MULTI PLE FREQUENCY PLASMA ETCH REACTOR Technical Field

[ 0001] The present invention relates generally to a
woredosogh2ef and apparatus for processi ng a wor Kpi'EUS2004/027064

with a plasma in a vacuum pl asma processi ng chanber.

According to one particul ar aspect of the invention

el ectric energy at several (i.e., three or nore, but

not many) frequencies can be applied to the plasna.

According to another aspect of the invention the

chanber includes central top and bottom el ectrodes and

a perlpheral top and/ or bottom el ectrode arrangenent

that i eMUBTIHAEREQUENGY BEASMAJHCHIBBAC GR

reference potentlal by a filter arrangenent that

passes at |east one of the plasma excitation

f resienieRs to the exclusion of the other frequencies.

Background Art [0002] It is known to apply plasma

excitation fields at two different frequencies to a

I @001 "THe fpreBen et GOABLRherhIf to Rl AHTR o@ﬁ&?ﬁﬁﬁhtﬁ:gfo? rocessmg a

wor kpi ece, wherein the region is coupled to a gas P

t Werkpiegd With oplpena in Atvecuue PlaveR: eEosessing shamhen. ﬁqrmrdmg to one

VWBAH BN pebtof H&qﬁ}eht\fonaele%ﬁmeﬁé?g}déi%ﬁfal Yi@f @ree d?'more, but not many)
dielectric glate and plasia is involved in formn

i frequgncigsean be pripd tor téaplaws feeording tousnqisir @gpsct of the invention the
T)f}pahﬁ;@xl In¥luddsh@nPhiagiBn® %&E&@Eﬁe&fbdﬁé Gidds Ig@:ﬁphteﬂ? thV\Qld/or bottom
different frequencies are supplied to t regl on

péliestrode arangereent thatds pithseiposvered bv RE of [spatneetedio a;rn@rence potennal by
e r r

of Tl ABet it PR B 198N Op of PR AR pliioh Mgt o e
pPxedusien ofibe ethFn fequengicst ches the wor kpi ece, but in sone
instances results in materials being deposited on the
wor kpi ece. Hi gh frequency RF power (having a frequency
i BackgrourdA®f approxi matel’y 10 MHz) typically ceontrols
the density of the plasma, i.e., the plasma fl ux,
whi | e RF power having a |ow to medi um frequency (

t H9021dhig émqwn to@pplK plzsm@exalmp@ figldent ¥/ diffent fregyeneies tp p region of
C@RAdulth Shdnifer R Blatiia g:t,ceg WHchil, WhAH Ehe 3¥5bnli Sufielo a gas
on the workpi ece. the size of the features
c 8wt th fields ¢apvertin ﬂseroceﬁw@asmae Thewpkpigesds usually a semiconductor

I @8t} P BRI R c pRAfe and the plasma is involved in forming integrated circuit features on

the workpiece. Typically, the plasma excitation fields at the two different frequencies are
supplied to the region by a pair of spaced electrodes in the chamber or one electrode in the
chamber and a reactance, in the form of a coil, located outside the chamber. The excited
plasma typically dry etches the workpiece, but in some instances results in materials being
deposited on the workpiece. High frequency RF power (having a frequency in excess of
approximately 10 MHz) typically controls the density of the plasma, i.e., the plasma flux,
while RF power having a low to medium frequency (in the fange of 100 kHz to
approximately 10 MHz) typically controls the energy of ions in the plasma and incident on

the workpiece.

[0003] As the size of the features continues to decrease, there are increased requirements for

precise control of various parameters of the plasma processing a workpiece. Amongst the



preci se control of various paraneters of the plasm
processi ng a workpi ece. Anongst theplasnma paraneters

WO eqpsiozizeg preci se control are the plasm chenPGL/UF2004/027064
(i.e., types of ionic and radical species), the plasm
flux and the ion energy of the plasma incident on the
substrate. Wth the shrinking feature sizes and use of
new materials in fabrication of integrated circuits,
wi ndows involved in processing the workpiece are
decreasing in size, while pushing the limts on
presently avail abl e pl asna processors, particularly
p rpda3ma parheté® reqelnng] 'pregse cbheolsir the hliasnga dhemtst;ry 6.es typessof ionic and

? Hgd‘éag%&mfsgg% {%51&10 h" \}g&{ﬁer 18l 2 s of e p lasma IHCI&I‘%?O‘? Ih]g substrate.

diwitiethe ﬁltmﬁin@ Hl'eaamphzee aid oo sf ne[“&ﬁﬁléxjald ih fabsxpatxon of mtegrated circuits,

accordi n obj ec rese i nvention
pr%‘{)‘? s ‘g 8"%?0‘8 ego ’te off gﬁd‘géﬁ parat u i“ﬁe ?“smng the
priogissei ﬁtgseﬁtlyv\maklﬁhle phasrid pfocasqns, qgﬂhula{lﬁ)@fa&}ssom tﬁdrl’emhmg The

?%S@ér@g{ ?thl{éﬁglasn r}%llﬁgg}g!ﬁ%a{o 5{“{&[ 8]\3/{835%{}8@' Vge‘%e; gf the same reactor,

C A, aduluh Pebcessmg Elmbpra fod ditferehtsetchfapplicptias.ma f or
processi ng a wor kpi ece. [0006] An additional object
invention is to provide a new and inproved nmethod of

andoep nag aéddﬁinfgw, aipbtgect 5Ethy preeent ifadntiomig td previddrenevsindyimproved
densj t (P on eper$§¥of a k;sna %$r ﬁroce55|ng a
wdP and 3PpRRfYg IoRp G Vi DA hyention is

provide a new and i nproved highly versatile plasna
pracessor for |sel controlli two or

D lONSL AP berggbicst Y e faveptin 15,10 PERVER Al i gpTeded method of and
Sugppmitis ff preéistly dou@dltingavdrdl piBhetrs aE£ plasiarToiepridessing@vrkpiece.
aspect of the present invention, a workpiece is -
processed with a plasma in a vacuun1p|asna processi ng

¢ hpodet l&n}?éﬁdﬁiéﬁdl tobjeet ﬁlb@lﬁ@lh ﬁ&ﬁaprﬂhﬂ@ aaieac&lﬂicxmpﬁner l@y‘mad of and
several frequencies such that excitation, of the pla

by2PPHars &m%ﬂlselfvrceaf&i% e cBTTiPE SFRSBYLPY 1 PaTEEY of @ plasma for
Sepmteddingdiwdrsi@et phenonmena to occur in the
- plasma. [ 0009] The nethod preferably further conprises

sel ecting various conbinations of these frequencies to

af foeeh) AC ﬂﬂ‘dﬁbrn&i“écﬂ 85 thefintdiBorPlsasibadel & mew tayd mhev@mg}gy versatile

of ions in the d the de ree of fr nt a
of P %WF%@&%@W@H@“OE\%W& S parappigrs F ASfna for Slcessing

Chewbikpiess: In a preferred enbodi ment, the first
frequency is in the range of 100 kHz to 10 MHz, the
second

Summary of the Invention

[0008] In accordance with one aspect of the present invention, a workpiece is processed with
a plasma in a vacuum plasma processing chamber by exciting the plasma with electric energy
at several frequencies such that excitation of the plasma by the several frequencies

simultaneously causes several different phenomena to occur in the plasma.



frequency is in the range of 10 MHz to 150 MHz, and

the third frequency is in the range of 27 WHz to 300
workims/orneone specific arrangenment wherei n t he POWUIS2004/027064

medi um and hi gh frequencies are respectively 2 VMHz, 27

MHz and 60 MHz and have the sanme effective power and

are selectively applied to a particular plasm

m xture, the relative effects of the frequencies on

the gas m xture and resulting plasma are in accordance

with Table |I. Table | 2 27 60 Ion Pl asma Degree of

Plasma MHz MHz MHz Energy Density Fragnentation Hi gh

Hi[@m9]\/ﬂmbi meth&d Ipl're@hably Rirther ddaupirises Selechingnvarioddi gpimbhiatiéns of these

I\/E que&]clﬁwitd ! alﬁmct 1&%?0913 %FEI% \R/Ef—igp ﬁenthé EL«TC’ene:PgWF 109.¥Vm the plasma,

anod (he)legremqf é‘mgmoxﬁnym pfittic meleailea oﬁﬁm plagiod, &e., the plermeirvbgmistry. In

 SFIBA e BAP T i 88T T o

r‘rﬁquem:)f is aptherahgd ofd0 Mz m&ﬁ(l MsiiHia, awd itteghitdfeeqaendy isiimgthe range of 27

fr ntafi of at her | ecul es application. of 2
PRI fRantn ShE SRR, SFtuen, Wt i 68; nifiufl g nish
I d®tphenties are h?sﬁtup:ll)ashﬂlzdﬂrm}lt ynd @rMdHY ad lavsthe tdnereffective power
onbi nati.ons .of fr uenC| s result in varijou

C S e TS ol M aE SR, B 2 gty pifects of the
ArfetpiatiedatRe gas afixthie@andrentingtplasny e i bordabawigsTdbte Ian
apparatus for processing a }A]gaééql ece with a pl asma,
wherei n the apparatus conpri a vacuum chanber for
process| n@7% hel woékpi ece Iu t h |t hBlaphas TeDegicechf Rasams

for  exc|t the asfra W th eletrlce at sever al
fré\’ﬁ%nu t’@gs ch™MHat | t HE8%ci|t abFBW of ﬁ{g&&%% by

the several’ friequenci ¢s Highul _tanel@;gsl y |[CcMedinm & Bghr al
d+-f—ff4’—eq-t—§henoeﬁerza 6 Cfﬁcg'ﬂr HA &:d?uﬁh' St vou—.

v . v High High High

- v v Medium High Medium & High

v - - High Low Low

- v - Medium Medium Medium

- - v Low High High

In Table I, a (v') and (-) respectively indicate a particular frequency is applied and is not
applied to the plasma. From Table I, the application of 27 MHz and 60 MHz causes medium
fragmentation of certain molecules and high fragmentation of other molecules, the application
of 2 MHz causes high ion energy, the application of 60 MHz results in high plasma density,
and various other combinations of frequencies result in various combinations of the three

plasma phenomena.

[0010] Another aspect of the present invention relates to an apparatus for processing a
workpiece with a plasma, wherein the apparatus comprises a vacuum chamber for processing

the workpiece with the plasma, and means for exciting the plasma with electric energy at
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[0011] An additional aspect of the invention rel ates
to a vacuum pl asma processor conprising a vacuum

w@E basbanes hat i ncl udes an el ectrode and i s assSPCI/EE®04/027064
with a reactance. The el ectrode and reactance are
arranged for coupling plasma excitation fields to gas
in the chanber that is arranged to carry the
wor kpi ece. A plasna excitation source arrangenent
enabl es the el ectrode and reactance to couple electric
energy at several frequencies to the plasma, such that
the frequencies can cause several different phenonena
t severale frequenaias| sugh abatsthe exeitatiore of |thes plasmd 09 1thg sgyeral frequencies
p&hﬂ&&&@%&‘s&s Rl DTk Y Hehdriha LR PradRE UUM

cessor jor a wo pl ece conprising a vacuum
chanber including first and second el ectrodes for
S \ ci c i el
g‘ﬁ mdn&g%d cﬁﬁe ch er t gﬁ %a%loﬁ te ééegr{é)sgoﬁg?@g p?agmaagocessor
t h‘anpnsmg @ yacnemt chembar tthat aw}yﬂtamlefcmdepn@ tserssociatgd iith a reactance.
C

w58 s 14 HELRE bk BRI PR ALIHLT RS s in e
d ellambesthal ie aﬂrmged tonermy theaworkpivesr oA plasrag) exsitationssoanae] arrangement

| nc A sgl ] L '

BIDITE AL btk Bhecl S Yobive 8020 LGS bl o e
elpbmmr, osiels . thftOthe 31reciﬁenc1ea ¢anr tdves seepd cdifquentt plgnomena to occur
[ nv%ﬂtl on relhat L0 @ vacuum pl asma processor for

eousl in

processin raf(pl ece conprising a vacuum chanber
i ncl udi ng an el ectrode arrangenent for supplying
pl itationfi.eld of h
a é(gﬂgﬁgla ?tirlg\er aéperct of the r{rlee\n}tzo con(%g{;’s %glla&q? é) das{n Sgﬁgmﬁ a workpiece
comlﬁfsmgch vantum ahanibes ivelufliog ﬁrﬂt @mbse;omgeleduedmdpkplpglamg plasma
wher. el trode.arr
S E%tﬁtbon ec ceflje? es Sto ra é‘e ion %(g ;/I%g)%r A(()l p%%)d; %tebe pox?s vqu %as that is
s em:mbdsntd esplasﬁxa fdt@rcrcagmg ltheamlk;aect: hﬂ‘he:lchahbcms crdaag@_rfor carrying
:J(@}el w‘ﬁf( I%CFSI dle’lagf : C%a T can ?atd gejndV% % g%%i?%geréys at several .
f |ﬁrequen<aéseand rncohhdes ckc\ntmﬁnmelwwrly atabhxrg wupling ef the several frequencies
ar I ange tsecgr?c[elec%—%e\é' ng electric energy at plural
freque C|es I's”arranged for selectively coupling
ener gy at t he plural frequencies to the first, second
a ¢t r o S f in r.Len t

oAb eich,RURES S L RN W csor o
e Ip&cessxoglewmkphoamﬂmumnmacmtm ctlambértinclfdingrpo electrads arrangement for

PSR A D R L s oo

ofadqpted t@ b6 iconyemed into a plasma for processing the workpiece, wherein the electrode

arrangement includes first and second electrodes respectively on opposite first and second
sides of the region and a third electrode on the first side of the region. The third electrode is
peripheral to and electrically insulated from the first electrode. A plasma excitation source
arrangement for deriving electric energy at plural frequencies is arranged for selectively
coupling energy at the plural frequencies to the first, second and third electrodes for causing
current at at least one of the piural frequencies to flow in the third electrode without current at

all the frequencies flowing through the third electrode.
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wor kpi ece in a vacuum pl asma processor including a
vacuum chanber including an el ectrode arrangenent for

wepphyizeg pl asma excitation fields to a regi orcDiUS100€027064

chanber responsive to gas that is converted into a

pl asma that processes the workpiece, wherein the

el ectrode arrangenent includes first and second

el ectrodes respectively on opposite first and second

sides of the region and a third electrode on the first
side of the region. The third electrode is periphera

to and electrically insulated fromthe first

el ectrode. The method conprises coupling energy at

pl [UGIQH Sfll[ %ﬂ%@ﬁlbﬁﬁ et BE tel Slntios FARBI t@gdm&ﬁﬁdr Sif processing a
el'ectrodes so that current at at |east one of

plvATkRiece inedyvAsHm plgsmd progsssoninglpding ygcHuma F@thﬁfda‘é“dmg an electrode
Wi

