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This continuation application claims priority under  37 
C7F-712 I.53(b) of acid claims tiac benefit wader 35 	 20 
lc-) a corn - .only assigned patent application entitled "Reduced 

trie Field Arrat-i2.,rernerit For Managing Plasma C-onnutc_---.-
rneitt,-  by Fischer et al .„ application Ser. -N.TcD. 11/61S,591 filed 
ors T)uc_ 29, 2006, now IT.S. 	 7,754,71 g all of which 
are incorporated here by reference. 

BACKGROUND OF THE INVENTION 

Advances in plasma processing have flacilitated growth iii 
the 	sehaic (piratic tor industry. During plasma processing, 
plasma may be (=reirerated to :process a substrate_ However, 
plasma has a terideracy to expand beyond the wafer .region_ 
"Thrts, the inability to corrfitie the plasma may result in rtricchi-
trollable substrate processing, which may result in substan-
dard devices and/or defective devices. 

To facilitate discussion., 	.1_,At, shows a schematic of a 
-plashia processing system 100_ Plasma processing system 
100 may be a single, double ()DEC-) or triple frequency R_P 
capacitively discharge system. In. an example, radio fre_=-ATuen-
cies (12F) may include, but are not limited to, 2, 27 and 60 
MI-TIz. Plasma processing system 100 may be configured to 
includean. -upper electrode

configured
102, which is generally (D, routhded 

and has a voltage potential of zero_ Also, plasma procc-_-ssiircD,  
system 100 may include art electrostatic (ruck  104, which 
may act as a lowc.---x- 

C."corsidea-  the situation wherein, For example, a substrate 
120 is being processed.. During plasma. processing, an 112P 
power 116 may be applied to electrostatic  clartc-;k. 104. 12.1-- 
power 116 may interact with a gas 118 to ignite a plasma 106 
bet-ween electrostatic (luck  104 and grounded upper elec - 
lrode 102. Plasma 106 may bk..- employed to etch and/or-
deposit 11.3.utc--rials onto substrate: 120 to crc:.-atc...- electronic 
devices. 

Plasma 106 tends to expand beyond the wafer region. (e.g., 
outside of the rec,rion. between -upper electrode 102 aria ci - 
trostatic: chuck. 104). If plasma expands beyohd the wafer 
region, plasma density may decrease and plasma processirict-
may shill outside of the wafer region resulting ih uncontrol-
lable substrate processing. Since plasma 106 is best coh-
trolled. withila the wafer region, marthfraeturers have attempted_ 
to confine the plasma. In an example, 17,am Research <1.7.orpo-
ratic-th has attempted to pc-rforrn plasma confrnun-runt by  
mechanically confining the plasma by employing confine-
ment rings_ 

Plasma processing system 100 shows a plurality of con-
finement rings (11.26z, 1.12b, 112(-2-, 112a, and 112e), which 
may be a set of parallel rings inside the processing chamber to 
prevent the plasma frcarn fiDr-rnin(D-  in the outer re,,!--ic-th_ As 
discussed herein, miter region. refers to the area between the 
confinement rings aria a reactor wall_ Typically, cortfirternent 
rings may be constructed of dielectric materialsh such as cittartz. 

however, confinement. rings may not be sufficient to con-
fine plasma if the electric ficeld is high enough to interact with 
gas 118 to ignite a plasma in the miter regiori. In an example, 
plasma 106 may have a voltage poteritial(y"„), -which may be 
a soli-induced potential of 	plasma relative to c>:r-ottrid.. 
electric field. may be induced. due to the differences between 
the voltage potential ofplasma 106 (e.g., at plasma edge 108) 
and the voltages  potential of a reactor wall :1.1.4, which is 
typically grounded and has a voltage potential of zero. "11-ms, 
if the difference is high enough, a strong electric -.tick". :110 
may be created. resulting in plasma being  i(mited in the outer 
regicm. 
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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 niay be expressed by 

qn a ti on 1 

V - V f.) 

d 

[Ecru-1E1-6cm 11 

  

