APPARATUSES FOR ADJUSTI NG ELECTRODE GAP | N
CAPACI Tl VELY- COUPLED RF PLASVA REACTOR BACKGROUND
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waf er over which are forned patterned m croel ectronics
| ayers. In the processing of the substrate, plasma is
of ten enpl oyed to deposit filns on the substrate or to
etch intended portions of the filnms. Shrinking feature
sizes and i nplenentation of new materials in next

gener at i ARPARADUSES FOR ADJUSEING IRLMECTRODEGAP IN
demands onCAP#CITIVELYeCOURLEQRP PLASMARENCTORr
features, larger substrate size and new processing
techni ques create additional demands on control of the
pl asma paraneters, such BAQKGROUNBnNsity and
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| ohRbl SThERIEYHa PALAABLHS, SuchPas Pla@m tehsity and uniformity
surrounded by the outer portion of the armunit and

t Berasgithe gnastatende prhievaidesiremigifeat i on with the
interior region, the vacuumisol ati on nmenber providing
vacuum i sol ation for the space such that an

at nospheric | oad on the cBUMMARY assenbly is

neutralized. [0003] An exenpl ary enbodi nent of a
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the interior region; and a substrate support on the arm unit and disposed
within the interior region; an actuation mechanism coupled to the outer
portion of the arm unit and operative to move the cantilever assembly
relative to the wall; and at least one vacuum isolation member enclosing a
space partially surrounded by the outer portion of the arm unit and the wall
and being in fluid communication with the interior region, the vacuum
isolation member providing vacuum isolation for the space such that an
atmospheric load on the cantilever assembly is neutralized.

[0003] An exemplary embodiment of a plasma processing chamber for
processing a substrate comprises a wall surrounding an interior region and
having an opening; a cantilever assembly extending through the opening,
the cantilever assembly including a substrate support surface at a first end

inside the interior region and a second end outside the interior region; and
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inside the interior region and a second end outside
the interior region; andan actuation nmechani sm coupl ed
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assenbly in reverse directions perpendicular to the
substrate support surface. [0004] An apparatus for
adjusting an inter-electrode gap in a

capaci tivel ycoupl ed pl asma processi ng chanber

conprising an upper el ectrode assenbly and a wal
sanrastuatiomgmachamisey caupled ¢o tre secbrithend @ndropgrativertn move

| 1 GG Sl Lt Bt OGS R R Rei e the substrate

SYlipp6re satfadefi rst end and a second end, the
cantilever assenbly being adapted to extend through
t 004 enfn@ppacatus far adjheting aptinteneleciradesgarein Aeapacitively-
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assenbly perpendicular to the substrate support
sther appara RESsingGosantig\@r assenyly includingraalower electrode,
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dassgrablydieing adapted] tweattend trotahahé opeaing swetptred the first
pégéna,proce33|n chanber including a cantilever
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;E‘%i@ﬁ‘, dhF IR Yt dtidk! clﬁ%niwwé:& to t §€%l¥}§jsﬁnd and

ematic top view of t ring and no own 1 n
Fogeralive [t0 e e ariilesarassembiy perpedicdaettethiecsubstnate
of region B shown in FIG 2. DETAILED DESCRI PTI ON
[ BRI BUAACO: i | | ustrates a capaciti vel y- coupl ed
pl asma processi ng chanber 100 of a plasnma processing
apparatus. As depicted, a |lower el ectrode assenbly
i ncludes a focus ring 108DRAWINGShuck 104 for hol ding
a b]: rﬁ‘Fﬁ e1:L gﬁ%\/‘gg a%lj: Cele %réiQSra%ﬁ’%rf %téa%%cﬂfveﬁyhgoupled

criarroe
plasma processing chamber.

[0006] FIG. 2 is a schematic cross-sectional diagram of an embodiment of
a capacitively-coupled plasma processing chamber including a cantilever
assembly.

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

[0008] FIG. 4 shows a schematic top view of the CAM ring and motor
shown in FIG. 2.

[0009] FIG. 5 shows an enlarged schematic view of region B shown in
FIG. 2.

DETAILED DESCRIPTION
[0010] FIG. 1 illustrates a capacitively-coupled plasma processing

chamber 100 of a plasma processing apparatus. 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 is

supplied radio frequency (RF) power by an RF power supply 110. In the
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supplied radio frequency (RF) power by an RF power
supply 110. In theillustrated chanber 100, the | ower
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An upper el ectrode assenbly includes an upper

el ectrode 114; a baffle 116; and a cylindrical body
123 from which the upper el ectrode and baffl e suspend.
The upper el ectrode 114 can be grounded or powered by

anot her RF power supﬂl y 120 during operation. Gas
silipptratag eharobgh10G.chedeweeelectodad@ssppiiy il bad todibe
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t spatiegigapsbedtiveen thel eonsemihi/rings pHO2 tandris EXBaabteidhfeom the
cylindrical body 122 is subject to atnospheric
p-¥'é§'§ FE, while the remainder of the upper el ectrode

v . o !
arsey! vinl tﬁeﬁlﬂ%%ﬁéd cRah®irR0BS & 'a8Rist ﬁ]% %%g;?@?%etween the

el ectfode asse nmoves as one | ntegr
slowextdnshupper@lesisede assemblies ihé entireotipperelepirede assembly

e R TR o
t 126 nf\Ebe elseattd Qr6vias TeVRBUINTB ¥ alSetREAhE R yAAGEN Wddy 122
to adjust the gap, while the upper electrode nay be

sed thmeaagton iepeliwhita sbening thecsnnas clgradassembly o move
b [ f trqd o

- B8 R R oB oS doskuliiy, AEPER RS & Redyingrica

Pbesy ULR is bhlsjebbirstntdspariedfesssemahie itise sempaftierio? the
an atnospheric load directed upwardly. [0012] In the

eWPRRS $IBRTOde RESeMBbLSIRAIbIact te iaw QEpsEvdeSs oASShP ARDEST s

BLABL R0 AR ind PRcalaPEE0 BB SRR of bioure

t bre tpe sssace obthe ineperl electroden abSembpyields a downward force,
referred to as atmospheric load. In other types of chambers, the lower
electrode assembly may be moved up and down to adjust the gap, while the
upper electrode may be stationary. In such chambers, because the top and
bottom sides of the lower electrode assembly are respectively subject to a
low pressure and atmospheric pressure, the lower electrode assembly is
subject to an atmospheric load directed upwardly.
[0012] In the embodiment, the atmospheric load depends on parameters
including the diameter of the upper electrode 114, the cross-sectional
dimension of the cylindrical body 122, the pressure of the plasma in the gap
125, and the chamber pressure within the top 112. Because the
atmospheric load is present while moving the upper (or lower) electrode

assembly, and the atmospheric load can vary, it is desirable to have a
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125, and the chanber pressure within the top 112.
Because the atnospheric load is present while noving
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10

