| MPROVEMENT OF ETCH RATE UNI FORM TY USI NG THE
| NDEPENDENT MOVEMENT OF ELECTRODE PI ECES FI ELD OF THE
I NVENTI ON [ 0001] The present invention relates to
sem conductor fabrication. More particularly, the
present invention relates to a plasma etching
apparatus. BACKGROUND OF THE | NVENTI ON [ 0002] A
typi cal plasma etching apparatus conprises a reactor
in which there is a chanber through which reactive
gas or gases flow. Wthin the chanber, the gases are
ionized into a plasma, typically by radio frequency
energy. The highly reactive ions of the plasm are
able to react with material, such as the dielectric
bet ween i nterconnects or a polynmer mask on a surface
of a sem conductor wafer during it being processed
into Integrated Crcuits (ICs). Prior to etching,
IMRROVEMENT OB EZCEHIRAVEUNIFORMIEY (SINGCHI INDERRNIDENT
position by MOVEMENT OPBEISHCTHODRE MECESES a top
surface of the wafer to the plasma. [0003] In
sem conduct or processing, the etch or deposition rate

uni form ty acr oSSFIELIeORETET INMENTINeACh process
directly affects the device yield. This has becone one

[o0ofi] the mgﬁesahtqh%}‘nﬁw&m@% bdnRERRALStof AbrichtiBh. OFBRS
react or and hence is considered a very

particularly, the present invention relates to a plasma etching apparatus.

BACKGROUND OF THE INVENTION
[0002] A typical plasma efching apparatus comprises a reactor in which there is a
chamber through which reactive gas or gases flow. Within the chamber, the gases are
ionized inte a plasma, typically by radio frequency energy. The highly reactive ions of
the plasma are able to react with material, such as the dielectric between interconnects or
a polymer mask on a surface of a semiconductor wafer during it being processed into
Integrated Circuits (IC's). Prior to etching, the wafer is placed in the chamber and held in
proper position by a chuck or holder which exposes a top surface of the wafer to the

plasma.

[6003] In semiconductor processing, the etch or deposition rate uniformity across
the wafer during each process directly affects the device yield. This has become one of

the main qualifying requirements for a process reactor and hence is considered a very



| inportant paraneter during its design and
devel opnent. Wth each increase in the size of wafer
di aneter, the problemof ensuring uniformty of each
batch of integrated circuits becones nore difficult.
For instance, with the increase from200mnmto 300mmin
waf er size and snmaller circuit size per wafer, the
edge exclusion shrinks to, for exanple, 2mm  Thus
mai ntaining a uniformetch rate, profile, and critical
impgrtagtpsrageter gpding itsedeigy ansl developmentmWithorach ereastge thefsize of
t he waf er has becone very inportant. [0004] In a
walst digwreten thetprolders obensutidgymifoithidy of dayh iftchedfdhtegrated circuits
paranmeters' (etch rate, profile, CD, etc.) is
becamtembrdiffiguls el imstanps vattheinsreadottont 200nin ¢ 300foiowafer
pl asma di scharge and hence plasma chem stry above the
sizenaklesmaliaritosc sigeper evafer,ahé édge akcliigion shipki fot B@mple, 2mm.
uniformty. Many attenpts have been conceived to
Thismpeisteiginghamifoind echviaty profile, bitPcrnrbEdimBiysidhe Ail e vy dagto
the gas flow injection through a showerhead, nodifying
2minlfeom the et e oAl Wier 156 QUGPSR infRfaR! aci ng edge rings
around the wafer. [0005] One problemin a
capaci tivel y-coupled etching reactor is the |ack of
uni form RF coupling especially around the edge of a
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discharge and hence plasma chemistry above the wafer has become very critical to
improve the uniformity. Many attempts have been conceived to improve the uniformity

of the wafer by manipulating the gas flow injection through a showerhead, modifying the

design of the showerhead, and placing edge rings around the wafer.

