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lVIETHODS AND APPARATlJSFOR CllANGING AREA RATIO INA 

PLAS~IA PROCESSING SYS'rK~l 

BACKGROUND OF THE INVENT]ON 

[0001] Advances in plasma processing have facilitated g-ro\vth in the semiconductor 

industry. The semiconductor industry is a highly cornpetitive market The ability for a 

manufacturing compan}r to be able to process substrates in different processing conditions 

nmy give the lnanufacturing company an edge over competitors. Thus, manuJllcturing 

cornpanies have dedicated tilne and resources to identify methods and/'or arrangements tbr 

improving substrat(~ processing. 

[0002] A typical processing system that Inay he employed to perform substrate 

processing may be a capacitively-coupled plasma (CCP) processing system. The plasma 

processing system may be built to enable processing in a range of process parameters. 

Hov,/ever, in recent years, the types of devices that ma}i be processed have become more 

sophisticated and may require Iume precise process controLFm example, devices being 

processed are becoming smaller \'lith finer features and may require more precise control of 

plasma parameters, such as plaslna density and uniformity across the stibstrate, for better 

yield. Pressure control of the ,vafer area in the etching chamber ma}r be an example of a 

process parameter affecting plasma density and uniformity. 

[0003] The manufacturing of semiconductor devices may require multi~step processes 

employing plasma \v1thin a plasma processing chamb('r. During plasma processing of 

semiconductor de"vice(s), the plasma processing chamber may' typically be maintained at a 

predd'ined pressure for each step of tlle process. The pr('defined pressure may be achieved 

through employing Hlechanical vacuum pump(s), turho pump(s),. confinement ring 

positioning and/or combinations thereof: as is \-vell known by those skilled in the art. 

[O{)04] Conventionally, a valve assembly may be employed to throttle file exhaust 

turbo pump(s) to attain pressure control for maintaining predefined pressure conditions in the 

plasma processing chmnber. Alternatively or additionally, the pressure in the plasrna 

generating region of the plasma processing chamber (e.g., the region encapsulated by the t\'lO 

electrodes and sm1'Ot1l1dl~d by the confinenx~nt rings) may be controlled by adjusting the gaps 

hehveen the confinement rings of a confinement ring assenibly, Adjusting the gaps controls 

tlle flow rate of exhaust gas from the plasma generating region and pressure may be atfect('d 

as a result The overall gas f1mv conductance out of the plasma generating region may depend 
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on severalhctor,'" induding hut not limited to, the number of confinement rings and the size 

of the gaps b(~t\\'(~en th(~ conf'inemmt rings. 

[0005] In vie\.v of the need to process the substrate in multiple steps, each of which 

may involve a different pressure, improvem('nt to the capability to efIicientIy control pressure 

in plasma processing systems is highly desirable. 

SUfvlf\-1AR "{ OF THE INVENTION 

[0006] The invention relates, in an embodiment, to a plasma processing system 

having a plasma processing chamber for pro(:essing a substrate, The plasma pro(x'ssing 

chamber includes an upper electrode, the upper electrode having a first upper electrode 

portion and a second upper electrode portioll, The first upper electrode portion anllularl)l 

surrounds the second upper electrode portion. Both the first upper eIectl'ode portion and the 

second upper electrode portion are grounded during the processing, The plasma processing 

chamb('r also includes alovl-"er electrode, thelovl-,'er electrode having a tlrst lower ekctrode 

portion and a second lower electrode portion, The first lo,\ver electrode portion is grounded 

alld amm1arly surrounds tlle second lo\ver electrode portion, The second lower dectrode 

portion has a substrate bearing surHlCe configured to support the substrate during the 

proc.essing, wherein at least one of the upper electrode and the 10\ver elec.trode is movable in 

a direcbon that is pelvendicuhr to the substrate bearing surHlce. The plasma processing 

chamber also includes a RF pO\\ier suurce for providing RF energy to the second 10\'1,.'('1' 

electrode portion, \vherein an upper surface of the first kn,ver electrode portion is non-planar 

with respect tu the substrate-bearing surfllce such that a first gap between th(' upper surt:"'lce of 

the first knver dectrode portion and a lo\ver surf1H.:e of th(' first upper electrod(' portiun is 

smaller than a second gap het\veen the substrate bearing surface and a substrate-facing 

surtlK(~ of th(~ second upper electrode port.ion. 

BRIEF DESCRIP"]'ION OF THE DRA\VINGS 

[0007] The present invention is illustrated by '\-vay of example, and not. by way of 

limitation, in the figures of the accompanying draviiings and in which like reference numerals 

refer to similar elements and in \vhkh: 

[0008] Fig . .1 sho\vs, in accordance with an elnbodilnent of the present invention, a 

simpliHed schemat.ic of a plasma processing system cunfigured to provide an adjustable gap 

bet'ween an upper electrode assemhly and a 10'\),,'er electrode assemhly. 

[0009] Fig. 2 sho\.\·'s, in accordance \V'ith an embodiment of the present invention, a 

plot of confinement ring position (eRP) as a tlmction of chamber gap fl.)!" a predefined 

pressure. 
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[0010] Fig, 3 shows, in accordance with an embodiment of the presentinventioR. a 

pluraLity of empirkally derived condlKtance curves (\\'hic11 illustrates conductance v(~rsus 

confinement ring position) for diHerent chamber gaps. 

