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circuits are formed froma wafer or substrate over
whi ch are formed patterned mcroelectronics |ayers. n
the processing of the substrate, plasma is often

enpl oyed to deposit filns on the substrate or to etch
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smal l er features, larger substrate size and new

processi ng techni ques, s ‘@C@ﬁlﬁﬁN#an&scene et chi ng

t echni que, require preci the plasma
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across_the substrate, for better yields. SUMVARY
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i ncl'udi ng an upper el ectrode di sposed opposite a l'ower

el fdatsr Gheinkohgfeatdrd sizeswpg dmplementansh bénew insatprialy irdedkt

whi ch QOHD[iSEf a groEQd ring configured to .
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ar [ r :
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ovtechniduees gruohiasl dnalnpmaisctnb pfrhew tettokque, rayyiretperiszonoatrol of the
ri i ncl udi hg a second set of slots_.forpmed therein;
SR AR O U oo R R RGBS epas ke bigate, or

I eJetbt YieldsO the ground ring to control gas flow
conductance through the first and second sets of slots
between (i) an ON state in which the first set of

slots is in fluid connunicgbw i4,h the second set of

sl ots such that gas can flewtHrtoogh the first and

sg0002| s&hembbdih&itof amdpidraths &5t colrolsihales flow\Wdhalictance in a
the first set of slots is blocked by the bypass choke

r iMepnspRcessiag chambeninalyding anipper elaefrrdetfbsSnosed eppasie a lower

S&f ! old? ?Erl]aé)tg(g ts(’)s%p?ggrt a[s d% c:te @g&%ﬁ&&ﬁgﬁg& é;’lr)téllfﬁrisfegré ground ring

con w con ance in
prooafigsiedgo chrarheicallyslimelindghaowp piictred€ the gband ring including

di sposed posjte | ower el ectrode adapted to suppor
2 ahstiat af 50155305%@}11&%{1; A{RiPass %ﬁﬁpﬁgé&%veg%id(mﬁ over the

ground ring and bypass choke ring, the cover ring including a second set of slots
formed therein; and a mechanism adapted to move the bypass choke ring relative to
the ground ring to control gas flow conductance through the first and second sets of
slots between (i) an ON state in which the first set of slots is in fluid communication
with the second set of slots such that gas can flow through the first and second sets
of slots and (i) an OFF state in which the first set of slots is blocked by the bypass
choke ring such that gas cannot flow through the first and second sets of slots.
[0003] Another apparatus for controlling gas flow conductance in a plasma
processing chamber including an upper electrode disposed opposite a lower
electrode adapted to support a substrate is provided, which comprises a stationary
ground ring configured to concentrically surround the lower electrode, the ground

ring including a first set of slots formed therein; a stationary cover ring including a
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ground ring configured to concentrically surround the
| oner el ectrode, the ground ring including a first set
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i ncluding asecond set of slots fornmed therein; a
bypass choke ring di sposed between the ground ring and
the cover ring, the bypass choke ring including a
thlrd set of slots formed therein; and a mechani sm
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¢ 1B i E PR s RTE SR “EToRE S Ren Rk 5808 et of sots
F'f}sﬁcnttl)ﬂhaﬁ Bavsandloe ﬂﬁ@@i tﬁe dira dh@ Bedhd el P slo@AEHdi) an OFF state
chanber
in which the first set of slots is blocked by the bypass choke ring such that gas

cannot flow through the first and second sets of slots.

DRAWINGS
[0005] FIG. 1 shows a schematic diagram of a CCP reactor chamber.
[0006] FIG. 2 shows a schematic cross sectional diagram of a CCP chamber in
accordance with one embodiment.

[0007] FIG. 3A shows an enlarged view of region A in FIG. 2.

-2



[0006] FIG 2 shows a schematic cross sectional
di agram of a CCP chanber in accordance with one

wenidsadsrmesit . [ 0007] FIG 3A shows an enl arged pCEUSHNT/025831
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region Ain FIG 2.[0008] FIGS. 3B - 3E show schematic
di agrans of an apparatus for controlling gas flow
conductance in the structure shown in FIG 3A [0009]
FIG 3F shows a schematic diagramof an alternative

gﬁ@%?ﬁlﬂl@f Fa 831%%? o %téll'el%&i ¢ ﬁla%%%%%é@ ag%g%glf’si %lr gg\rlltrolling gas
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apparatus for controlling gas flow conductance. [0011]
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enbaodi ment. [0013] FIG 7 shows an apparatus for
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widohtratiingpes flewhmmdidoemice. DETAI LED DESCRI PTI ON [ 0015]

BT AT A G B spparalts Tor et fopguctance in

O%Q&Jdﬁﬁce%ﬂ?ﬁn&m&én%'im%tearOdeS FIG 1 ShOWS an
enmbodi nent of a CCP reactor chanmber 100 for processing

a [80bHt rBlGe 7 shewd epiappadtus &or coneollmigegas flovecondsetpindeyin
|ncluges a Eocu in 598 and a chuck 104 for hol di ng
a &ty fuilcﬁt‘%lll e | ng operation of the

cheohgr . Fitha s%bwe Iﬁn hPfare@s fReonffoBINE Pak ASHAddndustBkédin

for instance, and is supplied with radi o frequency

( REyordangsrwigly angtheeenhodineniuppl y 110. An upper

el ectrode assenbly includes an upper el ectrode 114 and
a baffle or showerhead 116. The upper electrode 114

can be grounded or PDEATAI.EIY DESCREFTIGNpover supply
120 durlng operation. Gs flowis %E)Pl'ed via a

cdH{aLﬁ t Inzocapacitipelysoypied REURIAshC GRFrepgon apchambsr, plasma is
6.
RPLRELT WL IR Rl SRR ANAIE R dA0 G 1

10;Bbws 2h2mbodiment of a CCP reactor chamber 100 for processing a substrate. As

depicted, a lower electrode assembly includes a focus ring 108, and a chuck 104 for
holding a substrate 106 in place during operation of the chamber. The chuck 104
can be an electrostatic chuck, for instance, and is supplied with radio frequency (RF)
power by an RF power supply 110. An upper electrode assembly includes an upper
electrode 114 and a baffle or showerhead 116. The upper electrode 114 can be
grounded or powered by another RF power supply 120 during operation. Gas flow
is supplied via a conduit 122 and passes through the baffle 116. The gas is
electrically excited into plasma in the gap 126. The plasma is confined by
confinement rings 102a, 102b, 102c.

[0016] Gas passes through the spacing/gaps 124 between the rings 102 and is
exhausted from the chamber through a wall 118 by a vacuum pump. The plasma
characteristics are affected by the gas flow rate passing through the gaps 124. The

overall gas flow conductance of the flow path from the baffle 116 to the exhaust
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[0016] Gas passes through the spacing/ gaps 124 between
the rings 102 and is exhausted fromthe chanber

wo beosogisie wal | 118 by a vacuum punp. The pl asPeT/US2007/025831

10

15

20

25

30

characteristics are affected by the gas flow rate

passi ng through the gaps 124. The overall gas flow
conductance of the flow path fromthe baffle 116 to
t he exhaust depends on several factors including the

fori d si .of .th bet .th
" fEReRasitn seedh bl i e BpBeR e R s R s g oo
angnoeuthekihgs BYarPerBlsdliment thel gaf® ¢hd ieHal sidle Sti0MWAtrolled by
in FIG 1). [0017] It has been determ ned that in sone
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capaci tivel y-coupl ed plasma (CCP) reactor or chanber. )
THEORISHa ARRATYBEES A BRRVIded that aesepestie tsrionile A srpapdedgvariable
Proyi ' f ; Qadp el [ ]

