
ARRANGEMENTS FOR MANIPULATING PLASMA CONFINEMENT 

WITHIN A PLASMA PROCESSING SYSTEM. AND METHODS THEREOF 

BACKGROUND OF THE INVENTION 

100011 Advances in technology have provided for growth in the electronic industry, in order 

to meet the world's growing demands for electronics, millions of semiconductor devices are 

needed. Semiconductor devices are usually created from dies cut from a single processed 

substrate. 

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

processing chamber and be energized by radio frequency (RF) power to form an ion energy 

cloud (Le., plasma). Plasma may then be employed to etch the substrate to form 

semiconductor devices. In many cases, it has been found that the etch rate may be higher at 

the edge of the substrate. It is theorized that since less substrate surface area at the substrate 

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

experiences a higher etch rate, thereby resulting in substrate non-uniformity. 

[00031 As aforementioned, since more etchant is available at the edge of the substrate than at 

the center, the plasma formed over the substrate may be non-uniform. Since plasma 

uniformity is desired during substrate processing to ensure a consistent etch rate across the 

substrate in order to reduce the potential of creating defective semiconductor devices, most 

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

away from the edge of the substrate) where plasma uniformity has been more consistently 

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

manufacturers considered this waste as a cost of manutacturine. 

[00041 In today competitive market, processing substrates into quality semiconductor devices 

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

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

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

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

of defective semiconductor devices is especially advantageous for manufacturers that utilize 

plasma processing systems capable of processing large substrates. 

100051 Generally speaking, by employing a processing system capable of processing large 

substrates, a higher number of semiconductor devices may be created per unit of machine run 

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

sizes. However, if a manufacturer is unable to process the area around the edge of a lame- 
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100011 Advances in technology have provided for grovr1h ill the electronic industry. In order 

to rneet the vi/or!d's gro\'>iing demands for electronics, luilJions of serniconductor de v-ices are 
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sized. substrate to create acceptable semiconductor devices, the revenue lost experienced by 

the manufacturer may be high given that a large-sized substrate tends to have a larger 

diameter and thus a larger periphery area. 

100061 Thus, an arrangement for manipulating plasma confinement to improve substrate 

processing at the edge of a substrate is desired. 

BRIEF SUMMARY OF THE INVENTION 

[00071 The invention relates, in an embodiment, to an arrangement for controlling bevel etch 

rate during plasma processing within a processing chamber of a plasma processing system. 

The arrangement includes a power source and a gas distribution system. The arrangement 

also includes a lower electrode, which is configured at least for supporting a substrate during 

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

above the substrate and a bottom ring electrode positioned below the substrate. The 

arrangement yet also includes a first match arrangement, which is coupled to the top ring 

electrode. The first match arrangement is configured at least to control current flowing 

through the top ring electrode to control amount of plasma available for etching at least a pan 

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

which is configured to control the current flowing through the bottom ring electrode to 

control amount of plasma available for at least etching at least a part. of the substrate bottom 

edge. 

10008) The above summary relates to only one of the many embodiments of the invention 

disclosed herein and is not intended to limit the scope of the invention, which is set forth in 

the claims herein. These and other features of the present invention will be described in more 

detail below in the detailed description of the invention and in conjunction with the following 

figures. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

100091 The present invention is illustrated by way of example, and not by way of limitation, 

in the flames of the accompanying drawings and in which like reference numerals refer to 

similar elements and in which: 

10010) Fig. I shows, in an embodiment of the invention, a simple cross-sectional diagram of 

a bevel processing chamber with a set of match arrangements for managing plasma 

confinement. 

100111 Fig. 2A, 2B, 2C, and 2D show, in embodiments of the invention, methods for 

managing plasma confinement within a bevel plasma chamber. 

sized substrate to create acceptable sem.iconducior devices, the revenue lost experienced hy 

the manufacturer ma:'l be high given that a large-sized substrate tends to hav(~ a larger 

diameter and thus a larger periphery area, 

(0006) Thus, an arrangement for manipulating plasma confInement to improve substrate 

processing at the edge of a substrate is desired, 

BRIEF SlJJ"UvlARY OF THE INVENTION 

100071 The invention l'elates, in an embodhnent, to an arrangement t()f controlling bevel etch 

rate during plasma processing \vithil1 a processing chamber of a plasma processlng system, 

The arrangement lllCtudes a pO'vver source and a gas distribution system. The arrangement 

also includes a !mver electrode, '\:vhich is configured at least for supporting ~l substl'ate during 

tJ1e plasma processing. The arrangement filfther includes a top ring electrode positioned 

above the substrate and a bottom ring electrode positioned belm;"" the substrate. The 

arrangement yet also includes ~~ first match arrangement, vvhich is c(\upl(~d to the top ring 

electrode. The first matc.h arrangement is c.onfigured at least to control current flowing 

tllrough tlle top ring electrode to {xmtrol amount of plasma available for et{~hjng at least a part 

of the substrate top edge, The arrangement yet: fllriherincludes a second match arrangernentc 

which is configured to control the current t1o\ving through the bottom ring electrode to 

c0111rol anlOunt of plasma available for at least etching at least a part of the substrate bottom 

edge, 

100081 The above summary relates to only otle of the mHny emhodiments ofthe invention 

disdosed herein ,mti is not intendt'd to limh the scope of the invmtion, \vhich is set t'(mh .In 

the claims herein. These and other features of the present invention will be described in more 

detail below in the detailed description of the invention and in conjunction with the follOi:ving 

figures. 

BR1EF DESCRIPTION OF THE SEVERAL VIE\VS OF THE ORA WINGS 

[00091 Tht~ present invention is itlustmwd by 'v/a)' of example, and not by way of limitation, 

in the figures of the accompanying drmvings and in \vhich like reference numerals refer to 

similar elements and in which: 

10010j Fig. 1 !i>hO\\'s" in an embodiment of the invention, a simple cross-sectional diagram of 

;':1 bevel proct'ssing chamher "vith a set of match arrangements fbr managing plasm11 

cOllfinemcnt. 

10(11) Fig. 2A, 28, 2C, and 2D shmv, in embodiments of the invention, metllods for 

managing plasma con.finement \vithin a bevel plasma chamber. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

100121 The present invention will now be described in detail with reference to a few 

embodiments thereof as illustrated in the accompanying drawings. In the following 

description, numerous specific details are set forth in order to provide a thorough 

understanding of the present invention. It will be apparent, however, to one skilled in the art, 

that the present invention may be practiced without 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 obscure the present invention. 

