METHODS AND ARRANGEMENTS FOR MANAGING PLASMA CONFINEMENT PRIORITY CLAIM
This continuation application claims priority under 37 CFR 1.53(b) of and claims the benefit under 35
U.S.C. 120 to a commonly assigned patent application entitled "Reduced Electric Field Arrangement For
Managing Plasma Confinement,” by Fischer et al., Attorney Docket Number LMRX-P123/P1595,
Application Serial No. 11/618,591 filed on December 29, 2006, all of which are incorporated here by
reference. BACKMEGTRODS ANEARKANGRENHNTY BB S NALHEN( BloAss¥lAg have facilitated
growth in the semiconductor industry. Durin@COMFINBEMEEDINg, plasma may be generated to process a
substrate. However, plasma has a tendency to expand beyond the wafer region. Thus, the inability to
confine the plasma may result in uncontrollable substrate processing, which may result in substandard
devices and/or defective devices. [Para 2] TBREOHREKY §it&!Mion, Figure 1A shows a schematic of a

plasma processing system 19gs B[ﬁﬁmmm@@ﬁm@ya@ms@@oﬁ@yub@ea singler dosplg PFC) or triple
frequency RF ca tlvely S ¥am le, radl fre |es include, but are
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not limited to, 27 asma process 5iheiude an upper
electrode 102, wtmrchdsﬁ Bechm@illljlgrmudﬁekd Amdﬂwmwvma@@mgmgtﬂhoﬁszmwrplébma processing

system 100 mayinglyde an slaciesialisehuck 04 WRHIER P13y Betes %R‘IY?&%‘?%‘@HQFNEP ara 3]

Consider the situation wherein, for example, a substrate 120 is being processed. During plasma
processing, an REQ&wet ]fﬂ@inf&‘y Bécﬁﬁbﬁé@?o el sdtatic Whistk AOAPRITN9EHASE 1916 vy interact with

a gas 118 to igndpflasma 106 between electrostatic chuck 104 and grounded upper electrode 102.
Plasma 106 may be employed to etch and/or deposit materials onto substrate 120 to create electronic

devices. [Para 4] Plasma 106 tengs\e R0t RBYSPAE NAENEHNG (€.9., outside of the region

between upper electrode 102 and electrostatic chuck 104). If plasma expands beyond the wafer region,
plasma density may decrease and plasma processing may shift outside of the wafer region resulting in
uncontrollable s 3& processm Slnce lasma Jgo ntrollc?2al within the wafer region,

st C
manufacturers ENtaTId Wﬂﬁ% & piadin a‘i%?é‘ﬁlé%r%ﬁ@ ESSTVER"CHSbration has
aftempted to penfdusrplaBmang piifimenpentelsimpeghanically borfinimgdheophasma byempieying
confinement nng%vvever, plasma has a tendency to expand beyond the wafer region. Thus, the

inability to confine the plasma may result in uncontrollable substrate processing, which

may result in substandard devices and/or defective devices.

[Para 2] To facilitate discussion, Figure 1A shows a schematic of a plasma processing
system 100. Plasma processing system 100 may be a single, double (DFC) or triple
frequency RF capacitively discharge system. In an example, radio frequencies (RF)
may include, but are not limited to, 2, 27 and 60 MHz. Plasma processing system 100
may be configured to include an upper electrode 102, which is generally grounded and
has a voltage potential of zero. Also, plasma processing system 100 may include an

electrostatic chuck 104, which may act as a lower electrode.

[Para 3] Consider the situation wherein, for example, a substrate 120 is being
processed. During plasma processing, an RF power 116 may be applied to electrostatic
chuck 104. RF power 116 may interact with a gas 118 to ignite a plasma 106 between
electrostatic chuck 104 and grounded upper electrode 102. Plasma 106 may be
employed to etch and/or deposit materials onto substrate 120 to create electronic

devices.



[Para 5] Plasma processing system 100 shows a plurality of confinement rings (112a, 112b, 112c, 112d,
and 112e), which may be a set of parallel rings inside the processing chamber to prevent the plasma from
forming in the outer region. As discussed herein, outer region refers to the area between the confinement
rings and a reactor wall. Typically, confinement rings may be constructed of dielectric material such as
guartz. [Para 6] However, confinement rings may not be sufficient to confine plasma if the electric field is
high enough to [Ranmdt Ritngat0e1t8nds ighirepanslsyrndntisevaite reaigin e th. anveidgnepléreplasma 106
may have a voliagepetential G%Bér whishmayber selifiaddcedreiental ofthe plasmpariative to ground.

An electric field may be induced due to the differences between the voltage potential of E,Iasma 106 (e.g.,
at plasma edgeE¥8)HHA YHLSU TG PBfaRdasHY MaY B ean AP MR Rt Yiblihded and has a
voltage potentiahafiderof THeusattthe glifierenténis inighenavihbla sitengielpeicicdietd 1Si0cmay be created
resuling in plasma heing ianited o, fag st region, JRers. Tl The electic fisd amplifde, jpduced due to
the voltage difidrénce between voﬁage potential of plasm egi’ge 168 and the vol%ageppotential at reactor
wall 114 may bewmessedlpynRqution exEvpleyhavpRestiatioh rpjRacs 8lam Fgumtksh 9, the electric
field amplitude é@fmﬁb’ ﬁl@sﬁ{é)%ﬁtfifﬂ@_ﬁ‘lem the B@&%Qﬁ'ﬁ@m}ﬁ%ﬁﬂﬁﬁlé)féﬁ‘é’eﬁ%n‘{ﬁ“ﬁﬁ%Bﬁf@ﬂﬁ@ (Vp) at
plasma edge 108 and voltage potential (V,) at reactor wall 114. Given that reactor wall may be grounded,
the voltage pot&SRAPRPS A ctor wall 114 may be equaled to zero. Thus, the electric field amplitude (E)
may be equaled o th ltage potential (Vp) at a edge 108 divided.by the dista d) between
placma ecgo 108 AR CRE R e S A RS o el S SR S ARETERE) ey be
higher if the voltdgé. ddtsntidPdyvpidat]gras miziadyey 108! isrtrefazeabie tine giistaide hidpricessthe distance
between the plagmaeraeA0dihadsacion walh fé%ﬁﬁg%ﬁ dNsuiberease inelgcliis gl may lead to

plasma striking in the outer re%on causing unintended plasma unconfinement. [Para 10]To be
competitive, mattiFACEHERs Ve Midifftea rier8ads SRIEMENSYCBREINY ificieMl)” IN%h example,

manufacturers mgpidvantdsnineiaasaieticienae toilertchsigiRioassslakintrabingtheetch rate. To
increase the etch rate, higher RF power may be employed to increase the plasma density. However, as
can be seen froaEa @htion dycnigloafiRMmpgwarzmay estiibénsathigéndrtplasmhiacplemiaii(ite:, voltage

potential at the Qﬂéc'%ﬂ?:af{%?’cg?s)’h‘&ﬂi%'{l(liﬁ@y el asihonaer ®ecuinield felng generajad: Thus, an

increased in the RF power may result in an electric field with sufficient amplitude to ignite plasma in the

confinement rinff&i¥yidh 2e3rBRePERRANRS mantriciuYelesn &9 niat (Y ihcriksekrobeds efficiency
and control by egiplayirgdagiighesoas flevplaitatetgived Rivpaiverdn nerersadhe gighbate. However, a

higher gas flow rate may also jncrease the gas pressure and thus the likelihood lasma striking in the
outer region. Ddrgitflc(f %le %ﬁetgtrtliéeffg@efﬁré ersr%?/t eelgljetn%rvaq[%aﬁnpt 1800 eolr%r %S(%a, gé@é%r‘ét’eaﬁrocessing may
be limited in terplasfithedgen bt @fdRke palegeapatotigast flowadte tat idy weidmplopedlljPara 11]In

addition, manu}‘w%& EHQME‘%'%‘N&E%&EHEE‘B?Q%e”?ﬁ&,bﬂf the difference is high enough, a

strong electric field 110 may be created resulting in plasma being ignited in the outer

region.

