
ARRANGEi\·1ENTS FOR MANJPtJLAT1NG PLASMA CONFINEMENT 

\VITIHN A PLAS1VfA PROCESSING SYSTEM AND METHODS THEREOF 

BACKGROUND OF THE INVENTION 

10001 t Ad'vances in technology have provided for grov.th in the electronic industry. In order 

to rneet the w'orld's gn:nving demands for electronics, luinions of serniconductor devices are 

needed. Semiconductor de,dces are usually created from dies cut from a single processed 

substmte. 

100021 To process a substrate, a gas mixture (e.g., etchant gas rnixture) may t10w into a 

processing (ham,ber and be energized hy radio fh~ql10ncy (RF) pow(~r to ibm} an ion energy 

cloud (i.e". plasma). Plasma ulay then be employed to etch the substrate t(} form 

semiconductor devices_ In many cases, it has been fbmHi that the etch rate may he higher at 

the edge of the substrate. It is theOrized that since l.ess substrate surfhce area at the substrate 

edge is available to be etched for a given volume of ctchallt, the edge of the substrate usually 

experiences a higher etch rate, thereby resulting in substrate 110lHll1ifonnity. 

1,00031 As aforementioned, since more etchantis available at the edge of the substrate than at 

the center, the plasrna formed over the suhstrate nmy be non-uniform. Since plasma 

unif!:mnlty is desired during substrate processing to ensure a consistent etch rate across the 

substrate in order to reduce the potential of creating defective semiconductor d.evices, most 

substrate processing has been focused toward the bulk area of the substrate (i.e, the area 

a'.vay from the edge of the substrate) \>;"here plasma unifbrmity has been more consistently 

obsen'ed. As a result, areas around the edge of a substrate have been discarded as some 

manufacturers (.:onsidered this \1,!aste as a cost of Immnfacturing. 

100041 In today competitive market. processing substrates lnto quality semiconductor devices 

\vhile minimizing waste may give a manufacturer a competitive edge. One way to reduce 

waste is to maximize the real estate surface of dle substrate being processed and utilize as 

much of this real estate as possible to produce quality selniconductor devices. The ability to 

maximize utilization the real estate surfllce of the substrate while minimizing the number 

of defective semiconduc.tor devices is especially advantageous for manufacturers that utilize 

pJasma processing systems capable of processing large substrates 

{00051 Generally speakingc b)t employing a processing system capable ofprocessillg large 

substrates, a higher nnmber of semkonductor dC\'ices may be created per unit of machine nm 

tirne in comparison to a processing system that is capable of processing substrates of smaller 

sm.'.s. HO\,lever, if a manufacturer is tumble to process the area around the edge of a large-



sized substrate to create acceptable semiconductor devices, tile revenue lost experienced by' 

the manutacturer may be high given that a large-sized substrate t.ends to have H larger 

diameter and thus a larger periphery area, 

{0006J Thus, an arrangement fc)r manipulating plasma confinement to improve substrate 

processing at the edge of a substrate is desIred. 

BRIEF SU;vi!\-·lA.RY OF THE INVENTION 

100071 The invention relates, in an elnbodiulent" to an arrangernent fhr controlling bevel etch 

rat~' during plasma processing within a processing chamber of a piasma processing system, 

The arrangement includes a po\\'er source and a gas distribution system, The arrangement 

also includes a Imvcr electrode, which is cOl1figu:red at least tor supporting a substrate during 

the plasma processing. The arrangement further includes a top ring el.ectrode positioned 

above the substrate and a bottom ring electrode positioned belo\'l,t the substrate, The 

ammgement yet also includes a first tlwtch arrangement, \':vhich is cOllphxl to the top ring 

electrode. The first match arrangement is c.onfigured at least to control current fio"9<tlng 

through the top ring ele·c.trode to control amount of plasma available for etching at least a part 

of the substrate top edge. The arrangement yet further includes a second match arrangement,. 

which is configured to control the current t1O\ving through the bottom ring electrode to 

control arnount of plasma available for at teast etc.hing: at least a part of the substTaJe bottom 

edge, 

100081 The above summary relates to only one of the many enlbodirnents ofthe ilr\tenl1on 

disclosed herein and is not intended to limit the scope Oft11C invention, v...-hkh is set forth in 

the claims herein. These and other features of the presl;.'nt invention wlU be described in more 

detail belo\-v in the detailed description of the jnvention and in conjunction \vitl1 the foHo'~"ing 

figures. 

BRIEF DESCRIPTION OF THE SEVERAL VIE\VS OF THE ORA WINGS 

[00091 The present invmtion is i11ustnued by \\'H)' of t!xp .. mplc, and not by ,>vay of limitation, 

in the figures of the accompallying drav/ings and jn vi'hich like reference numerals refer to 

similar elements and in which: 

100101 Fi.g. i sho,>vs" in an eUlbodiment of the invention, a simple cross-sectional diagram of 

;:\ bevel processing chamber \vith a set of match arrangements for managing ph~sma 

confinemenT. 