[0013] Various embodiments are described hereinbelow, including methods and techniques. 

It should be kept in mind that the invention might also cover articles of manufacture that 

includes a computer readable medium on which computer-readable instructions for carrying 

out embodiments of the inventive technique are stored. The computer readable medium may 

include, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of 

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

also cover apparatuses for practicing embodiments of the invention. Such 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 dedicated computing device when appropriately programmed and may 

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

adapted for the various tasks pertaining to embodiments of the invention. 

[00141 As aforementioned, plasma is employed to etch a substrate into semiconductor 

devices. Generally, an appropriate set of gases (e.g., etchant gases such as C4F8, C4F6, CH.F.:;, 

CH2F3, CF4, CHAT', C2F4, N2, 02, Ar, Xe, He, H2, NH3, SF6, BCI3, CI}, etc.} is flowed into a 

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

system. These gases may interact with the RF power to ignite plasma within the processing 

chamber. The plasma may then be employed to etch the exposed. area of the substrate. 

100151 Due to the aforementioned higher edge etch rate, plasma non-uniformity may exist. 

As discussed herein, uniformity• refers to the etch rate consistency across a substrate surface. 

Without acceptable uniformity, processing the entire substrate may result in defective 

semiconductor devices, especially with respect to devices formed in the region around the 

edge of the substrate due to excessive etching. 

100161 However, in today cost-conscious world, manufacturers are searching for methods to 

maximize a substrate yield. In recent years, instead of discarding the area around the edge of 
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out embodiments of the inventive technique are stored, The computer readable medium may 
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also CO'ler apparatuses for practicing t~rnbodjrnents of the invention. Such apparatus may 

include circuits,. dedicated and-lor programmable, to cany out tasks pertaining to 

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

computer and./or a ded.icated computing device "when appropriately programmed and may 

include a combination of a computer/computing device and (kxHcatedlprogrammable circuits 

adapted for the various tasks pertaining to embodiments of the .invention. 

[00141 As aforementioned, plasma is employed to etch a substrate into semiconductor 

devices. Generally, an appropriate set of gases (e.g" etchani. gases such as C"Fi>, C4F(" CHF", 

CH2h, CF4, CH~F, CZF4 , N2, 02, Ar, Xe, He, fh, NH" SF(;, BCb, CJ;,.,etc.) is tl.owed into a 

processing chamber of a plasma pro(~essing system through all inlet from a gas distribution 

systelR These gases may interact with the RF povv'er to ignite plasma within the processing 

chamber. The plasma may then be employed to etch the exposed ar~'a of the substrate. 

100151 Due to the aforementioned higher edge etch rate, plasmanon-unjformity may exist. 

As discussed herein, uniformity refers to the etch rate consistency across a substrate surface, 

Without acceptable unifonnjty, processing the entire substrate may result in defective 

semicondllctor devices, especially \\.'ith respect to devices fom1ed in the region around the 

edge of the substrate due i.O excessi ve etching. 

I0016} However, in today' cost-conscious \"torld, malluf.-tcturers are sean::hing for methods to 

maxirnize a substnlte yield. 1n recent years, instead of discarding the area around the edge of 
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the substrate as waste, techniques have been developed to allow a substrate to be processed 

using different 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 

from being etched. The unexposed area is available for future processing. 

(00171 To etch the region around the edge of a substrate, techniques for performing bevel 

etching (etching toward the edge of a substrate) have been developed. One popular technique 

includes the use of dielectric ceramics. Since plasma determines the etching rate, control 

over the plasma results in control over the rate of etching. That is, by manipulating the 

plasma being formed, the desired etch rate(s) required by a processing recipe may be 

achieved. In an example, dielectric ceramics may be positioned above and/or below the 

substrate (toward the edge of the substrate) to manipulate the plasma being formed during 

substrate processing. In an example, different process kits (wherein each process kit may 

haw ceramics of specific geometry and material) may be employed to generate the different 

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

100181 Another way to control plasma is by manipulating the RF current flow. in other 

words, since plasma is generated by striking the gases with RF current, plasma uniformity 

may be controlled by controlling the RF current flow path. Those skilled in the art are aware 

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

chamber. Plasma is usually formed near the electrodes. In one aspect of the invention, the 

inventors herein realized that match arrangements may be employed to control the RF current 

path through the electrodes, thereby enabling the plasma to be manipulated to achieve the 

desired etch rate(s). 

100191 hi accordance with embodiments of the present invention, arrangements and methods 

are provided to control plasma within a processing chamber. Embodiments of the invention 

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

of the invention also include methods for manipulating the flow of the RF current during 

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

invention further include methods for manipulating the flow of the RE current to perform 

chamber conditioning (such as chamber cleaning). 

[00201 In this document, various implementations may be discussed using a capacitively-

coupled processing system, as an example. This invention, however, is not limited to 

capacitively-coupled processing systems and may be applied to inductively-coupled 
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processing systems. Thus, the discussions are meant as examples and the invention is not 

limited by the examples presented. 

100211 In an embodiment of the invention, arrangements are provided for manipulating the 

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

are aware that plasma tends to form in an area between two electrodes. In an example, in a 

capacitively-coupled processing system, plasma is usually generated between the grounded 

upper electrode and the lower electrode (e.g., electrostatic chuck). The plasma formed in this 

area is usually employed to etch the substrate that is positioned on top of the lower electrode. 

The plasma formed in this region has usually been employed to etch the majority of the 

surface of the substrate (that is the area away from the edge of the substrate). 

[00221 However, during bevel etching, plasma formed between the upper and lower 

electrodes is not desirable since such plasma would etch the center region 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 

manipulated to prevent the formation of plasma in the region between the upper and lower 

electrodes. In other words, to prevent plasma formation, the grounded upper electrode is 

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

within the match arrangement may be tuned to be in parallel resonance with the operating 

frequency of the processing chamber, in an embodiment. 

[00231 Besides the upper and lower electrodes, a. processing chamber capable of performing 

edge etching, such as a bevel processing chamber, may also include two additional 

electrodes. The top ring electrode (i.e., the upper extension electrode) is positioned above the 

substrate. The bottom ring electrode (i.e., the lower extension electrode) is positioned below 

the substrate. Both electrodes an positioned closed 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 arrangements may be employed to control the etch 

rate of plasma formed near the edge of a substrate. Accordingly, the RF current path may be 

manipulated via the set of match arrangements to generate the desired etch rate(s) without 

having to replacing the ceramic process kits. In an embodiment, the set of match 

arrangements may include an upper match arrangement, which may be coupled to the top 

ring electrode to manipulate the plasma that may form near the upper edge of the substrate. 