{ Rt 5] Bk pRhe BofyioR FINEREL ffioh of e St Rbdkiiv t
arged Hé i panverted | iniges plasha that proegsess tthe Werkpiees, ey g plectrode
S| n%fneﬁﬁthﬁclﬁcfeg and Ek%orf@éié&ndélrgs‘ﬁwt@g9 oh %pﬁﬁfté RRERA second

to a ectrica y 1nsu ated fromthe Second

el sides philieregiph andom third plerteodg en thetfirsy gidg of e prgion. The thisdelectrode is
f %ﬁglfhflﬁ Ghd QQ@m&ﬁ’l H§u§a‘?éat ﬁ(tﬁ'{n] R fkEREREE Ble ﬁlgﬁod comprises

p ur requenC|es lows 1 n fourth el ectrode
Wi cohpling enaugy ab plurah frequencies tethe first secard and thirdelgeierep #p thateurrent at

1 ok 0300 5L SR 1 .

el@@ummﬂomg@mgleﬁwﬂn@etegﬁqdhe third and/or fourth

el ectrodes a power source arrangenment having at | east

one of the frequencies. In other enbodi ments, energy

i 0815 @cefeirablst, theclgotpide drrangeméntinchiilesch fourtly efpetrodsiontlie second side of
el tfi& Hﬁf%gesfhp YoultR LG qu Pé}ﬁyeé‘}@etﬂ aﬁci] ae&H&aﬁQ rﬁ{l]lgl/fe&) ?om the second

fourt electro es an rence potentla

arqla:trg@rélﬂnp endngt is p@l@ge@y edupled #nsthe foweth glectrddle so current at at least one
%I@ WiholtNGirent at all the fr

freque gglaggeq%%be?‘??% ghﬁ’lgpgére ererce n‘gmch ment . lh © frequencies

s eflaring infiredfoprthretsceedear e si nul t aneousl y applled to the

pl asma. It IS to be understood, however, that the

several different phenonena can S|nultaneously occur
i (0916 Iip lcertaing etnbodimentse grdrayd fheselsictiveltie cenpledrtg] the third and/or fourth

f F SAUEHS 'bgstoﬁn%ctﬁlgl B9k Ala %worolfofml{ Qg&ésllesu’]%oo ?ﬁgﬁ: arrangement

excltati on source arrangenent In one €

arlraging etledsbonef ﬂwle)ﬁlemgnaeqo IIrupthm etrgboql;memh@mfrzse'q sebestivabyscoupled to
t Othe a'ﬁrdftfnﬁfﬁﬁ fo%}tﬁ ClebtRdEs E’J‘Qonﬁécnl@ B&veddfe Birdtal&or fourth electrodes

requenc
and a reference potential a filter arrangement that passes at least one of the frequencies and

blocks at least one of the frequencies.

[0017] In a preferred embodiment, the several frequencies are simultaneously applied to the
plasma. It is to be understood, however, that the several different phenomena can
simultaneously occur in the plasma if at least one of the several frequencies is pulsed on and
off.



to the second electrode. [0019] In a second
enbodi nent, the plasma excitation source arrangenent

wo so0anzenged for applying several of the frequediDUs®04/@7064
the first electrode. In this enbodinent, the second
el ectrode is preferably connected to a reference
potential, e.g., at RF and DC ground. [0020]
Preferably, the plasma excitation source arrangenent
includes circuitry for (a) providing an i npedance
mat ch between sources of the frequencies and the
pl asma and (b) decoupling the frequencies associ ated
Waoi8)aThel plasalal exgitatfont sourceliafringement isoin ores ethbaslimenticdrapged for
t he, ot her. sour el 0027 ] I j [ .
PR TR f B8 eyl BOBRROMRe GO Il RO Eifencis
f retheienad eRetredeur ce, at | east one fixed frequency RF
source, and at | east one variable power RF source.
[0022] Preferably, the circuitry and the chanber
a00asiga resetondrembadimantg the plasma pratationt sangpe surbigemmti ishrranged for

current to fl t at .lea ne .of the ur al.d 1.

¢ Pt edviet pioe eo@arisri T BBF o &eede TP BilitneRly he second
C iefecttuide fs\preferably ompéntad tad refesancdpdidntibl, ag.sat RFaoé DCrgrdund.
chanber is at a reference potential for causing

current to flow at at | east one of the plurality of

f neqojeheferslyf ri@mplasiga fekditatione bantder atkmgément Hecheles foirctry for (a)
and the circuitry includes a filt rrangene

CariEA T ot R Rl e P B S e oo and ©
t ldecosplingttmefréqubncies @ysociited wtli @ plurdlity af the didfetenosvarces frothe@ach of
plurality of frequencies between the second el ectrode

b e Bieesqbee

¥rence potential and/or (b) enabling the
substantial flow of current at at | east one of the

plural ity of freguencies between the_ el ectirodes a

P PR s <o RER s oroEsap o 1o le 5t R s frgmency
t IRF s96x5¢, hleasy @leFixkd fréqushcy RRGowede; axdi at leyst biolaratds pawer RF source.
control arrangenent for selectively connecting the

second el ectrode to a reference potential during a

f i[002L] PrefeRbRE tHeOdrcuittyy lafd &hef dhtrBbertayiasgenientpdraairanged for preventing
processing is occurring and fof selectively supplyi
{HEPGERA Pre JBrley pom R PRy F e RIEIY i egbenel e second
dulectigle A TS &60dnd, thetifcitty Wit dhadba areaich thytpaudice i the chamber is at a
processing i.§_.occurring. Further, .the control .. A
b G PR P Sor gapeiia Fuent &Y NG AL IR TP o Y Rluwpli g ipaencies
f iffofid thefiRcdléchdée tb theRarfice siiahsincaitdy inchmedn filfer birmgement connected
23%/ &2%&@{%&3?&%3@%? i‘%gﬁ%}r’% A : trhg gubfstlatrlg ﬂE)\va %Fagreerrltl & gt ltea%t one of the

plurality of frequencies between the second electrode and the reference potential and/or (b)

enabling the substantial flow of current at at least one of the plurality of frequencies between

the electrodes and the reference potential.

[0023]) To assist in providing the desired versatility, the circuitry includes a control
arrangement for selectively connecting the second electrode to a reference potential during a
first time period while a first type of plasma processing is occurring and for selectively

supplying the same frequency to the first and second electrodes during a second period while
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[0024] To maintain the plasma in a small vol une and

t hereby provide fast and active pressure control, the
w@basnoe266 preferably confined to a regi on renpevBUSINOMT7064

sidewal I s of the chanber and bounded by first and

second opposite el ectrodes. The resulting small plasm

vol une |l eads to | ower cost of consumable materials in

the chanber and facilitates cleaning of the chanber,

i.e., reactor. To assist in controlling the plasnma in

the region, the pressure of the plasma in the region

is preferably maintained at a set point by a feedback

o semlgemmf pla{rﬁlt);%@ess‘ﬁpgas bcmgrringxyFthﬂaerv the cantrobartangegientds arranged

pt% rsr%lectlv?lg pco?gs %%%?gasg ;(eis:?cl% S |tr8nnb e | e%%otngla? ?? ea(@l Bp the several

dirdqhercien tlurpigalmmstamm peddd to pbthin gcpaenarsaslity. 002 6] The

power of at |east one of the several frequencies is

preferably varied to provide a wi der w ndow for

pi002:4} T6 noafritaitrihe plasma incasthal) veldime endshiréteyiproyide fiasave active pressure

(358, b Plap B sy ngpele EREICH Yo Bl o Pl of g phamber
Osmdd&eﬁﬂeé Ibg dirstotid Secdnd omw ela:tro@‘s I'Iﬁasésultmg srodll plmm volume

[ f
U tonss SO GR Epsimtls BRPR i€ sfimnst B e Gl of e
e&lﬁmbfrpcke,&ez&torl Mo assie uoﬁontrbldingi the @laatna i the|egivnj the piessure of the

led to RF g d t control of
g e oy R R et B O RLpeak gobeent

density. [0028] Cbntrolllng the tenperatures of the

0 d el ectrodes whil rkpi ece is bein .

B Ps] Seapeion et b e o b G b DB T HHog lgetrodes inthe
pﬂfaﬁlbé‘rlld) prolidle Prycdsabptintization st etpaiifidrén® plasita qroitayiciefrequencies.

phot oresi st or other filns being etched by the plasna.

[ 0029] The above and still further objects, features
_a[odzqd\ha @6@@&)‘5 ableast gﬂb ¢ tﬁssevdr?liﬂ‘&gwﬁhbﬁlﬁ pifdfdr:iblygmedrltb provide a

aren on consi deration, of the n etaile

GREES Va0t R PoteoS apBimar agat Prtes izt e SRR o nd
eppesdr@ distribifien t aken in conjunction with the

acconpanyi ngdraw ngs. Brief Description of the

Drawi ngs [0030] Figure 1 is a partially schematic

djoagr) Preferhblp th{éiﬂm ip b:&amypf@ﬁe,s 8fosddrelcag@ies aimipower at at least
rred tion

Wi th r ef r
st rosiep sl GBI P Le B T REEIOBR AT Foupld t
Cthe atledst yhelofl e ditesodefatitiecone 6fthé several freghiencies is coupled to RF ground

to provide independent control of the ion energy on each electrode and the plasma density.

[0028] Controlling the temperatures of the opposed electrodes while the workpiece is being
processed process enables results to be optimized, particularly by tailoring deposition of
polymer in photoresist or other films being etched by the plasma. )

[0029] The above and still further objects, features and advantages of the present invention
will become apparent upon consideration of the following detailed descriptions of several

specific embodiments thereof, especially when taken in conjunction with the accompanying
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Figure 1 in conbination with a schematic

representation of the electric parts of the vacuum
w@e@sesees chanber illustrated in Figure ; andp¢DOSAP4/027064

Figure 3 is a partially schematic diagram of a vacuum

pl asma processor in accordance wth another enbodi nent

of the present invention. Detail ed Description of the

Drawi ngs [0033] Reference is now made to Figure 1 of

the drawi ng wherein plasnma processor vacuum chanber

10, having longitudinal axis (i.e., centerline) is

illustrated as including electrically conductive netal

vérhwings?,  bott om el ectrode assenbly 13 and top

el ectrode assenbly 14. Wall has a circular inner

peri phery, coaxial with axis 11. VWall is grounded,

i Brief Desetiptid@ odithe DR®vingsf er ence potentials. Vacuum punp 9

mai ntains the interior of chanber 10 at a vacuum on

the order of 0.001 to 500 torr during processing. The

i [9030] IFiguredf is @ ipantiblyrschenaticidiegram ofid vateun plasisaproccemr mrac@®rdance

b en { Q 0 r . to the top face of
b‘g‘t%i/\ag%efg &c rbgg'glegtsogg%%r%“g%lgglﬁlag’a top boundary cl ose

to the bottomface of top el ectrode assenbly 14; the

Sj oundar f .canfine | asma.redgi Qn 8.1 s .spaced

¢ 8 BRE 5 RocaRe B o SRR e oBanfn R 15 Wnolte of
f Figwrei@ rid bombrigdtion mithl atscheamtiareprebdnarivebithé elecdds parg of the vacuum
coaxial ,with.axis .1s secured to electric

PR A R R SRR e s secured o metal
grounded base 19 of chanber 10. El ectrode assenbly 13

[ es ¢jrcular, central. netal. electrpde 16 that is
A S0 S o Rl a3 Pl pRGER f5ektdPn deSordance
r eitleansthagenibodinteat df dte\peasérpirveriod8, typically a

sem conduct or wafer having a dianeter substantially

equal to the dianmeter of netal electrode 16. Wen

WDethifel ®eecriponpuf dprhwingn pl ace its center is

coincident wwth axis . Electrode canbe connected to a

DC chucki ng vol tage source (not shown) for clanping
WBn33) iRe feeentis abe eiado theFigiee hgf ik datvingstheteincplisprapasessdihv@cuum

t r re. of el ectrode. and ré ilece are.controlled. .
o bafing ool Bi6 EnPpel] Ffifaly g e Sécricaty
canthedid mealvedlli 12nbostomretzetrédd aisembly 11 8 gndattp ¢ladiods issamibly 140 Wall
electrode by wa oﬁ condui.t .and. val .. responsi ve
R b ot berBhent PR Wi Ty S5 i BSRHRE S fen & O ana
r RB pifaraee paterftib)s. &atwmppungt Unainairs tidintetiorsuf jplimtec 10 at a vacuum
:‘rgrgglg (ragdte%& {)ﬁél E)y SO‘qurr %Sr'in”gt prggels'lsrir?g.e ’Fh% ig%or(o%)ch%nbér 10 includes
confined plasma region 8 between a bottom boundary close to the top face of bottom
electrode assembly 13 and a top boundary close to the bottom face of top electrode assembly
14; the side boundary of confined plasma region 8 is spaced from wall 12.