15

20

25

30

at nospheric |load can vary, it is desirable to have
acapacitivel y-coupl ed chanber that can neutralize the

at nospheric load, to thereby allow the gap to be
controlled nore accurately. [0013] FIG 2 shows an

exenpl ary enbodi nent of a capacitively-coupled plasma

( Capacitivelyessipleyl cramber that caofneutrslize the ptmoe@mnﬂgload to

ieBkaliow e sanr e eamralbRlmare sbawefdr of ¢ e
e[ert3]0drI @aPshdRS ahheEsplaRP EnfbRhEAEST @céﬁéént:?&? coupled

an upper el ectrode assenbly 202 nounted to t
aptisana (a6HY proegssirapchamber 209 of BelespagspeessingBppatatus.

LB it RS PRl i et ot 5050160 Rpourate

oton®bleofithé fdledrotébgap c THEichangsst J0caBpAséHA wall 204; an
dlstrlbutln process gas into a gap 207 defined

bepmeréﬂleptrr@ @ﬁé?"’@l')é 0% sarunted ta fie wal: apderchamber top 206

BB R e Bl e WSR2 T upper

cemm@det&sehmszeﬂ ,cohfigrisgiset upperceleotteda208hhy on@ror more
|ncI ude_addi ti onal conponent The wall 204 has a gate

2Baff 'teﬁr?&fg'ﬁcmu"aﬂwg%B§§$%&Q§sfs°érdé5t[lﬁ!1me£9qe§§c9@§ infa 8 gap
t 597 ?féﬁﬁ@&rbeé‘?%en gr%)%\égef%cﬁ ons arfne BRr SRsctiddee

shown tlona gas |1 nes can be
cassprbmblytZﬂ 2. heoubity ethectppetelestsadehayser0Bly 20/istdhown to

v BregdommerinaHovae Braine? dosoiiuasyativeen
T%Iﬁ@ﬁ@&fm@&%&ﬁﬁ%érﬁ@s T%e‘“v@é‘ﬁ D& s AFSRIPOY thrdlgh which

that 1s raised or lowered by an actuati oh nmechani sm
29gbstmites cae unlaaded/lagdedririty the rbamhelrlz&)@s a

Btk 4S) B oY sy easie el (£ 2 optgiRabgas
elimsd eal Bkl couphsdiothiensppdielssti®ie 595&1455/' ,ldndhé4hs can
fromthe |l ower electrode assenbly 212 | ower

eb@@UPQH%d Hysuahojherigortiens pbile @bamaeéwaﬂeoéoamﬂﬁéme
Hg Cquf éovver el ectrode assenbly 212 can incl ude
t|on conponents, such as a | ower el ectrode and

C[Oﬁ:llﬁ]f oThéachdimbegr 200 Wesihprided & Bantilacer assdrhblyt2o1® that is

Sglggé:gr lowered by an actuation mechanism 228. The cantilever assembly
210 includes a cantilever arm 214, outer conducting ring 241, the lower
electrode assembly 212, and an insulator 238 for electrically insulating the
outer conducting ring 241 from the lower electrode assembly 212. The lower
electrode assembly 212 is shown to have one component. However, the
lower electrode assembly 212 can include additional components, such as a
lower electrode and chuck for holding a substrate in place on the top surface
of the lower electrode assembly 212 during operation. The chuck can be an
electrostatic, vacuum, or mechanical chuck. The lower electrode is typically
supplied with RF power from one or more RF power supplies 216. The RF
power can have a frequency of, for example, 2 MHz to about 27 MHz. The

RF power excites the process gas to produce plasma in the gap 207. Other
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of the | ower el ectrode assenbly 212 during operation.
The chuck can be an el ectrostatic, vacuum or

wore@hastesml chuck. The | ower el ectrode is typiPRel/Uy2008/000001
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supplied with RF power fromone or nore RF power

supplies 216. The RF power can have a frequency of,

for exanple, 2 MHz to about 27 MHz. The RF power

excites the process gas to produce plasma in the gap

207. O hersuitabl e nmechani sns, such as a lift pin

msuitablegnechanisms: such apa I%Mﬁtmacleaniemfoc tiftinggheaubstrate,
hani sm for , cool |

d | i
o PBHEA s lE 1B S 20950 mkenaR Rt i fabiing e lpwer electrode
PastEmB 212,td1e AtRIMPEdeberiend ?oﬁﬁﬁ%raﬂ theddwer élkRtrode
facility conponents 224 collectively represent these

oBeRse §2.0f hedaeilityi carepone@ts @R4 Tielleatively Tapresentithase
IOIQg{f g@%’éx ﬁ%@c‘hgﬂf 2l tube shape. The arm 214 is

orms a conducting material. As the

opoETr6]s uTrﬁe(aeerZM ban hb%&éerﬁéraﬂ%@ﬂ&ﬁﬂldaotdb%ﬂ@ﬁap'@ The arm
process %ases the arm 214 can have an outer

pﬁaf*é%pr eradiuformed ot a andudinaomaterials As thereuterpurface of
3 gﬁ‘aﬁﬁ S35 5§e§tt8?éa n@?;frﬁ%&agj‘%%&f ﬁ‘?%rm?ﬁ?één have an

e cantl ever asse udes” an

uppter protactive moatlngzdir candbe forovet oba matepph sUCB 23 stainless
secureg 0 the a 14. Hereinafter, the arm gjg‘g
A Brocsae 9p8 heLant y 23Palso

akn?fRché’:J. éﬁﬁh}BéPbﬁn ngléﬁgﬁ?%é &hda 16Nef LYY Pbgggﬁd 8&cured to

upper arm support ower arm suppor
| tenamd 204t dilereinafterstheeanalil 4 20dpertdres suppon @26nasd lower
ei.n_as

