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[000 lJ 

CONTROLl.ING ION ENERGY DISTRIBUTION IN Pl,ASl\·lA 

PROCESSING SYSTEl\1.S 

BACKGROUND OF THE INVENTJON 

"J'he present invention relates to plasma processing of substrates (or \vafers). In 

particular, the invention relates to controlling ion energy distribution v~--·hen processing a substrate 

in a plasma processing system. 

[0002] Controlling ion energy distribution may provkk several benefits in processing the 

substrate. For example, conirolling ion energy distribution may enable the conirol of etch 

selectivit)' betw·een different materials, the reduction of f~tceting at feature edges (e.g., edges of 

trenches or vias), and the control of profiles in high aspect~ratio contacts. In 1nodem plasma 

processing applications, controlling the distribution of ion energy may· be critical for achieving 

desirable processing results. A method for contt·olling ion energy distribution has been disclosed 

in lJ.S. Patent No. 6,201 ,.208 ''l'vlethod _And Apparatus For Plasma Processing \Vith Control Of 

Ion Energy Distribution At The Substrates'' (issued ]\larch 13, 2001 ), for (~xample. 

f0003] Prior art techniques for controlling ion energy distribution tend to involve 

providing a non-sinusoidal radio frequency (RF) signaLipO\ver to a substrate-bearing electrode 

that supports the substrate. This non-sinusoidal sig-nal may control the ion energy distribution,_ 

fur example, by· attracting ions. Prior art techniques for controlling ion energy distribution also 

tend to require the use of an external DC blocking capacitor between the non-sinusoidal RF 

si!:,>nal sourc(' and the substrate-bearing electrode. 

[0004] There are several disadvantag('S associated with the prior art approaches and 

gi'i··en constant advances in the semiconductor processing field, improved techniques and 

apparatus for controlling ion energy distribution in a plasma processing chamber are desired. 

SUl'vlMAR Y OF INVENTION 

f0009] An embodiment of the present invention relates to a plasn1a processing S)tstem for 

processing at least a substrate \vith plasrna. The plasma processing chamber is capable of 

controlling ion energy distribution. The plasma processing system may include a first electrode. 

The plasma processing sysiem also includes a second electrode that is ditTereni from ihe first 

electmde and is configured tor hearing the substrate. The plasma processing system may also 

include a signal source coupled with the first ek~ctrode. Th(~ signal source may provide a non­

sinusoidal signal through the ttrst electrode to control ion energy distribution at the substrate 
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\vhen the substrate is processed in the plasma processing system, \Vherein the non-sinusoidal 

signal is periodic .. 

[00.1 OJ The above summary relates to only one of the many emhodim.ents of the invenbon 

disclosed h(•rein and is not intended to limit the scope of the invention, \\>hich is set forth is the 

claims herein. These and other featllres of the present invention \Vill be described in more detail 

below in the detailed description of the invention and in conjunction with the following figures. 

BRIEF DESCRIPTION OF THE ORA WINGS 

[0005 J The present irr\.rention is illustrated by way of example, and not by way of 

limitation,. in the figures of the accompany·ing dra\vings and in which like reference numerals 

refer to similar elements and in \vhich: 

[0006] Fig_ 1 sho\VS a schematic representation of components of a plasma processing 

system capable of controlling ion energy distribution during plasma processing in accordance 

'with one or more et.nbodiments of the present invention. 

f.00071 Fig. 2 shows a schematic representation of components of a plasma processing 

system capable of controlling ion energ)t distribution during plasma processing in accordm1ce 

\Vith one or more embodiments of the present invention. 

[0008J Fig. 3 shows a schematic representation of con1ponents of a plas1na processing 

system capable of controlling ion energy distribution during plasma processing in accordance 

with one or more ('mbodiments oftl1e present invention. 

[0009] Fig. 4 shmvs a schematic representation of a circuit m.odel representing a prior art 

plasma processing system capable of controlling ion energy distribution. 

[0010 J Fig. 5 shows a schernatic representation of a circuit modet representing a plasma 

processing system capable of controlling ion energy distribution in accordance \vith one or more 

embodiments of the present invention. 

fOO ll] Fig. 6A shows a schematic representation of a non-sinusoidal signal applied at a 

substrate for controlling ion energy distdbution in a prior art plasma processing syswm capable 

of controlling ion energy distribution. 

[00121 Fig. 6B shows a schematic representation of a calculawd ion ('nergy distribution 

based on a prior an aiTangement. 
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[00l3j Fig. 7A shrnvs a schematic representation of a non-sinusoidal signal provided by a 

diiver for contTOiling ion energy distribution in accordance \Vith one or more embodiments oftl1e 

present invention. 

[0014] Fig. 78 shov,>s a schematic n.•pr(•sentation of a calculated ion energy distribution 

based on an arrangem.ent in accordance \Vith one or more embodiments of the present invention. 

