WD 03/ 068442 PCT/ US03/ 04407 A PLASMA PROCESSI NG APPARATUS AND METHOD 5
BACKGROUND OF THE I NVENTION Field of Invention The present invention is
rel at ed twosamssenduct or fabrication. Mire particul arly, PCRa@Sosanti on i s
related to plasma processing during sem conductor 10 fabrication.
Description of Related Art In the fabrication of sem conductor based
devices (e.qg. integrated circuits or flat panel displays) |ayers of
material may alternately be deposited onto and etched 15 from a workpiece
surface (e.g., the sem conductor wafer or the glass panel). As is well

known in the art, thePEASMIYPROCESSING AIRFARANES (SNDWEPH@DCOND! i shed
by a variety of techniques, including plasnma-enhanced etching. In

pl asma- enhanced etching, the actual etching of the workpiece takes pl ace
inside a plasma processing chanber. During the etching process, a plasm

is formed kroma suitable Etﬁ‘gégéf'lt% mg&@l‘ i I&QEWBN’:\I‘ eas of the

wor kpi ece that are unprotecte aving behind the desired
pattern. There are two types of plasmas that are enployed in

pl asma- enhanced etching,, nanely, confined plasms and unconfi ned pl asnas.
Unconfined pl d4¢lSTIBNEItoRhe  pl asma processing chanber walls and nay
contam nate the workpiece by re 1 WO 03/068442 PCT/ US03/ 04407 depositing
atons fromthe chalhepreseit inyention is r¢lated voosekpc@ciactor Ybiricatidny, Mbke pl asnma

particularly, the invention is related to plasma processing during semiconductor

10  fabrication.

Description of Related Aft
In the fabrication of semiconductor baéed devices (e.g. intégrated circuits or
flat panel displays) layers of material may alternately be deposited onto and etched
15  from a workpiece surface (e.g., the semiconductor wafér or the glass panel). As is
well known in the art, the etching of the deposited layer(s) may be accomplished by a
variety of techniques, including plasfna-cnhanccd etching. In plasma-enhanced
ef-ching, the actual etching of the workpiece takes place inside a plésma processing
chamber. During the etching process, a plasma is formed from a suitable etchant |
20  source gas to etch areas of the workpiece that are unprotected by the mask, leaving
behind the desired pattern.
There are two types of plasmas that are employed in plasma-enhanced etching,
namely, confined plasmas and unconfined plasmas. Unconfined plasmas touch the

plasma processing chamber walls and may contaminate the workpiece by re-



processi ng chanber walls are nade of materials that are inconpatible to the
wor kpi ece. Wth confined plasma, there is |ittle or no contam nation since
t he pl asmsio Bo6EIDpPped by sone nmeans from reachi ng the chacivarsowed4bs. Thus,
confined plasmas 5 provide a | evel of cleanliness that is not provided by
wel | - known unconfined plasmas. Generating confined plasma nmay prove,
however, difficult since it has a high electric potential wth respect to
the chanber walls. This high potential in connection wth a given geonetry
of the reactor and gas pressure outside the confinenent neans can lead to
el ectric br ealefwaningfatarhefrgmsheactantbiee wialinon toathe shorkpicenTypich by, die plagmd 0
confined region. Furthernore, large RF return currents on the inner surface

of the chanbpfoce@idgschamBen Wallicdré WRHY of BidRYi8]s Bt GREhEYmpHbE: tohige 9as out si de
the confinenment neans. This may also lead to el ectric breakdown of the gas

and, therefor I; S t.01:SAr t he .chanbe | |s.

Thi s undesi ra%iotrawslétégt Sv@mp%cﬁ]fgltgg?}aaggrq’rtggretl%h&%so‘?ﬁggéﬁfiﬁnw@%ﬂf’mcié‘e\'@aﬂmf‘al ly,
pl asma can be. preveg%ed fromreachi n%ht he cl"f er Wﬁ| |s by establishing a
variety of rePUTYIRGE by sepgmeans iramreanhing the ehagberwghe: Thus; eonfmed plasmay way
of exanple, the plasma is confined by a plurality of confinenment rings

resi dent w t hpipviderpelevd] abplepnlingsy thabis obyromidad by wfellcknaivmnivmgordhed gaseat. of

the plasnma just before it can reach the inner Iimts of the confinenent

rings. Since the cBeferaimgeohfinddygdssnes maypebee Adweverndaicilngpéet it RRher i al
they will charge to a potential conparable to that of the plasnma.

Consequent | , cieciie BUleslif ] R4t fo the €hsh al SRR St g edoe
o 5D 03] DoaERYRIE Rehde f e g hglé%urﬁfvilarlllggﬁg%%hn%&%{gpﬁvdoﬁﬁ%@gp

pl asma from pcvﬂhratkq{'éﬁgge%%tr{/ U Eh%eréac grtan%()g\g?{)r%ssure outside the confinement means

can lead to electric breakdown of the gas and the ignition of plasma outside the

10 confined region. Furthermore, large RF return currents on the inner surface of the
chamber walls may inductivély couple RF energy into the gas outside the confinement |
-means. This may also lead to electric breakdown of the gas and, therefore, will enable
the plasma to spread to the chamber walls. This undesirable state will be referred to
as unconfinement. |

1'5 Typically, plasma can be prevented from reaching the chamber walls by
establishing a variety of repulsive fields, either electric or magnetic in nature. By way
of example, the plasma is confined by a plurality of confinement rings resident within
the chamber walls and by means of draining charge out of the plasma just before it can
reach the inner limits of the confinement rings. Since the confinement rings are made

20 ‘from an insulating material they will charge to a potential comparable to that of the

- plasma. Consequently, a repulsive electric field will emanate from the leading edge of



the chanber walls. Anong the different types of plasma etching systens,
those utilizing confinenment rings have proven to be highly suitable and

ef f ect i vewDwp/o6d3¢2 pr oducti on 5 of sem conductors. An exampirasos/o=orh a
system may be found in commonly assigned U S. Pat. No. 5,534,751 and U.S.
Pat. No. 6,019,060 which are hereby incorporated by reference. The Lenz et
al. US Pat. No. 5,534,751 disclosure describes a plasma etching
apparatus utilizing plasma confinenent. The plasma etchi ng apparat us

i ncludes 10 confinenent rings that conprise quartz rings that are

posi ti oned t ceashconfiredheanring tinewit kéeprplaspacieorh protegling any fatteatouotemref t he
apparatus where a plasma is formed during operation of the apparatus. The
di mensi ons Of&&hﬁmﬁhQWﬁﬂ@re chosen to insure that charged particles of
spent gases in the plasnma exiting the interaction space are neutralized by

wal | collisions a | ol t age rces..of different 15
frequencies are usf\r[c‘]&?%thg)éip eﬁ@%@égé?% X’\%ﬁgmglSX%FW%’&E%SC"%I%‘“Sas hi on t hat

i sol at es each ource fromthe othe other Lenz U.S. Pat.