100111 Fig. 2A, 2C, and 2D sho\\', in embodiments of the ll1'.tcmion, methods for 

managing: plasma confinement 'within a bevel plasma chamber. 
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DETAILED DESCRIPTION OF EMBODI.i\,fENTS 

160 l2.} The present invention willnovi/ be described in detall ,"vith reference to a fc\v 

embodiments thereof as illustrated in the accompanying dravv'ings, In the tbllm:ving 

description, numerOllS sp('cifk details arc set forth in order to provide a thorough 

understanding of the present invention. It V'iil! be apparent, b<.wiiever, to one ski!!ed in the art. 

that the present invention may be practiced yvithotlt some or all of these specific details. In 

other instances, well known process steps and/or structures have not been described in detail 

in order to not unnecessarily obscmc the present invention. 

10001 Various embodiments are described hereinbel.o\,f, including methods and techniques. 

It should be kept in mind that tI10 invention might ~l.lso cover articles of manufacture that 

indllcles a con:1puter read.able medi"um on \'vhich computer-readable instructions fzw carrying 

out embodiments of the inventive technique are stored. l'be computer readable medium may 

include, t"i)f example, semiconductor, magnetic, opto-magnt~tic, optical, or other forms of 

computer readable medium for storing computer readable code. FlUther, the invention may 

also cover apparatuses for practicing embodiments of the invention. SUdl apparatus may 

include circuits,. dedicated and/or programmable, to carry out tasks pertaining to 

embodiments of the invention. Examples of such apparatus include a general-purpose 

computer and/or a ded.icated computing device \-vhen appropriately programmed and. may 

include a combination of a computer/computing device and dedicated/programmable circuits 

adapted for the various tasks pertainil]g to embodiments of the .in vendon. 

[00141 As aforememiom.'d, plasma is employed. to etch a sllbstrate into semiconductor 

dc\tlces. G~~nemHy, an appropriate set of gases etchant gases such as C4FS, C4F(" CHF" 

CH::c,:>, CF4• CH~F, elF", Nz, O2, Ar, Xe, He, Hz, NH3, Sh;, BCh, C1:. etc.) lS tlowed into a 

processing chamber of a plasma processing system through an inlet from a gas distribution 

s)lstern These gases may interact with the RF pov .. 'er to ignite plasma vl/ithin the processing 

chamber. The plasma may then be emplo}'('d to etch t11e txposed an.'a of the substrate. 

IOOIS} Due to the aforem.el1tioned higher edge etch rate, plasu:m llon-unjfonnity may exis.t 

As disc.ussed herein, uniformity refers to the etch rate consistency across a substrate surface. 

\1,/ithout acceptable unifonnity, processing the entire substrate may result in defective 

semiconductor devices, especially ,",,/ith respect to devices fom1('d in dlC region arOlmd the 

edge of the substrate due to excessi ve etching, 

I0016} Hmvcver,ln today cost-conscious \vortd, manufitcturcrs a.rc searching for methods to 

maximize a substTatevie!d . .In recent veal'S, instead of discarding the area aromld the edge of 
.. - ~<, ....... "'"', 

3 



the substrate as waste, techniques have been developed to a1lmv a substrate to be processed 

using diftl~rent recipes. In one example, instead of exposing the entire substrate to one recipe, 

areas of the substrate that have not been processed are covered to prevent the unexposed area 

Hum being etch,'d. The Ul1t~xposed fm'a is available thr future proc.essing. 

10(17) To etch the region around the edge of a suhstrate, techniques thr performing bevel 

etching (etching to\vard tl1e edge of a substrate) have been developed. One popular technique 

includes the use ofdielectrjc ceramics. Since plasma detennines the etching rate, control 

over the plasma results in control C)'ver the rate of etching, That is, by manipulating tht~ 

plasma being formed, the desired etch ulte(s) required by a processing recipe lnay he 

achie-ved. In an example, dielectric ceramics may he positioned abo\·'c and/or belm\' the 

substrate (toward the edge oft.he substrate) to manipulate the plasma being formed during 

suhstrate processing. In an example, different process kits (,·vherein each process kh may 

have eeramks of specific geomet.ry and material) may be employed to generate the diffbrent 

etch rates that may he required by the recipe during substrate processing. 

10018] Another \vay to control plasma is by manipulating the RF current flow. In other 

words, since plasma is generated by' striking the gases with RF Cll1Tent, plasnm uniformity 

may be controlled by controlling the RF current now path. Those skilled in the art are a\vare 

that the RF power may be provided to one or more of the electrodes within the processing 

chamber. Plasma is usually t()rmed near the electrodes. In one aspect of the invfmtiol1, the 

inventors herei!l reaJized that match arrangements may be emplo)'cd to control the RF current 

path through the ete<.:trodes, thereby enabling the piasma to be manipulated to achieve the 

desired etch rate(s). 

