11 August 2006 WD 031065442 PCT/ USO03l 04407 A PLASMA PROCESSI NG APPARATUS
AND METHCD 5 BACKGROUND OF THE I NVENTI ON Field of | nventiigugihiegpsesent
invention is related to sem conductor fabrication. Morre particularly, the
invention is related to plasma processing during sem conductor 10

fabricatiggesdsessription of Related Art In the fabr@%%h&gmﬂﬁ; sem conduct or
based devices (e.g. integrated circuits or flat panel displays) |ayers of
material nmay 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, the etching of the deposited |ayer(s) nmay be acconplished
by a variety of techni ques, including plasma-enhanced etching. In

pl asma- enhanced eﬂcﬂib&é‘,{AtH{&GIESSBNGA&’@WWBS ANTEMEFEQDece t akes pl ace
inside a plasma processing chanber. During the etching process, a plasm
is formed froma suitable etchant 20 source gas to etch areas of the

wor kpi ece that are unprotected by the mask, | eaving behind the desired
pattern. There are two tyPACKGROYUND QUISTHRINVENEIQND| oyed in

pl asma- enhanced etching, nanely, confined plasms and unconfi ned pl asnas.
Unconfined plasmas touch the plasma processing chanber walls and may
cont ani nat e tiiddabinkgitiese by re | 13 |~ | | August 2006

The present invention is related to semiconductor fabrication. More
particularly, the invention is related to plasma processing during semiconductor

10  fabrication.

Description of Related Al:t
In the fabrication of semiconductor based devices (e.g. inte;grated circuits or
flat panel displays) layers of material may alternately be deposited onto and etched
15 froma workpief:e surface {e.g., the semiconductor wafe-r or the glass panel). Asis
well known in the art, the etching of the deposited layer(s) may be accomplished by a
variety of techniques, including plasﬁm—enhanccd etching, In plasma-enhanced
ct‘.ching, the actual etching ot; the workpiece takes place inside a pI;clsma 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 gmployed in plasma-enhanced efching,
namely, confined plasmas and unconfined plasmas. Unconﬁné_d plasmas touch the

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




WO 03/ 068442 PCT/ US03/ 04407 depositing atons fromthe chanber walls on to
the workpi ece. Typically, the plasma processing chanmber 1weddgastaiogsmade of
materials that are inconpatible to the workpiece. Wth confined pl asma,
there is little or no contam nation since the plasma is stopped by sone
means frogyheReas ng the chanber walls. Thus, confingd.plasnes 5 provide a

| evel of cleanliness that is not provided by well-known unconfined plasnas.
Generating confined plasma nay prove, however, difficult since it has a
high electric potential with respect to the chanber walls. This high
potential in connection wth a given geonetry of the reactor and gas
pressure out tsdlhde_ the confinenent nmeans can lead to electric breakdown of
the gas and tHResitigsatpmplionythe phapbersvallaiersio the workeie Typindliynbelplesni on.
Furthernore, large RF return currents on the inner surface of the chanber
wal |'s may i ndROESSRG FRambeysllearrmadernd mgterislnthe atelimoypatibbud e de t he confi nenent
means. Thi's may also |ead to electric breakdown of the gas and, therefore,
will enabl e ¥oHwigse ¥ itnconfined plagraal thees it litle arina adneiminetibi since Teiptassindesi r abl e
state will be referred to as unconfinenent. 15 Typically, plasma can be

" prevent ed fr dnsteppedtyisege meases Gérarpehingtbd dhemlpy wallss Thls| doafied glagmasar i ety of
repul sive fields, either electric or magnetic in nature. By way of

exanpl e, the PRIVHS aievelof demiinesstbiat ipnosprpyidedaly ivel-kofwnmaevh fimdpRishasl | NgS
resident within the chanber walls and by neans of draining charge out of
the plasma just Bshestiagicenfipsiplasme aehpohe héwear difficuti ke dhaddggiconf i nenent
rings. Since the confinement rings are made 20 froman insulating materi al
t hey will chalegftic pasentialiyithesspictto theahpatreathls. This hifiagotedfial ih@nndalics na.
Consequently, a repulsive electric field will emanate fromthe | eadi ng edge
of 21 | Auyiise ge0gomi® o S 0684 dd RETrddSEueHé 8 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 encrgy into the gas outside the confinement '
-means. This nllay 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 Wil} charge to a potential comparable fo that of the

" plasma. Conéequently, arepuisive electric field will emanate from the leading edge of




each confinenent ring that will keep plasma from protrudi ng any further out
toward the chamber walls. Anpong the different types of phasgastgiohi ng
systens, those utilizing confinenment rings have proven to be highly
suitable and effective for the production 5 of sem conductors. An exanple
of such may be found in commonly assigned No. 5,534,751
and U.S.&ggyﬁkﬁ%% 6, 019, 060 whi ch are hereby incor%%ﬁg%éﬁﬁ%& ref erence.
The Lenz et al. U S. Pat. No. 5,534,751 disclosure describes a plasna
etching apparatus utilizing plasma confinenent. The plasma etching
apparatus includes 10 confinement rings that conprise quartz rings that are
positioned to surround an interaction space between two el ectrodes of the
appar at us wh&i<B copfigeraeatying;thpt will keeniplaseha fiompraspdingtriydurthef out bevagippar at us. The
di rensions of the slots are chosen to insure that charged particles of
spent gases'ﬂﬁcbﬁﬁﬂbW§§na exiting the interaction space are neutralized by
wal |l colli-sions as they exit the slots. Two voltage sources of different 15
- frequenci es ar Angagtde differapiipps efplasmyeshiteaydidme, hbseatilizges i n a fashi on
that isolates each source fromthe other. The other Lenz U.S. Pat. No.
6,019, 060 di serfiouueniringekaye ploesm to bdteghlsmitaile o effictesteinte frodi@§on N Whi ch t he
confinenent rings are raised and lowered to facilitate workpiece
t ransport 5 Apfsemicomsibeters.i Arecxemplepf mclof syatein nag befoidas e&shdi@y chanber havi ng
confinement 20 rings is shown in FIG 1. The Figure shows a
cross- sect i owsignediUBSyPaif N¢. 156534V Hsith U pPa.Es 60 15060 Réih &d hdey havi ng
confinenent rings 102a and 102b. Al though only two confinenent rings are
shown, it shiocdrpbrite bymefeewt.ood t hat any nunber of confinenent 3 11 August
2006 WD 031068442 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 electrodes 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
netralized 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 hol dernigmgakizehs a

wor kpi ece 106 is positioned during etching. The first el ectrode 104 may be
i npl emented by any suitable chucking system e.g. electrostatic,

mechani cayg offk@Pi Ng, vacuum or the 5 like, and ispspp9paged by an

i nsul ator 108. During etching, RIF power supply 110 nmay generate RF power
having a frequency of about 2 MHz to about 27 MHz to first electrode 104.
Above wor kpi ece 106, there is disposed a second upper electrode 112, which
is coupled to a reactor top fornmed of a conductive material such as