D & Gnibdend agge B rﬁo%{gaaﬁae@%q%fegg%ma &Q:flxﬁareﬂ& or

OWS an exenp I ment ~of rtiron o
c ajhamiber. VEieyapparatesds pllaws e 1G0F) proeessingy chambehanfrevide a wide
chanber,. 200 is provided with an apparatus

200. Th
tﬁé?g%?fgi}?sa‘éasc%ﬂlt%anded, vari abl e gas flow
Cc{ﬁdtﬂgt APRE 2 MBAR ahRxEMP 5mg&ﬁmelﬁh@f £ £ 2@8pacitively-

i ncludes an upper el ectrode assenbly 202 and a | ower .
elw@opled gdasamd €N yeOt orichambey] 209. d hewbsmbart 200 iy ppdvades with

dur i I ing. Th I .
oA 30D A RECEL B I EBSE Bl b ees s
Otdhambby260. SPaCEhatibef 200 #fhided BRuSHR ERRErod@ hdsebtly 202 and a
i ncl udes a door or %ate 216 through which substrates

arlewenelocttsig/asssaatdyl 20f that hplds atsabgieate marlace duingplasmea
oStsBhE; SheUEngaPOTRb ARG BalMEs B 204 weseparacd rom

elqach ba@Eby b RpAIEI gap208. PheClEfBbedasall Bl 4sinplldeesldoditor gate 216
t he gaﬁ 208. The process gas supplied into the gap 208

i sheokigh mduch sbstratrgas| edrloaded By fie ghamder 3ppl i ed
000, PRl R SHEusoAgEs 23Tl R ier 01
(\WaEH Ac o slidwirhexl eledtrogle absenghlwhi@0procbsatgas mcdupgBed ato the gap
?:@%E fegggcggé g%{rﬁeulgtg]lé Hl oS th%%zp 285‘ ?s S‘,{%ﬁ%& ?rgtg %hecpalgsma state by
RF power supplied to the lower electrode assembly 204. The plasma in the gap 208
is confined by a wafer area pressure (WAP)/confinement ring assembly 206 that
includes a stack of confinement rings 207. The apparatus can include a gap control
mechanism for the confinement rings. Neutral gas species in the gap 208 pass
through the spacing between the confinement rings 207 in the generally horizontal
direction and enter the chamber space 210. Gas is exhausted from the chamber
space 210 by a vacuum pump 212 coupled to the wall 214.
[0020] The rate of gas flow from the gas distribution member 203 to the chamber

space 210 affects the pressure in the gap 208. To increase the gas flow rate, an
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mechani sm for the confinenent rings. Neutral gas
species in the gap 208 pass through the spacing
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hori zontal direction and enter the chanber space 210.

Gas is exhausted fromthe chanber space 210 by a

vacuum punp 212 coupled to the wall 214. [0020] The

rate of gas flow fromthe gas distribution nmenber 203

to I space 210 fects
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2 oo Vigdtof A8 AR SIETrIseHC Bhd SPANSEARERMISH 448y top plan
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AsA JeRi Gt e FIGS BE3 D3 %eﬂ@@ctﬂoﬁ%keﬁlb@fﬁfcﬁﬂl@s the ground ring

assenmbly 1 ncludes the ground ring 314, bypass choke
r ixl¢, Bassnchoke ehgi 398amounted mrmrpwst@ipad nbhannebfommdd imthe ground

}ogfqug{ lgggrgd é(%,vg 'Slép4 a%t}lﬁél SPS 5{]@ pre% rabivutlo%'rlngcll
p@o}’}t@tﬁ&ﬁfo&é&lﬁyﬂ@ﬁé"éﬁm ot BiEFiie, ore sb@td telifice RERionaEMction

to reduce rotational friction between the ground rin
3etvegen thhgroshd kiagilAgnd Os ehoke ﬁlggﬁn% direing myvemgat of the choke

Cl'ﬁ% e30r8 ri:q 39§ shg\L%%éoptEQ%iﬁ 9| A uég gy;?m ?fzho eer\f\rllsgoo(%Sts tlﬂgt includes

bypass cho e ri

3 lﬁhﬂtlpﬁkﬂbs 8 1@, 8N 0l (tefeprei@s emircedlleet¥dly @i o83 19} extending in
310) extending in the radial direction of the choke

r ithgyradisg dirggtiomgidhe chaks ring 208. Liikepvisehe ey ey ring@4and ground
o‘}ﬁrﬁiggﬁ}eb Yfély 1ﬂ el'k‘ii@ts sb ;I 308 gggifeg’&ﬁtoq}eg&ﬁf gfiécgglely as

erein co ectively as s 6ts and slots
35Rits B(Dfs)tandrsh)tsB 24, atzu that dre sghiddrdo Bik(slot§ B&0.sTht slo&136, 310

310 can have any sui bl e sha such

500 N8 st Ry R e Sene, Siefids Se R Tirof §apeapidal. The ground
m?'ﬁll% Al i¢ ﬁﬁgé' 6? b&ﬁiu@ﬁ@@ﬁﬂaﬁ:‘nal UG aAduR v, QH@EO\H’ ing 304 is
COVEr ring is made of a dielectric material, such

asna}lsraxftazhelacndc nieteridlolueh n$ guarg)8nd therphdke uhig 308 is made of a
quartz or SiC. [0022] The

gg@ggﬁﬁéhéugﬁiSgﬂgaﬁﬂ%ﬁﬁﬂnﬁfﬁg 314 are stationary,

WHoo22]t hEnddoResEng 304 and ground ring 314 are stationary, while the bypass
choke ring 308 can be rotated relative to the cover ring 304 and ground ring 314.
The bypass slots 306 and 312 formed in the cover ring 304 and ground ring 314 are
aligned with respect to each other when viewed from the top, wherein each pair of
slots 306a, 312a; 306b, 312b forms a line of sight path. The control mechanism 320
is operable to rotate the bypass choke ring 308 relative to the stationary cover ring
304 and ground ring 314 to control gas flow through the slots 306, 310, and 312.
[0023] The confinement ring assembly (or WAP ring assembly) 206 includes a

WAP ring 300 and a stack of confinement rings 302. Hereinafter, the terms
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choke ring 308 can be rotated relative to the cover
ring 304 and ground ring 314. The bypass slots 306 and
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are aligned with respect to each other when vi ewed
fromthe top, wherein each pair of slots 306a, 312a;
306b, 312b forns a |ine of sight path. The control
mechani sm 320 is operable to rotate the bypass choke
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pi %tledrwmetirae onx end of the Ihaffet 3322&;d amakteatiosl O@nrgmmem R2rrs

330 th [ f t

s30T bap st AR SUPaIeE 131e R is colHPBRT of22 hareed

g rz@dﬁh@t the TSt kth ofthé AERARINYBH 3DY b32Re bfavRA®Hal BSfc@hcting on the
one end of the |lever 332 and an actuati on conponent

3xpunteryieighi P& at the other end of the |ever 332. The

oSO CHpCRMRORSILEAES s MR Bl OB AIE Tl dfacon
aabi 8g4 (alsdmocediopesrde rmhﬁ dAeGo tHeORret] oﬂM@Wetghe 326 the lever
confinenment ring assenbly 206 is _noved up

acPqdetals in dig dockyise @F%C&O%F/Ka 3B vad ghe %eﬁthew@ 3t38 moves in
T BRSS9 b B0 45 R R0 o

arthe 3i3ecton\384 sb rhdthiee biypascelosd 10 fareaaligmed 38th thd bérer stobe312 and

33 h b hak 308 i h
ai P csichites 2aS Do raraebh ey b caered Bitueh s Bres Srs ofas. FIG
WiIdsHORR tAE RS g'ﬂréﬁo?l ot 4Re AREha3REn 350/ RIBL OHag%s floWWétate. In

passageways are forned through the three sSets of
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h
Sepeeeh B Bt metheBiay 0 e i or el FUBH T pop phdEtance parn
PURRASE sPts 300, 380,rALI on. Thus,