[Para 7] The electric field amplitude induced due to the voltage difference between
voltage potential of plasma edge 108 and the voltage potential at reactor wall 114 may

be expressed by Equation 1:

Vp-Vw _Vp
d d

E = [Equation 1]



processing a larger substrate in order to create more devices per processing cycle. However, increasing
the substrate size may decrease the distance (d) between plasma edge 108 and reactor wall 114. As can
be seen from Equation 1, the reduction in the distance (d) may also give rise to an increase in the electric
field (E), thereby, increasing the possibility of plasma ignition in the outer region. [Para 12]Figure 1B
shows an equivalent circuit model of Figure 1A. During plasma processing, RF power 116 may be applied
to electrostatic tRakk81da. it dpdherletioadicd2aspjivdadEd, maaksenperedone RAkurrent may

return to groung,grpuaruHRpElelestirds 10R. At bR rdoe\) thepplasmadRF1oariant yp@yLeturn to ground
via three different paths. The RF current may return to ground (e.g., reactor walls) by capacitively

coupling with aPUBPEH dibetrBuiseenilnl18o afdy st reaeior oue! dRienSorr Btk Hh is shown as
capacitors 21 andlidgs fespeciiv@ly) dihedeonailng IR mayrberignadd retuento THounbeyellawing through the
confinement rings, as show, capacitor 23. [Para 13]Some manu rers have atte d to reduce
e a8 e BETHIE et by

increasing the distilsddYdybdisiaen (Bldstedyesnogdasd P8 aotbieastl 4l Héwever, the increase in the
distance (d) maE/ require an increase in the reactor size. Increasing the reactor size may also require
modifying other TBRIMSHENES rrkavabior dsdbeisterrinifichEnginy the hehetdF davedamponent may
be costly. [Parapb@Miiin the pposas glasms aandiemant drsangeeilk. corfiiamentbengsimay be able to

prevent the plasma from, %égé‘QQA’IQ#E%%’&QF\%QB%JCG e'{&!]‘: Howeyer, a5 manulaciyrers aftempt to be
competitive by increasing process efficiency and control (e.g., Increase RF power, increase gas flow rate,

and increase substateasitdlinthia dondineniegiorieysingaynindelisled etdmannefidfotrracptasma confinement
tool as the electric field increases, thereby increasing the potential of plasma being ignited in the outer
region. Also, théfiBri8H sollifldhf SOMERSAS T gHHR FeiDr S12¥ct3 Bt the'BiEwfc Rzt tnay be an
expensive alterpaipéssaind:anamnot providaapselutiaoriotes iy enl plasniaiptacessindisystem owners.
SUMMARY OF%NVF TION %Parg 1l§l]cThe.inv%ntio reI%:\tesr in an emkglgdier{rggnt to.a met for

. €. 1n TrO¢cessS reasing the etch,rate Q 1ncrease rate,_higher .
processing a su Strate in 2 p asma processf%ng chamber having a Ehambér wall. TP\§ method includes

providing an elastradenayrbh gepientdiavirgease flindrisaleglectiyddlencapsatatatdbwithin fiaielectric liner,
which is coupleg i ing chambatvally LG Neinad alse InghiferarRvidingan nduckvggircuit
arrangement, Wpl‘](l)st:el‘llltliilcgtu E)Illgdpﬁles%eggggg,e \S chrtlld&?y result in a stronger electric field being

generated. Thus, an increased in the RF power may result in an electric field with

sufficient amplitude to ignite plasma in the confinement rings region. In another

example, manufacturers may want to increase process efficiency and control by

employing a higher gas flow rate at a given RF power to increase the etch rate.

However, a higher gas flow rate may also increase the gas pressure and thus the

likelihood of plasma striking in the outer region. Due to the electric field that may be

generated in the outer region, substrate processing may be limited in term of the

amount of RF power and/or gas flow rate that may be employed.

[Para 11] In addition, manufacturers may maintain their competitiveness by
processing a larger substrate in order to create more devices per processing cycle.
However, increasing the substrate size may decrease the distance (d) between plasma
edge 108 and reactor wall 114. As can be seen from Equation 1, the reduction in the
distance (d) may also give rise to an increase in the electric field (E), thereby,

increasing the possibility of plasma ignition in the outer region.



electrode and the chamber wall. The method further includes generating a plasma within the plasma
processing chamber to process the substrate while the electrode arrangement is disposed within the
plasma processing chamber. [Para 16]The above summary relates to only one of the many embodiments
of the invention disclosed herein and is not intended to limit the scope of the invention, which is set forth
in the claims herein. These and other features of the present invention will be described in more detail
below in the del&id Hscriptighref tReshaventibreanvianeonicHetioedoinf thedoldiingitiines. BRIEF

DESCRIPTION 5 FHERRAWING SdParak7iTheRresantinyentiondsdusiriedony way.of example,

and not by way of limitation, in the figures of the accompanying drawings and in which like reference
numerals refer f@gﬁrnﬂ]ﬁfté‘?éﬁé%ésaﬂaqﬂ%i&H?{?"aPé”l%ﬁlf RS ¥ S8R plasma
processing systemoupRarppO Hriguodel B)3homistan &igdivél et gisonit, RedalrefFigiyerdier] Rara 20]Figure
2A shows, in an.enbpdimant.of e Invention-a,SiEiele, Sies: seignaldiagram of anmpjementation of a
dielectric liner efectrode arrangement coupled with an inductive circuitry.

walls) by capacitively coupling with an upper electrode extension 182 and a lower

electrode extension 180, which is shown as capacitors 21 and 22, respectively. The

remaining RF current may return to ground by flowing through the confinement rings,

as shown by capacitor 23.

[Para 13] Some manufacturers have attempted to reduce the electric field by
reducing the capacitance formed by capacitor 23. Capacitance may be reduced by
increasing the distance (d) between plasma edge 108 and reactor wall 114. However,
the increase in the distance (d) may require an increase in the reactor size. Increasing
the reactor size may also require modifying other tool components. The cost associated

with changing the reactor and its component may be costly.

[Para 14] With the prior art plasma confinement arrangement, confinement rings
may be able to prevent the plasma from expanding into the outer region. However, as
manufacturers attempt to be competitive by increasing process efficiency and control
(e.g., increase RF power, increase gas flow rate, and increase substrate size), the
confinement rings may no longer be an effective plasma confinement tool as the
electric field increases, thereby increasing the potential of plasma being ignited in the
outer region. Also, the prior art solution of increasing the reactor size to reduce the
electric field may be an expensive alternative and does not provide a solution for

current plasma processing system owners.

