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l\lETHODS AND APPARATlJS FOR A \VIDE CONDlJCTANCE KIT 

B/\CKGROUND OF THE INVENTION 

[OOOI] Advances in plasma processing have facilitated grm.vth in the semiconductor 

industry. The semiconductor industry is a highly competitive market The ability for a chip 

manufricturing company to be able to process a substrate in difforent processing conditions 

may give the manufacturing company an edge over the competitor. Thus, inanufacturing 

companies have dedicated time and resources to identity methods and/or arrangements for 

i1nproving substrate processing. 

[0002] A typical processing system that may be ernployed to perform substrate 

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

processing s,:y·stem may be built to enable processing in a number of process parameters each 

ofth(•m having a \vide rm1g(<. However, in r('Cent years, the types of devices that may be 

processed have become more sophisticated and may require more process contToL For 

example, devices being proc('Ssed ar(' becoming smalkr \\dth finer foatures and may require 

m.ore precise control of plasma parameters, such as plasnia densjty and unjformity across the 

substrate, for betwr yield. Gas tlo\v across the substrate is an example of a process parnnK'ter 

affecting etch profile and etch rate unifonnjty. 

[0003] To facilitate discussion, Fig. l shows a simplified schematic of a prior art 

plasma processing chmnber. Plas1na processing system lOO may be a single, double, or triple 

or multiple frequency capacitively discharged system. For example, radio frequencies (RF) 

niay include, but are not limited to, 2, 27 and 60 inegahertz (MHz). It may also be an 

inductively coupled system (ICP) or a CCP¥1CP hybrid. 

[0004] In the example of Fig. l, a lmver electrode assembly may be configured with 

at least a focus ring 102 and a chuck 104 for holding a substrate (not shmvn to simplify 

illustration) in place during plasina processing. The chuck 104 may be an electrostatic chuck 

(ESC), fix jnstance, and umy be supplied with RF po,ver hy an RF pmver supply (not shmvn 

to simplify illustration). A ground extension ring 110, which may be made from aluminum, 

may be separated from focus ring I 02 by an RF insulator ring I 08. Ground extension ring 

1 ! O may be covered by a cover ring 112, 'vhich may be made from quartz, to protect 

aluminum ground extension ring 110 from plasma during plasma processing. 

[0005] As shown in the example of Fig. l, an upper electrode assembly may be 

configured \Vith at least an upper electrode l 14, \vhich niay be built like a sho,ver head. The 

upper electrode 114 inay he grounded (not shm:vn to si1nplify illustration). 

bhang
Typewritten Text
    1

bhang
Rectangle

bhang
Rectangle



WO 2009/089311 PCT/US2009/030373 
2 

[0006] During plasrna processing,. gas flow rnay he supplied via a conduit (not 

shown) and may pass through a gas distribution manifr)Id 116. The gas may be electrically 

excited into plasma in a chamber gap l I 8. Plasma may be confined by a set of confinement 

rings (120a, l 20b, 120c, and 120d). N(•utrnl gas species may pass through a set of 

confine1nent¥ring gaps ( 122a, I 22b,. 122c, and l22d.l, configured bet\veen the set of 

confinement rings ( 120 a --- d), and may be exhausted from the chamber through a valve in the 

\val! by a vacumn pump (not shO\vn). 

[0007] In the example of Fig, 1, th(• plasma processing pn.~ssur(' may be (.fotermined 

by the gas conductance, i.e., the set of confinement~ring gaps (122 a~ d) to provide the gas 

flow. The overall gas flmv conducta11.ce of the flow path from tlie gas distribution manifold 

to the exhaust may depend on several factors, including but not limited to, the number of 

confinement rings and the size of the gaps bet\veen the confinement rings. For example, in a 

confined plasma reactor with very small chamber gap 118, the numb(•r of confinement rings 

in a set of confinement rings may be limited by the spatia.J constraint of the very small 

chamber gap 118. Each confinement-ring gap in the set of c.:onfinement-ring gaps ( 122 a - d) 

may be adjustable by a shaft 124. The gaps may be controlled by the advance of shaft 124. 

As shaft 124 moves Im.ver, confinement ring 120d may sit on the outer shoulder of ground 

extension 112 and gaps 122 may he col lapsed, in order l 22c, l22h, and 122a. 

[0008] Consider the situation \.Vherein, for example, a leading-(•dge process 

application requiring an uhra~short gas residence tin1e \vhere one or more steps of the process 

may require flo\v conductance levels tlmt exceed the maximum capacity of th(• gap control. 

In such a process, the substrnt(' (not shown) may need to be unloaded from the plasma 

processing chamber I 00 and processed in another chamber that can provide the required flow 

conductance. 

[0009] As may be appreciated from the foregoing, the shorter gas residence times 

may require an increase in gas conductance across the substrate through the processing 

chamber. Hmvever, the gas conductance may be limited by the hardware features, e.g., the 

number of confinement rings in a set of confinement rings and.ior the size of the gaps bet\veen 

a set of confineinent rings, for confining plasnia in processing chamber with very suiall 

chamb(•r gap. Given the need to stay competitive in th(• semiconductor industry, 

enhancem.ent to the capability of capacitively coupled plasma processing systems are highly 

desirable. 
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survtrvl/\ll y OF !NVENT!{)N 

[001 O] The invention relat(~S, in an embodiment, to an apparatus tlir controlhng gas 

flmv conductance in a plasma processing chamber. The plasma processing chamber 

configured with an upper electrode disposed opposite a lo\ver electrode adapted to support a 

substrate. The apparatus includes a ground ring configured to concentrically surround the 

lmver electrode, the ground ring includes a first set of radial slots formed therein. The 

apparatus also includes a confinernent ring arrangement The confinernent ring arrangement 

indud(•s at least a first set of .;,:ollapsible confinement rings and a S('Cond S('t of collapsibk 

confinement rings, the second set of collapsjble confinement rings is configured to movably 

couple to the first set of collapsible confinement rings, The apparatus funher includes a 

mechanism configured at least to collapse and to expand the first set of collapsible 

confinement rings and the second set of collapsible confinement rings to control gas flow 

conductance thmugh the first set of radial slots bet\veen (a) an ON state in \\>hi ch a gas flow 

through the first set ofradia.J slots is unobstrncted by the second set of collapsible 

confinement rings, and (b) an OFF state in \vhkh th(• gas flow thmugh the first set of radial 

slots is ohsiructed by the second sei of collapsible rings. 