IOOI9} In accordance \vith embodiments of the present invention, arrangements and methods 

are provided to (;ontrol plasma \vithi11 a processing charnber. Embodiments of the invention 

include employing a set of match arrangements to direct the RF CUlTent path. Embodiments 

of the invention also include m(·thods for maniplllating the .t10\V oft!u.~ RF current during 

substrate processing to generate a plasma \vith the desired etch rate. Embodiments of the 

invention funher include methods for manipulating the tlow of the Rf current to perform 

chamber conditionmg (such as charnber cleaning)_ 

[00201 In tllis docnrnent, variol.ls imp!t.;mentations may be discussed using a capacitive1y~ 

coopled processing system, as an exampk~. This invention, ho\vever, is not limited to 

capadtively~couplcd processi.ng systems and may b{~ applied to inducth.te!y-couplcd 
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processing systerns. Thus, the discussions are rneant as examples and the invention)s not 

litnited by tJ1C examples pn:scnted. 

1002111n an embodiment of the invention, arrangelnems are provided for manipulating the 

plasma formed during processing by directing the RF current path. Those skHled in the art 

are a\vare that pim-ana tends to form in an area between two electrodes. In an exarnple, in a 

capacit.ively-coupled processing system, plasma ls usua1l:y generated bet\:veen the grounded 

upper electrode and the lmver electrode (e.g., electrostatic chuck). The plasrna fbrmed in this 

area is l..lslmlly employed to etch tht~ substrnte that is positioned Oll top of the !o\ver electrode. 

The plasnm fonned in this region has usuaHy been employed to etch the majority of the 

surface of the substrate (that is tIle area.t\vay from the edge OftllC snbstrate). 

100221 Ho\.vever, during bevel etching, plaSll1<l fbrmed betweell the npper and 100ver 

electrodes is not desirable since such plasma wou!d etch the center regi011 of the substrate 

instead of the bevel region. In one aspect of the invention, the inventors herein realized that 

by coupling a match arrangement to the upper electrode, the RF current path may be 

manipubted to prevent the fonmulon of plasma in the region between th(~upper and low{~r 

electrodes. £n other words, to prevent plasma formation,. the g.rounded upper electrode is 

convened into a floating electrode, To float the upper electrode, an inductor and a capacitor 

\vith.in the match arrangement may be tuned to be in parallel resonance with the operating 

freqtwncy of the processing chamber, in ,U1 embodiment 

10023J Besides the upper and lo'wer electrodes, a processing chamber capable of perfl)nniug 

L"{~ge etching, such as a be'vel processing chamber, may also include t\vo additional 

dectf(Kies. The top ring electrode (Le., the upper extension electrode) is positi.oned above the 

substrate, The bottom ring electrode (I.e., the lo\ver extension electrode) is positioned belo\>;.' 

the substrate. Both electrodes are positioned dosed to the edge of the substrate. As a result, 

plasma formed near these two electrodes may be employed to etch the edge of the substrate. 

[00241 In an embodiment, a set of match arrang(~ments may be emploY'cd to control th~ etch 

rate of plasma formed near the edge ofa substrate. Accordingl:)" the RF current path may be 

manipulated via the set of match arrangements to generate the desired etch ratels) vdthout 

having to replacing the ceramic process kits. In an embod.iment, the set of malch 

arrangements m~ly include a11 upper match arrangement, which may be coupled to the top 

ring electrode to manipulate the plasma that may for1ll near tl"H.~ upper edge oft.he subslnlle, 

Similarly, a lov,ler match arrangement nUl)' be coupled to the bottom ring electrode to (:ontrol 

the plasma that IDay fOrnlllear the bottom edge oflhe substmte. 
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{00251 In an example, to luinimize etching on the top edge of tile substrate, theRF upper 

match arrangement may be set in parallel resonance \vith the operating frequency of the 

proc.essing chamber. Hmvever~ to maximize the etch rate, the RF npper match arrangement 

may be set in series resonance. To tune the plasma to a specific etch rate, the resommce of 

theRF current Inay be offset at the operating frequency of the processing chamber. A$ can 

be appreciated from the foregoing, the Imver match arrangement c.an be similarly 

manipulated to control the etch rate for the bOtl01U edge of the substrate. Thus, by tuning one 

or more match arrangements, tht~ desired t'teh fate(S} may be generated. 

100261 The features and ad'>/<mtages of the present invention may be better understood with 

reference to the figures and discussions that follow. 

