METHODS AND APPARATUSES FOR CONTROLLI NG GAS FLOW CONDUCTANCE I N A
CAPACI Tl VELY- COUPLED PLASMA PROCESSI NG CHAMBER 5BACKGROUND [ 0001]
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the first an sets
techniques, such as dual damascene etching technique, require precise control of the

plasma parameters, such as plasma density and uniformity across the substrate, for
better yields.
15
SUMMARY
[0002] An embodiment of an 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 ground ring
20 configured to concentrically surround the lower electrode, the ground ring including
a first set of slots formed therein; a bypass choke ring; a cover ring disposed 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
25  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 (i1) 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
30  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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25sl ots between (i) an ON state in which the first set of slots is in
fluid conmunication with the second set of slots such that gas can

fl ow t hr ouyR 2008983518 st and second sets of slots and (i iPCTAP2@FPO28BhAt e
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] Anot her apparatus for controlling gas flow conductance in a

pl asma 30 processing chanber including an upper el ectrode di sposed

opposi te a | oyesndicest 4161 GordttapheRéint HbypdRioke Aing URPésea@berwesn the ground
provi ded, which conprises a stationary ground ring configured to
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third sets ofchoketigg g thatigas gannorfiow thipweh the fit.cacandent ithizd segseaf slofts.
lots i b ' g
Chrough t ko f(OC41*Y AhlEerbARRREn it B Lo BB HEPodritBlirg 5, BRABHAA At

enbodi ment of inarplagopaprat¢assng ohanden incbidingwy wasr fleawde disdoseti @ppesitea a
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set of slots formed o )
therein, each of the second set of slots is aligned with a corresponding one of first set

of slots; a bypass choke ring disposed under the ground ring, the bypass choke ring
including protrusions formed thereon, wherein a spacing between each protrusion
and an inner surface defining a corresponding first slot determines the gas flow

20  conductance through the first and second sets of slots; and a mechanism adapted to
move the choke ring relative to the ground ring to adjust the spacing to vary 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 (ii) an OFF state

25  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.
30 [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.
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therein, each of the second set of slots is aligned with a
correspondi ng one of first set of slots; a bypass choke ring di sposed
under the Vg0 3WAE82Ig, the bypass choke ring includi ng PETAISRUWSPBRY
formed thereon, wherein a spacing between each protrusion and an

i nner surface def| ning a corresponding first slot determ nes the gas
fl ow 20 conductance through the first and second sets of slots; and a
mechani sm adapted to nove the choke ring relative to the ground ring

to adj ust theqoer®CiFIGSt 9B V3EkhER Scdnitic ARRhuet I8 Qppdratas & chbholfihg gds
and second sets of slots between (i) an ON state in which the first

set of sl ots o eendpetancs ip thanimeest shownip FHOtHe second set of slots
such that ga f and
(1) an orn GPOR] Juent MEAHAT Ol disirafit of RGN InfhcBima B n e
bypass choke appargtus fioivontrialiing gss f@maotdutianee. t hr ough the first and
second sets ot 0005 G 1 s chematic
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Cross secti Orbadbodhﬁgit aMmuodpparabisHot bt itingigas Acwabaduremcyyi t h one
enbodi nent . 7] .Fl A shows an enl arged view of region Ain FI G
2. [oo008] Fil &%HIPEIGS‘ égﬂﬂﬁxﬁ@&h@ﬁ’ﬁ}ef gltnattye spdodimenho aietrs feror

control ling %gtr&hlggvgm%m@gnb@ the structure shown in FIG 3A
[ 0009] FIG 3F shows schemati c diagram of an alternative enbodi nent

of an appar atl0812] orF16§n6Ao1 4G shypwyasarbroivs dormvntolding gas §p@oanjucrnasn
4A - 4C sfow RCHSIRE WA REARb indfot her al ternative

[0013] FIG. 7 shows an apparatus for controlling gas flow conductance in
accordance with another embodiment.
[0014] FIG. 8 shows an apparatus for controlling gas flow conductance in
accordance with another embodiment.
15 |
DETAILED DESCRIPTION
[0015] In a capacitively-coupled RF plasma (CCP) reactor or chamber, plasma is

generated in the gap between two opposite upper and lower electrodes. FIG. 1
shows an embodiment of a CCP reactor chamber 100 for processing a substrate. As

20  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

25  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

30  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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enbodi ment of an apparatus for controlling gas fl ow conductance.
[0011] FIGS. 5A - 5C show another alternative enbodi nent of an

appar at us WOR0B®RISIBI | i ng gas fl ow conduct ance. [0012] HTES2006/A25836C
show an apparatus for controlling gas flow conductance in 10
accordance wi th anot her enbodi nent. [0013] FIG 7 shows an apparatus
for controlling gas flow conductance in accordance wth anot her

enbodi nent. [0014] FIG 8 shows an apparatus for controlling gas flow

conduct ance idbgeﬁ&%@w&sl fabtbR iANRAIRS theSRME} OBiHgs ah® siPESAthb Bhbs
DESCRI PTI ON [0015] In a capacitively-coupled RF plasma (CCP) reactor

or chanber, preigem tharipgsdpansmbpdiment thygarpevire adrugieblsppd sonteoligd bur
and | ower ele 0 : . odi nent of a CCP reactor
chanber 100 féozégpp%ggrglsrg%%smémsn%iétﬂg}gﬁé&ﬁﬁ 0 depicted, a |ower

el ect rode assi¥ibTly It had hededemmhinedithat inrsgme@Bocessesl far pldsumbprdd@4sifipof

hol ding a substrate 106 in pl ace ring operation of the chanber. The
chuck 304 Sar BEraF BRevPaBelPr of haBkesrer e ipaNe ARG [P
suppl i ed W t hexicagli tBe faRRMENA e Xpaciy df BOWRS cdiifrodelianRe@Velh sGePPloYesédsDthe
An upper el ectrode assenbly includes an upper electrode 114 and a

baffle or showbtriamay 162 fprhe unjgaded fpma the daebenandpapcesedn ogebunded
or powered by,an@LAGH wﬁﬁhgaxﬁﬂo@§99A%ta£891eda5 LA ORAIALA. -ng%ﬁsf&lisow
122 and p g fle 11