[0025] When the confinement ring assembly 206 moves downward, the actuation
rod 324 also pushes the actuation component 322 downward. Then, the lever 332
rotates in the counterclockwise direction and the tip of the arm 330 moves in the
direction of arrow 336 (FIG. 3B). Then, the bypass choke ring 308 moves in the
direction 336, thereby partially blocking the bypass slots 306 and 312. When the
actuation component 322 is at its lowest position, bypass slots 306 and 312 are
entirely blocked by the bypass choke ring 308, as depicted in FIG. 3D. FIG. 3D

shows the configuration of the mechanism 320 in the OFF gas flow state.
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operation of the mechani sm 320 provi des an additi onal
gas flow conductance path through slots 306, 310, 312.
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downward, the actuation rod 324 al so pushes the
actuati on conponent 322 downward. Then, the | ever 332
rotates in the counterclockw se direction and the tip
of the arm 330 noves in the direction of arrow 336
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gg{g.ﬁi}ﬂzl 1312(59 %hg&ln%ﬁ%o%%QB F.‘f&s.ql Y Bafst tﬁ@mo%% &%lustration,

pI cte oke ring 360 has a
sl eatls eBf2plaryr @ovgedng lchoke fihg, and reeeumidatenisisadbwn to include either
e enpodi nent, t er rin

direction. | h , d .
G55 08 OV RS iy By S AE P B BTG os 1oy thase three rings
tF @%ﬁg&;&p@# agtfaﬁfé%un&&%ﬂrom ah SuEPERUMRN & SERWWI N
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ac Lng.t 0, anot her. exenplary e di me ElLGs. AB
e DRl B0R RS e TR rs B T e
NMegdtaods iRséZBly inbRidby » gfuind iset 14] Bghaddéhokathgdf08UnGunted in a
ring 414. In these figures, slotted cover ring 404

( ring-shapgd ehanpelfgyaed mdhe erungduingsdd. #1d 4 slptied peter sing 404. In
S5 B RILORL 50 PO Ul o d 02 i Bl i

C lvhkilee ring1 408164 brorondtedirdlative to ithrgeosbaneg 40h aindglouhd tinga 14.

in.the ground ring 414, and slotted cover ring 404. ,

| Pheitined ot AT cétibé mRGtARHE S BRicr i HoropBs respective
I3s 406w R LR RS 3 cf@laé)éémﬁ‘é@ I(:Jég sHd¥én mheee 4l Eg: C%Qlﬁnﬁxg@nt ring

r
be rotated relative to t ver ring 404 a grou
r iangpmbiy 206 emovergs tHOdirectiod, of 4frdwoetil tyea smarbleahedhamism, such

S%g%mtner{gi, grlldc' isac%u}) Q35 thoefmttec %mrsrensépz%(.: tl\i/IXl%ple balls 416, preferably
formed of PTFE or the like, are used to reduce rotational friction between the ground
ring 414 and the choke ring 408 during movement of the choke ring 408.

[0029] The mechanism 420 includes an actuation rod 422 coupled to the
confinement ring assembly 206 and having a tapered section 424; an outer case 428
secured to the ground ring 414; an actuation spring 426 for resiliently urging the
actuation rod 422 and confinement ring assembly 206 against the CAM ring; a lever
430 pivoted at a point 438; an arm 433 having one end secured to the lever 430; and
a lever spring 434 for resiliently urging the lever 430 against the side surface of the

tapered section 424. The side surface of the tapered section 424 is in sliding contact
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rings shown in FIG 3A, for exanple. As shown in FIG
4A, the confinenment ring assenbly 206 is noved in the

waeososisesr of arrow 401 by a suitabl e nmechani sPCT/E8mI07/025831
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as CAMring, and is coupled to the nmechani sm 420.
Multiple balls 416, preferably formed of PTFE or the
i ke, are used to reduce rotational friction between
the ground ring 414 and the choke ring 408 during

novenent of e.choke ring 408. [0029 e. nechani s

47" %ﬁ?&éﬁBQnTEEFR}Hﬁ s Gationsh %ﬁb& Fing asprgnoly 206 can
CoRthae ng foP sARDATRLYing BR RRAnERYAHhPastEREIDD6 against the
section 424;" an outer” case 428 secured to the ground

r iGyMaring asadetaitedun . SnPatentiNg 64168,066r resiliency

ur.gi t.he act.uatiop rod 422 confin nt rin .
2S00 RwRRLER 4B pittei e g 1 o BBty rsSrray in
atth@aRel difecdSB of B RéiNdAd 41BN HHGi@NQirR0d of BlelthRfed Section 424
the |l ever 430; and a | ever spring 434 for resiliency

ubyshrg thileverddd) siddvryageduaiog thalsver 439 touetatecia the t he
t aper.ed.sect.ion 424. The sid rf f the ed .
S BN ERHGSH1<CAreh i (o e Rt B Torion M AP S is 440

Then spbtiited Poralls] wRhE Bxial dircttien GAMerdrovhdasiseaid. YA lever
can include a spring for resiliency

urgi ng the
cdaPirplatesrthe armp ¢33 286 fi Bypasserhakaring 140? seurted i thegryst33
det.ail-eduim L 019, . hi
opeiisfidhd Brbcip JFARBRLDATIC, B3 Piithe bibahigh bupass stots 410
pro€tier eloky ring 408 aragiadhali blecked ooveted) by the oaned ring@@4 and the
414, the side syrface of the tapered section 424 . .
PR Hinged | tﬁ%ﬁ"@i"’d@\ﬁé‘?@}t“@é{@i‘?%g fihthepogitionlgpicted in
t gyoat e in the countercl ockw se direction (when
viewed fromthe top) on axis 440. The axis 440 can be
or{0e3it] e dApthealctuation cod 422 iaxiailed dpwand, tlonlewér 430gotptesitndurn the

[ 414, 1 | 430 3 .
A3 408 B8 R R o, M B S Mhon o 42
I QbRhEs tSuppte lishif 8Chbosmat:, RE s 4632 4( Fhiel 4 #Bire dRghEDNFith
this rotation, bygass slots 410 of the choke ring 408

aregclyethduand the prasbirism (420 \veedys thy manenem\ges flowrgpndgetance,

and t roun [ 414 .yntil the sl 10 are

nfrob B TR Aah 49 Pk drlf BT a6 ae

[ QO3] ASIG. BA holwdahipparkd iddedihg a FhYIedrihP¥&iteb] nideRanism 520
| ever 430 rotates to turn the choke ring 408 in t

diaceardingrio snother exmplgy cmbadiny. Iw%@rillv&ﬁ@te&cﬁr%ﬂd?%ﬁma the
2R  AEPSTh T b TOHETE R R T R
nERIGaBAS MARDiIqedIn €S SAh Ghemaxiinemegaimgf dseemnbly 206 is moved in
gglgggig%:gigg%’f p}rgvoﬁ%? wthPc is lp?etfgraélc))/qﬁ tlfrelzg(ia ndclire?:'t]fézﬁ of the ground
ring 514, by a suitable mechanism. The mechanism 520 is operable to control the
choke ring 508. The mechanism 520 includes an actuation rod 522 coupled to the
confinement ring assembly 206; a first actuation component 524 resiliently urged
against the actuation rod 522 by a spring 528; a second actuation component 530
coupled to the first actuation component 524 and configured to rotate on an axis 533
when the first actuation component 524 moves in the direction 502; and an arm 532
secured to the second actuation component 530. The axis 533 may be oriented

substantially parallel to the axial direction of the ground ring 514. The mechanism