[00151 Fig 8 sho\vs schematic representation of a circuit model representing a plasma 

processing system capabk of controlling ion energy distribution in accordance \\.tith one or more 

embodiments oftlle present invention. 

[0016] Fig. 9A shO\vs a schematic representation of a non-sinusoidal signal provided by a 

driver for controlling ion energy distribution in accordance \Vith one or more embodiments of the 

present invention. 

[0017] Fig 9B shmvs a schematic representation of a calculated ion energy distribution 

based on an arrang(•ment in accordance \Vith one or mor(' embodiments of the pres(•nt invention. 

DETAILED DESCRIPTION 

f.OOl81 "J'he present invention ,:o. .. ill now be described in detail \vith reference to a few 

embodiments thereof as illustrated in the accompan)ting drawings. ln the following description, 

numerous specific details are set forth in order to plTJ'i·'ide a thorough understanding of the 

present invention. It will be apparent, hc.rwever, to one skilled in the an, tl1at tl1e present 

invention 1nay he practiced \vithout some or all of these specific details. ln other instances, \vel! 

kno\vn process steps and ...... or structures have not been described in detail in order to not 

unnecessarily obscure the present invention. 

f00!9J One or more embodiments of the invention relate to a plasma processing system 

capable of controlling ion energy distribution during processing of at least a stibsirate with 

plasma. The plasma processing system, which may be diode configuration or a triode 

configuration, includes at least on(' non-substrate bearing (NSB) electrode that is not in physical 

contact with the substrate and/or is not tbr bearing the substrate. 

[0020] In an embodiment, th(• plasma processing system may include an ion en(•rgy 

distribution controlling signal source coupled with the NSB electrode. The ion energy 

distribution controlling si!-:,'1UII source may provide a non-sinusoidal radio frequency (RF) 

signaL/power to the NSB electrode f(x controlling the ion energy distribution at the substrate 

when th(' substrate is proc('Ssed in the plasma pn.Hx·ssing syst('lR 
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[002 tj As an example, the NSB electrode may represent a top electrode disposed 

opposite to a substrate-bearing, bottom electTode tl1at supports the substTate. Alternatively or 

addibonally, the NSB electn)(ie may represent a cylindrical electrode (e.g., a ring-shaped 

dectrode) that surrounds the plasma, for exampk. 

[0022] To sustain and generate processing plasma, a high-frequency sinusoidal 

signaLipo\ver for generating and sustaining the plasma may be provided to the top electrode, tlw 

ring electrode, and/or the bottom electrode according to various embodiments of the invent1on. 

[0023] \~lith the non-sinusoidal signal/pmver delivered to the NSB electrode, the plasma 

pron$sing system may have a simplified dectrical path for delivering the ion energy distribution 

controlling signal/pmver and therefore may have at least se·veral advantages over the prior art 

techniques. 

[0024] For example, conrpared with the substrate-bearing electrode, the NSB electrode 

typically has minimum or no insulation and clamping requirements; therd'ore, ('mbodiments of 

the invention n1a-y have ie\ver design restrictions on the non-sjnusoidal powered electrode. 

[00251 Further, since t11e size of the NSB electrode does not need to match the size of the 

substraw, tl1e siz(' ofth(• NSB dectrode may be reduced. The inn•ntors observe that there 

appears to he, in some cases, a possible tradeoffbet\'veen the area ratio of the NSB electrode to 

the total electwde area in the chamber and the process window at m1y given RF sinusoidal signal 

duty cycle ( \vhich relates to the percentage of ions reaching the substrate at high energy). A 

higher duty cycle appears to require, in some cases, a larger area ratio (ofNSB electTO(k' area to 

total electrode area) to ensure a high voltage sheath develops at the substrate. Conversely, a 

lower duty cycle may result in the ability to employ a lm.ver aTea ratio \Vhile maintaining a high 

voltage sheath at the substrate. If the area ratio is too small for a high duty cyde plasma 

generating RF signal, the non-sinusoidal voltage does not drop across the substrate sheath, and 

such high energy ions are not produced. 

f0026] Nevertheless,. embodiments of the invention may be able to minimize or eliminate 

the parasitic capacitance problems associated \\iith the prior art techniqtK'S. The NSB has fev-.··er 

design restrictions than the substrate-bearing electrode and can theref()re he designed with 

smalkr stTay capacitm1ce to ground. This in turn draws less RF current and has a faster response 

to step voltage changes. Advantageously, accuracy in controlling the jon energy distribubon 
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may be improved, and the costs of the RF components associated \Vith controlling the ion energy 

distribution may be minimized. 