AP PPor . iRl nB Te e s BRaumiin® ASThe
CMFRéldéirﬁ upbRQ AR raw&%lrn{ Sapdropy® a?e%’d%%d dutdife the
Facility supply lines, such as cool ant

psmswalb?t@flmﬂilase dqnm@qeniease)alsorrgterremtmberelm AassN duter

| PRl EEo e st OREn Tk JoRe AP Rieb i 2 phlEes P Blirica
cylbengsitionl 221uipat Rstiid 28upgpl (il B4t ZM\EFa@IFtV‘sWJFmPMes

[
220 to the bottom surface o% the | ower el ectrode
a§§@ms3¢09!ppt PiRRs, Pnepmaticilinespsemsarinpatieupublinesiferthe

PR oo P2y e SRR ing oAl e p 8022 Bkl
Cf:roduttte ingemgpace of thel Ofihdticdlltabe poetiora 22 S e [dwet24rm
SRS 328 d5hS battom Stack ol tha lowar Slectrode assembly 212. The
supply line path 222 forms a cavity inside the cantilever assembly 210 and is
open to the atmosphere. The lower arm support 220 can be formed of
conducting material.

[0017] The upper arm support 226 includes a generally cylindrical tube
portion 227 and a top plate 229. One end of the top plate 229 is secured to
the actuation mechanism 228. The top plate 229 also supports the RF
supply or match 216. The cylindrical tube portion 227 of the upper arm
support 226 and the arm 214 provide a space for accommodating an L-
shaped RF tube assembly 218. The components of the cantilever assembly
210, i.e., the lower electrode assembly 212; arm 214; RF tube assembly

218; lower and upper arm supports 220, 226; outer conductor ring 241; and
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portion 227 and a top plate 229. One end of the top
plate 229 is secured to the actuation nmechani sm 228.
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216. The cylindrical tube portion 227 of the upper arm
support 226 and the arm 214 provide a space for
accommodati ng an Lshaped RF tube assenbly 218. The
conmponents of the cantil ever assenbly 210, i.e., the

| oner el ectrode assenbly 212; arm 214; RF tube
ainseiieioy 238 @re maved wpandsosvn as onsuptegral baiydyy thescactuation

t 241 ; di I 3 . d
o Hietha® A 25 3o et thef dap 20?8 aiusyed Eu e bR o e
”E@hu%ﬂbﬁ hedtariomtIzg atd'@editbedelbw iRebHRINRHoN Wtht PRS. 3.
details of the actuation mechani sm 228 are descri bed

béOQM]u nT ke hptiaat pbivewalh204 ¢ couplpdda 8] vapueinb putmuit 239

o B ciBpliag oS e Enbihuty . 3 R A ihsies Reast

i Oﬁé Wd@&uﬂﬁsb%@&h memb%a@pmw@@baédm iseraten fdrche cantilever
provi de vacuumisaol ation for the cantil ever assenbly

2@§semhlyt2@ i In thetillysteated arabediment, thavaggunuisplation’ member
| BhBHE0 NIB ERREWSIS, 2800 heSlibp U2 or E30Buel B

surfaces o OWer " an er armsu
ZBﬂperZé,’r@n sapﬂoﬂh@ZOuQEG anal ﬂ&!:eut@f st:l‘fac@bﬁtriblérrﬁaa4 are

ect to | ower essures gner t ed bz t he vacuu
© HbiSEH o 1Syies Pressies SEnREated SutiBe vack ragptaﬂsewt 49.
t b%n@?ﬂ%?lhheé’&béf%@@%' § pakQf th% cﬁﬁﬂe@@r é§§5rh5 ‘tgg"i‘ttc? be
nost of the outer surfa of the cantil ever senbly

1eealiget doatt radstoft tlinerodtemsmfmuf mercmjltltHWersen@Iy 210is
oper atjon, . such, the atnospheric | on th
B Rnirouissuis o Rk ubetian. g Surbdbe: o
aéﬁﬁé%ﬁé?% [EEL] %rn thil dafifevelr dsBSrrbe‘?*ld) Q\E theSrIJas pressure
10, is insignificant, 1.e., the atnospheric loads
neu:tunall theetitersurface af W@s@mae\@rla@aelmbiy Aty isansigeaificant, i.e.,

rr‘oodpg1 i |%a¢ né@tlréllleve enbl%h%gld?%bs\l/éj@&trgﬁzed

meésé?nléélméhteﬁfeeébdtmé\iértés%eﬁﬂﬂy 290 defiverdes eddiféd 1Bad to
produce {?I asma to process the substrate, passes

HEA2A08. ri ng assenbly 246, and stays

| meqéllp?asﬁt%%%sgg;[atsqgf%giépln'i&] ?neog{aﬁ I'20§l1'§: feﬁg%j%é)é t(%E? dur%e

rmsu er arm Suppo
2pkasm id p@cbeslﬂieeéubs&rétbepagswm@lgmtm%fﬁ@nerﬂ&mg

t Qgseurﬁgl?/r24a6n%nldosv%g{/s %r mesgpg)apc%rélfrrc?uzn%lng the outer surfaces of the
lower arm support 220, upper arm support 226, and arm 214 until exhausted
by the vacuum pump unit 239. As the upper and lower arm supports 220,
226 are exposed to reactive process gas during operation, they are formed
of material, such as stainless steel, that can withstand the process gas or
have protective coatings. Likewise, the bellows 230a, 230b are formed of a
material that can withstand the chemistry, such as stainless steel. The
diameter of the bellows 230a, 230b may vary depending on the design
requirements and can be about 1.6 cm to about 3.6 cm, for instance.