is supplied via a condult asses through the ba 6. The
gas is el ect rproblemy appatitusss ajeprovigédabatear¢ operdtde tpapotide an Fngdda samables
confi ned Ry Cgoars],f -or\}vecr{)%ﬁltxctgﬁcréggng]éqg gbap]agl%itx)lélyg‘c%%gl'ed plasma (CCP) reactor or
chamber. The apparatuses allow the plasma processing chamber to provide a wide
range of plasma conditions.
[0018] FIG. 2 shows an exemplary embodiment of a portion of a capacitively-
coupled plasma (CCP) reactor or chamber 200. The chamber 200 is provided with
15  an apparatus that provides an expanded, variable gas flow conductance range in
chamber 200. The chamber 200 includes an upper electrode assembly 202 and a
lower electrode assembly 204 that holds a substrate in place during plasma
processing. The upper and lower electrode assemblies 202, 204 are separated from
each other by a space or gap 208. The chamber wall 214 includes a door or gate 216
20  through which substrates are unloaded/loaded into the chamber 200.
[0019] The upper electrode assembly 202 includes a gas distribution member 203,
such as a showerhead electrode, through which process gas is supplied into the gap
208. The process gas supplied into the gap 208 is excited into the plasma state by
RF power supplied to the lower electrode assembly 204. The plasma in the gap 208
25 s 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
30 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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[ 0016] Gas passes through the spacing/gaps 124 between the rings 102
and is 30 exhausted fromthe chanber through a wall 118 by a vacuum
punp. The WOaIA8BMar acteri stics are affected by the g@CTIUSHNTOZBIH
passi ng through the gaps 124. The overall gas fl ow conductance of the
flow path fromthe baffle 116 to the exhaust depends on several
factors including the nunber of rings and size of the gaps between
the rings. In an enbodi nent, the gaps 124 are adjustable and

control | ed byadditidagl &9 ﬂbwonmmg batot BiRéuisk 9m1dea (Il faralfkl) to Gk
It has been determ ned that in sone rocesses for plasma processing
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h fl du | s d
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of a capacitively-coupled pl asma reactor or cChanber “200.
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includes a d Jnafafmaioet}@ie%e%ﬁrmr&mlw hiehiseRTbdRE @Stad@diR] friction

unl oaded/ | oa into the chanber 200. [0019] The upper el ectrode

assenbly 202 eﬁﬁqeudlesgrau@b@n&iﬁamdﬁm fhoke pngREP domym meyrpens of die choke
h h 0gd
shower eaﬁ§h 190801 L GIAR 2 :’@%Bﬁn%@&ﬁﬁﬁe Qgﬁai%gmﬁeﬂﬂ '368% h%mh@?

gap 208 ocess gas suppl Into t Is e C|te Into

t he pl asma stmmleplbyslom lrﬁby\hlr()bs(tqﬁp’mded hewirt ¢vdlettonebyr asesllats 8 F@ deteadingmbl y
204. The pla i.n,the 2 ed by, a wafe
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slots 306) and slots 312a, 312b that are similar to the slots 310. The slots 306, 310

20  and 312 can have any suitable shape, such as rectangular or trapezoidal. The ground
ring 314 is made of conductive material, such as aluminum; the cover ring 304 is
made of a dielectric material, such as quartz; and the choke ring 308 is made of a
dielectric material, such as quartz or SiC.
[0022] The cover ring 304 and ground ring 314 are stationary, while the bypass

25  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

30 304 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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mechani sm for the confinenent rings. Neutral gas species in the gap
208 pass through the spacing between the confinenent rings 207 in the
general | y WOr2PB@ASa% directi on and enter the chanber spg&da2000/02%83k
is exhausted fromthe chanber 30 space 210 by a vacuum punp 212
coupled to the wall 214. [0020] The rate of gas flow fromthe gas

di stribution nenber 203 to the chanber space 210 affects the pressure
in the gap 208. To increase the gas flow rate, an additional gas

fl ow conduct anegfifahdht ﬂﬁ%Céxde‘WAP g PER\ik&tE R teldHan HABB). |Ble)cohfndnidit
path fromthe gas distribution nmenber 203 t hrough the gaps between

the confi neneis #55¢BRlY 20 it moyedan diriisetions o3¢, by wz pplepacigatign
shows an enl aﬁug@gni‘él'neg\ﬁcgfﬁs ﬁ;@ﬁx&er ﬁas%g dwa Ela%i 1 %gn'rhé H?écrtl%h'o?gné’w S

mechani sm 320 for control | ow conduc ass
slots 312a, 33Wméy bd paraléad ta thelamabdhmcugm bEibe ithred yingss 304,368, @M)M.i Aa

ground ri B shows S| Vi ew mechani sm

2 o aC and Sereclilep dRePRioRofnE CAS g Blnd (ol PREREES Rt
320, 3y pass cdilok&aogdo mzciﬁﬂ% hergbiﬁllr@h@umbdrﬂynefeﬁehée %W\ﬂwérﬁllrtﬁy S Il“ﬁ? ted

ground cover ring 4 (FI A is re or the pur ose o

i1 lustrati on, copgnpEen&iRgapseml Mﬁ issouied @L&Le ERENisE e HterRestgnisn

assenbly i ncl yfeachd& BraetRfon tadbr 3dA3240Y RAIESI NS ed bR the3RR JTRIMY €d
in a ring-shaped channel forned in the ground ring 314, and cover

ring 304. Ml $3%ped ap¢lprgateimarmpdeisequatst 8 theovhel$28f The axis of the shaft 328
pol ytetra E r

Potat i onal® fr et POk BORIQIRT e Uia Birtlo B oflfoliifihe fa! AU Brerweian
308 duri ng no¥ne ptovidfedtahencdalod tebevan$33@8d atrddBratiok csimpmena.’»ﬂ)p pl an
view of the b s,choke.rin 8tha LN udsrrult s 310
510b. (ref or r SOTREAGHBS RibELAtL TR g 225" Shepdta conBplortiny Muizthe
radi al dir ect igathsOthe |d\eerGipifehd dchmtidh od I24ksMmhe gnavit'hﬁ)nﬁpﬁéﬁi’e actingorB(é
and ground ring 314 res§§ct|vely i nclude slots 306a, 306 b (referred

to herein col fBiervyeE slots 306) and slots 312a, 3126 that are
simlar tpsthggs4ot ﬁ/’héﬂ-gxe C-EHﬁné‘lllgltt ﬁnggéemﬁ 084s ﬁf&%@&&&é%@é&ﬁatﬁﬁy

sui tabl e shape, such as rectangul ar or trapezoidal. The ground ring
314 i s made ofod33Adualsd mevmmwarchl Thesudie taghefoursi afiimg thgbt Povee 1¢weng

304 is made 0§3&§ %‘Tteeéllg t;ﬁ'lock%;[eecﬁregtldn (?‘Hﬁh.’u@ ﬁ artgpZ of tﬁ ﬁg%&ves n

ring 308 is nm ectric na squar Z or
the direction of arrow 334. Then, the arm 330 rotates the bypass choke ring 308 in

the direction 334 so that the bypass slots 310 are aligned with the other slots 312 and

20 306, such that gas flow passageways are formed through the three sets of slots. FIG.
3C shows the configuration of the mechanism 320 in a fully ON gas flow state. In
FIG. 3C, the slotted cover ring 304 is removed for the purpose of illustration. Thus,
operation of the mechanism 320 provides an additional gas flow conductance path
through slots 306, 310, 312.