[0027] rn one or more en1bodit.nents, when the non-sinusoidal sif,'1.1al fbr controlling the 

ion energy distribution is provided to the NSB electrode, it is possible to provide such non­

sinusoidal sif,'1.1al to t11e NSB electrode \Vithout requiring the use of an extemal, separate DC 

blocking capacitor benveen the non-sinusoidal source and the NSB electrode. In this case \Vhere 

the DC-blocking capacitor is not interposed bet\veen the non-sinusoidal signal source and tht• 

NSB electrode,. other electrode surfaces are preferably isolated from DC ground, such as by· 

using a layl~r of quartz material (or similarly suitable material) at thl~ 6'>1·ound electrode. 

[00281 ln another embodiment, \vhen the non-sinusoidal signal for controlling the ion 

energy distribution is provided to the NSB electrode, it is possible to provide such non-sinusoidal 

signal to the NSB electrode via an external, separate DC blocking capacitor bet•;.veen the non­

sinusoidal source and the NSB electrode. In this case \\>hert• the DC-blocking capacitor is 

employed bel\.veen the non-sinusoidal signal source and the NSB electrode, other electrode 

surfaces are not required to be isolated tl'om DC ground, such as by using a layer of quartz 

material (or similarly suitable material) at the ground electrodt•. 

[0029] rn an alternative embodiment. the non-sinusoidal signal tl.'r controlling the ion 

energy distTibution may be provided to the substrate-bearing electrode. In this case, the 

sinusoidal signal ernployed tl.'r plasma generation n1a~{ be provided to the same stibstrate¥hearing 

ekctrode or may be provided to an electrode other than the substraw-bt•aring electrode. In this 

et.nbodit.nent, it is also possible to eliminate the requirement that an external, separate De­
blocking capacitor be employed betvveen tlie non-sinusoidal signal source (\vhich is emplo)'ed 

for ion energy distribution conirol) and ihe substrate bearing electrode as long as oiher electrode 

surfaces are isolated from DC ground, such as through the use of a dielectric covering (e.g., a 

quartz la)ter or similarly suitabk material) or the substrate-bearing dectrode has inherent series 

capacitance, e.g. an internal dielectric layer such as the case v ... ith the ceramic layer inside some 

substrate-bearing chuck 

[0030] In one or more embodiments, the invention rnay relate to rnethods implemented in 

a plasma processing system for controlling ion energy distribution at a substrate. 

[ 0031 J The features and advantages of the present invention nlay be better understood 

with reference to the figures and discussions that follow. 
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[0032} Fig. 1 shOVi/S a schen1atic representation of components of a plasma processing 

system I 00 capable of contTOiling ion energy distribution during processing of a substrate I 08 

\Vd1 plast.na 120 in accordance \Vd1 one or more embodiments of the present invention. Plasma 

processing syswm 100 may include a substrate-bearing electrode 106, a non-substrate b(•aring 

(NSB) electrode 104, a plasnla generating signal source 1.12, and an ion energy distribution 

controlling signal source 102. 

[0033] Substrate-bearing electrode 106 (e.g., a lov,.>('r ekctrode) may support a substrate 

to8. Substrate-bearing electrode I 06 ma~{ clamp (or attract) substrate 108 utilizing an 

elet:trostat.ic force and may be in physical contact >.vith substrate 108. 

[00341 NSB electrode l 04 (e.g., a top electrode) may be disposed opposite to substrate-

bearinu: electrode 106 and ma)t include a surtace t54 that faces a surface 158 of substrate 108. 
~ . 

NSB electrode in general, ho\vever, tnay represent any electrode that is non-substrate bearing. 

[0035] In one or more embodiments, tl1e area of surHtce !54 may be substantially smaller 

than the area of surface .158 and may he substantially smaller than ground planes 116 and 114. 

Subject to the aforementioned area ratio/duty cycle tradeot1~ the small size ofNSB electrode 104 

may enable reducing parasitic m1d series capacitance problems in some cas('S and may enable 

improving the efficiency in controlling the ion energy distribution in some cases. 

[0036J Plasma generating signal source 112 1nay be coupled \Vith substrate-bearing 

electrode l 06, in an embodiment Plasrna generating signal source 112 may provide a plasma 

generating signal (('.g., a high-frequency sinusoidal signal) for establishing plasma 120 and 

sustaining the density plasnla 120. The plasma generating signal may be fed to substrate-bearing 

electrode I 06 and substrate 108. In one or more embodiments, plasma generating signal source 

112 may be coupled with NSB electrode 104 and rnay provide ihe plasma generating signal io 

NSB electrode l 04. 

[00371 !on energy distribution controlling signal soun:.:e 102 may provide an ion en(•rgy 

distribution controlling signal (e,g., a non-sinusoida.J RF signal) for controlling ion energy 

distribution at substrate 108. Ion energy distribution controlling signal source 102 may be 

coupled with NSB electrode I 04 through a DC-blocking capacitor 110. In an advantageous 

embodiment, DC blocking capacitor 110 may be eliminated if other ekctrode surfaces are 

shielded frOln DC ground, such as \vhen ground electrodes are coated \-Vith a quartz layer (or 

similarly suitable material) as is done in man)-' modern plasma chamber ({(>signs. If an external 
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DC-blocking capacitor is used bet\veen ion energy distribution controlling signal source I 02 and 

NSB electrode l 04, other electrode surt~Kes do not need to be shielded fnnn DC ground. 