[0034] Bottom electrode assembly 13, frequently referred to as a bottom electrode, is coaxial
with axis 11 and is secured to electric insulating ring 17, which in turn is secured to metal,
grounded base 19 of chamber 10. Electrode assembly 13 includes circular, central metal

electrode 16 that is coaxial with axis 11 and has an upper surface for receiving a circular
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tenperature in the electrode, as indicated by a signa
derived by tenperature nonitor 26 enbedded in
webmshzde 16. [ 0035] Bottom el ectrode assenbl BCEUS®04/027064
includes electric insulator ring 28, typically made of
quartz. Ring 28 is secured to the top face of
insulator ring 17, is coaxial with axis and has an
i nner di aneter substantially equal to the dianeter of
wor kpi ece so that the periphery of workpiece 18, when
the workpiece is properly in place, alnpst abuts the
i nner periphery of ring 28. The portion of the toP
f acoskpigice A, riypigafly mtc@eﬂuﬁoﬁyafzehaam a diameler pubsigntiallysgual to the

r 'dfhg:regez o@rn?eteﬁ QREEE by i l@&r?ﬁnec@' l@gls?ﬁoﬁﬂ? i RO GE Lenter is

ring respectively. Insulatin
o\ceinFideng wnjsx amtl b Ele¢teode ket be pongectrd to b aﬁgmgefoltage source (not
¢ %}{fv['r@ %rQ:f r e glg»‘{@cta g @ eleBYSHe 16 Pgﬁ%?ggmgnc%rce; The temperature

tric uctive materia ectri cal

c of lgetrade &6 aridrprieniecgl§ amewentmélycbm atrppmnerckoget t9 those gkligdgn the art
t tam :
bg%xﬁlggnﬁlg?\?l)ﬁ}ﬁ% 28 rtni H I{‘Hr(])t glg%lﬁ)olﬁ%fe.cﬁ:&@ lﬁm' GJQ} &F conduit 21
m;mé value 23, sesaoxswpttam elecrtm asnallélbtwomr@}lw @b defives inviegppnse to (1) a
S
;e G i ipied 6 LB Pl bl purl 25300 b bl of e
ndempeoturanin thet dlestrodentae iridigated Ry ragsigul flerived by teninsraturg monitor 26
iQﬁ%%&E& é&iﬂﬂéﬁ rrounded nmetal ring 32 by dielectric,
insulating ri 3 under certain circunstances and
electrically connected to grounded ring 32 under ot her

TRl M0 ) BRIl 2oy

b @ goarize Réngt 28051 eecarsd éntbé top d«'n:d of inmgatarging[ 1308 6¢axi ]mth axis 11 and
e

LA RSB G062 BB A SLFEL 1042 v
elof eorkipiead 13/ whemithe @oikpizcd improperlyiic plaée, alowst abits the dhmesperiphery of

o g 30 rAOAAR e S RENIATRE {7 SlidolgiedaT R ile L RO Afhe 17 ar
aredvered ey iosiatertringes ed éroomled imeyb rigg L, resbestively. Ipeddting ring 33 is
cQ t t
SPERL Bk AL O 5|10 o2l Bappas B o
0 p?é‘flq':clxgsorlcmd@ctn@gnmnals B&mmcdlytdqadugmw#@né mm tha} covers or
gztogﬂs fafd zL thmﬁ 'thpcﬁ) rﬁﬁ oY Rdtoet?lg cﬁ'eﬁns lo?&l[e 5%%& in region
|ncIu eati ng or co0 arrang
r fs pSwebi wmatmal ana ebxtﬁbter nebtl@iyghah cmdmtlvcm nmlmmdmtorz #4.g., intrinsic
SURRLA S31t atf'%lgaﬁ?geﬁﬁta e aé\éb@eréd d s”bﬁaﬂlé‘P{ e&ﬂ‘%ﬂlﬁﬁﬁﬁé)material.
a set poin hal® suppl | to thée contro set
pdiing 3sigelectaclly, insglateddiom greyndedseialaingi3A &y drateptve mﬁlatitr@ring 33

under certain circumstances and electrically connected to grounded ring 32 under other

circumstances. Rings 33 and 34 are coaxial with axis 11, and extend horizontally between

the outer edge of bottom electrode assembly 13 and ring 28.

[0036] Top electrode assembly 14 includes central electrode 36, coaxial with axis 11 and
having a bottom face 36a made of electrically conductive intrinsic silicon that does not

contaminate the chemistry of the plasma in region 8. Electrode 36 includes internal passages

9



tenperature of electrode 36, as derived by tenperature
gauge 39, enbedded in assenbly 14. [0037] Assenbly 14

w@b®e/ozmed udes i nsulator ring 38 and netal ri nECH0S2004/027064

Ring 38 is coaxial with axis , preferably made of

quartz and approximately aligned with ring 28. Ring 38
has an inner periphery abutting the outer periphery of
central electrode 36. Metal ring 40, coaxial with axis

11, has inner and outer peripheries respectively

abutting the outer periphery of insulator ring 38 and

the inner periphery of side wall 12 so that ring 40 is
dnotigowm dinbaumgerowsriiioweshead operings Tips shaymrboth goregetefl g Buid flow
Olfelaﬂ(ﬁlt @la dultdbfe Hrck 37 Spgrgéegf R tﬁit%@vrth&)ﬁéh the W He&lfopenings
ring 4 1 that carries an e gctrica I'y conductive )
entecregion] 8 whergy the 2zases| age eqnyeftedrintecp plasmas thay praegsses gvprkpipce 18.
PRGRAEI e InBuhEYflor g SRpHentls KRIEG foitiic signl
cthatreostrallpr 24 suppliesgb agangement (48 giimlead 35 [ regponse o set point signal
e [ ' I ' d I . :
ot 16 e Yoroed . B pbfn e, M P08 samdt Sl of the
otempérature of elentrdds 36 ey derived byitempgrapraigroees3 % eribadded in assembly 14.
el ectrically connected to ring 40 and wall under ot her

ci rcunstances. [0038] Fromthe foregoing, confined
pl063Thedsseatphyot dschinsludes timsplatvo ming 38 ywndjmel rimg4d Ripg 38 )is coaxial

t . ; t
N e
edngpiter patipherly Algntik, theaonter geriphery ofivdogalreitairgded6: Metel niegh0, coaxial
(B i L ek o B ESAR BR s ae prpre of
rinsigpat@ingrit8 4n8)the impertpopphcare side wdlet? scothat ningdf) 84t RF and DC
P PO 2 okl i eE BRELAReSIEANS L YR el insuling
f dmped lothatt capies e electichlly emivrtbleyelagiredermihgd@whlertedda tring ¢2 tiveither
t t :
D e S B
spatinigtethe vheaistty o theplrema of region 8t Ronkp42iis stentpicallysnglated from
1 ' t al ] i .
P, RSBt 6 Y0 Sl M Aot o o
pvrderssgiin girafmsteoecs pidiselet@icallysonhecied turifig 4hand exallgdiunder other
s&g&ggggg§ [0039] The sides of confined plasna region

0

8 are unded by spaced, vertically stacked | ouvers
44, made of a material that does not contam nate the

PR i o A AT il o U A it
i the bbtkan frge 36a of electrode 36, (2) the bottom face of insulator ring 38 and (3) the
bottom face of electrode ring 42, and a bottom boundary determined (1) by the top face of
workpiece 18 (When the workpiece is in place), (2) the top face of insulator ring 28 and (3)
the top face of electrode ring 34. Motor 43 controls the spacing betwéen the top and bottom
boundaries of region 8 by moving the bottom face of top electrode assembly 14 up-and-down
relative to the top face of bottom electrode assembly 13. Motor 43 responds to a signal from
controller 24 to set the spacing between the faces of electrode assemblies 13 and 14 at an

experimentally determined optimum value for the particular frequencies that excite the
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(preferably a dielectric, such as quartz) or sonewhat
electrically conductive (e.g. silicon carbide) so that
wo beshmaeers are el ectrically powered, or fl oaPCT/US2004/027064
electrically or are electrically grounded. Louvers 44
are such that no substantial anount of plasma flows
t hrough the slots between | ouvers 44. However,
un-ioni zed gas in region 8 escapes through the slots
bet ween | ouvers 44 to region 46 in chanber between
wall and ring 32 and is punped fromthe interior of
chanmber 10 by punp 9 through suitable openings in base
1 plasthOird&psingnfmeripietd | § nedefivoddichiny ses patacurées M each
other in the vertical direction by a suitable spacing
arrangenment (not shown) and are driven up and down
r @069] The dides adconfirtell qlasmmdegion ® atet onmded Sondphaed,1 Grtoally stacked
Lo .contro essu in. confined. pla .
TR 4 haecol et e RoRER St it RERFL AT I lpsma in
plr@amus e 'ﬂ&t lopeern ¥4 tara inade bf P ahaiériab that de eiftier leptpkallysinsulating

IR 3 Hpeioh o e B forieodit e ESpiify coe sitcon

peabide) © thatthepmwéxs are Gtlettrieally Hopeied, Sorgloal elatricpilyearsare electrically

R B e S P e

4 petsvieeh Iblvers 41 Hcmbeerolﬁn-ﬁhlealt gaptleregion @ lmlages ihBough the slots between

o8 48 slipn 46 BB b S L s SR iy G rom e

t hraérick bEchamberdD By ﬁﬂnm@ﬂudiigwﬁxithm oApenAdadeadact i vati on

of notor 43, so that the pressure in confined plasm
region 8 is controlled independently of the spacing
bgg04eEDowRbre 34 fafeCiixedly Spathd fref efdhhitled in hoOdfidal %él:tibxob)} £Kuitable
24 responds to set point. sour.ce 50 to, control couplin

o PP TR APl D ON G o dEYY 5 g JopB Ve - aeh olhe'and to

f vbemasse:ﬁmyfls ®Nnfoldir40 Qo adntraNGe Prsdurcih chifined gmrnaafégisn 8. The
different RE f uenm

36 .an
aﬁs"ﬁ“&jmtrﬁg‘%‘} ga%@@s by 2 pessuresst pging % 20 nh%?\l}ge 25 supplies to
dicbritetlentd apdwenBpma Signat of présdire giupt 48 Rrégiqi e rCvBRGIRr M responds to

the plasma i i.ned reqi o . In the e od| of

UGBS ST A BF oo C Rl o Py S 40 G o 47 and

t M[eﬁﬂhyfvﬁx?@hb@pﬁ:du@bef\ﬁ@mlﬁ%ﬂkﬁﬁ faa¢ 6xhg RN 11011561' 4t40md the top face of
d 42. Source .ar enent

trod
O RRHES 1 Gomeg e HikiesSap b gt § SR Bes bl pressure
arset poit.t b:atvel@ an aleearanged do ﬂlﬁﬂﬂubﬁﬁefs &Ontt @pse mbtﬁpoﬁea) activation
f
e pleR e Y RS i onfi Pl Fien e Songol g fepSidenty of
I ﬂwSpremeeﬁaasmaeassdn{wbs Gand deri ve three sel ected
frequencies. The | ow

[0041] Controller 24 responds to set point source 50 to control coupling of various
combinations of several different RF frequencies from source arrangement 51 to electrodes
16, 34, 36 and 42. The different RF frequencies applied to electrodes 16, 34, 36 and 42 can
have different powers and control different phenomena of the plasma in confined region 8. In
the embodiment of Figure 1, controller 24 selectively applies up to three frequencies from

source arrangement 51 to electrodes 16, 34, 36 and 42. Source arrangement 51 is illustrated
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power sources drive associated variabl e power gain RF
power anplifiers having variable frequency pass bands

w0 bas/oznzes vari ed as the frequency of the sour CBCT/US2004/027064
associated with a particular anplifier is varied. To
this end, each of sources 52, 54 and 56 has an
associ ated frequency and power setting 58 and 59.
Typically, the frequency of source 52 is in a
relatively | ow range between 100 kHz and 10 MHz, the
frequency of source 54 is in a mdrange between Mz
and 150 MHz, and the frequency of source 56 is in a
r e$ intlding threniseparatecnogoesi@t Weand 50 thahsdn ba fided3B@uendy sourges, but are

h )
BTl Bl donf i AR ROl ARG U arfpgement 1
2 inclvips aosinleclowitdwer Syathesidgs thatosah iderimei thiee sedrfctet! Hrgquencies. The low
f ' . i i
SERSILER ISR, Sl Y T, FUR1 LB e i
plfiegenacy pase barsls thatearg)yarieddast the fiequencyasf thel fourge asfociated with a
| . £ : | : '
DpASEe AT Dot A0, o0 LIRSEDETShe Yo s s
54requencyS@id crpmwer séttingh 68 eind 69.s tTypicdly, thiecfimueasyewf seweuis is in a
9t SRNEY 18U,.5r§1 !b%&v'e?r'{‘ 160 19 Gnd 1 83y, QS H&@e&-ﬁ/ $t'Burce 54 is in a
plasma’ exci ion Tt equency i ncreages. 11 arl ot her
s ingjdrarige betweerpl (it anst 50 MHzpmdpbe fequemy of s@meki 56 is in a relatively

copnstant.. ln heul ar g, | n i in

o AR e o5 i g ShO i P B ARSI BT Brdipens, he
adrefuendiesafi squrecas G2.cHisamnd 56 Were respedtivély et neh Mies 2apfiHz aad 60 MHz.
tQ.t.he plas [ [t in gre [Nl ecul . .

¢ 2o ePfRdRnS S s ByeRt R RE pdlfes S e, everey goptito egion 8
anffect the distributiar ofshesdepsityloif platmag the i@ enbrgp anibthe DEDiasrvditage of the
powers. fr Qur ces 4 .and 56 enabl es . pl asma

P D chlfled BUR 8w e R Qo 0 FRRTROPE D S0TE

uni form or non-uniform plasm density, ion energy and

ar. fragnentati on 0 roll er, 24 n
T RO R b BRIEE B Bkl sa L S¢*hort Bt Wil 16 BRH Because
Ogteptat dissofiatdmunfdie pasmanganesstthd paspardxcithion Frequency increases, if all
applicatkon of several frequencies fr ouyr . .
o Sfhet Sighificatt Plasni diclition pafaifgle pstiviy coRills? 40 Birticular, there is an
C dnvixaseah itterercantelged lighttradtichant snoldenlemingthe plasmd asrfrequency increases.

e 1 S 0l ht.. squr . I vat l[’ r

S

all three frequencies, fromsources 52, 54 and 56

dri\ . ect r,ode .16 il electrodes 34 B, .. ng [

o5 B GRaBpa’ el o 37 MRTRl LompiRou iy M i an

s powere from sources 52, 54 and 56 enables the plasma to be tailored for various purposes, -
e.g., to provide uniform or non-uniform plasma density, ion energy and molecular

fragmentation.