SUMMARY OF INVENTION

[Para 15] The invention relates, in an embodiment, to a method for processing a
substrate in a plasma processing chamber having a chamber wall. The method includes
providing an electrode arrangement having a cylindrical electrode encapsulated within
a dielectric liner, which is coupled with the chamber wall. The method also includes

providing an inductive circuit arrangement, which is coupled between the cylindrical
4



[Para 21]Figure 2B shows, in an embodiment, a schematic of a dielectric liner electrode arrangement
coupled to a set of inductive coils. [Para 22]Figure 3A shows a simplified schematic of a modified
equivalent circuit model of the electrical plasma-to-ground coupling. [Para 23]Figure 3B shows, in an
embodiment, a simplified schematic of a variable inductive circuitry. [Para 24]Figure 4 shows, in an
embodiment of the present invention, a resonance curve of a parallel LC circuit. DETAILED
DESCRIPTIONeBRPdt3od theeghqgber wall.  The method further includes generating a plasma

within the plasma processing chamber to process the substrate while the electrode

arrangement is disposed within the plasma processing chamber.

[Para 16] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which
is set forth in the claims herein. These and other features of the present invention will
be described in more detail below in the detailed description of the invention and in

conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[Para 17] The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[Para 18] Figure 1A shows a schematic of a plasma processing system.
[Para 19] Figure 1B shows an equivalent circuit model of Figure 1A.
[Para 20] Figure 2A shows, in an embodiment of the invention, a simple cross-

sectional diagram of an implementation of a dielectric liner electrode arrangement

coupled with an inductive circuitry.

[Para 21] Figure 2B shows, in an embodiment, a schematic of a dielectric liner

electrode arrangement coupled to a set of inductive coils.

[Para 22] Figure 3A shows a simplified schematic of a modified equivalent circuit

model of the electrical plasma-to-ground coupling.

[Para 23] Figure 3B shows, in an embodiment, a simplified schematic of a

variable inductive circuitry.

[Para 24] Figure 4 shows, in an embodiment of the present invention, a resonance

curve of a parallel LC circuit.



[Para 25]The present invention will now be described in detail with reference to a few embodiments
thereof as illustrated in the accompanying drawings. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present invention may be practiced without some or
all of these specific details. In other instances, well known process steps and/or structures have not been
described in detail in order to RE{LAAdER IABSHRIBIION DE BMBERIMIENESN. [Para 26]Various
embodiments are described hereinbelow, including methods and techniques. It should be kept in mind
that the inventidh ?ﬁ?gﬁ]also%/%ﬁe%fdl%‘é%tf?ﬂgﬁﬁ%%‘fmg trsgribedungsaopithisierrsadable medium on
which computers¢eadablelimstidctiensofoncattyingtautie minodicnenisudfitiae dnwantive téchmigue are stored.
The computer readable medium may incliude for.exemple, semicopdyclor, magpetic, gptomagnetic,
optical, or other forms 6f comﬁ)uter’ readable medium for storing computer reada Id’ code. &urther, the
invention may alkoyesherrsiopiredingeef fidve prgstitiny ergodinedtdohtperindmiveres iepepparatus may
include circuits, @agli¢ated AR/ QhRQY HRAIRIRIGAMHAPBE tBska RANAMING @ fmbogdingents of the
invention. Examples of such apparatus include a general-purpose computer and/or a dedicated
computing devié%’?/9h%l;=’r‘icé1f;b°pF‘GEWéteF;’)1 OFBYr AiATSES a @ i W RIGESSS chbRgRIrs Grggures
computer/comphiirgnde \Hee adcaidelic at etbtpriogr arieraiol e cir chiiks adafiiie dvaruib ehmapimgsntasks pertaining
to embodimentsmc\)/f t%% invention. [Para 27]In accordance with one aspect of the present invention, the
inventor herein realized that a decrease in the electric field may be achieved by decreasing the voltage

p_otential differ_enf.gryhme 0Uiﬁir{&ﬂiQfﬁbQﬁﬁféf@sS%é%é@@ri%@éfﬁgl%iHQéﬁﬁ@[alhgi&Eﬁfl%Qﬁal{H@s\’aﬁg achieved by
either decreasing the voltage té)é)tentlal of the plasma or by increasing the voltage potential of the reactor

wall. Since a de€FBRKEGH vBIEAGRIH SfektRl B tHBIBENTE dRagYerrBugY afRieneEy Mtsitistfate processing,

the voltage poteniialfadithe neacteiudall maynpare teabibincreasad i onsler o aparaasadigevoltage
potential differenc?. Thus, the inventor her inJeaIi%edeht?t a mechapi m. may have tg b[%grovided in
stru S Of .t € tec

. 1 ctions’ for carr ut embodimen € 1mvent 1que “are stored.
which the capacﬂance isre uce&“(ndgr the |mpedance IS mcreased)' in‘order to Increase the voltage

potential at the ce_amt@pwaﬂdaé)@onef[maraul_zs]ilwbzdcofdaﬁwwnhsﬂ@@mmmdimem@@iqh@mvention, a
reduced electrig,figld. arrapgement & areuie d I Hining, RIAR MR AnPIgS WAL RFiRg chamber.

Embodiments of the invention enable a reduced electric field arrangement to include a dielectric liner

electrode arrang@iidig. efoodiniéifts B VRVENRISPRAISE @ RS tRPUTERSEtiEnRREfstode
arrangement to @ieeticrilys cauptewihiases of mappatatletndustaniceccoilastaidacieasaing electric field.

programmable, to carry out tasks pertaining to embodiments of the invention.
Examples of such apparatus include a general-purpose computer and/or a dedicated
computing device when appropriately programmed and may include a combination of a
computer/computing device and dedicated/programmable circuits adapted for the

various tasks pertaining to embodiments of the invention.

[Para 27] In accordance with one aspect of the present invention, the inventor
herein realized that a decrease in the electric field may be achieved by decreasing the
voltage potential difference in the outer region. Decrease in the voltage potential
difference may be achieved by either decreasing the voltage potential of the plasma or
by increasing the voltage potential of the reactor wall. Since a decrease in voltage
potential of the plasma may decrease efficiency in substrate processing, the voltage
potential of the reactor wall may have to be increased in order to decrease the voltage

potential difference. Thus, the inventor herein realized that a mechanism may have to



[Para 29]In an embodiment of the invention, the reduced electric field arrangement may include a
modified reactor wall that is modified by attaching a dielectric liner electrode arrangement. The dielectric
liner arrangement may include an electrode encapsulated inside a dielectric liner. In an embodiment, the
electrode may have a cylindrical shape. [Para 30]With a dielectric liner electrode arrangement placed
between the plasma edge and the reactor wall, the electric field may now be calculated based on the
voltage potentidiadiffeyedeeibetivekibihcapagtnesdethe fskisath (ahehenengrsetagidslinereaiedirdtle

arrangement. In,aRa@weineHe U&ﬁa%@ﬁ&%ﬂ@l'%fﬁ@”@@iétéiwh@l%gfohfeg'on may be reduced by
introducing an induced voltage (V,) at the electrode. To create an induced voltage (V,) at the electrode,

the electrode m@Bake28ectridally ceoneetediararenchditivaCisC ditryn {Baien 34 Hahar eedeatiment, the

inductive cwcth/ 1qpa}gnclude a setr(g)\;‘lgo(lj table.inducti jve coils. Aql lélr%tamgqutgsgﬁ? cHCI de adjusting the

or co finin Sma 1 a
size of the caoills, the number o turns, the coll l%rpaal The ge etry e cails, an The like. In an
embodiment, thEr@,@tctimanlﬁmgfabtelmwmwen@blbsarmméleﬂéetméedﬁ pigrednduttiveneids i a series. In

another embmﬁi@éﬂtﬁ@%ﬁ%@é&%@@&ﬁ%@ﬁ%ﬂﬁ“mlﬁrﬁ%ﬁé inclidenaeagbRhMariahigdnguctance coils
that may be capable of matching the frequency of the RF power being aEthled to an electrostatic chuck.