520 also includes a support element 526 secured to the ground ring 514 and which
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[0032] FIG 5A shows an apparatus including a choke
ring control nechani sm 520 accordi ng to anot her

wezespimiy enbodi ment. In the illustrated enboRCTVER2007/025831
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the | ower el ectrode assenbly has a structure simlar
to that of the enbodi ment shown in FIG 3A As
depicted in FIG 5A the confinenent ring assenbly 206
is noved in the direction of arrow 502, which is

f er.abl t f th i ng.
D bl e A TR AR R b S 438 a0 Mbing 5.
O PRt LarldOse 661 a[c@dlatfoh%oﬁlb@h&ltﬁ 524 530F0rn] Bend¥Rsk1SRItE Gbnvert

520 includes an actuation rod 522 coupled to the

c dimfehnmption inte rejataensd mﬂtlynzﬁ er ingtangg, dhe ﬁrzst gt $egpnd actuation
conponent si_lihenc e S tuation

rod ?elbtfggﬁl’ssrgr%icﬁﬁ bgféx atl é‘gro?]%%ggt %Sa i gcr%g&con”ponent

530033juph & thetdntileméntiriiig aacdnilally 1206 ic@BPENEthe aaéct&ﬁnosoz the
conflgured to rotate on _an axis 533 when the fir

2ovd byRpwsisbake 5pg S (wih slets Ha lrocbée?'eﬂ%e‘t@zthe arm 532
22}%?)%@ tﬁggcgﬁle%ﬁag%glg% érg%%rl %?ge(\glp?ﬁbté%c}'zg{‘slzb) and slotted

s Wostmeririg 504 GWlﬂﬁ.‘ﬂa‘SB@ba 1306bJEFIXiSE shdwsaabp eiewodf thbeover ring
gr ound, rin he mechani sm 520 al so. i ncl udes

514, .
grigh @lpgniéhé@ b@zée% B theedhoke ripge0gr dhialati cagfe gxatinis the
V““tbﬁﬂﬂg&soﬂw SEdTBEEAR s%'owé, gRB;g Ulew! 8 tht BSveririndts04 with slots 5062

actuali on conponent 4 an ring 528. The first
s eatigneld wd:rh ulst other dotsppdNa atd S B24p féﬁlﬁ) ghoflow @amgmmss m

| HLfBREREh, RS SPGB ARt b D I Ero o BOSonL Bechanism
5 25‘90 1§ ggerﬁlﬁ@ t®EorfirdTRkd 1k @ik 508 268 @f&wdé@ vERNIE Rt ow
[ 0033] the confinenent ri n%sasse I's noved

06
| monﬂ@ctmqeé:@twctm t5O QF Frstate andrig3izpistad %&lp@% sf@hao ke, a state in

ts 51 510b

e sioth 52 i s B gidin e PRy BV EnirRa b nG s rine
( vsotsh I# bfHes woida thetdR M} at@bsh Bhed freeh OYON kd pm&ﬁ)ﬁon
(with slots 5064, 506b). FIG 5B shows a top view of

t HA034y eFhe exeqnrioy opiboringenss of thesacchnine @rwntrﬁlémg gas flow
¢ Q%ﬁgu{tﬁl{& Sﬁ@‘?&lﬁr EE%S Si O%CCAQ(? ];éégé\t/{;&gk}' Wﬁfg}gﬁ gnéﬁ,ﬁo&'ﬂ%n the

l'ow S ‘hows "a ver ri
SQZJgu\t\est for Bieoity). SDIEaCAM ginggican beconhelled, fer exangils b@]zﬂeantable
and 512a to form ?as fl ow passageways ther etagr oug
Trfogtre) @Fcf@a Bat BIPPRNFILC I § DIPSrORFasSien ﬁog% apéessure

T_*L%nwg%g tﬁ’é’@}{aﬂﬁie ferxﬁQn?'FQ\kz,refsBﬁe COREE CAM

ring rOVI Vari able gas conduct arice
beionﬂehnbd:}mn@ﬁi: and aacrz‘h alithe tinkedey aned! methanid gioanan FIGS.
e

Bt e L e Sl oL 212 D LA 0L,

[”o rg%aspﬁr 12}@1{1’6{/&3}5 30 8etiBbrStha i G &amdruppercel édtle fabdeib 1IN (FIG.
5A).
[0035] FIG. 6A shows an apparatus including a choke ring control mechanism 620
in accordance with another exemplary embodiment. As depicted, the lower
electrode assembly has a structure similar to that of the embodiment shown in FIG.
3A. A confinement ring assembly can optionally be used in conjunction with the
mechanism 620. The mechanism 620 controls the choke ring 608 to control gas
flow conductance. The mechanism includes a motor 622 having a rotor 623 and an

L-shaped arm 624 that is coupled to the rotor 623 and choke ring 608. As the motor
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[0034] The exenpl ary enbodi nents of the nechanisns for
controlling gas flow conductance shown in FIGS. 2 - 5C

war@sasisuat ed by CAMrings (not shown in the fPOgDUS®07/025831
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for brevity). The CAMrings can be controlled, for
exanple, by a suitable control mechanismthat is
responsive to a pressure sensor signal froma pressure
sensor operable to neasure the chanber pressure. The

P 22 ol Y e Mo R HBRKOS ¥iek 86 Bloa, 6100) s
5Goedd feRERE & § SQHbAGY ceatTily EMSWEIN &S 6824 61 26)Pand slotted

control of the plasma pressure in the gap 550 between
gan

t FeveoRg 6Ghavithhglets 696act00bl cThesweltts62é say be Ghigpprecision

[Q F Ws_a arat us .4 ncl udi,ng a.choke
pPing by SR BT AR BBRAAND I A o e iR g o
exesmtaty tedhdEng 614s depicted, the |ower el ectrode
assenbly has a structure simlar to that of the

ertBO rehite @ARAZE is mngrollghby A neesar ¢andied deviee pgmotor controller
a : L _ - . k .
AT 50, R OBLLY R38R DAR ) TR sensor
Cclsignal fromoa m@SsurOsaroi 633 fog aradring the okt peessurh @he pressure
mechani ncl udes a notor 622 having a rotor 623 and

m i
arseRsog ﬁgﬁ’éa?‘gf RO deNige 679 g irhpkring confeol mpgchpnigmi20 can
a .
S A apatE SR for Rl Bl BB PR PEreshs fhicker 640
610037]i sSFiKhi68t shdwsel tap viesv vfthe cotatringreddywith slatsd>06a bipcked by
614 (W th.slots 612 612b) lLotted cover ring 604.
( qu %hcgqedtrg ay ,th%égngater oHops 3 teaﬁl%oé‘the %over ring 604
hivghr 8b&%08h a1 BRI B IR QlotBFD BaVE1 2ioSBRh lgas flow
di mension so that it can be located near to, oOr
s @essagevays, intal{ully QN stdter ibhgyv@/E4, th¢ 0@GIBINISPh 62 0nixt eper@tQ to
is_controll. b not o ontrol deyice or nmoto
200 b dphidse B RaVbR iyt @Rk i St o byl the two states
I eBPWNSILS/ e dtite ih Mhedh tAk kBts G120heBS fio@nd SN @14 St Ipatially
froma pressure sensor 632 for neasur |e&g t he chanber
provsdapned byribe phakegingedUe d8 ethes 3@rdsyhedPNatate ean range from fully

dew d choke ring control nechani sm 620 can
fm?(gp%glgg%ggk system for accurate control of the

pl[6638) PFIES Fwhews an apgargiap ifehlling §0Boe frgzontid] sleokénidn 710
top view of the cover ring 604 with slots 606a_bl ocked

by™ BFROTEASR &1 a9 thep gx¢mpleRecraiadinient: dn thg enberimeRp e lower
a I

2171 S ot SO, 1% Rt ar o M ARl b GrpRTn FIG. 34, In
f Ithis/ ephodmgmnaiie loweraldotrotly aGhinbtyadrel anHppewv electrédeeassembly,

ni sm 620 i r ahl . .
new%ﬁc {ssnot ghOQNIII oros rgpl?CQty,edégne a gap 703 where the process gas is excited

into the plasma state by RF power supplied to the lower electrode assembly 702. A
confinement ring assembly can optionally be used in conjunction with the
mechanism 710. The cover ring 704 and ground ring 706 are stationary. The choke
ring 705 is rotated relative to the cover ring 704 and ground ring 706 to control the
gas flow conductance through the slots in the rings 704, 706.