[0020] The cantilever assembly 210 is raised or lowered to adjust the gap
207 between the upper electrode assembly 202 and a substrate mounted on

the lower electrode assembly 212. To decrease the gap 207, the cantilever
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226 are exposed to reactive process gas during
operation, they are forned of material, such as
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have protective coatings. Likew se, the bellows 230a,
230b are formed of a material that can w thstand the
chem stry, such as stainless steel. The di aneter of

the bell ows 230a, 230b may vary dependi ng on the

desi gn requirenents and can be about 1.6 cmto about
3assemplyf 310 israisadcte. cqropEsp the aippenbellews 238eanthioystretch

¢ oBsreDPieriagke TheRinsy i Htodsd 1 ER2PY L Caiidver
magséablyo 4 keohered tebeetchade uppeeBiliowsg P30aldhd to compress
decrease the gap 207, the cantileverassenbly 210 is

r fisslowerbellowsr439. t he upper bel |l ows 230a and to

S h I : 0 [ LS '

S0 el HEBANRLY G ARl e dr 4 ARG 00 o
svaeduwrh grbssurpmbstatitialiyelo2s Gt zhdnge dusimgnesticdl movement of
| ower bel | ows 230ti. [10021] In the emhodi nent, the
vBIesRtieverasseaily g 18r Which isipaikely within the yalvmadefined by
PRESPMEP stfage BMHANaN 289°thd Gltef 3BRGEC AF id Gartifibld:ica!
novenent of the cantilever assenbly , Ich 1s

easserably 240, End bheéllmwsoR30ae 2B840t. nEle bglunie can hermaintained

25010 ST 1 B B i
VRIGVER FiaraR), HRlIBNE 12393 é&ﬂéﬁﬁ%@d@ﬁéli{bﬁ@ﬁ%@'&hntrags, thereby

because_mhen the_cantilevered assenb[ 210 I's nove
upvantaining substantialpsthe spearvdiure avithin thewga@sob region. As

SRR Fist AR B SOL SR A i o it
aldgpeig o theer Retitslviked3 s ddalielRivg 151a8bé the 8frhospheric load

center with respect to their vertical axes, the dual
bby m@istaizing e intaeak vetispe of the chambey26@isabatamtially constant

¢ . ' ¢ )
B SR fot P8 RS RIe SIS SBRHETD. s way,
catmodphericasreasganty eglblly bh thbitsp vhthe aamiepredi assembly
pressure acts equally on the top of the cantilevered .
adbeymihe ahrynbet BR0.cAghBHROSIEIICRIgSaUifaEIHE Pt the interior of

. ' ' ' f I v : | i NCe: .
D5E50 e Hlth PR2” BidcicbThENoRimE chaHBE ¥ gt et Buring the
t bap gdjusiohenst ttherd is redeced flactuation of thdé chamber pressiure and

t he chanmber pressure and pla ressure. . The
- JPlesEparassulé,aliha abEoRBhE¢ (aacdaes Btdiiciuale and cause

potential changes in process conditions within the chamber 200.

[0022] As described above, the facility supply lines pass through the
supply line path 222. The supply line path 222 extends from the cylindrical
tube portion 221 of the lower arm support 220 through the arm 214 to the
facility components 224 located under the lower electrode assembly 212.
The support line path 222 is open to the atmosphere. However, as the path
222 forms a cavity in the cantilever assembly 210, the summation of the
atmospheric pressure on the cavity surface does not yield any atmospheric
load.

[0023] The RF supply 216 supplies RF power to the lower electrode
assembly 212 during operation. The RF supply 216 sends RF energy
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potential changes in process conditions within the
chanber 200. [0022] As described above, the facility
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The supply line path 222 extends fromthe cylindrica

tube portion 221 of the |ower arm support 220 through

the arm 214 to the facility conponents 224 | ocated

under the |l ower el ectrode assenbly 212. The support

line path 222 is open to the atnosphere. However, as

t theopale mazzsrfamads‘gﬁ tabe asgremhlyt%‘eé) caheuup@eerseah@@aﬂsg of the

B0 whe B 3B nsetSy BIRE Ry EH o BBRET BT Ofine
[ 0pB&d artheuppor @28, Whie the Sopdd $dioRF2 1BV RIotsteldnBside the
| ower_el ectrode assenbly 212 during operation. The RF

safml%ﬂ D1he @ﬁﬁ@mﬁw@ﬁ@@é%%HBQ%SGM@HLZ%&@LR#B@ tpan
gﬁ@nﬁ cg‘]tﬁ% IOWE: %’cﬁ@e Ofﬁb; Iog‘ré rfljasé‘a\ﬂf fol??ilgflahgmssmn

enbl s loca he Cy Sartcal

pﬂihélRmtlﬂib?aséembI@ 2n@erfoansd 96 apwitabR2€onddtting mb&erlal An
| ower section 218b is located inside the arm 214.

bBrtendysten 240 acatatbneppibe desad epd of the lower, oiﬂﬂtlea 3(1(§b
SR8 9Rechn A BT B id BEl 290 on

i sefids thedcalfecteds anérgyl te the holmet elegtrodée assemblyAm rF

AT 2 e B S bt S RE el 20
t Béﬁd{ﬂﬁo:t &0 BEpEHAS oﬁ&ﬁsmhén&oﬁ%f%ﬁlé’ e é&%mbli/ 218. The

col l ected energy to | oner el ectrode assenbl
[ lepgt}s ane diamelers bf t-‘kle wpperrandlowersestionh @188, Em&ploffthe RF

2 d RE t 40 d d the di ' f
e e B raBh SR SRRl A1UEs S JRanERRE nower

t a@nme@rthr@@@hltﬁé@ubé assePBR 218 Beoptinik8l iffa Witk RF

tube assenbly 8 preferably have optimum val ues so

t agueney angovterthqellus\vr@t@ddemho@ugant thoth threuppersestion 218a

248415 B SeS 2\ 3E F  HBR 201p GBS v

aRE $upply 29erdusiegttheyad édjbstﬁiedthG'hBE bhbe tt@éRﬁM@lb&é
218 are noved with the RF supply 216 during the

a@FRhly18 isred to #p aptirnem anflgsbr@tlagswwma? ien gap be

8RBT SSRGS rinco o
etheactzedbee2®® owana evidé range of RF frequency.