[0044) Controller 24 responds to output signals from set point source 50 and the RF outputs
of source arrangement 51 to control the application of several frequencies from source
arrangement 51 to electrodes 16, 34, 36 and 42 in various combinations and permutations. In

a particular embodiment, set point source 50 activates controller 24 so (1) at least one of the
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52, source 54 and 56 drive el ectrodes and 36 while

el ectrodes 34 and 42 are grounded; (3) only one of
weouwsoEr6b4 or 56 drives either electrode 16 orCBESDN4/027064

only source 52 drives electrode 16, while el ectrodes

34 and 42 are grounded; (4) electrode 34 is driven by

source 52 and/or source 54 or is connected to ground

via a filter having a pass band for the frequency of

source 52 and/or source 54 (i.e., frequencies F2 and

F3) while the remaining electrodes 16, 36, and 42 have

vari ous connections to sources 52, 54, and 56; and (5)

e|ﬁ%§\i€h@é§$b\ﬁﬁlpi t6 allrthrée freqi¥n@Ufr6IR s&ﬂceamd/ 3 and GG ki0e BKctrode 16

[,S .connecte round vi Iter Vi a

Dl PR J6 b Brundad Dt koot B gt usheBS Bim sources
( :52 %ourcefj 549{111?%6 @hﬁ&el&ﬁroa&d6 k) 36Phileldcti®ies BN@IdAR A grounded; (3)
electro S e.varjous cC nectil ons t .
s 8By e of souregs a5 gﬂ ]elﬁszg?dér nre3q O Yy SHiEReS2 drives
t ﬁle&hﬂbl 16, while fale?thﬂeﬂ}ﬁdﬂld :mg are @rd@h&ﬁ}(m?laﬁbmﬂ if@rkviel by shurce 52
the circuitr 0 contro er sel ectl ve

c SUYPIRRTeR HESTosopeetego goiHiods B ézer heneaResdgnd fr the frequency of

elsaitd 2083/0f Sourcedod 36, fflerttizs FR QR4 63) Waany the &ﬂﬁﬁﬁh@)électrod&e 16,
sourcg 52, having a frequency Fl, drives on

e e 41 B3V VAR COMAEHABE O SGREes 225 T, 563 and A gepde 42 is driven

eyl sovrddS2AHA/BrlourRé 55 BUE Edhin&rtedit® grodp)i L4 (te® having a pass band for the
natch/tunable ground networ k 58 via voltage, curren

GRS SOHGE 82 SBHIOI0uER 54 S iErdpengies EgprdFl vl Ui gmaining

G‘EIectNﬁlEé/\M k4,28 361GV URRPuY ShhRBOMR t6 RALEAICSF aktPs6. NY
val ues that are preset to provide apprOX|nate mat chi ng

bet ween the output inpedance of source 52 and the

eXNAS] RéteredRGS AW Snddk 14 b%u&' A5 Me idPwirRd b Blbcl dfa@xramt f6luding the
frequency of source 52. nsor 60 derives_out put

sicHFtns of sratrelleri 2pefop pelectively poupling the| oyipnhef 1utciieh 54 and 56 to

SQULERIePHs, 3N deiRd £/ t unabl e ground network 58, the
vol t age bet ween t he out put of source 52 and ground 58

and t he phase angl e between the sensed vol tage and

C Y6048 Low BEARALy BfrcE YBHalifS a lHRQRACCRN, UBTHs onNyQbht@ddecBbEt 16 of

phase angle signals to controller 66, which responds

té’olt?i’érﬁlet05°49o?ﬁs?‘%‘? Yilfe flpethisetidy s oWpwfr efesagiret 37 is coupled to

MehAdhARAbIR gfoths h&%fkaisl \Ma pcnﬁgé %ﬁrdnﬂﬁﬁ%@&%nﬂ@ﬁ&lbor 60, as well as
bet ween t he out mgg ance of source 52 and th
t"tﬂﬂéé

i ﬁﬁé@‘&ﬁ plpang64¢ clyges chr@Werrgﬁt}g??& avipe alygt @gt agopreset to
r&&ﬁﬁﬁ@iuﬂﬁ&%ﬁ@ BebReR the loulph€ishpbdindd T s@irée 52 and the expected

A ditionally, if the frequency of squrce 52 is fixed,
s dmpgdancg of g)a a]@prpzégl region§.for the frequency of source 52. Sensor 60 denves output

signals indicative of the current flowing between source 52 and match/tunable ground
network 58, the voltage between the output of source 52 and ground 58 and the phase angle
between the sensed voltage and current. Sensor 60 supplies these current, voltage and phase
angle signals to controller 66, which responds to them to control the fréquency of source 52 to
maintain a substantially precise impedance match between the output impedance of source 52
and the impedance of the plasma at the frequency of source 52 in a manner known to those
skilled in the art. Additionally, if the frequency of source 52 is fixed, sensor 60 supplies these

current, voltage and phase angle signals which responds to them to control the variable
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current, voltage and phase angl e signals which

responds to themto control the vari abl ereactances of
woradoshzazes net work 58 to mai ntain a substanti al PET/US2004/027064

preci se i npendence match between the output inpedence

of source 52 and the inpendence of the plasma at the

frequency of source 52 in a manner known to those

skilled in the art. The vari abl e reactances of network

58, when matched, are approxinmately tuned to the

frequency of source 52 to provide a | ow i npedance path

for the frequency of source 52 in both directions and

a réacghces op edzhiog nptavotk $8to mhietainr 2 qubstastially podcise dupapdence match

5 h [ a

aﬁ)g%%bﬁg (%.?pugl ﬁ%éed%{l:tgeor{usaﬁr%g 5! z?n% t%g n%Féﬁd%n%g' ogéhle qusréa at the

N ditequengy <ff$our¢bs§2tm @ mhanreq kigrwmyto dfosesskllted én e amh’ﬁmgesabﬂmeacmncw

0 et chan ereo b

ST ARBR L 5B sRhE sRCARARIAAY W8 1 BertibgBE) B Bue 52 10

N erovirela 158 itnpedamde rpathi for vhh ﬁedwmy crfpseuiaﬂ 62 inplavtthdifeotions laed a high

frea%%e ¥r'ﬁt§ f(g%lge%cgeng%% urc S 82)5(?: g? %)ntagmlh Cé]equeglc cles of ¢ of squrces 54

ofandl B arp [setstamtidllg mtténhaed, . eqtemme;t b§bfhet9101’h‘f(8€ k'the ﬁ&ﬁwﬂ:}' of source

ty usual I% desi gab & en, sSo oller 66
8cf 3 16°RO6 & &8t Py Fa‘e‘Fﬁs 3 ﬁ’& ?“r@&?ﬁae‘ﬁ‘ B

S GﬂﬁesgolﬁﬁngyOIaﬁ'sth: ehctdnedsvof astwotkes to onbértaiil Ghedond 1r8;6idan'Ee path for

thi s.end ctrode 36 is.selecti.ve connected to .

o BTy SRS 3F Frehesinh BANGNE LR ERLES obifut impodance

haivid thg impedaiot ef thé plesthadorale fagualcy bhHsonfee Shom nal

frequency of source 52, as set by the operator.

Consequently, current at the frequency of source 52

f I[(mg] It ﬁs}tﬁuﬂl)edﬁsirabﬁaew% soorcg) 52 dfidest disctrodgh 16 ifd)rtdhd’ctrﬁ-lﬁelds at the

j h
TS S0 s 2 U DRErB s ER AR PR 211 5 67 degrode 361
C Lele@ively @bnrietted tor gqmﬂnmroe?x oFitch ms:ranes;aﬁd@a@gilitestm haitlgn center
t re t e

i GHT3% PRGBS R 486 b B comoments
I esttbrt athaifegetcpyf worte I5p1floes fiddh dbmdmgG m/\gnbm’ralethroﬁgn filter 67

.71 tivel d b t I
arichoras £ TGEE ins 8 00 Bl SLQonE 1 B aF B theretore
g rsobsmlsalslbmcksr atentfatthe Requaiivikes D€sduyces boamidrsg. Swddr diis cizymstance,
ted t

ol Rereaipuy BeitBH° ih e S adE ¥R J2.0 ERCHRI W aropas, o resul

SvuclilmésbyG&n&nldhrM ddssfmgcmt’ehé’st 6% aad 7il) kagpdctiadye donnected between

h t
Eie0 Pt B0 i dlo” TS RS ol 2T FOUR Pl 16 for
adﬂ? Nﬂmybn!osmg Wﬁdhl?ﬂﬁdon&éteé betivbat el@wbdediéasd gaurmind

[0048] In normal operation while source 52 drives electrode 16, switches 62 and 64 are
connected as illustrated. However, under other circumstances, while source 52 is decoupled
from electrode 16, switches 62 and 64 are activated by controller 24 so that switches 62 and
64 respectively engage first terminals of resistors 68 and 70, both of which have values equal
to the output impedance of source 52. The second terminals of resistors 68 and 70 are

connected to ground so that when source 52 is decoupled from electrode 16, the output of
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64 respectively engage first termnals of resistors 68
and 70, both of which have val ues equal to the output

wo ppedznee of source 52. The second term nal s PET/US2004/027064

resistors 68 and 70 are connected to ground so that

when source 52 is decoupled fromelectrode 16, the

out put ofsource 52 drives a | oad matched to the out put

i npedance of source 52. Under these conditions, the

input termnals of network are connected across

resistors 70 so the inpedance from el ectrode | ooking

back into the output termnals of network 58 is the
sanecas2 witives 8 doadcmattlitdi ® the wptpetdinipedanke of soole 3%6. Under these

addi t.i.on, .hecause network 58,18 tuned approxi £l 0
c e, el GRUAERL Ao AP ISRRE RN [0 e
i ipedianecirat elettendt r16 derkingybadk intwm the oatpb@tefmioals ef mtvorb B8 is the

th h the t . Ci it f, t .58 t .
¢ BB Aol Gt ke I M BAdHioR o R RO 58 s unea
I rappp?m?jelyo@ th@_fw@emcy;:'n@ sourck ﬁli nétwork 58| ;&cﬁdc:;jqchelﬁw himpedgiice at the
uned. circ r e r 0 _gr.oun rough,

- dEeaRgHT SE uref S b <RBrngf ) LR o b Y o ROHR 36 tp sround
f rtlrgyughn eegisto? 70 aad adhiply émpellincont yheefremencp ddf shéirces(5%) and 56 from
on e trod 6 3) both el ectyodes 16. and 36
o et T Svep et Sl chafBt S R urdinBfeh tor 0.
el ectrode 42, (6) both el ectrodes 34 and 36 - :

[ I 7 h .el ectrodes .34 and .
o ko) RRE S reyey saihe S8t # ey Tautise 3t {foptygiectode 16, @
Siomly élamgwsd, ¥3) I{&}Dgl@dtrom l6hiad S6 amltandobidy, gt ?MReizzlaitode 34, (5)
sourc [ tq thre 0sition cogxi
S ibcecBe a7 hh esiotes bR e o fipdes 34 and 4
S eimltahscably, 6@ (8) both @ldctidded 36l avé 4 DEiinglfdnkatisiybl e gr ound :
networks 76 and 78 at separate tines. Networks 76 and

78 are identical to each other and simlar to network
6G0030X T6 filiesé &k, theeduigut kSsodfee 8N s cébplal 10\thrékepdiition Béarfl RF switch

a t.ungbl e ground for the freqguency of source 54.

AP Bt Rt b seeScoutaty s SRR nnestRl e G dichvonable
atglrdhhxﬁ nbtvoeky gﬁ aid 78 at Swam&hﬁf., Nbwlorkls W@gxl;i ISLH;&’ géﬁﬁcﬂ m&leach other
vol tage, at the frequencies of soyrces a .

S SRR o helFork 68 SERR HBEn ey A s e g gpd a tunable
I rgdetind géxthe Réquprewef sdafte iSK..L/&fh suélf) nettvaikis Mg atd quassaﬂﬂelmt and voltage
secqnd. out put . port n. whi.ch are der.jved opposite

> B By o B0k Jo M e b Ao B e i i purces 52
atag_ﬂ Ifsfe sxutcmwmdimwdes a @firdt@rmiral ﬁfnngdﬂedqalan h@gt ozt cﬁ”mam?liner 80,
- i nt ependi n on esi.gn, and .setting o

¢ Vo i g sSORECGinl Bt o phigh et e o bosi ol pover at the
nefraqadnicy ob Yourdee540 PEticapoer @i tha blitptegdrts af kplittey 30 can be the same or-
¢ Ocﬂigfér(e)rllt,l &e{)enzdfrnglurf)or{ Sl% %gsri]gsneantd %etgngr (():'\fC t{n? seplitter; the setting of splitter 80 can

be set manually by the operator or automatically by controller 24 in response to a recipe

program a memory of the controller stores. Power at the first and second output ports of
splitter 80 is respectively simultaneously supplied to networks 76 and 78. Power is supplied
from the first output terminal of switch 74 or the first output terminal of splitter 80 to the
input terminals of network 76 via voltage, current and phase angle sensor 82, as well as

switches 84 and 86, respectively selectively connected to ground through resistors 88 and 90.
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program a nmenory of the controller stores. Power at
the first and second output ports of splitter 80 is

wo e®poz2sd/el y si nmul t aneously supplied to net woPr&KEUFTH04/027064

and 78. Power is supplied fromthe first output
termnal of switch 74 or the first output term nal of
splitter 80 to the input termnals of network 76 via
vol tage, current and phase angl e sensor 82, as well as
switches 84 and 86, respectively selectively connected
to ground through resistors 88 and 90. Power is
supplied fromthe second output term nal of switch 74
orPotvaris supplivaidraw the secondsqurivhigmingl 0§pvitch fleor tB@sep@dton@ut terminal
i I |
pﬁgbsbﬁméégb I'E‘Ae{ﬁg r§> g{emggilé’\&*n%tw% ?éaxga ‘\éo\f/fm apdl ﬁ%& @Qsensor
r 82,pe ovell ueswitcherMentl 86, respeqgively pehnediedcta gtoumb&lrcsrgb resisos 98 and
a
a0, ot 2t B8 £t ol Mo ol Wi BEFAL 16l 75, el
8 2ensorsl 8D ahd Lo tontpdllesy K2 bR 1 GhrespdBlitortimsqutputs of sensdre 82 and 92 and
out ts LAl i

Shbtbinth 5 SR e So AL e ea B LRTeAoRY 76 B A e frequency
78fwunteﬁ4mthesaqmmngeres‘dmbﬁbwpﬁzfonmnu'dﬂer@ane manner
as described supra for controller 66. [0051] Three
position coaxial RF switch 106 responds to control
Si[@ep3a) Bhréerpositicoaiakial REgwiteH 1 @crespohdsad contrblsignals fremtcotttodler 24 to

rselg Etéﬂyg ]:Q‘crnlﬁgch & 7?8g o) ez# fo2 eq?"%g‘?ek&;%%% tdre%q eor%%en circuit

pmhaa mxtpomfmmoﬂa% Hlihr@wotmdn ch@8al RFeawdttle £08 dpenatem;mmnjtmcmnn with

t,ch 106,.by.res ndln 0. cont n rom
caofedd wpopnd s ERBROBRPA i SRRCF2 ClortRigh Bt e
Nneutpordf net@oik3ed eedtiodeidh cﬁ‘@lecxrode K2 bl eirdit, the)crutpmp effmetwork 78.

ci it ut. of rk 78 V\hle ontr
© o PRt onttlfer 4 ht s s RE ! chud e lobCor SOE &1 1o Rk 76, he
t @omt@llevactivales swittte1 0600 tormbdt diie angiut vfatee&)rls\m tocdith@Cfectrode 16 or

h f I
7S ohF O PR ROl B HD M ot 16
ofby ramsmg s\kltc'h674tt0) elppgetbel ﬁ#sﬁdxtﬁuoteﬁhmdtaf s\dm:hﬂy thacmmirpldpr (1) opens

SWIt fi.rst output i..nal .
R R O

p r69\t<edu>oupleea¢¢ctrod3béi4fﬁ'omgr&nmd rgtogrand dieciroda 84, f@pecavelh df controller
opens._or closes h tod e 34 .