[0011] Fig. 4 shov\-··s, in aCCOrdallCe \vith an ('mbodiment of the invention, a simplified 

tlm'i'chart of a method 40{) for wafer area pressure control \vith adjustable chamber gap in 

rea.! time. 

[0012] Fig. 5 5110\\'s, in accordance with an ernbod.irnent of the invention, a simplified 

chamb('f for a,,:hieving in-situ control of area ratio of RF coupling ,,:hang(~. 

[0013] Fig. 6 shows, in accordance \vith an embodiment oCthe invention, the l1<lITO'W-

gap configuration. 

[00] 4] Fig. 7 sho\.vs, in accordance with an embodiment of the imicntioll, the \.vide-

gap configuration, 

DETAILED DESCRIPTION OF Er'vlBODIMENTS 

[0015] The present invention \",ill no\'l be described in detail \'lith reference to a fe\'l 

embodiments th('reof as illustrated in th(' accompanying dmwings. In the tlII!O\\/ing 

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

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

that the present invention may be practiced 'Nithout some or all of these specitk details. In 

other instafl{x's, well known process steps andlor structures haH' not b('en described in detail 

in order to not Ulmecessarily ohscure the present invention. 

[0016] In accon.1anc(' v..'ith ('mbodiments of the invention, tllere are provided methods 

and apparatus for configuring plasma processing systems to achieve rapid control OH'r 

plasma processing parameters. In some plasma processing systems, the chamber gap (I.e., the 

gap bet"\veen the upper and lower electrode) is a recipe parameter and may\iary from st.ep to 

step. In these plasma processing systems, there may be provided a mechanism configured to 

move tlle 100ver electro({« ass('mbly to adjust the chamber gap. In otller plasma processing 

systems, the upper electrode assen1bly may be moved. In the disclosure herein, the chamber 

is assumed to have a moving 1m.ver electrode. It. should be understood, hm.vever, that 

embodiments of the invention herein apply equally \vell to chanlbers in which the upper 

electrode is movable (alwrnatively or additionally). 

[0017] When the duunber gap is moved in response to recipe requirenlents, the 

volume of tllC plasma generating region is changed. This change in volume affects the 

pressure within the plasma generating region, requiring compensation to adjust for the 

pressure change. In the prior art, as mentioned,. pressure control is achieved hy controlling 
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the throttle valve position upstremn of the exhaust turbo pmnp and/or by controlling the 

position of the confinement rings to change the gaps between the wntlnement rings, then,~by 

changing the conductance of the gas exhausting from the plasma generating region. 

[0018] Generally speaking, the confinement ring gaps may be adjusted by 

appropriately controlling the position of a plunger (see 13 I of Fig. I), In the upstroke of the 

plunger, the gaps het\veen rings lWa, t lOb, llOc, 1 lOd, and I 10e are expanded. In the do\"n 

stroke ofthe pilinger, rings l1Oa, ! lOb, I 10e, 1 IOd, and110e collapse together in a 

sequential manner starting from the lov\-,'er rings sin,,:e tht~ downv,"ard movem('nt of ring 110(' 

is arrested by the lower electrode, and the down'ward movem,ent of ring 110d is arrested by 

ring! lOe, and so on. Confinement ring assemblies are \-vell-known in tile aft and \vill not be 

elaborated further herein. 

[0019] \\ihen pressure control is desired 1n the prior art, a dosed-loop control system 

is general1y ('mployed. In an example, the pressure within tJle plasma generating region is 

measured and/or derived and then compared against the desired pressure called for by the 

proC('SS recipe. If tllere is a discrepancy, plunger 131 is moved upward or dm,\"lHvard 

appropriately to change the confinement ring gaps to control the conductance through the 

conductance ring gaps, thereby affecting the pressure '\vithin the plasma generating region. 

These measure¥adjusHl1easure¥adjusl cydes are performed step-\'iiise until the desired 

pressur(' set point is achieved, 

[0020J V/hile the prior art approach is satishdOlY for chanlbers in \·vhich the 

electrodes are stationary, this approach proves less than satisfactory for chambers v,dth 

moving lo\ver electro(k', In th('se chambers, the sudden chang(' in the vohmK' of the plasma 

generating region due to lower electrode fe-positioning may result in a temporary loss of 

closed-loop pressure cont.rol as t.he dosed-loop cont.rol algorithm struggles to re-attain 

control. Even if the dosed-loop control algorithm can rapidly re-acquire control to begin the 

adjustment. process, the large and sudden change in pressure caused by the sudden re­

positioning of the lo\ver electrode may cause the closed-loop control algorithm to take quite a 

long time to stabilize the pressure to the desired set point During this long preSSllre re­

stabilization period, substrate processing is etJectively halted, If the pressure re-stahilization 

period is unduly long, productivity may suffer. 

[002.1] In an emhodim.ent of the invention, there is provided a novel pressure cont1'o1 

algorithm for rapidl)" compensating fbr the laxge and sudden cha.nge in the pressure in the 

plasma generating region that results t}'om lo'wer electrode (or upper electrode) repositioning. 