[001 l] 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 is the claims herein. These and otl1er features of the present invention \vill be described 

in inore detail belo\V jn the detailed description of the invention and jn conjunctjon \Vjth the 

folkn.ving figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention is illustrated by \Vay of example, and not by \Vay of 

limitation, in the figures of the accompanying drn.\vings and in which like reference mimerals 

refer to similar elements and in vvhich: 

[0013] 

[00 I 4] 

Fig. l shO\VS a simplifkd schematic of a prior art plasma processing chamber. 

Fig. 2 shows a simplified schematic of a prior art plasma processing system 

configured to provide an expanded, gas flow conductance range with rotahle, choke ring to 

regulate expanded gas flow, rotable choke ring is not shmvn. 

[0015] Fig. 3A shmvs, in accordance with an embodiment of th(• present inv(•ntion, a 

simplified schen1atic of a plasma processjng system configured with an expanded, gas flo-vc' 

conductance assembly and a modified, confinement-ring assembly \Vith a set of knver 

confinement rings in the collapsed, OFF position. 
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[0016] Fig. 3B shmvs, in accordance with an embodiment of t11e present invention,. a 

simplified schema tit: of a plasma processing system configured \Vith an expanded, gas flow 

conductance assembly and the modified, confinement-ring assembly \.Vi th a set of lmver 

confinem(•nt rings in the expa11(kd, ON position. 

DETAILED DESCRIPTION OF EMBODIJ\·1ENTS 

[0017] The present invention \vill no\v be described in detail \Vith reference to a fev.·· 

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

description, numerous sp(•cifk details are S('t forth in order to provide a thorough 

understanding of the present invention. It 1;.vill be apparent, ho•Never, to one skilled in the art, 

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

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

in order to not unnecessarily obscure the present invention. 

[0018] Due to the competitive advancement in the semiconductor industry, a 

significant number of leading-edge process applications in plasma processing may require 

proc('Ssing steps \vith ultra short process gas residence times. Shorter residence times may 

require an increased gas conductance range which may be a trade-off \:vitll hardware features 

for confining plasma. To increase gas conductance in a very small chamber gap, prior art 

may ernp1oy fixed, bnmss gas flmi;,' paths to conduct a significant fraction of the exhausted 

proc('SS gas mvay from the confinement rings. However, a rotab!e, quartz choke ring may be 

needed to regulate, i.e., to tum ON or OFF, the increased gas flow conductance through 

bypass gas flo\v paths. 

[0019] By employing the choke ring to regulate gas flow, additional hardwar(' and/or 

software may he required to control the movement of ratable, choke ring. The inventor 

herein realized that. existing, confinement-ring assembly may be modified to regulate 

increased gas flmv through expanded, gas flmv conductance assembly \vhile controlling 

pressure in processing chamber. 

[0020] In accordance with embodiments of the invention, there are provided methods 

and arrangements for configuring plasma processing systems to enhance control over plasma 

processing parameters_ Embodiments of the invention include employing a nmdified, 

confinenK'nt-ring ass(•mbly configured \Vith a plurality of confinement-ring sets to control the 

expanded, gas flow conductance and the pressure in a plasum processing chan1ber. With 

more sophisticated control of the plasma processing parameters, such as regulating expanded 

gas flow and.ior controlling pressure, the plasma processing regime may be expanded vd1i!e 

still maintaining control of plasma confinement to obtain high yield in processing devices. 
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[0021] In an embodiment, the plasma processing system inay he configured with the 

modified, confinement-ring assembly to include at least a plurality of collapsibk, 

confinement-ring sets. In an embodiment, the plurality of the confinement-ring sets may 

includ(• at least an upper confinement-ring (lJCR) set andior a lov1.>('r confinenK•nt-ring (LCR) 

set in contrast to state-of-the-art confinement-ring asse1nbly. Typically, a state-of-the-art 

confinement-ring assembly may be configured ':vith one set of confinement rings to confine 

plasma. 

[0022] In an t~mbodiment, the upp(•r confinenK'nt-ring set may t:omprise of an upper 

confinement-ring gap control assembly. In an embodiment, the UCR gap control assembly 

may comprise of an upper confinement-ring shaft The upper confinement-ring shaft ma:y be 

coupled to an upper confinement-ring piston being configured \Vith at least an o-ring. The 

upper confinement-ring piston may he disposed inside an upper confinement-ring chamber. 

The upp(•r confinement-ring piston may move up and/or down, corresponding to th(• 

movement of the upper confinement-ring shatt, inside upper confinement-ring chamber 

providing a mechanism to control tl1e gaps of upper confinement-ring S('t 

[0023] Jn an embodiment, the krwer confinement-ring set may comprise of a lovver 

confinement-ring gap control assembly. In an embodiment, the LCR gap control assembly 

may comprise of a lo\ver confinement-ring piston being configured with at least an <.Hing. 

The lower confin(•ment-ring piston may be coupled to a lov1.'('St ring of the upper 

confinement-ring set. The lo\·Ver confinen1ent-ring piston n1ay be disposed inside a lo•Ner 

confinenK•nt-ring chamb(•r. Th(• lm.ver confinement-ring piston may move up and.ior dm.vn, 

corresponding to th(• movem(•nt of the kn.vest ring of the upper confinement-ring set, inside 

lmver confinement-ring chamber providing the mechanism to control the gap of!mver 

confinement-rings set. 