alum nium The 10 reactor top . is coupled to confinement rings 102. Second
upper el ect r 68 Maypeprovided. Y ithin plagmapracessing ehamberfl P thegprinshewad fishamber wal |
116 by insulator 18 and is_ powered by an RIF power supply 120 to
facilitate t I‘ﬂ?""f"é‘?ﬁ%feaﬁse@\‘mgéhep‘flcﬁwegﬂﬁef or whigh ¢ werkpieesd(6 e gases suppl i ed
via a gas line _(not shown). RF power supply 120 nmay have any-suitable
frequency, s@estioned duriggptching. The Nstelecireded hingy Ysdmplowensesibartemd by 15 t hose
skilled in the art that the plasma processing chanber of FIG | represents
a capaciti véwgableeh}ﬁkleasyﬁﬂeas%elmt@etmm@amgnbepinalmmmgw thehe confi nenent
rings also operate well with other types of processing chanbers such as

i nduct i veldy & prddsisumgingdseérby spriviiatos 1089 Dutingitbing, REpdver supplpri biches f or
confining plasma include magnetic confinenent. The 20 U.S. Pat. No

5,767, 628 an#raygserapRE poper hasingakequary bizbout d dHxtaghat 27TMBonffirstenent t o
generate a partially confined plasnma and are hereby incorporated by
reference. Kekttwde 4. a] . in U S. Pat. No. 5,767,628 discl oses a processing
apparatus 4 | | August 2006 WO 03/068442 PCTI US03/ 04407

_ 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 charmiber wall 116 by insulator 118 and is
powered by an RF power supply 120 to facilitate the formation of a pla{sma out of
efchant 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' '
ca_pacitivély coupled plasma processing chamber although the confinement rings also
operate well -with 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 2 partially confined plasma and are hereby incorporated by reference. -

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




i ncluding a chanber, an induction coil for providing a RIF induced
electromagnetic field to generate a plasma, and a pl uraljijtay,.0f JgBgnet i c

di pol es that produce a confined plasma within the processi ngecha er.
Sanmukawa et al. in U S Pat. No. 5,936,352 discloses a processing appar at us
5 that inghegessR Pl asma chanber having a first set papgsgoggcond set of
parallel electromagnetic elenents. An oscillating energy having a first
phase is applied to the first set of parallel electromgnetic el enents.
Anot her oscillating energy having an opposite phase is applied to the
second set of parallel electromagnetic elements to produce oppositely
moving energy fields in the processing chanber such that 10 electrons are
confined in alcwlagﬁebamb@rcmwgcnon ceihier prRvidipe # RF induesgicledrophguetie wel | - known
met hod for confining plasma either partially or fully, a novel system and
met hod for gépldieaensgje & plamanand a plusbiyel magnetiedipales i podise e chnfingl caused by
the sem conductor industry shifting from200 mmwafers to 300 nm wafers.
The 300 nin vlasmawithicthppressssingrehantbitan t wi ce t he area of the NO nun wafer. 15
As a result of the 300 nmin wafer being larger, the operating conditions for
sem conduct or f aBamukawi enl aHaldet. Nolfsi36,352 difdloges aRrécessing fpammt hods f or
generating a confined plasma that worked for 200 nun wafer do not work on
300 mi n. waf ethst ickheles oplasnachdmbghHevingjarsf detand a agvdnddegifgaraliehdi o frequency ( RF)
power |evels. Therefore it would be beneficial to provide an apparatus that
gener at es a el2@romegukticwanepisadmescillating coagyipiving a dirss plasd inmiplial th yhel ar ger

vol unme. Additionally, it would be beneficial to provide an apparatus that
confines pl fistsat afparplied clegromagpeticrelamonts. Afalier opélatiseRerpshanipg i gh gas fl ows.
51 | August 2006 It would also be beneficial to provide an apparatus that
confi nes pl asppesite phase is applied 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 method for confining plasma either partially or
fully, a novel systeﬁx 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 accupies more than twice the area of the 200 mm wafer.
15 - Asaresult oil' the 300 mm wafer being iargef, 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 sub;tant_ially larécr volume,
Additionally, it would be beneficial to provide an appa;ratus that confines

plasma in processing chamber that operates using high gas flows.




in a processing chanber that operates with high RF power |evels.
Furthernore, it would be beneficial to provide a nethod fppuggiengsi ng a
confined plasma in a processing chanber that operates using high gas fl ows.
Further still, it would be beneficial to provide a nethod for generating a
confined plasnma in a processing chanber that operates using high RF power

| evel s. SUVMARY OF | NVENTI ON Exanpl e enbodi nents of the present invention

i nclude a system alﬁﬂ’oulﬁelﬁmweﬂ‘?ﬁcng fowtdvitic ay apperatie that poifings plagsaasma pr ocessi ng

appar at us. Ac&_ g é%ﬁm%m“&“%%”n%ﬁﬁﬁh%%¥u§ﬁ%mgn%§ent invention, there is

provi ded a Ias 0 generate a conflned
pl asma, conpr|5|nghnaaﬂmﬁsnupmmmeadwﬁhaqbpﬂdﬂe@ﬁﬁ&b@ﬂﬁg&wﬁmngece|ve a

wor kpi ece, said first powered electrode having a first el ectrode area; a
power gener at ‘E‘JF"“@B@r@TWéIF 91’?96?:??511%%}13?’8 that operaies, usiog Bt&iéﬁ% & ectrode and

configured to commipnGakie 1@&8Uﬁfbefb9ne‘§i@iaﬂofp}o'§z§1£anﬁfﬂx\@foﬁ&n@aﬁ%{ ode; a second
el ectrode disposed at a distance fromsaid first powered el ectrode, said

first pomeredﬂ@ﬁgéuﬂ@delaﬁdmsawmgyé@dwﬂﬂ@temxm@demg@umﬂﬂbuMEm to convert
said gas to plasna sai d second el ectrode have a second electrode area,;
a plurality o? conf i nement rings surrounding a volume within which said
confined plasma is substantially disposed, the plurality of confinenent
ri ngs bei ng suspended parallel to and surrounding the first powered

el ectrode and second el ect r SUBMMARYORINWENTION pl asnma processi ng chanber,

the  plurality of conf] nenent rin capabl e of heing raised and | owered to
extend into a regrgRPIFGPadREYS g%‘ﬁrﬁ’ S‘f‘%‘ué""F‘i‘t}"gt“"%&%@rS@ﬂe‘BIa@ trode; and a

ground ext enghRR RHLAGRRE pﬁé}iléjusiﬂgrasﬂlasgﬁvﬂ?&@gmg lagisatdhRid ac8iding ur r oundi ng
said first powered electrode within the volume. At |east oné confinenent
ring may be to a first aspect of the present invention, there is provided a plasma processing

chamber configured to generate a confined plasma, 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 and conﬁgﬁred to communicate power to said first
powered electrode; a second electrode disposed at a distance from said first
powered electrode, said first powered electrode and said second electrode
configured to convert said gas to a plasma, said second electrode have a second
electrode area; a plurality of confinement rings surrounding a volume within
which said confined plasma is substantially disposed, the pluraiity of
confinement rings being suspended parallel to and surrounding the first powered
electrode and second electrode from within the plasma processing chamber, the
plurality of confinement rings capable of being raised and lowered to extend
into a region above and around the first powered electrode; and a ground
extension adjacent said first powered electrode and surrounding said first
powered electrode within the volume. At least one confinement ring may be
configured to assist in confining the i)lasma. The plasma may be generated with