[0038] rn other emhodim.ents, ion energy distribution controlling signal source .102 may 

be coupled to substrate bearing electrode 106 and may provid(' the non-sinusoidal signal for the 

purpose of controlling ion energy distribution \Vithout requiring the use of an external, separate 

DC-blocking capacitor in between. In this configuration, it is preferable either that other 

ekctrode surfaces are shielded hom DC ground such as when they are coated \vith a quartz la:y('r 

(or similarly suitable material) as is done in many modern plasma chaniber designs or that the 

substrate electmde has inhl~rent int.ema.l series capacitam.:e, e.g. an intemal dielectric layer such 

as the case \Vith the ceramic layer inside some substrate-bearing chuck 

f.00391 Features and advantages of the ion energy distribution controlling signal are 

discussed below \Vith reterence to the examples of figs. 6A-7B. 

[0040] Fig. 2 shows a schematic repres(•ntation of components of a plasma processing 

system 200 capable of controlling ion energy distribution during processing a substrate 208 'with 

plasma 220 in accordance \vith one or more embodiments of the present invention. Plasma 

processing S)tstem 200 may include a substrate-bearing electro({(> 206, a NSB electro({(> 204, a 

plasma generating signal source 212, and an ion energy d1stdhution controlling signal source 202 

(which may provide a non-sinusoidal signal through a D(>blocking capacitor 210 and NSB 

electrode 204). The components and arrangements ofplasma processing sy·stem 200 may· be 

similar to tl1e components and arnmgenK'nts of plasma processing system 100 in the example of 

Fig. 1. In addition, plast.na processing systeu1 200 may include a symmetric configuration such 

tl1at substmte-bearing electrode 206 and NSB electrode 204 may have substantially .. the same size 

and/or the same surface area; the associated ground planes 214 and 216 1nay have substantially 

the same size and/or the same surtace area. 

[00411 DC-b!ocking capacitor 210 may be eliminated in on(' or more embodiments under 

considerations similar to those discussed in connection \Vith the elimination of the DC-blocking 

capacitor in tl1e example ofFig. 1. 

[0042 J Fig. 3 shows a schetnatic representation of components of a plasma processing 

system 300 capable of controlling ion energy distribution during processing a substrate 308 v.dth 

plasma 320 in accordance with one or more embodiments of the present invention. Plasma 

processing syswm 300 may include a substrate-bearing electrode 306 for supporting substrate 
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308. a cylindrical (e.g., ring-shaped) NSB electrode 304 that may surround plasma 320, a NSB 

electTo<.:le 316, a plasma generating signal source 312, cmd an 1on energy distribut1on contmlhng 

siunal source 302 . .._< 

[0043] Plasma generating signal source 312 may be coupkd v.dth substrate-bearing 

electrode 306. Plasma generating signal source 312 n1a-y provide a plasma generating sif,'1<1al to 

substrate-bearing electrode 306 and substrate 308 for establishing plasma 320. Alternatively or 

addit1onally, plasma generating signal source 312 may provide tl1e plasma generating signal to 

cy·lindrica! NSB electmde 304 and.i'or NSB electrode 316. 

[0044] Ion energy distribution controlling si6'>1lal source 302 may be coupled \Vit.h 

cylindrica.J NSB electrode 304 through DC-blocking capacitor 310. Ion energy distribution 

controlling signal source 302 may provide a non-sinusoidal signal through DC-blocking 

capacitor 3 Wand cylindrical NSB electrode 304, \:vherein NSB electrode 316tnay be grounded. 

Surrounding plasma 320, cylindrical NSB electrode 304 may promote the homogeneity and .. ior 

effectiveness in contro1hng the ion energy djstrihution. 

[00451 Alternatively or additionall:y, ion energy· distribution controlling signal source 302 

may provide the non-sinusoidal si~:,rnal to NSB electrode 316. 

[0046] DC>blocking capacitor 310 may be eliminated in one or more en1bodin1ents under 

considerations similar to those discussed in connection with the eliminat1on of the DC-blocking 

capacitor in fhe example ofFig. 1. 