[0005] One problem in a capacitively-coupled etching reactor is the lack of
uniform RF coupling especially around the edge of a wafer. FIG. 1 illustrates a
conventional capacitively~coupled plasma processing chamber 100, representing an
exemplary plasma processing chamber of the types typically employed to etch a
substrate. The plasma reactor 100 comprises a chamber 102, a bottom electrode 104, a
top electrode 106. The bottom electrode 104 includes a center bottom electrode 108 and
an edge bottom electrode 110. Top electrode 106 includes a center top electrode 112 and

an edge top electrode 114, Edge top electrode 114 and edge bottom electrode 110 are in



substrate. The plasma reactor 100 conprises a chanber
102, a bottomelectrode 104, a top electrode 106. The
bott om el ectrode 104 includes a center bottom
el ectrode 108 and an edge bottom el ectrode 110. Top
el ectrode 106 includes a center top electrode 112 and
an edge top el ectrode 114. Edge top el ectrode 114 and
edge bottom el ectrode 110 are in 2 the shape of a ring
m_resgeftLvely encircling center top electrode 112 and
© ERARY 8t 2 1% FeaRFot e eRcieling ceuter top clesirered 12iand paaten bottasn
0 Oﬁ; Center bottom el ectrode 108 is connected to RF
ele%fea% &tafonmya gngleplans.e top el ectrode 106 and edge
bottom el ectrode 110 are grounded for draining charge
[00908]om pICastenbottpe: qlectrade HIB 1b eomeeted tod}F pive supplic] 1BGGhile
and bottom el ectrode 104. As illustrated in FIG 1
top glgeirask 4 pe awst edgh bottmyelectiosle 80 gre grawgiahfor damingrrhark6 froins
di storted near the edge of center bottom el ectrode
plasppd 1p pradlues tefwagn topradeettodal 6 dnd bbtiom eleeitddeade. Ad Diustrated
That distortion causes non-uniformetch rate on a
in Fi@ s theshape(ofi tte gdwodisdhapdeaegion (plasemri 6y is dRRkte®Rar the edge
el ectrode 108. [0007] During plasma processing, the
of cprder toltumn elcotredeald dheined & gpRndsdedgd dott@a diepeddent §.athat
field lines to inpinge on the surface of the
distertibis tavadsaonubFsBDstcIPra@VInt SiBsttREnords| &ia&ti ol cafrdect ,
such as inproving etch directionality. e to the

bottg@isetrsde 108. t he

[0007] During plasma processing, the positive ions accelerate across the
equipotential field lines to impinge on the surface of the substrate, thereby providing the
desired etch effect, such as improving etch directionality. Due to the geometry of the
upper electrode 106 and the bottom electrode 104, the field lines may not be uniform
across the wafer surface and may vary significantly at the edge of the wafer 104.

Accordingly, grounded ring 110 is typically provided to improve process uniformity

* across the entire wafer surface.

[0008] Because the parts in top electrode 106 are static, the etch rate cannot be
separately controlled at the center and at the edge of the wafer. The non-uniformity
during the etching process can lead to different dimensions between the center and the

edge lowering the yield of reliable devices per wafer.



upper el ectrode 106 and the bottom el ectrode 104, the
field lines may not be uniform across the wafer
surface and nmay vary significantly at the edge of the
waf er 104. Accordingly, grounded ring 110 is
typically provided to inprove process uniformty
across the entire wafer surface. [0008] Because the
parts in top electrode 106 are static, the etch rate
cannot be separately controlled at the center and at
the edge of the wafer. The non-uniformty during the
et ching process can lead to different dinensi

ons
[00081:t we e nA¢derdingly:aaecerdsts fora methgd apdgrnaraty feriadsperdegtly f
reliable devices per wafer. 3 [0009] Accordingly, a
contrpdling th¢tch mief aj theccenter dnddhegige ak@m&n ué ptigrary purpose of the
i ndependently controlling the etch rate at the center
presam hviehtoreis tpesoble theseadeds andiprpvidnfurtheprelgietalvaitagene
present invention is to solve these needs and provide
further, related advantages. 4 BRI EF DESCRI PTI ON OF
THE | NVENTI ON 100101 A plasma reactor conprises a
chanber, a bottomelectrode, a top electrode, a
bott om gr ounded extensi on adjacent to and
substantially encircling the bottomelectrode. The
top grounded extension adjacent to and substantially
parallel to



the top electrode. The top electrode is al so grounded.
The top grounded extension is capable of being
i ndependently raised or lowered to extend into a
regi on above the bottom grounded extension. 5 BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0011] The acconpanyi ng
drawi ngs, which are incorporated into and constitute a
part of this specification, illustrate one or nore
enbodi nent s i i nd, together
with the det%&ﬁ%&lﬁ?f&w Qﬁ%ﬁ@%’ﬁmﬁipl ain the
j nci pl es, and i nplenentations of_ the invention.
W“ﬁ@fo 12] | A plagmaa traciel FRYRPIISES) gshambgrga 'a"ffﬂ’inh?}\?‘ﬁ'i?fie: atop
schematically illustrating a plasma reactor in,
electrqds, albptiom grpyed gxtensionradigeqnt tong substangially enciefingthe

schematically illustrating a plasma reactor in
botioue et o Thi o erodsdemsoaipmeditcentip end sibpisntially peralel t
dia%ranlschenatically illustrating a nmethod for
thedpreleatiode; Thectop pleetsnda isalsacgrounded. | Thet top grotinded eRle@iois 6

capable of being independently raised or lowered to extend into a region above the

bottom grounded extension.