In Equation 1, the electric field an-mitt-tide (E) may be 
proportional to the potential d i 	 voltage  
potential (V.c.,) at plasma edge 108 and voltage potential (NT 
at reactor wall 114. Given that reactor-  wall may be grounded., 
the voltage potential (-N7,,„) at reactor wall 114 nay be equaled  
tc, zero. Thus, the electric field amplitude (lb) naay be equaled. 
to the voltage potential (..N7,) at plasma edge 108 divided by the 
distance (d.) between pla sma edge 108 and. reactor wall 114 

s shown. in. Equation 1, the electric field (E) may be higher 
if the 'voltag,-e p tent (\7.,„) at plasma edge 108 increase er the  
distance (d) (i.e., the distance 'between the plasmaedge and. 
the reactor wall) decrease. The increase in electric field may 
lead. to plasma striking in the miter region causing unintended 
plasma miconfinement _ 

To 	be competitive, Ina ri Lira. c,- turers heave attempted to 
increaseplasma processing eft-lei ericy. In an example, mann - 
fact-tire-1-s may want to increase efficiency in the etching pro-
cess 

 
by increasing the <etch, rate. To increase the etch 

higher RP' power may Be employed to increase the plasma 
density.I-I ow ever, as can be seen frond Equation 1, lii.lici RF -
power may result in a higher plasma potential (i • e , voltage 
potential at the plasma 	which may result in. a stronger 
electric field being generated. Thus, an increased in. the RE 
power may result in an electric field with sttmciciat amplitude  
to ignite plasma in the confinement rings region_ In another 

arn.p I e, mariuiactn.rers may want to increase process  effi-
ciency and control by employing a higher gas flow rate at a 
given RE power to increa:.-;e the etch ra 	ovv eyver, a higher 
gas flow rate may also increase the gas pressure and. thus the 
likelihood of plasma striking in. the (=inter region_ iDstie to the 
electric field that may be generated in the outer region, sub-
strate processing may be limited term. cif the -aaaacymat (Dr RE 
power  and/or gas flow rate that 1'71-lay be employed. 

In addition, man ILI ITEIC:7 tit rers rnay maintain their c.:(3.mpeti - 
tiveness by processing a larger substrate irk 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 Equati C.).171 
1, the reduction in the di stance (d) may also give rise to an 
increase 	electric field (FT), thereby, increasing the pos- 
sibility of' pia sma ignition in. the (-inter re 

Cri-_ 113 shows an equivalent circuit model of ET El-  1A. 
During pia sma processing, RE power 116 may be applied to 
electrostatic chuck 104_ Since upper electrode 102 is 
gron laded., a large part of the 1.21' current. may return to ground. 
through upper electrei de 102. At the edge of the plasma, 
current nay return to groin-id. via three different paths "-The RE 
current may return to ground (e. g., reactor-  w a 11 s) bycapaci-
tively coupling with an upper electrode exten_sio11 182 and a 
lower electrode exterisioli 180, which is shown as capacitors 
21 and 22, respectively_ "fhe rem i 	(›- 121-: current may return 
to gron riel. by ilewirig through 	 nem ent rings, as shown_ 
by capacitor 23. 

Solace laaanufactitrers have attempted to reduce the electric 
field by reducing the capacitance fe3ritri (ea by capacitor 23 _ 
Cf.apa ci tanc e may be reduced by increasingthe distance (d) 
between plasma edge 108 and reactor -wall 114. However, the 
increase iii the distance (d) may require an increase in the 
reactor 	Increasing the reactor size may also require 
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incidifying other  tool cc-in-mt.-a-lents_ The cost assuciated with 
changing the reactor and its component may be costly. 

With the prior art plasma cunlinerrient arrangement, curi-
firienie.-..nt rings may be able to prevent the plasma front 
expanding into the curter region. However, as rnannfacturers 
attempt to be cumpetitive by increasing, process efficiency 
and control (e.g., increase 12_1: power, increase gas flow rate, 
and increase substrate 	the c.cintine-miemt rilzgs may no 
longer effective plasma cc nrhrienient tool as the electric 
geld increases,  thereby increasing the potential of plasma 
being ignited in the outerregieri. Also, the prior art solution of 
increasing the reactor size to reduc e the electric fielcl may be 
an expensive alternative and clues not provide solution for 
current plasma processing system ciwriers. 