- the RF power being communicated between the




configured to assist in confining the plasma. The plasma nmay be generated
with the RF power being communicated between the 6 | | AyQughst2906 first
el ectrode and the second el ectrode. The ground extension may drain charge
fromthe plasma boundaries with a grounded conductive surface. According to
a second aspect of the present invention, there is provided a plasnma
processi ng chanber configured to generate a confined plasma, conprising: a
first pomeredﬁé#é@ﬁpéﬁ@dg@ﬁﬁb@bﬂ@ﬂ“@bThaﬁemﬂéﬂammmmﬁpﬂ@h@&mgaid first
pover ed el ect (e AR Goadlel S € LSS ALEA B, POVer gener at or
operatively couple 0 sal |rs? ower ed el ectrods and configured to
comuni cat e power Accosdgdo his¢chpid Bpsvesate pteatin@atton, hesecHoddedl ect r ode

di sposed at a distance fromsaid first powered el ectrode, said first
pover ed el ect A oUSTEnROCessingy chamber, gondienred o generena Genfsed Phs®Bnvert said gas

to a plasms; sainfisRECORd: plRRldiRAsINRNfREIT0 38600 WIgRLE QR area; a
plurality of confinénent rings surrounding sald first powered el ectrode,

sai d second elisttroweted glediradlef havingga dirstveléctnde wiet;ha rpowki gbeerdter conf i ned

plasma is substanti,al ly .disposed,.the pluralit of, confinenent rings being
suspended par SFFECY o"‘%{%la‘* stgr RS |tn§°‘?eﬁ%é alle?t% de aﬁ‘&m@?n«%gmgﬁetgt rode and

second el ect r egemdnicapsivérié mid fist foveSialeqions QSedoidelcdb@digbsedt he plurality
of confinenent rings capable of being raised and lowered to extend into a

regi on above #riclidietfem exidirst pasterdsiferele eiddiet povecd deriode adr ound
ext ensi on adj aeeQkoRdirdde’ DhaRANas eohvek SH g&qg a epgeﬂg);?étéﬁrégﬂ{ﬁ@ ng said

first powered electrode wmthin the volunme confin e plurality of
confi nement r¢élegode Aaldligt & cemhd yelectrdile arcanmppleralgyiad dionfrtrenti iigdsude a net hod
for surrounding said first powered electrode, said second electrode and defining a
volume within which the confined plasma is substantially disposed, the plurality
of confinement rings being suspended parallel to and surrounding the first
powered electrode and second electrode from within the plasma processing
chamber, the plurality of confinement ﬁngs capable of being raised and lowered
to extend into a region above and around the first powered electrode; and a
ground extension adjacent said first powered electrode, and surrounding said
first powered eclectrode within the volume confined by. the plurality of
confinement rings.

Additionally, the example embodiments include a method for
generating a confined plasma in a plasma processing apparatus. According to a
third aspect of the present invention, there is provided a method for generating a
confined plasma in a plasma processing chamber, including a plurality of
confinement rings surrounding a volume within which said confined plasma is
substantially disposed, said method comprising: receiving a gas in said plasma
pfoc_essing chamber; causing a first electrode to receive a workpiece, said first

electrode operatively coupled to a power supply; causing a second electrode

disposed at a distance from said first elecirode to receive RF power from said

first electrode, said second electrode having a second electrode area that is




generating a confined plasma in a plasnma processing apparatus. According to
a third aspect of the present invention, there is provigggu@uggb d for
generating a confined plasna in a plasm processing chanber, I ncluding a
plurality of confinenment rings surrounding a volune within which said
confined plasma is substantially disposed, said nethod conprising:
receiving a gas in said plasma processing chanber; causing a first

el ectrode to pegeitha saidfiot Kpitedesres eigdging ¢ siwer fipply to @denopge at i vel y coupl ed
to a power supply; causj second el ectrode di sposed at di stance from
said first el REPPBAD P et i enguiapb e mdrarbonesend) octr ode, sai d
‘second el ect r gdesidaydj@ntdaid GeOHeLtBlamH WaER R vaRnicafinel y the 11 August 2006
greater than said first electrode area; engagi ng a power supply to

conmuni cat e REUsHWf cqnfingmagnprings fosdraip p pluraliy @€ chageedionepidplasia.p| asna; and
positioning a ' L: . S al [ rade and within
t he vol une deF]Llg %@%ﬂﬁy&? e E%%ng?Ié%@:ﬂ%‘gg%&lg%%faﬁ%‘%ﬁ%ﬁm?#ﬁ% ﬂ%o drain a
plurality of fibtegeods tssandtlgptradenmd a pdrtien gf thergeduind gxtapsioc Thé i nenment ri ngs
bei ng positione ove and_surroundi the first electrode, the second

b
el ectrode andmﬁtﬂﬁ‘g’f“ﬂ RIRViSst ot %ﬁﬂgfl%%fg%gwﬁgﬁgqp O CHRRUEHS M od nay provi de

for the engaghigliQlor AedSaBihatt BB Yhel st €ROTIAR bk Ssedond Rlctticak.i ty of
el ectrical charge fromthe first electrode and the second el ectrode. The

met hod may al $er petndinepy afse provide fod theidrpining of thephwaligy efichargasiaof charge at a

Con i ned pl acham o Rp EETARRPAR PR AR PoBRF PG 1 et enbodi men s

of the presentonfiidghisinan are shown in the acconpanying draw ngs wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments 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.

FIG. 2 is a cross-sectional view 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

Ta




FIG 1 is a cross-sectional view of a prior art plasma processing chanber.
FIG 2 is a cross-sectional view of a plasma processing gppaigatismoshavi ng a
protrusion at the ground extension. FIG 3 is a cross-sectional view of a
pl asma processi ng apparatus having a 7a 11 August 2006 WD 031068442

PCT1 USO3/\0¢ Haésds2T € ground ext ensi on. FIG 4 is 3ceu83susectional view
of a plasma processing apparatus having a second el ectrode with a
substantially greater area than the workpiece electrode. FIG 5 is a
cross-sectional view of a plasm processing apparatus having a 5 notched
second el ectrode. DETAILED DESCRIPTION In the foll ow ng detailed
description, reference is nade to the acconpanying draw ngs, which forma
part of thisy duG@bdtégion. The draw ngs show, by way of 10 illustration,
specific enbodi ments in which the invention may be practiced. It is to be

under st ood t hat mctl.ans@&&@Q@cﬁmtﬁempba@mwbﬂohésgegiapﬁmuﬁ{awgsU_ral changes
may be nmade wi thout departing fromthe scope of the present invention.