DETAI LED DESCRI PTI ON [ 0013] Enbodi ments of the present
i nvention are described herein in the context of
pl asma reactor. Those of ordinary skill in the art
will realize that the follow ng detailed description
of the present invention is illustrative only and is
not intended to be in any way limting. O her
enbodi ments of the present invention will readily
suggest thenselves to such skilled persons having the
bene I t of (HUEFQERARIETIGN ORJEE BRAZVINGS . now be
made in detail to inplenentati ons of the present
[0GLEN ent i orheascanansing duawingswhitheare insexporatedyitngnd constitute a
drawi ngs. The sane reference indicators will be used
part ¢frthis gprsificatione ilhgiratoorrge naorel enbadiments ofthe preshet mivermeitn
description to refer to the sane or like parts. [0014]
and, together with the dethilaf desdriptipt,\serve 6t expldin the ptifidplesanidi ne
features of the inplenentations described herein are
impéroentatmnslofths viediied. 1t Wi ll, of course, be
appreciated that in the devel opnent of any such actua
[00i2jp| enerihdte daswingeiner ous i npl enent ati on-specific
deci si ons nust be nade in order to achieve the
deVEI paY & diagrapechdmaticdRallSstrafntCdip]asinLr0R000r iR BE&Rrdshid with
application- and business-related constraints, and
a pibadrt; t hese specific goals will vary from one
i mpl ementation to another and fromone developer to
anopiee R is ANk SN SEhenakicaty! iiluﬁ@ﬁ@@?l@ﬁh%ﬂoﬁiﬂ @bcoRdaRlt ith
devel opnent effort m ght be conhpl ex and
ond dnRdgdasum ng, but woul d neverthel ess be a routine
undert aki ng

FIG. 3 is a flow diagram schematically illustrating a method for operating the

plasma reactor illustrated in FIG. 2.



of engineering for those of ordinary skill in the art
havi ng the benefit of this disclosure. [0015] FIG 2
illustrates one enbodi nent of a plasma reactor 200
conprising a chanber 202, a bottom el ectrode 208, a
bottom el ectrode extension 210, a top electrode 7 212,
and a top el ectrode extension 214. In accordance with
one enbodi ment, bottom el ectrode extension 210
includes a grounded ring 210 parallel and adjacent to
t he bottom electﬁgﬂéﬂhg@ RAREKE| i ng the bott om
el ectrode 208. The top el ectrode extension 214
[0083c| ude Emabodimanst eibhecorefentinration a geserihediorain indthe egagpxt
adj acent to the top electrode 212 and encircling top
of pasaptreastis. Those of oGliGly Bl inghe at will reglive they thejfellowing
connected to RF power supply 218 while top electrode
detaled descoiptied efthe prasentinvantion trillastrativeondy trstis oohinterdst tokie
extension 210 are grounded for draining charge from
in gof aswdinttfe. (Btheheaddioehises the tpogsed imehtiadwil X ¢alilymdzgest
bott om el ectrode 208. Byway of exanple, bottom

thembatedsntosieh ekilledpdrsons BaAngihe bérefit ofthie disclostere.cReéferraceonill
212 may be nmade of a conductive material such as

novtbéifadd iiNdeAd to inhplethéntAiofslof the frkdent Bvertion asiiugidied in the
i ncl udes two regions 220 and 222 having different

acchinB&iTengiRMGinkd. CThelRARE £1RBNck MALIAESHE WilDBE dsb@itgdifghowthet Op
el ectrode extension 214. [0017] Bottom el ectrode 208

drabvings 8 tho WIRWiddkL1e @ HBriRioNRb kiFéas heabde bileRRs. an

[0014] In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
specific goals, such as compliance with application- and business-related constraints, and
that these specific goals will vary from one implementation to another and from one
developer to another. Moreover, it will be appreciated that such a development effort
might be complex and time~consuming, but would nevertheless be a routine undertaking

of engineering for those of ordinary skill in the art having the benefit of this disclosure.