&g causF:sotl]}ﬁ 8ut8ut nvé/{woclb ?1% 90 l?e co, gé)goo g%tr%{jeeg éf?a?l\s;g% >s/v.v1tch 74 to
I fengagﬂ thedirsttentpﬂmmuaierf sWitch Hut}pwbntnﬂlem(el) wmnk sWitcht69 therevent
coupl o.electr

B P i S g8 (67 e Bp ol P25 Feouoe
( k)ecmq:de N6 fiomi graind 69 tot groynd eleetriide G}B eedpe@nieiy 3If chntoohteti24i gagses the

08 émtp get%ggc ';8%2) bg };Julal%é to Brechiode36 9|cgu§1%§ sv%i%.ht?ﬁ I?o gr%aéthe second

output terminal of switch 74, the controller (1) opens switch 110 that RF and DC grounds

electrode 36, when closed, and (2) either opens or closes switch 71 to’decouple electrode 42
from ground or to ground electrode 42, respectively. If controller 24 causes the output of
network 78 to be coupled to electrode 42 by causing switch 74 to engage the second output
terminal of switch 74, the controller (1) opens switch 71 to decouple ground from electrode

42 and (2) either opens or closes switch 110 to decouple electrode 36 from ground or to
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el ectrode 16 fromground or to ground el ectrode 16,
respectively. |If controller 24 causes the output of

wmedodozdee#8 to be coupled to el ectrode 36 by cCeUBEUSIIN4/027064

switch 74 to engage the second output term nal of

switch 74, the controller (1) opens switch that RF and

DC grounds el ectrode 36, when closed, and (2) either

opens or closes switch 71 to decouple el ectrode 42
fromground or to ground el ectrode 42, respectively.

If controller 24 causes the output of network 78 to be
coupled to electrode 42 by causing switch 74 to engage

t lzeound elentebde B6prespeciively. nHl contfollem4 adtivdtds swikvh 74 so that splitter 80

controll er ns .SW deco nd f
o R BrsBi bl BEUS: S s Tenot I8 SBSRIL A A B 0. 7,
t 92chad o[u(pkoeme#eac Myodealeféﬁodes 060 3 3610d4Dthat argrconnecied to the output
elect ctiovel If co troller 24 activates
S\Xﬂn&r s‘?i ‘ggb‘l!(ﬂgtag‘g fg A%t aneously suppl i es
power to networks 76 and 78, controller 24 activates

71, 72 110 nt an
o s B dreptiysphica 36 g FriouBhei . bap ke (o eply desipge 16, @
OL&)@LﬂlectdrﬁddBm @) botf elﬂﬁ?ﬂﬂ ri§ afé 3a@iik£1mane3&13f (®ronbedieegrode 34, (5)
gr ounde 0 r rce 56, .hav
? Bl FisRopeid, G lart Hiktotes ST pRb i g SiEER gD PR itgdes 34 and 42
Orsinyul@ahedadly, ane(8% Both él&)trolaastjts afdl &xdimoltkacoudlg. and 36
simul taneously, (4) only electrode 34, (5) only

el ectrode 42, (6) both el ectrodes 34 and 36
S i [0053] T GRsESdnils, teOutpabbisotice §8 drd@e Gircairyalutl isddentical to the circuitry

| t aneous] and (8). both, el ctrod s 36 a
SRR ep Gl top g h Ol rond Rerdori e 314 ssscised
s ouﬂpsauﬁé sdﬁ*eyse:sa () be:mgiw tﬂelhammasﬁéqdamp bﬁ@lurcb ge tdeetworks 112
cir t.hat source rrves e t t he
Lo 14 s AP e Pl SPiResoniee Sa Bl blotk g clfig, and voltage of
?Q;Uﬁr@@ ﬁGana]ESQ PIhas ehe I)Iﬁplb&)f%d\iﬁ@dslft 9 cang Rr8Aposition coaxial RF
requen of. s urce tworks 1 and 114 pass .
{ e T, hfving, 8 GFond and T LB BRI FHEPIED SOR to drive
C Wetwdilts 1]§m and/ldtagg g)lf&f-:r HeLlia® g ﬁEsZa:mdh cond outﬁitu&nndahe:onnected to
ou put of sao 56 i.s ree tlon
E iR cheeds 2 09; trhe B Sl fmian§ Ot syt 116 and
owpmtar 11 8 afd RRLvelyecnaatddelthe @prneatiets éfomaetingenetwork 112 via

St SR Ao A Bon AR s e MO gt 174 i he

t aedond ah@utaémmﬁls\mrsklﬁclﬂ.ﬂlz addh 6plittdrt1 18 Biesefetctively coniieptad to the input
of swtch

t d splitte
S BRI <RAEP 1§ S AL e R E gpsor 126, wellas
Mesivitbhies g281aidVis0.kSwhiichesvi2a, 12a) 128@6d 130U xegkctaze@ sﬂ&msay connected

angl & S(ﬁgfreswt%rzsoﬁl 6l‘§4 eachI of?wsfncivl\{lag g'?/a ge g'q%azl to rEhe output impedance of

source 56. Controllers 136 and 138 are respectively associated with networks 112 and 114, as

well as sensors 120 and 126, to control networks 112 and 114, as well as the frequency of

source 56.

[0054) Controller 24 activates (1) three position coaxial switch 140 to selectively connect the
output of network 112 to either electrode 16 or electrode 34 or to-neither electrode 16 or
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second output termnals of swtch 116 and splitter 118

are selectively connected to the input term nals of
woradoshzazegs net work 4 via voltage, current and ph@B®ES2004/027064

angl e sensor 126, as well as switches 128 and 130.

Switches 122, 124, 128 and 130 are respectively

sel ectively connected to ground by resistors 131-134,

each of which has a value equal to the output

i npedance of source 56. Controllers 136 and 138 are

respectively associated with networks 2 and 14, as

wel |l as sensors 120 and 126, to control networks 2 and

1 4lectagle\dd] 4nde(3) thive positieruenatipl syfitch 48 teseBetively0@Buct the output of

I 4 | C
AP BEJ BBl ORS00 Aot 36 o
nedesode 42.1 Contrpller Mhmmmhm@pn wubacmattw oé svetpmsoldé a@h143y activates
t I r
Sl 52 Bl G PSP, 0 s W et
o uthgertpud termrinals hoif mgtwiosks \id?2 land} 1 1ofrgrn tbhleg gesluadady aodes@ded pupra in

Ol SRSl By EDGAST il Gk ofle 36 or el ect rode

I'n conjunction W th activation of
sw tches and 142, actlvates smntches 69 72 and 0 to

pr n t r.odes
PRI ol B S ok s of e 2 8 s s v
1 1He farioms dzneibhgmglscaud]plmhptaamsebéﬂmrsnw %qmnaes that can be applied to
co n gl reul b ate S

T F&ﬁgg{ GtaPECi) F? oF orfﬁamapc:? ¥heei uén %néi\r’ﬂl%l ﬁquynm%gof sources
svﬁ2’; 5:41881 56f cairbg mlt&ebulypapphedde etyctanlb 16 esﬂmlatswitchbyﬁ @1 and 110

t ha(?e c us an‘g tgdadt&% %{] ?6 dd 422‘3[5nr5lér t I on%umsealnces dlff'ec{ent portions

seVeta ectro
16af Mene&ﬁ aamzl:hlbi theFaquencaspf murdeh 62 Iiévand riéds simnteddo ground in

. high fre enci.es .of, source
;9 lasma conlt (51USFI§} r%gboq 8, éla a tr%suIZ log glﬁt%ca ga\g}]\h %né %oin ﬁiectro 16 to the
71gramd phtefriah peledtiodaB4s 36 grdoi2n dThe lamotmt of esergdat e&b cziMquencies

4 the |rc a di f pQrii
t ﬁFel ger gy at #mfscﬁie qg r?oemﬁ nggag%o(?enﬁlalsoo ﬁfreg'gos%gs'o'gd," 36 and 42
54is arfancfién loﬁ(ls) hhmtve«ttldlgxh g:sxomatdd |w1thpdads nfathcahrbq': freqremdies, (2) the

region u L f
o P o @3 RREBY e e sp it Do h APl BRI P B ana 0
arttle daﬁtanc&"foetwaﬂmlmrodﬁs 3é|anrt 4%/ Hte dmhesch%twemqm @Aridue sombinations

B oL A 2 .

(bhwtﬁm.mavelength associ ated with each of the three
frequencies, (2) the distance between el ectrodes and

36, (3) the distance between el ectrodes 16 and 34, and

( 4[p056] A second exemplary situation involves applying the low and medium frequencies to

bottom electrode 16, while applying the high frequency to top electrode 36, while grounding
electrodes 34 and 42 and closing switch 65 so a low impedance path is provided through
bandpass filter 67 for only the low frequency from electrode 36 to ground. In addition,
switches 96 and 142 are activated to connect electrode 36 to the output terminal of network
. 78 and the input terminal of network 78 to ground through resistor 100, resulting in a low
impedance path to ground through network 78 from electrode 36 for the mid-frequency of

source 54. Because of the high frequency of source 56 and relatively close spacing between
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t he di stance between el ectrodes 36 and 42. The

di stances between the various conbi nati ons of
webmeshzedes i n chanber are controll ed by the geoOmMEs1094/027064

of the electrodes and by notor 47, inter alia. [0056]

A second exenpl ary situation involves applying the | ow

and nedi um frequencies to bottom el ectrode 16, while

appl yi ng the high frequency to top el ectrode 36, while

groundi ng el ectrodes 34 and 42 and cl osing switch 65

so a |l ow i npedance path is provided through bandpass

filter 67 for only the | ow frequency from el ectrode 36

t elgétodexd3s hndadli the @ivctrisWidd htethe Bfghafedudnd has e tendency to remain

act.ivated. to connect .el ectrode e, 0 t

C BRI 169 SREE TR0 oF S ' RGYIFR U S ek gfec fld dnsity for
Dﬂismlfaﬁon718.1rpd§ sgwahmghstﬂr?mg&mr @srgs Brﬁ fintd f:)s@;onrsesmetelen@c field at
[ ow i npedance ,path t round t n

¢ Phshien g ePBicago tare ¢ wni b Gbiah Star oG Phdu here is no
Besvaingrdate pateattheiigh fr&ﬁbﬁ&:@ Wm&fecﬁmrltieo Qﬁmﬂln CNetworks 58 and 76

{ Er!é:aet égllfglbgrll ?%fﬂg%ftjo{] ¢ log eﬁ@gﬁér o%%%ﬁ atareject currént at the
t ﬁfgﬂ%@ﬁéné}o B&ﬂiﬁ;’b RetMotkIBB Iahd/76 Iave Bhigh @@perdmwa ité the highffrequency,

el il Bt el G ol

from source 37 into region 8. The electric field at

t he h frequency, does, not have a tenden

cdRfs7 ]e]g‘ Cops (ot BAED JEH ORI P B Py ??-rptga grite field

p§§sbc1ﬁted HAISthB 1@ frbquRAYAN Gof sdukd@ B @kterids fReEelécBodl 18U dL) electrode
wor ks 58 and 76 are ffectlvegé band

fil
£ o, @ Seaade Siindaysierions 42 g dsoubing Ften; % fapiency f ig glectrode

at36tda@s ler&iJgh fiKeSIaWaRB¥danBaRMUT SiltIed MO eksund 8 Candequéfitly) ehélectric
npedance to the high freq uen%%ﬂwnetmorks 58

aﬁeldwoaé@%ww Bequsaeytilgifests 'ew@fw"w &80 ode 16.
[0057] In contrast toe the electric field associ ated
i gh frequency F3, the electric field, associ at
wl?%fﬂ@ Flactrie fiell assegiated with el dregyengy k2, S‘?“F“Gn? extends

el )ﬁﬁxhil‘i@di?ni é(gec(rgge I?d_rﬁ(ble{c@&ﬁ 33as well)as & &fb&bd&kfﬁ @fd taAdesser extent
el ectrode e resu curren r C

|t° PlRctefedd: r Bigresding) cyfent P‘rﬁ"ﬂb‘g‘ﬁy Fhie dles er?ﬁé’ﬁ’gfﬁgg gh the low

Padpedarce bath bhietBork t78 tErOunA6a s@REHRS 8eAE bE andlrbiistor 100.

electric field associated with frequency F | affects
ion energy throughout region 8. [0058] The electric

f ifg050] ASBRL badnRhriMsitdati o thvolvest dpBIEHAR e/ lokv2ar@f mednini (ﬁeqlfbﬂmes to
extends primarily frome|lectrode to elecgtro

o PO 46 (bl Fesorum o PeBcHeuRinAf Whis srounding

electrodes 34 and 42 and closing switch 65 so a low impedance path is provided for only the

low frequency from electrode 36 to ground through bandpass filter 67. Thereby, the low
frequency of source 52 is coupled to the plasma in region 8 in the same manner as described
supra for the second exemplary situation. The high frequency of source 56 is not a factor for
the third exemplary situation because controller 24 causes switches 140 and 142 to engage the
open circuited terminals thereof. The medium frequency of source 54 is coupled to electrodes
16 and 36 by virtue of switch 74 engaging its third output terminal so that splitter 80 is

responsive to power from source 54. Controller 24 activates switches 106 and 108 so that the
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to el ectrode 42. The resulting current at frequency F2
in electrode 36 flows through the | ow i npedance path

wobkoosmrozes k 78 to ground via switches 108 and BGI/asm04/027064

resistor 100. [0059] A third exenplary situation

i nvol ves applying the | ow and nedi um frequencies to
bottom el ectrode 16 and the nedi um frequency to top

el ectrode 36 while grounding el ectrodes 34 and 42 and
closing switch 65 so a | ow i npedance path is provided

for only the I ow frequency fromel ectrode 36 to ground

t hrough bandpass filter 67. Thereby, the | ow frequency
ofoutpmtsl bf:xetvlz'x&ksi 7 and Gptegctivelytdniee pleasdes16 andr3e§g iCtonseaueinﬂy, electric