Typical l'y, tBeop AHSeRif eSS aRNF RalhGrea WRh be vaHQiiPd&ed., Mt eri al s that
are inconpatible to the workpiece. Wth confined plasna, there is little

or no 15 cont ani g sk GRUSEHeRlikiEr YRR BlockGhd dbpard : vinb PN i ned pl asmas

provide a |level of cleanliness that I's not pro known
unconfi ned plLasiBsecofdieidel N9 confined plasma for 300 nm applications is

difficult because of tﬁe
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 s;tructural changes may be
made without departing from the scope of the present invention.
Typically, the plasma processing chamber walls are rﬁade 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 plasm.as provide a; 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 applic.ations. Additionally, it shall be apprcciatéd by those skilled in the art having the -
benefit of this disclosure that the apparatuses and methods dcs‘cn'bed here are not

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




hi gher RF power and hi gher gas flow rates that are applied during the
etching process. A plurality of enbodinents are described Aguswobpat are
applicable to the 300 turn 20 applications. Additionally, it shall be
appreci ated by those skilled in the art having the benefit of this

di scl osungy hidsead he apparatuses and nethods descri begrrgiguare not limted
to 300 nun applications. The apparatuses and net hods nay be adapted to be V
I I | August 2006 WD 03/068442 PCTt US03/ 04407 used for applications
requiring the confinenment of plasma in a high gas flow environment that
enpl oy high RF power levels. In this invention high gas flow rates refer
to flow rates of approximtely 1500 sccm and high RF power levels refer to
power | evel sussf fou ppplicativnsatquiripg the wonfmement8f pddsmpinachigh geoflasme. 5 I n general ,
the present invention includes an apparatus and nethod for confining

pl asma wi t hi envirorpheasthet epploxbgis Rin povep feaelatIo ¢his ifitvetiqnl hiphrges flovomessi ng

apparatus -conprises a first el ectrode operatively coupled to a power
gener at or, arefs acfiuwdrated & epprodiesteln i 500seasnt, andgh®fowadsebtrefeitong, and a ground
extension for draining charge fromthe plasma boundaries. 10 The pl asnma
processi ng ap@er kvtisofiagprednitelyMepkr ta’ sfplemyehmegas that is converted into
a plasma by the plasnma processing apparatus. By way of exanple and not of
limtation, the Iedeadralubd preshitiivergs ircludey ah agparatub atd mehoddisrped i nto the

pl asma processi ng chanber is 1500 sccm Gas flow rates | ess than 1500 sccm
may al so be canfifihg febmaldthihlaglabhi rocedieibpeae. Tie plond prgtesdnt t o receive a

wor kpi ece and has an associated first electrode area that is adapted to
recei ve the wpafi emprised b first dléctbdeaiparativeydBupled to a power generator, a

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

iO The plasma processing apparatus is configured to receive a gas that is
converted into a plasma by the plasma proécssing 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 scom. 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
operaﬁveiy— 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 di'stance 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




operatively coupled to at | east one power supply. The power supply is
configured to generate a RF power that is communi cated 419 AdpastiAonet

el ectrode. The second el ectrode is disposed at a distance fromthe first
el ectrode. The 20 second electrode is configured to provide a conplete

el ectricayogidegsd t for RF power comunicated from the,fkhst; €l ectrode.
Additionally, the second el ectrode has a second el ectrocfe area that may
vary in size fromthat of the first electrode area. In one 9 | | August
2006 WD 03/068442 PCUUS03/ 04407 enbodi nent, the second el ectrode area is
greater than the first electrode area. To generate the plasma within the

pl asma processi ng apparatus, the power supply is engaged and RF power is
comruni cat ed eibadieash the lsesoiid glestrods|aese isrgodier thandhe fivet elesbadonatael. ect rode. The gas
is then converted to a plasna that is used for processing the 5

sem conduct or or Tglgerssteshapddsmawahin By plasa mdcesing apramtuastle pooter of | i mitati on,
RF power .levels of 2Wper cm 3 of plasnma volune are applied. R F power

| evel s of | esspplyiamg@d andRF poiver infompiuaisared betwleenmthe fisyeledirsde doéthappl i ed. At

| east one confinement ring is disposed near the first el ectrode area and
the second edcentdlctlelealimagas isiten adnvired sta paama thatif usee fe2 piocdstifptheé S confi gur ed
to help confine 10 the plasma. The plasnma is generated with the RF power
bei ng conmunikgadteaduchebngansubithe. By way ofekegid amd actaf Hmithidn, FFopRer el ect r ode.
The ground extension is adjacent the first electrode and is separated from
the first eleel sf3epddymboflasheviinicare applizd gRPpowkr RxéCoREsOhadlZWi NS char ge
fromthe plasma boundaries and includes a grounded conductive surface. 15

The present péremhbfphsmalesand healsh depphdd er nat i ve enbodi ments for generating
a confined plasma. The four alternative enbodi nents share certai n conmon
At least one confinement ring is disposed near the first electrode area and the
second eléctrode area, the at least one conﬁnément ring is configured to help confine
10  the plasma. The plasma 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 in¢ludes a grounded conductive surface.
I5 The present invention describes four alternative embodiments for generating &
confined plasma. The four alternative embodimente; 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




characteristics, nanely, they use two el ectrodes and a ground extension
plus at least one confinenent ring. The first el ectrodejppggseoons

el ectrode may vary in the size of their surface areas. In one enbodi nent,
the first electrode has a smaller area than the 20 second el ectrode. The

first el is configured to receive a workpiec e first
el ect rodgﬁ?(g’ﬂgs%‘ezr atively coupled to the RIF power sﬁ%%@ygmkﬂdi tionally,

each of the enbodi nents provides a ground extension that drains electric
charge fromthe to I | August 2006 WO 03/068442 PCT/US03/ 04407 fringes of
the confined plasma. For purposes of this patent application, the term
"confinenment wi ndow' refers to the process parafreter space within which
confined pl afimgesofithe banfinaliptesiae.ned. 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, Fdreupbeseithis patentapplic@tionpthe terml &nfemang pdndatwvlieferand net hod f or
i ncreasi ng the confinenent wi ndow of a plasna systemfor the processing of
a wor kpi ece ®ulelprasssparamekrcpdaed withio whiok caplind pladhedaa bé miiatainddhdn f our

enbodi nents descri bed bel ow i ncl ude a ground extension with protrusion
enbodi ment , partficeMe fit r¢fer® otk R posiesind Rascilobvaatigeeiof whicha cenfirticed area 10

el ectrode enbodi nrent and a notched el ectrode enbodi nrent and are.descri bed
in FIG 2, dpefationdof tielpflasmdisabgdible) Ghusthe prsdeiatdntial providdsartkppaituidped above al |
four enbodinents include a ground extension near the first el ectrode that