SITIVI1VEAs.-R.Thr OF INVENTION 

Tlne invention relates,  in an enibudini.ent, to a method for 
prc) sing,-  a substrate in a plasma processing chamber having-
a chamber wall. The method includes pm-vie-lilac,  an. electrode  
arrangenierit having a cylindrical electrode encapsulated 
within a dielectric liner, which is coupled with the chamber 
w111_ 	rile-thud also inclucles providing an inductive circuit 
arrangement, which is coupled between the cylindrical elec- 
trode and the chamber wall. 	mettle-id further includes 
c:reneratin.g a plasma -within the plasma processing chamber to 
process the substrate while the electrode arraingerrient is dis-
posed within the plasma processing chamber_ 

The above summary relates tc) only one cif-  the many 
ernbudirnents of the inveriticm disclosed herein and is not 
intended to limit the scope of the inventicm, which is set :rural 
in the claims herein_ These arid either features of the present 
invention will be described in inure detail below in the 
detailed description crf the invention and irn conjunction with 
the fulluwing, figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way GI-example, and 
not by way of liinitaticui, in the figures cif the accumpanyilag-
drawiii- s and in which like reference "mineral s refer to similar 
elements and in which: 

FIG. 1A shows a schematic cif a plasma processingsystem. 
EIC.3-. 113 shows earn ecruivalent circuit model 
FIG _ 2.<4 shows, in an enth (.7 climent of the inventions, a 

simple cross-sectional diagrain of ari implernentatiun of a 
dielectric liner electrode arrangement coupled with an induc-
tive 

FIG. 213 shows, in an einbudiment, a schematic cif a clic-AC-:7-
tric:: liner electrucle arrangement coupled to a set of inductive. 

FIG. 3.A. • shows a simplified schematic of modified 
ecinivalent circuit model of the electrical plasma-to- roLurd 
coupling. 

3F3 shows, in an enibudiment, a simplified schematic  
c>1-  a variable inductive circuitry. 

4 shows, in an t..-mbc>clirrient of the present invention, a 
resonance curve of a parallel LC circuit_ 

1DESC712IF---riciNT OF EMBODIMENT'S 

11i.e present invention will now be clescriba in detail with 
reference to a few embodiments thereof as illustrated in the 
a cc CD mpanyinc,  drawings. In the fell owing description, 
numerous specific details are set firth in circler to provide 
the-)rcitigh understanding  of the present invention_ It will be 
apparent, however, to erne skilled in the art, that the present 
invention may be practiced without sonic er all cyl---tias spe- 
cific 	 either-  instances, well kiriuwia process steps 
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and/or structures have not been. described detzti1 in order to 
not unnecessarily obscure the present invention_  

Various err bod.iments are described hereiJibelow, includ-
ing 

 
motho cls wad technic-rues should be kept in mind that the 

inventic,ni might also cover articles of manufacture that 
includes C.: C_)yrip Li 1. re.a_aable rried.ium on which c_-)m p 	r- 
re a cla ble instructions for carrying out ena b di ria eirt s of the  
inventive technique are stored.. "11ae computer readable 
naediuna may include,fbr example, semiconductor, magnetic,  
opto-magrzetic, optical, or other forms of computer readable 
medium for storing computer readable. code Further, the 
invention naay also cover a pp a rani se s for practicing 	o - 
rn nt s oft he invention. Such apparatus may include circuits, 
dedicated aid/or px-cf g,-rantrhab 1 , to carry out tasks pertaining;  
to emit, CD di rxi oiat s of the iffy ehtio ff. Examples of Stich, apparatus 
include a g 	-p -tarp o se computercl/c)r- a dedicated com- 
p ut i fag device when appropriately progrannnaed and. nzay 
include a combination of a computer/computing device and 
dedic ate dip ro Exaithaa a b le circuits adapted. for the various 
tasks pertaining to eh-lb clime--tat s of the invention. 