[0015] FIG. 2 illustrates one embodiment of a plasma reactor 200 comprising a

chamber 202, a bottom electrode 208, a bottom electrode extension 210, a top electrode



associ ated bottomel ectrode area that is adapted to
recei ve the workpiece. Bottom electrode 208 is
coupled to at | east one power supply 218. Power supply
218 is configured to generate RF power that is
conmuni cated to bottom el ectrode 208. For
illustrative purposes only, a dual frequency power
supply 218 may be used to generate the high electric
otential that is applied to a gas, to produce plasna
212281 2 top clsctrostirdentipm e 1y  In SrdanF 181 BRARPHSRSRL SORIET y
218 is a dual power frequency power suppl oper ati ng
eleeirodp exippsicnrit] 0dmelndes 2 greandddging 23 P pereleliand adjadehitg the bottom
systens manufactured by 8 Lam Research. It shall be
elecippde 808 andoucinling wshottomi didctrode 208t e taptelactrade etdnsion 214
power supplies capable of generating plasma in the
inciudescaemsifistagecdraunided 12021 4rpayallal and adjzcenl thy teg. eldctrodestidlahd
be appreciated by those skilled in the art that the
enciralirgibp electiale2d?. |imited to RF frequencies of 2 Mz
and 27 WMHz but may be applicable to a w de range of
frequencies. The invention is-also not limted to
dual frequency power supplies but is also applicable

[0086) SYSt Btoinddcbay/E08iNERBeEd IRIEpdWer PPt 2 1Sovki R &sp
wth a wde variety of frequencies. [00181 Top

ele@toRE LIDUSH dldoiroliS exlerBRADIY, a8l batidih SREkRIe Kk idfdHor 19tadn C e
above from bottom el ectrode 208. Top el ectrode 212,

groﬁﬂli%d%r?cﬁﬁiﬁﬁ% Sh&¥d BHRIPREmME 216 ploRERH Befvekh fob ele@fi&ied 2 and
extension 2I0 are configured to provide a conplete
botfEALIHREboE | Btk of RAmHE, bottom electrode extension 210 and top
electrode extension 212 may be made of a conductive material such as aluminum. As

illustrated in FIG. 2, plasma 216 includes two regions 220 and 222 having different

plasma densities based on the position (height) of top electrode extension 214.

[0017] Bottom electrode 208 is configured to receive a workpiece and includes an
associated bottom electrode area that is adapted to receive the workpiece. Bottom
electrode 208 is coupled to at least one power supply 218. Power supply 218 is
configured to generate RF power that is communicated to bottom electrode 208, For
illustrative purpoeses only, a dual frequency power supply 218 may be used to generate
the high electric potential that is applied to a gas to produce plasma 216. More
particularly, the illustrated power supply 218 is a dual power frequency power supply

operating at 2 MHz and 27 MHz that is included in etching systems manufactured by



power communi cated from bottom el ectrode 208. Top
el ectrode extension 214 can nove up or down
i ndependently fromtop el ectrode 212 to nanipul ate
pl asma density at the edge of bottom el ectrode 208 -
pl asma region 222. Wth the plasma density varied at
the edge of bottom el ectrode 208, the etch rate at
that region can be independently controlled (either
faster rate or slower rate) fromthe etch rate in the
Lam Reseeechy dighalhboamprecintesidy thse skifled inghe/art that dtkeripawersepplies
art will appreciate that there are many ways to | ower
capabld of gensratingiplasmain the protessivgchaxtben2(2onaydlsh befemployed. It
exanpl e, a nechanical or notorized knob may be used
shallbe appredated by e skilled irethe att thatl the dxvteatis is moinditedité RBut
havi ng to open and access the interior of chanber
fre@Bacied FQIIH 2 Bud 2 hiyH tes oy pe ayplisabileng,z wilerangs of frageencies.
ions accel erate across the equipotential field Iines
Thd invémtiph icpdsoatot lifaéted tordualcieqaéncl hewetdapplicabat is blie kflivable
providing the 9 desired etch effect, such as
to sysipmethatigive tede dhinicte RFE@aakt doyrceOwith b vidd g ol Eequeneits.
top electrode 212 and bottom el ectrode 208, the field
i nes may not be uniformacross the wafer surface and
may vary significantly at the edge of the wafer.