Similarly, a lower match arrangement may be coupled to the bottom ring electrode to control 

the plasma that may form near the bottom edge of the substrate. 
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are a\vare that plasnm tends to form in an area between two electrodes. In an example, in a 
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instead ofth(~ bevel region, In one aspect of the ill'Vent10B, the inventors herein realized that 

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

manipubted w pwvent the formation of plasma in tile region between tht~ upper and lower 

electrodes. In other words, to prevent plasma formation,. the grounded upper electrode is 

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

",dthin the match arrangement may be tuned to be in paral.lel resonancc\\:'ith the operating 

frt'quency oftht~ processing chamber, in an embodiment 

100231 Besides tile upper and 10\\'e1' electrodes, a processing chamber capable of perflxming 

edge etching, such as a be\te.i processing chanlber, may also include 1:\>'/0 additional 

electrodes. The top ring electrode (i.e., the upper extension electrode) is positioned above tht, 

subst.rate. The hottom ring electrode (i.e., the 10\ver extension electrode) is positioned belo\v 

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

plasma formed near these t\VO electrodes may be employed to etch the edge of the substrate. 

[00241 In an embodiment, a set of match ammgements may be employed to control the etch 

rate of plasma formed near the edge of a substrate., Accordingly, the RF current path may he 

manipulated via the set of match arrangements to generate the deSIred etch rate(s) \'vithout 

having to replacing the ceratnic process kits. In an embod.iment, the set of match 

,IITcmgemcnts may include 1'111 upper match arral1gement, which may be coupled to the top 

ring electrode to manipulate the plasma that may form ncar the upper edge ofthe substTatc. 

Similarly, a lov,'er match arrangement may be coupled to the botton1 ring electrode to (·ontro} 

the plasma that lnay fbrrn llear the bottom edge of the subslTate. 
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(00251 In an example, to minimize etching on the top edge of the substrate, the RF upper 

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

processing chamber. However, to maximize the etch rate, the RF upper match arrangement. 

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

the RE current may be offset at the operating frequency of the processing chamber. As can 

be appreciated from the foregoing, the lower match. arrangement can be similarly 

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

or more match arrangements, the desired etch rate(s) may be generated. 

(00261 The features and advantages of the present invention may be better understood with 

reference to the figures and discussions that follow. 

[00271 Fig. 1 shows, in an embodiment. of the invention, a simple cross-sectional diagram of 

a bevel processing chamber 100 with a set of match arrangements for managing plasma 

confinement. Bevel processing chamber 100 may include a lower electrode 102 (e.g., 

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

processing, power flowing from RF source 128 may flow through lower electrode 102 into 

bevel processing chamber 100 to interact with a gas mixture (not shown) to form a plasma. A 

match arrangement 120, positioned between RF source 128 and lower electrode 102 may be 

employed to minimize reflective power as RF current flows into bevel processing chamber 

100. The plasma may be employed to process (e.g., etch) substrate 1.04. 

[00281 Those skilled in the arts are aware that plasma may be formed in an area between 

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

employed for processing the surface area of a substrate that is away from the edge of the 

substrate. However, due to the potential difference that may exist toward the edge of 

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

processing toward the edge of a substrate because the etch rate at the edge of the plasma is 

usually higher than the etch rate toward the center of the substrate. In other words, plasma 

tends to be less dense the further the plasma is away from the center of the substrate. As a 

result, non-uniform plasma may form, thereby resulting in defective semiconductor devices 

being created. 

[00291 One way to minimize the development of plasma in the region between upper 

electrode .106 and lower electrode 102 is to make upper electrode 1.06 the RF path least likely 

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

enable plasma to be formed for substrate processing. Thus, to minimize plasma development, 
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{00251 In an example, to luinimize etching on the top edge of the substrate, the RF upper 

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

proc.essing c.hamber. Hmvever,. to maximize the etch rate, the RF upper match arrangement 

may be set in series n.'sonance. To tune the plasma to a specifk: etch rare, the resom'mc.e of 

the RF current rnay be offset at the operating frequency of the processing chamber. As can 

be appreciated from the foregoing, the lo,ver match arrangement can be similarly 

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

or mor(~ match arrangements, the desired (~tch rate(s) may be generated. 

100261 The features and advantages of the present inventioll may he better understood with 

reference to the figures and discussions that follow. 

100271 Fig. i shO\\'s, in an embodiment of the invention, a simple cross-sectional diagram of 

a bevel processing chamber 100 \vith a set of match arrangements for managing plasma 

confinement Bevel processing chamber 100 may include a l<Jv;.-er electrode 102 (e.g., 

electrostatic chuck) for supporting a substrate 104 during proc.essing. During substrate 

processing, po\ver tlO1I,'ing from RF source 128 may flow tllrough 100vcr e1f.~ctrode 102 into 

bevel processing chamber tOO to interact with a gas mixture (not sho\vn) to fonn a plasma. A 

match anangement 120, positioned bet\vee.t1 RF source 128 and lmver electrode '102 may be 

employed to mil1ilnize reflective pm·ver as RF curren! flows into bevel processing chamber 

100. The plasma may b(' employed to pro'x~ss (e.g., etch) substrawl 04. 

100281 Those skilled in the ari.s are a\vare that plasl"nH may be tlJl'med in an area between 

upper dectrode 106 and !o~Ner elecu'o(.k 102. Plasma formed in this region is usually 

employed for processing the surface area ohl substrate that is av,tay from the edge oftlle 

substrate. However, due to the potential difference tl1at may exist toward the edge of 

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

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

usually higher than the etch rate w\vard tlle (enter of the substrate. In other \vords, plasma 

tends to be less dense the fbrther the plasma is a\vay from the center of the substrate. As a 

result,. non-unif(mTI plasma may form, thereby resulting in detl~ctive semiconduc.tor devices 

being created. 