Ira accordance with one aspect of the present inventioh, the 
inventor lterein realized that a decrease in the electric field 
play be achieved. by decreasing the voltage potential differ-
ence in the outer _region.. 1:3 ecrea se in the voltage potential 
difference may be achieved, by either decreasing the voltage 
potentialof the plasma or by increasing the voltage potential  

rthe reactor wall . Since a decrease ira voltage potential of the 
plasma may decrease efficiency ira substrate  processing, the 
voltage potential of the reactor wall may have to be increased. 
ila order to d.ecrea se the voltage potential difference. "flaus , the 
inventor-  herein realized that a mechanism may have to be 
provided in which the capacitance is reduced (or the imped-
ance 

 
is increased) in order to increase the voltage potential at 

the reactor wall rec,rion_ 
in accordance with the eriabod.imerats of the invention, 

rea-acea electric field. arra rig ern exit is providedfor confining  
plasma in a plash-fa processing chamber. Erubodimelats of the 
iraveratican enable a reduced electric field arraragelnent to 
include a di electric liner electrode al-ran efifefit Embcf di - 
merit s of the.  invention al so enable the dielectric liner elec-
trode arra- hgemeht to ele chi ca lly couple with a set of adjust-
able inductance coils to decrease the electric field.. 

In au_ erriboclimerft of the invention, the reduced electric 
field arrangerfierft may include a modified reactor wall that is 
hao di fled by attaching a dielectric lifter electrode 

dielectric liner arrangement may include an -cc - 
tro de encapsulated. inside a di el ectri 	 embodi- 
ment, the electrode may have a cylindrical shape.  

With a -dielectric liner electrode arrangement placed 
-bet:ween 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 andthe dielectric 
liner electrode arrangement. in an embodiment, the electric 
field for-rued. at the outer region may be reduced by introduc-
ing an induced_ voltag,-c. (V,) at the electrode. To create an 
induced voltage (vi) at the electrode,  the electrode may be 
electrically c othaec t ed. to ara irzductive circuitry_ 

In ara exiabodiffic-ait„ the inductive circuitry may include a set 
of adjustable inductive coils.Adjustments may include  
adjustingthe size of the coils, the numbero-f coil turns, the 
coil material, the geometry or the 	s, and the like. In an 
cturbodirx-ferit, the set cal adjustable inductive coils may include 
one or more irfclucti-ve coils in a series. In another emb di - 
merit , the. set of adjustable inductive coils may include a set of 
-variable inductance coils that may be capable of matclain.g the 
frecruency of the 1f2.1-7  power being appliedto an electrostatic  
chuck. 

y modifying the reactor wall, the electric field being  
created. ira the outer region is now a function of the voltage  
potential at the plasma edge and the induced voltage potential 
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at the electrode. Since the induced voltage potential at the 
electrode is a furicticim c_)17the inductance, which is a fliizctioiz 
of the frec.Tuency of the 121: power Ucin= applied to the elc...-e-
trcystatic chuck, the nacimeecl voltage pciteiatial at the electrod.e 
acid 	voltage potential at the.--, plasma edge may bee c>111.3.e. 
rrzore similar-, thereby reducing the voltage poterzt.ia1 differ-
ence. As a result, the strength  of the electric- field riaay 

and the possibility of 	unecitifilic_--ament may be smb- 
staiatially reduce d or climinatecl, thereby allowing 
maaaamthettine_rs to erripl(Dy a wider process window arid pro-
cess a larger substrate d-uririg plasma pr(Dc.:;essirig,. 

The features acid advantages of the haveritimia may be better 
understood with reference to the figures arid discussions that 
fol low_ 

FIG. 211 shows, in an embmairment of tlac., invention, 
simple cross-sectional cliacxram of an implemernatimia of a 
dielectric limey-  electrode arrangement coupled with an induc-
tive 

 
irc-taitry..,,N_ plasma processing system 200 may be con-

figured to include air upper electrode 220, which is generally 
grounded arid has a voltage potential of zero. Also, plasma 
processing system 200 may imcliacle air electrostatic chuck 
222, which may act as a lower electrode. 