[00471 Fig 4 shm.\-'S a schematic repres(•ntation of a circuit model 500 representing a prior 

art plasma processing system capable of contTolhng ion energy distribution. Circujt model 500 

may include a NSB electrode portion 530 and a substrate-bearing electrode portion 520. Circuit 

portion 530 may include a diode 518, a capacitor 516, and a current source 514 representing the 

plasma sheath at the NSB electrode. Diode 518 may model the rectification property of the 

plasma sheatl1, \Vhich results from the periodic collapse of the sheath. Capacitor 516 may model 

the RF coupling through sheath benveen the plasma and the electrode surface. Current source 

514 may model the DC ion current going through the plasma sheath. Substrate-bearing electrode 

portion 520 may include a diode 508, a capacitor 506, and a current source 504, sin1ilar to d.iode 

518, capacitor 516, and current source 514 of NSB electrode portion 530, respectively. 
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[0048} ln circuit model 500. an ion energy distribution controlling signal source 526 may 

feed em ion energy distribution controlling signal though a DC-blocking capacitor 528 and 

substrate-hearing electrode portion 520. 

[0049] Fig 5 shO\\.tS, in accordance \Vith an embodiment of the invention, a schematic 

representation of a circuit model 550 representing a plasma processing system capable of 

controlling ion energy distribution \\·'herein the ion energy distribution controlling signal source 

576 is coupled to the NSB electwdt• instead ofto the substrate hearing dectrode (as is done in 

tlle case of Fig. 4). Circuit model 550 may include a NSB electrode portion 580 and a substmte­

bl~aring electrode portion 570. Circuit portion 580 may include a diode 568, a cap<Kitor 566, and 

a current source 564 representing the plasma sheath at the NSB electrode. Diode 568 may model 

the rectification property of the plasma sheath, \vhich results from the periodic collapse of the 

sheath. Capacitor 566 may model the Rf coupling through sheath bet\:veen the plasrna and the 

dectrode surface. Current source 564 may model the DC ion current going through the plasma 

sheath. Substrate-bearing electrode portion 570 nlay include a diode 558, a capacitor 556, and a 

current source 554, similar to diode 568, capacitor 566, and current source 564 of NSB electrode 

portion 580, respt•ctively. 

[0050] In circuit model 550, an ion energy distribution controlling signal source 576 n1ay 

feed an ion energy distribution controlling signal to NSB electwde portion 580. 

[0051 J Fig. 6A shmvs a schematic representation of a non-sinusoidal signal 400 

(hereinafter "si!:,'1Uil400") applied to a substrate for controlling ion energy distribution at the 

substrate in accordance with prior art Non-sinusoidal signal 400 tnay be a voltage signal 

provided over time, which is optimized to produce a narrov·.t range of high energy ions at the 

substrate electrode. Fig 6B shrn.vs ihe resulting IEDF at the substraie pred.icted by the rnodet, 

\vith two dominating peaks at the lov, .. and high energy extremes. 

[00521 for typical plasma processing (e.g., diekctric etch), most or all ions reaching the 

substrate surface are positively· charged. Therefore, signal400 ma}.r include one or more negative 

non-sinusoidal voltagt• portions, such as portion 412 bet\veen t1 and t2, for driving the substrate 

electrode to a negative potential relative to the plasma potential for drmving out the ions, to 

provide a controlkd ion t•nergy distribution at the substrate including high energy ions. Over a 

substanbal length oftilne, the negative potential ofthe subsimte electrode should stay 
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substantially constant (instead ofbeing sinusoidal) for attracting the ions at a desirable and 

substantially constam energy. 

[0053] Ho\vever, the substrate may typically he electrically tloabng \Vitl1 respect to DC 

ground, i.e. due to internal or external series capacitance, and may not discharge accumulated 

charge from incident ions. . Therefore, from tin1e to time, e.g., periodically, signal 400 may 

need to include positive pulses, such as pulse 402, to attract electrons from tlw plasma to 

neutralize the charge accumulated on tht• substrate dectrode. As an exampk, tl1e pulses may be 

periodically· applied at a frequency of 400KHz (\vith a period length of2.5 ms), 

[0054] Given the accumulating positive charge on thl~ substrate electrode during the 

negative-voltage portions (e.g. portion 412), an increasingly positive potential develops at the 

substrate electrode during the positive-voltage portion of the applied \.Vavefonn at the NSB 

electrode_ This will result in gradually decreasing ion energy at the substrate, essentially 

degrading and broadening tl1e high energy peak in the time-averaged lEDF at tht• substrate, This 

can be addressed by shaping the \Vave1{m11 as sho\vn in Fig 6A. 

[00551 Fig. 7 A shmvs a schematic representation of a non-sinusoidal signal 450 

(hereinafter "si~:,rnal450") applied by a driver to the NSB electrode, Vlhich results in the 

application of a signal similar to signal 400 to the substrate in accordance with one or more 

embodiments ofthe present invention, As an example, the driver may represent a shaped~ 

waveform generator show·n in the exarnple of Fig. L Signal 450 may include ramped positive­

voltage portions (e.g., ramped portion 462) corresponding to negative-voltage portions (e,g., 

portion 412) of sif,'1.wl400. Signal 450 may also include pulses (e.g., pulse 452) corresponding to 

pulses (e.g., pulse 402) of signal 400. In the example shown, the signal 450 is just the inversion 

of the signal 400, with the change in polarity of applied voltage required due to the change in 

location of RF pmver application. 