[Para 32]By motifAiRg thinrE £Lt6r ot PrBesmeERticorigler Bl Gl Bt fABIIAPIE now a function
of the voltage poigntial@tdbis plakoienedge dadrib&dntluced voltage potential at the electrode. Since the

induced voltage potential at the electrode is a function of the inductance, which is a function of the
frequency of thdHRFa 29] In an embodiment of the invention, the reduced electric field

arrangement may include a modified reactor wall that is modified by attaching a
dielectric liner electrode arrangement. The dielectric liner arrangement may include an
electrode encapsulated inside a dielectric liner. In an embodiment, the electrode may

have a cylindrical shape.

[Para 30] With a dielectric liner electrode arrangement placed between the plasma
edge and the reactor wall, the electric field may now be calculated based on the voltage
potential difference between the edge of the plasma and the dielectric liner electrode
arrangement. In an embodiment, the electric field formed at the outer region may be
reduced by introducing an induced voltage (V;) at the electrode. To create an induced
voltage (V;) at the electrode, the electrode may be electrically connected to an inductive

circuitry.

[Para 31] In an embodiment, the inductive circuitry may include a set of adjustable
inductive coils. Adjustments may include adjusting the size of the coils, the number of
coil turns, the coil material, the geometry of the coils, and the like. In an embodiment,
the set of adjustable inductive coils may include one or more inductive coils in a series.
In another embodiment, the set of adjustable inductive coils may include a set of
variable inductance coils that may be capable of matching the frequency of the RF

power being applied to an electrostatic chuck.

[Para 32] By modifying the reactor wall, the electric field being created in the
outer region is now a function of the voltage potential at the plasma edge and the
induced voltage potential at the electrode. Since the induced voltage potential at the

electrode is a function of the inductance, which is a function of the frequency of the RF
7



power being applied to the electrostatic chuck, the induced voltage potential at the electrode and the
voltage potential at the plasma edge may become more similar, thereby reducing the voltage potential
difference. As a result, the strength of the electric field may diminish and the possibility of plasma
unconfinement may be substantially reduced or eliminated, thereby allowing manufacturers to employ a
wider process window and process a larger substrate during plasma processing. [Para 33]The features
and advantage 9oV end ¢ abpketny the plestieosipierBissd tinderseb ekiags theidigalel &id discussions

that follow. [Para 34l5dguil 2heShavise Iphembedimen affhedpvenlioRcanimpbe.cipsiasectional
diagram of an implementation of a dielectric liner electrode arrangement coupled with an inductive

circuitry. A plasHEEPoCeLHY hseniagsornsy st ddihigiifed (& At altusperatteel dife 220, which is
generally groundectandi¢lidsmayoltageigotantiahofmeshilkisaf phksma processing:systam @00 may include

an electrostatic chuck .2 ch;igh maéiiact asa \?w r electrode. Il?l%ra%tg%]r(s:g)n%!(lj@r the slié]teJration wherein,

for example, a SSBBSsttarnaH% 553 Wﬁ?c%rme{?/l ea Stl icon’ v%a?évrl,nr% lE)lelng pr(§ces§)ee . ?Yri%g‘gv plasma

processing, an RPEswend»e spdproecsippliegeicwidtioduatie ehyek PRzeRMPpower 226 may interact with
a gas to ignite a plasma 202 between electrostatic chuck 222 and grounded upper electrode 220. Plasma
202 may be emP18iR2d3b etchS 851 HepybrIEERN O LD BUHLPRE L A4 8L featadsiaar8nic devices.
During plasma priocessiaggsquagiad 202 withdsvoliage phatésitial (Vp) may be confined by a set of dielectric
confinement rings (204a, 204b, 204c, 204d, and 204e). As aforementioned, plasma 202 tends to expand
beyond the wafPaeidh (e.dimvutside sbbtie regionrbeadieent ipbe elacttote 230nakdcetettrostatic chuck

222) as the 9aSsH&E‘f‘Jﬁ‘ﬁt%h‘é’éﬂaxﬂ”'%teﬁciﬂﬁlféﬁl%lgtm WB%&QQ&% ﬁ%@fae%@lﬁ@%@&%ﬂike”_how of
plasma unconfinement, a reduced electric field arrangement is provided. The reduced electric field

arrangement m&SFRIELIAEHE IR GEETUINRI 218 AT nRERRRSE By HHERn Y altféI detric liner
electrode arrangeiignicd06. iltlateemhpgineptidielexnicWiiel aleekiadeagrangrRimand 26 may be

cylindrical. DieIec(:)Eric liner eleg]trgge arran ?menf 206 may be attached tQ t(“podified rF%%t%rnwall 218. In an

embodiment, thé aftachinentds 8 ngghan|cg?bgnaa%aetaleeeﬁs&lélesgtsrtl%nﬁneor eflelgrolg%uarrangement 206
and modified redettiovatic 2h8cK R Zhothish may act as a lower electrode.

[Para 35] Consider the situation wherein, for example, a substrate 224, which may
be a silicon wafer, is being processed. During plasma processing, an RF power 226
may be applied to electrostatic chuck 222. RF power 226 may interact with a gas to
ignite a plasma 202 between electrostatic chuck 222 and grounded upper electrode 220.
Plasma 202 may be employed to etch and/or deposit materials onto substrate 224 to
create electronic devices. During plasma processing, plasma 202 with a voltage
potential (V) may be confined by a set of dielectric confinement rings (204a, 204b,
204c, 204d, and 204e). As aforementioned, plasma 202 tends to expand beyond the
wafer region (e.g., outside of the region between upper electrode 220 and electrostatic

chuck 222) as the gas interacts with the electric field in the outer region.

[Para 36] To prevent the likelihood of plasma unconfinement, a reduced electric
field arrangement is provided. The reduced electric field arrangement may include a
modified reactor wall 218 that is modified by attaching a dielectric liner electrode
arrangement 206. In an embodiment, dielectric liner electrode arrangement 206 may be
cylindrical. Dielectric liner electrode arrangement 206 may be attached to modified
reactor wall 218. In an embodiment, the attachment is a mechanical bond between

dielectric liner electrode arrangement 206 and modified reactor wall 218. In another