[0024] In the OFF position, the modified confinement-ring assembly may be 

configured with the lo\ver confinement-ring set in a collapsed state, in an embodiment. The 

collapsed, lm.ver confinement-ring set may rest on the shoulder of a quartz covered ground 

ring shutting off the bypass gas fitW>/ slots, in an embodiment The gas species from the 

chamber may be forced to flow through the gaps of the upper confinen1ent rings. In an 

embodinK•nt, the gaps of the upper confinement ring may be controlled by the upper 

confinement gap control assembly. In the OFF position, the n1odified confinen1ent-rjng 

assembly may provide the chamber \Vith high pressures and/or lov1> gas flov1> rates. Thus, the 

gas flow through expanded, gas flow conductance paths niay be shut off \Vith the collapsed 

configuration of the LCR set vdrile pressure through the processing chamber may be 
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controlled by adjusting the height of the gaps of the UCH.. set by employing the nwdified, 

confinement-ring assembly without the need for a rotable, bypass choked ring. 

[0025] In the ON position, the modified confinement-ring assembly may be 

configured where tl1e upper confinement-ring set may be pulled out of the gas flow path and 

the lower confinernent-ring set may be positioned in the gas flow path, in an embodirnent, 

vvhile opening up the expanded gas flmv conductance path opening up the gas fon:v bypass. 

In the ON position, pressure in the charnber may be contrnUed by adjusting the position of 

kn.ver .;,:onfint~ment-ring set along th(• height of tht~ chamb(•r gap, In the ON position, the 

n1odified confinen1ent-rjng assembly niay provide the chamber \vd1 lov .. ' pressure and/or high 

gas flo\v rate. Thus, tlie expanded gas flow conductance paths may be opened by· moving the 

LCR above the exhaust of the bypass \vhile \.valer area pressure may be controlled by 

adjusting the vertical position of the LCR set by employing the modified, confinement-ring 

ass(•mbly without the need fr)r a rotable, bypass choke ring, 

[0026] By employing a modified, confinement-ring assembly, the rotable, bypass 

chob· ring may be eliminated from the expanded, gas flow conductance assembly, as 

required in the prior art to regulate gas flow. Thus, the actuator, I/O ports and/or sofhvare 

required to control the expensive rotable, bypass choke ring ma:y also be eliminated. 

[0027] The fratmes and advantages of the present invention umy be better understood 

\.Vith reforenc(' to the figures and discussions (witl1 prior art nK•chanisms and embodiments of 

the invention contrasted) that fi)llow. 

[0028] Fig. 2 shO\VS a simplifkd schematic of a prior art plasma processing system 

configured to provide an expanded, gas flov,., conductarnx· range \Vith rotable, choke ring to 

regulate expanded gas flmv, rota.hie choke ring is not shO\vn. Plasma processing system 200 

may be a single, double or triple or multiple frequency capacitively discharged system. For 

example, radio frequency may include, but are not limited to, 2, 27 and 60 J\.lHz. 

[0029] In the example of Fig. 2, plasma processing system 200 may b(• configured 

vi'ith an upper electrode asse111bly and a lovi'er electrode asse111bly. The knver electrode 

assembly may be configured \:Vith a chuck 204 that holds a substrate (not shown to simplify 

illustrnbon) in place during plasma processing. The upper electrnde assen1bly and lo\ver 

electrode assembly may be separated from each other by a chamber gap 218, The upper 

dedTode asseinbly may jnclude an upper electrode 2.14, vd1ich may be built like a shtnver 

head. The upper electrode 214 may he grounded (not sho\v11 to simplify' illustration). 

[0030] The upper elecln)(ie assen1bly of Fig. 2 may be configured \vi th a gas 

distribution manifold 2 l 6 through \vhich processed gas (not shmvn) may be supplied into 
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chamber gap 218. The processed gas being supplied into chamber gap 218 may be excited 

into a plasma state hy RF po\ver supplied to th(~ Io\ver or upper electrode assembly. The 

plasma in chamber gap 2 l 8 may be confined by a confinement-ring assembly 220 that may 

be configur(•d \\dth at kast a S('t of confinement rings (220a, 220b, 220c, and 220d). The 

gaps bet>veen confinement rings (220 a···· d) may he controlled by the advance of a shaft 224. 

Neutral gas species in chamber gap 2 l 8 may pass through confinement-ring gaps (222a, 

222b, 222c, and 222d) het\veen the set of confine1nent rings (220 a- d). Neutral gas species 

may be t~xhausted from the chamber by a vacuum pump (not shown to simplify illustration), 

[003.1] As sho\vn in Fig. 2, the rate of gas Ho\v across substTate (not shmvn) from gas 

distribution manifold 2 ! 6 may affect the pressure in chamber gap 218, The overall gas f1ovv 

conductance of the flow path from gas distribution ma.ni fbld 2] 6 to the exhaust may depend 

on several fuctors, including but not limited to, the nmnber of confinement rings and the size 

of th(• g.aps between the set of confinement rings. 

[0032] As aforementioned, a number of leading-edge process applications requiring 

m1 ultra-short gas reskknce time where one or more steps of th(• process may r(•qtdre fkn.v 

conductance levels that may exceed the rnaximum capacity of the gap control. ln light of 

such problem, the gas flmv rate ma:y be increased by employing additional gas flm.v 

conductance paths in parallel •;.vith the gas flmi;,' paths fron1 gas distribution 1nanifr>ld 216 

through tl1e set of confinem(•nt-ring g.aps (222 a .~ d). The expanded, gas flow conductance 

paths may be configured in a gas tlo\·V bypass/conductance assembly 260, as shown in Fig. 2. 

Gas flow bypass/conductanc(' ass(•mbly 260 may be configur(•d with at kast an aluminum 

ground extension ring 210, a rotable, choke ring 230 and a quartz cover ring 212. 