6,019, 060 di s%qn@%%md@éé ?PYfe%mV%f@ b&é’égr}gr spitable Hdradfeetiva fogthei modmtlon the

confinement rings are raised and lowered to facilitate workpiece
transport .5 Arofisemigonduegtdise Amvexapple affsuch phystanany be dawidrig comatdagy  havi ng
confinement 20 rings is shown in FIG 1. The Figure shows a

cross-sect i onabiguedW.DPat N, PI534,T81 aid U Pai. M. 6/0307060 whd® Hakiksy
confinement rings 102a and 102b. Al t hough only two = confinenent ri ngs are

shown, it shqgybspbRiddtigestaed that any nunber of confinenment 3 WO
03/ 068442 PCT/ US03/ 04407

The Lenz et al. U.S. Pat. No. 5,534,751 disclosure describes a plasma etching
apparatus utilizing plasma confinement. The plasma étching apparatus includes
10 confinement rings that comprise quartz rings that are positioned to surround an
interaction space between two electrodeg of the apparatus where a plasma is formed
during operation of the apparatus. The dimensions of the slots are chosen to insure
that charged particles of spent gases in the plasma exiting the interaction space are
neutralized by wall collisions as they exit the slots. Two voltage sources of different
15 - frequencies are used to apply voltages to the electrodes in a fashion that isolates each
source from the other. The other Lenz U.S. Pat. No. 6,019,060 disclosure describes
the use of confinement rings in which the confinement rings are raised and lowered to
facilitate workpiece transport.
An illustrative example of a plasma proceésing chamber having confinement
20  rings is shown in FIG. 1. The Figure shows a cross-sectional view of the plasma
processing chamber 100 having conﬁnemenf rings 102a and 102b. Although only two

confinement rings are shown, it should be understood that any number of confinement



rings may be provided. Wthin plasma processing chanber 100, there is shown
a first electrode 104, representing the workpi ece holder on which a

wor kpi ecew@®8/06842 posi ti oned during etching. The first el ecrrusdso4072 may be
i npl emented by any suitable chucking system e.g. electrostatic,
mechani cal , clanping, vacuum or the 5 like, and is surrounded by an

i nsul ator 108. During etching, RF power supply 110 nay generate RF power
having a frequency of about 2 MHz to about 27 MHz to first electrode 104.
Above wor k-piece 106, there is disposed a second upper electrode 112,

whi ch, is coupgeaay be arovidedt dVithio plasme peeressingiclambdn t00, vheretstshowala fisth as
al um num The 10 reactor top is coupled to confinenent rings 102. Second

upper el ect r odiecttdd® 108, repteseitirigaht wyrkipievshatdesoh ABhGY WorkgRAe Chamber wal |
116 by insulator 118 and is powered by an RF power supply 120 to

facilitate th o{ieaﬂeat@g@ﬁ;e&hgﬁp'ﬂémt%cueae 5%&?29& iniQUhefeg85 4Ry SLPPI | ed

via agas lin not s power supply ve any di{ abl e

frequency, such to 27 Mz t shall be .appreciated by 15 those
skilled in thaviszple ‘E%ngfﬁﬁ ﬁ%“‘ﬂf‘a‘-’s%e?leﬁ}r%t&%% i“}FQB%’H%aﬁ«oCé?mB*Pgﬂa@X% PidBfesent s
a capacitively coupled plasma processing chanber although the confinenent
rings al sos obé@é‘?é lwqouﬂﬁi?%)b‘ﬂ#éﬁumt?bb&-o@ufm&ﬁéyg&r@: powersapBlyddéh as

i nductively coupled plasma processing chanbers. O her approaches for
confini ng pl asrm genahtedRF peawgerdtaving adrdquerarysrfiaboliReMMR, tb)about RAtMHN@o first
5,767,628 and U. S. Pat. No. 5,936,352 both use nmagnetic confinenent to
gener ate a paeletidbdeyigaonfi ned plasma and are hereby incorporated by
reference. Keller et al. in US. Pat. No. 5,767,628 discloses a processing

apparatus 4 Above workpiece 106, there is disposed a second upper electrode 112, which is

coupled to a reactor top formed of a conductive material such as aluminum: The

10 reactor top is coupled to confinement rings 102. Second upper electrode 112 is
electrically insulated from grounded chamber wall 116 by insulator 118 and is
powered by an RF power supply 120 to facilitate the formation of a plésma out of
etchant source gases supplied via a gas line (not shown). RF power supply 120 may
have any suitable frequency, such as 2 MHz to 27 MHz. It shall be appreciated by

15  those skilled in the art that the plasma processing chamber of FIG. 1 represents a. |
capacitivély coupled plasma processing chamber although the confinement rings also
operate well Awith other types of processing chambers such as inductively coupled
plasma processing chambers.

Other approaches for confining plasma include magnetic confinement. The

20 US Pat. No 5,767,628 and U.S. Pat. No. 5,936,352 both use magnetic confinement to

generate a partially confined plasma and are hereby incorporated by reference. -

Keller et al. in U.S. Pat. No. 5,767,628 discloses a processing apparatus



WO 03/ 068442 PCT/ US03/ 04407 including a chanber, an induction coil for
providing a RF induced el ectromagnetic field to generate a plasma, and a
pl ural it ywofo3mesgmet i ¢ di pol es that produce a confined pl @EwaUSos/0430 t he
processi ng chanber. Sanmukawa et al. in U S Pat. No. 5,936,352 discloses a
processi ng apparatus 5 that includes a plasnma chanber having a first set
and a second set of parallel electromagnetic elenents. An oscillating
energy having a first phase is applied to the first set of parallel

el ectromagnetic elenents. Another oscillating energy having an opposite
phase is applinebiding a dhamber; andhdnetioroéoilpfer atdviding b &t indueed réciromegetient s t o
produce oppositely noving energy fields in the processing chanber such that

10 el ectrons pglg t&%a{em@dpiz@ma, @idw&an@o&uﬁ@%ﬁeﬁ@dfp%sqm ce 4 BortRiche of

the wel | -known net hod for confining plasma either partially or fully, a

novel systen1Eﬁgnyg&ﬁgﬂhggﬁFggﬂﬁk%éépg:confined pl asma i s needed. This need

is caused by e sem conduc ry shifting from200 nmwafers to.300

mm wafers. The 300 mm wafer, o pL es. _no ntwce the area of the 200
mm wafer. 15 As a TERKAYA gt alt'ﬁ‘g&-g tnﬁ?vé&é?@eqhﬁéoqeaﬁwqesw%ammi ng
conditions for sem conductor fabrication change substantially. Prior art
met hods fof gtatingludesp plasmoelfanhed hpling arfirst lseftandarseeahdfset o@@allein waf er do
not work on 300 mm wafers due to the higher gas flows and higher radio

frequency (RR}leqtomeagnkyeementdhanakellsting enstyl khvirg DRephae & applediodye de an
apparatus that generates a 20 confined plasnma that occupies a

substanti al | yg}pEQ@F p%ﬁﬁil&%cﬁ?@ﬁg‘g&ﬂcgrﬁﬁén& ,Aﬁotmtblsallgﬁngéj%ﬁgé?{)ﬁvﬂ{ 40

provi de an apparatus that con SMA i n processin er that

operates usl ngpp%lsgehpkga%es isfalp%ﬂgd to the second set of parallel electromagnetic elements to

produce oppositely moving energy fields in the processing chamber such that
10 electrons are confined in a plasma produced in the chamber.
In spite of the well-known mgthod for confining plasma either partially or
fully, a novel systefn and method for generating confined plasma is needed. This need
is caused by the semiconductor industry shifting from 200 mm wafers to 300 mm
wafers. The 300 mm wafer occupies more than twice the area of the 200 mm wafer.
15 Asaresult of the 300 mm wafer being largef, the operating conditions for
semiconductor fabrication change substantially. Prior aft methods for generating a
confined plasma that worked for 200 mm wafer do not work on 300 mm wafers due to
the higher gas flows and higher radio frequency (RF) power levels.
Therefore it would be beneficial to provide .an apparatus that generates a
20 confined plasma that occupies a substantially laréer volume.’
Additionally, it would be beneficial to provide an appératus that confines

plasma in processing chamber that operates using high gas flows.



