

vacuum chanber havin { fer Lal . Anot her aspect of
the invention rel at e&@%@d@@dﬁm Eiﬁ@@&ﬁ%@ggg@fqgl uding a reactive

i npedance el enent and an el ectrode for respectively exciting a plasma in
the a vac v d | ow frequency RF, wherein a

filter arr os he hi gh and- Iowfrequenmes
enabl es cyd} entTm prmnt @Np |¢a§u,?£lelﬁc‘:y chtlmuaiwntlmp@[tghf ot cpipasdindoet ween

-th |
curr ent Céi&‘}ﬁ"‘%ﬁﬂ’ ks éjvﬁﬁgwggﬁ?@l%t‘f” e R Hon0t 850 Yl S 0
el enent t YIS eﬁecthoadee” ﬁ@(@%@l\ﬁ%ﬁ?”f"ﬂ] Plagtau lriph aBRACHF oWdRsors are

~used to dgp@spénd@itelasths DovstyIGheriigthy Amd RN Bhergl rCuntpr kpi eces that are
typically sem conductor, dielectric and netal su strates. A gas is

i ntroduced into a vacuum pl asma processi ng chanber where the workpiece is
| ocated. THELEhORUBIVENF@Nsure is typically in the range of 0.1 to 1000

t . Th | ect
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RF sour ce TRERPHIYSY @qwgeptqdeﬁoa!wkyany qﬁwgﬁewnw SYHEHIOD SAMICEURRY &9 ent  power
such that 4 hefegascd potegitiat, edhéralno tHid expitatipmrediomne donfined beithieean the first

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




RF source and reactive inpedance el enent are usually by of
rel ati ve‘l)‘y on%abl e, connected directly to the first Rﬁ%gwgz.ooﬂ first

I
 resonant WHBM networ k connected between the cabl e an§CTERE3%E
i npedance el enent usual ly includes a pair of variable reactances adjusted
to match the inpedance of the first RF source to the load it is driving.
[4] Typically, the gas is introduced into the chanber through the top of
t he chanbefieldsdo itlse gashdfimwedativenimpedbnte elanoénttibeotihaotedrto 4 firdts conmon
for an el r e ?thﬁf ' | a series
of baffl e?gnﬁﬂﬁcghﬁgggéﬁﬁ 59{3‘%0@%?? atl oﬁ%%%?caﬁaﬁ%%gﬁ%\f%égoy% hower
head ef f ecsuahothat e gas is igoiled intp dhe plasmnax Conaestinnsr kefivesn thsfirsthe
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banding. pr STIERR fBF 3 cledamacithe dop of LSt tobe astidaitd Wit 85 ©O

P ipedance SR ATEs ARG Openifgs i the exqitalbn 5soigh T REovide AEIOWSH 1 egi on
and ;heRgimer@athexgasglowm inte K@ excitation fegiguent |y clonnect ed t(r)\ a ]
secon our n . C | 0 t han t he
first RF [? eque %%ngceggigsﬁgﬂgﬁl ftécigH%P'r%(aﬁgdnlﬁ gﬁg"g?oe%bhgf as a DC
bi as sourflasiecxeatian regiors irsthe damksnt dgsome bearobembthe bledtrode t he

el ectr Ode1carwyﬁwbbkgfél}%ﬁ@%@%é&ivé*?ﬁnp@!:l&ﬁéé SRehdH sfp Mt thesonant
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typically e i TS drink el hEMRSIed Bo bRRARGhRTIsiGRR™e S the
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




~excitati

WO 03/ 015123 PCT/ US02/ 25223 3 | ocated outside the chanber gd thf0
el ectromagnetic field produced in the coil is coupled tg %r‘?
8%)93 ?1d% of the chamber through a dielectric wPRABHHI2he top of
t he chanber. [7] The first, relatively high frequency, which is in excess
of 10 MHz, <controls the density of the plasma, while the second,
relatively low frequency, which is |less than 10 MHz, controls the energy
of ions i nlochked cpJJItaislmatheIthaﬁﬂmnmmthemlmtmlmagnqbﬂcém pdehsgietyinghe i on

ener oy 15 BN athioli! BAERENACORIBANLERN! LS LRGHTES ALAFEAerS: such

as power, 3t "Bnd eecon Solr ces.
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[9] In St'éﬁd/BPF&ﬂﬁﬁt ‘b?'iifré @irgtaéridogla?conhhﬁ s g"ﬂ#elk e°3 %r“ écf@;‘r'wator and

ext er tation region 1s
confr ni ng Ch%’ﬁ%ﬁd“‘é‘%@@dﬂﬁ%mét“hes‘@hirm@ﬂw%ﬁ’d abﬁdefmem%pﬁ tigh a
reference fopekambleddroupdch as ground. The gas which is excited to a plasna

in the tation ely t hr,ou he | oyve an,_out port at
t he bott o i) I &t [Ll‘? P;‘ ﬁﬁqshérgl"éerg@ % el r‘ﬂd @i gp?otr?g %ﬁ Cel ectrode
at the topexditatitee regioni i adanoeciedgiooan reﬁerermmpmbadalt dh¢ Hiesty edlatiwaige

pot ent T al - ke Wd o) EBA0A 19 AL THERN 29, Naen ESARCRN He (o

processing “prior {3 & equate to
handl e deergactr\tﬁ)rmmdﬁmoereier@eet Md\r!@fth&@erz@ﬁdade@ttvgbrrlfJWclaFa’r’relqyleeeYn conduct or
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r equi remerﬁ %%@ﬁégeem@tpiawapaﬁagmetﬁhwa ”?‘I‘\gﬁfc‘iﬁﬁ?@éi n?ﬁxt%‘%f) fions and

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




radicals to neutral species in the plasma, the residence tipme of the ions,
radi cal s and neutral species in the excitation region abgﬁgbﬁﬁﬁy pi ece
and control of the energy of ions incident on the substrate. These
paranmeters provi de wi de process contpol to develop the correct processes 7
February 2006 4 for many types of etch and deposition processes. In
addition, for workpieces having Iarge areas, the cost of‘ﬁggce53|ng each

wor kpi ecefomagranyedwirrs 0f istgbrantht dprositinn eFPfoiCﬁsﬁﬁSecH‘s & The mean
tine bet%ﬁﬁdbléde%%\)’\gg {d*§e Hread he IcBLESHF ﬂfoce&giﬁg @eh WrkprReaUERDb! es,

serviceability of the processor and numerous other factors affect the cost
of proce%%‘iqlfﬁeaaf\hdmpﬁr@ﬁe Rafamgierp b PEQERISOr JIRABRY The mean KeNTI ON | n

accor dancgeateleh %]'eé\ﬁﬁ?cihé)f chaBbEF emesHor! NMHRNTAGMR. of h@ér%drﬁabl@éow ded a
vacuum pl asma chanber or processing a workpi ece, the_ chamber |ncI udi ng: a

first el eSqNvicaa lﬂlkyroéheweeworeaqum@'owppﬁwja@dprﬁ pHect the grBEPT and for

connect i Oprok8sding i wbrkpficatih Y§e prddegbod.r equency RF source, a second
el ectrode for carrying the workpi ece and el ectrical coupling with gas in

t he chanber and for connection to a second relatively |low frequency RF

source; agQURMARYODFWHIE anEN-m@f\er ence potential, and a plasma excitation
region for confl ning the plasm, the regl on being spaced fromthe exterior