[0029} One "\vay to minimize the development of plasma in th(' region between upper 

electrode .1 06 and lu\ver electrode 102 is to make upper electrode 106 the RF path least likely 

to he traversed by the RF current In the prior art, upper electrode 106 is tlsuall)?' grounded to 

enable plasma to be formed fCIl" subsll'ate processing. Thus, to minimize plasma development, 
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upper electrode 106 within processing chamber 100 is set to a float state. In an embodiment, 

a match arrangement 122 may be employed to control the amount. of current flowing through 

upper electrode 106. In an example, to float upper electrode 106, switch 130 may be closed 

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

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

without RE current. flowing into the region between upper electrode 106 and lower electrode 

102, plasma may be prevented from forming. 

[00301 Beside upper electrode 106 and lower electrode 102, bevel processing chamber 100 

may also include top ring electrode (upper extension electrode 108) and bottom ring electrode 

(lower extension electrode 110). Upper extension electrode is positioned above substrate 104 

and lower extension electrode 110 is position below substrate 104. Both are positioned 

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

112 may also be formed near upper extension electrode and/or lower extension electrode 110. 

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

100311 To manipulate the plasma to generate the desired etch rate, prior arts have employed 

ceramic process kits, wherein each process kits may include ceramics of specific geometry 

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

plasma 112 may be manipulated to generate the desired etch rate required by the processing 

recipe. Instead of having to change the ceramics, in an embodiment, a set of match 

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

processing chamber, in other words, by adjusting the amount of power into the processing 

chamber, the current flow can be adjusted, thereby manipulating the density of plasma 112 to 

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

100321 1:n an embodiment, a match arrangement 124 may be coupled to upper extension 

electrode to control the RE current flowing through upper extension electrode. Match 

arrangement 124 may include an inductor 150 in series with a variable capacitor 154 and an 

inductor 152. By adjusting the match arrangement, the RE current flow may be modified. In 

an example, by tuning inductor 150 and capacitor 154 to offset one another, the RE current 

flow may be controlled to create a uniformed plasma at a desired etch rate. As a result, the 

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

100331 Similarly, a match arrangement 126 may,  be coupled to lower extension electrode 110 

to control the RE current flowing through lower extension electrode 110, in an embodiment. 

Mat& arrangement 126 may include an inductor 160 in series with a variable capacitor 164 
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upper electrode 106 within processing chamber 100 is set to a Hoat state. In an embodiment, 

a match arrangement 122 may be employed to control the amount of cmrent flowing through 

'upper electrode 106. In an exrunple, to float upper electrode 106, switch 130 may be closed 

and an inductor 140 and a capacitor 142, which is in parallel, may be tuned to bt~ in parallel 

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

\vithout RF current tltw,ting into the regIon betvveen upper electrode 106 and len.ver electrode 

.1 02, plasma may be prevented from forming. 

1.00301 Beside uppt~r electrode 106 and lower electrode 102, bevel processlng chamber 100 

rna)' a1so include top ring electT(xie (upper extel1sion el.ectrode 108) and bottom ring electrode 

(lower extension electrode l1O). Upper extension electrode is positioned above substrate 104 

and lower extension c.lectrode 110 is position bdo\v substn~te 104. Both are positioned 

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

112 may also be formed near upper extension electrode and./or lower extension elec.trode 110. 

The pLasma formed here may be employed to etch the edge ofa substrate. 

10031] To manipulate the plasma to generate the desired etch rate, prior arts have employed 

cerarnic process kits, wherein each process kits may include ceramics of specHk geOluetry 

and/or materiaL In an example, by changing the configuration of ceramics 114 ruldlor 116, 

plasma 112 may be llU1Hipulated to generate the desired etch rate required by the processing 

recipe. Instead of having to change the ceramics, 111 an embodiment, a set of match 

arrangements may be employed to control tile amount ofpmver being delivered into the 

processing chamber. In other words, b~i adjusting the amount ofpt)l.ver into the processing 

chamber, the current fk)'~v can be adjuswd, th~'reby manipulating the density of plnsma 112 to 

create a uniform plasma, which in turn contra! the etch rate during substrate processing. 

100321 In an emhodirnent, a match arrangement 124 may be coupled to upper extf..~nsion 

electrode to control the RF current flo-wing through upper extension electrode. l\/tatch 

arrangement 124 may indudf..' an inductor 150 in series vdth a variable capacitor 154 and an 

inductor J 52. By adjusting the match arrangement, the RF current flo\vmay bem.odified. In 

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

HOIV may be controlled to create a unif(mned plasma at a desired etch rate. As a result, the 

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

100331 Silniiarly, H match arrangement 126 may he coupled to lo\ver t:xtension electrode l.l 0 

to control the RF current f1mving through kn.ver extension electrode 110, in an emb()tHment. 

\Jatch arrangemelltl26 may include an inductor 160 in serles \\'lth a variable capacitor 164 
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and a second inductor 162. To adjust the RE current flowing through lower extension 

electrode 110, match arrangement 126 may be adjusted. In an example, by offsetting the 

resonance of inductor 160 against variable capacitor 164, plasma confinement may be 

manipulated. 

[00341 As can be seen from Fig. 1, match arrangements may be employed to redirect the RE 

current path. By controlling the flow of RE current, the formation of plasma may be directed 

toward specific area of the processing chamber. More over, by adjusting one or more match 

arrangements, specific etch rate(s) may be generated to -meet a recipe guideline for processing 

a substrate. 

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

managing plasma confinement within a bevel plasma chamber. Figs. 2A, 28, 2C, and 20 

will be discussed in relation to Fig. I. 

1.00361 At a first step 200, a substrate is loaded into a processing chamber. Before loading 

the substrate, the lower electrode is prepared for accepting the substrate for processing. In an 

example, a lifter pin on lower electrode 102 may be raised in preparation for receiving 

incoming substrate .104. 

[00371 Once lower electrode 102 has been prepared, the substrate is moved into the 

processing chamber. In an example, a robot arm .may move substrate 104 into bevel 

processing chamber 100. Once substrate 104 is in place, the lifter pin may be lowered into 

processed position, thereby securing substrate 104 to lower electrode 102. 

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

upper electrode the least desirable. As aforementioned, the prior art. upper electrode usually 

has an RE path to ground. As a result, plasma tends to form in the area between upper 

electrode 106 and substrate 104. 

[0039j Referring to fig. 2B, to minimize the possibility of a plasma being formed in this 

region, an extension 118 of upper electrode '106 may be lowered such that the gap between 

extension 118 and substrate 104 is minimal (but not touching), in an embodiment (Step 212). 