5 WO 03/068442 PCT/ US03/04407 It would al so be beneficial to provide an
apparatus that confines plasma in a processing chanber that operates with
hi gh RF pvaass/obsavel s. Furthernore, it woul d be benefi ci al PCO/ysSOdVi40E a

met hod for generating a confined plasma in a processing chanber that
operates using high gas flows. 5 Further still, it would be beneficial to
provide a nethod for generating a confined plasma in a processing chanber
t hat operates using high RF power |evels. SUMVARY OF | NVENTI ON The present
i nvention includes a system and nethod for confining plasma using 10 a

pl asma processi ng lappatdalssbe Gévefipihbsmpropdoaesparansahgaoafing pomarinaes a
first electrode, at |east one power generator, a second el ectrode, at

| east one conpidded¥Rip! chafibBOthaPélférae Ok YRIgh RF f%er Wvefsor drai ni ng charge
fromthe plasma boundaries. The first electrode is configured to receive a

wor kpi ece and has i i . [ DOVWE[. gener at or
is operatively cou%&%ﬁﬁg&t ﬁéx%?l }Jrg{ééélfgéﬁlﬁ é g&%eﬁ%%%%&-? ??reé%BSKﬁéPg aenerat or
is configured ta nerate an RF power that is communicated to the first
el ect r ode. Th%o‘kfé“%grﬁ’ S@aéEP%%S£%gm§1@§96§é‘at oReralesdisiigl 225 BWs he fir st
el ectrode. The second el ectrode is conftgured to provide a conplete

el ectri cal Scir cui tFurther still; ipworld be bamaficiad &t pravide emeathed for generaingat r ode.

Additionally, the second electrode has a second el ectrode area that may

vary in size tordinet piismafin bpeodebsing chathbet ﬁﬁtdip@fhi‘esﬁfsﬂfg-hiﬁﬁ RF§a%fer RAEs.
confinement ring is configured to assist in confining the plasma. The
plasma is generated with the RF power being comuni cated between the 6

SUMMARY OF IN VENTION
The present invention includes a system and method for confining plasma using
10  aplasma processing apparatus. The plasma processing apparatus éomprises a first
electrode, at least one power generator, a second electrode, at least one confinement
ring, and a ground extension for draining charge from the plasma boundaries. The
first electrode is configured to receive a workpiece and has an associated first
electrode area. The power generator is operatively coupled to the first electrode, and
15 the power generator is configured to generate an RF power that is communicated to
the first electrode. The second electrode is disposed at a distance from the first
electrode. The second electrode is configured to provide a complete electrical circuit
for RF power communicated from the first electrode. Additionally, the second
electrode has a second electrode area that may vary in size from that of the first
20  electrode area. At least one confinement ring is configured to assist in confining the

plasma. The plasma is generated with the RF power being communicated between the



WO 03/ 068442 PCT/ US03/ 04407 first electrode and the second el ectrode. The
ground extension drains charge fromthe plasm boundaries with a grounded
conduct i vwoanbsiee. Additionally, the invention includes @cmatSoso4sbDr
generating a confined plasma in a plasm processing apparatus. The net hod
i ncludes providing a first electrode 5 configured to receive a workpiece in
which the first electrode has a first electrode area. Additionally, the
met hod i ncludes providing a second el ectrode disposed at a distance from
the first electrode. The second electrode is configured to provide a

conpl et e el ectfnsteddctrode and the fewonElepwoder Thergruumideateadiof deaing dhardel frqh the

el ectrode. Further still, the second el ectrode has a second el ectrode area

that may vary plRmibendsict #atdiatindell chituclive silrfagbectrode area. The nethod
then provides for the engaging of a power supply to comunicate a

I i f el 1,Gal f s [ | ._and d
Bl cctrods. The mot AaarERE ot drBBh iffudeh i e Bidibh a0 Sohlibed PR

charge at a pl as boundary. The pla boundary provides a_perimneter for
the confined PR 2 ProsCrsHIEAP PRGN by resiesnel g avidgs finst ddectioded
enbodi nents of the present invention are shown in the acconpanying

dr awi ngs wher epnfiguE¢d3o récdiee aworkpsese sewhichribe finst eectofdedapn ifiost elctrogd asnma
processing chanber. 20 FIG 2 is a cross-sectional view of a plasma
processi ng appadaatAdlittbayily)ghémethodtifidhided prévidihd @ seboad BRcR¥IEASIRE atd G 3

IS a cross-sectional view of a plasma processing apparatus having a
distance from the first electrode. The second electrode is configured to provide a
complete electrical circuit for RF power communicated from the first electrode.
Further still, the second electrode has a second electrode area that may vary in size

10  from that of the first electrode area. The method then provides for the engaging of a
power supply to communicate a plurality of electrical charge from the first electrode

and the second electrode. The method also provides for the draining of the plurality of

charge at a plasma boundary. The plasma boundary provides a perimeter for the

confined plasma.
15
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embbdiments of the present invention are shown in the
accompanying drawings wherein:
FIG. 1 is a cross-sectional view of a prior art plasma processing chamber.
20 FIG. 2 is a cross-sectional vieV\; of a plasma processing apparatus having a

protrusion at the ground extension.

FIG. 3 is a cross-sectional view of a plasma processing apparatus having a



7 WD 03/068442 PCT/ US03/ 04407 | arge ground extension. FIG 4 is a
cross-sectional view of a plasma processing apparatus having a second

el ect rodewoiwhesm4subst antially greater area than the wor kpcaoesogbsot r ode.
FIG 5 is a cross-sectional view of a plasma processing apparatus having a
5 notched second el ectrode. DETAILED DESCRI PTION In the follow ng detail ed
description, reference is nade to the acconpanying draw ngs, which forma
part of this application. The drawi ngs show, by way of 10 illustration,
speci fic enbodi ments in which the invention may be practiced. It is to be
under st ood t haf eh% b&ia sabpdinents may be utilized and structural changes
may be nade V\A% ut departl ng fromthe scope of the present invention.

Typi cal ly, the pl processi n a r |1 s are nmade of erij al s that
are inconpati bl eafﬁgﬁf* f? %F%Eﬁcg%aqv ?f%@ﬁ?‘?%@rﬂ‘:ﬁs%ﬁﬁpa@ﬂ’g BVINE 2 jtt]e
or no 15 contanination caused by the chanber walls. Thus, confined pl asnds
provi de a | evedcondeleetrasgriviihe substantially $r§atﬁb'<tfefp%0ﬁldh‘doﬂkylemblecﬂtmm
unconfi ned plasmas. Generating confined plasnma for 300 nm applications is
difficult because KG. §liea closgheetioRf viponef a plasmdpgbessingappidatiwhadinga t hat
are applied during the etching process. A plurality of enbodi nents are

descri bed bel gyy.hdidlecédEc1eildecabl e to the 300 nm 20 applications.
Additionally, 1t shall be appreciated by those skilled in the art having

the benefit of this disclosure that the apparatuses and nethods descri bed
here are not limted to 300 mm applications. The apparatuses and net hods

mey be adapted to be DETAILED DESCRIPTION
In the following detailed description, reference is made to the accompanying
drawings, which form a part of this application. The drawings show, by way of
10 illustration, specific embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and sfructural changes may be
made without departing from the scope of the present invention.
Typically, the plasma processing chamber walls are ﬁlade of materials that are
incompatible to the workpiece. With confined plasma, there is little or no
15 contamination caused by the chamber walls. Thus, confined plasmé.s provide é level
of cleanliness that is not provided by well-known unconfined plasmas.
Generati‘ng. confined plasma for 300 mm applications is difficult because of the
higher RF power and higher gas flow rates that are applied during the etching process.
A plurality of embodiments are described below that are applicable to the 300 mm
20 applications. Additionally, it shall be appreciated by those skilled in the art having the -
benefit of this disclosure that the apparatuses and methods des‘cribed' here are not

limited to 300 mm applications. The apparatuses and methods may be adapted to be



8 WO 03/068442 PCT/ US03/ 04407 wused for applications requiring the
confinenent of plasma in a high gas flow environnent that enploy high RF
power | evwsD3/068342 hi s i nvention high gas flow rates refePCrashy/emor at es of
approxi mately 1500 sccm and high RF power |levels refer to power |evels of
approximately 2 Wper cn(err) of plasma volunme. 5 In general, the present

i nvention includes an apparatus and nethod for confining plasma within a
pl asma processi ng apparatus. The plasnma processing apparatus conprises a
first electrode operatively coupled to a power generator, a second

el ectrode, atuseé@stapplicatiofdiequigigniie confi@emanchfplgmaund high gassioon f or
draining charge fromthe plasma boundaries. 10 The pl asnma processing