25 [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

30  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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[ 0022] The cover ring 304 and ground ring 314 are stationary, while

t he bypass 25choke ring 308 can be rotated relative to the cover ring
304 and gr\%QAP8/0BI8 314. The bypass slots 306 and 312 fR$IKESGG7/4238kke
cover ring 304 and ground ring 314 are aligned with respect to each
ot her when viewed fromthe top, wherein each pair of slots 306a,

312a; 306b, 312b forns a line of sight path. The control nechanism
320 is operable to rotate the bypass choke ring 308 relative to the

stationary copoez6]r i Sigts 338, S04 a8l 20028 hAde Vdrivlls SHaped £hdCsDih i c&Bsrolidew
t hrough the slots 306, 310, and 31% l%‘5023 The_confinement ring
W
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y. e cont ri

ring" and "WAY ring" are used int'erchangea r nement
assenbly 206 has aroved siots 3&2@@ng@cﬂlomtm1rcamrfwtm1irmoa &uiheabl e

actuation chani er . 303 coL . _The
di rection 52? ar&? c()i\?vm t‘ﬂﬁaoveb nggn (gﬁ%é'f’d PBe PHE S, agffl %t C%ffffgélﬁzit’io%ﬁgglaf 3
three rings, tB04hok3Qihg %Dd 314. A 5 nore detail ed description of the

CAM ri is f i ) d U S, Patent 019, 060, which
nereby ncor plAlecMsE FEPEHERES SKar IR A Gy o Fiid ERAtt P dlvarton.
ring assembl yeadf€xdnip1a 9l &dide0cdRe rﬁ%cm%rwd -is SRRV BGRAR SIS0

i ncludes an actuation fod or bar 324, a | ever 337 pivoted on the axis
of shaft 328,ongmd t‘aﬂr(eymf@éztedHawme&ao oghet embellimgntsrack hbthese3hge ringe

axis of t fbe déllr Th}]avegét?ixls% (R ng bgrgro? cﬁ?&’ agx.g éﬁfnbgr% ott'gl%t 6% 'egnlth TOW ' Fection

of the groun coun erwei g rovi oné end of
t he | ever 332[0828] afiGadAushbwenn appmmmluaiﬁg alcholrrrmvg chadrobinetHaaisat 408r

end of the |ever ,332. Tht act ua one 3 ed a inst
The 1ower ti st agthe ooy i RIGS 2B A4t S sira o
acting on theavagusp prawmtof%eﬁmeclﬁﬁﬁﬂ?@b Méwpdsbeh&&f}fdgﬂﬁﬂeﬁid drbndl

assenbly 206 is noved upwar he actuation rod 324 is al so noved

upwar d.  Then, RgH 4 @fh?ée fi eﬂree Sblﬁtefi ReveREngHP4 6, 40his rpmgeqd fogthe
rotates it rk?xrﬁés@%kﬂ’lu%@atﬂin ?fstlh% énﬁ% glm )shd%[?tg 18, §Apg%flo\%}e arm

330 noves in the direction of arrow 3 earmB rot at es
t he bypass cmlmroriﬁ AeBDY includéser gl‘mmehnrlg)ﬁ%t%ﬂ)assac}tokanng Kes ppaisd in a

cas 11 ow pasciBBPEr b b th IR et dne 1, B A SR iP el o
?lc shows the thaalfnbgmmm dre Qélllﬂdhﬁ)ggfﬂ@fwﬂltl&fﬁoaé’ﬁ‘lrlg’nﬁﬂ afruhtbtyorﬂaiz f@\&ﬁle t};]e

ow state. otted.cover ring.304 js renove or the
pur pose of .Hhag %779?% n%mgta‘%e@a‘ﬁ Brihe,sovenE B A I Epnsbiine 414.
provi des zn arih drgaask, Mas4f4 &wbemw“a{ecs@m%;al@eﬁamgﬁbsélo@t& r8etive
310, 312. 25[0025Wen t he confinenment ri ng assenbly noves

downwar d, t helngstheivs onflodA3s cxtmplepdsishawn h@l&ﬂﬁatm@ﬁnﬁmmhem
322 downwar d S t%‘?ﬂ%l 268 R Q" n ﬁ%%éxrggﬁcﬁf Gohrdol 41y déﬁﬂ&ﬁr L GleRf n?esuch

direction an Ip of the arm moves I'n the direction of &rro
336 (FI G 3B)as OhMdning el bypased mhhkmechangrrmm) avieiplel balls HES qbreffe:ab]iyon

336, thereby art t he s slo 312.

The' 30 act uat Pand SRR RSB ol e 1P FesypGliSh BeRBheip gugiound
slots 3oazsanomegua4ame tiedHoke hifig RODE etk yvenh@t bydassokehilgaiogi ng 308,
as depicted in FIG_3D. FIG 3D shows the configuration_ of the

mechani sm 32d00%lt hEheareehgaism428 dpcdipdes 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
30 430 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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[0026] Slots 306, 310, and 312 can have vari ous shapes and sizes that
can provide gas flow passages upon alignment with each other. FIG 3F
is a top WeRWH08pM8 al t er nati ve enbodi nent of a bypass PEHAK007{02g31
360. As depicted, the choke ring 360 has a row of slots 362 arranged
along its circunferential direction. In the 5enbodi ment, the cover
ring and ground ring can have slot configurations simlar to the
choke ring 360. 100271 In the enbodi nents shown in FIGs. 4A - 7, for

the purpose alid WSl 230, O SAAR 42X RBRiBKN. Y EAM hﬁ@ass@ﬂl@ié?dé:daﬁ,

and ground ring is shown to include either one or two rows sl ot s.

However, in ontlede esmivgifmeresidientbaesingfihe ¢padiaement g rassegbly 20Gzgsinshihe
ot her suit abl ] {ssdei)afile %Sali}gtem?(ﬁgqj‘éosl ots in each row.
A & ,060:

[0028] FIG 4A sho an appar atus 1 ncludrng’a choke ring control
nechani sm 4200630 orldioperation,an dichretuataergd| 422 ys mobabdavarvard, préerabdBnand

4C show rtial cutaway to | an vyi.e f. the nechanjism 420, the
oy pana o ha o e mol o PP sl HRad 14 1he S0 ST RACE OF et stditp e
cover ring 4Q4hskdslthe 1edéh)430Side®aDy @eusir thé ReerldB0Ub P&aR i the

illustration. As in the enbodi nent shown in FIG 3A the | ower |

el ectrode assoHblelElgckisgdbrectionyhgn dicwicd grom the top) 95 83is 418k dhe P 4498
nmounted in a J,|Rng- i r4139 d a
slotted covercralr1:ﬂ%Sﬁgﬁg?g?rﬁﬁﬁﬁgﬁlgﬁ%%?gn%ﬁ%?0? ggg‘?‘glgn grdilﬁgAj%ﬁe lgﬂ‘g

t he cover ri rdp040tteartbe sitnaéd Darak the byywiss ehokh eing HO% eounlertosiBaroedB e

rotated relative toq the cov rin a nd, ring.414. 20 The
Fngs aoad adaie g Al BEait it Hc2in, Bl 9uet hipfd g
r ﬁs pect :c ve ridfgke Gok¥hng moglhfa grafall§ blocledabpteted) By tisdwwsr iy H)4@nd4iks
the confinenent ring assenbly 206 is noved in the direction_ of arrow
401 by a sui tEp¥d rh%%c%ﬂnglﬁfhessww&ﬂwrwm&sﬁw the PRgLp! SPIE e
mechani sm 4204t i pl e balls 416, preferably fornmed of PTFE or the

i ke, are used to reduce rotational friction between the ground 25
ring 414 and 03 jchbkéearigtiqrogd dd? isrgovrdweiverd thefleydid3e rortes to thg the