[0033] rn the example of Vig. 2, expanded, gas flm.v bypass/conductance assembly 

260 may be configured \.vi th expanded, gas flmv conductance paths to increase gas flmv rate 

through chamber gap 2 I 8. Expanded, gas tlov,1 conductance paths may be configured in 

aluminum ground extension ring 210 as .a set ofradial slots. Aluminum ground extension 

ring 210 may be separated fron1 a focus ring 202 by an insulator ring 208. Aluminum ground 

extension ring 210 may be configured \Vi th a first set of bypass slots (21 Oa, 21 Ob, 21 Oc, 21 Od, 

and 21 Oe) as gas flmv conductance paths. The first set of bypass slots (210 a~ e) may be 

rndial slots extending in tl1e radial direction of the ground extension ring 210. 

[0034] As sho\vn in Fig. 2, aluminum. ground extension ring 2 .10 may be protected 

from plasma by quartz cover ring 212. Quartz cover ring 212 may be configured \\·'ith a 

second set of radial bypass slots (212a, 212b, 212c, 212d, and 212e). The second set of 

bypass radial slots (2l2 a··· e) oftlrn quartz cover ring may be aligned \vitll direct line of 
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sight to first set of bypass slots (2 IO a···· e) of ground extension ring to allow increased gas 

t1mv though the (~xpanded gas flow conductarnx~ paths. 

[0035] To regulate gas flm.v through expanded, gas flm.v conductance path, gas flmv 

bypass/conductance assembly 260 may also be configured \'\-"ith rotabk, choke ring 230. 

Hotable choke ring 230 may he rnounted in a ring¥shaped channel formed in ground 

extension ring 2 IO and cover ring 212. Rotable, choke ring 230 may be configured \vith a 

third set of radial bypass slots (230a, 230b, 230c, 230d, and 230e). Rotatable, bypass choke 

ring 230 may be made of a diele.;,:tric mawdal, such as quan.z or silicone .;,:arbi<le. Rotatable, 

bypass choke ring 230 may be rotated relative to stationary alun1inum ground extension ring 

210 and stationary quartz cover ring 212 to control gas flow through a plurality· of sets of 

aligned bypass slots t210 a - e, 212 a - e, and 230 a- e). 

[0036] In the ON state, rotable choke ring 230 \Vith third set of bypass slots (230 a··· 

e) may be aligned \\dth the first set of rndia! slots (2 l 0 a - d) of aluminum ground extension 

ring 210 and the second set of radial slots (212 a ··· d) of the quartz covered ring 212 to allov.-· 

for fluid communication bet\.veen first S('t of slots (210 a- d) \Vith second set of slots (212 a -

d) creating a plurality of gas fkrw conductance paths. Gas from chamber gap 218 may flow 

through the first and second set<> of slots.. Thus, in the ON state, gas may be allov,:ed to flmv 

through expanded, gas Ho•.v paths to allmv for a higher gas conductance range. 

[0037] In th(• OFF state, rotable chob· ring 230 may be rotated to a position such that 

the alignment of the first set of slots 1210 a - e) do not have direct line of sight \Vith second ~ \ . ~ 

set of slots (212 a - e ). The first set of slots (21 O a - e) may be blocked by rotable chok(• ring 

230 such that ther(' may be no fluid communication between first set of slots (210 a - e) with 

second set of slots (212 a···· e\ Thus, the plurality of gas tlm:v conductance paths may be 

blocked by rotable choke ring 230. Gas from chamber gap 218 may not be able to flo\v 

through the blocked conductance paths.. 

[0038] As can be appreciat('d from th(• foregoing, the ('Xpan(kd, variable gas flow 

conductance assembly may provide the plurality of gas tlow conductance paths to increase 

gas fitW>/ conductance range across the substrate. By increasing gas flm.v conductance in a 

plasma processing chamber, the plasnia condition may be contrnlled quickly and accurately. 

By employing rotable choke ring 230, th(• plurnrity of gas flow conductm1ce paths may b(• 

turn ON and/or OFF. 

[0039] In general, additional lumhvare and soft\vare (not sho\vn) may be required to 

control rotable, bypass choke ring 230. For exan1ple, additional mechanical control har(hvare 

may require at !east an actuator to provide motion control for choke ring 230 .. Additional 
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electrical control hard\vare may require at !east input/output channels for transrnitting 

electrical signals. Jn addition, sofhvare algorithms may be n.~qufred to acquire user inputs, 

e.g., predetermined tlov,1 rate, and/or to control mechanical and electrical systems, Thus, 

additional control han.hvare and/or sofhvare may add cost and complexity to tl1e system. 

[0040] As can be appreciated by those skilled in the art, choke ring with bypass slots 

made from quartz may be expensive to manufacture. In addition, moving part, e.g., rotable, 

choke ring, in the path of gas flow rnay generate unintended contmnination that may result in 

uncontrolkd process variation, \Vhkh may reduce yield in manufri.cturing, 

[004.1] Although rotahle, quartz choke ring may provide a mechanism to regulate 

increased gas flow tl1rough expa11.ded, gas flow conductance assembly, the added cost and 

complexity of employing rotahle, choke ring may require alternative solution for regulating 

increased gas flow through expanded, gas flow conductance assembly. 

[0042] Thus, the inventor herein realized that existing confim.•ment-ring assembly 

may be modified to regulate increased gas flo\v through expanded, gas flo\v conductance 

assembly while controlling pressure in proc('Ssing chamber. 

[0043] Figs. 3A and 3B are discussed togeiher to illustrate alternative apparatus and 

methods to regulate increased, uas flm.v. Fi11. 3A shmvs, in accordance with an embodiment - . ~ - . 

of the present invention, a silnphfied schematic of a plasma processing system configured 

\Vith an ('Xpanded, gas flow conductm1ce assembly and a modified, confinement-ring 

asseinbly \·Vith a set of lo\ver confinement rings in the collapsed, OFF position. In the OFF 

position, the bypass is also shut OFF. Fig. 3B sho\vs, 1n accordance with an embodiment of 

the preS('nt invention, a simplified schematic of a plasma processing system configured with 

an expanded, gas flow conductance assembly and the modified, confinement-ring assembly 

\Vith a set of lower confinement rings in the expanded, ON position. In the ON position, the 

bypass is novv turned ON. 