apparatus is &%Bhﬂeﬁﬁﬂatfe%@f@%gﬁ% 1dvBRL Th this &9&%&1&3{?&}] %{&tﬂ(}%\@ra(?ésasna

by the plasma processing a By way of exanple an

limtation, the relatively.high.gas,f rate that, i u d.into the

pl asna proce@gqrﬁ‘b BWJWB%&?@%]%’%SQ%@W SEHY: qngwl}gfé)gwlgggegeIF I’i%fﬁr 500 sccm
may al so be applied. 15 The first electrgde is configured to receive a

wor kpi ece andpavess lev¢lsof approxinaaiely 2 Warer eme f plaerea ¥9lumet hat i s adapted to
receive the workpiece. The first electrode is operatively coupled to at

| east one power supgeneralthe pposestrinsenpioh yndlsles enbpgpuatesdantdmeihed orat e a RF
power that is conmunicated to the first electrode. The second electrode is

di sposed at acifai&nia withih APldshlaro@ds8hf hssheatust Mae pREmMS Pr&RskiMY €t r ode
is configured to provide a conplete electrical ci rcuH:p for "RF power

communi cat ed Jprpgmt&sm%n‘rpirigésta ﬁxls?gl%tpﬁ'opéqqivél& %Qﬁh&y to 4 Ipoewe?eg%f?é}gto?,l £etr ode

has a

second electrode, at least one confinement ring, and a ground extension for draining
charge from the plaéma boundaﬁes. |

10 The plasma processing apparatus is configured to receive a gas that is
converted into a plasma by the plasma proéessing apparatus. By way of example and
not of limitation, the relatively high gas flow rate that is pumped into the plasma
processing chamber is 1500 sccm. Gas flow rates less tﬁan 1500 sccm may also be
applied.

15 The first electrode is configured to receive a workpiece and has an associated
first electrode area that is adapted to receive the workpiece. The first electrode is
operativeiy coupled to at least one power supply. The power supply is configured to
generate a RF power that is communicated to the first electrode.

| The second electrode is disposed at a distance from the first electrode. The

20 second electrode is configured to provide a complete electrical circuit for RF power

communicated from the first electrode. Additionally, the second electrode has a

second electrode area that may vary in size from that of the first electrode area. In one



second el ectrode area that may vary in size fromthat of the first

el ectrode area. In one 9 WO 03/068442 PCT/ US03/ 04407 enbodi nent, the
second elwotmsoda4area is greater than the first el ectrodeParaso3/d@oyener at e
the plasma within the plasm processing apparatus, the power supply is
engaged and RF power is comuni cated between the first el ectrode and the
second el ectrode. The gas is then converted to a plasma that is used for
processing the 5 sem conductor or glass substrate. By way of exanple and
not of limtation, RF power |evels of 2Wper cnB of plasma vol une are

appl i ed. RF pembsdimemethe sedondesstrbdaare®1d/gremer thanBthefirglekestradevareainre may al so
be applied. At |east one confinenent ring is disposed near the first

el ectrode area an dssh aiHi PR phisfa prddas fi nement
ring is configur egr(%%%ﬁrea%ﬁg nfSll%he 10$t ﬁgars gr& I%%ﬂpg?azlgsrra%f\psﬁggner at ed

V\nththeRFpowe i cated between t~electr t he
second el ect r SH&! yxfﬁgg%@ﬁ&ﬂ%ﬂ.@)&ogﬁg}sgﬁn}%unéc teg ﬁyeepﬁﬁ F}'Sltg ec%?cgec@gg and
is separated fromthe first electrode br%l a d| el ectric. The ground

ext ensi on dr asagend plastepder Iheganis thancorrertaddn ﬁ@éﬂsm«aéhqinﬁuﬁeﬁcfpwe@esang thfunded
conductive surface. 15 The present invention describes four alternative
enbodi nents f semigeniacat bnglass substrdte. ndyl way af emamplhand wat of Ahtiatiom R power
enbodi ments share certain comon characteristics, nanely, they use two

el ectrodes angvals @f QWngkrext’ @i piadia Rbkifnedire Afpisd. RP%“&@[HVE:EWE tHah2®% The
first electrode and second el ectrode may vary in the size of their surface

areas. In one e has a smaller area than the
20 second el e}():éfarr odgifgﬁh%lafvﬁ)pﬁéﬁq%}zéltscr%g |hggconf| gured to receive a ‘

wor kpi ece, and the L
P At least one confinement ring is disposed near the first electrode area and the

second eléctrode area, the at least one conﬁnément ting is configured to help confine

10 the plasma. The plasmé is generated with the RF power being communicated between
the first electrode and the second electrode.

The ground extension is adjacent the first electrode and is separated from the
first electrode by a dielectric. The ground extension drains charge from the plasma
boundaries and includes a grounded conductive surface.

15 The present invention describes four alternative embodiments for generating a
confined plasma. The four alternative embodiments; share certain common
characteristics, namely, they use two electrodes and a ground extension plus at least
one confinement ring. The first electrode and second electrode may vary in the size of
their surface areas. In one embodiment, the first electrode has a smaller area than the

20 second electrode. The first electrode is configured to receive a workpiece, and the
first electrode is operatively coupled to the RF power supply. Additionally, each of

the embodiments provides a ground extension that drains electric charge from the

10



first electrode is operatively coupled to the RF power supply.
Additionally, each of the enbodi nents provides a ground extension that
dr ai ns elwotmioes4gharge fromthe 10 WO 03/ 068442 PCT/ USO3/,02ABE3/04407 nges of
the confined plasma. For purposes of this patent application, the term
"confinenment w ndow' refers, to the process paraneter space w thin which
confined plasnma can be maintained. In particular, it refers to the RF
power and gas flow ranges for which a confined 5 operation of the plasma is
possi bl e. Thus, the present invention provides an apparatus and nethod for
i ncreasi'ng t higingesdfl the s@tfinedipldma of a pl asma system for the processing of
a wor kpi ece such as a sem conductor or glass dielectric. The four

enbodi ments descr iF%?Bu%%Lé%‘Hfit}H%é{&ﬁ PpECaAUAAhE RS heMehhwiddbRt rbEoN
enbodi ment, a | evel ground extension enbodi nent, an enhanced area 10

el ectrode enbodj nent, and a.natch el ect rode i.ment .and .are descri bed
TR G ER kg B RSt Sl RSB RIETE G R 3R Be o T e el
four enbodinments _include a ground extensign near the first electrode that
i s confi gur edParcularalt sefersdp e RE porer and gag flaw ranecs ey veiph 2 peefinsdasma.
Additionally, all four enbodinents include the first electrode that is-
confi gur eds t copeeatminwd theywlasana is possttde arfthusgtiie pvent inventiat proGides acsppadus
surface area that is greater than the second el ectrode area. For

iIlustrative @Hdrhases forlift@eRIRIBOEorMéMRAS @mdsww@msﬁ@@gﬁéﬁliwxeth@pupl ing to
generate the plasma in the processing chanber. It shall be appreci ated by

e L) SeABS TR ek PpEleape ghsuaes hods oy be

The four embodiments described below include a ground extension with
protrusion embodiment, a level ground extension embodimeht, an enhanced area

10 electrode embodiment, and a notched electrode embodiment and are described in FIG.
2, FIG. 3, FIG. 4 and FIG. 5, respectively. As described above all four embodiments
include a ground extension near the first electrode that is configured to drain charge
from the edges of the confined plasma. Additionally, all four embodiments include
the first electrode that is configured to receive the workpiece and may have a first

15 electrode surface area that is greater than the second electrode area.