[00561 To address the gradual charge-up of the substrate electrode, in signal450, the 

magnitude of each positive portion, e.g., portion 452, ben:veen the periodic pulses may be 

cont1gured to increase over time to counteract the increase of positive ions at tl1e substrate 

electrode fbr forming the substantially constant portion 412 in signal 400. Accordingly, ions 

may be efficiently and effectively attracwd to tl1e substrate at a substantially constant energy. 

[0057] The optimal \Vidth 406 of pulse 402 (coiTesponding to --width 456 of pulse 452 in 

si~:,rnal450) may (kpend on the size of the NSB ekcttode \Vith respt•ct to the total electrode area, 
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in order to ensure that the applied voltage \Va'i··etl"mn drops primarily across the substrate 

electTo<.:le and not at the NSB electrode, in either circuit 500 or 550 

[0058] Fig. 6B sho'ws a schematic representation of calculated ion energy distTibution 

710 based on a first prior art arnmgem(•nt \Vith a non-sinusoidal signal fed to a substrate-bearing 

electrode, such as the arrangement in circuit model 500 illustrated in the example of Fig. 4,. Ion 

energy distribution 710 may include a low-ion-energy pea.k 712 and a high-ion-energy pea.k 714. 

[0059] Fig. 7B shc.nvs, in accordance \.·vith <U1 embodiment, a schematic representat1on of 

ion energy distribution 730 based on an arrangement, such as the arrangement in circuit model 

550 illustrated in the l~xample of Fig. 5, with a non-sinusoidal signal fed to a NSB (non­

substrate-bearing) electrode in accordance \Vith one or more embodiments of the present 

invention. Jon energy distribution 730, v ... ith a lo\v-ion-energ} .. peak 732 and a high-ion-energy 

peak 734, may be substantially equivalent to ion energy distribution 710 and also may be suitable 

for tl1e particular application. 

[0060] Ion energy distribution 730 t.nay be obtained 11:om utilizing circuit model 550 

illustrated in the example of Fig. 5 with the RF \vaveform utilized for generating ion energy 

distribution 7l 0 inverted m1d applied to NSB ekctrode portion 580. Ton energy distribution 730 

may be suitable for any control applications that ion energy d-istr1hution 710 is generated tl,r. 

[0061.J As discussed \Vith ref(~rence to one or more of Figs. 1-78, the arrangement of 

feeding the ion energy distribution controlling signal though NSB electrode portion 580 1nay 

provide substantial advantages, such as improved control efficiency, ('nergy dtkiency, and cost­

elJecti veness. 

f0062] Fig 8 sho\vs,. in accordance with an embodiment of the invention, a schematic 

representation of a circuit model 800 representing a plasma processing system capable of 

controlling ion energy distribution \vherein the ion energy distribution controlling signal source 

804 is coupled to the NSB electro(k' via a blocking capacitor 802. \Vith tl1e exception of 

blocking capacitor 802, the rest of the circuit of Fig. 8 is similar to that of Fig. 5 and ,:vill not be 

('laborated here. 

[0063] 'When the ion energy d.istribution controlling signal source 804 of Fig. 8 feeds an 

ion ('n(•rgy distribution controlling signal (S('e Fig. 9A) tlmt is similar to the ion energy 

distribution controlling sif,'11al employed in Fig. 5 (see Fig. 7A) to the NSB electrode via DC 

blocking capacitor 802, the ion en(•rgy distribution shO\\.tn in Fig. 98 is substantially similar to 
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that obtained in Fig. 7B that is associated with the circuit of Fig. 5. Strictly speaking. the ion 

energy distribution contmlling signal of Fig. 9A has been opti1.nized i{)r the circuit of Fig. 8. 

Irrespective, the result shows that the addition of an external DC blocking capacitor (such as 

blocking capacitor 802) between the ion em.•rgy distribution controlling si~:,rnal sclunx· and the 

NSB electrode does not significantly alter the ion energy distribution (comparing Fig. 9B and 

Fig. 78). 

[0064] As can be appreciated hom the foregoing, \Vith the ion energy distribution 

contm!ling signa!/pmver (e.g .• non~sinusoida! pmver) delivered to a NSB electrode. embodiments 

of the invention may have substantial advantages over the prior art techniques. 

[00651 For example, since the NSB electrode may have minimum or no insulation and 

damping requirements, embodiments of the invention less design constraint on the non­

sinusoidal prJ\-vered electrode_ . 