Q'iglr% ?ﬂﬁg/ IB g{egéeﬁgyea?%ééugl%g Rg’t?veeng(ug Ectrtog e i our 29 (%) electrodes
i 46 and 34 ahda@) electdodes 36land 41 Agh texlétmﬂbmg/ﬁdﬂst afl #teinmxdivm frequency
be se contrplle S,S tch 40 .and 142.to0
o R B et plm £0ep B o B e RePn ditagRUeerfigts.
medi um f requency of source 54 is coupled to el ectrodes
1 y virtue of. ch 7 aging its

o 0 A TR enmeiry Siiion B’ galvig BF ot ety i igde 16 and
pQNﬁhed:ijtﬁﬁJ gﬂg&lﬁim &aluﬁﬁ:les o elkdolid 86, fvﬂﬁlle akettrodad E%mﬂwgtacd‘lgsunded
106 and. 1 so t out s of. netwo an
38 J0 S, “arfale 2 BEPHERHY Sefine T 588 i 2 uR hsepl positions
ghﬁiﬁéolfl Q) fiwaéuléﬁ 168 ahdh e4zrg@l iﬂwgaﬁtpmq(ueﬁwsl af actwokp?seand 114 are

et ween el ec es. e ectro es. 1
o retmnesied fy thoofiofe Al PSP B0 o scliBL ingu G efvork 78 ave
elceﬁteétb@tolfdeﬁdoﬂsz , @4) siwit€heb 28 uﬂ} 130 eq urrigpot &khigals of Medwork 114 are
ene asm Si t, r di ssociatian

TG B R 2B e eraan S 176 5 {6 ol Ty of Retworks 76 and

S: 12 atel r@dibedd tii)gl@dli]xﬁ)‘éctag@ Jdcti@et IlFeant Q)bef cneqmlnam ®pswitches 86 and
e trode and t iu C|es t
o1 1525¢ B Srstemyipi & ratane Jgal! s B G EoubSimmpgyresistors
| rpot &ds132 tréi;@iogﬁdly 6®Bﬁ§dqgénkl§2,r themoacﬁrmatcgsof(swrces 52 has a low
switches 74 and, 116, to the secon I tions there .
b i oH B SO 30 e S LR PRSP Bt e Jpequencies of
Nnebvodsks4 aid &m&% ﬂd; ‘ﬁa\&rsﬁchqw negddatte fpﬁlhﬁﬁalﬁ tere&dﬂf e 3610 ér&)nd Asa
SW t an e in nal.s o
S HefRS o heBibm o gh co0pel e AihiRiegion 3ah i frine manner
136 desoritied Suprh [fidttthet seoiitt BRdnHlDY sitvatiold rTlowlilnpedanee paths exist from the

© PG oAk 78 Gipvstaniet L85 H5dmA T BRiselfioush e plasma

r €ft &%ﬁihl&/tﬂ(}/) %&&W&d gfoﬁndi‘ihﬂmglﬁ aet@orkB/6asvdtch 86 and resistor 98 and
{
¢ PRl 45710 Rotagh pESaienin o ape <5 BEPRE g foency

t Meamg@gxcrxesw&@mle&%dams ahd 3?2, as e as bétwedn\electrodes 16 and 36. Asa
Fgg@%ﬁ thSrQ Esl l}lnmatryhc%nir ng Eorn%%tjn%rl]l%an 1%fthes gplf)[arcp%?tlo%%f reaglson%, as well as

across the center portion of region 8 between electrodes 16 and 36. The only low impedance

path for the high frequency of source 56 for this situation is between electrodes 36 and 42.
There is no low impedance path between electrodes 16 and 36 for the high frequency of
source 56 because electrode 16 is decoupled from the output terminals of network 112 by
virtue of switch 140 being open circuited. The spacing between electrodes 36 and 34 for the
high frequency of source 56 is such that the impedance for the high frequency through the
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I npedance path fromelectrode 36 to ground through

bandpass filter 67, but the frequencies of sources 54
wapahshs260 not have such | ow i npedance pat hs fPOIUIS2004/027064

el ectrode 36 to ground. As a result, the |ow frequency

of source 52 is coupled to the plasma in region 8 in

t he sane manner as described supra for the second

exenpl ary situation. Low i npedance paths exist from

the output termnals of network 78 through switch 108

to el ectrode 36, thence through the plasma in region 8

to (1) electrode 16 to 8round t hrough network 76,

shlpsoebeggeen epctradss 3¢ gpd 98 iasistimipliv prepter; thaothg Jmpegance between
0E1844es 1601 Q9 U TR hdeuenBY REE BB Krauefdy@t kdur&e J6' £fe8l$ tlplasma in
t he nedi um frequency are in region g between |

efegion B dritbe sapw rpnger4> desgrbed supra f95thp secopderreraplaysitustions 16

and 36. As a result, there is primary control of ion

distribution in the upper portion of region 8 as well -
alP0aHrls 9 difthiexerenisry situagion. thedaw @rd medjimp Hregueneies pfspurces 52 and 54

e'ﬁ@ Q&ﬁl&ﬁ e botomMI o 16T RBiIOBIY of Q¥érolRBI AW SR I erbRded. To
the hig

. frequency of source 56 for this situation is
bhisadcoatreller 24 aptivatetswitsh 14Gto cpprectethe gutpus of etwork 76 to electrode

. F@ﬁ@@@%ﬁasiﬂgte&hl%?tsw&&fés B s FPA&E 1 0 eg)tléﬁafirpf Fg is thereby

(S
requency of source 56 because e rode 1

[
h

d _ef%@wgl bycthé deymanch smedivmpfiequensiesiof aburcesf SZnadwis fa the 3arhg way as
\V} R . I, | G
P e ol Gl MR g GRP R Sl Bk Bibiar] Aafng T Plesma
siuregion & & notaffectedby the high Mrequengyed sovees Soder theramp rggbpns set forth in
f hepl asma bet ween el ectrodes 34 and
3E§?§§§§é§@§2?ﬁgpw§ greater than the inpedance between

el ectrodes 36 and 42. Consequently, the high frequency
gg)r(r)gﬂ% %ﬁxeﬁ&eﬂ{ﬂ%@é&hﬁah‘gﬂsﬁ eﬁlﬁ%ﬁ@# leth c!oﬁg&% \gngtﬂ stﬁéhes of Figure

manner as cri bed supra t1or the secon .
e eophlaithe low tfiganeneynof sp@OG 12 1s|conngetéd fotefecteadertdlangd yeither source 54
S| j . t [ [ S
b BeB S ischfeb@1oRl) o BE e RN f3iflon “CHEARF 24 closs
e sitehot 1 O fndcehamblers1 (B proc@ees athel watkpiese @ @ unuievhat poimitiyesmanner.

eﬁﬂemﬁ%%y,r Qnle&ifer éﬁf cﬁPéJn}{&F &3 ol t&@itﬂe@%?% ngfbgf‘c% 54 4R 56 to

out put of " network 76 to el ectrode 16, € sing i
e awhofoflectrofles dieedd, 306, Eondxanple, Thmay bedesiratile) tor eqyplgrthe high

8 frk: ehd&Ade @QXce]?%fb%ﬁrsegﬁ‘ el%o‘ii&el | £W3&%E§9ﬁg}gg% the medium frequency

frequencies of sources 52 and 54 Int _ way as
deksqurdset Wepween relectresigs 30 dndrddhi quheaqa@nmnegoxﬁr@ﬁertml) opens
(o Larv.si . . o g :
IRAEESETD ik 8 e TR o AL 6, 125wt
t h30 sathe eusptof saveges Sdrandl S6rare mespectivelyl appliedyy¢ dnppt terminals of

S hét%@ltkk 98 and 114, (3) activates switches 108 and 142 so the outputs of networks 78 and
114 are connected to electrode 36, (4) activates switches 106 and 86 so there is a low
impedance path from electrode 34 to ground through network 76 and resistor 94 for the
medium frequency of source 54, and (5) activates switches 140 and 124 so there is a low
impedance path from electrode 16 to ground through network 112 and resistor 132 for the
high frequency of source 56. Consequently, electric fields are established in region 8 for (1)
only the high frequency of source 56 between electrodes 16 and 36 and (2) only the medium
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[0062] In other exenplary situations, controller 24
can control the various switches of Figure 2 so only
wo beshmacs r equency of source 52 is connected tBCT/US2004/027064
el ectrode and neither source 54 nor source 56 is
connected to any of the electrodes. In such a
situation, controller 24 closes switch 110 and chanber
10 processes the workpiece in a somewhat primtive
manner. Alternatively, controller 24 can connect the
out put of either or both of sources 54 and 56 to any
of electrodes 16, 34, 36 or 42. For exanple, it may be
diesjuera bsonwe 56 thptveeen HectiodesB4fand G0 Megausst there iy oelogsimpedance

b | ect 6 R i < o
IR 8 i SR e o
asubist@dviial deactrefieh eatablishedin iregion 8dwhween Eleero (ath medium
itch 69, 71, 72 . t 1 i .
SRS b S v
ofrequaity oP®uted 56 tiereSs nasubstamgibeletri onthp high drequen¢ygstablis
t 1. f t k . ' A
AL o R 8 o T
1filer aireniteyosimilartte that deserited andillestaGed carlbe empld roviding a low
sutT Ehes 08, a0 8. 38 et L5 A Lol ) SRRLADGY e
f\"??ﬁﬁ?aé’fzeep SHER B G, umnd;"t?]nryoﬁgrg néb \;\%ﬁ ‘%é’ an .

resistor 94 for the nediumfrequency of source 54, and

(5) activates switches 140 and 124 so there is a | ow

I npedance path fromelectrode 16 to ground through
ng§006B8YRefeichde B@dwrmsie 3d Bigurk 32  ftlar drivwieg, hi sgienfatie diagramof @ fsecond

sour ce 56. nsequently, el.ectri.c.fields.are .

c St rr S et RRABH g ol SmpEPEH of ighte™ f3iniff o the embodiment of
f Figarean bt thé embodiment ob Fizgateviebas medt laggegolibe plasng Gonfinement
and, only th di equen f source,b4 . WEENe o
oivgioh Pltsdiendsto Hiabsewal L G BE T Lo QU o G RAMER B e
i Bdeskaivt tnchdt Bovers g cind thef pressure lo€ dter pabmna Ipockssingt wrekpiece 18 is
medi um frequency of source 54 there i s no st i
PPN ST eSS E o o g R EP R el At bBhom face
ebfrtmbhies4nkk 86 fvallt of Hsg AR didithe finteripresmdace oBeidawall 12 are all
there, i s no, l.ow i npedanc th to,ground fr L
e BREded fad sdfﬁf’%rpa{g%pgpﬁl?cgﬁmﬁ%? u°3n‘¥:‘§ pg %ocﬁlrlcerpmg%t [ofigpin the
i smbulirfenbsf Pighdedd. T pretent cheical confaprinatibeg bjnittgtplasma of any of the
frequepcy established i.n region bet.ween. el ect

st Belor o Aok 3058 5 BEPHhe 2 38 b4 SR SEfch e waut 12,
balh@dpaizse fuirfacer areicowanédt with plares| 180 mhaletdian desgicallpeehductive or
and, i |l.lustrated, can be.enpl oy or_proyvi di

i ﬁ’ﬁ?&gﬁ 8’@&5% FUB &P Ry e ’rtgge(%’e%%ﬁg?%%ﬁg rth%yéh?%{ stry of the
t plastid Bhredioe qudecansofidswall t2isHfrt fORGF}smRedoefirencel sgion in the
g%ﬁﬁ%{);%g@gggﬁa ?em?)grattupe%f re:am er\lav%ll isaco%g‘(tﬂ?eﬂ'% } fhanner similar to

that described for control of electrode assembly 14 in the embodiment of Figure 1.