In one embodiment, the gap is about 0.35 mm, thereby minimizing the possibility of a plasma 

being formed in such a minute region. 

[00401 Additionally or alternatively, the RF current path to ground may be eliminated by 

floating upper electrode 106 (Step 214). In an embodiment, floating upper electrode 106 may 

include adjusting match arrangement 122. in an example, switch 130 may be closed while 

inductor 140 and capacitor 142 may be tuned to be in parallel resonance with the operating 
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and a second inductor 162. To adjust the RF runent t1ov"ing through lo\ver extension 

electrode 110, match arrangement 126 may be adjusted. in an example, by offsetting the 

resonance of inductor 160 against variahle capacitor 164, plasma confinement may be 

manipulated. 

(00341 As can be seen fTOm Fig. 1, match aTTangements may be employed to redirect the RF 

current path. By controlling the flow of RF CUTTent, the formation of plasma may be directed 

toward specific area of the processing chamher. l\-1ore over, by adjusting one or lnore match 

arrangements, specitlc t~tch rate( s) m~ly b(! generated to meet a recipe guideline for processing 

a substmte. 

10635] Figs. 2A, 2B, 2C, and 2D show, in embodiments of the invel1tion, methods f{)r 

managing plasma confinement \vithin a bevel plaslna dunnber. Figs. 2A, 2B, 2C, and 2D 

will be discussed in relation to Fig. I. 

!00361 At a first step 200, a substrate is loaded into a processing chamber. Betl)re loading 

the substrate, the 1m·ver electrode is prepared tor accepting the substrate for processing, In an 

example, a lifter pin on lower electrode 102 may be raised in preparation for receiving 

incoming substrate 104. 

(00371 Once lmver electrode 1 02 has been prepared, the substrate is moved into the 

proc.essing chamber. In an example, a robot ann may move substrate 104 into bevel 

processing chamber 100. Once substrate 104 is in place, the lifter pin may be }()\.vered into 

processed position, thereby securing Subslnlte 104 to lower d.edTode 102. 

[00381 At a next step 210, a match atTangement is adjusted to make the RF current pat11 to the 

upper electrode the least desirable. }\s aforementioned, the prior aTt llpper electrode usually 

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

electl'odel06 and substrate 104. 

10039.1 Rderring to Fig. 2B, to minimize the possibility of a plasma being formed it) this 

region, Hn ,,'xtension 118 of upper electrode 106 may be lowered such that the gap bet\;vcen 

extension 118 and substrate 104 is minimal (but n01 touching), iu an embodiment (Step 212). 

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

being J()rmed in such a minute region. 

[00401 Additionally or alternatively, the RF current path to ground may be eliminated by 

Doating upper electrode 106 (Step 214}. In an embodilnent, floatillg upper electrode 106 may 

include adjusting match an-angement 122, [11 an example, s\vltch 130 may be dosed while 

inductor 140 and capacitor 142 may he tuned to be in parallel resonance 'Nith the operating 
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frequency of bevel plasma chamber 100. Thus, by minimizing the gap between upper 

electrode 106 and substrate 104 and/or by floating upper electrode 106, a plasma may be 

prevented from being formed within the area between the upper electrode and the substrate. 

100411 Referring back to Fig. 2A„ at a next step 220, the etch rate(s) may be manipulated by 

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

extension electrode 110. in an embodiment, the plasma formed between upper extension 

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

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

100421 Referring to Fig. 2C, to create an RF current path to ground for upper extension 

electrode, switch 134 may be opened to create a short circuit (Step 222). To achieve the 

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

operating frequency. However, to control the etch rate, tuning may occur by offsetting 

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

with the operating frequency of the processing chamber. In other words, to create a uniform 

plasma. at a given etch rate, the inductor and/or capacitor within match arrangement 124 may 

have to be tuned. By adjusting match arrangement 124, etching on the top edge of substrate 

112 may be controlled. 

100431 Similarly, etching on the bottom edge of substrate 112 may be controlled by adjusting 

match arrangement 126 (Step 224). Similar to switch 134, switch 136 is opened to create an 

RF current path to ground for lower extension electrode 110. To get a maximum etch rate, 

inductor 162 and capacitor 164 are in series resonance at the operating frequency of bevel 

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

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

offsetting inductor 162 against capacitor 164. 

100441 Referring back to Fig. 2A, once the desired etch rate has been set, at a next step 230, 

etching may begin on the 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 completed, plasma is turned off (Step 

242). 

[00471 Once plasma has been turned off, preparation is made to remove substrate 1.12 from 

bevel processing chamber 100. 

frequency of bevel plasma chamber 100. Thus, by minimizing the gap between upper 

electrode 106 and substrate 104 andlor by floating upper electrod{~ i 06, a plasma may he 

prevented from being formed \vithjn the area bet\veen the upper electrode and the substrate. 

{00411 Ref(~lTing back to Fig. 2A, at a next step 220, the etch rate(s) may be manipuJat{'d by 

adjusting the RF current path t1mving through upper extension electrode and/or lo\ver 

extension electrode J l \). In an embodirnent, the plasma formed betv,lcen upper extension 

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

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

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

electrode, s\vitch 134 may be opened to create a short circuit (Step 222). To achieve the 

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

operating frequenC)l. However, to control the etch rate, tuning ma:y occur by offsetting 

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

with the operating frequency of the processing chamber. In other \'lords, to create a uniform 

plasma at a given etch rate, the inductor and/or capacitor 'within mmch arrangement 124 may 

have to he tuned. By adjusting match arrangement 124, etching on the top edge of sabstrate 

112 may be controlled. 

[00431 Similady, etching on tbe bottom edge of substrate 112 n:my be contl."oUed by adjusting 

match arrangement 126 (Step 224). Similar to s'-'iiitch 134, sVlitch 136 is opened to create an 

RF current path to b"round for lo\\-'er extension electrode .11 O. To get a maxinmm etch rate, 

inductor 162 and capacitor 164 are 111 series resonanc·e at the operating frequency of bevel 

processing chamber 100. To control phtsma 112 to generate the desired etch rate as required 

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 2A, once the desired etch rate has been set, at a next step 230, 

etching may begin on the substrate. 

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

terminated. 

10046J Referring to Fig. 2D, once etching has been cmnpleted, plasma is turned olT (Step 

242). 

10047J Once plasma has been turned off, preparation is made to remove substrate 112 from 

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

enough to form a plasma (Step 244). In an embodiment, the gap between extension 118 of 

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

mi. 