[0066] Embodiments of the invention may be able to minimiZ(' or diminate tl1e parasitic 

capacitance problems associated with the prior art techniques, because the NSB has fewer design 

restrictions than the substrate bearing electrode. Subject to the possible tradeoff benveen area 

ratio and dmy cycle discussed earlier, since the size of the NSB electrode does not need to match 

the size of the substrate,. the size of the NSB electrode may be reduced. As a result, stray 

capacitance may be reduced Jhrther. LO\ver stTay capacitcmce corresponds to faster response to 

pulse steps and a reduction in RF current required. Advantageously, precision in controlling the 

ion ('n(•rgy distribution may be improved, m1d the costs of the RF compon(•nts associated with 

contTolhng the ion energy distr1bution tnay be minin1ized. 

[0067] \Vhile this invention has been described in terms of several embodiments, there 

are alterations, permutations, and equivalents, which fall within the scope ofthis invention. It 

should a.! so be noted that there are many alternative ways of implementing the methods and 

apparatuses ofthe present invention. Funhermor(', embodiments oftl1e present invention may 

find utility in other applications. The abstract section may be provided herein tor convenience 

and, due to \vord count limitation, may be accordingly \\-'dtten tor reading convenience and 

should not be employed to limit the scope of the chinK It may be therefore intended that the 

following appended claims be interpreted as including all such alternations, p(•rmutations, and 

equivalents as J-ill! \Vithin the true spirit and scope of the present invention. 
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CLAIMS 

 

 

1. A plasma processing system for processing at least a substrate with plasma, said 

plasma processing system comprising: 

a first electrode, wherein said first electrode is a non-substrate bearing 

electrode; 

a first ground plate configured to surround the first electrode, such that the first 

ground plate extends away from a center of the first electrode, and the first ground plate 

disposed at a physical separation from the first electrode; 

a second electrode, said second electrode being different from said first 

electrode, said second electrode being configured for bearing said substrate, wherein the 

first electrode has a diameter that is smaller than a diameter of the second electrode; 

a second ground plate configured to surround the second electrode, such that 

the second ground plate extends away from a center of the second electrode, the second 

ground plate disposed at a physical separation from the second electrode, the plasma 

during processing is defined between the first electrode and the second electrode and the 

center of the first electrode and the center of the second electrode are substantially 

aligned with one another, and wherein an interior diameter area of the first ground plate 

is disposed over the second electrode; and 

a first signal source coupled with said first electrode and configured to provide 

a nonsinusoidal signal to only said first electrode for controlling ion energy distribution 

at said substrate when said substrate is processed on said second electrode in said 

plasma processing system, said non-sinusoidal signal being periodic; 

wherein the second electrode, if coupled to another signal source, is configured 

to receive only a sinusoidal signal from the another signal source, and 

wherein said first signal source is configured to provide a periodic signal to 

said first electrode for applying said non-sinusoidal signal to said substrate, said 

periodic signal provided from said first signal source, including at least a first set of 
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periodically ramped portions, each ramped portion of said first set of periodically 

ramped portions having a positive slope. 

 

2. The plasma processing system of claim I further comprising: 

a dielectric layer disposed between said first ground plate and at least a portion  

of said first electrode for electrically isolating said first electrode from said first ground 

plate. 

 

3. The plasma processing system of claim 1 wherein said second electrode is 

disposed opposite to said first electrode such that said substrate is disposed between said 

second electrode and said first electrode. 

 

4. The plasma processing system of claim I further comprising a second signal  

source coupled with said first electrode and configured to provide a sinusoidal signal to  

said first electrode for generating said plasma to process said substrate. 

 

5. The plasma processing system of claim 1 further comprising a second signal  

source coupled with said second electrode and configured to provide a sinusoidal signal  

to said second electrode for generating said plasma to process said substrate. 

 

6. The plasma processmg system of claim 1 wherein said periodic signal  

further includes at least periodic pulses. 

 

7. The plasma processing system of claim 6 wherein said nonsinusoidal signal  

further includes at least constant negative portions between said periodic pulses for 

attracting positive ions in said plasma processing system. 

 

8. The plasma processing system of claim 1, wherein when the DC blocking 

capacitor  reduces  parasitic   and  series  capacitance,  which   increases  efficiency   in 

controlling the ion energy distribution at said substrate, when present on the second 

electrode. 
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9. The plasma processing system of claim 8, wherein no electrode shield of  

said first electrode is required between the first electrode and the first ground plate. 