For illustrative purposes, the present invention employs capacitive coupling to
generate the plasma in the processing chamber. It shall be appreciated by those skilled
in the art, that the present apparatus and methods may be adapted to be used with
inductively coupled plasma. ’

20 Additionally, and for illustrative purposes only, a dual frequency power supply

is used to generate the high electric potential that is applied to a gas to produce the

plasma. More particularly, the illustrative power supply is a dual power frequency

11



20 Additionally, and for illustrative purposes only, a dual frequency power
supply 1is used to generate the high electric potential that is applied to
a gas to woadwest4t he plasma. More particularly, the il ugcTratSoyessponer
supply is a dual power frequency 11 WD 03/ 068442 PCT/ US03/ 04407 power
supply operating at 2 MHz and 27 MHz that is included in etching systens
manuf actured by Lam Research. It shall be appreciated by those skilled in
the art that other power supplies capable of generating plasna in the
processi ng chanber may also be enployed. It shall be appreciated by those
skilled in thepoaver sufpdy openatirigrat @M Hoand 27 Mifnthat isindleded in eRhidy SamaRci es of
2WMHz and 27MHz but nay be applicable to a wwde range of frequencies. It

shal | be appr agirmifturby by NesR&kirth.ed shal E&@ﬁé&imé&%ﬁ tHRd%e aﬂgé& anH%‘élat at

alternative enbodi nent exists for each of the enbodi nents descri el ow.

In the additi ' ' he second "gr.ounded' el ectrode
is confi guredC%Jt?lgér}?8@)8%)rﬁ;{?@lﬁlégcézg1 %‘ggg?g%l%g‘{r&tgc?&agsgﬁép CPIQCeSFIRg cRanper gy
processi ng chanber. wever, i order, tq achieve the desired effect of a
decrease in biaé%oel??oq"?l_@%datﬁ sthl"}@ bEéEHﬁﬁFa‘éaé’bftt g akillgdh in the artehatehe mvention
voltage at the first "powered" el ectrode, the second el ectrode is
configured3to IEB%WT%&PQ\E leemiemAepoiidY He land 27 MElztiut staybewppbchbld tectwidde
that is adapted to receive the. workpiece. It shall be appreciated by those
skill ed in theasgetof frequéteidsng t he benefit of this disclosure, that the goal
of achieving plasma confinenent by decreasing the bias voltage on the

confinerent 11ngs Aflal BEESANIRG bithoRt BaNAPH{AIE 1fifah BEALibES hueROE ©”

electrode is achi eved Wi ththi S addi tional a ternative ‘e _
Furt her nor e, 'e&nb%ﬁi%llént Qﬁst@?&reggﬁ 8% f?xg e%oai?r%% S dseléclzribleﬁ%elorvlv.t nethéfjl géditqgr\llall n9

alternative embodiment, the second "grounded" electrode is configured to

10 communicate RF power to generate a plasma in the processing chamber. However, in
order to achieve the desired effect of a decrease in bias voltage at the second electrode
and incrgase in bias voltage at the first "powered" electrode, the second electrode is
configured to communicate less RF pbwer than the first powered eléctrode that is

~ adapted to receive the workpiece. It shall be appreciated by those skilled in the art

15.  having the benefit of this disclosure, that the goal of achieving plasma confinement by
decreasing the bias voltage on the confinement rings and increasing the bias voltage
on the first "powered" electrode is achieved with this additional alternative
embodiment. Furthermore, it shall be appreciated by those skilled in the art having
the benefit of this disclosure that this additional alternative embodiment may be

20  applied to each of the embodiments disclosed hereinafter.
Ground Extension with Protrusion Embodiment

Referring to FIG. 2, there is shown a cross-sectional view of a plasma

12



the benefit of this disclosure that this additional alternative enbodi nent

may be 20 applied to each of the enbodi nents disclosed hereinafter. G ound
Ext ensi orwaiosheRunt r usi on Enbodi ment Referring to FIG 2, pCharses/isoshown a
cross-sectional view of a plasma 12 WO 03/068442 PCT/ US03/ 04407

processi ng apparatus 150 having a ground extension with a protrusion. This
enbodi nent includes a first electrode 152 that is conposed of a conductive
material which is operatively coupled to an RF power supply 154. As

descri bed above, the RF power supply 154 is a dual frequency power supply.
By way of exagmptasiapdppaobtueflSGhaving & gtduad extehdofi mithta protectisrodBhihas an ar ea
that is adapted to receive a 300 mm workpiece. In operation, the powered

first el ectrogdfbokmehtSnENs airsededtdde qsgméelsacorﬂyaééﬂ%ﬁ%nﬁﬁ&fvemmm and
is configured to clarrp the workpiece to the first electrode 152. The

10 uti ng wei 1 VRREIESRGARELEARIT0 RREDler sEBKFE_od feakf LRt %E?”"de

nmet hods i ncl ude coathg t he r.st electrode12vmthad|electr|c terial
that i ncor por BV sSHPRJK 154 & %&fifréﬂwwa&@r TRt FHoWAY of Brmpit b 1) 0hnd
dechucki ng purposes. The second el ectrode 156 is di sposed above the first
el ectrode 352limi@atraey, e fjrst eledieods bavamiares et isadapted tomeckive a 300 mmrat eri al
that is conpatible with the workpiece to 15 avoid contam nation. The
second el ect redkpihb. i s connected to a ground 158 and provides a conplete
electrical circuit for the RF power. Additionally, the second electrode

156 has a surface 1 BeralibR hdBoivetad First ERBASRATS29E cdrlfpubdd B reelveGt r 0de 152.

In

workpiece (not shown) and is conﬁgured to clamp the workpiece to the first electrode
152. The workpiece is electro-statically clamped or “chucked” to the first electrode
10 using well-known systems and methods. These well-known systems and methods
include coating the first electrode 152 with a dielectric material that incorporates high-
voltage electrodes (not shown) for chucking and dechucking purposes.
The second electrode 156 is disposed above the first electrode 152. Generally,
the second electrode is made from_a material that is compatible with the workpiece to
15  avoid contamination. The second electrode 156 is connected to a ground 158 and
provides a complete electrical circuit for the RF power. Additionally, the second
electrode 156 has a surface area that may vary from that of the first electrode 152. In
one embodiment, the second electrode 156 has a greater surface area than the first
electrode 152. In another embodiment, the second electrode 156 has the same surface
20 area as the ﬁfst electrode. By way of example and not of limitation, the second
electrode is composed of a conductive material such as silicon or silicon carbide.

Additionally, by way of example and not of limitation, the second electrode is located

13



one enbodi nent, the second el ectrode 156 has a greater surface area than
the first electrode 152. In another enbodi nent, the second el ectrode 156
has t he swom3swsfiace 20 area as the first el ectrode. By wagtafSozssmpl e and
not of limtation, the second electrode is conposed of a conductive
material such as silicon. or silicon carbide. Additionally, by way of
exanple and not of limtation, the second electrode is located 13 WD

03/ 068442 PCT/ US03/ 04407 25 mmfromthe first electrode. The ground
extensionl60 is near the first electrode 152. The ground extension 160 has

a protrusion 2§ e e argelestrédeom t he pl ane of the ground extension 160.
The protrusion is made froma conductor and nakes el ectrical contact with

the ground 5 extepyl 8B,ddk foﬁ'f'gﬁjis%grelﬂé 'ﬁ?ﬁ% g%@&ﬁil?ﬁ f@{ea%ﬁﬂ]dféﬁé&foﬂe.

first electrode by a Tirst relectric ring electric ring
162 is config to receive the first . electrode_ 152 and the ground

ext ensi on 160%&%%%%@5“%?%?@(:&%QFOFFﬁJrOi‘B € 3 sgro‘t‘rfﬂee"ft?nrsg}“ 1t—.éiraect rode
152 fromthe &round extension 160. The second dielectric ring 164 sits in
the sane pl andhegpratmesiogionnde s arsondictarend makenelegiggal sonagbyith thegrounibot  of
limtation, the ground extension 160 is conposed of a conductive materi al

such as al sim sxtengdon. SThd grovnd dhisiondibalis sepatayedvieam theffirexaeqitode dpd firet  of
limtation, the protrusion 161 that is approxinmately 5 nm above the plane

of the groundgRiRets 1606 Orhe it dRQECTRE Bing 992 Wa¥nRbusd &RLEvaRR Mot of
limtation, the ground extension 160 is |ocated 5 nun fromthe first

L0100 2 plondt s b R, 5, R R el B "

the first dief ricring Secon
d of . Al'sq, . b f I d
conposed o qﬁl%rtllrgtel sge 1 way. o exgrrp e.an

ectro fromthe ground extension 160. The secdnd dielectric ring 164
sits in the same plane as the ground extension 160.