[oofgicor di riph¥lectod B2Gs difRkE O PrRIlHPRES diSMhRHBbRFon? 14
and 210 are provided to i nprove process uniformty

botfRd Q18cirol 20%E NEdp fectBl s 12510p bRERode extension 214, together with
ground extension 210 are configured to provide a complete electrical circuit for RF
power communicated from bottom electrode 208. Top electrode extension 214 can move
up or down independently from top electrode 212 to manipulate plasma density at the
edge of bottom electrode 208 — plasma region 222. With the plasma density varied at the
edge of bottom electrode 208, the etch rate at that region can be independently controlled
(either faster rate or slower rate) from the etch rate in the plasma region 220. Those of
ordinary skills in the art will appreciate that there are many ways to lower and raise the
top electrode extension 214. For example, a mechanical or motorized knob may be used

to raise or lower top electrode extension 214 without having to open and access the

interior of chamber 202.

[0019] During plasma processing, the positive ions accelerate across the

equipotential field lines to impinge on the surface of the substrate, thereby providing the



[0020] Plasma reactor 200 is configured to receive a
gas (not shown) that is <converted into plasm 216 by
pl asma reactor 200. By way of exanple and not of
l[imtation, the relatively high gas flowrate that is
punped i nto chanber is 1500sccm Gas flow rates |ess
than 1500sccm as well as nore than 1500sccm nay al so
be applied. [0021] To generate plasma 216 within
chanber 202, power supply 218 is engaged and RF power
desired etghnffedtcaties inprovingetdictireotionelityc Due dethe gty of top
el ectrode 212. Gas is then converted to plasm 216
elettivale 213 andsladtofnoaiegrode 208 the dielddirep may sotdie vaiform across the
sem conduct or substrate. By way of exanple and not of
wafer surfaat pxxdhinayRFarp eigrificartlyek the @fige F\figesferc nicofdinglya sapeand
vol ume maybe applied. RF power |levels of |ess than 2W
botpuai electihdenéxtgisdaNBI M@k 21e atayovideiao beprappproeds ulifdbARY
For illustrative purposes, plasm reactor 200
acro©3ké édbieshwafer fokface. 2 enpl oys capacitive coupling to
generate plasma 216 in processing chanber 202. It
shall be appreciated by those skilled in the art,
that the present apparatus and nethod may be adapted

[0020] be usmgkn bbtdrndo i?st do¥BEMeSRUBIRR Aas TR shobith) faPi3 3]

Those of ordinary skill in the art will appreciate

corlvBfdd 1 &@1&9@2@ 6 b9 ARk Wadlol 905 BN ol RalihiFandndlo@ NOt
i nt end to be Iimting and that” ot'her
limitation, the relatively high gas flow rate that is pumped into chamber is 1500sccm.

Gas flow rates less than 1500scem as well as more than 1500sccm may also be applied.

[0021] To generate plasma 216 within chamber 202, power supply 218 is engaged
and RF power is communicated between bottom electrode 208 and top electrode 212.

Gas is then converted to plasma 216 that is used for processing workpiece or a
semiconductor substrate. By way of example and not of limitation, RF power levels of

3

2W per cm” of plasma volume may-be applied. RF power levels of less than 2W per cn

of plasma volume may also be applied.

[0022] For illustrative purposes, plasma reactor 200 described in FIG. 2 employs
capacitive coupling to generate plasma 216 in processing chamber 202. It shall be
appreciated by those skilled in the art, that the present apparatus and method may be

adapted to be used with inductively coupled plasma.

10



configurations can be used w thout departing fromthe
i nventive concepts herein disclosed. For exanple, two
or nore adjacent top el ectrode extension 214 may be
positioned to further control the etch rate at the
edge of bottom el ectrode 208. [0024] FIG 3
illustrates a nmethod for using the plasna reactor
illustrated in FIG 2. At 302, the position (raised
or |owered) of top electrode extension 214 is
sel ected. Top el ectrode extension 214 is capable of
being raised and | owered to extend into a_region
10038bve t Heoppefasdinay skillinthe aghwil gppregiate fat the 2boVs| asma
reactor 200 processes a  wafer supported by bottom
condigurationscibown 8 FIfi. 2 3pau0t intendeghfodie Limjting@ndithes athen
determne the etch uniformty throughout the surface
congigutafiens,gah be nsedwithogt, depirting emtthainventive omeenss bareinode
extension 214 is adjusted based on the analysis at 306
dis¢losefiu Fotheamplepiveve mdreadjedesttop eleetiradrickionsion 314 may be
t hroughout the surface of the wafer. [0025] Wile
positidned tonfierther camebl dppitdhoateiabths edde dffbotorn rleetndide@G8.have
been shown and described, it would be apparent to
those skilled in the art having the benefit of this
di scl osure that many nore nodifications than nenti oned
[o0aiove armIGPD Rkt avhéthedifor udepe blasga fdacwer llastrated in FIG.
i nventive concepts herein. The invention, therefore,
2. AS30W thelpRsilEn (rhiSSH drilGh@ed)F EpidlectrBdd dxgenSidh 214 isQtledtad
appended cl ains. 11
Top electrode extension 214 is capable of being raised and lowered to extend into a