(00491 Next (Step 246), RF match arrangement 122 is manipulated to create an RF current 

path to ground for upper electrode 106. In an example, switch 130 is turned off while switch 

132 is turned on. In an. embodiment, the amount of discharge is controlled by the variable 

resistor (R I). 

100501 At step 248, the pressure is increased to reduce ion bombardment, which in turn 

minimizes the possibility of the plasma being generated to perform etching. In an 

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

the substrate processing. hi an embodiment, the gas being employed to form plasma is a non-

etching gas. In another embodiment, RF source 128 is decreased such that the amount of 

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

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

one embodiment. RF source 128 is set at about 50 watt. 

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

embodiment, the discharge period is about S seconds. 

[00521 Referring back to Fig. 2A, after the discharge has occurred, the substrate is removed 

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

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

removed from the processing chamber. 

(00531 Advantageously, the aforementioned match arrangement may also be applied in 

performing a waterless auto clean. Those skilled in the art are aware that to ensure consistent 

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

from the chamber. In an example, chamber conditioning may be performed between the 

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

conditioning, the process chamber is cleaned and reset to a known state before another 

substrate is processed. Thus, the process of performing chamber conditioning allows for 

byproducts, such. as polymer deposits, that. may have been deposited on the surface (e.g., wall 

surface) of the processing chamber to be removed. 

100541 in an embodiment, match arrangement 122 may he employed to perform a waterless 

cleaning processing within the bevel process chamber. In an embodiment, both switch 130 
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100481 First, the upper electrode is moved <lvvay from the substrate to create a gap large 

enough to form a plasma (Step 244}. In an embodiment, the gap bet\:<v'cen extension 118 of 

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

mm, 

100491 Next (Step 246), RF match arrangemem 122 is manipulated to create an RF current 

path to ground for upper electrode 106. In an example, s\vitch 130 is turned off while s\\'itch 

132 is turned O1L In an embodiment., the 31l1Otl11t of discharge is controHed by the variable 

resistor (R 1 ). 

100501 At step 248, the pressure is increased to reduce ion bombardmenL which.in turn 

minimizes the possibiHty of the plasma being generated to perform etching, In 311 

embodirnent, the amOlmi of pressure may be about 40 percent more than the amount during 

the substrate processing. In an embodiment, the gas being employed to fonn plasma is a non­

etching gas. In anoth{'r embodim{'nt, RF source 128 is decreased such that the amount of 

pO'\:ver being pumped into the processing chamber is sldnclent to create a minimal-po\vered 

plasma capable ofperiorming tht~ discharge, btlt one incapable ofctching the substrate. In 

one embodiment,RF source .128 is set at about 50 \\'att. 

100511 At step 250, discharge occurs on the substrate andlor the lower electrode. In an 

embodiment, the discharge period is about 5 seconds. 

10052] Referring back to Fig. 2A, after the discharge has occnrred, the substrate is removed 

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

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

removed from the processing chamber. 

10(53) Advantageously, the aforementioned match ,mangernent may also he applied in 

performing 11 \vaferless auto dean. Those skilled in the art are aw'are that to ensure consistent 

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

hom the chamb;;"L In an example, chamber conditioning ma:y be perfol111cd bet\.'iteen the 

processing of each substrate, for example. In other words, by perforrning ChaIllber 

conditioning, the pro<..:ess chamber is cleaned and reset to a knO\1vl1 state before another 

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

byproducts, such as polymer deposits, that may' have been deposited on the surillce (e.g., \\ta11 

surface) o.r the processing chamber to be removed. 

100541 In an elnbodi111cnt, match arrallgemcnt 122 may he cmplo,}'ed to perform a '\.vafcrless 

cleaning processing \vithln the bevel process chamber. In atl embodiment, both switch 130 
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and switch 132 is turned on, thereby creating an RE path to ground for upper electrode 106. 

As a result, plasma is formed between upper electrode] 06 and lower electrode 102. The 

plasma formed may be employed to remove the byproducts stilt remaining within the 

processing chamber. Thus, waferless chamber cleaning may be performed quickly by 

adjusting match arrangement 122. 

100551 As can be appreciated from the forgoing, one or more embodiments of the present 

invention provide lbr arrangements and methods for performing plasma confinement within a 

bevel processing chamber. By adjusting one or more match arrangements, the RE path may 

be directed in such a way that plasma is formed near the edge of the substrate. By tuning one 

or more inductorlcapacitor, the desired etch rate required by a recipe may be generated. 

Accordingly no additional component is required to control plasma uniformity, thereby 

reducing the cost of ownership. Consequently, the arrangements and methods as discussed 

herein provide another inexpensive method for increasing substrate yield. 

100561 While this invention has been described in terms of several preferred embodiments, 

there are alterations, permutations, and equivalents, which fall within the scope of this 

invention. Although various examples are provided herein, it is intended that these examples 

be illustrative and not limiting with respect to the invention. 

100571 Also, the title and summary are provided herein for convenience and should not be 

used to construe the scope of the claims herein. Further, the abstract is written in a highly 

abbreviated form and is provided herein for convenience and thus should not be employed to 

construe or limit the overall invention, which is expressed in the claims. If the term "set" is 

employed herein, such term is intended to have its commonly understood mathematical 

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

many alternative ways of implementing the methods and apparatuses of the present invention. 

It is therefore intended that the following appended claims be interpreted as including all such 

alterations, permutations, and equivalents as fall within the true spirit and scope of the present 

invention. 
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and switch .132 is turned OB,. thereby creating an RF path to ground for upper electrode 106. 

As a result, plasma is formed bet\veen upp(~r electrode 106 and lower electrode 102. The 

plasma f~")fllled may be employed to remove the byproducts stilt remaining \vithin the 

processing chan1ber. Thus, \\!aferless chamber cleaning may be performed quickly by 

adjusting match arrangement 122. 

100551 As can be apprec.iated from t11e forgoing, one or more embodiments of the present 

invention provide fi)r arrangements and methods for performing plasma confinement within a 

bevel processing chamber, By adj lIsting one or more match arrangements, the Rf path may 

be directed in such a way that plasma is fi)fmed near the edge of the substrate, By tnning one 

or more inductor/capacitor, the desired etch rate required by a recipe may be generated. 

Accordingly .no add.itional component is required to control plasma tl.llifcwmity, thereby 

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

herein provide anoth(~r inexpensive method for increasing substrate yield. 