405, L0V, FARGERAPAL AIE s e, 35, AU oo Se6atRled:
424; an out erreachseitdl@er limit of movement, the slots 406, 410 and 412 are aligned with
each other and the mechanism 420 provides the maximum gas flow conductance,
through the slots 406, 410 and 412, as depicted in FIG. 4C.
[0032] FIG. 5A shows an apparatus including a choke ring control mechanism 520
20  according to another exemplary embodiment. In the illustrated embodiment, the
lower electrode assembly has a structure similar to that of the embodiment shown in
FIG. 3A. As depicted in FIG. 5A, the confinement ring assembly 206 is moved in
the direction of arrow 502, which is preferably in the axial direction of the ground
ring 514, by a suitable mechanism. The mechanism 520 is operable to control the
25  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
30  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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secured to the ground ring 414; an actuation spring 426 for
resiliently urging the actuation rod 422 and confinenent ring
assenbly 290 28548%W4¢ the CAMring; a |ever 30 430 pi votP&d/ER003/03831nt
438; an arm 433 havi ng one end secured to the |l ever 430; and a | ever
spring 434 for resiliently urging the | ever 430 agai nst the side
surface of the tapered section 424. The side surface of the tapered
section 424 is in sliding contact wth the |lever 430. The spring 426

is optional. Jbgidesbdhanigalassparoloy tRROfrsCatuatiog beforanSn4 4hgd shofg 528.
resiliently urging the confinement ring assenbly 206 agai nst the CAM

ring as det ai Fedfisstang sgcongae@ationgpmppngnty 5%é30[fm@]ne¢ n&ﬁb‘i"aﬁomﬁfﬁt
as the actuat ﬁxﬁﬁr {ani'orf‘:g.?o fo%atfmé{ﬁﬂot%"‘w a:gtanpcr &nﬁtabﬁa

direction of t round ring t he si surface e t apere
section 424 mc&h@semh&4 éﬁ@pmﬂ@@amuatiwsqf gﬁamsasrﬂg:ptctﬁ@ | ever 430 to

i h | fr. .th
s b, RS KL B oL RE RirRty BT R in §iELH Sod. O
direction of 4re53grantbeipdss oigoldlthg 508 (With sloevii0a430by @upledso theh@man3en

433 and the by ass choke ring 408 cou l ed t e arm 433 rotate in
the directi onfoite latigftohe siafiprgry grgyn &g s ‘g(\v*ﬁ} gois gl 23, .%%P 339;5@%@

slots 410 of (Rer GPkR (iSO Sodd). aﬂ@'@sh@%@ﬁ‘fﬁﬁvﬁ:@%‘f%e%eﬂi’ng

the cover ring 404 and the ground ring 414 until the slots 410 are
entirely bl ockddvitinsletsd0poblotkedrbydbpihoke ding 308 Chis 418t cfrdamdtiongs thhe

t uat d
St Uat) O OCOfER o BB FHESE o IRchSYST o0 AR £S04 By Uit 4
actuation r odahﬁgﬂad weth cieasthdrtsotaupliarand iSik tod‘brmgaseﬁmpassagmwasi ots
406, 410 and 412 i h.ot h
pr ovi desa{1 he ﬁ’r’i‘mﬁir o l‘g@g \dBW’Eh’tﬂf g’f’ ésg%@ﬁr §i“f O‘Y %g&sﬁgféneﬁbﬁusrﬁlo
and 412, as depiisbpdatiatdddarothe ch8i@3Alg Jo8Gnd gfbvﬂﬁl\ﬁarﬂﬁle@aﬁ)ﬂbﬁt us

i ncluding a choke ring control nechani sm 520 20 accordi ng to anot her

exenpl ary enbwaingsnce beptween the OFE stateand theclepistnd fathy ON Haie, iGneaystate in
el ectrode;@as r h A e nt
shown in ﬁes‘gg&f.l%&rsg ﬁﬁsj‘}%ﬁg@tﬁ&%ﬁéﬁﬁ? @é"‘%ﬂ&%'értfleytgg?r;a[p Eéedrrfé%?lc‘rél ng iE
assembly 206 308. fovtr wnrdsm;edm geteicamranize apmdwlﬁ@m tovitarteahlyion.

n..of th

Gt abi o oot D ThcipbRE o 8iBnb PLegs IR bhe B el e frgow
conductance shown in FIGS. 2 — 5C are actuated by CAM rings (not shown in the
figures for brevity). The CAM rings can be controlled, for example, by a suitable

20  control mechanism that is responsive to a pressure sensor signal from a pressure
sensor operable to measure the chamber pressure. The pressure sensor, CAM
control mechanism, and each of the choke ring control mechanisms shown in FIGS.
2 — 5C can form a feedback control system for accurate control of the plasma
pressure in the gap 550 between the lower and upper electrode assemblies (FIG.

25  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

30 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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25choke ring 508. The mechani sm 520 i ncludes an actuation rod 522
coupled to the confinenent ring assenbly 206; a first actuation
conponent Q2008883518 ent | y urged agai nst the actuati on P&d/E20078358%
spring 528; a second actuation conmponent 530 coupled to the first
actuation conponent 524 and configured to rotate on an axis 533 when
the first actuation conponent 524 noves in the direction 502; and an
arm 532 30 secured to the second actuation conponent 530. The axis

533 may be oréenbeessmstaanks ahd M@Z@Eﬂe@hok@ﬁﬁ%"@omiﬁﬂ sléts 60, &00b) &
the ground ring 514. The mechani sm 520 al so inc