8



embodiment, dielectric liner electrode arrangement 206 may be attached to modified reactor wall 218 via
a set of dielectric fixtures (e.g., dielectric screw). [Para 37]In an embodiment, dielectric liner electrode
arrangement 206 may include a cylindrical electrode 210. In an embodiment, the cylindrical electrode 210
may have a thickness of 1 mm or less. The size of the electrode may be relevant in reducing the space
that the electrode may occupy in the reactor chamber Also, cylindrical electrode 210 may be made of a
conductive mateémadiesnasiielnsaicridichelenieidel esangameniROARHoUghadkherticanetddirdde 210 may
interact with RFpRwek246 19 %ﬁ@‘é@t%N&Eﬁ;@%@ﬂ%ﬂﬁé@ké‘%cﬂia@é%'s%l%@l)r ode 210, the impedance may
be relatively low and the voltage potential created may not be sufficient to significantly reduce the electric
field. [Para 38]T@ianai¥Ese the mpeﬁhandﬁn@m idehletivie ¢iﬁeuméma&ebertm|hemmnmm between cylindrical

electrode 210 and Odlfle | reactor w, g §16\s Ishown | cwcudtr)é 2 is in parallel
ndrica } dr €21 él ETg ent ?/I\lq
with a capamtance 0 between cylindrical electrode reactor a e resulting electrical

circuit is equivalent i@l‘e@ palztlshesS dirbumm Thd R |ﬂﬁ}§e@@1@étber@lecepémhﬁmmﬁﬂm@ytvary with the RF

frequency as shoyyiap ﬁig%ﬁfaé& lHa@QH%”&E&@‘SG@%a‘?QJ&EHW ﬁirQHét%z%Jc& neRnihGludg Roset of inductor
coils, which may be electrically connected to cylindrical electrode 210 via an electrical connection 208. In

an embodiment-YHBIRRIE S a4 miRs B dipi<raphdustie maseseshoriadiaaval uitry 212 may

be adjusted by ad;meemglﬂnmmﬁe ok Hheueailsylihériouineeroficil Gums, ihersoiviaRAglothe geometry of

the coils, andt Kg eelryge)ﬂance fth Q@rallel LC Ci cwt |gea§[? functlo of both |gductlve circuitry
or 250 he

212 and capaci The |mpea Y e pa?(aﬁe]i1 cﬁ%tlrﬁt can reflorg e (:$E1and'ede by adjusting

inductive C|rcu|tr9122m@1}[F1’@WaaBQ]lh6aWbﬁtﬂb®th@ﬁt dredigdtive)cireulteyseff Rimmayobeandinradied in series
with an optional tgsistel 214 Apgdeiive circuitry 212 and resistor 214 may be located outside the reactor.
In an embodiment, resistor 214 may be employed to limit the abrupt change in impedance as a function of
frequency. In anExarsgje, reﬁdst@crraaké maynipandes) iaresonanceaufvmisas higlkmdyaich that a

gradual change [ the impedan re Qy, chan sé) tly. %gs res tor 214 may
provide the mducr':tlve cireut r;fl\(/:\?l ﬁﬂ;ch%r% Lﬂ[ab e .%%Hé? dance'va ueﬁ][ gé?a ‘mﬁe adddition of the
inductive circuitdp ﬂnenmpedemetlmaﬂbel&gnmcdhﬂlywmmtan@b|a5@1h¢tm®}n indredrsatthe voltage

potential at cylinglricaliele ¢y 9fg ~i0oAR Aressltriealaalic deltialtis QIR (gaiRfiGo &t the edge of

plasma 202 and the confinement rings) may be significantly reduced. However, with an increase in
voltage potentidt&t!is}ihGrriEUdte cHSIR 2 ibPedapseori el @ t?%h%%hﬂ‘%\)@@é‘f’é‘?ﬁf@ﬂ BEtween

cylindrical electredpest( andieaston \wadusl 6 and the-spoanaealechicdield mayiiRterartydgih the gas to
ignite plasma. include a set of inductor coils, which may be electrically connected to cylindrical
electrode 210 via an electrical connection 208. In an embodiment, inductive circuitry
212 may be adjustable. The inductance of inductive circuitry 212 may be adjusted by
adjusting the size of the coils, the number of coil turns, the coil material, the geometry
of the coils, and the like. The impedance of the parallel LC circuit is also a function of

both inductive circuitry 212 and capacitor 250. The impedance of the parallel LC

circuit can therefore be changed by adjusting inductive circuitry 212.

[Para 39] In an embodiment, inductive circuitry 212 may be connected in series
with an optional resistor 214. Inductive circuitry 212 and resistor 214 may be located
outside the reactor. In an embodiment, resistor 214 may be employed to limit the
abrupt change in impedance as a function of frequency. In an example, resistor 214
may broaden the resonance curve (see Figure 4) such that a gradual change in the
impedance may occur as frequency changes slightly. Thus, resistor 214 may provide

the inductive circuitry with a more stable impedance value.
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[Para 41]To prevent plasma from forming between cylindrical electrode 210 and modified reactor wall
218, a dielectric liner 216 may be employed. In an embodiment, cylindrical electrode 210 may be
encapsulated within a dielectric liner 216, thereby preventing gas from flowing into the region between
cylindrical electrode 210 and modified reactor wall 218 and interacting with the second electric field.
Dielectric liner 216 may be made of dielectric material that may be compatible with the plasma process, in
an embodimentlBaxaHPles ofvilleldariddizaarial ihelieicHie siecwonlirieesmpedaagsionayRartz,

polyetheretherkgong-(REF b d:sHPRNIHE A0S ARG RIARISS ARMRAHBIE Mt RS MCAIHURLAN processing

conditions. [Para 42]In an embodiment, to prevent plasma from forming at the edge of cylindrical

electrode 210 (S'6°U818 L8 and: aradiod) clrdriGidtHbrGIRIRURE FREP2 1 mal Ravded Ye wider than
the width of cylipdrieal X2 ciro die: 2bafileothe ringidsahe tapnefilgatdf cidleadricHinesv21 6mitday extend

beyond the top edge of cylindrical electro?qe 210 and the bott géd e of the dielectric liner 216 may
e oo TR B e A B B e e

210 may be endepsbéafeinadtbetindialsalindiingraasode 3d 0 cidaagipriel | 2d e endthe sa@may be

prevented from IpigrRcting Mihithe Qa5 1@ gpilsskipsma pithimareas 228 and 230. [Para 43]To better
illustrate how the inventive reduced electric field arrangement may be implemented, Figure 2B shows, in

an embodimentjRagchAematidofpactidlegtriamlifame ketiagdebariangemadticaupteddoca setand inductive coils.

A capacitor 250 may.be formed dielectric. liner electrode arrangement 206 (including cylindrical
Clecttoe 210 A LA T DL} LR B A Pesatbroaah J AR R grounded.
The electrical coviiitiicbetiveepdmadtifiedydrctorapall 248 witkidie dictrdinénelebivo dectalrangement 206

may result in relauivei gV lmREARNGR AL AHIBdRCAL &G BRAR 4l Oy TR aAUReHRIIBAS {Ya) at cylindrical

electrode 210 may be relatively inséinificant. In an embodiment, an external RF power may not have to be
employed since®REEHEGE PotetEiSAaY BEgerRs Stil fomsaord sksie i dolisrEciingbplied to the
electrostatic chagk dudingesubsisate piaeassingatMar minduelive: ciaujiiybld 2vishetaetptalhyaconnected to

modified reactor wall 218, the voltage pqtential at cyjindrical electrode 210 increase. Concurrently, a
sevond elecicAl ot oy B U LA S BBy SR SRS 5t mocifed
reactor wall 218, TEapteventupitss mw frahelsdiadidtmite dHRE b a P8R dielidctric. lined 20Bstvay be added to

prevent gas fro%ﬁfmﬁgg Wﬁl%ﬁﬁc&?&o@%%@e As, showy.in, Figures 2A and 2B, the inventive reduced

electric field arrangement may provide a simple and an inexpensive solution for reducing the electric field.
By employing thefamg|RF pewer éhabisagnlied pdhaelaetiestatiachisk@uringnsulpkate processing,
the modified reagior wall with (e diglectic Inet glectiode augndement may now haue a ypltage potenal
that may be utilized to decrease the electric field formed in outer region. Thus, the potential for a
plasma ignition mathieeiterbeegider hay the sudtstahtizliydecili ckdirfllaral 457 cthee mbodirthent, the
P e ay extend beyond the top edge of cylindrical electrode

inductive circuity, may. e HeRIGMANED?S A d beyond th dge of cylindrical electrod

210 and the bottom edge of the dielectric liner 216 may extend beyond the bottom edge

of the cylindrical electrode 210. Since the conductive cylindrical electrode 210 may be

encapsulated within dielectric liner 216, conductive cylindrical electrode 210 may be

prevented from interacting with the gas to ignite plasma within areas 228 and 230.