region above the bottom electrode extension. At 304, plasma reactor 200 processes a
wafer supporied by bottom electrode 208. At 306, the wafer is examined to determine
the etch uniformity throughout the surface of the wafer. At 308, the position of top
electrode extension 214 is adjusted based on the analysis at 306 to further improve the

etch rate uniformity throughout the surface of the wafer.

[0025] While embodiments and applications of this invention have been shown
and described, it would be apparent to those skilled in the art having the benefit of this
disclosure that many more modifications than mentioned above are possible without
departing from the inventive concepts herein. The invention, therefore, is not to be

restricted except in the spirit of the appended claims.,
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CLAIMS What is claimed is: 1. A plasma reactor
conprising: a chanber; a bottomelectrode and a top
el ectrode encl osed within said chanber; a bottom
grounded extension adj acent to and substantially
encircling said bottom electrode; a top grounded
extensi on adjacent to and substantially parallel to
said top electrode; wherein said top grounded
extension is capable of being independently raised and
l owered to extend into %@&%n above sai d bottom
grounded extension. 2. The plasma reactor of claiml
Whghsreddimedisl d t op grounded extension includes a ring.
3. The plasma reactor of claim1 wherein said bottom
1. gr odmdasthagsactom soroprising:| udes a ring. 4. The plasma
reactor of claim1 further conprising a power supply
couptleahtery said bottom el ectrode, said bottom
el ectrode configured to receive a workpiece.
a bottom electrode and a top electrode enclosed within said chamber;

a bottom grounded extension adjacent to and substantially encircling said bottom
electrode;

a top grounded extension adjacent to and substantially parallel to said top
electrode;

wherein said top grounded extension is capable of being independently raised and

lowered to extend into a region above said bottom grounded extension,

2. The plasma reactor of claim 1 wherein said top grounded extension includes a
ring.

3. The plasma reactor of claim 1 wherein said bottom grounded extension includes a
ring,

4. The plasma reactor of claim 1 further comprising a power supply coupled to said

bottom electrode, said bottom electrode configured to receive a workpiece.
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12 5. The plasma reactor of claim4 wherein said power
supply generates a plurality of frequencies to said
bottom el ectrode. 6. The plasna reactor of claim5b
wherein said top electrode is grounded. 7. A nethod
for using a plasma reactor having a chanber with a top
el ectrode, a bottom el ectrode, a bottom grounded
extensi on adj acent to and substantially encircling
sai d bottom el ectrode, a top grounded extension .

3. adj Hecaniesmageagtay of olpisn 4 mhprain| spidpavar supplytasneratas aipluepity of
el ectrode, the nethod conprising: adjusting a position

fregfeneipsetotsaig bgtternml¢eitbdext ensi on, the top grounded
extension capable of being independently raised and
| owered to extend into a regi on above the bottom
grounded extension. 8. The nethod of claim7 further

6. conPhd pdasng reacpyylof Clagn H eihereintseidtttypelbaitade i grednded.r ode,
the bottom el ectrode configured to receive a
wor kpi ece. 9. The nmethod of claim@8 further conprising
generating a plurality of frequencies to the bottom

7. el eAtntetichd. forliking Hstasimitrbebr bhviag & thambef With Aedp electrode, a
conprising grounding the top electrode. 13

bottom electrode, a bottom grounded extension adjacent to and substantially encircling

said bottom electrode, a top grounded extension adjacent to and substantially parallel to
said top electrode, the method comprising: |

adjusting a position of the top grounded extension, the top grounded extension
capable of being independently raised and lowered to extend into a region above the

bottom grounded extension.

8. The method of claim 7 further comprising supplying power to the bottom

electrode, the bottom electrode configured to receive a workpiece.

9. The method of claim 8 further comprising generating a plurality of frequencies to

the bottom electrode.

10.  The method of claim 7 further comprising grounding the top electrode.

13