. | . 1cl udes a su s)ort
el ement 526 & glatige ior?eStt}PQS‘GWoBTP‘FIH’g‘%l@HW&hW%WZap@@@ gedsslotted
mechani cal s : ] | a t4 I i ng
526, The 11180 e B T B i h g kiR
mechani sm t o steppuegrmotbi argldravaetsime dimensionab dhadt arvah benldcated neddp, or
i nst ance, of he fi r(ﬁ alnd second &gt uation conponents 524, 530 can be a
mat i ng pai’r osfec‘ﬁg % 1 CE0 pﬁ"},gte . 5100331 As the confinenent ring
assenbly 206 [0836]0VER rhétof 6E2 dicbaedliedmyaGrotot dvrtral d8viddr aslodyoRaser
choke ring 508 (with slots 51%%, 510b) coupled to the arm 532 rotate
relative to t48- JhEMAHAPTRLENifG O igespPasivid Hifg) Bitds 2 BsEIre 5o5ey)
and sl otted GOURI frbiniGraQfre(h 3 BROWes
top view of the cove?aq)ri ng 504&0\?“.6?%ﬁir%%%ﬁ%géﬁ@%%ncbﬁgg%?5fhe choliggfe
ring 508. Thissnsor 682,aentpr epnirat doyice 630t dnal chokOmRg epadrol ingohasisat 620 @G,

5C sh . . ) e
ot he 10 hadmlp BB ol 4 Ao Bnh Brovdfe by 00
t her et hr ough.[00311]s HIGo6Bchows gtopatiévonf ihs cavdr uinig \6 OO ithastots bOsu tHdekieé by

The mechani sm 520 .iS. 0o able tq cont choke rin 08 and.

o ovi e a varPEIIReGiES PP GhIHE S AHEn L 155 R088H o v ot g L (e
depi ct ed ful lyit{Wo®l68bLaligne® withdhS biAkies16t8 6 lPanhed 12ho idkeh Sdsdow 512 in
the ground ring are partially overlapped by the choke ring 508. In

ot her words, Raﬁi@gmlﬂ)é‘t"éﬁé“lbééNr%%ﬁ@eHPW@Yﬁﬁftﬁ‘P mgclERispHo s OPERPY ton.
100341 The e 1%{??@ ' ' j

gas flowqgongﬁ%gﬁégas 0\/\% S{}?%Fléoé%pdgz&-% ﬂg%ﬁ r e'egfgfsu‘ge?&e%&ggé {‘C%I\/%t?tig%gs
(not shown i rshowa, ifd.,qustads irf which theslaty §12 ifitke GANLd fing)§14am pheially

Il ed, f I Sui.tab I hani i
cont ol €5 S GERTR e BB R SRS o

oper abl e to ndEsspatitineorchanber pressure. The pressure sensor, CAM

control nechanism and_each of the choke ring control nechani sns
shown in FI G393 5eCc23hewst $A 2pPrrBiac kdiegAFhle rgceamelmrcharisn 74P e

control ofp t hg a8lR&Re RABRRYhEr dx3npliey 8RB0 EREnah WREMEJAENLRRE 1R
upper el ectrode assenblies gFI G
electrode assembly 702 is similar to that of the embodiment shown in FIG. 3A. In

this embodiment, the lower electrode assembly and an upper electrode assembly,
which is not shown for simplicity, define a gap 703 where the process gas is excited
into the plasma state by RF power supplied to the lower electrode assembly 702. A
25  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
30  (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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255A). [0035] FIG 6A shows an apparatus including a choke ring
control nechani sm 620 in accordance with another exenplary

enbodi mrentWOA808@8%IEt ed, the | ower el ectrode assenbly HEI/E26X70Y8%ur e
simlar to that of the enbodi mnent shown in FIG 3A. A confinenent
ring assenbly can optionally be used in conjunction with the 30
mechani sm 620. The mechani sm 620 controls the choke ring 608 to
control gas flow conductance. The mechani smincludes a notor 622

having a rot Ofonﬁacsamﬁn&gralbwyapﬂﬁ BétOn@Avdriing mieShanuPtERds touflfiEto the
rotor 623 and choke ri ngt608 the notor 622 rotates the rotor_ 623
i

and arm 624, TREMEhOKnAitherholss ripgs’Phang isoperatrato canms) linesr mtief effhe
relative to aygfalif 'PIQQBB() rgfa Hﬁ'ﬂq nfdtidg oP ik cﬁ&et{hgs‘}(gt Sn BZ@nb iR, tﬁgg

slotted cover ring 604 (wt ots 606a, 606b The notor 622 can
a hi gh- pr eci sine¢hagisapfsi8ragn hmsmnlaatmthhmﬁehausmwazo #20rend b2h Kw exiraple; t

can be | ocat ei%e le%é I.Ee%t ’(fzfa 528 e%%”{x?e tO 30%8 Eiotld gonrrgggfiffil %%% 9 §§}

The nptor 622 TS C evi
control | er 63®hilelthe othat Mmmnhm@tftlﬁemchmﬁﬁmo SA20e8 {10329 4R bE Oriented @F

alia, a pressure sensor signal fr a pressure sensor 2 for
measuring t he*CCHRMoERte freco Eem'?ﬁéc W%Séfaﬁé%éh%woesszge not or
control devi cpo8®0. InaRdthehkBodiinBit, SPAEREal BBIERAAA cSTDELRA 16 A BPard SR
a feedback system for accurate control of the pl asma pressure in the

gap 640. [003®ntpl &ViGHE 18hdhe aun eeprol Hevieot 16t daa ressivera qontigl B! thireugh

sl ots 606g, bl g Céjg‘g?@a){ ﬁ&ﬂ'f§7f§mﬁ?& Jabl%G (ﬁggn l[ﬂ% x{&ﬁldg;é)é%ts@r%?ensgllggn %ﬁm

shows a top Vi e e cover ring ots al'1rgne
t he ot her sl oaﬁreﬁsj)fb sensbrd2neasufing the ghanbdr pvespae.s dhevieks ring cantfall | y

ON st ate. nmechani sm 620 oper provi de a
vari abl e gas WF‘%W’(?B&@SCPISFF&‘? ?eﬂf)(ﬁg‘?‘?dttﬁ% qngr gg‘?" ]736t°ﬁ’é T st at es
shown, i.e., Reddadk Coritfdl Wibtenh fdrheciihtotontfol f the plditha@reding i theGap 763.

are partlally overlaﬁged by the choke ring 604. In other words, the
ON state can 8tHe ¥ &Shewmnmafaalsp%zptfwaqqnyowg gﬁ@ﬁ%]@ﬂt@tanw Bhows

an appar af4is é&&ﬂd%eﬂﬁt@a&ﬁ%%mbb&lﬂaeﬁm&sr & 1&&9% B A dHr0B0 adsBmbl
mﬁg 3 ty he

accordance wi th anot her exenpl ary enbodi nent. I ment,

| ower el ectr omeluémmppyr clgzrode 884 ha\dnwa sl@weﬂmad Qtﬁnﬁgmeatwmfmdilstahutmg
shown in FIG s e ctrod senbl y
and an upper BPast b ST M vopts o Flg SSRGS R Wb,
define a gap dé3rodb&be Tﬂimlop/enelesﬁ)dgassenm)em 1heldd¢sraﬁ1®1etchest@duad1mak
state by RF p . el ectrode assenbly 702.