10027j Fig. 1 shO\'I/$, in all embodhnent of the invention, a simple cross-sectional diagram of 

a be\·el processing chamber 100 with a set of match arrangements fur managing plasma 

confinem(~nt Bevel processing chamber 100 may include a I(),I,ver electrode 102 (e.g., 

electrostatic chuck) for supporting a substrate 104 during processing, During substrate 

processing, po\ver t1ov~ting from RF soun::-e 128 may 11m-v through lov{er electrode 102 into 

bevel processing chamber 100 k) interact 'ivitb a gas mixture (not sho)>,"!"l) to fonn a plasma. A 

match arrangernent t20, positioned bet\veen RF source 128 and !O\ver electrode 102 may be 

employed to minirllize reflective pm·vcr as RF current flows into hevel processing c1mrnber 

100. The plasma may ht' employed to proct'SS (e.g., etch) substrate 104. 

100281 Those skilled in the arts are aw-are that plasma may be tl)l"med in an <lre<~ between 

upper electrode 106 and lower dectrode 102. Plasma formed in this region is usnally 

employed for proc.essing the surti-l.ce area of a. substrate that is mvay from the edge oftlle 

substrate, Hmvever, due to the potential difference that 111111' exist toward the edge of 

substrate 104, the plasma formed in this region is usually not conducive for substrate 

processing tmvard the edge ofa substrate because the etch rate at the edge of the plasma is 

usually higher than the etch rate tmvard the center of the substrate. In other words, plasHla 

tends to he less dense the filrther the plasma is a\vay from the center of the substrate" As a 

result, non-llnittmn piasma may form, thereby resulting in defective semiconductor devices 

belng created~ 

[00291 One \\/Ry to minimize the d;;.'velopment ofplasm~l in th{' region between upper 

electrode 106 and lo\'i'er electrode 102 is to make upper electrode 106 the RF path least likd:y 

to be traversed by the RF current. In the prior art, upper electrode 106 is usually grounded to 

enable plasma to be fanned for substrate processing._ Thu!:L" to minimize plasma development, 



upper electrode 106 w-ithin processing chmnber 1 no is set to a Hoat state. In an emhodiment, 

a match arrangement 122 may be employed to control the amount of Cltrrent flo'wing through 

upper electrode i 06. In an example, to float upper electrode 106, switch 130 ma}.' be closed 

and an inductor 140 and a cnpadror 142, which is in parallel, may be tuned to be in parallel 

resonance with the operating frequency of bevel processing chamber 100. Accordingly, 

\vithout RF cnrrent flO'l.ving into the region bet\veen upper electrode 106 and hTi,Ver electrode 

102, plasrna may be prevented fi-om forrning. 

100301 Beside upper electrode 106 and lower electrode 102, bevel processing chamber 100 

may also include top ring dectTode (upper exte1l';ion electrode .108) and bott01n ring electrode 

(1o\,\rer extension electrode 110). Upper extension electrode is positioned above substrate 104 

and knver extension electrode 110 is position bdo\v substrate '104. Both are positioned 

dosed to the edge of substrate 104. Similar to the region near upper electrode 106,. a plasma 

112 ma:y also be fOl1Tled near npp{~r extension dectrode and/'or lo\ver extension electrode 110. 

The plasma formed here may be employed to etch the edge of a substrate. 

10031} To manipulaw the phtsma to generate th{' desired etch rate, prior arts have emplo)'ed 

cerarnic process kits, wherein each process kits may include ceramics ofspecH1c geOluetry 

and/or material. In an example, by' changing the configuration of ceramics 114 and/or '116, 

plasrna 112 may be maniputated to generate the desired etch rate required by' the processing 

rt~cipe. Instead of having to change the ceramics, in an (.'mbodiment, a set of match 

arrangements may be employed to control the amount of power being delivered into the 

processing chamber. In other \vords, by adjusting the amount ofpo'\.ver into the processing 

chamber, the current flow can be adjusted, thereby manipulating the density of plnsm~t 112 to 

create a uniform plasma, which in tum control the etch rate during substrate processing, 

100321 In an embodiment, a match arrangement] 24 may be coupled to uppl~r exWnslon 

electrode to control the RF current flm:ving through upper extension electrode.l'vIatch 

arrangement 124 may includt, an inductor 150 in sl~des \vith a variable capacitor 154 and an 

inductor J 52c By" adjusting the match an'angemem, the RF current flov,; may be modified. In 

an example, by tuning lncl1.Ktor 150 and capacitor 154 to offset one another, the RF current 

HO\v may be controlled to create a uniformed plasma at a desired etch rate. As a result~ the 

upper edge of substrate 104 processed according to the process recipe. 