i's configur eghdnRitd &r c@BaigdiR: cohfirdfidt Rehd6wW gBSplaia bRencfonthe ned pl asma.
Additionally, all four enbodinents include the first electrode that is

confi gured tgodeQafiof @ whikBiedQudaRk £ hidndheRY ghdvdel@tdcl r st 15 el ectrode
surface area that is greater than the second el ectrode area. For
illustrative purpRIesembdifindiiseisRibedibBld® iciudda AtMdeysnsaR@Ei tive coupling to
profrusion embodiment, a level ground extension embodi.me.nt, 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




generate the plasma in the processing chanber. It shall be appreci ated by
those skilled in the art, that the present apparatus andingigied®ogrey be
adapted to be used with |nduct|vely coupl ed plasnma, 20 Additionally, and
for illustrative purposes only, a dual frequency power supply is used to

generate ‘R,ggydl%g? el ectric potential that is appli e‘iicjrfﬂsogmﬂﬁf to produce
the plasm re particularly, the illustrative power Supply is a dual

power frequency | | August 2006 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 plasma in the
processi ng ch%ﬁ@éwpﬂﬁyper&hsﬁZM{m%Wthaﬂsnshaibdmlatehxag)mtems ated by those
skilled in the art that the invention 5is not limted to RF frequencies of
2MHz and 27 MvHpatyfpctured by ban Respirehe dtshall teappresidtalicy thaangkdlled in the fo@nci es. |t
shal |l be appreciated by those skilled in the art that an additional

al ternative ohdpaciersupplicsxapsbleof goneraing hlaniia ih khe prochreidg dRmba nd@scri bed bel ow.
In the additional alternative enbodi ment, the second "grounded" el ectrode
i s confi gur edaltode t@plowxnitshati &t appRieiaed b thoteakilenia HRtA dat Bk ASEMtoa N t he
processi ng chanber. However, in order to achieve the desired effect of a
decrease if b a® limitbd ta §€ fmquendies o 2MdHR ahdel7BiHzIbOrRAy baAFblicAUlI t8aSdel N bi as
voltage at the first "powered"” el ectrode, the second el ectrode is

confi gured t cagenfiicgueaice | ess RF power than the first powered el ectrode
that is adapted to receive the workpicce. It shall be appreciated by those

skilled in the arkshibbduppieciged byahdaesiaticdtin thé art it ddGEdnRSUERative hat t he goal
of achieving plasma confinenment by decreasing the bias voltage on the

confi nenent renbgdiman existfor @aiSoMig: dntbediRb@Sdey@ibb P ow. R tHe AGuifdnaiSt " pover ed”
el ectrode is achieved with this additional alternative
alternative embodiment, the second "grounded" electrode is configured to
10 communicate RF power to generate a plasma in the processing chamber, Howéver, in
order to achieve the desired effect of a décrease in bias voltage at the second electrode
and increase in bias voltage at the first "powered" electrode, the second electrode is
configured to communicate less RF pbwer than the first powered ele.ct:rode 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 confiriement 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




enbodi ment. Furthernore, it shall be appreciated by those skilled in the
art having the benefit of this disclosure that this addijiispadt2absernative
enbodi ment may be 20 applied to each of the enbodi nents disclosed

her einafter. Gound Extension with Protrusion Enbodi nent Ref erri ng to FIG

2, there QM a cross-sectional view of a plasmBerd@dssagr - ~-- """ I
| August ‘3‘38@2 ¥ 03/ 068442 PCT[ US03/ 04407 process%wg%f)ar Atus 150 havi ng

a ground extension with a protrusion. This enbodi nent includes a first

el ectrode 152 that is conposed of a conductive material which is
operatively coupled to an RIF power supply 154. As described above, the RF
power supply 154 is a dual frequency power supply. By way of exanple and
not of 5 |i nptoeassiegrpparites 150 havingal seoyind edensiomwitmpratnswnt kit i s adapted to
receive a 300, nm workpiece. In operation, the powered first el ectrode 152
i s confi gur ecmbadimentiailydes afirsiabackeded 62 thétrintonphwdnfa camdhcefive ngadanibi gured to
clanp the workpiece to the first electrode 152. The workpiece is

el ect r o- st at wbish Isypgitiveipecipled to'atRicioselt supgy t He Ak desaribed himet,tl@d®F 10 usi ng
wel | - known systens and net hods. These wel | -known systens and net hods

i ncl ude coat poveer tupelyflb4 is b dedl Gequeng @od&2uppiyt Byavagd vfdxeraple el nadfer i al t hat

i ncor porates high- voltage el ectrodes (not shown) for chucking and
dechucki ng plimpa®esdhe fitelegedolid ar breg thatddelagt&Bo regeich £3D0%ewl above the first
el ectrode 152. Cenerally, the second electrode is nmade froma materi al
that is conpabikpk®. with the workpiece to 15 avoid contam nation. The
second el ectrode 156 is connected to a ground 158 and provides a conpl ete
el ectrical cir cuidoptmationt thepdilefeddimstelectrodé th2tis cdffiduled to tebivesecond

workpiece (not shown) and is conﬁgurec_l to clamp the workpiece to the first elecirode
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 an& 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 ofthe first electrode 152. In
one embodiment, the second electrode 156 has a greater surface area than the first
electrode 1.52. In another embodiment, the second clectrode 156 has the same surface
20 area as the ﬁﬁt 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 examnple and not of limitation, the second electrode is located
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el ectrode 156 has a surface area that may vary fromthat of the first

el ectrode 152. In one enmbodiment, the second el ectrode 1pQ,Bas 804" eater
surface area than the first electrode 152. In another enbodiment, the
second el ectrode 156 has the same surface 20 area as the first el ectrode.
By way of exanple and not of limtation, the second electrode is conposed
of a conductive material such as silicon. or silicon carbide.

Addi ti onal | y, 2pmdeopm tbé firsixedgrpbde. and not of limitation, the second el ectrode
is located 13 | | August 2006 25 mmfromthe first electrode. The ground
ext ensi on 160 is nEwgrquhéefi¢nsion 16 iendar el rsi @ rodehld2 gTagnelind ext ensi on 160
has a protrusion 161 that projects fromthe plane of the ground extension
160. The pr ot eiEpighl0dapppretrisiasrtd hihetameientstfnm hmplawved{ds seduadt ri cal  cont act
wi th the ground extension. The ground extension 160 is separated from the
first el ectr oféenpign 0f The proyypsiqnagmade dropy arrgndugtpr amfityeakesiefestricali el ectric ring
162 is configured to receive the first el ectrode 152 and the ground

ext ensi on 160°on&ct vadithsound extersion; dhe growpd ewansiva ) issepsraicl &omi r st el ect r ode
152 fromthe ground extensjon 160. The second dielectric ring 164 sits in
the sanme pl ane 55t glesrodeya fisgd diclectsin §pp 621 dbe fihdigleetricgme d@%ispl e and not of
limtation, the_ground extension 160 is conposed of a conductive nmateri al

such as al uni FPORHET 1 raceiegie Tabectrdsiar paf the Houndeytensiond@d ¢ and not of
limtation, the protfrusion 161 that is approximately 5 mi n above the pl ane
of the gr oundseégPﬁgﬁLﬂF‘B‘ﬁ“% .4Sﬁiﬁﬁt?§él?erﬁ5?tglf“’“°5§/1%f’“b cgeuinl e and not of
limtation, th ro extension 160 is located 5 mmfromthe first

el ectrode 152‘?"?6!'3%?“[ ﬁ’@r tSFcIOF‘,?dlﬁlﬁc%’S%“ 4 i SMEREEEI DS |initation, the

first dielectric tl0d . 160.