lied to the. lo A
Sboont i menont Sh8 e RSlBBE st Sis iR Guac Biind HESRA Decer . ot ietEsfne

with the yechamn 6Rchtdn bd REmeQBEEiliEdn) dicldficAditer #8149, WhidH cAPke RbBed
stationary. The choke ring 705 is rotated relative to the cover ri ng

704 and gr ourRf qupsg apd@n inmee epiter g 8 Hefog aroteqtipg theosreund arec®24 fiere theh
the slots in ﬁlgﬁng i'nqgégaz)%l £3p simplicity, the other components of the upper and lower

electrode assemblies 804, 808 are not shown in FIG. 8. However, other types of
upper and lower electrode assemblies can be practiced with this embodiment insofar
25  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.
30 [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
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[ 0039] As depicted, the nechanism 710 includes: an armunit 714a,
714b, 714c 30(referred to herein collectively as armunit 714); a
pneumat i c WQPRERS18712 for actuating the armunit 714 PET{US007/025831
direction of arrow 711; and a notion converting mechanism 708. In
anot her enbodi nent, the conponents of the armunit 714 can be forned
as an integral body. The notion converting nechanism 708 is coupl ed
to the armunit 714 and the choke ring 705 and is operative to
convert | i nealfavimireltipfprdthesics 84 firined ibréont The@héktd @ippd30MDhiovablein

t he choke ring 705. In_the en‘ggdi nment, the mechanpi sm 708 can be .
simlar to th@eAEeRoE ARONF9Z by aguitahigjacsustion mschasipyspdhatishe spacing
conponent 7 1l4gtgadh tRepidsfsiohds 1 A@GhOhndd8rack YR tHbt §8Bamilths (#E2,
and 522, while the otﬂer conponents of the mechani sm 320, 420, and
520 can be orflewpad) ¢an beconirpibaatoctheicby eantpobhersas flowaate threngi thg sfotsom
t he bottom sige,. 4 . odi men l ectrical solenoid
can be. cont roffed by et In SR AR AR Hore BB TbAL S

devi ce 716 catupledes the canfimemanoting hgaablyt830 avighte Iachokt eiag83c.alln cabl e
718. The cable 718 can al so incl ude ressure sensor sjgnal froma
pressure sensBPtEppm @ﬁ?ﬁ’ﬁ@%%m&ﬁi%@%ﬁawé‘g%wmw@ 1gﬁdﬂéheri ng

control nechaghisdtlingdfl shdW € SSRIE 7988Pled 180 chbRe ARBROMIObpd&ivieas
716 can form a feedback control systemfor accurate control of the

pl asma pr essuacdiaisihe Reokgapmeds. Thoelets|S27 imeover sReRa0 ans stpiritasiat 800
for contrgj| 'iﬂ%&&ﬁd&i@%{_&ﬁ&%ﬁ{ﬁ@f@g UNTEE a%ig,;tggrgﬁ{% éﬁb%%g@f}hﬂﬁom

enbodi nent. As depicte e upper electrode a y I nc es an
upper el ect r odfeofGatrivamgsgnd thehpoersivea dac alsd bgcongentan rihgs when viewed
di stributing !ﬁ(rgg&ge;s gas into a gap 862; and an upper ground ring 806

surroundi ng t 8P"el ectrode 804. The | ower el ectrode assenbl y 808

i ncludes an efoes4]r omtgahéral, efeuokundd o thegaprebidh/MicR as 8475 betleen tHe upbace
during plasma processing; upper. hat edge r|n% 20812, which_can_ be
formed of si|3ddavergilestads pisemplitsds relatiyglysmell cppipared dofhabefl the Fhgepbesy

quartz; and apabd)ofdh £R6ET Akt Bitd FihduBLEAL |sNBrebiEafBins S1hh%h in
824 fromthe plasma in the gap 862. For sinplicity, the other

conponent s of the B, tsreniiaercnt singrassembbi ¢nsbles aswaliybiues Besuregostreaad
1P w1 s Buck RN 0 s UREB AL R TRGLc opes
to the chamber hardware. Also, as the volume of the gap is small and the gas flow
conductance is increased by the bypass slots shown in FIGS. 3A - 8, plasma
20  conditions can be controlled quickly and accurately in plasma processing chambers.
[0045] While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
~ changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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25 as the mechani sm 800 can be operated in conjunction with the
assenblies. 100421 The plasma in the gap 862 is confined by a
confinement ring assenbly 839 that includes a WAP ring 840 and a
plurality of .confi nerrent rings 842. Neutral species in the gap 862
pass thr&ﬁl&ﬁ‘ * between the rings 840, 842 and flow in the
direction of arrow 852. 30[0043] The illustrated apparatus 800

provi des.an addition as fl ow condugt ance th and includes a

Bl ottea dover P w580t ficsrmaleEobe BpBr SrgB3ntsr Binmity BisSisine,
mul ti pl eckdnifies n&wzhﬁg @ Npfervdlédirolib @ispbidsoppddic aldlver ddacpass addpdddeto
ring 830 having nmultiple protrusions 834 fornmed thereon. The choke
ring 830SYRPOHGPIIES, H’etaﬁéala‘iuﬁé‘él’f’i’%%“%f arrow 852 by a suitable

act uat i on mechaghsifars Grddiat nhgeco%ﬁg&le@gmb%m%%csﬁge DG THONSwE34
and the inner surfacés of the slots 822 and 5 (r.'e., flow path) can
be cont r elefieatle, the grmledelbg lwmg)a ﬁtSheetgﬁslotISIf@wedah@elnhr ough the slots
°822. For exarrg)t gimar overrln 1ncféxd1n aseconr& set OfS I’% (g %‘;[elnon rods or
bars 850 coupf1 q"Y6" Y fe e ot e TER” asse date the
choke ring 830 bybzﬂ;s&bh@kehﬁﬁg arsb@sédrhemeenaﬁe gfdiﬁhdlriintg e&ﬂ4th6|cmdrafngt ¢het he
conmponen 14C in the empodiment shown in FIG 7 is coupled to the
choke ri ﬁiéjp g)h okfging & é‘?gafﬂh\lf selptalofigrmaed herctnane i ng 830. The
slots 822 in E%Ye%ﬁarﬁs!n@gda%%& BBtafd M b9past @héleqir: éﬂa@vé@b iR dhlfud ring
enbodi nent shown in FIG 3E. Alternatively, the slots 822 can be in

t he for movarg@ncawuni ¢ eviergs beimden He fpstomndubird s ehslotlte @heb@»y control
concentri r 0 441 th

vol ume ofggst ﬂé\gggndwglq?eoﬁﬁ@ﬁ?g ﬂL t?m g%g & a%fl tl%ensett of S?Otggérl andcq SN
el ectr odetaaslaevﬂbbh a= ﬁrst g€ bﬁblbtsels yn ol donauraitien vhth tﬂnla aliirdéet o elots

i oot |y b Ben oy ThraBinwen e REt gara g BEhrvhaRde PrY) e CRbl y

enabl es gl WhivR M BrsPEQ&STTWI s ORbEIRM ﬂhem vBaBhe RN fih D ]IENtha O Y &S
the entire range of the gap w thout dl(ﬂe 2 S|cal change to the
Sty &

chanmber Ramgilew thippguthe fssttsheongdgng thir O@ap is small and the gas
fl ow conduct a S A -
5, pl asmm 20 Suust 1o REEEATEEOpI® S HBAP Biheh So BT ah BooBbiR
pl asma psanesisionte cdiangerms. en[i(hﬁd&ﬂlumm t@t}iehgzpasmmnke ong hathe helen end

described. in.detail wth reference to.s
wherein, when the motor rotates ?he rotor, the Fi—s%apedc arm rotates causing the bypass

choke ring to rotate relative to the ground ring; and

the apparatus further comprising 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.