100331 Similarly, a match arrangement 126 lnay he coupled to lower cxtcllSion el(~ctTode 110 

to control the RF currcnt f10'vdng through lo".ver cxtension dectrode 110" in an ernbodimcnt 

Match alnmgement J 26 may include an inductor 160 in serles \v1th a variable capacitor 164 

7 



and a second inductor 162. To adjust the RF current Hmving through lovver extension 

electrode 110, match arrangement 126 may be adjusted. In an example, by off<;enillg the 

resonance of inductor 160 against ,'ariahle capacitor 164, plasma cont1nement may be 

tnanipulated. 

{00341 As can be seen fTOm Fig. 1, match arrangernents may he et:nployed to redirect the RF 

current path. By control! ing the flow of RF c.urrent, the f()fmation of plasma ma)' be directed 

toward specific area of the processing chamber. l'Vlore over, by adjusting one or l.nore match 

arrangements, specific {~tch rate(s) mi~y b{~ generated to meet a recipe guidelim~ for processing 

a substrate. 

100351 Figs. 2A, 2B, 2C, and 2D show, in embodiments of the invel1tion, methods for 

managing plasma conHnement \vithin a beveJ plasma chamber. Figs. 2A, 2B, 2C, and 2D 

\</il! be discussed in relation to Fig. !. 

100361 At a first step 200, a substrate is loaded into a processing chamber. Befbre loading 

the substrate, the lmver elec.trode is prepared tor ac.cepting the substrate :1"01' processing. In an 

example, a lifter pin on 10\v~~r electrode 102 may be raised 111 prepamtion for rec{~iving 

incoming substrate .104. 

100371 Onc.e lower electrode ] 02 has been prepared, the substrate is moved into the 

processing chalnber. fn an example, a robot am] mny mov(~ substrate 104 into bevel 

processing chamber 100, Once substrate 104 is in place, the lifter pin may be lo\vered into 

processed position, thereby securing substnl1e 104 to lower electrode .1 02. 

[00381 At a next step 210, a match arrangement is adjusted to make the RF current padl to the 

upper electrode the least desirable. As aforementioned, the prior art upper etectrod(' 1lSuaHy 

has an RF path to ground, As a result, plasma tends to form in tile area betvveen upper 

electJOcie 106 and Sllbstrate W4. 

!0039.1Referring to Fig, 2B, to minimize the possibility of a plasma heing formed in this 

region, ~m extension 118 of upper (~lectrode 106 m.ay be !o\vered stlch that the gap bet\veen 

extension J 18 and substrate 104 is minimal (but not touching), in an embodiment (Step 212). 

In one embodiment the gap is about 035 mm, thereby minimizing the possibility of a plasma 

beingH}rmed jn such a minute region. 

i00401 .<\dditionally or altemative1:;/, the RF cnrrent path to ground may be eliminated by' 

Hoating upper electrode 106 (Step 214). !n an embodiment, Hoating upper ekctrode 106 Ina), 

include adjusting match arrangement! 22, In an example, s\vitchl30 may be closed \vhile 

inductor 140 and capacitor 142 may tuned to be in paraUel resonance v{ith the operating 
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frequenc)/ of bevel plasma chamber 100. Thus, b), minimizing the gap bet1.veen upper 

electrode '106 and subst.rate 104 andlor by floating upper electrod{~ 106, a plasma may he 

prevented fl'om being formed \vithin the area bet\veen the upper electrode and the substrate. 

[(041) Referring back to Fig. 2A, at a next step 220, the etch rate(s) may be malliplilawd by 

adjusting the RF current path flowing through upper extension electrode and/or lower 

extension electrode 110. In an embodiment, the plasma formed behveen upper extension 

electrode and lower extension electrode 110 near the edge of substrate 104 may be controlled 

by manipulating match ammgement 124 and/or rnaKh arrangement 126. 

10042J Referring to Fig. 2C, to create an RF Cllrrent path to ground for upper extension 

electrode, $\\"itc11 134 may be opened to create a short circuit (Step 122), To achieve the 

maximum etch rate, inductor 152 and capacitor 154 may be in series resonance at the 

operating frequenc.y'. However, to control the etch rate, tuning may oc.cur by offsetting 

inductor 152 against capacitor 154 such that inductor 152 and capacitor 154 are in resonance 

with the operating t}equency of the processing chamber. 1n other v/ords, to create a uniform 

plasma at a given t'tch rate, the inductor and/or capacitor "within match arrangement 124 may 

have to he tuued.By adjusting tHatch arrangement 124, etching on the wp edge of substrate 

112 may be controlled .. 

[00431 Similarly, etching on tbe bottom edge of substrate 112 may be contToHed by adjusting 

match arrangement 126 (Step 224). Similar to switch 134, switch 136 IS op(~ned to create an 

RF current path to b'TOlmd i'{)r lo\ver extension electrode 110, Tn get a Inaxlnmm etch rate, 

inductor 162 and capacitor 164 are in series resonance at the op(~rating frequency of bevel 

processing chamber 100. To control plasma 112 to generate the desired etch rate as reqnired 

by a processing recipe,. theRF match arrangement may be employed to tune the resonance by 

offsetting inductor 162 against capacitor 164. 