Consider the situation wherein, Rix-  example, a substrate 
224, which may be a siliecym wafer, is being processed. During 
plasma processing, an RF power 226 may be applied to elec-
trostatic chuck 222. RE power 226 may interact with a gas to 
ignite a plasma 202 between electrostatic chuck 222 acid 
grounded upper c...le.-c-tx-cycle 220. Plasma 202 may be employed 
to etch and/or deposit materials onto substrate 224 to create 
electronic  device's. 11)-taximg, plasma processing,  plasma 202 
with a voltage potential (VF,) may be emialimed by a set of 
dielectric cmiatimeme-mt rings (204cz, 204b, 204e, 204c1, and 
204&-). As aforementioned, plasma 202 tends to expand 
beyond the wafer region 	mutsiac, of the region between 
upper electrode 220 acid (..---leetrcDstatic c.--lamek 222) as the gas 
interacts with the electric field in the muter region. 

To prevent the likelihood of plasma uncemiafimemac.--xat, 
reduced electric field arrange mac,iat is provided. The reclmeed 
electric field arrarivreriac:--iat may include: a riamdified reactor 
wall 218 that is modified by attaching a dielectric Ex-ter elec-
trode arraricx-errient 206. In an eilabmclimac_mt, dielectric liner 
electrode arrarigenaerit 206 may be cylindrical. Dielectric  
liner electrode arraric›- emac..-mt. 206 may be attached to mamailic:c1 
reactor wall 218_ Ta an ern-Email-merit, the attachment is a 
mechanical bond between dielectric: limey electrode arrange-
ment 206 arid rncidified reactor wall 218_ In another ernbcidi - 
merit, dielectric liner elecirczde arram,rememt 206 rmay be 
attached tc) modified reactor wall 218 via a set of dielectric 
fixtures (e g _ , di electric screw). 

In an enzbadinzernt, dielectric liner electrode arrangement 
206 may include a cylindrical electrode  210_ Tn an ernbcydi-
merit, the cylindrical electrode  210 may have a thickness of 1 
mini or less. The sire cif the electrode rrlay be relevant iii 
reducing the space that the electrode may occupy in the reac-
tor chamber. Also, cylindrical electrode 210 maay be made c)-f 

conductivea 	 material such as a material that includes 
Although cylindrical electrode 210 may interact with 

RF power 226 to create a voltage potential at cylindrical 
electrode 210, the impedance may be relatively low arid. the 
voltage potential created may not be sufficient tm significantly 

field.reduce the electric  
to increase the impedance, an inductive circuitry nzay be 

impl el-merited. between cylindrical electrode 210 arid. modified. 
reactor wall 218. As spawn 	2l3 an inductive circuitry 
212 is in parallel with a capacitance 250 between cylindrical 
electrode 210 and reactor  wall 2:18. 'File resulting electrical 
circuit is equivalent to a parallel 1.1C' circuit. 1 he 	imped- 
arzcc curve of such circuit may vary with the RE frequency as 
shown mil:El:CI. 4_ lm an embmclimetat, inductive circuitry 212 
may include a set of inductor coils,which may Ue electrically  
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connected to cylindrical electrode 210 via an electrical con-
nection 208. In an embodiment, inductive circuitry 212 may 
be adjustable. The inductance of inductive circuitry 2:12 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 filrle-
tiCrn (-)f-  both inductive circuitry 212 and capacitor 250. The 
impedance  of the parallel LC circuit can. therefore be changed 
by adjusting inductive circuitry 212. 

In an embodiment, inductive circuitry 212 may be con-
nected in series with an optional resistor 214. Inductive cir-
cuitry 212 and resistor 214 may be located outside the reactor. 
In an embodiment, resistor 214 ntay 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 

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. 

With the addition_ of the inductive circuitry, the impedance 
may be significantly increased and in turn. may increase the 
voltage potential at cylindrical electrode 210. As a result, the 
electric field at the outer rec.-Tim]. (i.e., at the edge of-plasma 202 
and the confinement rings) may be significantly reduced. 
I Iowever, with an increase in. -voltage potential at cylindrical 
electrode 210, a second electric field may now be formed 
between cylindrical electrode 210 and reactor wall 216 arid 
the second electric field may interact with the gas to ignite 
plasma. 

To prevent plasma from forming between cylindrical elec-
trode. 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 recrion between. cylin-
drical electrode 210 and modified reactor wall 218 and inter-
acting with the second electric field. lDielectric liner 216 may 
be made of dielectric material that may be compatible with 
the plasma process, in an. embodiment. Examples ofdielect.ric  
material include, but are not limited to, I<_apton, quartz, poly-
etlit.--retherketone (P17,17,1‹), Teflon, silicone, and plastics com-
patible with semiconductor processing conditions. 