[0044] Rderring to Fig. 3A, plasma processing system 300 may be a capacitively-

coupled plasma (CCP) processing system and/or an inductively coupled systen1 (ICP). In an 

example, plasma processing system 300 may be a single, double, or triple or multiple 

frequency capacitively discharged systen1. For example,. radio frequencies (RF) may include, 

but are not limited to, 2, 27 and 60 megahertz {lVIHz). 

[0045] For example, the plasma processing system 300 may be configured \vd1 at 

least m1 upper electrode assembly and a h.1\ver electrode assembly v.dth a chamber gap 318 in 

bet\veen the upper electrode asseinbly and the lo•Ner electrode assembly. 
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[0046] The lmver electrode assemblv may include at !east a focus ring 302 and an 
.... A ...... 

ESC 304. rn the 1mplem~mtation of Flg. 3A, ESC 304 may be employed to hold a substrate 

(not shmvn) in place during plasma processing. Furthen11ore, the lov,1er electrode assembly 

may be configured \Vith an expan(kd, gas tlo\v bypass/conductance assembly 360. 

[0047] As shown in Fig. 3A, expanded, gas flmv bypass/conductance assem~b!y 360 

may be configured \.Vith an aluminum ground extension ring 310 and a dielectric, quartz 

cover ring 312_ A lurninmn ground extension ring 310 may be separated frorn focus ring 302 

by an insulator ring 308. In the implementation of Fig. 3A, aluminum ground extension ring 

310 niay be configured to concentrically surround the lo'wer elect.rode. In an embodiment, 

aluminum ground extension ring 3 ! 0 ma:y be configured to include a plurality of radial slots 

{31 Oa, 3 lOb, and 31 Oc) that may be employed to allm.v for increased gas fio,v. 

[0048] Although only three radial slots (31 Oa, 3 I Ob and 31 Oc) are discussed in 

connection to Fig. 3A, th(• aluminum ground exwnsion ring 310 may include any number of 

radial slots as bypass slots for expanded, gas flm.v conductance paths, in an embodiment. In 

m1 example, the numb(•r of bypass slots may typically be dozens of slots. In the 

imple1nentation of Fig, 3/\, the slots may have any suitable shapes, e,g., rectangular or 

trapezoidal, in an embodiment. 

[0049] Almninum ground extension ring 3 10 may be protected from plas1na by 

dielectric, quartz cover dng 312, which may be disposed over ground ('Xtens1on ring 310, 

Quartz covered ring 312 niay he configured to include a plurality of radial slots (312a, 312b, 

and 3 l 2c) that may be employed for expanded gas tlo\v. As may b(• appredated from the 

foregoing, the quartz covered ring 312 may inclu(k any number of rndia! slots as bypass slots 

for expanded, gas flmv conductance paths, Thus, expanded, gas flo\\-' bypass/conductance 

assembly 360 may be configured >..vith sets of slots \ 310 a - c and 312 a - c) formed therein to 

allmv for increased gas flmv rate. 

[0050] In contrast to the expanded, gas t1ov,, bypass/condm::tance assembly 260 1n the 

prior art of Fig. 2, the rotable, choke ring may be eliminated from. expanded, gas flow 

bypass/conductance assembly 360. Increased gas fltW>/ through expanded, gas flow 

bypass/conductance assembly 360 inay be regulated by a modified, confinement-ring 

ass(•mbly 320, 

[005.1] In the implementation of Fig. 3A, the upper electrode assembly may include at 

least an upper electrode 314, vd1ich may he built like a sho\ver head. Upper electrode 314 

may be grounded (not sho\vn to simplify illustration) during plasm.a processing. A processed 

gas is applied into chamber gap 3 l 8 through a gas distribution manifold 316, The gas may he 
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electrically excited into plasma by RF power from an RF generator (not shmvn to simplify· 

illustration) through the 10\ver electrode assembly. 

[0052] In an embodiment, plasma processing system 300 may he configured \vith 

modifi(•d, confinement-ring assembly 320 to regulate gas tlo\v through expm1ded, gas tlo\v 

bypass/conductance assembly 360 in the ground extension. The modified,. confrnemenH·ing 

assembly 320 may be configured to include at least t\vO sets of collapsible confinement rings, 

i.e." a set of upper confinement rings (UCR) 322 and a set oflm:ver confinernent rings (LCR) 

342, in an embodiment. The set of LCR 342 may be configured to couple to the S('t of UCR 

322, in an embodiment In the implem.entation of Figs. 3A. and 38, the confinen1ent rings 

may be formed from materials compatible with the plasma process, in an embodiment. In an 

embodiment, a compatible material for confinement rings may include, but not limited to, 

quartz. 

[0053] Consider the situation, \.Vherein, for ('Xample, during plasma processing, low 

gas fimv and high pressure ma:y be desired in one or more of the processing steps, An UCR 

shaft 324 may b(• driven (kn.vn such that confinement rings (342a, 342b, and 342c) of the 

LCR set 342 may collapse in an OFF position blocking the gas flow through expanded, gas 

flmv bypass/conductance assembl:y 360. The mechanism for collapsing and/or expanding 

confinement rings is discussed in greater detail belo\v. 

[0054] In th(• OFF position, the set of collapsed, LCR 342 may b(• disposed on a 

shoulder 31 Og of al uminmn ground extension ring 310. In the col lapsed position of lo\·Ver 

confinenK•nt-rings set 342, an upper surface of the top confinement dng 342a of LCR set 342 

may line up flush \\>lth th(• surface of the quartz cover(•d ring 312, vVhen the confinement 

rings (342 a··· c) of LCR set 342 are in the collapsed position, the side of LCR set 342 may 

completely block the outlet ends of bypass slots (3 "l 0 a~ c), in an embodiment. Thus 

shutting OFF gas flm.v through the plurality of the b:ypass slots of the expanded, variable gas 

flow bypass/conductance assembly 360. 