The inventor herein realizes that for a given pressure, the chan1ber gap (Le., the distance 
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[0022] Further, the inventor realizes that as the gap changes, the roughly linear 

relationship bet\veen tlle conciu(tance and the confinement rings position is roughly 

lllaintained. By plotting the conductance versus confinement rings position curves for 

various chamber gaps, each conductance curve may be ShOV·,tll to be substantially' linear and 

furthermore, the conductance curves are substantially paralleL 

[0023] From these relationships, the inventor reaHzes that a rough open-loop control 

strategy m~ly be employed, using confinem('nt ring re-positioning parameters thrnished by 

these relationships, to rapidly re-position the continement rings to hring the pressure in the 

plasma generating region qukkl),' to roughly the desired set point. Once the rough re­

positioning is made in an open-loop rnanner, the finer close-loop control strategy may be 

employed to quickly bring the pressure to the desired pressure set point Ho\vever, since the 

open~loop re-positioning is only a rough re-positioning and is not depended upon for precise 

pressure control, non~linearity in conductance versus confinement rings position for various 

chamber gaps may be safely ignored. This key realizationv'astly simplifies calculation and 

renders the rough open-loop repositioning process rapid, 

[0024] In an embodiment, the inventor dedllC('S that rough pressur(' compensmion for 

chamber gap changes may be rapidly made by calculating the offset from one conductance 

curve to another and by moving the confinement rings position by that amount of cakulated 

offset Once the rough pressure compensation is performed, closed-loop control may take 

over to stabilize tl1e pressure to tl1e desired pressure set point In tl1is manner, pressure 

cOH1pensation is achieved in t\'I/O phases: 1) an open~loop flrst phase \vherein the 

confinement rings are moved rapidly using the calculated offset value from previously 

derived condllctance data, and 2) a suhsequent dosed~loop phase to achieve the derive 

pressure set point. 

[0025] The features and advantages of the present invention ll"lay be better understood 

\vith reference to the figures and discllssions (Witl1 prior axt mechanisms and embodiments of 

the invention contrasted) that tl)Uow. 
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[0026] Fig, 1 shows, in accordance with an embodiment of the presentinventioR. a 

simplified sch(~matk ofa plasma pr(Kessing system cOllt1gur(~d to provide an adjustable gap 

bet\veen an upper electrode assembly and a lo,\ver electrode assembly. Plasma processing 

system 100 may be a single, double or triple frequency capacitive1~:/ discharg('d system or 

may be an inductively coupled plasma system or a plaslna system employing a different 

plasma generating andi'or sustaining technology. In the example of Fig. 1, radio tl'equency 

may include, hut are not Jirnited to, 2, 27 and 60 ~·1Hz. 

[0027] In the example of Fig. 1, plasma processing system 100 may b(' (xmfigured 

with an upper electrode asselnbly 102 and a lo\ver electrode assembly 104, in an 

embodiment. The upper electrode assembly l02 and lo,\ver electrode assembly! 04 may be 

separated from each other by a chamber gap 106. The upper electrode assembly 102 may 

include an upper electrode that may be grounded or pO\vered by anRF pm.:ver supply (not 

shown). 

[0028] During plasma processing, processed gas (not shO\,vn) ma}r be supplied into 

chamber gap 106. The proc('ssed gas being supplied into chamber gap 106 may be excited 

into a plasma state hyRF power supplied to lo'wer electrode assenibly 104, The plasma in 

chamber gap 106 may be confined by a confinement ring assembly 108 thatma:y be 

configured with at least a set of confinement rings (1lOa, 11 Ob, 11Oc" 11 Od, and llOe). The 

confinement ring ass('mbly may also be configured v..'ith a gap control uK'chanism 112, 

including a plunger 131, ttX controlling the gaps bet\veen confinement rings (,110 a ~ e). 

Exhaust gases in chamber gap 106 (i.e., th(' plasma generating region) may pass through 

confineuK'nt-ring gaps between the set of confinement rings (110 a - e). These exhaust gases 

may be exhausted from the chamber by a vacuum pump (not shmvn to simpl1fy illustration) 

via a throttle valve. 

[0029] In an embodiment, !mver electrode assembly 104 ma}r be configured \vith a 

piston 114 and an actuation mechanism 116 to aHov,' lower electrode assembly 104 to be 

moved up or down, As a result, the volume \vithin the plasma generating region may 

change, \'>/hich results in a change in the pressure and thus requires compensation by 

confinement ring re-positioning. 

[.0030] Rd'erring to Fig. 1 .. upon moving lower dectrode assembly 104 to 

accommodate recipe requirelnents for a given step, contlnelnent ring assenlbly 108 may 

move correspondingly v,tith the motion of k)\\·'er electrode assembly 104, thereby changing 

the gaps between confinelnent ring assenlbly 108. Accordingly, the pressure in the plasma 
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generating region is altered not only by the sudden change in volume of the plasma 

g~merating region but also by the change in the confinem(~nt ring gaps. 

[0031] In order to maintain the predetermined pressure (t'Or example, the pressure that 

existed bef'Ore kn,ver dectrode movement), the position of confinement ring assembly,' 108 

may need to be adjusted to change the conductance (in liters/second) of the exhaust gas to 

compensate for the change in plasma generating region volume and.lor the change in 

confinement ring gaps that result from lower electrode movement. 

[0032] Fig. 2 ShO\\/5, in accordance \vith an ('mbodiment of the pf('Sent invention, a 

plot of confinelnent ring position (eRP) as a function of chamber gap H)r a predefined 

pressure. Fig. 2 is discussed in relation to Fig. 1 to bcilitate understanding. 