In an c.-mbodinaerit, to prevent plasma from forming at the 
edge of cylindrical electrode 210 (e.g., area 228 and area 
230), the width of dielectric liner 216 may have to be wider 
than the width of cylindrical electrode 210. In other words, 
the top edge of dielectric liner 216 may extend beyond the top 
edge of cylindrical electrode 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 pre-vented 
from interacting with the gas to ignite plasma within. areas 
228 and 230_ 

To better illustrate how the inventive reduced electric field 
arrangement may be implemented., FIG_ 213 shows, in. an 
embodiment, a schematic of a dielectric liner electrode 
arran,Dreinent coupled to a set of inductive coils_ A capacitor 
250 may be formed when. dielectric liner electrode arrange-
ment 206 (including cylindrical electrode 210 arid dielectric 
liner 216) is attached to modified reactor wall 218, which may 
be cYrounded. The electrical coupling between modified reac-
tor wall 21.8 and dielectric liner electrode arrangement 206 
may result in relatively low impedance at cylindrical elec-
trode 210. The induced voltage (Vi) at cylindrical electrode 
210 may he relatively insignificant. In an embodinient, an 
external RF power may not have to be employed since the 
voltage potential may be generated from the same EF power 
that is applied to the electrostatic chuck during substrate 
processing_ When inductive circuitry 212 is electrically con-
nected to modified reactor wall 218, the voltage potential at 
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cylindrical electrode 210 may Mac re-_ase, C-oiacurremtly, a sec-
ond 

 
electrical field may -be_ created in an area 252 (betweem 

cylindrical electrode 210 and. rho din d reactor wall 218) . To 
prevent plasma from being ignited in area 252, dielectric liner 
216 may be added to prevent gas from flowing,   into area 252.  

As shown in FIGS. 2A. and 213, the inventive reduced. 
electric field arrangement may provide a si rap I e-. and an inex- 
pensive solution for reducing the electric 	I3y ctiiployitig  
the same. RE power that is applied to the electrostatic chuck 
during substrate processing, the tiiodified reactor wall with 
the dielectric liner c."lectroae arramgenterit may now have a 

o 1 tage potential that may be utilized to decrease the electric  
field formed. in the outer region.Thus, the potential for a 
plasma igtzitiotz in the outer region may be substantially 
reduced..  

In an ormilo o 	 circuitry may be i maple - 
merited as a single or a series of inductance coils. FIG. 3A. 
shows an example of a single inductive circuitry while PIG-. 
313 shows a variable inductive circuitry. 

EI4C.i. 3A shows a simplified schematic or a modified 
circuitequivalent 	model of the electrical plasma-to-ground  

coupling. During pia sir/a processing,     RE power 306 may be 
applied. to a la electrostatic chuck 308. Since upper electrode 
304 is gm-waded, a large part of the RE current may retort to 
,D,:remutd through upper electrode 304. At the edge of the 
plasma, RF current may return to ground via three different 
paths. The RE current may return to ground (e_g., reactor 
walls) by capacitively coupling with an upper electrode 

Si om and a lower electrode which are shown 
as capacitors 21 and. 22, respectively. The remantim -  RF cur-
rent. tray reth rm. to grommet by Bowing through the confit.emexit 
rings, as showm. by capacitor 23. 

Im axi embodiment, the modified equivalent circuit model 
may include a set of adjustable inductance coils 316 (I-) and 
an optional resistor 318 (R), which may be in series with the 
eortfillChlCh t ring (shown as capacitor 23) .11i another embodi-
ment,a reactor wall 322 may be modified by attaching 
dielectric litter electrode arrangement. Thus, the modified  
equivalent circuit model may includ.e a capacitor 2320, which 
is the capacitance that may occur between the dielectric liner 
electrode arrangement and reactor wall 322 