2. The apparatus of claim 1, wherein: the ground ring and the cover ring are

stationary; and the first set of slots is aligned with the second set of slots.

3. The apparatus of claim 1, wherein each of the cover ring and bypass choke ring is

formed of dielectric material, and the ground ring is formed of conducting material.
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enbodi ments thereof, it will be apparent to those skilled in the art
t hat various changes and nodifications can be made, and equival ents
enpl oyed, w thout departing fromthe scope of the appended clai ns.

What is ¢l ai is: |.A aratus for controlli as fl .
conduct ance {Tﬁg%a@afﬁ??a&p‘ﬁ%g‘e SYRRECIR HRGERYET iR Ia‘iﬁ‘g&’r‘f YQPFSLf%\é\{éer rmng are

el ect r odeorfhic BOGREZQPBAS Iah @ tiR droWMRITidliefdrmed er Ad@pt ed to support a
substrate, the apparatus conpri sing: a stationary ground ring
configured to concentrically sun-ound the | ower el ectrode, the ground
ring inckudi ng @%inafaﬂs F€1ai0f &RLALS Ofng;n% .therein; a stationary
cover ring i ncPu 'ng a seconé’ set of slotS forned therein; a
bypass choke aipragswte spasetbr medammary gadserepswana thid plgsmanprotéssing ahember
ring, the (ﬁ%egﬁ\ss choke .rifﬁg i,ncluding a third set of slots forned
therein; ? ing a sgnsOpuENATAh adapted to rotate the bypass choke ring
relative to theogtfuadict irdtgolsdvevidltie SdhsaMALKH a8 oPMBIVAP B4 WRBHIdIhe
first and third sets of slots to thereby control gas flow conductance
t hrough figealfprcoptroldiag Hiechctughen s¥§f9PH sets of slots between (i) an ON
state in which the first set of slots is in fluid comunication with
the third set of slots such that gas can flow through the first,
second afd t hAraehed of gbnsdlbng famdcdriduytazae GFEssbhthe davioshdccbrdidgeto
first set1 of .slots. is blocked by the bypass choke ring such that gas
cannot f I 8W {n°8WS8he first, second and third sets of slots,

wher ei n the nagpafing M C Rt biERStor asubbiAE  Ma\hd) PplanfaOpedcessaipd ABmber

L- shaped arm secured to the rotor at one end and coupled to the
bypass cRYRRISRGGe aprardes sepdingdaglaimer ei n, when the notor rotates
the rotor, th - £ at sk ring to
rotate rel atigrg'wto hg&éf%ﬁfé‘%rt?én%a?’ tfaénd %‘;‘{bﬁremgggi?ra%?%? %SEt her
conprising a ewsifigtbapntess igaginasgesmn; yndidapt ed to encircle a gap

defined b h | d d I d ' d
at | oast one. St RHERE ARG OGRS hYE PrREhLRt TrTR) oLe8nor y

is novable in the axial direction of the ground ring to control gas
fl ow t hrough gﬁps bet ween the confinenent rings 2. The apparatus of
clai m 1, "wher EhnaPPeR&sL sl 1 fHEeh AR Yeast oneylldpisreset beswerny ;

and the {Hetsha&hold rig MPtheer@lndaRRd M ta ﬁfeh‘%hﬁﬁfza@igg t& Rlduod ro?ﬁéﬁhﬁ

3. The apparatus of claim 1, wherein each of the cover ring and
bypass chultien thaigpeiwechormsdhe byplise chekering ivavetedatlatiemtd thaegrgmd uing

ring is ];19({ &Qfgr l%g lg:yo {Plg lﬁqcetcthrgsmn.at erial.

8. The apparatus of claim 1, 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.

9. The apparatus of claim 1, 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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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 nmetal. 5. The apparatus of claiml, further conprising: a

pressure sens for measuri.n S pressure in the plasma.processing
Chanber AR s SEAHYACa P s PR SR e first Secal Apf EFEE! S0t
responsi ¥Rehd inNg r&BiSdfectbl) B8 the BbuRd @ingt dnehds tnS&hshatedCRBlah&llar or
signal for controlling the actuation system 6. A nethod of

cont r ol | fABEZPIdglshePhduct ance by use of the device according to claim
1, conprising: supporting a sem conductor substrate in the

| asma processing chanber conprising the apparatus according to claim
E; provi ding procRRYatRsel chap 1 mecgran Msebyviden chake Tingp@rludergpioBEpns
el ect r od@§me8XidrddnNg the process gas into plasnm; and operating the
mechanismto control a gas flow rate through the first set of slots.
7. The apparatus of claim1, further conprising at |east one bal

i nter posed. betrweappdriies BY BRES 19hQkereld AGpaANnth blG e HeNFofrhdiéhs dnd€n
bal | being operative to reduce rotational friction therebetween when

t he bypassicesislase pf g firs of prcandslopdegimipes the gehBoy confhdtaneamigronshl the

cover rinpg.hysthe Meehagigsm 8. The apparatus of claim1, further
conpri si ng: a pressure sensor for neasuring gas pressure in the

pl asma processi ng chanber and sending a sensor signal; and
13. An 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, 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 bypass choke ring disposed over the stationary ground ring, the bypass choke
ring including a third set of slots formed therein;

a stationary cover ring disposed 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
vary an amount of overlap between the first and second set of slots to thereby control gas
flow conductance through the first and second and third 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 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 and second and third sets of slots, the mechanism
comprising an actuation rod and an actuation system coupled to the actuation rod and
operative to move the actuation rod in an axial direction of the ground ring and, wherein:

(a) the actuation system is a pneumatic cylinder or an electrical solenoid;