[0039] As depicted, the mechanism 710 includes: an arm unit 714a, 714b, 714c
(referred to herein collectively as arm unit 714); a pneumatic cylinder 712 for
actuating the arm unit 714 in the direction of arrow 711; and a motion converting

mechanism 708. In another embodiment, the components of the arm unit 714 can be
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provi de a variabl e gas fl ow conductance through the
sl ots between the two states shown, i.e., a state in

wohishsishe sl ots 612 in the ground ring 614 arBCT/US2007/025831
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partially overl apped by the choke ring 604. In other
words, the ON state can range fromfully ONto
partially on. [0038] FIG 7 shows an apparatus
i ncluding a choke ring control nechanism 710 in

ac lance nQt h | ar nbodi ment t he
nfég'al Iass Wkelgéal% &é EI‘%F 81:‘%%58 &8nge§§ HE 998 1s coupled to the
Si airl it 116 drldahe ethoKetengeTU30MdTE Bf)erﬁh% doRvért %eﬁ/ﬁqotld?l of the

this enbodi ment, the | ower el ectrode assenbl

L eyt kTR tasio kB on of e Rholc e T Bmhe ambodiment, the
0
Z'Xrg?éthélgfsl&y’i%d%% bre]:es #i1848 tltz %ex%éfsagt %g)\?vgﬁ@ %855 B 3’0{ %xample,

I'nto st s r supp

t hthe bamponeat em:ﬁrme)ea&s@ ifbplce/&xhe Actaatidr @rBD4, 42'2[1 @nd 522,
assenbly can optlonaléy be used in co:%ﬁnctlon with
t HehilghR 9Hies rompenenisef the nsehanisy 3284420 andys Hsan b erépnted to

c&flﬁloﬁﬁt@%ﬁ&ﬁﬁ%neﬁh?l&r&%ﬁﬁdﬁﬂoxﬁ(ﬁe bortdr sk ed

ative to the cover ring roun ring 706 to
c d004(!j| Infemotiees efbodingemn cin el el t;dsiemmg leath be csﬂtﬁdlh:dlbly an arm

the ripgs.70 39]. As.depi cted, the nmechanjsm
7oA RYises! 16, ﬁqﬁﬁﬁﬁ["tﬁ?i“{fl’ﬂ%éce Hp/n éopies %?%@? piggal through

t onN@ERlithl MBI 9681 YRL ¥at1s 788 BAHAILS infhfika ﬁe&ﬁ%%r%gmal from
cylinder 712 for actuating the armunit 714 in

di armessucmseosorépr mgasuring; thecitarrabenptasanec dhe ehekeming control

mechani s 8. | n _another he c onent s

o rirah i 710 presShs SR haf BRoah Shbgn e TR =
Theedpatlk 66t BYQérh i fEHadtartaEiniidl Pfheiplastitt&drd A théBap 703.
armunit 714 and the choke ring 705 and is operative

t dO%Hv efIG. 18ishews apwppasatup 09 ey cantfpllumvgtgav flawi gpnductance in

r o%% glpc% wi %1110 ergf boﬁ?m \gog\ c{eR1n d, e #dpgr éltgctrc%che assembly

msnt nechani sm

Wﬂﬁﬁ&@esseﬁliﬁlpﬁaﬂeleéh?&e 80Achab(@.a dﬁ@bveﬁié@ﬂ'@bleﬁgdrﬁl@)n for distributing
conponent 714a can be used in place of the actuation
r gHecesDgas intoya 2ap62; and anHppes grennddingef0awmoyndingdhgppper

t NEeciBal §64 Sﬁé%@ver%?egtro@éq%f%gl 3 engau85§ aqpélgchots&tlc chuck

accomnmodat e the conponent ing from
b(&lO(fm lsoldmg a[ilBStE)&]te hl placmdldrhfg padnadproeedsinganpper hot edge ring

n0| ontrolled b arm
coiershihon be Trmsd ofndicarrgie ﬁ?&c&utqaé\ﬁgc@%w%\l%@ be formed
r Qﬁ’%’uéﬁ%z %nf ‘QH bRl 05{169 g gl%r@f‘&%t&ﬁng lt}?ecér()hﬁ@hng 854 €om the
The cable 718 can so i nclude pressure sSensor
s |pglja$arla hrthergap §02% Iusenglentypthefother memponénisjof the upper and lower

S RSSO 350 S b RS GBI e
ca@p&om 18wer electrode assemblies can be practiced with this embodiment insofar
as the mechanism 800 can be operated in conjunction with the assemblies.
[0042] The plasma in the gap 862 is confined by a confinement ring assembly 839
that includes a WAP ring 840 and a plurality of confinement rings 842. Neutral
species in the gap 862 pass through the gaps between the rings 840, 842 and flow in
the direction of arrow 852.
[0043] The illustrated apparatus 800 provides an additional gas flow conductance
path and includes a slotted cover ring 820 with multiple slots 822; ground ring 824
with multiple slots 825 aligned with the slots 822; and a bypass choke ring 830

11 -



feedback control systemfor accurate control of the
pl asma pressure in the gap 703. [0041] FIG 8 shows an

wapmansisus 800 for controlling gas fl ow conducPe@nue2007025831
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accordance wi th another enbodi nent. As depicted, the
upper el ectrode assenbly includes an upper el ectrode
804 havi ng a showerhead configuration for distributing
process gas into a gap 862; and an upper ground ring

6 surro ina.the u trode .804. The
o e P RS b SonOREF oo Bk e ke Fae BB s meebte in
81ffe Haecthnl ¢h dﬂ@)vﬁSﬂ«lbﬁh Gaitadld dttitidaenéihahiss, Bd 8RfBhe spacing
processi ng; upper hot eggf ring 812, which can be

f dhatwerTothe protrussms 8dfan ermeer@uffé@esmfrﬁ@e gots 822kind 1825 (i.e.,

o S 08, ST B8 s
t 8229 dor 802nplkepin Gergphbodirhynt, dritcorahdrelacRAHTPO ARTRIcY bafs 850

t he uEﬁgr and | ower el ectrode assenblies 804, 808 are
ndtouB s8R therranfinemgnt nipgessembly SR aetupigdhe choka mpe3hindn

I
erihes eABbARA SR SR ARt ERh G Ray 1L We
o pentaddédentrshownjin #EGi Dis avupled tdeheahvkertihy 830 ahd M@jeratlve to

The plasma, in the p..862 is _confined by a confinenment
ri 5L Qe BPKe 535 SHhath ﬁeﬁséaéén ao‘(ﬁz\pnlg.fi%e ey toysiots 310

pliyrRd érﬁb{ocﬁﬁleﬁpﬁfo'\ﬁﬁme 3] ngﬁteﬁﬂlﬁvel e sy §ﬁ&inet§e inthe form
the gap 862 pass through the gaps ween t e rings
84d cogddtranngd o the ptdimisiins eart alsm bc)f:ormenmw 18§38 when viewed
[d%?3k The illustrated apparatus 800 provides an