“wall, the plas ﬁ'a%%ﬂﬁﬁ?‘? oMith @;ﬂ GEPEFIcP dh?igP"@ﬁ?“’l HM?@F’@"SH&%’@d'Sf rom the
wal |, theprbbﬁi%@ﬁa%ﬁb&lﬁh' Qﬁsﬁ@'cﬁﬂwﬂ@r%raﬁo%gﬁﬂ S8 \Fvbﬁéplédee was flows
|nto thes(ghﬁasrra excitation re Q/(;i?e u% |rst el ectrode and out of
the pla nahet; ingluding: r%tﬂl’% edtagsefort @th'ﬁﬁl\/ﬁ?‘éo"nﬁn‘ﬂlﬂe gastintde and second
surfaces gHarhibér ditf RIreBRReBRILBLA Atst rélBBVEIY high ﬁé’(ﬁuéﬁc‘? R¥eisBardeogat ed

bet ween the Iouvers and the electrode for carry |ntg t he wor kp |ece t he

second s¥fGoREeCIgElrRge Ifﬁﬁﬁﬁﬁﬁ'”ﬂeﬂ’\ﬁe\é’ﬁrm‘@cq Gideplechica! F%F"frlgr ¥ithe| ect r ode.
7 FebruargaQfie Thahfler HHE PBPOYSnEdINSbId SeddHd fefdtiveR) IBW Feqiariyures and

- advant ages_of the present |nvent| on will becone a parent upon

consi der dRF ofOWIce h%n fepiternt mgll abta neé%reaeecpetentlem #d hePlapmai fi c
enbodi mendxcithe s egioR feresdrfihing thBelasma, the region being spaced from the

exterior wall, the plasma excitation region including (a) louvers spaced from

the wall, the plasma excitation region being 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.



THE DRAW NG [20]. Figure 1 is a schematic diagramof a pl or in
accordance with a preferred enbodi nent of the invention; [21] Figure 2 is a
cross-sectional view of a preferred gnbodi ment of the vacuum plasma
processor chanber illustrated in the processor of Figure 1; and [22]
Figure 3 is an electric schematic diagram of the plasma processor
illustrated in Figure 1. 7 February 2006 6 DETAI LED DESCRI PTI ON OF THE
DRAW NG [A3%] Rrherpoee dril SMuiee obfedts, Olebfurds @ndt bvahtaydsef Meer ei n

pl asma processor 10 |S_|%Iustrated as includin vacuuP1C_Pnber 12,

pr ef er abl PresRAYIYGNEoR Wil Rerqrea RPPgFRNtJRCH: ST PT theclofRWIRger i s
symet ri caétaped RiestBpRat bf bhel $FediNerodirnest tHedbdtalespitially vheghanber 12

i ncl udes gggh, eleptr,cal_é&ﬂdUCthltg_cgkfndrlcal netal sidewall 14
mai nt ai ne@KEP iReongciign withthe ageompatdng diawingsy. | ground), as wel | as
circular ceiling 16 and circular base 18. Ceiling 16 includes annul ar
exterior EEE i 8 i Vi tal plate 20 which carries on its
| ower fac ' ring 21. Plate 20 and ring 21 are

el ectricajy apgurechan caldghepmutiteliggrain® ofval | pladmao prdedsspr aine 20 and
ring 21 are also at RF anp Eﬁi%% ug@wg$é§ tial. Ceiling 16 also includes
ci rcul ar , 2GRArdaANG] With aqyeresre BP L& &7g NYgNtioRkact i ve i npedance

el enent) @nY afiguleaR i€laecrosbSetlicnalaliew of4 pifdrred erodiieneofithe! ectrical ly
insul ates e ectrPde 22 fronuplat 20 Plﬁég'zﬂﬁﬁ rlng%g%véglectrpde 22 and
i nsul at or VaHUR Rlasga praceqserchamierustrated i flis prosgiRer dfdhigdienlis 123

PCT/ US02/ 25223 7 [24] Base 18 includes annul ar exterior netal plate 26,

el ectrical| d ngchani cal cqonnected.to walJ 14 so that plate 26 is

0 S0, at - A2 e B8 it St SRS, HIA9T8 W ESRAGOSSRRI | ol
conduct i Villistrated ah Figupe 128 having an exterior dianeter that is
approximately 80 percent of the interior

taken in conjunction with the acconpanyi ng draw ngs. BRI SCRL PTI ON OF
TR O,




di aneter of wall 14. Tube 28 projects into chanmber 12 angégg nmec ically
and el ectrically connected to plate 26 so that the cylindei® at RF
and DC ground potential. Tube 28 carries high electrical conductivity ring
29 that extends radially inwardly of chanber 12 so that the ring is
parallel to base plate 26 and is at "RF and DC ground potential. Plate 26
al so carries tubular electric insulator 30 having an exterior sidewall
contacting the interior sidewall of tube 28 and an upper face bearing the

| ower f acREAINEDDESORIFNONBFETHEDRAGUINGSUl at or 30 al so carries
el ectric |n ulﬁﬁf r ring 32 and, circular, electrode 34 for_ carrying

wor kpi ecel2 ﬂm%lspmwna%woflgtﬁ’erﬂ ebiheudiayyingarhareinpligstdn be a

diel ectri ﬁro@éséfﬁ{ 80 iSUMSStrALE aRinduding Wicetht ichahlberi 15 UbRF&apR ect rode 34
fromring 29, virtue of the ring having  exterior and interior edges

respect i v'@?‘ﬁfn%@uﬁli"ﬁ'&%'h@mfwtmﬂ S‘éd'@@zt UJ"? ¢hatgberois amametiicabitdr i or ~edge

of el ectrrdpedtto AteEehftedr i%li@lﬂd]eébkl@niﬁy@ﬁah%&e@ %Iu@éseh%t rostatic.
.chuck connlecte to a DC chucking vol ta&@ysource (not shown), I'n which case

el ect r ode®8aNG &%”Hégt‘% cviindricgb matel gdRwals b waintaingd alJ3riang Wer kpi ece 36