10 By way of example and not of limitation, the ground extension 160 is
composed of a conductive maferial such as aluminum or silicon. Additionally, by way
of example and not of limitation, the protrusion 161 that is approximately 5 mm above
the plane of the ground electrode 160. Furthermore, by way of example and not of
limitation, the ground extension 160 is located 5 mm from the first electrode 152.

15  Further still, by way of example and not of limitation, the first dielectric ring 162 and
second dielectric ring 164 are both composed of quartz. Also, by way of example and
not of limitation, the second dielectric ring 164 has a width of Smm which separates
the first electrode 152 from the ground extension 160.

At least one confinement ring 166 is used to confine the plasma to the volume

20  defined by the confinement rings. Additional confinement rings 168a and 168b are

also shown. The confinement rings provide confinement to the plasma that is

generated within the processing chamber. By way of example, the confinement rings

14



not of limtation, the second dielectric ring 164 has a width of 5mm which
separates the first electrode 152 fromthe ground extension 160. At |east
one confiwermenessni ng 166 is used to confine the plasm toPCha@SOBDI4E 20
defined by the confinenent rings. Additional confinenent rings 168a and
168b are also shown. The confinenent rings provide confinenment to the
plasma that is generated within the processing chanber. By way of exanpl e,
the confinenment rings 14 WD 03/068442 PCT/ US03/ 04407 166, 168a and 168b
are conposed of quartz. In operation, a gas is fed into the process chanber

by a gas inl e15d,r1ega§npm)3are&ynpmyd@ﬁq@marrpl e and not of |lim tat| on, the
gas flowis up to 1500sccm Plasma is generated Wnen RF power

communi cat ed 1 0m 3Belskbata a8l 948 teifolds ARG, T ghl ﬁﬂ&?m%t@ﬁ%%})cess

chanber. The power s n| cate power [evels

cm(err) of pI Iune | n,addi he nfl nene n 66, 168a
and 16Bb. ¢ heDBramSRERPle8ad RoTa iR be e SRt S B S0t %oﬁﬁfeﬂesl St he
pl asma in the processing chanber. The protrusion 161 and the ground

ext ensi on 160gensrtedhwhen RE pawasingomynuaicated framn diedfirgfeclentrole 453 torthe ghmasma
wi thout affecting the plasma charge density that is directly above the

power ed fi §st irgldech¢ prdeess oRarhbeat The peweessipplywonpinicaés REpsyertidelgsfaipr usi on
161 and the ground extension 160 hel ps contain the plasma. In one

enmbodi ment i nyyGlr bR oBpIauRAesumecond el ectrode 156 has a greater
surface area than the powered first electrode 152, the plasma is al so

contarned. 1t 1S BSaRRLLIRSIRthANAk dhReId] ToiPurle c8BThE bR BE R the

area ratio, 1.e.

from the ground extension 160 confines the plasma in the processing chamber. The
protrusion 161 and the ground extension 160 confines the plasma by draining charge
10  from the plasma withoet affecting the plasma charge density thet is directly above the
powered first electrode 152 that receives a workpiece. Thus, the protrusion 161 and
the ground extension 160 helps contain the plasma.
In one emhbodiment in which the grounded second electrode 156 has a greater
 surface area than the powered first electrode 152, the plasma is also contained. It is
15 hypothesized that the plasma is contained because the area ratio, i.e. ratio defined by
dividing the second electrode area by the first electrode area, determines the bias
voltage on the workpiece that is clamped to the powered RF electrode 152. The
greater the area ratio between the grounded second electrode 156 and the powereci
'ﬁrst electrode 152, the greater the bias‘voltage at the powered first electrode 152. By
20 the same token, the bias voltage on the grounded second electrode 156 and, especially,
at the confinement rings 166, 168a and 168b is decreased if the before mentioned area

ratio is increased. A reduced bias at the confinement rings will enable them to charge

15



di viding the second el ectrode area by the first el ectrode area, determ nes
the bias voltage on the workpiece that is clanped to the powered RF

el ectrodew032/068lie  greater the area rati o between the gr@omdsds/egepnd

el ectrode 156 and the powered first electrode 152, the greater the bias
vol tage at the powered first electrode 152. By 20 the sane token, the bias
vol tage on the grounded second el ectrode 156 and, especially, at the
confinenment rings 166, 168a and 168b is decreased if the before nmentioned
area ratio is increased. A reduced bias at the confinenent rings wll
enabl e themtg tﬁ@f’d'ngéaeleé]t c gﬂeﬁ’ﬂl(a@%asﬁgz{n@%%{e%éfvetterr 8l thE BlaSANT
electric potential as the plasma and, therefore, better repel the plasm
away fromthe rings. .Thus e nbi nat i .on t he ound .ex ion 160

i oposed nesPringopdieTa ntPsiRERBRhiER dund SR RN DO Eed Face
area of the grounded second electrode with respect to the first el ectrode,
i ncreases t henesy e powerasfinst elegiradgdid and theduwaased purface apapfitke povededsi ng
chanber. Level G ound Extension Enbodi ment Referring to FIG 3, there is
shown a crosssezend electaddewrithwesgecato the fiest nietirade, insteasesehpriae eStheng appar at us
having a | evel ground extension. The |level ground 10 extension enbodi nent
170 is sim| agordfeinBft WinAsW okt BRSMA Provetsihgéatibesi on 150 embodi ment

descri bed above. However, the |evel ground extension enbodi ment 170
conprises a | evel ground extension 172. The | evel ground extension 172 does
not include a protrusion 161 extending from ground extension 160 as shown

Rl 2 ot LS RSP o5 o8 e i Ve
protrusion 160. , .
Referring to FIG. 3, there is shown a cross-sectional view of an alternative
plasma processing apparatus having a level grouhd extension. Thé level ground
10  extension embodiment 170 is similar to the ground extension with protrusion 150
embodiment described above. However, the level ground extension embodiment 170
comprises a level ground extension 172. The level ground extension 172 does not
“include a protrusion 161 extending from ground extension 160 as shown in FIG. 2.
Additionally, the level ground extension 172 has a width, Wz, that is greater than the
15  width, W), of the ground extension with protrusion 160.
In operation, the level ground extension 172 drains charge from the perimeter
of the plasma. Thus, the level ground extension functions in a similar manner as the
ground extension with protrusion 160.
| Although the surface area for the level ground extension embodiment 170 is
20 less than the surface area of the ground extension with protrusion embodiment 150,

the level ground extension embodiment is easier to manufature. Manufacturihg of the

level ground extension embodiment 170 is simplified because the protrusion 161
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In operation, the |level ground extension 172 drains charge fromthe
perineter of the plasma. Thus, the | evel ground extension functions in a
simlar rmaomaesas2 t he ground extension with protrusion 16QT/Usbs/maogh t he
surface area for the | evel ground extension enbodinment 170 is 20 |less than
the surface area of the ground extension with protrusi on enbodi nent 150,
the | evel ground extension enbodi nent is easier to manufature.