By way of example and not of limitation, the ground extension 160 is
composed of a conductive material 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 extension 160. Furthermore,
by way of example and not of limitation, the ground extension 160 is located 5
mm from the first electrode 152.

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 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




162 and second dielectric ring 164 are both conposed of quartz. Al so, by
way of exanple and not of limtation, the second diel ectifiagehdtP90d64 has a
wi dth of 5nmm which separates the first el ectrode 152 fromthe ground
extension 160. At |east one confinenment ring 166 is used to confine the

pl asma t | ume defined by the confinenent ri i.tional
confi nen&]%&?)fsﬁézg 168a and 168b are al so shown. Thgg;ls:fgsr@?ﬂt’nent rings

provi de confinement to the plasma that is generated within the processing
chanmber. By way of exanple, the confinenment rings 14 | | August 2006 WO
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 inlet (not
shown). By W6/ 16fa aad b68p ke cambsedaf qaktz| i mtation, the gas flowis up to
1500sccm Plasma is generated when RF power is communicated fromthe first
el ectrode 152-t o li fi@rafio a pasiigfed e thdyRocpssehaihsr Whaabialet (ndthtBowagwer suppl y
comuni cates RIF power |levels of up to 2Wper cm 3 of plasnma volune. In

addi tion to BRevagefdxaffEBidnof of lif#atibh,Ghe ghOBawv B tlIGBMccrt. TRasp @l r usi on 161
fromthe ground extension 160 confines the plasma in the processing

chanmber. The gedRfa@ddmiisn R pcbed is asiininiRted ron AR fiost e EO5216@e ganf i nes the
pl asma by draining charge 10 fromthe plasma without affecting the plasm

charge densi ingide Biprocéss eHamB&! Tive pRASEpEHN@mMNRNIORERF foweSlbveRlcB s r 0ode 152 t hat
recei ves a workpi ece. Thus, the protrusion 161 and the ground extension

160 hel ps cogptaw Berdchf offlAmARolurhd) One enbodi nent in which the grounded
second el ectrode 156 has a greater surface area than the powered first

el ectrode 152, theadaltids Hand confiieibht G186, 168h-and 168b,She protrusion 161
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 withou; affecting the plasma charge density thalt is dirqctly 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 embodiment in which the grounded second electrodé 156 has a greater
" surface area than the powered first electrode 152, the plasma is also contained. Itis .
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 powere&
‘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, especiaily,

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




15 hypot hesi zed that the plasma is contained because the area ratio, i.e.
ratio defined by dividing the second el ectrode area by the afsigt084 ectrod
area, determnes the bias voltage on the workpiece that is Cclanped to the
powered RF el ectrode 152. The greater the area ratio between the grounded

second el 156 and the powered first electro he. greater the
bi as volﬂgggﬁgggﬁhe powered first el ectrode 152. Byggﬁ&éﬁgm@ane t oken, the

bi as vol tage on the grounded second el ectrode 156 and, especially, at the
confinement rings 166, 168a and 168b is decreased if the before nentioned
area ratio is increased. A reduced bi-as at the confinenent rings wll
enable themto charge 15 | | August 2006 WD 03/068442 PCT/ US03/ 04407 to

the sane el egdhé Gmp bR fofhtial s thd'Sladtladsd heRie, b&r&?fes&%ﬁlasrbﬁtter repel the
plasma away fromthe rings. Thus, the conbination of the ground extension

160 di sposed awdSRim 'R OYIRE A8k doinbhtios lbEME 5OER cdieksicando Ei%sédnc reased
surface area of the grounded second electfode with respect to the first

el ectrode, ingk ﬁn@?&?eréd*}fr‘st%ie&x%d@fsztah@théin%%& ﬁ?fﬂ&@}ea‘%ﬂﬂ@%’éﬁ&d&{ _the plasma
processi ng chanber. Level G ound Extension Enbodi nent Referring to FIG 3,

there is shown,f PR wif &shelid the HrE Wedbd @ RehsbEhidd of fhe P! asma processing

apparatus having a level ground extension. The |evel ground 10 extension

enmbodi nents 1 i Wl sion with protrusion 150
5 L{fhehdneat WA fof tﬁ%ﬁ%&@b&?ﬂgﬁf%@& p

enbodi nent descri bed above. evel ground extension enbodi nent
170 conprises a |level ground extension 172. The |evel ground extension 172
does not include a protrusion 161 extending from ground extension 160 as

shown in Fl G .2y crddd %éﬁ&?ﬁlleﬁ’m’fghﬁlm&él evel ground extension 172 has a w dth,

W2, that is greater t th, W,, of the ground extension wth
protrusion 160. Referring to FIG. 3, there is shown a cross-sectional view of an alternative

plasma processing apparatus having a level groulnd 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 Jevel 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, Wg, that is greater than the
- 15  width, Wy, of the ground extension with protrusion 160,

In operation, the levél 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

16




In operation, the |level ground extension 172 drains charge fromthe
perinmeter of the plasma. Thus, the level ground extensiqn Augagtlooss in a
simlar manner as the ground extension with protrusion 160. Although the
surface area for the | evel ground extension enbodinment 170 is 20 | ess than
t he surfa&gog({ﬁﬁgz of the ground extension with pr otrllgéjﬂg%/; di ment 150,
the | evel ground extension enbodi nent is easier to rmanufacture.