whi | e t hergfrekibd poteritial Reh n@r@urﬁlﬂeégs%llbé’s Br@fdRceiiify 4 BaHReEirckdar Pl ate 26,
t ube 28, rlng 29, insul ator , rlnﬁjq 32 and electrode 34 are_coaxial with

axis 13; hrgn1 ﬁo%lr@cé S'Bdiugeﬁr ryextgrion, highe elgetrigad qonduetivity  he

wor kpi ecembﬁalqﬂ@t@ 2ORHIEH catrids 8xiits bder 388 hijHP eRThriciA TontQtivitysui t abl e
source (not 5 V\ggh 5 i nt roduced mto@F)I asma excitatjon regi on 38 t hrough
el ect r odRP21IRale, 20 qod g2 T, ate plegliicafly apdimeehanicallysnanestes t9o that t he
process gaall fik @ehirpiate’ ZWhAd riRg 2 4ré dlso ﬁtheJr{beao: §oliRg fpotdritiap! asma
exmtatloe e IOH@E t he process gas is, converted into the plasma which '
processes W&?&p‘iﬁa 036“5"411%9;5@%'@ metal glactiode: 22 @ plasna @xedgs 22 and 34

respecti V@buw@um;%daﬁcéh%eﬁém ahh@Nanh@ar Oéleéincr Qhé\ﬁlhﬁtﬁ' 24%&1 and | ow
frequenci es; [ﬁ?} erred. enbodi ment hi g freguencies are

respect i V@R?r@t?sl\#@ 8 trmlwnsq*ﬁtes elgaisorr 23ffr%\/@'|at€h12 t Iﬁ’éa Ri#h frequency
suppl i ed firy 21 aséstesife 2'2aﬁariﬁmét%rm%re@aaﬁutatooutﬁfaxtshﬁ, plasma in excitation
regi on 38, whi e the ampunt of power at | ow frequency supplied to

el ectrode 34 controls the ion energy in the pl asma. While the | ow and high
frequencies are preferably 2 Mz and 27 7 February 2006 WD 03/015123

PCT/ US02/ 25223




MHz, is to be understood that other suitable | ow and hi g?ﬂf}g}gﬁg@ es which
respectiyvel control the ion energy in the plasma and th gnsﬂy
can be eMABPEH23 controlling the high and | ow frequency PEWYSYRH ied to
el ectrode 22 and 34 causes uniform prgducti on of etch species in the

pl asma above workpi ece 36, which results in uniformetching of the entire
wor kpi ece. %26 Pl asma excitation region 38, which is coaxial with axis 13,
i s spaced [44lonBeseellincludeshannilar extesior trhetat @lgte 26, nelealically 1avdver

arr ange”e”PnécﬂD%nicB lly %Bﬁn@éf@@‘i*dl) ﬁ!t 14 %BetthHPé?é %OiE eﬂéé %@WEQH Iﬂ? are

grounded for hree verti cal cke ectrically

grounded r BFdsaatantial rPaleﬁer%G eaREY ﬁ@h @l@@ﬁﬂpemomawm mgtal ﬁub@Zéunded
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13 and flbsgé !a‘?ig'ﬁtér%%datrf@lf%hﬂ‘{ﬁ)tg?oﬁﬁﬁ‘sféhﬂﬁlr Pl%?éfﬁsadléc%éﬁ gknner edges
whi ch are ? e innér dia e vert)cal|y extending
wal | of tuB&)UQ‘g tc é[bi't‘t'%‘to‘i bayieg g xigiiorn ﬁ!é“-\?l"‘&t' ofoRigCting 198 41- 43

thﬁve a|ti9n&tﬂerﬁbﬂsﬁcﬁwzﬂﬂ@ﬁ?b&@&%cﬂéﬁupb?@ia@%lwaﬂdg\mhé kaélefa@iélb‘?[anl alrreter of

e outer r ca ext e 0] upe e. e r,ca

e un mo 88! nEipner 52 GU8H QoM 3N Al oarHS sfetid Ml SE Bheca 56

Wit hin thecilr@datemctﬂ'alde f cloancargling etarkpiene 086, wish lsﬂflpréﬁa_ralblsoaasa sts in

confini ng &@r%w%hﬂﬁ%r%féﬁ?@?%gh tflagaQﬂ@eI:ﬂ?@ or ﬁueﬁ? subﬁf? d or which
orlzon

was not ionlze Inr gﬂ gene a irection
t hr ough t heleghieainjsulieselastiode 34 fhgr. ringh QQ%VML@v@f thﬁrﬂ'ﬂﬂjbﬁ\”ﬂﬁe space

be'([jweenl r héﬁ@rléﬂaﬁ@ mtgﬁ@r Sy r%% @@tﬁl&%% ﬂ% Erll*t?rlorcé%@éb@d rin RO axis |1|3
and | ncl s REL T Buter il e el et red o gt o val
as a pl asmas enndlecterstatic clegikoconmcts tcsaﬂ]ﬁa)‘hdciﬁlngmdtegarﬁwrca/@dt 14 t hat
has virt uagilléfwr“o i VAR chi® Mcfidh 8B43R cluagh da‘?f‘&rrgﬂgéﬁwem (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 éhown) is infroduced 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 38, 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




The bottom of passage 48 is connected by opening 49 in pI 26 %ﬁ?
conduit (not shown), in turn connected to a punp (not sh sucks 7
February é’o‘t?é’ls% 03/ 015123 PCT/ US02/ 25223 9 the gas fr8fT @/?ﬁ%%ru or of
chanber 12 and maintains the chanber gnterior outside of region 38 at a
vacuum typically having a value less than 50 mllitorr, and preferably
about 5 to 10 mllitorr. The pressure in region 38 is typically

consi der abVijzhisgodrg urderstopd that &ber suitabie bwancahigbﬁﬂqueaciﬁ'swfém because
of the reI I rovi des.
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ri ngs nustfrom sigewaltl14 by mirdsecof tbehegiobyndmaagdmweraﬁangemeotxﬂaeéna ,
suf f'i ci ently, %Hgﬁ;d%@m D RARBASOf Afar rgyn&ﬂ%db :%@nﬁé&%f@@ﬂ QR 38 to the
chanber regqgion

tween | ouver arr ange
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f t
o " A e i 1 T IR o
3.175 nm fimgon3bt-4adcan 1|25 Mmegle) o sgmersméerw@% Raving tiheh elestria®i pressur es
provi de adssHHiicvigl 28R SRMihGRMBR! glPhitEg qaro%ﬁdaadn 4105130t izpd | y prevent