[0064] The electrodes in the embodiment of Figure 3 are responsive to several RF.
frequencies and controlled as described supra in connection with Figures 1 and 2. The
electric fields in the chamber of Figure 3 differ considerably from the electric fields in the

chamber of Figure 1 because of the large volume and complex shape of the plasma
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enbodi nent of chanber 10. The enbodi nent of Figure 3

is simlar to the enbodi nent of Figure 1, but the
wendedrorent of Figure 3 has a nuch | arger vol urer/phassen7064

confinement region that extends to chanber wall and

base 19. Consequently, the enbodi nent of Figure 3 does

not include | ouvers 44 and the pressure of the plasna

processi ng workpi ece is controlled exclusively by

usi ng pressure control for vacuum punp 9. The entire

bottom face of nmetal ring 40, the side wall of ring 32

and.the interior surface of. side wall e all ded
SRATRET SR 1 be BiEorq C Spbagimeniy HEY oyeR e gefiiefitid effect on the
Ciflishanei@tiewhf Gingilar infthé dnsboditdeacd NFiite Dio thdsgddsaribdd inlddnnection
prev em cal_.contam nation by the plasma of any of
t@@%f’f‘%‘ﬁf‘? }FdW?fE'ta&FQ‘r ing 40, the side wall of
ring 32 or the interior surface of side wall 12, al

are cover es, 100 na

clyobs Sl e By Besdeneire g ioghot e Goemasnfc e ovention,

SitiGhHll 86 clesrt mtnaha:oas {0 6.6 QetailshéFtthel @ftSodidhts Qﬁéﬂﬁ@ﬂlyﬂﬂﬁsﬁated and

the plasnma_in i on, 8 ecause sj de
mfgqsw%i@ 8@%5 é{S‘hg\‘ F%@? Srfhe fpvention as
t fefin€ITR Qﬁlaﬁ%ﬂ&edeanﬂ QFaf &a&plet \hﬁlettﬁém@m&s, of Bigat 2 tdaa:ates that the
si de Is controlled in a manner simlar, to

RS éaurr%sé%%ﬂdo% At siplianequalel and, sEipypusly F‘IPP{‘?ﬁiem electrodes

eM&Hd/ B duilg frbctdiny ef thdW6rkpiedd & i totel unQEtRSod thattah Rast one of
enbodi nent of Figure 3 are responsive to several RF

f fORESERE e PBAI0R 46 Eaabeplsedes aad offescri bed supra in
connection with Figures 1 and 2. The electric fields
in the chanber of Figure 3 differ considerably from
the electric fields in the chanber of Figure 1 because
of the |arge volune and conpl ex shape of the

pl asmaconfi nement region in the Figure 3 enbodi nent.
However, the electric field effects on the plasma are
somewhat simlar in the enbodi nent of Figure 3 to
those described in connection with the enbodi nent of
Figures 1 and 2. [0065] While there have been

described and illustrated specific enbodi nents of the
invention, it will be clear that variations in the
details of the enbodi nents specifically illustrated

and described nay be nmade wi thout departing fromthe
true spirit and scope of the invention as defined in
the appended clains. For exanple, while the circuitry
of Figure 2 indicates that the outputs of sources 52,
54 and 56 are sinultaneously and continuously supplied
to el ectrodes
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16 and/or 36 during processing of the workpiece, it is
to be understood that at |east one of sources 52, 4
w@nahs5020266 can be pul sed on and of f. We cl ai m PCEUS2004/027064

nmet hod of processing a workpiece with a plasnma in a
vacuum pl asma processi ng chanber conprising the step
of exciting the plasma with electric energy at several
frequenci es such that the excitation of the plasma by
the several frequencies sinultaneously causes several
di fferent phenonena to occur in the plasma. 2. The

nmet hod of claim 1l wherein the nunber of frequencies is
t Weebaim3. The nmethod of claim2 further conprising

sel ecti t frequenci es,to aff.ect, the densit f the .
o1 asin. ARG < pEIMSRE h SR tEldin S Wblyhi e bidesing
C helnimberr yomyfrisinig ethe [step naf, exaitidg alpp plasmay withe elsalic ehapgly at several
frequenci es,t he SMg.. 4. Th t hod,of claim

h EFRUERSe e R B RS ne ras By R P2 BBl Htaneonsy
t heaugdsaswerl differeritphenvaietrotd oadur inltle plasthawher ei n t he first
frequency is in the range of 100 kHz to 10 MHz, the
second frequency is in the range of 10 Mz to 150 MHz,

and ©he Th&mettlod sfxtpira n osherein thenuinber of flagencés i2hrddHz t 0

300 MHz. 6. The nethod of claim1 wherein various

conbi nations of the several frequencies affect (a) the
densi3t y Thé niethed pf algin2 flatheit toepeisiag salectihg therfequennies ocaffect the
the chem stry of the plasma. .7. The hod of cl.aim1

wh SO B et s O FIRRH 2 6 21 g i bspury L Bilegme, and
t hepph¥imsth@seledted Tbquendidshioitie pibsned. ai m 1 wherein a first

of the frequencies is in the range of 100 kHz to 10

MHz, a second of the frequencies is in the range of 10
MHz 40 1rhe nivttad ofitleine3 tvhértid tiaf sevdidl ffe@apuies sim@Banesusiyrexcite the
the range of 27 MHz to 300 WHz. 9. The nethod of claim

1 P Pher including confining the plasm to a region
renmoved from sidewal | s of the chanber. 10. The net hod

OF LT T ol At BPELRY B bl SRS E o 10
MHz, the second frequency is in the range of 10 MHz to 150 MHz, and the third frequency
is in the range of 27 MHz to 300 MHz.

6. The method of claim 1 wherein various combinations of the several frequencies
affect (a) the density of the plasma (b) the energy of ions, and (c) the chemistry of the

plasma.

7. The method of claim 1 wherein the several frequencies simultaneously excite the

plasma.
8. The method of claim 1 wherein a first of the frequencies is in the range of 100 kHz

to 10 MHz, a second of the frequencies is in the range of 10 MHz to 150 MHz, and a third
of the frequencies is in the range of 27 MHz to 300 MHz.
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the region. 11. The nethod of claim1 further

i ncl udi ng varying the spaci ng between a pair of
web@sheades in the chanber between which the pPEEIB2004027064

excited. 12. The nethod of claim1 further including

varying the power of at |east one of the severa

frequencies. 13. The nethod of claim1 further

i ncluding exciting the plasma with a pair of opposed

el ectrodes, coupling power at at |east one of the

several frequencies to at |east one of the el ectrodes,

and sel ectively coupling power, at gne of the severa

fr eqaenzhee@etm%frﬂcm 1 Sprthepiacluging eondiging theplasgme iy afig#ign removed

14gon] Bigevatls boMe &am®b@i m 1 further including exciting

the plasma with a pair of opposed el ectrodes, and

controlling the tenperatures of the opposed el ectrodes

Whi | g0t irke MYBMEPSEGAmI Brulfd: REIUAMRCBREHchg thPpredNAR AF Be Pfasma in

for processing a workpiece with a plasma conprising a

valep#ioBhamber for processing the workpiece with the

pl asma, and neans for exciting the plasma with

electric energy at several frequencies such that the ’

exci tht ffb%msﬁw<¥ RE clgimy 4 farthsy inclyding spwying) the sragine Retvecn a pair of

Si PetibARGP NS LianfbBbeRee WHRh Ml pfikihi Bleftifed.Phenomena to

occur in the plasma. 16. A vacuum pl asma processor

conpri sing a vacuum chanber including an el ectrode, :

the ghafhemelR6d BOcIARSO iRl SAcYidd Waryifh ERE hARG R af 188t one of the

el ectrode and reactance being arranged for coupling

pl sexerpl feequeneiss.i on fields to gas in the chanber, the

chanber being arranged forcarrying the workpi ece, and

a plasma excitation source arrangenent for enabling

t he &p.edhe matbodei¢lainad furkseiaclnding ergiting theiplesrap with p pair of opposed

eNQEGA&! cotBNFY fiwet LEANERTnE Bf 1he skl BkqiRfBes td &t leds0Bne of the
vacuum pi asia processor of claim 16 wherein the glasna
9

exdlipataiesomndselastively spupkingRerieh et qug ofthe srvgebfrgagenciea ffem qge of the

t hgeaRu&eRFifoamienci es to be simul taneously applied
to the plasma. 18. The vacuum pl asma processor of

claim 16 wherein the el ectrode for carrying the
14. The method of claim 1 further including exciting the plasma with a pair of opposed

electrodes, and controlling the temperatures of the opposed electrodes while the workpiece

is being processed.

15. Apparatus for processing a workpiece with a plasma comprising a vacuum
chamber for processing the workpiece with the plasma, and means for exciting the plasma
with electric energy at several frequencies such that the excitation of the plasma by the
several frequencies simultaneously causes several different phenomena to occur in the

plasma.

16. A vacuum plasma processor comprising a vacuum chamber including an electrode,
the chamber being associated with a reactance, the electrode and reactance being arranged

for coupling plasma excitation fields to gas in the chamber, the chamber being arranged for
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wor kpi ece includes a first electrode in the chanber
and the reactance includes a second electrode in the

wae b@siozn64 19. The vacuum pl asma processor of CcPEi/ms2084/027064
wherein the plasma excitation source arrangenment is
arranged for applying a plurality of the frequencies
to the first electrode and at | east one of the
frequencies to the second el ectrode. 20. The vacuum
pl asma processor of claimwherein the plasm
excitation source arrangenent is arranged for applying
several of the frequencies to the electrode. 21. The
Vv acatnying phe swekpiEcg cand soplaghia excithtionvdoerce i anatgemeriti fos tengbhidg the

second. el ectrodes an he, source arran nt ar

S I Bl Al b YRR AL PRy 8 e e
reference potential and for sinultaneously causing the
sour rangenent to apply.the veral freguencies.to
Che {1+ 36° Bede pliyee By5Siorel < I WP he Py aigion Source
of artahgantentliS amdveged fon cdukiag the asweml famericids itobe smultanepusly applied to
ag&a enent includes at | east one variable frequency

RFTE BEY 23. The vacuum pl-asma processor of claim 16
wherein the plasma excitation source arrangenent

! 460 i o s O RS B MREERA: carmin e
pl wedpiceeniticlides adfrstoel@trbdegint the cHafmbepland che feactae dichideda second

with the |ﬂ%er§nt sources from each of the other
sotlPgade B jbe pEEdacuum pl asma processor of clai m 16
wherein the excitation source arrangenent is arranged

and e. frequencies have val.ues for causing several..

e 1 AP CTbE AR ARG P TR Bl PR b ot Figiston source
pl &fdiPemenbis afkangad fod BpplyimsNPluiality ©F€ ths Gleqieftiestto terfitiicketBode and
congrisingf$ gacuun1ch nber iﬁélgging first and second

el Hleaptons of the frequgnaigs g heseopnd flpcrederi tation fields to a
region of the chanber adapted to be responsive to gas
adapt,ed. to be converted int . pl.as fo ocessi

Che b IEBY XeeRum RS RIFEE BlA 18 et PR ictgiongouree
t haranpénkdnt B afangad fok aplyingaxecrd af thefieqhenties @ the clacugderent

for deriving electric energy at several frequencies,

the plasma excitation source arrangenent including
ci r cat.t mye Yaenurs @lagi proadsyor eNddini I8gvteadipihe figst add debmd electrodes

and the source arrangement are arranged for causing the second electrode to be at a
reference potential and for simultaneously causing the source arrangement to apply the

several frequencies to the first electrode.

22. The vacuum plasma processor of claim 16 wherein the plasma excitation source

arrangement includes at least one variable frequency RF source.

23. The vacuum plasma processor of claim 16 wherein the plasma excitation source
arrangement includes circuitry for (a) providing an impedance match between sources of the
frequencies and the plasma and (b) decoupling the frequencies associated with the different

sources from each of the other sources.
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several frequencies to at |east one of the first and
second el ectrodes for enabling plasnma exciting

web@seize4 fi el ds at the several frequencies toPOEUS2004/027064
coupled to the plasma. 26. The processor of claim25
wherein the circuitry is arranged for coupling a
plurality of the frequencies to the first el ectrode
and for coupling at |east one of the frequencies to
the second el ectrode. 27. The processor of claim 25
wherein the circuitry is arranged for (a) providing an
i npedance mat ch between sources of the frequencies and
the plasnma and (b) decoupling the frequencies

assog4. atpd vm'uua Ran4li prdcdseinbf SMithCEs WHeRi Ql%lbxdiltﬁndnh Source
ot her sources. . The processor of claim?25 where

t r@%egseﬁtalse*mlsegt% s Jiseeaciss Ptk gk fori psinggaeyeral different

%ﬁo%henﬁjtofcfc&fr@ﬁ’dultﬁr[eﬁﬁb\l‘ﬁlﬂ%ép?@ﬁlﬁCes 29. The processor
of claim 28 wherein at |east one of the sources has a
vari abl e frequency. 30. The processor of claim 28

wher g4, nAa¢'achlﬁﬁ1§ﬁasﬂH Sprétessb for SO Woﬂ@&c@ @8mprisidgX# dacuum chamber
fre processor of claim 28 wherein_various

u enc
c ﬁ@h@doﬂrecqnﬁélegm$ fr sypplyingatsmasxefatign feldsdy arpgion of

detﬁ@ Icﬁaynbef aJaP@d % 85 H&R e td1BasCAGHEY t00e EdROGtell intd Iaqnasma for
pl asma, and (c¢). the chemstry of the plasma. 32.

4l
prseEsing theworkpisgentho ghagber being agranged for carpring the W?rh@ece a plasma
S Ol ffdn SpceArriiflemBRIFS deMlifgledRRErgy %%evem ﬁe@feg&@stﬁpﬂasma
of claim25 wherein the circuitry and the chanber are

ar $xsiRiien spusse Brapgement ingluding siraueyi far S%??PY‘%Y] gnaplingr qogplingtof the

at seb §ASteqMMRicPto ath@aspbﬂerﬁl thd urspindfse&gu %fé@t’r&l%s foe ehdBfing plasma
second el ectrode processor of claim3

wheeiing elegie feldscat the Péwe’ah@e@ﬁ@leé fochotsevpledtp ﬁwg@ﬁ!ﬁm for
preventing substantial current to flow at at | east one

of the %@=rallty of frequencies to the second
el ec?$-odke progessgheieclaim)25 avherginfthgdrcpifyy isvsrapsed fercpupding g plurality

I e§eheieBendial Rhd @kt defrodealdfoP Couplig £ Mastbfe & tﬂé’ﬁe@ﬁen@&s to the
| east one of the plurality of frequencies fromthe

f i yeeqndglegeqdende to t he

27. The processor of claim 25 wherein the circuitry is arranged for (a) providing
an impedance match between sources of the frequencies and the plasma and (b) decoupling

the frequencies associated with the different sources from each of the other sources.

28. The processor of claim 25 wherein the plasma excitation source arrangement

includes several different frequency sources.

29. The processor of claim 28 wherein at least one of the sources has a variable

frequency.