[0033J As shown in Fig. 2, the vertical axis is sho\',m as the confinement ring position 

in arbitrary count unit. In an implementation, the arbitrary count unit may be the servo motor 

index of the servo motor employed to control the up/do\\/n mOH'ment of pI unger 131. The 

horizonta.l axis sho"V,fs the chamber gap in millimeter (mm). Plot line 210 shm.vs a linear 

rdationship betwe('n confinenK'nt ring position and chamber gap f'Or a given pressure. 

[0034J Fig. 3 shov,/s,. in accordance \vith an ernbodirnent of the present invention, a 

plurality of empirically derived conductance curves (\vhich illustrates conductance versus 

confinement ring posibon) for diHerent chmnber gaps. 

[0035] As shown in Fig. 3, the vertical axis is shov,'l1 as conductance in liter per 

second (Lis). The horizontal axis is s11O\vn as the confinement ring position (eRP), again in 

arbitrary count unit. Plot line 310 is the conductance curve for a chamber gap value of 1.88 

centimeter (cm). Plot Iin(' 320 is the conductance curve fbI' a chamber gap value of2.34 cm. 

Plot line 330 is the conduclance curve for a chanlber gap value of2.8 cm. Plot line 340 is the 

conduct.ance curve for a chamber gap value of 3.1 (:m. 

[0036] A fe\y observations may be made from Fig. 3. First, the curves are 

substantially linear in the r('gion of chamber operation, i.e., aboH' 4 liters .. /sec. Second, these 

curves are substantially parallel, illustrating that the linear relationship between the 

conductance and the confinement ring position is substantially preserved \vhen the gap is 

changed. Third,. ti.)r any given desired conductance (such as II liters.isecond in Fig. 2), the 

change in conductallces attributabk to a chang(' in tlle chamber gaps may be compensated for 

simply by moving the confinenlent ring by the amount of x-axis offset from one curve to 

3110tlWL \\litl1 reference to Fig. 2, the change in conductance as the chamber gap is moved 

from 2.34 ern (curve 320) to 1.88 em (curve 310) may be cOlnpensated ftx by Hloving the 

confinement ring position by an mnount that is equal to the offset (bet\veen point 344 and 
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point 342), Moving the confinernent ring position by the offset (difference between point 

342 and point 344) has the d'fect of roughly moving (xmductance nlr'i(~ 310 to superimpose 

on conductance curve 320. In so doing, the conductance change due to gap change is 

compensated for, and rough conduct::mce compensation is achi('ved in an open-loop mann(·r. 

[0037] rn an enibodiment,. the current chamber gap position may be represented by 

"X". The change in chaniber gap may be +/- "\'''. The current C:RP may be represented by 

"1\". The ne\v chamber gap and new eRP rnay be calculated as folkn.ved: 

[0038] Ne\v t:hamber gap position"" X +/- Y (equation 1). 

[0039] Ne,,,, eRP ::: A +/- Uvl '* '() (equation 2),\vhere I\ll is the slope deternlined 

from the conductance curves of Fig. 3. 

[0040J As may be appreciated from the foregoing, the plurality of conductance curves 

for each chamber gap may he empirically determined in an embodiment Over the \'vorking 

conductance range, the plurallty of conductance curves may b(' relatively lineaJ, yielding a 

slope of about \.'1 in an embodiment. The offset CRP values may be determined for 

pre(k'termin('d \\.'afer area pressure(s) to compensate for the chamber gap adjustment{s). 

Alternatively, a simple lookup table rnay he employed to correlate chamber gaps wiih offseis. 

To t\cilltate the open-loop rough adjustment, the corresponding offset for a particular 

chamber gap may be obtained and/or estimated frml] the values provided by the lookup table. 

[0041] Fig. 4 shov..'s, in accon.1afl{x· with an embodiment ofth(' invention, a simpliHed 

J]o\vchart ora method 400 for \·vaJer area pressure control with adjustable chanlber gap in 

real time. 

[0042] In step 402, a plurality ofconduct::mce curves for different chamb('r gaps may 

be empirically determined in an embodiment. In step 404, a ne",.' chamher gap is specified as 

part of a process redp(~. In step 406, the ofL<;et from the cunent confinement ring position 

may be determined. This offset has been discussed earlier in connection '\vith Fig. 3. To 

simplity the calculation and/or lookup, an arbitrarily chosen rderence chamber gap may be 

employed to provide a reference to \vhich all other chaniber gaps may be referenced to, in an 

embodiment. 

[0043J Once the offset is acquired, the contlnenlent ring position m.ay be adjusted in 

an open-loop manner using th(' offset valu(' to rapidly (but roughly) re-position the 

confinement rings (step 408). This rapid repositioning roughly compensates fix the change in 

tlw plasma generating region volume and the ch311ge in the confinement ring gaps caused by 

the movement of the 10\ver electrode. Once the rough reposltioning lS accolnplished, fine 

(but slower) dose-loop contl'oL. in the manner done in the prior art, may he employed to more 

~, 
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precisely establish the pressure in the plasrna generating region at a desired set point pressure. 

Once the pr(~ssure is r(~-stablLiZ(~d, oth(~r changes in the pr(~ssure (such as to aexommodate 

pressure change in a different step) may be accomplished using techniques kno'V{n in the prior 

an. 