SR R SR U N O S

mechani snmsmetet|pistet 20, d Grenmiatierindse4 48, phidsareecoaxial with axis 13 and
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




in region 38 so that adjusting the spacing controls the iglpeﬁ)l nenz&i6 regi on
pressure_and dggree of plasma confinenent. [29] Plasm e egi on 38

i s bound®® B#1¥F2ctrodes 22 and 34, conducting rings 21PERYSIUERY
insulator rings 24 and 32, as well asdouver rings 41-43. The plasma in
excitation region 38 is bounded by a sheath of neutral particles that
fornms a capacitance between ~ the plasnma, which generally can be

consi der ed tae gas feesn $he ndenigad cvdaﬁrré:ieédtZr@u:émazﬂa@ﬁdhexhamtr%bmt@aw 2006 WO

03/ 015123 R / 3 | t of
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t he anount na}ht%\ﬁé}d ke ffrﬁ mutﬁrf@q%mytogru qe@stareewagwqm . [30] in
t he Frfferﬁﬁﬂcﬂr@@dmﬂﬁ@febm h@t@rowyiezh Qbe@atr @ﬁiﬂn@orbgant@slaﬁ ?dﬂﬁeveﬁwfatcﬁ of

excitation,region ave con rably rea er an e

o en ot ShoeEdE of the SR Bl Bloono hpe Tt At i far R Bt 4L T o,

regi on. Prgreviddéd.y trhenar embodhnentpfthe lepapinge betivedre adiavdas dairst be

gr ounded eg‘?&ﬁﬁo%aqéailérs Jg‘é ag.m% (9'23 ,RE er words, the sum of the areas

of grounde Boun he surface of excitation region 38 is
about twi cé28s lisgaohseeeRsanndi \alldaaﬂanae%éorofowétﬁw46f4?pé®véneeblgéﬂlyectrodes

Chi s oa R ehe SHIAKE e, Rproe doch Madhe Uptiareafour 103
to electro egya? NePEPh g Eg 'Pg t@g éﬁe'ssp Vé‘ére% ﬁfraat
hel ps in dewaimmnm d‘nr@ﬁgeﬁ@nlbllmﬂu@ﬂgqﬂﬁraﬂ(ﬁr@féraﬂlv Bce)t belddidiias, on each

o1 et rode AR PR AF elsBichug no3TElo L ERRRSS FRRES 1 RO oot ode

conpri ses puadren [evemindodivily2Sifis Welnrowadegh@mla}hma lconﬁnerﬁeniaemacz,g for 27

?”.*ﬁgﬁc’?ﬁranHe'?'Séfﬁiéﬁ%’iﬁﬁ‘%s%@?’???‘%”f%ﬁ Sl R ) Y R 0Ty

prevents c@u‘b‘{‘ ey adiuficre Wlffdpeéiaééﬁr% exgas flowisigakomoiggiaie
el ectrode 38 oSt Euﬂﬂbbp'ﬁe@i)n HPearbén Q@R@'érﬁé‘t@%nﬁ’éﬁtﬂm seldestidrager 34 . and
the sum of _s e@f g Q( I.t ance a(%ross el %ctrode and aﬂ sds t he, ground
rings 20 adf sist in providing the required plasma confnemen fferent

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,




[31] The DC bias and, therefore, the sheath capacitance gﬁsgm at e(g) Wt h

el ectrode 34, could be actively controlled by including ’; ée pr obe
(not shoWi?)0340&H2%pnitori ng the DC vol t age between el ect r BEBUSR/253$ t he

pl asma. Such a DC vol tage probe deriygs a signal for controlling the 2 Mz
power supplied to electrode 34 so that a relatively high bias voltage is
mai ntai ned on all surfaces inside the plasnma excitation region. By
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ring 20 a%&%th% érf‘éagﬁe Isveéﬂt{élneaggmvﬂﬁyﬁgﬂm SEndUnt R owea%meewtatlon
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if 86' ect rT ggeand Iﬂnﬂo@ﬁtﬁng QRe sufebe @F e@cbﬂ@ﬁdrpﬂﬁ;i&*ﬂ 3Basve Rave falndval ue of
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d 22_and 34
vari abl e, QF%S i n%@rmﬁigsﬁ‘?qlgﬁdns&?ﬁ ng %Eeh'aﬁlﬁr%m?%ﬁy gﬁn@my%r Ipfovi de
addi It I onalapptied rt@le!emlmdeczmﬁnd)mrﬂjeaifoddm i Miditiex chestated a‘rea)mtéd ecéI rode 34 -
t ectr [ nd to
ags?st | n%% u%%ndévé??ﬁﬁgsﬁhmb !ﬁgggc otg 5 ré?&?ﬂog%ss‘p%{gf:ﬁpgﬁs Cg.g'ltj rode 34
and to as§|%qtfq(i¢ &staaflindienngf dbe r@bgpm ﬁbe@ﬂwoﬁam@@m@d@crgas d’ﬂat he 27 Mz

RF power %M}da%daﬁd)twé Péiwnoaectf&?e F8Bh MHE Pévier, e .@ﬂ%nSédeétﬁtmect i vely
provide the 27 ation for electrod d,34. Grcuit
50 incl udé’é’”@f‘sﬁﬁﬂ’%? @Il\girode fﬂ as we(l)l as groundeg nngsez% and 38 for

' 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




havi ng sufficient power to energize electrode 22 to exmh«%b ?
region 38 into a plasma state and to provide the desire

pl asma- ¥OB@I2E2 | ncl udes 2 MHz source 60 having suffi BEERSO
energize electrode 34 to establish atsubstantial DC bias voltage on

el ectrode 34 and the desired ion energy in the plasma in excitation region
38. [34] RF source 54 drives matching network 56 including variable

r eact ances Woibpiesa pVpgesaiiiddhraagdpdbnt rol 1 ed in a known nmanner to maintain
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and whi ch fradins.af egion 4O0thedwesmsenteiner Bhan tB8inher etige of tidgs 42243 [35]
Filter 58 ganshgs gmnwmﬁrtﬁg o%%r%ae&@rtg%m&ﬁm&s@tdr Mngg% ahﬁe t he

out put term nal net wo ranch 7
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circuit tungee bpelcbfrode Wdzhds £adaine v@fueSQM Secm! theTérﬁeud@@Péﬂvéa‘n filter 58
or.in series
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o A andnged atenat Shefipgts o and o Bowpialagin adhepBEh feSbisY b but put
terrr} ngl tofmﬁmt ohema limitdoakge, pnomd&@dchtﬁdrmttedtrbiyove‘rldDUphr@Bf thed : S t
cou e 0 a I es 0
el egt r ode. ﬁi\/ﬁﬁ)é% r%ﬁlfr%qfeléc{ﬂr%das%ﬂ_%oo(égcé@ﬁ% é#h o?%ge&?ﬁ_ie sgur ce 54
i s prot ect eimppsipng thave58lsc>rbﬂﬁrt furd kHasesistiin aaaugmgofa higheBCr bifs 34 and
current at Johtgge tHlie Bé\%iwébcb!n @B’&%@%&%Hwo“éﬁm ih réstém%h%;aéém across

h b h f _el
tsoﬁr 32%0959\3%5 mi&Sm El?c ?q?%éé ﬁh%@ﬁ%%é&dﬁ”@ﬂ%%&?ﬁ&d% abl e

react ances g2not shown) which are controlled in a known manner to mnaintain
an 1 npedanggsmath, RELAP ARG 52 ipRthely"BRVHE G2 RIS Bndl2 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

or the




and the load it drives, including electrode 34 and the pl in i on 38.