FIG. 313 shows, iii an exiab c->dillaerit, a simplified. schematic 
of a variable inductive circuitry_ Capacitor C7350 may repre-
sent the capacitance between the cylindrical el ee trc:, de arid the 
ground. In an embodiment, the variable inductive  circuitry 
may be formed. by having a plurality of inductor coils 
matched. to a plurality of RE frequencies 	fl, f2, f3, and. 
the like) that may be the RE frequencies currently applied to 
the electrostatic chock. For example, the inductor coil 352 
may represent a first inductor coil matched to a first RE 
frequency (ft). The inductor coil 354 may represent a second 
inductor coil -matched to a second. -12E -frequency (f2) _ The 
it-id/Actor coil 356 represents a third inductor coil matched to a 
third RI frequency (f.3) 	an emboclime/it., switching 
between the plural ity of inductor coils may be performed  
manipulating one of a plurality of switches (358, 360, and 
362) . In an enibocliment, the value of eachinductance may be 
chosen such that the resonance frequency of each parallel 1-C: 
circuit formed by an inductor coil and a Capacitor is about 
equalto the RE frequency applied to an electrostatic chuck. In 
an example, the RE frequency of fl is applied to an electro-
static chuck. The value of the inductance may be chosen such 
as the resonance frequency of the first parallel L-Cf. circuit 
formed by first Mid:tic-tor coil 352 and capacitor 350 is about 
equal to the value of fl. 

In the prior art, mamufaeturers may increase RE power by 
employing a single, double or triple frequency RE power 
discharge. The increase in RE power may lead to higher 
electric field in the outer region which may Cause plasma 
uticontinement. in an embodiment, an inductive circuitry 
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may alley./ for 1:1112.` Int-Aching ef-  impedance tea particular I217  
frc iLtency being cmploycd resulting in art inane ed y c it<tgc
petential 314 being created at the cylindrical electrede ctf-the 
dielectric liner electrode.  arrangement. 

The vz_llute et- the inductance (I.,) may be Licit Listed in order to 
maximize.- the impedance of the parallel LC circuit formed by 
the inductive circuitry in parallel with the- cylindrical elec-
trode to ground capacitance (C). The -value of inductance (L) 
may be ealenlated by employing Equation 2. 

1 	 t-1 Li cm 2 
= 

 

4.rr 2 2  

According to Equation 2, the inductance.-- (L) may be a 
functien of the cylindrical electrode to greniad. capacitance 
and a limotion of the resonance frequency_ Given that the 
resonance -Freque-atcy tray 	equaled to chic the RE fre-s_que-..-n- 
cies applied to the electrostatic chuck, the reserlarIC fre-
quency is a lenewn value.. Also, the cylindrical electrode to 
grettutcl t:--apacitance.-. (C7) may be a fixed value and represent the, 
capacitance between the cylindrical electrode and the reactor 
wall. 

Vp — Vi 	 Equation 3 

‘Ti 

13y adjusting the inclt,tctance (1,), the voltage potential 
at the cylindrical fe-.1ectrecle may be substantially increased 
relative to the voltage peter-ilia] (N7,_,) ofthe plasma. As shown 
in Equation 3, increasing voltage potential (Vi) relative to 
voltage potential (-\/-z,) may result in a decrease in a voltage 
potential difference. As a result, the electric field in the ccAt-
linenteatt 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 centined within the wafer 
region_ 

VIC+ . 4 shows, in an entbeclintent of the present inveritien, 
resonance curve of a parallel 1_,C! circuit 400. The reset-lane e 
curve etf parallel L.,C.7. circuit 400 represents a graphical rela-
tionship -between an impedance ZLG. 402 and a frequency 404. 
In ether words, impedance GT  c-- 402 is a function of frequency 
404. To de-tett-mine the inane-Anne es. (L) value, the value  at 
which the irripel:arkee 	is highest (e.g., a point 408) may be 
el-upset-I., in an. embodiment. -rile-, highest impedance may be 
chosen in ea-der to increase the voltage  potential at the cylin-
drical electrode. F3y applying -1-7,quatiert 2, the inductance (11,) 
that may best match the current 12F" frequency may be calcu-
lated. Once the inductance (L.) -value has been determined, the 
type of inductance coil that may be employed may be deter-
mined. In an example, the inductance (L) -value may deter- 
mine the size of the coil,the number  of 	turns, the material 
of the coil, the geometry of the coil, and the like. 