% P- gas flow conductance path and includes a

sl [001 d HOMBEral| tHQ v&Rhe it Fay ngh esuth @t 8638 Zt?etwgétpt‘ﬂ@ Gpper
rin 24 wth multiple slots 825 aligned with

slapddogorelecirade asipppdics l%hnqlﬂtlefeltyu snglllwgmwdtg th%tl qf |tlp¢ ¢hamber
4
pr §S%U§uc% @ d’lts t'ilg telcgha iy g?e sgwqgaég 158 re(,g{lg &?@8‘88 ény plasma n

ache! gip, G ¢REMANIcAMing @ssEﬂﬁBIy énbles R 36iallg ohehy\BRBsrd Bontrol and
protrusions 834 and the inner surfaces of the slots
8 Plasgpcoppiementover thegptishranpe ebihesap ¢6thopbimaig phygjcal change
0
LS RIhGRE ﬁgld“ﬁdiﬂ?e B8 s QO AU LGNS e gas flow
aaiouéﬁotmens)dﬁ:rme(bhy the@hPasaly shwmintFIGSC 0Af-i 8)pidhAia
assenbly 839 c uat e t he choke rlan830. In

A A FORAEOnS FLRG sRzolled Quigkly, andiaccustelsinglpsma prgcessing chambers.
C C[U@menWhm:ﬁ!}gs indeldt 1R H@%Eﬁb&fﬁ"&tdlpwﬁl q':éfezenhéto specific

coupled to the choke ring 830 and Is operative t
a@tmlmiencrttethemﬂf,elt wiih ye 8pMarenthe tholso slsill8@ th the actdhetrvanous

820 n1Jar to slo 310 i.n the enbodi.nen
G epeF and iactiiioRs cahEmpaS ajd SquiBalbiS e o i b
| MepA@ink FoM the scope of the appended claims.
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of concentric rings and the protrusions can al so be
concentric rings when viewed fromthe top. [0044] In

w@eonsnsds st he vol une of the gap region, such aBCB©82007/025831
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bet ween the upper and | ower el ectrode assenblies is
relatively small conpared to that of the chanber
space, such as 860. As the etch rate of the substrate
is directly affected by plasma in the gap, the

c i i enbly enables a small vol une
pﬁgibgfigggﬁébﬂﬁﬂgﬁi pl asma confinenment over the
entire rangeARbppreug &t hirbDink gARFBH dORNEdtERIe ifiAPIMEena

to the chanber hardware. Al so, as the volune of the
gaposessipgahambgrdnelndingas uppeneleshioda dispasas appopite? koA d

by I ' . - sna
o ocideBaXBAIS ol Rl Tl Fpatificediipdh@el™
pl asma gpgroass tihg gosf@rbd tosconk &AL 1 Whirloaind fite: Toeée slettddde, the
has been described_in detail with reference to

s gaeynd ngesBdingen st seif slots formedithereilie apparent to

t hose %ﬁa@@cﬂdﬂetx@ ;art t hat various changes and

nodi fi catlons can made, and equival ents enpl oyed,
wi t houta aeparihg digpdsedraviehthepropsl rig drideb yppjreciohdd ring, the cover

claims. WHAT IS CLAIMED | S:_ 1. appar atus for
cdtterBriring agsgsoaf Bho E alﬁmfefra%ﬁ@ewrg&n | asnma

pr ocessj AgcHRRAFPSdaptdlith 45 iAn8 BypRP 8hol&! ififd fePie to the %round
di sposed opposite a | ower el ecttode adapted to suppor

a rengdeteontrel, gas Hovappuinatanee thomghitke figgt and gaeonddets phglots

e ety FE ey S AE Bt T B el M o i Bimpgication with
sltRé SechR BRGNS Qichithat daY BASHoW IR6BgH tHirsParti®éEdnd sets of
ring dligosed over the ground ring and bypass choke

r istags andh@) ao e stategniwiehutie Agstacselodetd isstlelpcled byl the bypass
fo d.thergin:. and_a hani s
oy pAEEbRid e B8Pl TGN BBRERET Rnd Poclf B BFstors

control gas flow conductance through the first and
second sets of slots between (i) an ON state in which
the firkst sebhepparagissoficdaimyl,Myhsreincomuni cation with

the Se%ﬁ?ggoﬁlghggf ' ng%éc&}éi:?ngaf’ést&ﬂﬁlg&?%ngi' ow t hr ough

the firs 0 sets o ['ots an i1) an OFF
st at e ithe fibdt céx dfisiotf isradignsdvithfthesicodsd set ofkloeked by
t he bypass choke ring such that gas cannot flow

through the first and second sets of slots. 2. The

appar atyis of gl Giftatus NG4iRl D 'wherein each of the cover ring and bypass
choke ring is formed of dielectric material, and the ground ring is formed of

conducting material.

4, The apparatus of claim 3, wherein the cover ring and the bypass

choke ring are formed of quartz or SiC, and the ground ring is formed of metal.

5. The apparatus of claim 1, wherein the actuation system comprises a
confinement ring assembly adapted to encircle a gap defined between the upper
electrode and lower electrode and includes at least one confinement ring, wherein
the confinement ring assembly is movable in the axial direction of the ground ring to

control gas flow through gaps between the confinement rings.
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the ground ring and the cover ring are stationary; and
the first set of slots is aligned with the second set

wobooslogtsss 3. The apparatus of claim 1, wherei PCERESINOD25831
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the cover ring and bypass choke ring is fornmed of
dielectric material, and the ground ring is formed of
conducting material. 4. The apparatus of claim 3,
wherein the cover ring and the bypass choke ring are
formed of quartz or SiC, and the ground ring is forned
of metal. 5. The apparatus of claim1l, wherein the
actuati®n syshesppreaiy ofSesinal Jonhémeipiising: Ng assenbl y
adapted to encircle_a gap defined between the upper

el ect r CHRACEIES PeRT foE M@t BiBcSas REESPHE [y e lasma pregessing
o] [ i,nsthe confinenent rin
ag§%%@PI&ﬂ@ﬁﬁgvggvggmn@@ﬁgﬁgﬁgal di rection of theg
ground 4 ¢digrol deviodtdspbnspasto fthosnbd sigiah agdpperbite@eaend a
the confinenent rings.6. The apparatus of claim 1,

f (fonHel s‘&‘éﬂlrﬁ‘?li %qnﬁr@”l% the actuplion Y&¥8er for neasuri ng

gas pressure in the plasma processi ng chanber and
sendi ng a sensor signal; and a control device
responsi.ve tA méthodeficmtrolimgndw aoluoacaby uee oths davice

a control n for controlling the actuation system
acﬁ\orﬁ&%&f %’Fla]lc&ﬁfnrpélls’lnﬁng fl ow conduct ance by use of

t he deviusgoring A difichrdactel aivdirdte if %rmas?wlgmcessmg chamber
supporting a Sem conductor substrate in the plasma

pm@mqssumghchmwbamseomm@ngﬂnanMé appar at us accordlng

to claiml;. providin rocess ga |nt t he et ween )
e upgRPYiditE Tt R BEq B e Doyl bpite 58 s dEbodes:
gas i nte&ch @&H@Fro%@% g%l@(ﬁﬁt@tplla@&at Bgl mechani smto
control a gas flow rate through the first set of

sl ot s. @eraimgdhpmeshanisn ér censiol p @ps flpy rgtgghrouglythe first set of
c%mgyctance in a plasnma processi ng chanber including

an upper el ectrode di sposed opposite a | ower el ectrode
adapted to support a substrate, the apparatus

conprising: a stationary ground ring configured to
concent&i cal A} aBPHAYS A qoREollingeas pwaondugangerg a plasma

tg [-fg?%q%lhé Rfah PG 1Hgl'uﬁﬂlgaan u'pbétt eléc‘%xtodgfdwfﬁbgédsoﬂp%l@g lower

electrode adapted to support a substrate, the apparatus comprising;:

a stationary ground ring configured to concentrically surround the lower
electrode, the ground ring including a first set of slots formed therein;

a stationary cover ring including a second set of slots formed therein;

a bypass choke ring disposed between the ground ring and the cover ring, the
bypass choke ring including a third set of slots formed therein; and