Bandpass filter 64 is connected between the output ternigjﬁgg?nﬁaﬁgﬁing

network WP B35%8Pectrode 34. Filter 64 has a pass band aPFEAGEH2RE pass

the 2 MHz output of source 60 to el eciyxode 34 while providing a high

| npedance path for the 27 Mz current that source 54 supplies to electrode

22. [37] Filter 64 can be configured as a branch.connected in series

bet ween t relurlaspaiseties mesraianbicirauit furietgtontbevd Mz fregueney etsowse 34,

wherein th ' I; r i ' tg the 27
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2 Mz “out pabusiedI8URE uthd terpirp bl Ingstchigtitdwerk H6lt ist gstraffsdiedbynat chi ng

network 62, is_pot affect by filter,.64 dJ oupl e 0, el ectrode 34,
but 11 1t or T 55 Godas chupBR tordectider e, brhf 2 Bifeeeditaba fo e o

el ectrode BR.suppticely elc2trbtiz Sloflowe tiGOugh dilter 58 ¢z genliisy Thetedy, @4 from t he
27 MHz exci [ | ec 2 | al ent af: 27 MHz
Fr eaquency MPH O, g0 e Pltitetont dfter SEHORT K 2 e Floidlion

conpl et el yelestrode &zhen@@pnbaf abthe 2HdHapmssiedcy pdvatageoushedlowsdas 22 and.

34. [38] Bg‘ﬁfg&t‘%ﬁg af:?ds%%eﬁ?‘ap bBhfEerPtHe? opfidd L icedloft d8cKHdgddipal r equency

is limte portion the plasma in region 38 which Is adjacent
el ectrode @P934The 27 MHz excitation generally does not penetrate across

me gaphtg[sglhezmmrzmga(%@ﬁ aoeﬂtc/ireuiewrmp s&ﬂat@hiﬂagw;wﬂﬂpﬂee? iRAudiBy ”2"7““{;2
e | enr.uar ,
curront o Ve SbetBRCe (PhsRAVALRAR Are KoM BRGNS Rnaln HEEENEY oo 25
bet t er contmeaihtani apingedardemsaton bhefwaen dhaedtpuiiimpedanneeefi saucchBfdpass
thrers 58488400 fhalfy 4rbes Ingleanh diStrodd 34 Snki thBlasteIf] RigRafisghat other
ilter con |gurat|ons can provi the sane or subst antla Yy t e Sane
resul ts. [Bandpess idiet &4 s ersnesiasebelyesngtieoutp s tefal chmaiehing det ai | ed
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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 resonant circuit funed 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




mechani cal |l y connected to each other by netal ring 74 incl

vi ewi ng Y&®82¢ hat is generally aligned with regi on 38PCEPSP 3 70 has
an interior wall that is bonded to aqgouter wall of the netal bellows 82,
- having an annul ar shape so the bellows is coaxial with axis 13. The
interior wall of bellows 82 is bonded to netal sleeve 84 that is coaxial
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above and bel ow pl asnma excitation region 38 and are el ec rﬂ& al | d
ﬁﬁ'ﬁa @b ss

connect ed. aRiampuB shape @0 thatelows isvabdxiatlwitht axig 18heltexinteriaswalbefl | of hi gh

connect ed. aiamuss shape mo ihabelivws inabdxialytt inig 15hdedn of |
el | for aoElof B BN 30 iBlep Sids5 e REE BBl Vil BB ®0 o™ Chamber

for pressuPellpwsiB2 bas iastqn Rsedeenneptatio axyasticdly anslaigble asiwaiar ng Wo
O 15125, Wt ol i RETARGE:doan oo S, e huamds

Fluid 11 owTUPmab e Shan P FRPO B eeside Sl 14 neidding Byinadhs 7

. and 72, as well as.ring 76. The relative movement between sieeve 84 and

side wall 14 causes the gap in excitation region 38 between electrodes 22

and 34 to be changed at will.

- [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




plate 85. [41] Ring 24 includes a downwardly dependi ng ag,pe dage 96 havi ng
a bottomface that extends into excitation chanber |5ie 498 ow t he
al i gned WOBBHEhces of silicon carbide ring 21 and CI rcl’ﬁ: S&32Bon pl ate
98 which fornms the part of the el ecttdhde 22 on the upper boundary of

excitation chamber 38. Such an arrangement assists in providing electrical
I sol ation between ri ngl'y21 and pl ate ~98. Appendage 96 has |nner and outer

wal | s resfBgt34 grgpferpbly: maget alamt@%méag@d@f Bﬁ&%@gegﬁﬁlatﬁdpftat@e Pnner edge

of ring 2goniddig pidedireé prob&R20h il fewnieition BNRHiING 04 slafhkYiogxdéfendi ng
surfaces aE%théng .correspondi ng surfaces of graphite ring 100, having a
| ower edge ed to silicon plate 98. [42] Electrode 22, in addition to

i ncl udi ng 1M Ring ﬁﬂaneluaésatdm\hmvam#y dépendieg appendaghagﬁﬁthvmg acon plate

98 at the BEHOATARL filf ShERd §18 ol dEliShantRoRS SRty Sbalfe 101103

I nt erposed ween rovi | oW for gas
t6 be exci abgmobb@mnp‘aagwf smcmgamﬂ%ang 2thendy giscylar $lmqu§i§&%88t hr ough

fitting 10GhRim fbhﬁsftm EﬁQﬁtﬁE e@hﬁaaélgmltﬁé% é?boMﬁHé‘r{)o‘f@ﬁ&:’fﬁii@ﬁ a passage
to. the at es ate 98 includes