[0044] As can be appreciated from the foregoing, embodiments of the invention 

permit pressure compensation to be performed in a rapid manner by rapidly' repositioning the 

confinement rings in a tVi/o-step proces~L In the first step, the confinement rings are rapidly 

repositioned in an 0p('ll-Ioop manner using an offset vah.w obtain(~d from previously acquired 

conductance data (\\'hich con'elate conductance with confinement ring positions ftx various 

chamber gaps). In the second step, traditional dosed-loop control may' be employed to more 

precisely stabilize the pressure at the desired value. By rapidly compensating ttx the change 

in pressure that is caused by the moving electrode(s),. the pressure stabilization step ma)" be 

shonened,leading to improved productivitT Furthermore, embodiments of the invention 

may imprnve and or make possihle the ability to sustain ignition of the plasma as the 

proc('ssing proce('ds trom step to step, each of \\ihich may call for a diflerent chamber gap 

and a different pressure setting. 

[0045] As mentioned, the manufacturing of semiconductor de"vices may require multi-

step processes employing plasma 1,vithin one or more plasllla processing chambers. Sml'le of 

tlle processing steps req llired to complete the manut:"lcture of a ({«vice may ('mploy different 

recipes that specify different plasma densibes l:HH.i..ior different ion energies and/or different 

wafer bias volt::tges. In th(' prior art, these various recipes may be performed using different 

plasma processing chambers or systems, each of \vhich m::w be configured to perform one or 

more recipes of the mUlti-recipe process. 

[0046] Vlhile such an approach accomplishes the goal of t~~bricat.ing the resultant 

device, there are disadvantages. For example, the use ofnmltiple chambers and/or sy'stems to 

accompUsh the manllHtcture of the devic(' incr('as('s the ('(jlllpment acquisition and 

deployment costs and/or the n1aimenance burden for the device manut~'lctureL As another 

example, the llse of multiple chambers and/or systems to accomplish the manufacture of the 

device introduces delay into the manufhcturing process. This is hecause it takes a nontrivial 

amount of time to, fbr ('xample, stop the process in one chamber, evacuate tlle chamber 

content, remove the substrate from the chamher, insert the substrate into another chamber of 

tlw same or a different plasma processing system, and st,m up the other chamber to stabilize 

and to begin processing the substrate. The delay increases the total alllount of time required 

to manufacture the plasma processing sY'stem and reduces the total factory output. 
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[0047] In another embodiment of the invention, there is provided methods and 

apparatus for providing difl:l~r(~llt plasma densiti($ and/or difterention (~nergies and../or 

different \Vater bias voltages in-situ in the same plasma processing chamber. In one or more 

embodim('l1ts, the upper electrode is grounded while the knver dectrode is pow('1'ed. In this 

ilnplement:ation, the periphery ofthelmver electrode (which is powered) is provided with an 

annular (i.e., donut-shaped) ring that surrounds the !t"nver electrode and is grounded. This 

annular extension is referred to herein as the 10\\'er electrode ground peripheraJ extension 

(LE-GPE), Gen(~ral1y speaking, th(~ LE-GPE is ma(.k~ of a material that is generally non­

reactive or substanbaUy unatJected by the plasma processing \vhile still permitting RF 

coupling to take place \\then the gap above it is sufficiently large to sllstain plasma. In an 

example, the I.E-GPEis has a quartz cover or a similarly suitable cover. 

[0048] The gap above the I ... f>GPEis to a grounded upper surface is cont1gured such 

that as th(' gap b(,tw('en the upper electrode and 1m.\.'e1' electrode is suftkiently narrow('d, 

there comes a point \-vhere the gap above the LE-GPE is insuftkiently large to sustain plasma 

\-vhik the gap that over lies the lower dectrode inside of the LE-GPE still r('mains sufficiently 

large to susiain ihe plasma. rn this llatTO\:v-gap case, RF coupling from the pO\:vered lower 

electrode does not reach the LE-GPE or reach the grounded upper surface that is directl},. over 

the LE~GPE, and plasma is sustained only in the volume that is directly over the ]O\'iier 

electrod('. 

[0049J As the gap between the upper electrode and l.o'wer electrode is b'Tadually 

enlarg('d, there comes a point wh('re the gap above the LE-GPE is sufficiently large to sustain 

plasma while the gap tlmt 0\'('1' lies the I OVI-"er electrode inside of the LE-GPE is also 

sufficiently large to sustain the plasma. In this \\tide-gap case.RF coupling from the pmvered 

10\ver electrode reaches the LE-GPE and also reaches thl~ h)"TOul1(kd upper surface t.hat is 

directly O"ver the LE-GPE, and plasma is sustained only in the volume that is directly over the 

1m.ver electrode. 

[0050] It can be seen then that in both the HmTOVi,'-gap case and the wide-gap case, the 

effective RF collpling area of the pmvered lower electrode remains the same. However, in 

the \vide~gap case, the effective RF coupling area of the grounded electrode is enlarged (since 

RF coupling also reaches the LE-GPE and tlle grounded area that is abo\'(' the LE-GPE. 

Accordingly, it may be readily seen that the nmTO\v-gap case may provide for one area ratio 

of RF coupling (defined as the ratio between the effecth/e RF ground coupling area divided 

by the effective RF pc)\.vered electrode coupllng area) \·vhile in the wide-gap case, the area 

ratio ofR.F coupling is larger due to a larger effective RF ground coupling area. 

!O 
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[0051] In an embodiment,. the difference ill the gaps (i.e., the gap bet\veen the upper 

e1e(:trod(~ and the lower electr()(k~ at the central region of the lovwr ek~ctrode and the gap 

above the LE-GPE) may be accomplished b:y making the LE-GPE non co-planar \\'it11 the 

Iov..'er electrode. For example, the LE-GPE may,' b(' raised aboV(' the 10w('r electrode. The 

LE-GPE moves together \vith the 10\ver electrode ill designs \vhereill the Imver electrode is 

movable. The grounded area that overlies the LE-GPE moves \vith the upper electrode in 

designs \'(."herein the upper electrode is luovable. 