Manuf acturing of the |evel ground extension enbodinent 170 is sinplified
because the protrusion 161 16 WO 03/068442 PCT/ US03/ 04407 extending from
the ground 1l6@xwoéing fimm thageound 166 doessdthaed wche cohstheckd, askeirhisesibld or
fabricated. Enhanced Area Enbodinment 5 In FIG 4 there is shown a
cross-secti ongpr¢h@yw of an alternative plasma processing apparatus having
a grounded el ectrode with an enhanced area. The enhanced area enbodi nent
180 of FIG 4 is simlar to the ground extension with protrusion

enbodi nent 15 ngxf Fl‘ﬁé 2 ﬂe crhi bed above. However, the enhanced area
enbodi nent 18 8%‘? 85 mé?%‘h%‘ d second el ectrode 182 that has a |arger
surface 10 area, i.e. "enhanced" area, conpared to the surface area of
grounded ePect r odelMBE- ditherpfsghoyn axgoss-seelianpt visw of e altematéve pasmace ar ea
for the grounded second el ectrode 182, the inner dianmeter of the insulator

184 is gr eat eprackssing dppaiatusdravitigargrowrdedfelectredd witbhan ediafcédared. NEhegr ound
extension with protrusion enbodi nent 150. Additionally, the inner dianeter

for confi nemeghhdncedisred 8RBodiARADI 80BSTLIGOH s §imildi BahSErolnd@Bx tblifor WHRT 15
di aneter for confinenent rings 166, 168a, and 168b. Another distinction is
that the protrusion embodiment 150 of FIG. 2 described above. However, the enhanced area
embodiment 180 comprises a grounded second electrode 182 that has a larger surface
10 area, i.e. “enhanced”.area, compared to the surface area of grounded electrode 156 of
- FIG. 2. As aresult of the larger surface area for the grounded second electrode 182,
the inner diameter of the‘insulator 184 is greater than the inner diameter of insulator
159 for the ground extension with protrusidn embodiment 150. Additionally, the
inner diameter for confinement rings 186a, 186b, and 186¢ is greater than the inner
15 diameter for confinement rings166, 16'8a, and 168b. Another distinction is that the
enhanced area embodimentv 180 includes a level ground extension 189 similar to the
level ground extension 172 described in FIG. 3. By way of example aﬁd not of
limitation, the grounded second electrode 182 has an outer diameter which is 50mm
larger than that of the level ground extension embodiment.
20 In operation, the enhanced area embodiment 180 operates in a similar manner

to the ground extension with protrusion embodiment 150 described above. However,

the surface area for grounded electrode 182 is substantially greater than the surface for
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enhanced area enbodi ment 180 includes a | evel ground extension 189 simlar
to the |evel ground extension 172 described in FIG 3. By way of exanple
and not oWO 0Bioed4tmat i on, the grounded second el ectrode 182Phagisanogot er

di ameter which is 50nm |arger than that of the |evel ground extension
enbodi nent. 20 In operation, the enhanced area enbodi nent 180 operates in a
simlar manner to the ground extension with protrusion enbodi nent 150
descri bed above. However, the surface area for grounded el ectrode 182 is
substantially greater than the surface for 17 WD 03/068442 PCT/ US03/ 04407

grounded el ecgfoudgedléibotron® 186." &S dlrésubtfofiiteyrodterdiupfacSareh 8% raiRiRd ERbtrode
grounded el ectrode 182 in the enhanced area enbodi nent, e area ratio

t
bet ween t he gr 2 d ower. el ect.r ode | S
i ncreased. Thilgypﬁ@fgg@saglg&gér}ggelpggcﬁg%&étsh%l %avﬁﬁgg%weﬁ%@}eggﬁggflfgum t age
on the powere | ectrode 188 an decreased hi,as voltage on 5 the grounded
el ectrode 182q§ﬁa“‘f?18°%?fﬁ Plge laérgi‘ﬁ%ref%@a,T 10igpreased algppiatio pesuligitraiase i n
bi as voltage at the confinenment rings 186a, 186b and 186c enhances the

abi lity of théncrsselRipevaliage ontherpowenes gleciroda 188 antbs dedrbasdd hlasveltagecbnal | ows
for a |larger cofinenment wi ndow. 10 Notched El ectrode Enbodi nent Referring

to FIG 5 thette grousledelecroder IB2endelkd confinbmunteitigs 186416 86b RhASIR. ADr ocessi ng
apparatus having a notched ground el ectrode. The notched el ectrode

enbodi nent  19Qedr&asé ibib@Volta@e b RORRRGSRS ﬁﬁ%_al S%Q})%rﬁ'ﬁgg gé@ Qnﬂﬁf S ﬁh%ed in

FIG 4. However, the notchéd el ectrode enbodi nent I nc a no 92

;Mnt ["hg E}Pgu ﬁggﬁii%umgghzﬁh\%g}ertg ggnfi[nge%he IWaEmha Exshc?esgr)l(l?e%patbiogen an alEon(las o? ;[1 ch 192

larger cofinement window.

10 Notched Electrode Embodiment
Refeﬁing to FIG. 5 there is shown a cross-sectional view of the a plasma

processing apparatus having a notched ground electrode. The notched ele;:trode
embodiment 190 is similar to the enhanced area embodiment 180 described in FIG. 4.
However, the notched electrode embodiment includes a notch 192 within the

15 grounded elecﬁode 194. With the exception bf the notch 192 in the grounded
electrode 194, the grounded electrode is the san;e as the grounded electrode 182 of
FIG. 4. The notch 192 increases the area ratio between the grounded electrode 194
and a powered electrode 196 further. As previously described, the increase in the area
ratio results in an increased bias voltage on the powered electrode 196 and a decreased

20  bias voltage on the groﬁnded electrode 194 and the confinement rings. The notch 192
in the grounded electrode 194 will also dilute the plasma that moves in front of the

confinement rings. Both, the further decreased bias voltage and plasma dilution in
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el ectrode 194, the grounded electrode is the sane as the grounded el ectrode
182 of FIG 4. The notch 192 increases the area ratio between the grounded
el ectrodew094/068amxl a powered el ectrode 196 further. As pr @Cirases/g4407
described, the increase in the area ratio results in an increased bias

vol tage on the powered el ectrode 196 and a decreased 20 bias voltage on the
grounded el ectrode 194 and the confinenent rings. The notch 192 in the
grounded el ectrode 194 will also dilute the plasma that noves in front of
the confinenment rings. Both, the further decreased bias voltage and pl asma
di lution in 1&oM(bfaBe OtfthemeMGTHddIeNY/ 10 fdither iforeasé oDthe Chefiteditnt RefdW. By NgsS
|l ead to further increase of the confinenent wi ndow. By way of exanple and
not of limtaty : i . p. 5mm
A'though The. deder CsiR ahg Rt nliafio, (e ih 202 KAIdANG! Ariihlta et g
not 5 be 'conﬁtwﬁ% as limting the scope of the invention but as nerely
providing il rations of sone of the presently preferred enbodi nents of
this invention. Thus he scope,of the invention should be determ ned by
the appended cl ai nélthong tth%gqscrlptg@agbogamr\;zgp%m@gy ReCHISALIQNGa thepg/shopid not
illustrative exanples given. 19 WD 03/ 068442 PCT/US03/ 04407 CLAIMS What

i s cl ai medSi sbe tonstrupd ashmitipgdhesopagf thhanvestiorcoutfas qnerely pravidiagei ve a gas,
conprising: 5 a first powered el ectrode configured to receive a workpiece,
said first illustrations of some of the presently preferred embodiments of this invention. Thus,

the scope of the invention should be determined by the appended claims and their

legal equivalents rather than by the illustrative examples given.
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powered el ectrode having a first electrode area ; a power generator
operatively coupled to said first powered el ectrode and configured to
comuni cawe opowsn2t o said first powered el ectrode; a secomdTalSevosote

di sposed at a distance fromsaid first powered 10 el ectrode, said first
power ed el ectrode and said second el ectrode configured to convert said gas
to a plasma, said second el ectrode have a second el ectrode area; and a
ground extension adjacent said first powered el ectrode and surroundi ng
said first powered el ectrode. 15 2. The plasma processi ng chanber of claim
1 further-conprising at |east one confdmpgaRt ring configured to confine
said plasma, said at | east one confinenent ring surrounding said first
powered el ectrode. 20 3. The plasna processing chanber of claim1l wherein
sai d ground exfensi on urther conprises a protrusion. 20 WO 03/ 068442

PCT/ US03/ 0440 ah@‘%wgeéﬁhsna processi ng chanmber of claim3 wherein said
ground extension surrounds said first power electrode. 5. The plasma
processi ng chhnberA plaswp arasessingrehagibar eanifigurpddo merebietacgasi emprisings
configured to drain charge fromsaid plasma. 6. The plasma -processing
chanber ofsclaim| wheaéirst ppavietbdglentiode eordfRiusddan receive Ouotkpicsdi sdidi firkst
power el ectrode.

powered electrode having a first electrode area ;

a power generator operatively coupled to said first powered électrode
and configured to communicate powef to said first powered electrode;

a second electrode disposed at a distance from said first powered

10 A electrode, said first powered electrode and said second electrode configured to -

convert said gas to a plasma, said seco‘nd electrode have a second electrode
area; and |

a ground extension adjacent said first powered electrode and

surrounding said first powered electrode.