Speni s ( HBRTERG AR 51&']19%@r&g@%fn%aﬁalﬂsnmde@wd?%fﬂﬁp@cg PIESoR01- 103, to
%‘ ovit de ]9 smwgmﬂ@_af éﬁdtplétterga hixppendage ®6nkas irrep sxicotier !vmillslr egi on 38.
Conneored [aruiy BoUHRctd. SEred e BPERRT gB R 1nefh ofGé B g, )
connected £%. b&ing b hesvintarort erizzntaliizand rveglinally hextesding caurfatespr oduces
and whi ch éb%gtﬁl‘é‘éﬁﬁggﬁg%ﬂrﬂéﬁe@?pﬁdﬁlt@% Th60 ! RRihdS8lo eB gte -85

al so inclu ssa onnect e a sou ce of cool ant (not
shown) for @Wﬁ@tﬂ*ﬂ G@Pﬁ@@%rrperature of electrode 22. [43] Grounded net al

Fr Rl s Pty e e R
carbide ri ﬁt‘? g‘@ éﬂ@e é“qdo GO B@‘te éﬁe%n[ﬂ? 9" Qﬁﬂ“e ﬁ@&ﬁvﬁ?c'&lcw €€onnect ed
by a plur aispaqedobaffm plates okdks T3] 2inteopddeal brtvezaroplates &5 walll 9®ftoal um num
1101 pasRiEta T FRE EH (BPBGS1 BRULd fo v BERIR iR E O (he
fl ow of gashe rmagasyams:iwgdfthmughéﬁtﬁ‘ig 496 on the do facgof @ibnummnl@@ in netal
base pl at egd8yhith¥@udds h pauBsER NIt 8hdwnPRF supplying the gas to 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




7 February 2006 WO 03/ 015123 PCT/ US02/ 25223 15 el ectri &%lb%{%%opm ed to
the | ower es of tubes 72 and 114. Thereby, ring 110 4, which
t oget her“ﬂ) 18138e 28 of Figure 1, are at the sane RF aR§THBEHIBEhd
potential as tube 72 ahd-wall 14. [44]5Electrical insulating assenbly 115
including quartz ring 116 and alumnumtrioxide ring 118 electrically

I nsulates netal ring 110 and netal tube 114 from el ectrode 34. Insulating
ring 116 hafeckicallp donoectad)tadbatlower etges sifitybed y2sautb dd4f r bereby, bot t om

face of si 'n'nghe Oy FEhP kR ‘Hi‘gzyl%“ 3 tﬁ%r fo‘PHlfﬁzbeVﬁ bfla ACqnbrd gt Y slightly

spaced from |nner I ower rt of ring 116 has a
shoul der wpEe B M%ﬁr%d pofen QJ@SftHE@n(ﬁthﬁ'(b 418 Ring 116 al so

i ncl udes aj V\ﬂ\mééih&a!qﬁﬁ@l@m@gasfsbﬁiwﬁ 11I5ntr@iw(wa¢ﬁzwaﬁ 113% amt erior
wal |  of g‘gl 118 aF aﬁb ort| B/ f qtierl or, 13&1 ng 110.
Ring 118 h&SMNHBY {5 aﬂ‘ég eHHg Al me'q “rﬂ%ﬁ tal tube
114, havi nguisen 1iihfem ekectrodd 34t i Ingulbtieg qngéhamésl a top fad:aaat!jlaceaﬂ 10)/

ol at] 9 PLHRAEHA 302 bERUE 1 SR abidterhy ocrbhaclied 1o the

bot t om of um num at e SCr ews (only
one of whi ehtdrswalhadjarent %@ut@j@htlw sr.vaﬂ@d Imm s irmruvmlleﬁi Bng Walol ad j acent

Efafgts > o ahe JMW%PSQ&%‘ ring OGLRR & ShLAREF WhfcrPbedrs aidetht thé aerceal um num

m el e de 34 and are "el ect
oo oor b s A48t aing LA ISy iRdess a0 domuvariy ofetaurs My
mechani cal ipte@ided bedtaarcthe exterorvelt efding 018 bad itied towerfpaetorobf meat e 122

Che 'cinEQL‘ﬂﬁéﬁg%ﬁp?n&ié‘*%ﬁ@ PHRBRS 5 ueloif ey W bRk uaifill 77y e
pi ns 130 f the tad edge;;of/metqlrtmheﬂ% Having ahdnnerpvall alewtting the avter 1wl The '
upper T ace obloglbdly' fumling, HFHHIRS 1o6dy ddeld @0 SRS LAY D @

cool ant, such ontroll rature of
wor kpi ece 38adhed r‘i‘@ t ?&@335" 4. C"PPEF@’!’JQ‘Q”WHCIP'@%QZzg?b(ﬁ/@g”ﬁmitOshovvn)

t hr ough Whiggfawas 1:2:53 oMt ohe EfAvHichliP¥RowR). assi st in controlling the
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29, i ncl ud@ésm the perlphenes of stacked circular aluminum plates 122 and 124 which
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




quartz ring 132 having a top face to which relatively thi r]iﬁ,guart%d'l ng 134
I's .bonded. (PJartz ring 132 fits in an annul ar vol une bét QQ
vertical WOUIBIi zontal surfaces of plate 124 and an upBeA/USPHE2HA |
portion of quartz ring 116. Ring 132ld s bonded to the outer vertical and
horizontal surfaces of plate 124 and I's spaced slightly fromthe upper
side wall portion WO 03/015123 16 February 2006  PCT/ US02/ 25223 of quartz
ring 116. Q’hﬁuﬁ%é'ﬁgf'@(?e gherqﬂﬁ’&ri@@ ek fiag d4; extends AHBeshatEer 38, ght |y

above the @igqrﬂw%otv@nhéwgﬁe@iopsﬁceg@m shios®cebidé ﬂgga@ andlppatie4124  of
el ectrode 3 LSO

el ect.ri.cal on bet ring 29
and el ectPtﬂ@C 8?3%‘? apgg '8 HFBV'Q@QLH%@F*%%'A%%E‘*{% aq%gnpr %&?8# chgnber
i1l ustrat edlelctroﬁe@ure 2 includes the usual gaskets and other el enents f
necessary se ri acuum for
wor kpi ece Wécegés ﬁe uﬁtﬁ%@@:%%ﬂcﬂq%@edﬂ P&%ée%r??{ch%h@gg h@ﬁgg%gﬁﬁ%%r% provi ded
because of 2tlnelude$fﬂglerl@ruﬂ| (ﬂ@ékﬁtscal@tﬂih@feleh‘@IHMIne@Qm|t@n3€€ﬁ| thRese parts
and the el EN%EQr lnftﬁfm%%fttgfnetﬁevﬂéc%@sélg%buuﬁ fbhwoﬁ&ﬂ@é@ rdbdBbig. wor kpi ece

processi ng npar, e eratu

% ur| n% n- oper ati ng
intervals. ["QG?PEP?@?&% Sgbuesns ﬂh%vVﬂfﬁ’H@ ?@qulaﬁ%lr@ogl ¢ Pﬁ%aléﬁea ntg
electric ameémtddéffc@éms \oltiestinag Ierxganétoﬁhomﬂi@éé parté Badnthecsiagated

illustrated in Fjqure and t he chanb at e The
processor gqm S{Lﬁ S¢ Ipllclgeocc%dgltﬁgrcéiaaef'glger dﬂﬁéﬁg gat‘?@ﬁcb&%}agﬁ'ﬁg because
excit ati oncompamd 38 the cltamjesaturgr oﬁrtheebbambededlami} t nen-epersiingdes

power ed byrﬁlé % grent RF frequencies. [49] Because the excited plasma in
region 38 can € considered as a relatively |low resistance, the plasm is
i | lustratelft8ln Refgrenceds tiavwrimagle taofigucy r3>c/9f ithe odreming, das  slegiFict requency