[Para 43] To better illustrate how the inventive reduced electric field arrangement
may be implemented, Figure 2B shows, in an embodiment, a schematic of a dielectric
liner electrode arrangement coupled to a set of inductive coils. A capacitor 250 may be
formed when dielectric liner electrode arrangement 206 (including cylindrical electrode
210 and dielectric liner 216) is attached to modified reactor wall 218, which may be
grounded. The electrical coupling between modified reactor wall 218 and dielectric

liner electrode arrangement 206 may result in relatively low impedance at cylindrical
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single or a series of inductance coils. Figure 3A shows an example of a single inductive circuitry while
Figure 3B shows a variable inductive circuitry. [Para 46]Figure 3A shows a simplified schematic of a
modified equivalent circuit model of the electrical plasma-to-ground coupling. During plasma processing,
RF power 306 may be applied to an electrostatic chuck 308. Since upper electrode 304 is grounded, a
large part of the RF current may return to ground through upper electrode 304. At the edge of the plasma,

RF current mayetettindad Hrodmd vidugedrotirtsrei phehisndriralricdinde it hapydaralabyghound (e.g.,

reactor walls) by,caparifive! Yo ping wiiBnarny B%ﬁﬁﬁ@ﬁ%@&%ﬁi@ﬂlﬁ'&@ @ lwehslsetiode extension,
which are shown as capacitors 21 and 22, respectively. The remaining RF current may return to ground

by flowing throuti tHECHHIISE MURRH GEYARe STBGHHSY TP Ahs iR Firgres #ifh 'S AR BLiment, the
modified equivalentercuitaniodehdkalning udbsasetppdrdjimsiaiéhinduckantce coitgsiBi® (R)iand an optional
resistor 318 (R), Jhichmay e seris wihyhe sonfinprmantring.(shown a5 cAnachonad) In another
embodiment, a reactor wa 355 may be moéllﬁe y attachirig a die ectic finer e e&roge arrangement.
Thus, the modifiéesteedevd iR magireaierdelnsayendiudeseceap aleitrcaBioldviiE Péscthetashiacitance that

may occur betWe%eQréQezﬁiedﬁmgeﬁf}%ﬂi‘ﬁtﬁﬁép%&%@@%m% %ﬂﬁi‘%@&p\f@!%ﬂzﬂg’?rqﬁlﬁgure 3B
shows, in an embodiment, a simplified schematic of a variable inductive circuitry. Capacitor C 350 may

represent the cRFRERARKSBR AR AT dgnitetiEhreir oot drdindigrodht MAvae éitsdditnent, the
variable inductiyeeebauitiyfromyfioe foginedabya Raving a plurality of inductor coils matched to a plurality of
RF frequencies (e.g., fl, f2, f3, and the like) that may be the RF frequencies currently applied to the
electrostatic chlBRr#¢tlexamyslehona indfitterce AN3ERINBy fepraveanitva fieduénd witoiricoflatdatched to a first

RF frequency (fuhhnbBRdRAUGIY 60 SR4MAY SRPIASEALR RERORFIRIHTIORA0L Iakehed ig.a second RF

frequency (f2). The inductor coil 356 represents a third inductor coil matched to a third RF frequency (f3).
In an embodimditdsEIRY BEEBe friRe THIRANES BridaaReF Lo riscBespeitshed B anipulating
one of a pluralityubftsmitghiesc{ang, 360 nanieid6 2k drcanwembeiimast dibramiue el edetiiniuctance may
be chosen such that the resonance reqeugrll%\{tof eachngg{afﬂel LC ci)rcuit f.orH;fd cpe% an inqluctor coil and a

capacitor is abo%rfaéléﬁrélie{lo the! F?IQV\éranJency appiiBa'T0 An efectrostatic ehiek.an arrleé%ﬁnfole, the RF

frequency of fl isleppliddtbfammeteicttbstatier chgiok. Thesvaiaextéittid fiadapiasse igrayobercthesen such as
the resonance frgauengyaf e, dshRarallgl kSagieguit formed by first inductor coil 352 and capacitor 350

is about equal to the value of fl. [Para 49]In the prior art, manufacturers may increase RF power by
employing a  [Para 45] In an embodiment, the inductive circuitry may be implemented as a

single or a series of inductance coils. Figure 3A shows an example of a single

inductive circuitry while Figure 3B shows a variable inductive circuitry.

[Para 46] Figure 3A shows a simplified schematic of a modified equivalent circuit
model of the electrical plasma-to-ground coupling. During plasma processing, RF
power 306 may be applied to an electrostatic chuck 308. Since upper electrode 304 is
grounded, a large part of the RF current may return to ground through upper electrode
304. At the edge of the plasma, RF current may return to ground via three different
paths. The RF current may return to ground (e.g., reactor walls) by capacitively
coupling with an upper electrode extension and a lower electrode extension, which are
shown as capacitors 21 and 22, respectively. The remaining RF current may return to

ground by flowing through the confinement rings, as shown by capacitor 23.

[Para 47] In an embodiment, the modified equivalent circuit model may include a
set of adjustable inductance coils 316 (L) and an optional resistor 318 (R), which may

be in series with the confinement ring (shown as capacitor 23). In another embodiment,
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single, double or triple frequency RF power discharge. The increase in RF power may lead to higher
electric field in the outer region which may cause plasma unconfinement. In an embodiment, an inductive
circuitry may allow for the matching of impedance to a particular RF frequency being employed resulting
in an induced voltage potential 314 being created at the cylindrical electrode of the dielectric liner
electrode arrangement. [Para 50]The value of the inductance (L) may be adjusted in order to maximize
the impedance af rstearairdl 1 C%irewit formeerbiethdindtistivacirculipleitrisataiiel wrpiieds cylindrical

electrode to gropad canagitanges Gle Thanrlueqfilndietanas (omanhs safdatedysmploying

Equation 2. L 14% 2f2c'Equation 2 [Para 51]JAccording to Equation 2, the inductance (L) may be a
function of the 20, which is the capacitance that may occur bétween the dielectric liner electrode

arrangement and reactor wall 322.

[Para 48] Figure 3B shows, in an embodiment, a simplified schematic of a
variable inductive circuitry. Capacitor C 350 may represent the capacitance between
the cylindrical electrode and the ground. In an embodiment, the variable inductive
circuitry may be formed by having a plurality of inductor coils matched to a plurality of
RF frequencies (e.g., f1, f2, f3, and the like) that may be the RF frequencies currently
applied to the electrostatic chuck. For example, the inductor coil 352 may represent a
first inductor coil matched to a first RF frequency (f1). The inductor coil 354 may
represent a second inductor coil matched to a second RF frequency (f2). The inductor
coil 356 represents a third inductor coil matched to a third RF frequency (f3). In an
embodiment, switching between the plurality of inductor coils may be performed by
manipulating one of a plurality of switches (358, 360, and 362). In an embodiment, the
value of each inductance may be chosen such that the resonance frequency of each
parallel LC circuit formed by an inductor coil and a capacitor is about equal to the RF
frequency applied to an electrostatic chuck. In an example, the RF frequency of f1 is
applied to an electrostatic chuck. The value of the inductance may be chosen such as
the resonance frequency of the first parallel LC circuit formed by first inductor coil 352

and capacitor 350 is about equal to the value of f1.