[0025] Inthe embodiment, vertical movement of the cantilevered assembly
210 (i.e., vertical to the substrate support surface provided on the arm 214)
can be effected without sliding parts inside the chamber 200. Consequently,
the cantilevered assembly 210 reduces potential for particle generation
during gap adjustment. For instance, because the upper end of one end of
the horizontal arm 214 is located outside the chamber, the horizontal arm
214 and substrate support can be raised and lowered as a unit without use
of a vertical drive mechanism inside the chamber, or sliding parts to
accommodate expansion of a bottom electrode assembly. Likewise,
because software used to control supply of RF power to the lower electrode
moves as a unit with the horizontal arm and substrate support, the RF supply

line can be made from rigid conducting materials at a preset length as there
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t he chanber 200 over a w de range of RF frequency.
[0025] In the enbodi nent, vertical novenent of the

we amB8iogsseer ed assenbly 210 (i.e., vertical to PEEUS2008/000001
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substrate support surface provided on the arm 214) can

be effected without sliding parts inside the chanber

200. Consequently, the cantil evered assenbly 210

reduces potential for particle generation during gap

adj ustnent . For instance, because the upper end of one
eisch@needdo accmrmndﬂte anevermant ketwsesnttbe loueselestrode and the

R B By TN SRR E peB R B ST PRI R GedBRALS e
veniaéabutbide/a m@aharaﬂhsmbe"r& de the chanber, or
sliding Earts to accommopdat e expansi on of a bottom

e[@26]lodEhe gasimithe gap 128V is €le@reallysexcitetttaareduce glasga by
cg{g ﬁ? o?#é’rpcﬁéﬁ vgf'e(ﬂ? ﬁ%"\@ eﬁ*%léafoq oé{\fsren%l c2t1r200|'f)n {eturn
strate

noves S a uni ori zon arn1an sub
supgent, wHitteisRhesauprdnit ﬂbwmeg fam ttfe loade efectrode gssembly 212

conducting materi al s at a se t s thereis no
- Suaush ra%eamm eSe8 #mﬁa/ s o e

WEEEH P%V@Pgm)% P BOM é’i’@'é&fﬁéﬁ\ fin B¢ Ehamber 200,

ent e so ocate on a |xe sur
oseeerdkflexipleacsordactsartstrips 26@%¢ uSkd tgmakmsechﬂegmpctncal

INEEE ST N TR
Zé%ctrTébﬂyrc%&gféB ©UhEeSHn 291 qike &thhéoﬁ'dlfdt&nﬁné |2Q\'l"'|§‘%rmed

fromthe r el ectrode assenbly 212 through
pbhisord uqtmgmaatqwé andledectrically m&tﬂ@frqmzthed@wes etagtrode
retu

3F§%'HPR’| @pﬁy the fr}§é| sugg& E%é%tlirg\}:cor nt]x;pggafi‘%lieé the loop by

caplvaty ﬁ’omfthétdpd@‘ﬁ ei’é’c‘frdtlfeeaséé@ﬁblyqozﬁthﬁo theCwall 204, flexible
el ectrical connection between the wall 204 and the

ogoetactﬁoa%atﬂer ¢¢m@1mnrlmat41s grmalZdé: wadia:rlsﬁlejd@élﬂ@@ RF

R e e, FEMERF Uy 2161 (el h Ry 2308 ARIHEG not
t farm @it @ﬂtﬁétdr@dﬂ fasthenetyrnZlirdnt. W@ndlmmmhpaﬁént 236
The return current conpletes the |00 %fro

t HeUSRshEr elépté@taﬂb&ena@@teths@mz%% iw@mfﬁ" pﬁBF e 3gsgmbly

|76 B ESE e s R S 221 o

t [B0ZT] sAppthe oQfiES. coﬁUectn:eIrIrxg@’Q&QwesZémuvdcbo o wabir204

2gﬁg{]tgg§];3 o Iﬁré%{f t%é%t%ﬁoégﬁgfu%géé] ncurhre contaéofs 234 are
sufficiently flexible to accommodate the relative motion. The flexible
contacts 234 are preferably formed from a metal alloy, such as beryllium
copper (BeCu). Optionally, the contacts 234 can have a plasma resistant
coating to protect them from reactive process gases. The flexible contacts
234 are stretched or compressed due to the relative motion between the wall
204 and conductor ring 241. The contacts 234 may have a curved shape to
provide stress relief.
[0028] As described above, process gas is excited to produce plasma in
the gap 207. Once plasma is generated in the gap 207, the confinement
ring assembly 246 is operable to confine the plasma at different pressures

and gas flow conditions. In the embodiment, the confinement ring assembly
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is used to electrically connect the arm 214 to the
wal | of RF tube assenbly 218, providing an additional

wWQaaok/088s68 t he return current. [0027] As the OuPET/US2008/000001
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conductor ring 241 noves relative to the wall 204
during gap control or substrate |oadi ng/unl oading, the
contacts 234 are sufficiently flexible to accommobdate
the relative notion. The flexible contacts 234 are

preferably formed froma netal alloy, such as
b24§lis acwateshpya CAMIING/ pONGesaasemblyt B50.cdhedeAM 234

¢ PPt A3 251 s STAMIhS 24P L iibr P Rygptating

athe @N\@hﬁ@@alzo Bné gimi@rsﬁéeﬁ#tﬂle%%wb%d & fakl amvnnﬁg Q42 and
bet ween t he wal | nd conductor ri ngt 241 .

ceenfinarsetyingragserably 246 urydbersdetpis obthe @and@@emterysg

[ V. r
SR doa e CAERELEAGer IReinal BiEAR Jeribdd below i
| Sogjaneticn aathimMGshe 5207, the confinenent ri ng
assenbly 246 is operabhle to confine the plasm a

d[G028] entn ganesal PatieHHag GAsrGaleftrie FYErsRS. thstr@l@ includes

S BRI Bfhind/ Aepdsifiin BRERT DURARIIRESERDaNKIERs] Successive

r bwgfouhuh@?ersaamedépqsltéﬁ(bn the suhésces ﬁAmepp@r 243;lower

not o 44 for rotating the Mrin 42: an |, unger
eloehiP essBmyRsa AT erO SR R teg 415 ByREb s 1Y meR the
r

PR %ﬁe%i%egﬁddﬁ'%?’?ﬁ*g?%éﬁ BroduR%|5/275 MRS or
aflekeleff dranb ¢he betfaces to mpunmtedhewubatrateesln theanha@nsher