[0055] In the OFF position of the implementation of Fig. 3A, the neutral gas species 

in chamber gap 318 may mainly flm:v thrnugh the set of confinement-ring gaps ( 3 34a, 334b, 

334c, and 334d) ofUCR (322 a~ d). In an embodiment, the gas flow conductance, i.e., 

pressure in the chamber, may be controlled by adjusting the UCR gaps (334 a - d). The gas 

flow conductance through the set of confinement-ring gaps (.334 a - d) may he proportional 

to the square of the height of the gaps. 

[0056] ]n the implementation of Fig. 3A, the UCR gaps (334 a~ d) may be ac.ljusted 

by collapsing the set of UCR gaps (334 a···· d) in series. in an einbodi1nenL For example, 
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UCR shaft 324 may he rnoved dmvn forcing an UCR piston 326, configured with an o-ring 

328, to move dov.m in an UCR drnmber 330 providing a mechanism for collapsing UCR 

gaps. As may be appreciated from the foregoing, the collapsing of the rings may be driven 

by th(• weight of the rings, The piston may S('rV(' as a suspension point tlmt may move in 

vertical direction, >vhich may be driven by the shaft The lo\vest UCR gap 334d rnay be 

collapsed first when UC'.R piston 326 is moved dmvn into UCR chamber 330. The UC'.R gaps 

may be collapsed sequentially from the lowest gap 334d, to the next lm:vest gap 334c, lhllow 

by th(• next lo\-i.>t~st gap 334b, finally collapsing tl1e top gap 334a, in an embodinK'nt 

[0057] Hence, the gaps umy be collapsed in series, \Vith the lo\·Vest gap collapsing 

first, followed by the next !o\ver gap, fol!o\ved by the next gap, and followed by the 

uppermost top gap. In the implementation of Fig. 3A., LCR set 342 may be coupled to UCR 

set 322 through the lowest UCR 322d and a LRC'. piston 346, in an embodiment. The pocket 

of LCR chamber 350 may be configu.red. to be sufficiently deep such that LCR piston 346, 

configured \vith an o-ring 348, may not smash dm.vn on LCR set (342 a --- d). 

[0058] As can be appreciated by the fi:iregoing, gas flm.v rate from chamber gap 318 

may be controlled by varying the height of the set of UCH gaps (334 a ··· d) in ihe OFF 

position, in an embodiment The set of UCR gaps (334 a --- d) may coJlapse and/or expand, in 

series, to control the gap size without lifring the set of LCR 342" •;.vhich nrny open the bypass 

slots for expanded., gas flow. 

[0059] Jn the OFF position, the UCR set 322 may be in the gas flo\v area while LCR 

set 342 sits on the shoulder 3 l Og of aluminum ground extension ring 310, in an embodinK•nt. 

The LCR set 342 may be configured. to shut off the set of bypass slots preventing expm1ded 

gas flmv. The UCR set 322 gaps may be configured to be adjustable to control pressure. The 

pressure may be varied by collapsing and/or opening the set of gaps (334 a~ d) of UCR 334 

in series to control gap size ':vithout lifting the lmver confinement-ring set Hm.vever, gas 

flow mt(' may be limited. to the height of UCR gaps (334 a .~ d). In general, gap height may 

be limited to about 2X the sheath thickness o:f plasma to prevent unconfinement of plasma. 

[0060] Consider the situation wherein, for example, one or more steps of the process 

may require flow condt1ctance levels that exceed the maximum capacity of the UCR gaps 

(334 a.~ d). The gas flow rate may be incr(•as(•d by employing additional gas flow 

conductance paths in expanded, gas .flo\v bypass/conductance assen1bly 360, in an 

embodiment. In accordance \Vith an embodiment of the invention, LCR set 342 may be pulled 

up, in an ON position, to open the gas flo\v through expanded, gas flo\v bypass/conductance 

assembly 360. 
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[0061] Reforring to Fig. JB, the UCR shaft 324 may be actuated to pull up UC:R 

piston 326 being coupkd to UCR shaft 324 a11owing for an expanding of th(~ UCR gaps du(~ 

to the \veights of the rings, in accordance \vith an embodiment of the invention. In an 

embodiment, lJCR piston 324 may be pulled up in UCR chamber 330 against m1 UCR 

shoulder flange 332 moving UCR set 322 out of the gas flmv path. The 0-ring 328 may he 

employed to separate UCR piston 324 from UCR shoulder flange 332, in an embodiment In 

an example" the 0-rings rnay he e1nployed to protect the quartz rnaterials from being chipped 

by th(• metal piston, In the ON position, UCR set 322, having been movt~d out of tl1e gas flmv 

path, inay no longer play a role in the gas flow regulation, in accordance 'with an emhodim.ent 

of the invention. 

[0062] As shown in Fig. 3B, the LCR piston 346, configured ·with o-ring 348, may be 

coupled to the lowest ring 322d of lJC'.R set 322, in an embodiment Being coupled to the 

Im.vest ring 322d of UCR set 322, LCR piston 346 may b(• employed to pull up LCR set 342 

\vhen shaft 324 is actuated to move up providing a mechanism for expanding LCR gaps, in an 

embodiment. The LCR set 342 may be moved into tl1e gas flow path and opening up the 

out!ei ends of bypass slois (310 a··· c) of expanded,. gas flovv bypass.iconductance assernbly 

360. Thus, in the ON position \Vith LCR set 342 being puJled up to unblock bypass slots (310 

a ··· c), gas flo'>v rate inay be increased by flowing gas species through the plurality of the 

bypass slots of the expanded, gas flow bypass.iconductance assembly 360, in an embodiment 

[0063] Jn accordance with an embodiment of the invention, as shm.vn in Fig. 38, 

neutral gas species from chamber gap 318 may flow through bypass slots of expm1ded gas 

flow bypass/conductance assembly 360 andior through the set of confinement-ring gaps 354a 

and 354b of LCR 342 a··· c. In an embodiment, the gas tlmv conductance, Le., pressure in the 

chamber, may be controlled by adjusting the position of the LCR gaps 354 a - b of LCR set 

342 along the height of the gas flo\v path. 