[0052] In another ('mbodiment, the grounded area thm overlies the LE-GPE may, 

alternatively or additionally, be made non co-planar \·vith the upper electrode. For example, 

the grounded area the overlies the LE-GPE may alternatively or additionally' protmdes belovv 

the Imver surHlCe of the upper electrode. The LE-GPE moves together with the 10\\'cr 

electrode in designs wherein t11e lower electrode is movable. The grounded area that overlies 

the LE-GPE moves \'I,>1th the upper electrode in designs wherein th(' upper electrode is 

movable. 

[0053] Alternatively or additionally to the above, the grounded ar('a that overlies the 

LE>GPE may be considered an annular extension of the upper electrode, or an upper 

electrode grounded peripheral extension (UE-GPE). Again, the LE-GPE moves together ,vith 

the kWiier electrode in designs wherein the lower electrode is 11lovab1e. The UE-GPE that 

overlies the LE-G PE moves with th(' upper electrode in desi!:,'11s wh('rein the upper dectrode 

is movable. 

[0054] Fig. 5 sho\\/s, in aCCOrdallCe \vith an ('mbodiment, an implem('ntation vl-"herein 

a non co-planar UE-GPE is provided. In the case of Fig. 5, the liE-GPE ('xtends or protrudes 

below' the lmver surface of upper electrode 500, In the example ofF1g. 5, the tJE-GPE is 

fonned of t'NO (:omponents 502a and 502b although such is not a requirement. Both upper 

electrode 500 and the lJE-GPE 502a/502b are grounded. 

[0055] A lo\ver electrode groun(k'd peripheral exwnsion (LE-GPE) 506 is also shown 

having a quartz cover 508. LE-GPE 506 is peripheral to a lmver electrode 5 I 0 as shm.vn. 

Lower electrode 510 is typically powered, e.g., by a RF po\ver source (not shtw/u).A 

plurality of confinement rings 512 is also shown in Fig. 5. 

[0056] In Fig. 5, there are two plasma sustaining regions: region 516 \vhich is capable 

of sustaining plasma in the 'wide-gap confl£uration 'where gap 517 is sut1kiently large to 

sustain a plasma; and a region 514 \\thich is capable of sustaining plasma \\'henever gap 519 

is sufficiently large to su.stain plasma. 
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[0057] In Fig. 6,. the narrow gap configuration is illustrated .vherein gap 517 is 

insuffidently large (r(~latiV(~ to the mean fn,~e path) to sustain plasma in the r(~gioll denoted hy 

reference number 5 t 6 in Fig . .5. However, gap 519 is still sufficiently large to sustain plasma 

in the region denoted by reference numher 514 in Fig. 5. In this case, RF coupling is between 

poweredlmver electrode 510 and upper electrode 500 (as illustrated by arrow 602) and the 

area ratio of RF coupling is defined by the effective RF coupling area of the grounded upper 

electrode SOO divided by dIect! ve RF coupling area ofthe pm.vered lower electrode 510. 

[0058] In Fig. 7, the wid(' gap conflguration is ilIustrat('d wh('rein gap 517 is 

sufficiently large to sustain plasma in the region denoted by rderence number 516 in Fig .. 5. 

Further, gap 519, being larger dIan gap 517, is still sufficiently large to sustain plasma in the 

region denoted by reJerence number 514 in Fig. 5. Tn this case, RF CDuplingis bet\veen 

powered lower electrode 510 and upper electrode 500 (as illustrated by arro\v 702), as v,Feli as 

between powered I ov,·· er electrode 510 and UE-GPE 502a .. i 502b (as illustrated hy arrow 704) , 

as well as bet\veen pmvered lo\ver electrode 510 and LE-GPE 506 through quarts surface 508 

(as illustrated by alTO\V 7(6). Sinc(' the area ratio of RF coupling is defined by tlle eff('ctive 

RF coupling area of the grounded electrode divided by effective RF coupling area of the 

powered ]mver electrode 510, the area ratio has been increased. This is because the effective 

RF coupLing area that is grounded is now increased by the area of the LE¥GPE 506 as \vet! as 

tlle liE-GPE 502a!502b. 

[0059J 1n either the \vide-gap configuration or the naJTow-gap configuration, it is 

possible to r('ndn all the advantages discussed earlier, e.g., changing the volume to change the 

plasma density by ke('ping the RF power the same or obtaining different plasm::t (knsities. 

The movable electrode, together \'lith differentiated plasma sustaining volumes that can be 

independently contJOlled (by moving the gap) ef1t~ctivdy otters more granular control of the, 

for example, ion energies and/or \vafer bias voltages and/or plasma density in-situ 

[0060] In an emhodiment, the upp('r ekctrode and lower electrode are siz('d such that 

in the narrmv-gap configuration, a 1: I area ratio is achieved,making the chamber a 

symmetric chamber in the narn.w/ gap conflguration. In the v>/ide-gap confIguration, since the 

etTective RF cOllpling area of the ground electrode is increased, the area ratio becomes larger 

1: 1, rendering the chamher asymmetric. Thus, an in-situ method for making the chamber 

symmetric or asyullnetric is achieved to accouunodate different recipes. 