a mechanism adapted to rotate the bypass choke ring relative to the ground

ring to vary an amount of overlap between the first and third sets of slots to thereby
control gas flow conductance through the first, second, and third sets of slots
between (i) an ON state in which the first set of slots is in fluid communication with
the third set of slots such that gas can flow through the first, second and third sets of
slots and (ii) an OFF state in which the first set of slots is blocked by the bypass

choke ring such that gas cannot flow through the first, second and third sets of slots.
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a stationary cover ring including a second set of
slots fornmed therein; a bypass choke ring disposed

whetoseer518 he ground ring and the cover ring, tpPeTDypazs25831
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choke ring including a third set of slots forned
therein; and a nechani sm adapted to rotate the bypass
choke ring relative to the ground ring to vary an
anmount of overlap between the first and third sets of
slots to th b n Se f conduct an [0
the firde,  ohEcearlh S s dbapRarSh R Lef
arin@g)cﬁstacabavdeen Wi Bhpadehoke FHap afi@theofroehdfifig,ithe ball being
fluid communication with the third set of slots such

t IRperaliys te erdues wiatianabliighion peerehotween whennthg bypassihipkejring is
S f : L0 ' ' first

< apBylcfli0k To BRLbindiMuidio s BhEul olthatnlchE (5

t hat gas cannot flow through the first, second and

third sets of slots.9. The apparatus of claim8, )
£ ur t her U ompFRARGTaES el brgenein ihe Fegiapissh gomprises:

bet ween, the BYRASE pAcke ring and the ground ring, the
bal | belng operati’ve to reduce rotational friction

t her ebetnveeanatinhspstetheobpylpd ssthehotoation ngl arsl epetaivedo move the

relative tp. the ground.ring and cqver ring by the
n@&ﬂ‘&ﬂf’%ﬁ?dolf(ﬂn dﬂﬁﬁ%‘?"a‘?ﬁge &FULF &N 8, wherein the

mechani sm conpri ses: an actuation rod; and an
actuation system coupled to the actuation rod and
oper at i Me t ol'reoappataties efelaien i G wheogin the agtnagigh aystem is a

direction of the ground ring. 1l1. The apparatus of
cIPEEHEOC oYlingeartat RElEEd sARP8 Sy stem | S & pneumatic
cylinder or an electrical solenoid. 12. The apparatus

of claim 10, wherein: the actuation rod conprises a
first eidd anbheappersuidofchimcdlypihseeinio t he actuation

system C (e [ X
oy el FRSHARLSE L HEf B nOTRE RS SoolAl b e
r akcaiationayst@xj andsubst anti al |y perpendicular to the
axial directjon of the ground ring; an elongated arm

havi ng tBaBeehaniye fuled cPBIPHFS: end of the shaft and the
e 70, Ut RS s S
i raxer substiaat 21yt feepdnidicsd arao thesaxca) miikeetnatsof the gewingd ring;
an elongated arm having one end secured to one end of the shaft and
the other end coupled to the bypass choke ring;
a lever having first and second ends and secured to the shaft
intermediate the first and second ends thereof;
a counterweight attached to the first end of the lever; and
an actuation component attached to the second end of the lever and
urged against the first end of the actuation rod by the counterweight,
wherein the actuation rod, when moved by the actuation system in the axial
direction of the ground ring, rocks the lever along the rotational axis of the shaft,

causing the shaft and the elongated arm to rotate along the rotational axis of the shafft,

thereby causing the bypass choke ring to rotate relative to the ground ring.
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a counterwei ght attached to the first end of the
| ever; and an actuation conponent attached to the

wageasns2sesid of the | ever and urged agai nst therp€T/nS2007/025831
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end of the actuation rod by the counterwei ght, wherein

t he actuation rod, when noved by the actuation system

in the axial direction of the ground ring, rocks the

| ever along the rotational axis of the shaft, causing

the shafLt a t he el on ed armto.rotate along the
rotatig al nggpgyahﬁe §EQP1$’gﬁgngy causi ng the

bypass thdadtgationrgd tompeibatLfifsetrat doupledo thrcadiiadiondystem and a
ring.13. The apparatus of claim 10, wherein: the

aéangEad e nosdonsepRasite xsthg frstread; #¥d coupl ed to the
actuat%ﬂ$né¥%ﬁﬁgﬁgﬂﬁﬁ§c&%§ﬁ&§q end portion opposite to
end; an e ne

the firs anismfurther conprises: a

| ever conpriaslevg donfpeisingitstsadaecoreihdyoitiosrmdaridoted to the
pivoted to the ground ring internediate the first. and

s &g rivednisemedigtecthe fstiend secend €nd pertioan bty axis

p%ﬁ@gtirﬁﬂallg(ﬁafa g1 @théhxidl i?&:?i.bﬂlgf ffe érglg‘llcﬂlgl‘%f Eﬁje féceﬂd end portion

the second end portion of the |ever sliding
c ofittedeveribemg inslit Bygeoeticewth pertapand ofid portionoff tizt dotwation rod;

rod; an el ongated arm havi d dtot .
fFrst ona poRe SHEet AR A Be g SEHECGIHGF flftgnd portion of
ChiPleS8t 4n thESthRY BRPSUPNAKS thd BihasPEHbkR rfniﬁ,r gtd spring

having two ends respectively secured to the ground )
ring and t he firsyspringridvisiggwatendereaspeatizvslyl seeurefl yo thegground ring

the,second end portion of. the | ever against the

t ARA PE ORI SpPRlke B rSiishOgpteRRE PR B4 pihEp of thedtever
t apsihgdhengeRadrcht ort@in dfitke aghatinied, rod, when noved

by the actuation nmechanismin the axial direction of

the gr sthseeinithgtapersé kad pprdionef die achipsion god ehes| rapyuk wthe

ar , : iLn

r T 8By LR FRHGER o ¥, RYIRTGnEIREE bR
appasing the eldngatediafints rotalegthetdbytchasing tedsyipass dhoké hiag to rotate
conprises; an outer case secured to the ground ring
arelatgtofhe graund 8at partially surround the tapered

end portion of the actuation rod; and a second spring

I nt erposed between one of the walls and a tip of the

act uat ildn r dkheapgaperaftclana 3owhegen theenahbtniami fortherommprises:

EP;\?L]d fb%eu\ya%%%gqa%{cgr%d Stg t teegrrnoun]EiSfing :Dr?d l?f\gl?gr \%211 sS tth partially

surround the tapered end portion of the actuation rod; and

a second spring interposed between one of the walls and a tip of the actuation

rod and operative to urge the actuation rod toward the actuation system.

15. The apparatus of claim 10, wherein:
the actuation rod comprises a first end and a second end coupled to the
actuation system; and
the mechanism further comprises:
a first actuation component in contact with the first end of the

actuation rod and movable in the axial direction of the ground ring;
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the actuation rod conprises a first end and a second
end coupled to the actuation system and the nechani sm

wo eeoslersiconpri ses: a first actuati on conmponenPCT/NS2007/025831
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contact with the first end of the actuation rod and
novable in the axial direction of the ground ring;a
second actuation conponent coupled to the first
actuation conponent and pivoted to the ground ring
about an axigs nt.i al | aral | el éhe ial .
di'rect o oft TG HAHHISR colngRRER e de Wit Blatione

atcogip@néittnl @ivdiel ®eke Bbuaa ringlaboit HORNODItantlfllly parallel to the
coupl ed at the other end to the bypass choke ring; a
s pxiah diregony fdhe prowBg rifggi ng the first actuation

component 't Qq 1?u 0% AfH éé@ﬁxje? %t bFerR thg ?e{cSHX UGl
uat | e 1l

the first ac n conponent agal nst t rst end of

t lenpoherittandrousidd avthd othes Bt the dlypase Bholsedng;ed t o

the ground ring. and opgrative,to provi de mechani ca
support for &¥EMEIPT 1egiligAtly preing the dirstactyaion GRmponent toward

CORPLRELIon HISHE 'tl{bréﬂg)eur@{ﬁ#fﬂé AR fi&tggﬁoﬁ\aﬁfﬂ%&ﬁ le?%?(lie%t the first

the actuation system’in tRe axial direction o
grend o thel avgpaticoved; ande first actuati on conponent in

the axial direction,of the ground rin causi.ng the )
Socond act udi TPROR Sl NEuERicio e Stonth 2B ad APt ge to provide

r Qﬁé&‘hﬁmic&l%?ﬁ&i’ f6:aHS §ptthet M Ry RRS acta AeSEcdhpteheh

rotate relative to the ground ring. 16. The apparatus
of cl aiwhe¢inwheadnationtred mebdnanpyed yothgracteton aysteyn an the axial
havi ng a tor: and an L-sha arm.secured to.the .