RFdSOUV Celgézherﬁﬁﬁé@ GG{aﬂ#ﬂ‘Mﬁlﬁt 5§gﬁbﬁﬂ of ﬂ@ﬁﬁoc@%&ﬁlﬁfﬁraftéd IreFighfe qgrrpr l ﬁl ng

et e TR ¥ g i Fiiro % STRETHEELSDy 4 5T B bbl o

| nduct or 1é4@nsideledapsacit duall4deqgierey 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




val ues such that they provide a series resonant circuit zci{ t he f%%l-iz
current _that source 60 derives. Circuit 52 includes rel at 9
frequencVOr¥01¥&Yr ce 60, matching network 62 and series BERYSHESIi |ter 64
conprising inductor 146 and capacitqy 148 which are connected in parallel
wi th each other between the output term nal of matching network 56 and

el ectrode 34. Inductor 146 and capacitor 148 have val ues such that they
provi de a dipde 46Depokeddornast peisityaiqurest fronesarcaiid owiaeme ¥RE0 source 54

derives. . e RaG@ WH RORBWeHehAS 19S DERERAJOLF 150 in
par al | el t@é%heﬁ@l%?é\tagirs %%%’igﬁae@omr el ect rog%em can be g%@nsi dered as
capaci t or elggimderRe. Jihediaseasheathuetwesn ledtadeodtand pi?ﬁﬁ““bﬂ M 140 is
B e o pass
epr.uar - i ed to pass

positive c‘ﬁ?ﬁi%ﬂpgf P8 ;{Bﬁ‘/aéé ROSItE GHTEORIOyBOLEe é@ﬂ@t &g%ga?%gs is at a
DC vol t agethahtrehplasmzoiseat 4 20 voliagO@hia tsalgwenfthar itiee o doltae ofhe pl asma
sheat h bet t rade n ' par al | el
conbi nati o %Poféegﬁ’a‘tﬁ% R%gn%c%begéﬁ?) %?N %éﬁpg%@ 4 Elﬁg?@%ﬁ‘g%%gql% to pass
positive caurfesss ingleding olfareisorings 1.0 131428d 110nhistrepraseplaskhia is at a
DC vol t agepuuhh ghyds i oP9 660! deapasitst 176 !eelt 5 afisdS3472The pl asma
sheat h be?t\'?\e%&gllgs%%rﬂﬁéhgﬁ??trﬁge‘gtgrgijndedgﬁ U{f&%gs [ nél ‘Hdi H:g I nter alia,
rings 21, pded4q pagsgegalive curent Epm @?ﬁ“@d1%§/° grosnded SUTEER™i nation of
resi st orf %re?@ﬂé@iﬂ rrhiAal ﬁm s tHiabithe p’llzié}]pa ipat at(IDG oolm@swmgggg ive I
current fraom S t 0.t he .grounde r represented by term na
174) so t.ﬂgh&h@ag&%%#&}’@ta&e %{%ﬁ%ﬂ{@g@&%ﬁ%ﬁ is higher than the DC
vol t age of[5tthe FEpoourfdgures8y thee digh freguereyo cufreguiions souree b gilows equency
current fr u t qgﬂ;é E@&ér@g@b ZesikfR 1apper sheath
r epr esent e@%@r%ﬁ%ﬁ%‘?&h .,22‘clg|§a |t6lréH%§g”§d di ode %683&0 | gma 140.
Because ofcapasitai gib8 iange dindiee 1691 tr tPlasina blilipa 8RS 9t 31? "% he high
frequency ipidd@Rte difdets b Bindp-R4 R B4CHIthetigh fredubatyclitent, yheor event ed
fromfl ow ng in circuit 52 .andbflc)vv]\‘1 to ] u&lq terﬂm nal . 174 fitrgén pl asma
140 by Wayhl h fiaspieng) SUfrent is substantially prevented tront flowing incircu

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 filter 58 to the low

frequericy 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. -




I ncluding resistor 168, capacitor 170 and di ode 172. The met r
chanber 12, as previously described, enhances this flow 3%6 %q from
source SWOHMFR3m 140, thence to ground terninal 174. PEW(U@MJ’W%l se
control over the density of the plasmgin excitation region 38 can be
provi ded by precise control of the power of RF source 54. [52] The | ow
frequency current fromsource 60 flows through |ower electrode 34, thence

primarily [58]upByrpreviding pigsisexamrohayercther densifyvarine sHrsiea andcthedi ng
resistor 1§ ﬁu Vs Hd ansliﬁdfregg% a0t é@ﬁectplla%%”@f MQ a’i’rﬂfiradl@ﬁstt@per

sf*eath inc resistor 1 capacitor 158 an cause of
the | ow i nﬁ@ﬁféﬂc@%ﬁ%@t @eomaﬁraﬁdﬁﬁgwﬂw @8d @ﬁ'”lt@"?&re GfQﬂﬁeqf-‘Paghency

current, tBeclraw CoRAYEDBEYhE Gesiedhcd @Al by thé duss,| raaiioal apaendd@al t hr ough

filter 58 to roun ometr a r 12 as revi ousl escri bed,
Lesi ot st nope bR i e VafulE SBake uftrRBE B 2t len 2B Do e B F T oo
source 60 tumsgb@mbdrdnaag rthaadrorkﬁleceyla/\@;ovm‘ect hé8apacsa dfstheae Hacions,| udi ng

resistor 1B8ce8ahaablRbyiliéd t?éﬁ't‘éf LoAGL hédr oc #Qggmeé&@réwa%ﬁg' over

the energy~o eio e provide

preci se comarnetyoéetcﬂ'rwog@ms gﬂcwsl;&ﬁr(ées angd-@BK015123 18 7 February \
2006 PCT/ ?ﬁéZ dedmatry Byf Eﬁémbéi g, Hhélﬁdﬁf@ mwtdoﬁrn@meﬁt opethdensi ty of