 

10. A plasma processing system for processing a substrate with plasma, said  

plasma processing system comprising: 

a first electrode, wherein said first electrode is a non-substrate bearing  

electrode; 

a first ground plate configured to surround the first electrode, such that the first 

ground plate extends away from a center of the first electrode, and the first ground plate 

disposed at a physical separation from the first electrode; 

a second electrode, said second electrode being different from said first  

electrode, said second electrode being configured for bearing said substrate, wherein the  

first electrode has a diameter that is smaller than a diameter of the second electrode; 

a second ground plate configured to surround the second electrode, such that  

the second ground plate extends away from a center of the second electrode, the second 

ground plate disposed at a physical separation from the second electrode, the plasma 

during processing is defined between the first electrode and the second electrode and the 

center of the first electrode and the center of the second electrode are substantially 

aligned with one another, and wherein an interior diameter area of the first ground plate  

is disposed over the second electrode; and 

a first signal source coupled with said first electrode and configured to provide  

a non-sinusoidal signal to only said first electrode for controlling ion energy distribution  

at said substrate when said substrate is processed on said second electrode in  said  

plasma processing system, said non-sinusoidal signal being periodic; 

wherein the second electrode is coupled to another signal source for providing  

a sinusoidal signal from the another signal source; 

wherein the first electrode having the diameter that is smaller than the  

diameter of the second electrode defines a first area ratio of an area of the first electrode 

to an area of the second electrode is sized to a first duty cycle of a sinusoidal signal duty 

cycle supplied to the second electrode; 
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wherein a second area ratio of an area of the first electrode to an area of the 

second electrode is sized to second duty cycle of a sinusoidal signal duty cycle supplied  

to the second electrode, wherein the second area ratio is greater than the first area ratio  

for when the second duty cycle of the sinusoidal signal duty cycle supplied to the  

second electrode is greater than the first duty cycle; and 

wherein said first signal source is configured to provide a periodic signal to  

said first electrode for applying said non-sinusoidal signal to said substrate, said  

periodic signal provided from said first signal source, including at least a first set of 

periodically ramped portions, each ramped portion of said first set of  periodically  

ramped portions having a positive slope. 

 

11. The plasma processing system of claim 10, further comprising, 

a blocking capacitor, said blocking capacitor being a direct current (DC)  

blocking capacitor and is positioned between  said first electrode and said first signal 

source, wherein said blocking capacitor is separate from said first electrode. 

 

12. The plasma processing system of claim 10, wherein said periodic signal  

further includes at least periodic pulses. 

 

13. The plasma processing system of claim 10, wherein said nonsinusoidal  

signal further includes at least constant negative portions between pulses of said  

periodic signal for attracting positive ions in said plasma processing system. 

 

14. A plasma processing system for processing a substrate with plasma, said  

plasma processing system comprising: 

a first electrode, wherein said first electrode is a non-substrate bearing  

electrode; 

a first ground plate configured to surround the first electrode, such that the first 

ground plate extends away from a center of the first electrode, and the first ground plate 

disposed at a physical separation from the first electrode; 

a second electrode, said second electrode being different from said first  
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electrode, said second electrode being configured for bearing said substrate, wherein the  

first electrode has a diameter that is smaller than a diameter of the second electrode; 

a second ground plate configured to surround the second electrode, such that  

the second ground plate extends away from a center of the second electrode, the second 

ground plate disposed at a physical separation from the second electrode, the plasma 

during processing is defined between the first electrode and the second electrode and the 

center of the first electrode and the center of the second electrode are substantially 

aligned with one another, and wherein an interior diameter area of the first ground plate  

is disposed over the second electrode; and 

a first signal source coupled with said first electrode and configured to provide  

a nonsinusoidal signal to only said first electrode for controlling ion energy distribution  

at said substrate when said substrate is processed on said  second electrode in said  

plasma processing system, wherein said first signal source is configured to provide a 

periodic signal to said first electrode for applying said non-sinusoidal signal to said 

substrate, said periodic signal provided from said first signal source, including at least a  

first set of periodically ramped portions, each ramped portion of said first set of  

periodically ramped portions having a positive slope; 

wherein the second electrode is coupled to another signal source for providing  

a sinusoidal signal from the another signal source; 

wherein said nonsinusoidal signal further includes at least constant negative 

portions between pulses of said periodic signal for attracting positive ions in  said  

plasma processing system. 

 

15. A plasma processing system of claim 14, wherein when a sinusoidal signal  

having a first duty cycle is supplied to the second electrode, the first electrode having  

the diameter that is smaller than the diameter of the second electrode defines a first area 

ratio of an area of the first electrode to an area of the second electrode, and said first  

area ratio is sized to said first duty cycle of said sinusoidal signal supplied to the second 

electrode. 
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16. A plasma processing system of claim 15, wherein when a sinusoidal signal  

having a second duty cycle is supplied to the second electrode, a second area ratio of an  

area of the first electrode to an area of the second electrode is sized to said second duty 

cycle of said sinusoidal signal supplied to the second electrode, wherein the second area 

ratio is greater than the first area ratio for when the second duty cycle of the sinusoidal 

signal supplied to the second electrode is greater than the first duty cycle. 

 

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

a blocking capacitor, said blocking capacitor being a direct current (DC)  

blocking capacitor and is positioned between said first electrode and said first signal 

source, wherein said blocking capacitor is separate from said first electrode. 

 

18. The plasma processing system of claim 14, wherein said periodic signal  

further includes at least periodic pulses. 