In an embodiment, a width 401 of the resonance curve may 
be widened and the sharpness of the resonance curve may be 
soften by .flactitig a resister in the parallel 1_,C. circuit. In an 
exarriple, the resenance curve may reflect a more gradual 
impedance change as a .function of frequency. _Altlactut,,,h the 
highest impedance.- generated by a parallel 1_,C. circuit with one 
or more resisters rnay be less than a parallel cirenit without a 
resistor, the resistor may actually provide a more stable 
impedance value ler-  the inductive circuitry around the reso-
nance frequency_ 

^5 may be appreciated front the foregoing, embodiments 
of the iiwenticni citable mann:the-turers to increase the process 
window 'because the electric field may be substantially 
decreased, thereby, reducing the risk el- plasma being created 
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in the outer region. f3y controlling the electric field, the I2F 
power and/or gas flow rate may be increased to enhance the 
plasma density without causing 1.1r1C 0 Dian. e•-lat of ftlie plasma. 
Advantageously,  the reduced electric field arrangement is a 
cost 	 solution since the materials are readily available 
and fairly inexpensive. Also, the reduced electric field 
arrangement may be implememtedwithomt increasing the size 
of the plasma tool. Instead, the reduced electric field arram<Ye-
naemt. may be provided as a kit that may be compatible with 
current plasma tools, thus, enabling the owners ofthe tools to 
retrofit theirs plasma tools without substantially increasing 
ownership cost.  

While this invention has been described in terms of several 
preferred embodiments, there are alterations, permutations, 
arid equivalents, which fall within the scope of this invention.  
Also, the title, sturnmary, arid abstract are provided. herein for 
corivemierice and should riot be used to construe the scope of 
the claims herein. It should also be rioted that there are many 
alternative ways of implementing the methods arid appara-
tuses of the present invention. In an example, the dielectric 
liner nay not have to be attached to the reactor wall as 
described in one or more embodirmerits described above. 
Instead, spacing may exist between the dielectric liner arid the 
reactor wall 	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 limey and the reactor wall. Fur-
ther, 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 limitim.z,  with respect to the 
invention. Further, iii this application, a set of "m" items refers 
zero or more items in the set. It is therefore intended that the 
following appended claims be interpreted as including all 
such alterations, permutations, arid. equivalents as fall within 
the true spirit and. scope of the present invention. 
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What is claimed is: 
1_ A. method for confining plasma within- a plasma process-

ing 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 confine-
ment rings; 

providing a dielectric liner electrode arrangement posi-
tioned between said chamber wall and said set of con-
finement rings, wherein said dielectric liner electrode 
arrangement having an electrode encapsulated within a 
dielectric- liner, said dielectric liner electrode arrange-
ment 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 cylin-
drical. 

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 dielectric liner has 
a larger width than said electrode. 

6. The method of claim 1 wherein said parallel LC circuit 
arrangement includes an inductive circuit in parallel with a 
capacitor. 

7. The method of claim 6 wherein said inductive circuit is 
a set of inductor coils. 

8_ The method of claim 6 wherein said inductive circuit is 
connected in series with a resistor. - 

9. The method of claim 6 wherein said inductive circuit is 
connected to said electrode via an electrical connection. 

10. The method of claim 9 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 geom-
etry of said coils. 

11. Aita arrangement for confining plasma in a plasma pro-
cessing 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 arrange-
ment having an electrode encapsulated within a dielec-
tric liner, said dielectric liner electrode arrangement 
being coupled with said chamber wall to create a modi-
fied 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 12F power source config-
ured to generate said plasma_ 
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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. dielectric 
liner has a larger width than said. electrode. 

16. The arrangement of claim 11 wherein said parallel LC 
circuit arrangement includes an inductive circuit in parallel 
with a capacitor. 

17. The arrangement of claim 16 wherein said. inductive 
circuit is a set of inductor coils. 

18. The arrangement of claim 16 wherein said inductive 
circuit is connected in series with a resistor. 

19. The arrangement of claim 16 wherein said. inductive 
circuit is connected to said electrode via an electrical connec-
tion. 

20. The arrangement of claim 19 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. 
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