100441 Referring back to Fig. once the desired etch rate has been set, at a 11ext step 230, 

etching may begin on tIle substrate .. 

100451 At a next step 240, discharge is performed after substrate processing has been 

terminated .. 

100461 Referring to Fig. 2D, once etching has been cmnpleted, plasma is turned (Step 

242). 

100471 Once plaBm<l has been turned 0[1-, preparation is made to remove substrate 1.12 from 

bevel processing chamberl 00. 
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100481 First, the upper electrode is moved ,-nvay from the substrate to create a gap large 

enough to fonn a plasma (Step 244). In an embodiment, the gap bet\\'(~en extension 118 of 

upper electrode 106 and substrate 104 is widened. In one embodiment, the gap is about 19 

111m. 

100491 Next (S.tep 246),. RF match arrangement 122 is manipulated to creme anRF current 

path to ground for upper electrode t 06. In an example, s\vitchl30 is turned off \vhile s\'",itch 

132 is turned OI.L In an embodimenL the amOlmt of discharge is controUed by the variable 

resistor (R 1 ,I-

10050} At step 248, the pressure is increased to re(hlCe ion bombardment, which ill turn 

minimizes the possibility of the plasma being generated to perfonn etching, In at) 

embodiment, the amount of pressure may be about 40 percent more than the amollnt during 

the substrate proc.essing. In an emhodiment, the gas being employed to f01m plasma is a non~ 

etching gas. In another embod.iment, RF so urc. e 128 is decreased such that the amount of 

power being pumped into the processing chrunber is sufficient to create a minimal-powered 

plasma capable of performing the discharge, but one incapable of etching the substrate.. I.n 

one CHlbodimenL RF source 128 is set at about 50 \vatt 

100511 At step 250, discharge occurs on the substrate and/or the lower electrode. In an 

embodiment, the discharge period is about 5 seconds. 

10052] Referring back t{) Fig. 2A, after tht~ discharge has occurred, the substrate is removed 

(Step 260). Before removing the substrate, the plasma is turned off Then, the pressllre is 

pumped out of the processing chamber. finally, the lifter pin is raised and the substrate is 

removed from the processing chamber. 

10053j Advantageous!y, the aforementioned match arrangeluent may also be applied in 

pedbrming a \vaferless auto dean. Those skilled in the art are tr\l,ian: that to ensure consistent 

plasma processing result, the processing chamber may' be cleaned while a substrate is absent 

H·om the chamb('L In an example, chamber conditioning may be IJ(~rforrned bem'een the 

processing of each substrate, for example. In other 'words, by performing chamber 

conditioning, the pnx.:ess chamber is cleaned and reset to a known state before another 

substrate is processed. Thus, the process of perform.ing chamber conditioning allows fhr 

b,yproducts, such as polymer deposits, that mil)' h,rve been deposited on the surHlcc (e.g., Viall 

surface) the processing chamber to be removed. 

100541 In m:r embodiment, match arrangement 122 may be employ'cd to perf(mTI a \.vaferlcss 

cleaning processing v/ithln the bevel process chamber. In an embodiment, both switch 130 
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and $\'vitch132 is turned on,. thereby creating an RF path to ground for upper electrode 106. 

As a result, plasma is formed bet'ween upper ek~ctrode 106 and lower electrode 102. The 

plasma formed ma:)o' be employed to remove the byproducts still remaining \\'lthin tile 

processing chan1ber. llms, \vaferless chamber cleaning may be performed quickly by 

adjusting match arrangement 122. 

10055] As can be appredated from the forgoing, one or more embodiments of the present 

invention provide t~)f arrangements and methods for performing plasma confinement within a 

be\tej processing chamber. By adj usting one or more match arrangements, the RF path may 

be directed in such a way that plasrnais fl)lTned near the edge of the substrate. By (uning one 

or more inductoricapac:itor, the desired etch rate required by a recipe may be generated. 

Accordingly no fH.fd.itional component is required to control plasma uniformity, thereby 

reducing tbe cost of o\vnership. Consequently, the arrangements and methods as discussed 

herein provide unotherincxpcnsive method fbr increasing substrate yk'td. 

100561 \Vhile this invention has been desc.ribed in terms of several preferred embodiments, 

there are alterations, perrnuw.t.ions, and eqllivak~nts, \vhich fall \vithin the scope of this 

invention. A.ldlOugh various examples are provided herein,. it is intended that these exalnples 

be illustrative and not limiting with respect to the invention. 