the plasma‘a ene t t t f
FRCEEL TR i sl der o I Plenent oo p ot ot ana ©
mai nt ai ngdsulfaaﬁﬁaéuﬂaﬁu%/w?g@@wﬁ\@t@adw? %suﬁ’%acés’ﬂm r@smrdeepgststewa gg t he

i ons, radigal scand neutyal | speci.es 0 v PLERE. as
wel | as thEOBHERRE of The supSRblal dies ol I eStiBIshsR R, g o 106, oy
Because of shéeﬁhf%lgmem plasmar tilkaixd (1) 16lepirode d8s( Icg”odc&*ﬂta%‘.l (3\1/)Ihaﬁ prior
art | ProcefRpnbubAeaufiades of AL o %pr‘%%%ﬁte@”%?e?ﬁﬁ?al 1TMCTRSHIARC, SAC

and Low K eone i ncl t he, confl nement of
the pl asmiokagasmnd Eaﬁhaﬁé!wte@ﬁﬁp|pr@‘tﬂrﬁmee spefreradiedng wgideng oBych t hat ,

a subst antheﬁléur%@b% MO&skaaBon s:re@@rc!@aowm Ykedp thes suffasgsclean idegingn 38, as
zfe etn hef rC)mplr:clz ssmg anér t%ere%grset asnhs%ntlal'ly mcré)elxsteaﬁ\ee 'mséaﬁsﬁt%gl Eestal%%nby virtue
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.




sheat hs between plasma 140 and (1) el ectrode 22, (2) elegtrode 34 d (3)
t he grounded surfaces of region 38 represented by ternin?ﬁ&%Wﬁ?y%%prias
vol tages and the sheaths tend to prevent the plasma from being incident on
the surfaces in excitation region 38, to (1) keep the surfaces clean during
processi ng and, therefore, substantif® |y increase the nean tinme between

cl eaning of the chanber interior, and (2) reduce consunption of these
surfaces(a%a@ﬂg plasma to prolong the Iife of the surfaces. [55] Wile

t here has™ Dbe described and illustrated a specific enbodi ment of the
“invention, it will be clear that variations in the details of the
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controll isegondeeleqimﬂm@rbe?mm'ag theuwerlkpigte 4Ad kérletﬁteibafue%lypfﬁ@ﬁﬁfggQ CLAIMS 1

el udi n AN AP ENEARE Bhe 18 oI RETRE D B SN Bl BN L e

chanber d&tid $aurceorameextariort walk &t rastreferbnte visdtgntialg rarfdr eeqqﬂamaRFl sour ce, )

: vi . r . i
Gas ¢ RClEor Ao & o e bR B EG80 WNERETIALIGN B8 1 caiency
RF sour cextariorevaleri or wall at a reference poLentia!, and a pl asmad Com

he . R, | in ace
the  oxt ori or 8 plactha ERBaRT Rediaf iR ATHE, @} Riere PR P FR P ouver s
spaced f meat, thee plasedd exctiﬂalﬁoplragina hB(lmgt; agtnged !segh?htpbegeasgftlcﬁms ?nt(rggfl so that
. n | t
el ectr oad Sl grciaiR SRR, HELLR, b8 Bt e Rmos, Beatl BrehfoLver s, and
(b) ! fi r stplasmla seetatbn segibacestweent the tcnfversagw ﬁb) eﬁlreteti?drld dseh?r(;trﬂi (r:; i
the wor kaiages BF BERASRRE Horolll. 18ISl PRl bOBaibEIH TPy ers and
t he firsthelleuversdand the electrode for carrying the workpiece, the second
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




2. The chanber of claim 1l wherein the plasnma excitation rﬁ%ibon | s..bounded
LTI

by said electrode and | ouvers. 3. The chanber of any of q ng

clainms wherein the plasma excitation region is symretrical with respect to
t he chanber exterior wall and a center point on the electrode for carrying
the workpiec e. 4. The chanber of argd of the preceding clainms wherein the

excitation region has a geonetry such that different sheaths are devel oped

bet ween t i e.exgitation region and. hetween each of (a) the

el ect rodeﬂﬂsgﬁtﬁgﬁﬁieﬂ%&ﬁ?@ C%Wﬁr 83'@'”9% et‘ﬁ%rkpquﬁttoefl%&cw'&fgsaqé (c) the
first antesxchalibreragiaceasthatrefdrencepetentiak potential. 5. The chanber of
claim4 wherein the excitation region geonetry is such that current at the
| ow frequency has a tendency to flowto a greater extent between the

el ectrode for @&arryfhegchhmbeok mlans 4nd 3 heediactheosheitatiorbegiony 2006 20

the. excr 1oty Boish et BtrehERL BN h BaruRaSE Biiendrlaied o “Cr ai e

4 or 5 wHer ai greabar extent didtweene@u%e:ﬁrst@eot&bdel tbsthﬁushrfadf?et gﬁ;theent : ﬁt .the
i . . t

first o gt FeoiPnatdtf Heterties bBRoubEyRreieRL R B BRuBarE™ ef or ence

pot ent i altheledectfodenfor barrying <he aloekpiecele to the el ectrode for carrying the

wor kpi ece. 7. The chanmber of any of the preceding clains in conbination

with a processor including the first and second RF sources, the first RF
sour ce bei ng donneclredchambée of iangtofehe qireoeding tdiaimeetooomBnationr ce bei ng

racedi navlif 2 AocS A Rele Ry nd BRedR R SRR tnE Bt aRF ed 1o the
first andoseooheingremmectsesto thedirsheletirode, thedsezond RIF sbamde being for: (1)
enabl i ng C%I'J‘%S{éttdﬁért@%]ﬁée‘g%{ FQ??EFPFE\Z source to flowto the first el ectrode,

(2) preventing of current fromthe first RF source to
t he second el ectrode and the second RF source, (3) enabling current from

Lhe Second R g20uT Sthe! Roblifikildh (d°an] ' 5 tndH1B86RG7 RS Fipfes: and (4
' 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




current fromthe second RF source to the first RF source, ng The %anber of
any of the preceding clains wherein the I|ouvers have hi gt BTUaEY 2440,
conductivity and are at the reference potential. 10. The chanber of any of
clainms 1-8 wherein the |ouvers have |ow electrical conductivity and fl oat
electrically and are arranged to netthanically confine the plasma. 11. The
chanber of claim 10 wherein the spaci ng between adjacent pairs of the

| ouvers i s such, as pde the meghanic confinenent. 7. February 2006
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adj ust abladjudtdbleThe chanber of any of the preceding clains wherein the sum
of the areas of the first and second surfaces is about two tines the sum of

the areas of the first and second el ectrodes.
13.  The chamber of any of the preceding claims wherein the sum

of the areas of the first and second surfaces is about two times the sum of
the areas of the first and second electrodes.