15
2. The plasma processing chamber of claim 1 further comprising at least one
confinement ring configured to confine said plasma, said at least one confinement ring
surrounding said first powered electrode.

20 3. The plasma processing chamber of claim 1 wherein said ground extension

further comprises a protrusion.

20



10 7. The plasma processing chanber of claim®6 wherein said ground
extension is, configured to drain charge fromsaid plasnma. 8. The pl asna
processi /yoohacdaer of claim 1 further conprising an el ect Podasas/eqo7 rati o
of greater than 1.0, said area ratio defined by dividing said second

el ectrode area 15 by said first electrode area, such that said second

el ectrode area is greater than said first electrode area. 9. The plasm
processi ng chanber of claim 1 wherein said second el ectrode further
conprises a notch, said notch configured to increase said second el ectrode

20 area. 10. 4he mlﬁgimnﬁgﬁﬁﬁﬁﬁhg'@l&ﬂ%ﬂbﬁélam 3 GlRidin ShidBRsuaH Rx@asien gr ound
extension 21 WO 03/068442 PCT/ US03/ 04407 surrounds said first power

el ectrode. 1lsurr-mﬁd§)§a?§ Itg&gér?%ig%g?chanber of claim 10 wherein said

ground extension I's con ur ain charge fromsaid plasma. 5 12. The
pl asma processi ng chanber of claim 11 further conprising an area ratio of
greater than 1.0, said area ratio defined by dividing said second el ectrode
surface area by said first electrode area,:such that said second el ectrode
surface area §.s gridwtpdesmarpncessing ehgmbes of elnie # vdgeeim paid gronpd atengiopisas ma
processi ng chanber configured to receive a gas, conprising: a first powered
el ectrode sonfdrdigued tb drdiecleargyeframwaidqpasaee, said first

6. The plasma processing chamber of claim 1 wherein said ground extension

surrounds said first power electrode.

0 7. The plasma processing chamber of claim 6 wherein said ground extension is |

configured to drain charge from said plasma.

8. The plasma processing chamber of claim 1 further comprising an electrode area
ratio of greater than 1.0, said area ratio defined by dividing said second electrode aréa
15 by said first electrode area, such that said second electrode area is greater than said

first electrode area.
9. The plasma processing chamber of claim 1 wherein said second electrode
- further comprises a notch, said notch configured to increase said second electrode

20 area.

10. The plasma processing chamber of claim 9 wherein said ground extension

21



powered el ectrode having a first electrode area ; a power generator
operatively coupled to said first powered electrode 15 and configured to
comuni cawe jpoesn2t o said first powered el ectrode; a secomdTdalSesv+40te

di sposed above said first powered el ectrode, said first powered el ectrode
and said second el ectrode configured to convert said gas to a plasm; a
ground extension adjacent said powered el ectrode and surrounding 20 said
first powered el ectrode, said ground extension separated fromsaid first
powered el ectrode by a dielectric; and at |east one confinenent ring
configured to sgAbikideSaid dirst pohvasBRetrgl d at 22 WO 03/ 068442 PCT/ US03/ 04407
| east one confinenent ring surrounding said first powered el ectrode. 14.
The pl asna processi ng chanber of claim 13 wherein said ground extension is
configured to drain charge fromsaid plasma. 5 15. The pl asma processing

chanber of claim 14 further conprising an area ratio of, greater than 1.0,
said area rat ?16 defp%glas%@p@apqu@swgere&é “F‘g(?é”al%?‘fléﬂé gg‘i"@‘gl gxgengion s
first electrode area, such that said second el ectrode surface area is
greater than sanfigured tosdraig|change dpen saidplasma 16. The pl.asma processing

chanmber of claim15 wherein said ground extension includes a protrusion.
5

12.  The plasma processing chamber of claim 11 further comprising an area ratio of
greater than 1.0, said area ratio defined by dividing said second electrode surface area
by said first electrode area, such that said second electrode surface area is greater than
said first electrode area.
10
13, A plasma processing chamber configured to receive a gas, comprising:
| a first powered electrode configured to receive a workpiece, said first
powered electrode having a first electrode area ;
a power generator operatively coupled to said first powered electrode
15 and configured to communicate power to said first powered electrode;
a second electrode disposed above said first powered electrode, said first
powered electrode and said second electrode conﬁgured' to convert said gas to a
plasma;
a ground extension adjacent said pc;wered electrode and surrounding
20 said first powered electrode, said ground extension separated from said first
powered electrode by a dielectric; and |

at least one confinement ring configured to confine said plasma, said at
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17. The pl asma processing chanber of claim 16 wherein said second el ectrode
15 further conprises a notch, said notch configured to increase said second
el ect r odewoas®esd4218. A net hod for generating a confined plPasnsos/msar pl asma
processi ng chanber, conprising: 20 receiving a gas in said plasna
processi ng chanber; causing a first electrode to receive a workpiece, said
first electrode operatively coupled to a power supply; 23 WO 03/068442
PCT/ US03/ 04407 causing a second el ectrode di sposed at a distance fromsaid
first electrode to receive RF power fromsaid first el ectrode, said second
el ectrode havi ng Raseaecshfkaent iiesudroandihf sdid ifisst po@atedrelédi@dbe.sai d first

el ectrode area; engaging a power supply to communi cate RF power to said
first 5 electrode to generate a plasma; and causing a ground extension

adj acent said first electrode to drain a plurality of charge fromsaid
plasma. 19. The nmethod of claim 18, further. conpri,sing draini said .
plurality of gﬁar gtl?%ﬂasnﬁ)prgcgﬁlggﬁﬁatgégﬁgg}aynggf‘qq%%gB@}d&{oqngg%{engﬂg 1
confinement ring, 20, The nethod of claim 19 wherein said receiving said
gas is transf éppiagpred tograip sharge from 8fd plpsmid 1500scecm 15 21. The met hod of
claim19 wherein said engagi ng said power supply further conprises
comuni cat 5Sng RF power of up to 2 Wper cnB of plasma vol une.

15. Thé plasma processing charﬁber of plaim 14 further comprising an area ratio of
greater than 1.0, said area ratio defined by said second electrode shrf;ace area to said
first electrode area, such that said second electrode surface area is greater than said
first electrode area.

10
16.  The plasma processing chamber of claim 15 wherein said ground extension

includes a protrusion.

17.  The plasma processing chamber of claim 16 wherein said second electrode
15 .further comprises a notch, said notch configured to increase said second electrode

arca.

18. A method for generating a confined plasma in a plasma processing chamberg
comprising:
20 receiving a gas in said plasma processing chamber;
causing a first electrode to receive a workpiece, said first electrode

operatively coupled toa power supply;
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causing a second electrode disposed at a distance from said first
electrode to receive RF power from said first electrode, said second electrode
having a second electrode area that is greater than said first electrode area;
engaging a power supply to communicate RF power to said first
5 electrode to generate a plasma; and
causing a ground extension adjacent said first electrode to drain a

plurality of charge from said plasma.

19.  The method of claim 18 further comprising draining said plurality of charge at

10  aplasma boundary defined by at least one confinement ring.

20. The method of claim 19 wherein said receiving said gas is transferred at a flow

rate of up to 1500sccm.

15 21.  The method of claim 19 wherein said engaging said power supply further

comprises communicating RF power of up to 2 W per cr_n3 of plasma volume.
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