[0061] Althongh the examples above illnstrates only" t\vo differentiated plasma-

sustaining volum.es (e.g., 514 and 516 in Fig. 5), the area that is periphery to the lo\ver 

electrode may he provided .vith multi-steps (e.g.,. hvo steps, three steps. four steps, etc.,) to 
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create multiple gaps of different sizes to achieve additional differentiated plasma-sustaining 

volumes thm can he inhibited by making th(~ respective gaps too small to effeaivdy sustain 

the plasma. 

[0062] It should be noted that embodiments of Figs. 5, 6, and 7 may be practiced 

together \vith the features of the earlier figures or may be practiced independently of the 

features disclosed in the earlier figures. 

[0063] \Vllite this invention has been described in terms of several ernbodirnents, 

then.~ are alterations, p('rmunul0ns, and equivalents, \\.'"h1<.:h fall \"I,dthin the scope of t11is 

iuvenbon. It should also be noted that there are many alternative \vays of iUlplernenting the 

methods and apparatuses of the present invention. FurtllCrmore, embodiments of the present 

invention may find utility in other applications. The abstract section is pro\tided herein for 

convenience and, due to word count Limitation, is accordin£!"lv written for reading . .~" w 

convenience and should not be employed to limit the scope of the claims. It is therefore 

intended that the foUo\ying appended claims be interpreted as including all such alterations, 

p('nm1t::uions, and equivalents as fhH within the true spirit and scope of the present invention. 
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CLl\Jf\·1S 

\Vhat is claimed is: 

1.A plasma processing system having a plasma processing chamber for processing a 

substrate, said plasma processing chamber comprising 

an upper electrode,. said upper electrode having a first upper electrode portion and a 

second upper electrode portion, said first upper electrode portion annularly surrounds said 

second upper electrode portion, both said first upper electrode portion and said second upper 

electrode portion being gruunded during said processing; 

a lower electrode, said lo\ver electrode having a first lo\·ver electrode portion and a 

second lower electrode portion, said first lower electrode portion being grounded all.d 

allnularly surrounds said second !t)\ver electrode portion, said second lower electl'ode portion 

having a substrate hearing surface configured to support said substrate during said 

processing, \-\,'herein at least one of said upper electrode and said lower electrode is movable 

in a direction that is perpendicular to said substrate bearing surface; 

a RF pow('r source for providing RF energy to said second lower ek'ctrode portion, 

w'herein an upper surHlCe of said first !<.wver elecirode portion is non¥p!allnar w'ith respect to 

said substrate-bearing surface such that a first gap bet\veen said upper surface of said tlrst 

knver electrode portion and a lo\vcr smfKe of said first upper electnxie pOI-bon is smaller 

tlmn a s('cond gap bet\\ie('l1 said substrate b('aring SlJ-ft:"lce and a substrate-t11cing surt:"lce of 

said second upper electrode portion. 

2. The plasma processing system of claim 1 \\iherein only said upper electrode is 

movable. 

3, The plasma processing system of Claim 1 wherein only said lower electrode is 

movable_ 

4. The plasma processing system of claim I \yherein both said upper electrode and said 

lower electrode are movable, 

5, The plasma processing system, of claim 1 \vherein said lm.ver surface of said first 

upper electrode portion is planar v,lith respect to said substrate-fac.ing surf:'lce of said second 

upper electrode portion, 

6. The plasma processing system of claim I \-vherein said lower surface of said Hrst 

upper electrode portion is non-planar with respect to said substrate-facing surface of said 

second upper electrode portion. 

'1 
I, The plasma processing system of daiul 1 wherein said plasma processing chamher is 

configured to be operable during at least hvo regilnes, a first regime of said t\'i,'O regimes 
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involving disposing said upper electrode and saidlmver electrode such that plasma is 

sustained hetween said substrate bearing surfaC(~ of said se(xmd lm-wr ek~ctrode portion and 

said substrate-facing surface of said second upper electrode portion, said plasma is also 

sustained in said first n.·gime hetw('en said upper surf~\ce of said first knver electrode portion 

and said !O\ver surface of said first upper electrode portion, said second regime of said t~NO 

regimes invol-ving disposing said upper electrode and said lO\ver electrode such that said 

plasma is sustained hetween said substrate hearing surface of said second !twver electrode 

portion and a sllbstrate-f~K:ing surfhce of said second llpper electrode portion, said plasma is 

ho\·vever not sustained in said second regime hetween said upper surface of said first lo'wer 

eiectl'Ode portion Hll.d said 1m·ver surface of said first upper electrode portion. 

S. The plasma processing system of claim 1 wherein a ratio area of RF coupling is about 

1: 1 in said second regime. 

9. A plasma processing system having a plasma pro(x'ssing chamher for processing a 

substrate, said plasma processing chamber comprising 

an upper electro(k', said upper electrode having a first upper electrode portion and a 

second upper electrode portion,. said first upper electrode portion allt1u!arly surrounds said 

second upper electrode portion, both said first upper electrode portion and said second upper 

electrode pOltion being grounded during said processing: 

a lo\ver e1ectrod(" said lower electrode having a first knver dectrode portion and a 

second lower electrode portion, said flrst lower electrode portion being grounded and 

annularly surrounds said second lov..'er electrode portion, said second knver electrode portion 

having a substrate bearing surt11ce conHgured to support said substrate during said 

processing,. \vherein at least one of said upper electrode and said !mver electrode is movable 

in a direction that is perpendicular t.o said substrate bearing surface; 

a RF po\yer source for providing RF energy to said second lo\ver electrode portion, 

wh('rein a Iov..'er SlJxt:"'lce of said fi.rst upper electrode portion is non-planar \vith a substrate­

facing surface of said second upper electrode portion such that a ttrst gap bet\veen said lower 

surfllce of said first upper electrode portion and an upper surface of said ttrst lo\,,/er electrode 

pOl'bon is smaller than a second gap bet'ween said subsimte bearing surl~lce and said 

substrate-facing surface of said second upper electrode portion. 