9 tt I :
oA08 her e e lieshas SER A eriain G LR B fantiever
ShEREMbAMI 108 hofed Wﬂfﬂerﬁ&ﬁlﬂﬁre&@ﬁ%%ﬂgﬁﬁ tRY ROt
| ayers are deposited on the surfaces of the upper and

| bekvear! thetlpwee and Lppierr iedectroge a&&enbbdmsZ bt nAs lsgch, most

AR U, ST 5 AR 55 % B tion

f bemvderetheusteps 8 IdarlisguhRyadirg) ef Slitssteitbst Astthe substrate is
chanber 200, the upper el ectrode assenbly 202 remains

f logatedyein fep pﬁ@ec%antw\@reqssgg@éy@ﬂs) a0 the subsieafeip located

e A T T N

ssighificam#ly reduced, enhancing the manufacturlng yield.
[0030] FIG. 3 is an enlarged schematic view of region A shown in FIG. 2,
illustrating the actuation mechanism 228 (F!G. 2) for moving the cantilever
assembly 210. As depicted, an end portion of the upper arm support 226 is
rotatably secured to the tip of a lead screw or ball screw 306. A motor 304
secured to a support bracket 302 actuates the lead screw 306 via a beit 308
or other suitable motion transmission mechanism. The bottom of the screw
306 is rotatably secured to the bracket 302. Guide 310 has a female
threaded hole which mates with the lead screw 306. Because the guide 310
is secured to a wall 300, a rotational motion of the lead screw 306 generates
a vertical motion of the upper arm support 226, support bracket 302, and
motor 304. The type of motor 304 and the pitch of the threads formed in the

screw 306 affect the degree of precision in adjusting the gap 207, preferably
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of the flakes may fall off fromthe cantilever
assenbly 210 during transition between the steps or

wo oadiossgbrinl oadi ng of substrates. As the substPeEr/@S1088/000001
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| ocated on top of the cantil ever assenbly 210, i.e.,
the substrate is | ocated above the contam nation

regi on, the byproduct contam nati on nmay be
significantly reduced, enhancing the manufacturing
yield. [0030] FIG 3 _is an enlarged schematic view of

r égfayﬂtemtbho icnene| & hezmoton 304 isaaantigllet dyaa mator oantrol

ASERRB1 5721 dPeneolt sobyahSyIRMLAER bl bESRRSY Lo sspeer for

ahiBasupRgthe 2% bftheqjait 207 Yo I8stthe Gapocdritfoltis peﬁbrrﬁed ina
| ead screw or ball screw 306. A notor 304 secured to a

tqgstmckmoamemos@ Vietieig bpesiof in-sdd detedarsasechias laser,

PiductPE, Ao NEl aPBLIED  FidPaibik HERSRLS! Plhstamer (LOVT)
seensdd, tan bbaudedankaigaPlsknsoriafd |Sddtel &ithar iridé er outside
t hreaded hole which mates with the | ead screw 306.

BHEAY3E 20ftedgReRANg A the tyBe Of 88NSY- a wal | 300, a
gl Onﬁie P £§?9§m5h8 t%[? HRwGl fY é&ﬁ/{ H@g gﬁéta‘?ﬁi fhotor 244
rt , support

noti1 on o he upper arm su
bslam\katln 803, 2ams depioted3the mbber 244)3 ctdupied to tROE AN Ging 242

-veabbefidodudacbdie ahertns o e el fing Sacaipmints 406
2Q4d meflﬁrépéll/érﬁaﬂ@é"emmeﬁf tl'?é BER1D4 Jé}?wﬁ% %Fo@f%the

is control a notor COI’]tI‘O system3 not or
cEAM onlngs?;ﬂea e&nterlaomml dreangamentdt thtakesanstie $lack in the belt

TEA Ao Wk e Rl 208 1 RBERRIS S o Rner surface

Vef !h@U@AlWﬂﬁg 24D tbbeSint ro |Gt RMt At Switts Hsllereid 1Da3FRI 414. Three
i nducti ve, Fam tive, acoustic, |linear variable

dpmngeéﬁssgmb ie2,250 @rewouplet\im)the E3AMIring 243. H@a@edger

* ReSeiPReS 830 SRl MR oMt fha B RBNCRAC. 40 dGoes

Fb&lowdini corjuisstioan®ith ¢1GOB. TievmetortZee isAdntioled2A2a amstor
m)tor 244 shown in FIG 2. As depicted, the notor 244

i SORtBRIMINE2Y the CAM ring 242 via a belt 404. The
afo3785 The cRaiier 280, el MBI e BTiche pRteske Yot Tor
caRasuang alne)presmjne irChié gam@0Z43. wéll beriis itlmspgce 270 between
olie TGS Al PO G sl Aty argesembla 216, Sigaalsitiom the
| 88Rdorfdi dr@&@nt to the motor control unit 420. The motor control unit 420
is coupled to the pressure sensors, such that signals from the sensor(s) are
sent to the motor control unit 420. As the chamber pressure is partially
controlied by the confinement ring assembly 246, the motor control unit 420
and pressure sensor can operate in a feedback control mode.
[0033] Additional rollers can be used to define the center of rotation of the
CAM ring 242. Three plunger assemblies 250 are shown disposed about the
CAM ring 242. However, other embodiments can include a different number
of plunger assemblies.
[0034] FIG. 5is an enlarged schematic view of region B shown in FIG. 2.
As depicted, the plunger assembly 250 includes a wheel 502, which is
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of the CAMring 242 to be in rolling contact wth
rollers 412 and 414. Three plunger assenblies 250 are

w@owplogssegt 0 the CAM ring 242. The pl unger assebP@l/U8208/000001
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250 actuate the confinenent ring assenbly 246, as
descri bed below in conjunction wwth FIG 5. The notor
244 is controlled by a notor control unit 420. [0032]
The chanber 200 can include one or nore pressure
sensors for neasuring the pressure in the gap 207 as

wehowadoibe intellisg aoatactovitethee@AM ring aﬁanaed angackingplate

a canti |l r a 210 fr.om

2o rey Phibel Dt ATIFRB mPURteck? It Bali O a8 spguvia a
metiiedble PRédHnishil ud 8sibditcardRERe ah@ngbmdmesm@rtﬁackmg plate
sensors such that signals fromthe sensor(s) are sent

e Mavnted eprihe shamber tap 8064516 H2) anchisressentialy imaobile

[ he confinement ring
a@gﬁ%%@é&étﬁ%%@%ﬁ{o egﬁo‘?ég%srol unit 420 and pressure
s{0038] chhe apsemby 250 aldeciadivaiels cplohyet 50D ded 4 CRI3follower
Additional rollers can be used to define the center of

r abatnted aeeinngeielb43he phungernQingrs CAM daliqwerso08
25% Qléqféoetgwg?d 4 rrgfé? %ﬁr@ge%f&%g@ﬁej@ rg%dlfzf??gyean§pring 510.