30. The processor of claim 28 wherein at least one of the sources has a fixed

frequency.
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surface and (b) a filter arrangenent of the circuitry,
the filter arrangenent being connected to the second
web@seade for preventing the substantial fl ow@f/US2004/027064
current at at |east one of the plurality of
frequenci es between the second el ectrode and the
reference potential. 35. The processor of claim?25
wherein the circuitry is arranged for connecting the
second el ectrode to a reference potential and for
supplying the several frequencies to the first
el ectrode. 36. The processor of claim 25 wherein the
circuitry is arranged for supplying the sane frequency

to t jrst and CO | ectrodes. 37.. Th rocessor .
of cPhi TROmOREREr s "B G ARGS girabinio P B gl Tedmencies
Ci &f€adi (a) Yhel ensity’ ahe Pldma (5) thivllehapye ofi iy i€ chepplasny, b (c) the
sever al ff%q%gncies with the el ectrodes. 38. The

pr PERSTEPIBEPIAMA 1y 25 wherein the circuitry includes a
controller for selectively connecting the second

electrode to a reference. potential durjng a first .
wor kprodte PIPESERE & Sl 8 o lsot anslithy Supdis P yafaple output
Supgiey.i Ng the sane frequency to the first and second

el ectrodes during a second work tine piece period. 39.
The processor of claim 37 wherein the controller is

alr range ghé Qﬂbce‘gﬁr Gﬂblhi\iﬁi.‘,y»vlﬁ‘e%iﬂlﬁﬁtcirﬂ@tr)th hﬂhtﬁé Etfadnber alre arranged for
el ectrode to be responsjve to each of the severa .

f r BGUREHRS abangil fgrepta fiopad ]F?Sltrﬁnep%trrt & BT figfuenigs to the
TheecHGdiddel asma processor of claim25 wherein the

pl asma excitation source arrangenment is arranged for
appl yi ng several of the frequencies to the first

el ect38.008e prddessof BE AL IV Whddi A HERITDIOE AFISAE claberd dianigeafent for
wher ei n tgg first and second electréggs Pg@ Bﬁgisounce h
ar PEYGERGEsPstaptial crrentfg digwrab at leat opqief th RIvEBRH drequencies to the
el egbddodi@trbde iBGudk (4 als@ffee e the cRaiRNkt Pdefepdite pobdntial for causing
si mul t aneousl y

causi ng. t he sour arrangenent _to appl

t heureeat Aalop at AblgRat ARs of i urgly of Fpaupncifs dop By Brst sfeitodgyo the
VagiHacs :_BJdE(S) W R Qﬁ&%&g@é’g%e pifdﬁfi@g _ﬁib Iﬁgex&m@gl efiehte@ihg connected
conpri sing a vacuum chanber inclu an el ectrogde
ar f%thaé%@rgﬁltel?csp&sfﬁwﬁxﬁnﬂ'@g ‘E]F sstantial B9y 3 postent gl E?gs‘ ppe of the
a pREGH GbquchBestBRitatthe &daidicRdtrdéde ah®the BSPeias potentibid
gas adapted to be converted into a plasm

35. The processor of claim 25 wherein the circuitry is arranged for connecting the

second electrode to a reference potential and for supplying the several frequencies to the
first electrode.

36. The processor of claim 25 wherein the circuitry is arranged for supplying the same

frequency to the first and second electrodes.

37. The processor of claim 25 wherein the plasma source arrangement circuitry is

arranged for simultaneously coupling the several frequencies with the electrodes.
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for processing the workpiece, the el ectrode
arrangenent including first and second el ectrodes

w0 e@pme2svel y on opposite first and second si dBGT/OB20041627064
region and a third el ectrode on said first side of the
region, the third el ectrode being peripheral to and
electrically insulated fromthe first electrode, a
pl asma excitation source arrangenent for deriving
el ectric energy at plural frequencies, the plasm
excitation source arrangenent being arranged for

sel ectively coupling energy at the plural frequencies
to the Thepsecessqrefshim 2 wherpinthe circwtey inglides arcerrrofler fay selgetively

C UWohfdfingtthe @Eoﬂd%&o&qs a QerrE&@ P&L,Mfaﬁ(!lunﬁé G HHE Q/Sllkﬁi%cet ;ﬁ‘ocessmg

flowinthe third electrod hout current at
t Héng peripdeandi fos s¢lectivgln gumﬂmgﬁ same fregpangy & Eet fflfé‘d@!d second
Bt erein the el ectrode

ar#gﬁggﬁent %ﬁg B%géﬂgl éﬁ%?émﬁgctrode on sai d second

side of the region, the fourth el ectrode being

peri pyeq Jo@es%ﬁldofe%%t 7 Gilkleth lh@sé&hﬂlﬁp i Eﬁ):mgw for selectively

second el ebtro e p asnma excltation source

arcroanrﬁg@nﬁethc ﬁt§é¢lp@r0é¢ todagestorisive tesenckef thy eaveraldfpgpniiggduring the
rg*@mm; &ﬂgwngyrth el ectrode for causing current at

at least one of plural frequencies to flowin the

fourth electrode without current at all the

fr eqh’@nﬂeevc‘acad.rl?wa%ﬁ% F{lﬁﬁ%gtg%%ﬂﬁn 59%%%§%m%mta%n source

The processor o erern

exasiapgenientis erngeiforapplyingsensral of the figquensise td thefirstginsirgdeng
energy at at |east one of the frequencies to the third

el ectrode. 45. The processor of claim43 wherein the

pl asfa Ebecvacaumt plasnsomeesssonef daimiovhereinsthe firstangserond electrodes
appliy e

i hag'Jd f%ﬂ ?«tnﬁ& Frg%lg € ?tarel ef‘bg rcgﬁcsg?g%? sk H%J%g.?t}rﬁﬁg thDe at a
whesfeesnge pétentipl asinﬁvr emmlta@puqu caysing dlee @mcar@gmcntuts apply the
ar gy at at |east one of the
fr%%%%ﬁ%ﬁ%g&fﬁﬁt er?%} gnd fourth el ectrodes. 47.

The processor of claim43 wherein the plasnma

excl 4t Woh. %ﬁ@m? fo%ELQ&J 'Tof! rdc&%%‘ d€Forppibde! dofdbrising 2 vacuum
arrangenment for enabling current a east ohe 0O

t hehambesgodwdingan electfole wrangemens fort weplwng iplasrad excitptipaefields to a
a

o2 SEREUBRES Al bteopbhly o RREBIA DT i Bled S asma
el f@ttnrmman@et\h@kmeqeerﬂmelectwd@ eqmanmnenm@clumne first and second
Pr 8&fadd resEéchG%@bmpﬁs1W§t ?ﬂu{]sewhﬁ sﬁle@oct{me r@é&{ én%t 'tﬁﬂi electrode

source arrange
on said first side of the region, the third electrode being peripheral to and electrically

insulated from the first electrode, a plasma excitation source arrangement for deriving
electric energy at plural frequencies, the plasma excitation source arrangement being
arranged for selectively coupling energy at the plural frequencies to the first, second and
third electrodes for causing current at at least one of the blural frequencies to flow in the

third electrode without current at all of the frequencies flowing through the third electrode.

43. The processor of claim 42 wherein the electrode arrangement includes a fourth
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includes a filter arrangenent for enabling current at
at | east one of the frequencies to fl ow between the
wo oaosko2ed ect rode and a reference potential wWhPCEUS2004/027064
preventing at at |east one of the frequencies from
flowi ng between the fourth el ectrode and the reference
potential. 49. The processor of claim48 wherein the
pl asma excitation source arrangemnment includes a filter
arrangenment for enabling current at at |east one of
the frequencies to romrbetmeen t he third el ectrode
an I | | t. at | t
ondeByolf o <f & ATLETLH Be st BeNFEHkRE: BinEborgfag o an
eI electricatly ua'nldtetl iy thé siceml(mecpoxieeﬂtib Ipmlsm5 Excitiiiin source arrangement
r f in th at on
- Sofamgatingd toleeBlel ol Sl s BT R SRSl ot a
at af leas onemf@huﬂ ﬁdqeenf:lresauptﬂmcmehe foorth blecttodé without current at all the
%”%% ﬂo&’}l{gt{]rrgt? Qﬁeotgﬁ-ﬁms?rtr&fe claim42 wherein the
excl tation ource arrangenent includes a filter
arrangenent for enabling current at at |east one of

t he fre | atuee ird.elect

ang iy AHEBEeESon S et a oA Be obpd fefitg L, obige Hirfbagpent is
onarraiged foeapplyggueadgy @ at lbasomefof thedfragnehadsue tha thitdeldctoded

el ectrode and the reference potential. 52. A nethod of
processi ng a workpiece in a vacuum pl asma processor

i ncl 4ai ﬂ@e @r(messmrurfl otdiva it evheteirc the glasgya @xciti@Cioufd arrangement is

2 PRORSIBE oot SHBRu PP AL 25y fls PR R shdeosd

converted into a plasna that processes t he morkplece

t he %e gode arr (%% % ir first .and second
eIectro 88 PIOsEEC dﬂwgﬁb & jPlayms jey@iation, jpurce agrngement is
Si eemgal for hiﬁplymgieﬁﬁgﬁﬂﬁataea‘shbxledoﬁ%ihedieqmae@fb thaithird and fourth

flgm:oﬁlde of the region, the third el ectrode being
perlﬁﬁeral to and electrically insulated fromthe

first el ectrode, the nethod conpri sing coupllng energy
secon

at pI r frequenci the firpst

ol ebtifody PEHAFAT! S & heeiny b8 rlasBE GG Spet mFengemen
pl incltesfar ﬁ!@u emaigesent Ifamsabluig rtdﬁenttdn bt ldase breodf rtlmi&quenmes to flow
Wi t at a o oW n

PR e hieF oo e B o Plssrb el 6 E o m@ P e e of the
52ﬁwmmmmmﬁmﬂﬂmwmghﬂw&m&w&mmahgmnbamimaﬁmndESpamﬁEUrth

el ectrode on said second side of the region, the

fourth el ectrode being peripheral to and electrically
i Nnsulét dtle fpracmsbmef daioodd vréblemt the pdasmb legcitmeidbi @6lirce arrangement

u r|S| | ec coupl,ing ener to the
ol PR o b lg® R B v Resfo BE o g o now
pl brrtwbenftlneefqmﬂndco&sde and a reference potential while preventing at at least one of the
frequencies from flowing between the fourth electrode and the reference potential.

49. The processor of claim 48 wherein the plasma excitation source arrangement
includes a filter arrangement for enabling current at at least one of the frequencies to flow
between the third electrode and a reference potential while preventing at at least one of the

frequencies from flowing between the third electrode and the reference potential.
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flows in the fourth electrode wthout current at al
the frequencies flow ng through the fourth el ectrode.
wG20050hee4ret hod of clai m 53 wherein the ener gyPeBUS2004/027064
coupled to the third el ectrode by connecting to the
third el ectrode a power source arrangenent having at
| east one of the frequencies.55. The nethod of claim
54 wherein the energy is coupled to the fourth
el ectrode by connecting to the fourth el ectrode a
power source arrangenent having at | east one of the
frequencies. 56. The nethod of claimb55 wherein the
energy is coupled to the third el ectrode by connecting
to t ird el ectrode ower .source ar.rangenent .
havi 0 0 PRSSEOTGH ST BT UE GHEPE excian SGe ApRggent is
of argdngéd oappWlilefirpy it ACleBtice@Y the SreQRikidsa6lthe ehifd RRxctiddier d
el ectrode by connecting between the third el ectrode
and a reference potential a filter arrangenment that
passas. ghe lpRsdsor0BEclaiin U avhefeRjthe Ndsfia eXbichtibh GGt Atangement

| east .one_of the frequencgies. 58. The nmeth of cl al
53Mefydsses ffter Arzangeraeny 3°rie "Cbél%fﬂr%‘ 1t 8t et °‘P°cf§ Slﬁ"rgeq“e“"‘em" flow
el g&wéesad?e third ele&RAE bﬁdwagrelheénwmenf o tiflevHile prevéntiah et [he@d @ne of the
and a reference potenti a filter arrangenent that

oo Sewencies HoguLqwigsRetefen s i estsede apd e sigrense ptgadial

| east one of the frequencies. 59. The nethod of claim

58 wherein the energy. is coupled to the third ) .

el ectPPodd BRTRERICHHG LEIHRIER 1B A2FHIY RIPSER JIcPEefencluding a

anJaciuh RhSERPHEluBAg e blecodarfankdn®it RF SupPIFREPAEMA Hiitation fields
passes at |east one of the freguencies and

I ] | ocks at
| edfst region of thechumber sepamsive; te 82s 1B 15 qanxerisd iMo 4 P@Fm% fhaf prpoesses
52 W?é&e,ﬁﬁ@el&ﬁ%ﬂ@&rah&nﬁéﬁﬁﬂﬂﬁﬂné Brst 3@ séddhd électrodes respectively
el ectrode by connecting to the-é&ird el ectrode %fﬂomer
aid first side of the

s 0 QP eRposite i gadeasend sides althefesiop A 2 thisd elggirodeon s

f r eGHRAN BleGBird Rflectrdde Eoeitipt ﬂ%ﬁﬁh&eﬁ t6 | 2l rAloRicaMyCiQildted. B6m the first
energy is coupled to the third elect;%fg by connﬁc%%$% d
beelfererthrometipd epmrising copphingeRarey 2t hal EFAUENTISS (% 1HE ALY, Secon

fi lA®thirdEledogeyse at blrtht 40 a88860na of 1he pRital BB RIeiesflo@s in the third

frequenci es and bl ocks _at | eas ne. of th
fr é]ggpgﬂe Iwggqut current at all of t?)e ﬁrequencges %owing througle; the third electrode.

53. The method of claim 52 wherein the electrode arrangement includes a fourth
electrode on said second side of the region, the fourth electrode being peripheral to and
electrically insulated from the second electrode, the method further comprising selectively
coupling energy to the fourth electrode so current at at least one of the plural frequencies
flows in the fourth electrode without current at all the frequencies flowing through the
fourth electrode. |

54. The method of claim 53 wherein the energy is coupled to the third electrode by

connecting to the third electrode a power source arrangement having at least one of the

frequencies.
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55. The method of claim 54 wherein the energy is coupled to the fourth electrode by
connecting to the fourth electrode a power source arrangement having at least one of the

frequencies.

56. The method of claim 55 wherein the energy is coupléd to the third electrode by
connecting to the third electrode a power source arrangement having at least one of the

frequencies.

57. The method of claim 53 wherein the energy is coupled to the third electrode by
connecting between the third electrode and a reference potential a filter arrangement that

passes at least one of the frequencies and blocks at least one of the frequencies.

58. The method of claim 53 wherein the energy is coupled to the fourth electrode by
connecting between the fourth electrode and a reference potential a filter arrangement that

passes at least one of the frequencies and blocks at least one of the frequencies.

59. The method of claim 58 wherein the energy is coupled to the third electrode by
connecting between the third electrode and a reference potential a filter arrangement that

~ passes at least one of the frequencies and blocks at least one of the frequencies.

60. The method of claim 52 wherein the energy is coupled to the third electrode by
connecting to the third electrode a power source arrangement having at least one of the

frequencies.
61. The method of claim 52 wherein the energy is coupled to the third electrode by

connecting between the third electrode and a reference potential a filter arrangement that

passes at least one of the frequencies and blocks at least one of the frequencies.
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