Manuf acturing of the |evel ground extension enbodinent 170 is sinplified
because the protrusion 161 16 | | August 2006 WO 03/068442 PCT/ US03104407
extending fromthe ground 160 does not have to be constructed, mlled,
assenbl ed or fabricated. Enhanced Area Enbodinent 5 In FIG 4 there is
shown a cr ossxtsading fomathe giownd 160 dees netlhvertnb donstrupédasitied, agsembled &i Ng appar at us
havi ng a grounded el ectrode with an enhanced area. The enhanced area
enbodi ment 18@brigfited-| G 4 is sinmlar to the ground extension with
protrusion enbodi nent 150 of FIG 2 descri bed above. However, the enhanced
area enbodi nent 180 conprises a grounded second el ectrode 182 that has a

| ar ger sur f adinhagced Azen, Emhodiménénhanced” area, conpared to the surface area
of grounded el ectrode 156 of FIG As a result of the |arger -surface area
for the grdunded IsEEbrches iegiowna erodsSBctiondl hiew ofuraliertlitagphaia of the insul ator
184 is greater than the inner dianeter of insulator 159 for the ground

ext ensi on Wi tprocpasing appgiatwnhayinig @ girawedet! clkSGitdde Walthntehioneddlayea. The | nner di anet er
for confinement rings 186a, 186b, and 186c is greater than the inner 15

di amet er for eclonéad aeaembodimengl8( 2EHG. 4 BSimilaatt the 1GBR exfRgbheith di stinction is
that the enhanced area enbodi nent 180 includes a | evel ground extension
189 sim | ar tpootiikien embodiment 150 of FIG. 2 described above. However, the enhanced area

embodim_ent 180 coinprises a grounded second electrode 182 that has a larger surface
10  area, ie. “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'insuiator 184 is greater than the inner diameter of insulator
159 for the ground extension with protxusioﬁ 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, Anofher distinction is that the
enhanced area embodimentAISO includes a level ground extension 189 similar to the
level ground extension 172 described in FIG. 3. By way of example ar;d 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 18C 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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| evel ground extension 172 described in FIG 3. By way of exanple and not
of limtation, the grounded second el ectrode 182 has an j9uWustdioaset er
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  twobiRss ound extension wth protrusion enbg@,ggﬁkmgﬁo descri bed
above. However, the surface area for grounded el ectrode 182 is
substantially greater than the surface for 17 | | August 2006 WO

03/ 068442 PCT/ US03/ 04407 grounded el ectrode 156. As a result of the greater
surface area for grounded electrode 182 in the enhanced area enbodi nent,
the area ratio between the grounded el ectrode 182 and a powered el ectrode
188 i s i ncr eags@dded Ehitwde hif daseculaofale grater srth@idatisr graunddd elettio@s eased bi as
vol tage on the powered el ectrode 188 and a decreased bias voltage on 5 the

grounded el ecl8? odbe chBBcainckateinbodiment, e e Ritio bétweh HBRndidRbrand 186c. A
decrease in bias voltage at the confinenent rings 186a, 186b and 186¢c

enhances t he 182kidlaippyered elédrederas tmeeaset OTOREr R irbirat) @@i®inas descri bed
above and allows for a |larger confinenent wi ndow. 10 Notched El ectrode

Enbodi ment  Reificedasedibigs tadtagd dithepotvired electSdeSIB® WY AdebreshinaoligeBal Vi ew of the
a plasma processing apparatus having a notched ground el ectrode. The

not ched el &cttliepimndedripacidees?and 86 corfinenheri fink 1460, tsheaNBENQed area
enbodi nent 180 described in FIG 4. However, the notched el ectrode

enbodi ment i niedreastein bias Vbt gehut the Zorifihdnkehting N B64 5 86K ANEREnBh&S He0de 194. Wth
the exception of the notch 192 in the grounded electrode 194, the grounded

el ectrode i s abili§ of theRard@ard 13 @oiHine the Plashatk 8&HHRE 8hol8dnddllowsthiG 4. The notch
192 increases the area ratio between the grounded el ectrode 194

larger cofinement window.
10  Notched Electrode Embodiment
Referring 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 elecfrode 194, With the exception 6f the notch 192 in the grounded
electrode 194, fhe grounded electrode is the sat;lc as the grounded electrode 182 of
FIG. 4. The notch 192 increases the area ratio between the grounded eléctrode 194
and a powéred 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 grou'nded electrode 194 and the co;lﬁnement 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

18




and a powered el ectrode 196 further. As previously described, the increase
inthe area ratio results in an increased bias voltage qnAdsastPooer ed

el ectrode 196 and a decreased 20 bias voltage on the grounded el ectrode 194
and the confinenment rings. The notch 192 in the grounded el ectrode 194

W | | al soygilidbd t he plasma that noves in front of g,gﬁ, si5PRl; nement rings.
Both, the further decreased bias voltage and plasm |Put| on in 18 11
August 2006 WD 03/068442 PCT/ US03/ 04407 front of the confinenent rings

| ead to further increase of the confinenment window By way of exanple and
not of limtation, the notch 192 has a wwdth of 10mm and a depth of 15mm
Al t hough the description above contains many specifications, these should
not 5 be corfontefdl canfinemert ringsdead ledurtenipereast ofttheeconiineerttivaimouByas mer el y
providing illustrations of sonme of the presently preferred enbodi nents of
this inventi oray oftrample andreot efdipitationf the suéchi 1% Bastaivadth efhi@ming adlex ddpther mi ned by

t he appended clains and their |egal equivalents rather than by the
illustrative ofk3mpl es given. 19 | | August 2006 CLAIMS What is clained is:
1. A plasma processing chanber configured to generate a confined pl asna,
conprising: a fi rAthopghwierdestription abave chmtairs mfahyyspeeifications| B shogldaotvor kpi cce,
said first powered el ectrode having a first electrode area; a power

gener at or opde atnistyeed s liroitipg tbelscoe of i thvéritios but pOMEER @roviding

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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el ectrode and configured to communi cate power to said first powered

el ectrode; a second el ectrode disposed at a distance from agbtktbbbst
powered el ectrode, said first powered el ectrode and said second el ectrode
configured to convert said gas to a plasm, said second electrode have a
second el ectrode area; a plurality of confinenment rings surrounding a
volume within which said confined, plas is substantially disposed, the
plurality of confinenment rings béﬁ%ﬂhgggpended parallel to and surrounding
the first powered el ectrode and second el ectrode fromwi thin the plasm

processing chamhelimthe plurality of confinement rings capable of being
rai sed and Iomere&ato extend into a region above and around the first

power ed el ect t.ode; A ahsmBprofessiigdhantice osifiguiedid jgareird 2 oafirdd blassd, power ed
el ectrode and surrounding said first powered el ectrode within the vol une.
2, The plasma proc®8¥M# chanber of claim1 wherein said ground extension

further conprises a pr Qatﬁ:ldfs-%)%red.zgectmde sonfigired to feceive 4 woH@kes, 2006 3. The
'pl asma processi ng chamber of claim 1, wherein said ground extension is

configured to draisiddhspoeeréd aderiradetdvipg afirveelecttodeBree; pl asna processi ng
chanber of claim1 further conprisi qﬁgaoratio of greater

. 2 Sower SERLAsH & g\l;]el glue eElrtO%gd ere
than 1.0, said area rati® defined by drvidi 8 sai*d set nH'eFectrode ar ea
by said first el ecdlécack @teanfightsd o téabufi@tetposet ndid first powered

clectrode;

a second electrode disposed at a distance from said first
powered electrode, said first powered electrode and said second
electrode configured to convert said gas to a plasma, said second
electrode have a second electrode area;

a plurality of confinement rings surrounding a volume within
which said confined plasma is substantially disposed, the plurality of
confinement rings being suspended paraliel to and surrounding the first
powered electrode and second electrode from within the plasma

. processing chamber, the plurality of confinement rings capable of being
raised and lowered to extend into a region above and around the first
powered electrode; and

a ground extension adjacent said first powered electrode and

surrounding said first powered electrode within the volume.