[0064] In the implementation of Fig. 38, the LCR set 342 may be configured \Vi th 

gap 354a, an upper gap on LCR set, and gap 354b, a knver gap on LCR set. The upper gap 

354a may be configured to have a different height than the lower gap 354b on LRC set 342. 

The pressure in the chamber n1ay be acljusted by inoving LCR piston 348 throngh UCR shaft 

332 to position LCR gaps 354 a - b in the gas flow path. Depending on the V('rtica! position 

of LCR gaps (354 a~ b) in the gas Ho\v path, the pressure in the chamber niay he controlled 

by LCR gaps (354 a~ b), in an embodiment. 

[0065] As aforementioned, the gap height may be correlated to gas flow conductance. 

rn general, gas conductance through a gap, for example. may he equal to about the square of 
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the height of the gap. In an example, as shmvn in Fig. 3B, lower confinement-ring gaps 354a 

and 354b may b(~ configured to have different h(~ights. The ratio of gap height of gap 354b to 

gap 354a may be about 2: l. The resulting flow conductance may be about 4: l through the 

gaps. As can be appreciated by tl10se skilled in the art, the number of confinement rings, 

gaps and gap height may be tailored to achieve the desired process range for gas flow rate, in 

an embodiment Hm.vever, the gap may be limited to a maximum height of about t\vo times 

(2X) the plasrna sheath thickness to prevent plasma unconfine1nent, in an embod.iment. 

[0066] Consider the situation wherein, for example, LCR gaps 354 a .~ b may be at 

the maximum height in the chamber gas flo\v path to achieve maxilmnn gas flow. The 

thickness of the lo\'l.test confinement ring 342c of LCR set 342 may be configured \Vith a 

predetermined thickness to provide sufficient overlap \Vith the vertical outer side\vall of the 

aluminum ground extension ring 310, in an embodiment By providing sufikient 

overlapping, a gap 362, i.e., the gap between lower confinement ring 342c and. aluminum 

ground extension ring side\vall 310, may be less than about t\vo times (2X) the sheath 

tl1ickness to prevent plasma unconfinement, in accordance with an embodiment of th(• 

invention. 

[0067] Jn the OFF position, confinement-ring assembly 320 may provide for lmv gas 

flmi;,' and high pressme \vhere LCR set 342 may be employed in the collapsed state to block 

offgas flow through the expm1de<l, gas tlo\v bypassicon<luctanc(' ass(•mbly 360. The pressur(' 

in the chm.nber may be controlled through the UCR set 322 through ac.tjusting the height of 

each gap oflJCR gaps (322 a- d). 

[0068] In the ON position, confinement-ring assembly 320 may pre.wick for high gas 

flmv and lo\\-' pressure \vhere LCR set 342 may be pulled up to nnNock bypass slots (3 l 0 a···· 

c) _ \\lit.h the bypass slots (31 O a ~ c) unblocked gas lknv rate may increase by flo\ving gas 

species through the plurality of the bypass slots of the expanded, gas flmv 

bypass/conductance assembly 360. The UCR S('t 322 may be pulled out of the \\>ay and may 

not play a role in the flo\v controL The pressure in the chamber may be controlled through 

adjusting the vertical position of the LCR gaps (354 a --- b) of LCR set 342 along the height of 

the gas fimv path. 

[0069] As can be appreciat('d from th(• foregoing, the modified, confinement-ring 

assembly may be employed to regulate expanded gas flow rate amVor control pressure. As a 

result, rotatable, bypass choke ring may be eliminated from expanded, gas fio\v 

bypass.iconductance assembly. Therefore, additional actuator, 1/0 ports, and/or control 

sofhvare algorithm may not he required. Since quartz choke ring may he eliminated, the risk 
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of generating particles in the plasma process inay he rninirnized. With less rnoving parts, the 

probability ofpartide rnntamination may be reduc(~d, therefore, increasing the yidd of the 

application. Thus, the cost and complexity to the plasma processing system may be reduced 

by employing the modified, confinem(•nt-ring ass(•mbly. 

[0070] Furtilennore,. a plasma processing system configured with the modified,. 

confinement-ring assembly \vith a plurality of sets of confinement rings may allmv substrate 

to be processed in both knv gas flO\v rate and high pressure reghnes and/or high gas flO\v rate 

and lo\v pn.~ssur(' regimes in th(' same system. Thus, d(•vke manufacturer may not need to 

purchase several plasma processing systems to accommodate the need of processing substrate 

in a wide range of gas flow rate and.ior pressure regimes. 

[0071 J \':\lhile this invention has been described in terms of several embodiments, 

there are alterations,. permutations, and equivalents,. \vh1ch fall \vithin the scope of this 

invention. Tt should also b(• noted tlrnt there are many alternative \\>ays of implementing tl1e 

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

invention may find utility in oth(•r applications. The abstract section is provided herein for 

convenience and, due io \vord couni Lirnitation, is accordingly w-ritten for reading 

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

intended that the follm1•iing appended claims be interpreted as including all such aJterations, 

p(•nnutations, and equivalents as foH within the trne spirit and scope of the present invention. 
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CLAH:vlS 

What is claimed is: 

l. An apparatus for controlling gas flo\v conductance in a plasma processing chamber, 

said plasma processing chamber configured w1th an upper electrode disposed opposite a 

lo\ver electrode adapted to support a substrate, said apparatus comprising: 

a ground ring configured to concentrically surround said 10\ver electrode, said ground 

ring including a first set of radial slots formed therein; 

a confinernent ring arrangemeni, s<tid confinemeni ring arrange1nent including at least 

a first set of collapsible confinement rings and a second set of collapsible confinement rings, 

said second set of collapsible confine1nent rings is configured to inovably couple to said first 

set of collapsible confinement rings; and 

a mechanism configured at least to collapse and to expand said first set of collapsible 

confine1nent rings and said second set of collapsible confrne1nent rings to control gas flow 

conductance through said first set of radial slots bet\veen 

(a) an ON state in which a gas flow through said first set of radial slots 1s 

unobstructed by said second set of collapsible confinement rings, and 

(b) an OFF state in which said gas flmv through said first set of radial slots is 

obstructed by said second set of collapsible rings .. 