, ot her dinments can inclu
n'urh‘ee@AMfforbd)wegéf)S ateninl comsact[ViitiBthe IBWer strfase &12 to permit

RRGeea0T fhespinalhebeRoRluai Miusssudasheniz. The
g\%%lmlgﬁ 564 hSwEOUR ahd cRﬁNh th é‘?flrle'cﬂgn 590t %Fch%td?'tﬁd%;%nal to

242; and a backing plate 506 The wheel
atl]ajsltaablqeﬂnedIhyet@edNAmen@éi@Euargi mraftren&ﬂ& rings %34.

' I h d-s
THI] AT e 587 Flo flarn g Ssverbrd I B RS
28fectrbb& asdbmng 203 é)%?ﬁﬁtﬁhé%\k/ér Ef&%@fé @ithint the @fRR6Er to be
to the chanber top 206 0035] The assenbly 250 al so

i maintanedeap plunger 5@6411@\@ Hp @ad dayvn Eallowing therpontogd in the

Bl PR afffe AR LPIE AL BE RS REAR EOZATH shown.

r bth@r 3tkable rmrﬁlsémfgséaléeanﬁeeerﬁﬁw gl duesirR()8 stays
in contact with the | ower surface 512 to permt

plQdr ‘é@lztwﬁbmq’ﬂ@@ ofithe RlunggirS94tis @%b’ﬁl’% Py the mﬁ@ur in the
!%Wér 25%f2tBeT@RMO Qﬁé 5% @% iHE187S dBdwer
| rect ion t

in a wh ch or
surface 512 includes a CAM region 522. There is preferably one CAM

region for every plunger assembly 250. The CAM region 522 preferably
includes an inclining surface 526, which causes the plunger 504 to be
moved downward as the CAM ring 242 rotates in the direction of arrow 518.
Alternatively, the declining surface 528 is not employed for controlling the
plunger 504. Instead, the plunger 504 is moved upward and downward by
employing only the inclining surface 526 as the CAM ring 242 is rotated back
and forth and the CAM follower 508 follows the contour of the inclining
surface 526.

[0038] The inclining surface 526 can have two separate regions having
two different slopes. As shown, the first slope 530 is steeper than the
second slope 524 to allow the plunger 504 to move upward and downward a
greater distance per degree of rotation of the CAM ring 242. The slope 530
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the plane defined by the WAP ring 532 and confi nenent
rings 534. [0036] A pair of seals 507 nounted in

W@ e@ewe®6$ or med i n the upper el ectrode assenbl RCR0R2008/000001
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permt the |lower pressure within the chanber to be

mai nt ai ned as pl unger 504 noves up and down foll ow ng

the contour in the | ower surface 512 of the CAMring

242. Although two seals 507 are shown, other suitable
nunber of seals can be enpl oyed as desired. [0037]

vmam' ko Lised forcsoasse lcbatrpl whilee thesslope S2oistuseld| fed fibg control of

% GRBORERRA: aehyatheR. 168 ndlBa ot o8 apasghave Bne

|a@,hmsas|gﬁé/l region 522. There is preferably one CAM

region for every plunger assenbly 250. The CAM region
5p0039] efBlnalpltmgem@Oéde@oapledrtol thaicogfisamient eing Z&sembly 246.

t MoTe AR TR, 26 RoHGHEEnd B t1e2e gt BRYEGA 20K M cpdpl2d to the

SMPN gasa'zaéna &l plurdlifeoflesnfindiniéntSiNgsaE34 H &3 4bs 589
mpl oyed for controlling the plunger 504. Instead, the

p(rafﬂj@d tgmuere;m ﬁ@Nﬁé‘(ﬂlVQMﬁﬁ eonfineraeniningsd5)- ebhe plunggrs 504
PRIOKeUR T4 ERBL RIS Bl R lbP dgHof e s

f53205®4 bhe tlﬁ@gtap§l536é 586b, 588d, 1536d (sulécthelybiferred to
[0038] The inclining surface 526 can have two separate

r BEiYh3S KAPSMPR) RENIPER 1@ ANOS PeBead4 A rapeshgas fRaintroduced

SIS LA ROT i B hler A0 IREaSRaREN ALAMER roy
e ot P Kt s boen 20
mﬂﬂ@ é?ﬂérv%fh%aé 63%% ﬁ‘ %9 8!35 ?\eepree;ﬁﬁ" 8PS % exgjted to
PHIHIRE prEdmaib PhERYS & §L| strét@errbﬂﬁﬂe'd% é’\iﬁog@&rface

nmay have one continuous sl ope 0039
i of theUpwed etastrode aasembipﬁéﬁt ring assenrbl y 246 Mor e

B0, .1 Tt B 2. dRT el witfe il S Tne Stbstrate,
cignfpdeederim thé Wl Ziepy SRt of&ﬁéq’egbﬁflﬁblhﬁﬂwq P &rftinBment

col 'ectively as confinenment rings ers
50ag assembly 24 Eﬂheé/&APdrrngaﬁBaw owumied todhe I&Bde plungers

C80 58l 0 b8 A A M BT B i 532 B B, e
rings 532, 534 have a louver arrangement and the gaps 536 between the
rings are controlled to confine the plasma over a wide range of the gap 207.
As the plungers 504 move upward, the rings 532, 534 get separated from
each other. As the plunger 504 moves downward or the cantilever assembly
210 moves upward, the bottom ring 534a comes into contact with the
shoulder of the outer conductor ring 242. As the cantilever assembly 210
moves further upward, the gaps 536b - 536d sequentially reduce to zero.
Alternatively, a spacer may be inserted in each of the gaps 536 to limit the
minimum spacing between two neighboring rings 534. Further details of the
confinement ring assembly 246 are found in commonly-owned U.S. Patent
No. 6,019,060, which is hereby incorporated by reference in its entirety. The
rings 532, 534 are preferably formed of a material having high electrical

conductivity, such as silicon carbide having a high electrical conductivity of
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herein as gaps 536) between the rings 532, 534.
Process gas is introduced into the gap 207 through the