100561 V/hile this invention has been described in terms of se'veraJ preferred embodiments, 

there are alterations, pem1utations, and eqttivakmts, whic.h filll within the scope of this 

invention. /\.Ithough various examples are provided herein, it is intended that these examples 

be illustrative and not limiting with respect to the invention. 

t00571 /\.150, the tjtle and sumnwry are provided herein for convenience and should not be 

used to construe the scope of the daims herein, Further, the abstract is wdltCl1 in a hjghl~:l 

abbreviated fonn and is provided herein for convenience and thus should not be employed to 

construe or limit tht~ overall in'vcntion, \vhich is expressed in the claims. If the term "set" is 

employed herein, such term is intended to have its commonly understood mathematical 

meaning to cover zero:. one, or more than one member. It should al50 be noted that there are 

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

It is therefore intended that the fonowing appended claims be inteq:lreted as including all such 

alterations, pemmtatiolls, and equivalents as fall within the lme spirit and scope ofth\.~ present 

invention. 
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CLAIMS 

What is claimed is: 

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

processing chaniber of a plasma processing system, comprising: 

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; 

a top ring electrode positioned above said substrate; 

a bottom ring electrode positioned below said substrate; 

a first match arrangement, wherein said first match arrangement is coupled to said top 

ring electrode, said first match 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 said substrate top edge; and 

a second match arrangement, wherein said second match arrangement is configured to 

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

available for at least etching at least a part of said substrate bottom edge. 

2. The arrangement of claim I further including 

an upper electrode positioned directly above said substrate; 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 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. 

3. The arrangement of claim 2 wherein said third match arrangement includes at least a switch, 

an inductor, and a capacitor, 

wherein said switch is set to a closed position, 

wherein said inductor and said capacitor is tuned to be in parallel resonance with an 

operating frequency of said processing chamber to set said upper electrode at said floating 

state. 

4. The arrangement of claim 3 wherein said upper electrode includes an extension, said 

extension being a movable component of said upper electrode, wherein said extension of said 

upper electrode is lowered during said plasma processing to minimize a gap between said 
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CLAU\·fS 

Vv'hatis claimed is: 

.1. An <UT<mgernent for cont1'OUing bevel etch rate during plasma processing 'within a 

processing cbamber of a plasma processing system, cornprising: 

a pov/cr source; 

a gas d.istribution systern; 

a lower electrode,. wherein said lm,ver electrode is configured at least for supporting a 

substrate during said plasrna processing; 

a top ring electrode positioned above said substrate; 

a bottom ring eiectrode positloned be1o\\' said substrate; 

a first match arrangement ,,\'herein said tlrstmatch arrangement is coupled to said top 

ring eiectrod(.\ said first match arrangement .is configured at !east to control current i1.o\ving 

through said top ring electrode to control amount of plasma available for etching at least a part 

of said substrate top edge; and 

a second match anangement, \\therein said second match arra1H!ementis configured to 
...... ......' ..... 

contro! said current flov'ling tl1fough said bottom ring electrode to control amOlmt of plasma 

available for at least etching at least a part of said substrate bottom edge. 

2. The arrangement of claim 1 further including 

an upper electrode positioned directly abo\'e said substrate: and 

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

upper electrode, wberein said third match an'angement is configured to cnntro! said current 

flmving through said upper electrode to change said upper electrode from a grounded state to a 

floating state, thereby minimizing plasma fomlation bet\Ve('ll said upper electrod(' and said 

Imver electrode. 

3, The arrangement of claim 2 "vherein said third mat.ch arrangement includes at least a switch, 

an inductor,. and a capacitor, 

,,,,herein said s\v11ch is set to a dosed position, 

'wherein said .inductor and said capacitor is tuned to be in paranel resonance with an 

operating frequency of said processing chamber to set said upper electrode at said Hoating 

state. 

4. The arrangement of claim 3 \-vherein said upper electrode includes an extension, said 

extension being a movable component of said upper elecil'ode, whereil1 said extension of said 

upper electrode is lov{cred during said plasma processing to minimize a gap between said 
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extension of said upper electrode and said substrate, wherein said extension of said upper 

electrode is not touching said substrate and said gap is incapable of supporting a plasma. 

S. The arrangement of claim I wherein said first match arrangement includes at least a switch, 

an inductor, and a capacitor, 

wherein said switch is set to an opened position, 

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

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

6. The arrangement of claim. I wherein said second match arrangement includes at least a 

switch, an inductor, and a capacitor, 

wherein said switch is set to an opened position, 

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

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

7. The arrangement of claim I wherein said plasma processing system is a capactivitely-

coupled processing system. 

8. The arrangement of claim I wherein said plasma processing system is an inductively-

coupled processing system. 

9. The arrangement of claim I wherein said power source is a radio frequency power source. 

10. A method for controlling etch rate during plasma processing within a processing chamber 

of a plasma processing system, comprising: 

securing a substrate onto a lower electrode with said processing chamber; 

providing a power source; 

flowing a gas mixture into said processing chamber; 

adjusting a first match arrangement, said first match arrangement is coupled to an upper 

electrode, wherein said first match arrangement is configured to control current flowing 

through said 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: and 

adjusting a second match arrangement, wherein said second match arrangement is 

configured for at least controlling said current flowing through a top ring electrode to 

manipulate a first plasma formed above a top edge of said substrate, wherein said first plasma 

is configured for at least etching a part of said top edge of said substrate. 

11. The method of claim 10 further including lowering an extension of said upper electrode 

during said plasma processing, said extension being a movable component of said upper 
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extension of said upper dectrode and said substxate, \~'herein said extension of said upper 

electrode is not touching said substTate and said gap is incapable of supporting a plasma. 

5. The arrangement of clailn 1 'ivherein said fiist match arrangelnent includes at least a switdL 

anmductor, and a capac.itor, 

,"",herein said s\vitc11 is set to an opened position, 

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

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

6. The arrangement of claim 1 \Nherein said second match arrangement includes at least a 

s\vitch,. an inductor, and a capacitor, 

.vherein said switch is set to an opened position, 

\\'herein said inductor and said capacitor are in series resonance \yjth an operating 

frequency of said processing chamber io control etching on said subsiulte bottom edge. 

7. The arrangement of claim 1 \Nherein said plasma processing system .is a capactiv.ite!y­

coupled processing system. 

8. The arrangernent of claim 1 \vherein said plasma processing system is an inductivel~:l­

coupled processing system. 