[Para 49] In the prior art, manufacturers may increase RF power by employing a
single, double or triple frequency RF power discharge. The increase in RF power may
lead to higher electric field in the outer region which may cause plasma unconfinement.
In an embodiment, an inductive circuitry may allow for the matching of impedance to a
particular RF frequency being employed resulting in an induced voltage potential 314

being created at the cylindrical electrode of the dielectric liner electrode arrangement.

[Para 50] The value of the inductance (L) may be adjusted in order to maximize
the impedance of the parallel LC circuit formed by the inductive circuitry in parallel
with the cylindrical electrode to ground capacitance (C). The value of inductance (L)

may be calculated by employing Equation 2.
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cylindrical electrode to ground capacitance and a function of the resonance frequency. Given that the
resonance frequency may be equaled to one the RF frequencies applied to the electrostatic chuck, the
resonance frequency is a known value. Also, the cylindrical electrode to ground capacitance (C) may be a
fixed value and represent the capacitance between the cylindrical electrode and the reactor wall. E Vp -Vi
ci Equation 3 [Para 52]By adjusting the inductance (L), the voltage potential (V,) at the cylindrical
electrode may be substantially increased,relativé to the voltageE%%%gag (Vp) of the plasma. As shown in
Equation 3, increasing voltage potential (V,) #efafivecto voltage potential (Vp) may result in a decrease in a
voltage potential difference. As a result, the electric field in the confinement ring region may be reduced.

Thus, the possibility of a plasma being ignited in the outer region is significantly reduced and the plasma
may be confinetPathfd khe widerrdeidn. Emaatzo 3FieriredacshiswsLinnzay dmbddieiemt of the present

invention, a resepaneR AWieRka RAAIRILGHEMESQR: ThEtEsANANRE CLbKEnef BaKaIRE).C circuit 400
represents a graphical relationship between an impedance ZLc 402 and a frequency 404. In other words,

impedance ZLicA52 i 1R Eon0F tEgaamey 10). bes et riehs RduEemeacie Yl the value at
which the impedante Zkitrishigheside. ghearpeimnind®8)dgasnbe shesamva aalembaedimenmt The highest

impedance may be chosen in order to increase the voltage potentjal tt%c lindrical electrode. By
Applying Euato B PR e ) Ty iy i ot herc SR PP LTES b cattuiated
Once the inductaneeitfinys/hitehn thbeghndatetslrvegderadyhe rofidd vathnce coil that may be employed
may be determined. In an example, the inductance (L) value may determine the size of the coil, the

number of coil turns, the material of the coil, the geometry of the coil, and the like.

E= @ Equation 3

[Para 52] By adjusting the inductance (L), the voltage potential (V;) at the
cylindrical electrode may be substantially increased relative to the voltage potential
(Vp) of the plasma. As shown in Equation 3, increasing voltage potential (V;) relative
to voltage potential (V) may result in a decrease in a voltage potential difference. As a
result, the electric field in the confinement ring region may be reduced. Thus, the
possibility of a plasma being ignited in the outer region is significantly reduced and the

plasma may be confined within the wafer region.

[Para 53] Figure 4 shows, in an embodiment of the present invention, a resonance
curve of a parallel LC circuit 400. The resonance curve of parallel LC circuit 400
represents a graphical relationship between an impedance Z; ¢ 402 and a frequency 404.
In other words, impedance Z;¢ 402 is a function of frequency 404. To determine the
inductance (L) value, the value at which the impedance Z ¢ is highest (e.g., a point 408)
may be chosen, in an embodiment. The highest impedance may be chosen in order to
increase the voltage potential at the cylindrical electrode. By applying Equation 2, the
inductance (L) that may best match the current RF frequency may be calculated. Once
the inductance (L) value has been determined, the type of inductance coil that may be
employed may be determined. In an example, the inductance (L) value may determine
the size of the coil, the number of coil turns, the material of the coil, the geometry of

the coil, and the like.
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[Para 54]In an embodiment, a width 401 of the resonance curve may be widened and the sharpness of
the resonance curve may be soften by adding a resistor in the parallel LC circuit. In an example, the
resonance curve may reflect a more gradual impedance change as a function of frequency. Although the
highest impedance generated by a parallel LC circuit with one or more resistors may be less than a
parallel circuit without a resistor, the resistor may actually provide a more stable impedance value for the
inductive circuitffanmdhd thdrescmabnsenieagseritdth [HHrafsBiAesmaypewppraeiaedvidsnsdhe foregoing,

embodiments of thaipv@ntpRenFhle MAMRLEWERR RdDareasadhe PrRREsS MBdaw hegause the electric
field may be substantialllllé ecreased, thereby,1 reducing the risk of plasma being created in the outer
region. By contfMIGHHE Sisttitc fllhniaaRe otk FReBrs Yoldaratirchy? BROTFENYAH to enhance
the plasma densiipedattveuticaigsing untorfioe noé nirafuldie yplasaosdy aitagemsslymirdaeduced electric

field arangemen s, g.q0st efcefive solulion sings the,materials.are readib aualablecand fpirly
inexpensive. AI§0, the reduced electric Tield arrangement may be imp emented without Increasing the size
of the plasma todicurstetautieresdissethe kssisiorfiaky avanake memtdnayiseeprabidatheasianiit that may be
compatible withgurrept plasmma ieelsiihis £oaRIING the ANBeR QNS tools to retrofit theirs plasma tools
without substantially increasing ownership cost. [Para 56]While this invention has been described in terms
of several prefefpadacssbodimentisaihete aeraliaedticns peemidaiiong, aadbeduidatenss, wbich fall within
the scope of this, inyention, Alsa, s {is: Summaty, and abstract are provided hefiin for convenience and
should not be used 1o Construe the scope of the claims hefem. It should also be noted that there are many
alternative waydiglimpidmenitantihBydethadedahdrapparduggestiof ths prebentiheeatiorated an example,
the dielectric lingr ay,RetOAYS 18 PeAteEhedHObafeakiar wak s clesCiibes ILORgPFRore

embodiments described above. Instead, spacing may exist between the dielectric liner and the reactor
wall (e.g., chamBaY Braifcirtreddpsehigas CoryimadsAsiych RMGMEnRSRBARE 5 ble to be
generated in thelspage beiwaerdhediclectialiear andribeicepatamuatieftlikhetothemietaetric liner may

be formed of mlsjcl)'iﬁ 1zgrrltsSrl 1\1Nhi h maégglscggprrei%ﬁii ogfvdixg%lientnm%tueriia% A|t6fr11011<|/gh \@gigut% eexamples are
provided herein, 1t'1S intended that these examp ed peitstrative and noﬁiXIPmth‘lng'wn réspect to the

invention. Furthedueethideaipioliceltion;aseiaf hdytbemisnpdarsar o thowoneitesns ithithezset. It is therefore
intended that thg {qllowingapranded dlrimaReduerRieed AsRckiing ﬂﬂf‘l&‘é‘b@@%@d??% permutations,

and equivalents as fall within the true spirit and scope of the present invention. CL
kit that may be compatible with current plasma tools, thus, enabling the owners of the

tools to retrofit theirs plasma tools without substantially increasing ownership cost.