(b) the actuation rod comprises a first end and a second end coupled to the
actuation system and the mechanism further comprises a shaft rotatably secured to the

ground ring and having a rotational axis substantially perpendicular to the axial direction
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a notor controller responsive to the sensor signal and operative to
send a control signal for controlling the nmotor. 9. The apparatus of
claiml, wherein each of the first, second, and third sets of slots

i ncl udes Ieas one sl.ot arran d al on her [ rection of
he. r ouGibE g oo e i Eone ST AT ERHPLE B he
first, sgeomt:andcsupidddo IS Sypats GoRé singXt mgislama qurmelu abcodldl eftdn@n
of the ground ring and has an eldhgated rectangu%ar or trapezoi dal

shape. ~SceurefHe thpshrfadnemesdias ghanfimst aphapend ade thypefss hvlesvighig
i ncl Udesatparcﬁé(f H)Sthg g&t fer({ prﬂe tié]\}%lz %BH ‘an a«j:taatlo Er%ngﬁﬂa{t%th@leﬁ) ft(% Fﬂe%’e fnillt he

wherein a spacing between the protrusions a I nner surface o
first oreskachdlestomd udgtdegamstabe filbeergas the antnation dethathe eotrieroaght,t he

first and seco, d sets of .slots ar at us f.or, controlling gas
1 ow condhEEinBe R dengpdowitriparedd: fE - ERERBMFmaf s i detspd

el ectr odhedirSRASEE, ARROSH Rvé dI6ehe @bteGdTaD e s ddaR! DAt QuSHPPY haft
substrate, the apparatus conprising a statiopary ground ring

confi gur aifl the e@a&%ﬁm todotage dome Bemeratione! panef theshalt thsaeby erEnghsund
ring inchuding o fe Bhg&im%a?é repdftlv§ P8 of QLR L herein; a bypass
choke ring di sposed over the statloﬁary gr%und ring, the bypass choke

ring includi ng) thetdeivatios etd @ingiset ﬁfsmlencbdouph@rtelthq actuationayserata'nd) r4ar y
cover ri i sed over th und and as hoke r.

cover 11 et ERERG® titost O HE B Epd 4 ERPURBRS BrEP el 1V et®
nmechani scomstaieetst shdsevndidig poytioas Snccﬁ@kted td thg g@indtring@ntb@ndditie the
ground rlgg to var an anmount of overl ap between the first and. second

set of sfiBfang geombensRprisapoyt a@e?éle%ﬂBWréaHu ferhplde thawxarlghresting of
first angesg ﬁ’%‘C{hé E'éc'bgd R4 fﬁoﬂlonsdfcﬂié 1Rt BERY if hdiRD cg\tlac?tv@iﬁﬁt}fe
whi ch the flrst se slots 1S in flurd comunication"wth

second stpenf esd persios ot thetahfaatuga@dcmqewngawdtahmdm@m ohe efid $est1reé mjthe

fsie?g'[]dsg 1gstt 0y r(grttlg)ref\foit Ofle\§| ot é t}?‘enqh cou CE easlsr}:h Celhﬁl?gi ngas
cannot f ﬁwspﬁugommg hﬁ) éndrs aespaad/egesmﬂdd andhd Qﬂondd aﬁg an@ftheslleoérsandt he
mechani sm conp r|5|%%mgn actéatlon rod and a %yatlon S stenlcoupled
to the aBRutYEdA ¢ NSO §e50p4 Pﬁﬁk?@ FrAgeIsh Fé%Pef‘%‘? B

axi al di p&ebh 8P RfactBof U Wﬂexreld"ﬁie Qé}}éred"@?ﬁrp%hfbn of the acti@bnrB& when
actuation systemis a pneunatlc cylinder or "an el ectrical sol enoi d;

(b) the movedhby dhe acouhtionmpmchanesm an fhieraxial girdctimmdofahe emndl rimgdroskupleed
R A T e
substantr@Mk&t@&k@ﬁndﬂmmgar to the aX|aI dlrectlon
(d) the mechanism further comprises an outer case secured to the ground ring and
having walls that 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; or
(e) 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; a second actuation component coupled to the first actuation component and
pivoted to the ground ring about an axis substantially parallel to the axial direction of the

ground ring; an elongated arm secured at one end to the second actuation component and

coupled at the other end to the bypass choke ring; a spring for resiliently urging the first
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of the ground 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
intermedi ate. the first and cond ends her e a counter

t Be

i ght .
at t ached ¢8R PRSI HY? e aEgR rr° Aht e RS Bl %é\% ShCiis
at t achedcéipdear SameNEe R eRf oft e adteMRN rédtindl b G@ShoRIR MG sdciRdftd frt
end of the actuation rod by the countermelght, wherein the actuation
rod, wheBroNBY egbAndt epsralive datrrovids yeekaniqah Senpertaler dhe snringcanidothe dirstt he
ground r b auo%l%gl&x%oﬁ A Jul?e‘f& iR AR Fod, Wk hRRA! bg?‘fﬂesac&faﬁ$ﬁ1§‘ys§eﬂmaifxlt 1
causi ng t t "and 't he e ong ated armto rotate ong the
rotati ondie axxal sliretidnhe thé afoupd trimgr mbyescthei Sira gtcmhmoxbwmemho ke axialg

to rotat Jatl etot round |

conpri et pfuid i canit: bhatiend sl dytBefand b Mipeldy
end por t bR ORRAS ietetlyQalifits fhk b§pase Bibia Mg idIotATE el SoHe Widud@ ring.
conprises a | ever conprising first and second end portions and
pivoted to the ground ring internmediate the first and second end
portions about an axis substantially parallel to the axial direction
of the ground ring, the second end portion of the |lever being in
sliding contact wwth the tapered end portion of the actuation rod, an
el ongat ed ai m having one end secured to the first end portion of the
| ever and the other end coupled to the bypass choke ring, and a first
spring having two ends respectively secured to the ground ring and
the |l ever and operative to resiliently urge the second end portion of .
the | ever against the tapered end portion of the actuation rod,
wherein the tapered end portion of the actuation rod, when noved by

t he actuation nmechanismin the axial direction of the ground ring,
rocks the | ever causing the elongated armto rotate, thereby causing
t he bypass choke ring to rotate relative to the ground ring;

(d) the nmechani smfurther conprises an outer case secured to the
ground ring and having walls that 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 or (e) wherein:
the actuation rod conprises a first end and a second end coupled to
the actuation system and the nmechanism further conprises: a first
actuation conponent in 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

pi voted to the ground ring about an axis substantially parallel to
the axial direction of the ground ring; an elongated arm secured at
one end to the second actuation conponent and coupled at the other
end to the bypass choke ring; a spring for resiliently urging the
first actuation conponent toward the actuation rod and thereby
urging the first actuation conponent against the first end of the
actuation rod; and a support elenent secured to the ground ring and
operative to provide nechanical support for the spring and the first
actuati on conponent, wherein the actuation rod, when noved by the
actuation systemin the axial direction of the ground ring, noves the
first actuation conponent in the axial direction of the ground ring,
causi ng the second actuation conponent and the elongated armto
rotate, thereby causing the bypass choke ring to rotate relative to

t he ground ring.
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