[00571 /\150, the btle and summary are provided herein 1{)1' convenience and should not be 

used to construe th~~ scope of t11C claims herein~ Further, the abstract 1S written in a highly 

abhreviated form and is provided herein for convenience and thus should !lot he employed to 

construe or limit tht~ overall invention, \vhich is expressed in the claims. If the teml "set" is 

emp!oyt.~d herein, such term is intended to have its commonly understood mathematical 

meaning to cover zero,. one, or more than one member. It should also he noted that there are 

many altemative\vays of implementing the methods and apparat.llses of the present invention. 

It is therett1fe intended that the following appended claims he intel1Jreted as including all such 

alterations:, permutations, and equivalents as t1~H \vithin th~' tme spirit and scope of th~~ present 

invention. 
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Claims 

1. An arrangement for controlling bevel etch rate during plasma processing within a processing 

chamber of a plasma processing system, comprising: 

a power source; 

a gas distribution system; 5 

a lower electrode, wherein said lower electrode is configured at least for supporting a substrate 

during said plasma processing; 

a top ring electrode positioned to cover a top edge of said substrate; 

a bottom ring electrode positioned to cover a bottom edge of said substrate; 

a first match arrangement disposed between said top ring electrode and ground, said first match 10 

arrangement is configured at least to control current flowing through said top ring electrode to control 

amount of plasma available for etching at least a part of a top edge of said substrate, wherein the first 

match arrangement includes a first parallel circuit comprising a series circuit of a variable capacitor and a 

first inductor connected in parallel to a series circuit of a second inductor and a switch; 

a second match arrangement disposed between said bottom ring electrode and ground and is 15 

configured to control said current flowing through said bottom ring electrode to control amount of plasma 

available for etching at least a part of a bottom edge of said substrate, wherein the second match 

arrangement includes a second parallel circuit comprising a series circuit of a variable capacitor and a first 

inductor connected in parallel to a series circuit of a second inductor and a switch; and 

an upper electrode positioned directly above said substrate, the upper electrode having a surface 20 

that substantially covers a top surface of the substrate except for the top edge of the substrate, the upper 

electrode having an extension that extends the surface of the upper electrode up to the top edge of the 

substrate, the upper electrode and the extension of the upper electrode being disposed over the top 

surface of the substrate such that a gap that is less than about 0.35 mm is maintained to prevent formation 

of plasma in an area between the upper electrode and the top surface of the substrate; 25 

a first ceramic element is disposed between the extension and the top ring electrode; 

a second ceramic element is disposed between the lower electrode and the bottom ring 

electrode; and 

a third match arrangement, wherein said third match arrangement is coupled to said upper 

electrode, wherein said third match arrangement is configured to control said current flowing through said 30 

upper electrode to change said upper electrode from a grounded state to a floating state, thereby 

minimizing plasma formation between said upper electrode and said lower electrode; 

wherein said third match arrangement includes at least a switch, an inductor, and a variable capacitor, the 

inductor is in series with the variable capacitor of the third match arrangement, 

wherein said switch of the third match arrangement is set to a closed position, 35 

wherein said inductor and said capacitor of the third match arrangement is tuned to be in parallel 

resonance with an operating frequency of said processing chamber to set said upper electrode at said 

floating state. 

 

2. The arrangement of claim 1 wherein for said first match arrangement,  40 

said switch is set to an open position,  
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wherein said first inductor and said variable capacitor are in series resonance with an operating 

frequency of said processing chamber to control etching on said substrate top edge. 

 

3. The arrangement of claim 1 wherein for said second match arrangement, 

said switch is set to an open position,  5 

wherein said first inductor and said variable capacitor are in series resonance with an operating 

frequency of said processing chamber to control etching on said substrate bottom edge. 

 

4. The arrangement of claim 1 wherein said plasma processing system is a capacitively-coupled 

processing system. 10 

 

5. The arrangement of claim 1 wherein said power source is a radio frequency power source that is 

coupled to said lower electrode by way of an RF match. 

 

6. The arrangement of claim 1, wherein the first ceramic element surrounds the extension of the 15 

upper electrode. 

 

7. The arrangement of claim 1, wherein the second ceramic element surrounds the lower electrode. 

 

8. A plasma processing system, comprising: 20 

a power source; 

a gas distribution system; 

a lower electrode, wherein said lower electrode is configured at least for supporting a substrate 

during said plasma processing; 

an upper electrode having an extension that extends a surface of the upper electrode up to a top 25 

edge of the substrate, said upper electrode and the extension disposed over the top surface of the 

substrate define a minimized gap between said upper electrode and said lower electrode, a size of the gap 

defined to prevent formation of a plasma in an area between the upper electrode and the lower electrode; 

a top ring electrode positioned to cover the top edge of said substrate and surrounding the upper 

electrode; 30 

a bottom ring electrode positioned to cover a bottom edge of said substrate and surrounding said 

lower electrode, wherein the top ring electrode is arranged opposite the bottom ring electrode to define a 

region there-between for forming plasma around a bevel edge of the substrate when the substrate is 