[Para 56] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the
scope of this invention. Also, the title, summary, and abstract are provided herein for
convenience and should not be used to construe the scope of the claims herein. It
should also be noted that there are many alternative ways of implementing the methods
and apparatuses of the present invention. In an example, the dielectric liner may not
have to be attached to the reactor wall as described in one or more embodiments
described above. Instead, spacing may exist between the dielectric liner and the reactor
wall (e.g., chamber wall) if the spacing is configured in such a manner that plasma is
not able to be generated in the space between the dielectric liner and the reactor wall.
Further, the dielectric liner may be formed of multi-parts, which may be comprised of
different materials. Although various examples are provided herein, it is intended that
these examples be illustrative and not limiting with respect to the invention. Further, in

this application, a set of “n” items refers zero or more items in the set. It is therefore
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What is claimed is: 1. A method for confining plasma within a plasma processing chamber while
processing a substrate, comprising: igniting said plasma within a plasma generating area, wherein
said plasma generating area is surrounded by a set of confinement rings; providing a chamber wall
outside of said set of confinement rings; providing a dielectric liner electrode arrangement positioned
between said chamber wall and said set of confinement rings, wherein said dielectric liner electrode
arrangement haviagdes dlelctisdéobaviisarmeniedithinasdidemidmiivied, anitdisliaetridllifwhelectrode
arrangement bejngsiywRledwithsald shampervals i eraatammadiiedshambesoyalloapd  providing a
parallel LC circuit arrangement, said parallel LC circuit arrangement being coupled between said dielectric
liner electrode A&ERYEMERIShd said chamber wall. 2. The method of claim 1 wherein said electrode is
cylindrical. 3. The method of claim 1 wherein said dielectric liner electrode arrangement is coupled to
said chamber wall via a set of dielectric fixtures. 4. The method of claim 1 wherein said electrode is made
from a conductive material. 5. The method of claim 1 wherein said parallel LC circuit arrangement
includes an inductive circuit in parallel with a capacitor.
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6. The method of claim 5 wherein said inductive circuit is connected to said electrode via an electrical
connection. 7. The method of claim 5 wherein said inductive circuit is a set of inductor coils. 8. The
method of claim 6 wherein said inductive circuit is adjustable by adjusting at least one of the size of the
coils, the number of coil turns, the material of saidqoilgand the geometry of said coils. 9. The method of
claim 5 wherein said inductive circuit is connected in series with a resistor. 10. The method of claim 1
wherein said Wieaebtae vt ihas a larger width than said electrode. 11. An arrangement for confining
plasma in a plasma processing chamber, comprising: a set of confinement rings, wherein said plasma
is formed within an a eﬁ surrour ded kﬁ said set of confinement rings; a cha ier wall outside of said set

of confinemeht AMBEIS0 18 GRAMRIPE AR LISLE DAL AT BT D UMb PSSRk hamber wall

and said set sitsonfmeongntsiings, wherein said dielectric liner electrode arrangement having an electrode
encapsulated within a dielectric liner, said dielectric liner electrode arrangement being coupled with said
chamber wall to cregtitigiadifbaemsnthe aplsnggenerating area, wherein said plasma generating

area is surrounded by a set of confinement rings;
providing a chamber wall outside of said set of confinement rings;

providing a dielectric liner electrode arrangement positioned between said chamber
wall and said set of confinement rings, wherein said dielectric liner electrode arrangement
having an electrode encapsulated within a dielectric liner, said dielectric liner electrode
arrangement being coupled with said chamber wall to create a modified chamber wall; and

providing a parallel LC circuit arrangement, said parallel LC circuit arrangement being

coupled between said dielectric liner electrode arrangement and said chamber wall.

2. The method of claim 1 wherein said electrode is cylindrical.

3. The method of claim 1 wherein said dielectric liner electrode arrangement is coupled to

said chamber wall via a set of dielectric fixtures.
4. The method of claim 1 wherein said electrode is made from a conductive material.

5. The method of claim 1 wherein said parallel LC circuit arrangement includes an

inductive circuit in parallel with a capacitor.

6. The method of claim 5 wherein said inductive circuit is connected to said electrode via

an electrical connection.

7. The method of claim 5 wherein said inductive circuit is a set of inductor coils.
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a parallel LC circuit arrangement, said parallel LC circuit arrangement being coupled between said
dielectric liner electrode arrangement and said chamber wall; and a lower electrode coupled to an RF
power source configured to generate said plasma. 12. The arrangement of claim 11 wherein said

electrode is gylindriggl. 3, I BHANGSMERHCL AR WY BELE! &é?x%ﬁ'e?dfe%g% &k RGerede

arrangement is coupled to said chamber wall via a set of dielectric fixtures. 1 e arrangement of claim
11 wherein sai§ efébereiae 95 the«ad S aederrf b damaiesial pesaid sae tikhibef claim 11 wherein
said parallel Lgogikgyibagianggment includes an inductive circuit in parallel with a capacitor. 16. The
arrangement of claim 15 wherein said inductive circuit is connected to said electrode via an electrical
connection. 17. The arrangement of claim 15 wherein said inductive circuit is a set of inductor coils.

9. The method of claim 5 wherein said inductive circuit is connected in series with a

resistor.

10. The method of claim 1 wherein said dielectric liner has a larger width than said

electrode.

11. An arrangement for confining plasma in a plasma processing chamber, comprising:

a set of confinement rings, wherein said plasma is formed within an area surrounded by
said set of confinement rings;

a chamber wall outside of said set of confinement rings;

a dielectric liner electrode arrangement positioned between said chamber wall and said
set of confinement rings, wherein said dielectric liner electrode arrangement having an
electrode encapsulated within a dielectric liner, said dielectric liner electrode arrangement

being coupled with said chamber wall to create a modified chamber wall; and

a parallel LC circuit arrangement, said parallel LC circuit arrangement being coupled

between said dielectric liner electrode arrangement and said chamber wall;

and

a lower electrode coupled to an RF power source configured to generate said plasma.
12. The arrangement of claim 11 wherein said electrode is cylindrical.
13. The arrangement of claim 11 wherein said dielectric liner electrode arrangement is

coupled to said chamber wall via a set of dielectric fixtures.

14.  The arrangement of claim 11 wherein said electrode is made from a conductive
material.
15. The arrangement of claim 11 wherein said parallel LC circuit arrangement includes an

inductive circuit in parallel with a capacitor.
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18. The arrangement of claim 16 wherein said inductive circuit is adjustable by adjusting at least one of
the size of the colils, the number of coil turns, the material of said coils, and the geometry of said coils.
19. The arrangement of claim 15 wherein said inductive circuit is connected in series with a resistor. 20.
The arrangement of claim 11 wherein said dielectric liner has a larger width than said electrode.

16.  The arrangement of claim 15 wherein said inductive circuit is connected to said

electrode via an electrical connection.
17.  The arrangement of claim 15 wherein said inductive circuit is a set of inductor coils.

18. The arrangement of claim 16 wherein said inductive circuit is adjustable by adjusting at
least one of the size of the coils, the number of coil turns, the material of said coils, and the

geometry of said coils.

19. The arrangement of claim 15 wherein said inductive circuit is connected in series with a

resistor.

20. The arrangement of claim 11 wherein said dielectric liner has a larger width than said

electrode.
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