10, The plasma processing system of claim 9 wherein only said upper electrode is 

movable. 

11. The plasma processing system of claiul 9\vherein only said lo\ver electrode is 

movable. 

!5 

15

bhang
Rectangle

bhang
Rectangle



P 1800PCTiU'vlRX-P I 56PCT 

WO 20091100289 PCT/US2009/033320 

12. The plasma processing system of claim 9 wherein hoth said upper electrode and said 

lov."cr e1ct:trode an,~ movabk~. 

13. The plasma processing system of claim 9 \vherein said upper surface of said first 

1m,\"er electrode portion is plamu \vith n.·spect to said substrate-bearing SurHHX' of said sewnd 

10\ver electrode portion. 

14. The plasma processing system of claim 9 \-vherein said upper surface of said first 

lower electrode portion is non-planar with respect to said suhstrate-bearing sllrlace of said 

second lo\ver t~lectrode portion. 

15. The plasma processing system of clalm 9 \.\"herein said plaslna processing chanlber is 

configured to be operable during at least tvvo regimes, a first regime of said two regimes 

involving disposing said upper electrode a.nd sa.id lo\ver electrode such that plasma is 

sustained between said substrate hearing surface and said substrate-fucing surface of said 

second upper electrode portion, said plasma is also sustained in said first regime between said 

upper surface of said fIrst lower electrode portion and said lower surface of said first upper 

electrod(' portion, said second regime of said t\\-'o regimes involving disposing said upper 

electrode and said !O\ver electrode sllch that plasma is sustained betv'ieen said substraie 

bearing surface and a substrate-facing surface of said second upper electrode portion, said 

plasllla is hm·vever not sm:ltained in said second regillle bet\'i-'een said upper surface of said 

first lower electrode portion and said 10\'1,.'('1' surt11ce of said first upper electro(k' portion . 

.16. The plasma processing system of daiul 9 wherein a ratio area of RF coupling is about 

1 : 1 in sa id second r(·gime. 

17. A nK·thod for processing a substrate in a plasma processing system having a plasma 

processing chamber for processing a substrate, said method comprising 

disposing said substrate on a sllbstraw-bl~aring surface of a 100ver electrode of said 

plasma processing chamber; 

processing said plasma processing chamber in a first regime; 

processing said plasma processing in a second regime that is difterent fron) said first 

regime, said 11r8t regime involving a first ratio area of RF coupling, said second regime 

involving a second ratio area of RF coupling different from said first ratio area of RF 

coupling, said plasma processing chamber transitions bet\veen said first r('gime and said 

second regime at least parbaUy by moving one of an upper electrode and a lo'wer electrode in 

a direction perpendicular to said substrate bearing surface. 

18. The m.ethod of claim 17\vherein said upper electrode has a first upper electrode 

portion and a second upper electrode portion, said first upper electrode portion annularly 
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surrounds said second upper electrode portion, both said firs! upper electrode portion and said 

se(xmd upp(~r ek~ctrode portion being grounded during said pr(Kessing, said 10\ver dectrode 

has a first lo,\ver electrode portion and a secondlo\yer electrode portion, said first 10\\'er 

electrode portion being gmunded and anl1ularIy surrounds s,jd second 10v,.'('1' electrode 

portion, said second 10\ver electrode portion having said suhstrate bearing surface configured 

to support said substrate during said processing; wherein a 10\\'er surface of said first upper 

electrode portion is non~planar with a substrate~facing surface of said second upper electrode 

portion such that a flrst gap bet\veen said lower surtace of said first upper e1e,,:trode portion 

and an upper surface of said first lower electrode portion is sm.aUer than a second gap 

bctv'lcen said substrate bearing surface and said substmte-fhcing smi1tce of said second upper 

electrode portion. 

19. The method of claim 17 \vhereill said upper electrode has a first upper electrode 

portion and a second upper electrode portion, sRid first upp('r electrode portion ammlarly 

surrounds said second upper electrode portion, both said first upper electrode portion and said 

second upper electrode portion being !:,'Tolll1ded during said processing, said knver electrode 

has a first lower electrode portion and a second !<.wver e1ecirode portion, said first lo'wer 

electrode portion being grounded and annularI:y surrounds said second 10\\'er electrode 

portion, said second lower electrode portion having said suhstrate bearing surface configured 

to support said substrate during said processing; \\.'her('in an upp('r surface of said first knver 

electrode portion is non~planar with said substrate~bearing surface of said second lov,,'er 

electrode portion such that a first gap between said upper surfhce of said fhst lower electrode 

portion and a lo\ver SurHHX' of said first upper electrode portion is smaller tlmn a s('col1d gap 

bet\veen said substrate bearing surface and said substrate~facing surface of said second upper 

electrode portion. 

20. The method of claim 17 \vherein only said lower electrode is movable. 
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