disposed over the lower electrode; 

a first match arrangement including a first parallel circuit electrically connected between the top 35 

ring electrode and ground, the first parallel circuit includes a series circuit of a variable capacitor and a first 

inductor connected in parallel to a series circuit of a second inductor and a switch; 

a second match arrangement including a second parallel circuit electrically connected between 

the bottom ring electrode and ground, the second parallel circuit includes a series circuit of a variable 

capacitor and a first inductor connected in parallel to a series circuit of a second inductor and a switch; and 40 

a third match arrangement being electrically coupled to said upper electrode, a switch from the 

third match arrangement and the switch from the first and the second match arrangements used to 
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selectively control plasma formation in specific areas within a processing chamber of the plasma 

processing system. 

 

9. The plasma processing system of claim 8, wherein the third match arrangement includes a third 

parallel circuit electrically connected between the upper electrode and ground, the third parallel circuit 5 

includes, 

a first circuit portion including a variable capacitor in series with an inductor; 

a second circuit portion including a first switch in series with an inductor; 

a third circuit portion including a second switch in series with a resistor; 

wherein the first, second and third circuit portions are in parallel with each other between the upper 10 

electrode and ground and wherein the variable capacitor and the inductor of the first circuit portion are in 

parallel resonance with an operating frequency of said processing chamber and the first switch is set in a 

closed position to allow the upper electrode to be set at floating state. 

 

10. The arrangement of claim 8, wherein for said first match arrangement, 15 

said switch is set to an open position, 

wherein said first inductor and said variable capacitor are in series resonance with an operating frequency 

of said processing chamber to control etching on said substrate top edge. 

 

11. The arrangement of claim 8, wherein for said second match arrangement, 20 

said switch is set to an open position, 

wherein said first inductor and said variable capacitor are in series resonance with an operating frequency 

of said processing chamber to control etching on said substrate bottom edge. 

 

12. The plasma processing system of claim 8, further includes, 25 

a first ceramic element is disposed between the extension and the top ring electrode; and 

a second ceramic element is disposed between the lower electrode and the bottom ring 

electrode. 

 

13. The plasma processing system of claim 12, wherein the first ceramic element surrounds the 30 

extension of the upper electrode and the second ceramic element surrounds the lower electrode. 

 

14. A plasma processing system, comprising: 

an RF power source; 

a gas distribution system; 35 

a lower electrode, wherein said lower electrode is configured at least for supporting a substrate 

during said plasma processing; 

an upper electrode disposed over the lower electrode, the upper electrode including an extension 

that extends a surface of the upper electrode up to a top edge of the substrate, wherein when the upper 

electrode is moved, the upper electrode and the extension are disposed to define a minimal gap between 40 

the surface of the upper electrode and a top surface of the substrate so as to prevent formation of a 

plasma in an area defined between said surface of the upper electrode and the top surface of said 

substrate; 
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a top ring electrode positioned to cover the top edge of said substrate and surrounding the upper 

electrode; 

a bottom ring electrode positioned to cover a bottom edge of said substrate and surrounding said 

lower electrode, wherein the top ring electrode is arranged opposite the bottom ring electrode to define a 

region there-between for forming plasma around a bevel edge of the substrate when the substrate is 5 

disposed over the lower electrode; 

a first match arrangement including a first parallel circuit electrically connected between the top 

ring electrode and ground, the first parallel circuit includes a series circuit of a variable capacitor and a first 

inductor in parallel to a series circuit of a second inductor and a switch; 

a second match arrangement including a second parallel circuit electrically connected between 10 

the bottom ring electrode and ground, the second parallel circuit includes a series circuit of a variable 

capacitor and a first inductor in parallel to a series circuit of a second inductor and a switch; and 

a third match arrangement being electrically coupled to said upper electrode, wherein the third 

match arrangement includes a third parallel circuit electrically connected between the upper electrode and 

ground, wherein third parallel circuit includes, 15 

a first circuit portion including a variable capacitor in series with an inductor; 

a second circuit portion including a first switch in series with an inductor; 

a third circuit portion including a second switch in series with a resistor; 

wherein the first, second and third circuit portions are in parallel with each other between the 

upper electrode and ground and wherein the switch from the first, the second and the third match 20 

arrangement used to selectively control plasma formation in specific areas within a processing chamber of 

the plasma processing system. 

 

15. The plasma processing system of claim 14, further comprising, 

an upper ceramic ring disposed around the upper electrode and adjacent to the upper ring 25 

electrode; and 

a lower ceramic ring disposed round the lower electrode and adjacent to the bottom ring 

electrode. 

 

16. The plasma processing system of claim 14, wherein the first, second and third match 30 

arrangements are coupled to ground and not to the RF power source, the RF power source only being 

coupled to the lower electrode via an RF match to define a capacitively-coupled processing system. 