2. The plasma processing chamber of claim 1 wherein said ground

extension further comprises a protrusion.
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el ectrode area is greater than said first electrode area. 5. The plasna
processing chanber of claim!| wherein said second el ect nadggusraober
conprises a notch, said notch configured to increase said second el ectrode
area. 6. The plasma processing chanber of claimb5, further conprising 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 el ectrode area.

7. A plasnma processing chanmber configured to generate a confined plasm,
conprising: a first powered el ectrode configured to receive a workpiece,

said first poweredrgl %ﬁﬁrﬁé)‘%?oc%’ﬁg NGaodr | FrSdaifal ?C&Beggﬁ dggrﬁ)%rgiepomr

generator operatively coupled to sald first powere and

confi gured t oexensionis configraddovdmintchargeafrain faid @asmpower ed el ectrode; a second
el ectrode di sposed at a distance fromsaid first powered electrode, said
first powered el ectrode and said second el ectrode configured to convert

said gas to a,plas second, el.ect a.second el ectrode
area; 21 | iugusmzﬂ%ga%mw?smfgé:}m?ber #8%’5’n1f %ﬁ%‘?ﬂ%ﬂ’f‘ PRI surroundi ng said

first power edeled:tﬁ:dé fredintio sBgrdatara:anc, eli¢ats Ade demed Beliviaingg a vol unme within
whi ch the confjined p|lasna is substantially disposed, the plurality of

confi nement Q‘qmifgonﬂgleﬁt@od% arep BrRilfirg slestrode Pre%’éu%ir‘i’él“ said setddi ng the first

power ed electrode area is greater than said first electrode area.

5. The plasma processing chamber of claim ! wherein said second
electrode further comprises a notch, said notch configured to increase said

second electrode area.

6. The plasma processing chamber of claim 5, 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.

7. A plasma processing chamber configured to generate a confined plasma,
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 and configured to communicate power to said first powered
electrode;

a second electrode disposed at a distance from said first powered
electrode, said first powered electrode and said second electrode
conﬁgufed to convert said gas to a plasma; said second electrode having
a second electrode area; | |
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el ectrode and second el ectrode fromw thin the plasma processing chanber,
the plurality of confinenent rings capable of being rai sdd Augdst 2006ered to
extend into a region above and around the first powered electrode; and a
ground extension adjacent said first powered el ectrode, and surrounding

said first powered electrode within the volunme confined by the plurality
of confinenent rings. 8. The plasma processing chanber of claim7 wherein
said ground extension is configured to drain charge fromsaid plasnma. 9.

The pl asma processi ng chpimaity obEonGhatic hes WitRIinE saiifist gswdad  ext ensi on
includes a protrusion. 10. The plasma processing chanber of claim8 wherein
sai d second el ect FlEdR9 §#id frepndelshiside sukdesining p yolume witkin flick freconf i gured to

[ nor ease sai d _seCainel i 8l bose SRy A iERET 2L 1 N0

confined plasma in a plasnma processing cha I'mcluding a plurality of
confinenent rings sugsbengslispaydeal pamliel teandwintdundinguh €ist gaweckdconf i ned pl asma

is substantially di,sposed,, sai tho caonprisjng: receiving a gas in said
pl asna processi ng %lﬁ% AL S“c"&ﬁ‘g?l%g"’% i?olmr‘g‘l%q’gfhggtafrg%o‘feﬁsn}gecei ve a
wor kpi ece, said fi gfanbel @6PNANE of RBhtdnVE oY capablpbtink Qikd p@er supply, 22

I 1 August 2006 causing a second el ectrode disposed at a distance from
said first el ectrol?é’eﬁeétoreé@éﬁlm@%ﬂb&b@ﬂ@ﬂé@ﬂ%&h@lﬁﬁsimmél ectrode, said

second el ectrode gectrode; and

a ground extension adjacent said first powered electrode, and
surrounding said first powered electrode within the volume confined by

the plurality of confinement rings.

8. The plasma processing chamber of claim 7 wherein said ground

extension is configured to drain charge from said plasma.

9. The plasma processing chamber of claim 8, wherein said ground

extension includes a protrusion.

10. The plasma processing chamber of claim 8 wherein said second
electrode further comprises a notch, said notch configured to increase said

second electrode area.

11. A method for generatit_xg a confined plasma in a plasma processing
chamber, including a plurality of confinement rings surrounding a volume
within which said confined plasma is substantially disposed, said method
comprising: |

receiving a gas in said plasma processing chamber;

causing a first electrode to receive a workpiece, said first electrode

dperatively coupled to a power supply;
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havi ng a second el ectrode area that is greater than said first el ectrode
area; engaging a power supply to comunicate RF power tQqjisighsfa008t

el ectrode to generate a plasma; and positioning a ground extension adjacent
said first electrode and within the volune defined by the plurality of
confinement rings to drain a plurality of charge fromsaid plasm, the
plurality of confinenment rings being positioned above and surrounding the
first electrode, the second el ectrode and a portion of the ground

extension. 12. Thec/iBhdQtkeftind Hiirdle! dibpobddl ke laistatPibRI AQ gRNer ating said
confined plasma due in part to said plurality of confinenent rings and

sai d ground esetedsiogrceiveRF ppiver fomseid fipt dleeendt. sed atvambdectrode cl ai m 7,
wherein said %vﬁ%%%ecoga(élg&%qe%?e%aé %ﬁeﬁ%ﬁ%&%wgc{ t%gp ercégtlro%e fﬁrlearrSt power ed

el ectrode by a drelectric. rocessing chanber of claim10
finther conpri si ngengigingat gaweraiupplyob @idainibte tRIaPovler Qo s8idi fiksir ea rati o
defined by sai,d second electrode surface area to said first electrode
area, such t h3FCUeds q sensEifPlaslpdetr ode surface area is greater than said

first el ectrode argitoding a SdEndxRAGE RERER A Y QRABREId Wiyl @l M 1, wherein
said ground extension is Separated fromsaid first powered el ectrode by a
di el ectric. 2the volume defined by the plurality of confinement rings to drain a plurality of

charge from said plasma, the plurality of confinement rings being positioned
above and surrounding the first electrode, the second electrode and a portion of

the ground extension.

12. The method of claim 11 further comprising generating said confined
plasma due in part to said plurality of confinement rings and said ground

extension,

13. The plasma processing chamber of claim 7, wherein said ground

¢xtension is separated from said first powered electrode by a dielectric.

14. The plasma processing chamber of claim 10 further comprising an
area ratio of greater than 1.0, said area ratio defined by said second
electrode surface area to said first electrode area, such that said second

electrode surface area is greater than said first electrode area.

- 15. The plasma processing chamber of claim 1, wherein said ground

extension is separated from said first powered electrode by a dielectric.
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