2. The apparatus of clairn 1, \vherein said ground ring is fanned of a conductive 

material. 

3. The apparatus of dajm 2,. wherein said conducti\te materja] is Alum.inum_ 

4. The apparatus of Claim l farther comprising a cover ring disposed over said ground 

ring, said cover ring including a second set of radial slots fbrrned therein. 

5. The apparatus of clairn 4, \vherein said cover ring is formed of quartz. 

6. The apparatus of claim 1, wh(~rein at kast one of said first set of collapsible 

confinement rings and said second set of collapsible confinement rings is formed of quartz. 

7. The apparatus of claim l, \.Vherein said first set of collapsible confinement rings 

includes at least one confinement ring. 

8. The apparatus of claim 7, \vherein said first set of collapsible confinement rings is 

movable in a direction perpendicular to a planar surface of s<tid ground ring to control gas 

flmv through a first set of gaps bet\veen said first set of collapsible confinement rings. 
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9. The apparatus of daiin l, \Vherein said second set of collapsible confinem.ent rjngs 

includes at least one confinement ring. 

10. The apparatus of claim 9, wherein said second set of collapsible confinement rings is 

movable in a direction perpendicular to a planar surface of said ground ring to control gas 

flovv through a second set of gaps ben:veen said first set of collapsible confinement rings. 

11. The apparatus of clairn I 0, >vherein said each gap in said second set of gaps bel\veen 

said first set of collapsible confinement rings is configured to have a different gap height 

12. The apparatus of claim l, \vherein said mechanism includes at least: 

a shaft: 

a first piston coupled to said shaft, said first piston is disposed inside a first chamber 

of a first ring of said first set of collapsible confinement rings; and 

a second piston coupled to a second ring of said first set of collapsible confinement 

rings, said second piston is disposed inside a second chamber of a first ring of said second set 

of coHapsible confinement rings, 

vlherein at least one of said first set of collapsible confinement rings and said second 

set of collapsible confinement rings 

(i) expands when said shaft is moved upward in a direction perpendicular 

to a planar surface of said ground ring or 

(ii) collapses 'when said shatl is moved do'WH\'<iard in the a direction 

perpendicular to a planar surface of said ground ring. 

13. A n1ethod of contTolling flow condt1ctance in a plasma processjng chmnber, said method 

con1pnsmg: 

supporting a substrate in said plasina processing chan1ber configured with an upper 

electrode disposed opposite a lower electrode, said plasma processing chamber comprising an 

apparatus including at least 

a ground ring configured to concentrically surround said lov.·'er electrode, said 

ground ring including a first set of radial slots formed therein, 

a confinement ring mrnngement, said confinement ring arrangement including 

at least a first set of collapsible confinement rings and a second set of collapsible 

confinement rings" said second set of collapsible confinement rings is configured to 

movably coupk to said first set of collapsible confinement rings, and 
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a mechanisin configured at least to collapse and to expand said first set of 

collapsible confrne1nent rings and said second set of collapsible confinement rings to 

control gas .flo\.v conductance through said first set of radial slots benveen 

(a) an ON state in ,:vhich a gas flm:v through said first set of radial slots 

is unobstructed by said second set of collapsible confinement rings, and 

(b) an OFF state in which said gas flO\v through said first set of radial 

slots is obstructed by said second set of collapsible rings; 

exciting said gas into JJlasma: and ..... -.. 

operating said mecha11.ism to control said gas flow conductance through said first set 

of radial slots and said second set of radial slots. 

14. The method of claim 13, \vherein said ground ring is fonned of a conductive material. 
. - ~ 

15. The n1ethod of claim .14, 'Nherein said conductive material is Alum.inum. 

16. The method of claim 13,. \:vherein said apparatus further including at least a cover ring 

disposed over said ground ring, said cover ring including a second set of radial slots fr.mt)ed 

therein. 

17. The method of claim l 6, \vherein said cover ring is furmed of quartz. 

18. The method of claim 13,. vd1erein at least one of said first set of col !apsih!e 

confinement rings and said second set of collapsible confinement rings is funned of quartz. 

19. The method of claim 13, wherein said first set of collapsible confinement rings 

includes at least one confinement ring. 

20. The n1ethod of claim 19,. wherein said first set of collapsible confinement rings is 

movable in a direction perpendicular to a planar surface of said ground ring to control gas 

flo\v through a first set of gaps behveen said first set of collapsible confinement rings. 

21. The method of claim 13, wherein said second set of collapsible confinement rings 

indud(~S at least one confinement ring. 

22. The method of claim 21, \vherein said second set of collapsible confinement rings is 

movable in a direction perpendicular to a planar surface of said ground ring to control gas 

flmv through a second set of gaps between said first set of collapsible confinement rings. 

23. The method of claim 22, \vherein said each gap in said second set of gaps betv.1een 

said first set of collapsible confinement rings is configured to have a different gap height 

24. The method of claim 13, \Vherein said nK·chanism includes at least: 

a shah; 
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a first piston coupled to said shaft, said first piston is disposed inside a first chamber 

of a first ring of said first set of collapsible confinement rings; and 

a second piston coupled to a second ring of said first set of collapsible confinement 

rings, said second piston is disposed inside a second chamber of a first ring of said second set 

of collapsible confinement rings, 

wherein at least one of said first set of collapsible confinement rings and said second 

set of collapsible confinement rings 

0) expands 'when said shaft is moved upward in a direction perpend.icutar 

to a planar surface of said ground ring or 

(ii) collapses when said shaft is moved dowmvard in a direction 

petpendicular to a planar surface of said ground ring. 
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