" 5P eafof Rt Mo Bovet BR7F IEUE5 SHEE0RsrD b B iy
atdifeBRordMBE gfdithd MICERIsThg thE Sdtohf actiRiied cdp@eabaid e
rotor, the L-sha&ed arm rotates causing the bypass

c ledpagated pgmite retgteatheraby|cavsing thed yppss dpelseinag to priate r¢lative to

Tl?ﬁegl%%l&%% s of claim16, further conprising: a
pressure sensor for neasuring gas pressure in the

pl asma processi ng chanber and sending a sensor signal;
and a nptor controller responsive tgo the sensor signa
and ope1r6at i vEhe appagags of claim &, wherein the mechanism comprises:

a motor having a rotor; and

an L-shaped arm secured to the rotor at one end and coupled to the bypass
choke ring at the other end,

wherein, when the motor rotates the rotor, the L-shaped arm rotates causing

the bypass choke ring to rotate relative to the ground ring.

17. The apparatus of claim 16, further comprising:

a pressure sensor for measuring gas pressure in the plasma processing
chamber and sending a sensor signal; and

a motor controller responsive to the sensor signal and operative to send a

control signal for controlling the motor.

18. The apparatus of claim 8, wherein each of the first, second, and third
sets of slots includes at least one slot arranged along the peripheral direction of the

ground ring.
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control signal for controlling the notor. 18. The
apparatus of claim@8, wherein each of the first,

wageasnszsiand third sets of slots includes at | paBUSIN®025831
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sl ot arranged al ong the peripheral direction of the
ground ring.19. The apparatus of claim 18, wherein
each of the first, second and third sets of slots
extends in a radial direction of the ground ring and
has an el ongated rectangul ar or trapezoi dal shape. 20.
An apparatus for controlling gas fl ow conductance in a

pl asma pr ocghgiapParetug BPelairh 18| wHerdth idh wppier firel, eedondaad third
di sposed opposite a | ower el ectrode adapted to support
ases bﬁslpateétenﬂﬁm apdial dirgetinonighe growgd rlalgépéth%ﬁ%fé@ngated

Igﬁi F%8?“g f g&ﬁg to concentrically surround the

round ring including a first set
of slots forned therein; a stationary cover ring

di sposed on the ground ring, the cover |nclud n
a secorf: setATodpparasyssior 6?1#&411{1& &2 %%Ei}}? Bee tth plasth

Ol e LA MM oo
dieRposdtadaptidrto ingpogt mmruétranen@m apparatoy pamsn@hgk e ring

ncl udi n rotr f
Spaci nd SRad Erat g SO o ARG ATy S ofipd thedower
defeibdd t d@ecgrgﬁﬁ@ﬁﬁg%mn h 594t sell tsiFle FRnidiiRseinhe gas

fl'ow con nce through the first and second sets of
sl ot s; aestaﬂmaany&mlvaxrmsgﬂagwd@n thogiepné ringethe lsoker ritigngeluding

| at t t
B RS e B et PRTORH b
S%Bﬁeﬁon&h@%e%@ﬁm%& dfislot@n ON state in which the
first set of slots is in fluid communication with the

s e cond adwpassicheketing Sllﬁ@hsqdhlaldeg@ilﬁ gramdimngythaR paghchoke ring

%@ﬁ‘%%ﬁ@%ﬁﬁ? &S & tgér]gzg L o réilﬁ‘l él[léol)é ggtwbgéﬁ:t a&eﬂaﬁr‘cﬁ)truswn

b)éﬁataﬁ e K@ffz{demﬁﬁiﬂgha ddrksp@atincARNsibt ddtamihey theghs flow
the first and second sets of slots. 21. The apparatus

ofcondugitance throvgletheifistand seeamdassisahslattiaddes: an

t uat 1
o U 0 8L i

aatjist iheRpsyisd RIvay ghdfowtchaductads thrheglatiefast and second sets of

Syslsotts(,e trgnkz)\/ee!al{] 1) gr? eOrI\?lgtlat\c/eem tw%lcgp t¥1§ ffrsr{%etagft slIlo ts 5sam f{ulg communication
with the second set of slots such that gas can flow through the first and second sets
of slots and (ii) an OFF state in which the first set of slots is blocked by the bypass

choke ring such that gas cannot flow through the first and second sets of slots.

21.  The apparatus of claim 20, wherein the mechanism includes:

an actuation system; and

an actuation rod secured to the bypass choke ring at one end and coupled to
the actuation system at the other end, the actuation system being operative to move

the actuation rod.

22. The apparatus of claim 21, the actuation system includes a pneumatic

cylinder or an electrical solenoid.
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22. The apparatus of claim 21, the actuation system
i ncl udes a pneunatic cylinder or an electrica

wagoebosneisds 23. The apparatus of claim 21, wher ePOTUR®07/025831
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actuation systemincludes a confinenment ring assenbly
adapted to encircle a gap between the upper el ectrode
and | ower el ectrode, the confinenent ring assenbly
conprises at | east one confinenent ring and the
confinement ring assenbly is novable in an axia
direction of the ground ring to control a gas flow

rate thppughTeapspheUNBEMainh @ 1 CORrERGRE Btustidids stedttincludes a
The %pparatus of claim 20, wherein each of the cover

r | prpsmenypag assembheadapied tp sndirslone gapbetaicen gherypper electrode

ma
T fr B B L SR PRI 0
c oy@ifineinegt dnglaidekyppisanahoing assentblpissmboabieth of ax1al direction
quartz or SIC, and the ground ring is forned of netal
260f thR greypdaine: g soBFola %aSrﬂoz’oratmmhrga@abﬁthﬁlPﬁewnf' nement
é and second sets of slots includes at |east one
sIot arranged al ong the peripheral direction of the
ground r|ng 27. The apparat us of clai m 26, wherein

each of rst and s cond of slots . extends in
a radi af d| r é‘k}? PRRATHRS P %la’d? 3§ FERgagh Bfﬂ’ﬁ§°¥?f ring and bypass

el gnaRtRy if ﬁﬁ{&ﬁgﬁld?erle&ﬁc hafPRE dhd¥e SBAREing S foFk8d of
appar atus of claim20, wherein each of the frrst and

secundctarg matgfiak| ot s i ncl udes one or nore concentric
ri ng- shaped sl ots.

25. The apparatus of claim 24, wherein the cover ring and the bypass

choke ring are formed of quartz or SiC, and the ground ring is formed of metal.

26. The apparatus of claim 20, wherein each of the first and second sets
of slots includes at least one slot arranged along the peripheral direction of the

ground ring.
27. The apparatus of claim 26, wherein each of the first and second sets
of slots extends in a radial direction of the ground ring and has an elongated

rectangular or trapezoidal shape.

28. The apparatus of claim 20, wherein each of the first and second sets

of slots includes one or more concentric ring-shaped slots.
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