9. The arrangement of claim 1 wherein said pmver source is a radio frequency pmver source. 

10. A method for controHing etch rate during plasma processing \vithin a processing chamber 

ofa plasma processing system, comprising: 

securing a substrate onto a lower electrode with said processing chamher; 

providing a power source: 

tlm.ving a gas mixture into said processing chamher~ 

adjusting a tlrst match arrangement, saId £lrst match arral1gement is coupled to an upp(~r 

electrode, \vherein said t1rst match ammgement is c0l1t1gured to control cun-ent tlmv1ng 

through said upper electrode to change said llpper electrode H:om a grounded state to a .floating 

state, thereby minill1izing plasma tormation henveen said upper electrode and said lower 

electrode; and 

acUusting a second match arrangement, 'wherein said second rnatch arrangement: is 

configured for at least controlling said current tlo\ving through a top ring electrode to 

manipl1late a first plasma formed above a top edge of said substmte> \vherein said first plasma 

is ct)ufigured for at least etching a part of said top edge of said substrate, 

J 1. The method of claim 10 furtherinduding lowering an extension of sa.id upper electrode 

during said plasma processing, said extension being a movHble component of said upper 
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electrode, wherein said extension of said upper electrode is lowered to minimize a gap between 

said extension of said upper electrode and said substrate, wherein said extension of said upper 

electrode is not touching said substrate and said gap is incapable of supporting a plasma. 

12. The method of claim 10 wherein said adjusting of said first match arrangement includes 

setting a switch to a closed position and tuning an inductor and a capacitor to be in parallel 

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

at said floating state. 

13. The method of claim 10 wherein said adjusting of said second match arrangement includes 

setting a switch to an opened position and setting an inductor and a capacitor to be in series 

resonance with an operating frequency of said processing chamber to control etching on said 

top edge of said substrate. 

.14. The method of claim 13 wherein said adjusting of said second match arrangement includes 

setting said inductor and said capacitor in parallel resonance with said operating frequency of 

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

IS. The method of claim 13 wherein said adjusting of said second match arrangement includes 

tuning said first plasma to a specific etch rate by offsetting a resonance of said current at said 

operating frequency of said processing chamber. 

16. The method of claim 10 further include adjusting a third match arrangement, wherein said 

third match arrangement is configured for at least controlling said current flowing through a 

bottom ring electrode to manipulate a second plasma formed above a bottom edge of said 

substrate, wherein said second plasma is configured for at least etching a part of said bottom 

edge of said substrate. 

17. The method of claim 16 wherein said adjusting of said third match arrangement includes 

setting a switch to an opened position and setting an inductor and a capacitor to be in series 

resonance with an operating frequency of said processing chamber to control etching on said 

bottom edge of said substrate. 

18. The method of claim 17 wherein said adjusting of said third match arrangement includes 

setting said inductor and said capacitor in parallel resonance with said operating frequency of 

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

19. The method of claim 18 wherein said adjusting of said third match arrangement includes 

tuning said second plasma to a specific etch rate by offsetting a resonance of said current at 

said operating frequency of said processing chamber. 

14 

electrode, wherein said extension of said upper elec1Tode is lowered to minimize a gap bet\veen 

said extensjon of said upper e1ectmde and said substrate, wherein said extension of said upper 

elect.rode is not touching said substmte and said gap is incapable of supporting a pl.asma . 

.12. The luethod of clalm 10 \\'herein said adjusting of said first match arrangement includes 

setting a s\vitch to a dosed position and tuning an inductor and a capacitor to be in parallel 

resonance ,vith an operating frequency of said processing chamber to set said upper electrode 

at said floating state, 

U. The method ofclailU 10 wherein said adjusting of said second match anangel'nem includes 

setting as\vitch to an opened position and setting an inductor and a capacitor to be in series 

resonance with an operating frequency of said processing charnber to control etching on said 

top edge of said substrate. 

14. The method ofelalm 13 wherein said (l{liusting of said second match am.mgement includes 

setting said inductor and said capacitor in parallel resonance with said operating frequency of 

s<lid processing chamber to minimize etching on said top edge of said substmte. 

15. The method of claim i 3 \vherein said adjusting of said second match arrangement includes 

tllll.ing said tlrst plasma to a specific etch rate by offsetting a resonance of said current at said 

operating freqnency of said processing chamber. 

16. 111e method of c.laim 10 further include adjusting a third match arrangement, \vherein said 

third match arrangement is configured for at least controlJing said current tlO\ving through a 

bottom ring electrode to manipulate a second plasma formed above a bottom edge of said 

subgtrate, \vherein said second plasma is configl.1red for at least etching a part of said bottom 

edge of said substrate. 

17. The method of daim 16 wherein said adjusting of said third match arrangement includes 

setting a svvitch to an opened position and setting an inductor and a capacitor to be in series 

resonance vVith an operating frequency of said processing chalnber to contTnl etching on said 

bottonl edge of said substrate. 

18. The method of claim 17 \vherein said a(.Uusting of said third match arrangement includes 

setting said inductor and said capacitor in parallel resonance v{ith said operating frequency of 

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

19. The method of clailn 18 wherein said adj usting of said third match arrangement includes 

tuning said second plasma to a specific etch Hue by of1setting a resonance of said current at 

said operating frequency of said processing chamber. 
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20. A method for performing chamber conditioning within a plasma processing system, 

comprising: 

providing a match arrangement, said match arrangement being coupled to an upper 

electrode, wherein said match arrangement includes at least a first switch and a second switch 

setting said first switch to an opened position; 

setting said second switch to a closed position; 

flowing a power source into said processing chamber; 

flowing a gas mixture into said processing chamber; and 

generating a plasma between said upper electrode and a lower electrode, wherein said 

plasma is configured to remove byproducts within said processing chamber. 
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20. A method for perfbnning chamber conditioning within a plasma processing system, 

compns.Ulg: 

providing a m.atch arrangement, said match arrangement being coupled to an upper 

electrode, wherein said match arrangement includes at least a first switch and a second s\vitch; 

setting said first s\vitch to an opened position; 

setting said second svvitch to a dosed position; 

flowing a pen.ver source into said processing chamber; 

flowing a gas mixture into said processing chamber; and 

generating a plasma between said upper electrode and a lower electrode, wherein said 

plasma is configured to fernove hyproducts \vithin said processing chmnber. 
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