wap@snsssbect r ode assenbly 202, which may i ncl uBET/O8®08000001
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nore baffles so that the process gas flows in the

region 207 with a showerhead effect. In the gap 207,

the process gas is excited to produce plasm to

process a substrate nounted on the top support surface

of the | ower electrode assenbly 212. [0040] The gap
2abputhB0eM Q-smcarack ahble tai withstaed temhaesh epeérational énvironment of

substrate,.i s spac fromthe I 04 by virtu f

¢ HE PlaBf i et 207 1 Do SEhsid PR periolinag f other
24GitadiBeoBGctive endierals Ssee8s afirhidubher §rphitef The post 538
pl ungers 504 and the rings 534 suspend fromthe WAP

r may baforpmed af medal. 538. The rings 532, 534 have a

OO ¢ BB R TRE Bt b aReHRRYy 225 235l FodifRiry HiSpiasma
ofo tHeesgde dlfourfded by tid Upger andRvarigctrsy@adseinbies 202,
ri nas 532, 534 get separated from each other. As the

pRiAgd BothepRgs 584 rwhilsy aligyéng Heutrab gas ceastifuents in the
2 ' i T
<SP R AR ol A F6 8 BN A recyon.

eraenﬁaemtlrr:al gwtd)msmmntasﬂseghtg/tr%]@aue?/iw &ugbbaded by the
upwar d, e s 536h - . 536d, sequenti redguce to

- B Sirtbes ke W) 204 dh0uier sope of 1e8 FRBHaYRT escembly

0 h i it i [ :

C oD Eng RRS beidins 230. Tile bres e HE SPRE 9%, BRidifiofled by

c the vaanem pump gnd 288rattached@odne bbtiamdof the wall 204. As such,

| y- duUsS P . 6,01 9,060, whjch i oL
RO eTReing Sesamblidd scpataes Pedashol plasina gygitation
reWI8n @@?’fao':fﬁ"thérsﬁaﬁé &f50r ahlgenersiMé Wilumd B el Hp region

r [
havi ng hi el ectrical conductivity, such as sillcon

c 20Biislsmaddamgpareditgithal efctheispace &50d Bec¢auseythefetbbuate of
2000_W . cm.arn | | d.the_harsh gpeyati |
2R R PR hfadl S Bt g B 3R i Bbsormoly

5326 nablay shtalf wlome pressifeedoritdl ballpPasinadenfingment over
mat eri al s, such as alunm numor graphite. The post 538

nit}e eetiregepse aitheseni207 wihagt majer pbysicabemrange fnthe
| : : 1 A
SRETBEY PBARHATS' A0, S VLLURIT S BT 207 bl he plasma

ace surroun
agspditibhesad B, catitblleddyuivkly Bedracegrateél?, 534, while

al l owi.ng neutral gas constituents in the
[0042] “Upon repeated use of the upper electrode assembly 202 and lower
electrode assembly 212, the electrode surfaces facing the plasma are
gradually eroded by the plasma. The gap 207 can be adjusted to
compensate for wear of the electrodes so that the process repeatability is
maintained, and thereby the lifetime of the electrode is extended and cost of
consumables is lowered.
[0043] 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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gap 207 to pass through the gaps 536 in a generally
hori zontal direction. Then, neutral gas constituents

w0 b@s/088s6® t he space 550 surrounded by the i nnRCT/US2008/000001
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surface of the wall 204, the outer surface of the
cantil ever assenbly 210, and the bell ows 230. The
pressure in the space 550 is controlled by the vacuum
punp unit 239 attached to the bottom of the wall 204.
As such, the confinement ring assenbly 246 separates
tH\éHéapiSoGLﬁlMEﬂalsexm tation reg| on 207 fromthe space

550. | en . the val t he ion 207 is
arei 1 domparasma prat oG brasdls "8mPRE08 ce t he
etch rat@\arhﬁbér’r@)rﬁy@ghg@t\saan suftblAéin wﬁﬁnia%reré Bh he
plasma in the gap 207, the assenbly 246 enabl es a

s having\asl th%nlrigessure control and plasma confi nenment

ohysi ceaRgNGE EEHRL LatRRs P dvare. A'so. b t he

vol ume of the aq&puﬁﬁ)éxtemdmgitHrouglhm@b SNRgTNRE Walnend
can be controlled qui CM and accurately. [0042] Upon

r BRYRgE %fer@prtt%loea O'éﬂSE’@(ﬁthBte&@éé?ﬂipp an? and
| over el ect E%Sﬂ%%égt?ggorgualtpb i dﬁ% é@éjﬁﬁ@%pg@@p the

facing the plasna are
Theegaredidh;can be adjusted to conpensate for wear of

the el ectrodes so that. the pro repeatability is .
mal nt aaﬂ@&?ua&m Peehanis Relbed 36 T obfeT prelien el thesamn unt

ﬁﬁ% mqoge%ﬁ eén BUBHaBN fisty rénalt.e %mlaﬂoéﬁ&
t he et al

i nvention a een escri ed |n I
r ef er eateasbospeactium isotationmeembet kaclesing a space pabtally

a é%(% hose ski | the art th var ou o
RARGERed By S Pt fiartift ot thé At Baliantithe WAl A4 beingin
eﬂ@lh%&h‘i’mumdah@hltwnﬂ?ﬂfﬁ Hté‘ribr{\r/ét%ﬁht h’% \?é?cﬁﬁﬁn ‘Psfoléthtﬂw member

appended cl ai ms. WHAT A pl asma
pptsb/e,fbeg vgcupmasaiation fobthmmaegsudn td:\laaabatmosp’pene loaygl on

rrao n_jnt regi on and having an
n%ﬂjﬁ aerca;%%%mrtg)(/%rn%%tgﬁm conprising: an armunit
extendi ng through the opening of the wall and having

an outer portion |ocated outside the interior region;
and 2. The plasma processing apparatus of claim 1, wherein:

the substrate support comprises a lower electrode assembly having a
top surface for supporting a substrate;

the plasma processing chamber further comprises an upper electrode
assembly having a bottom surface facing and spaced from the top surface of
the substrate support to form a gap therebetween; and

the lower electrode assembly is coupled to a radio frequency (RF)

power supply.

3. The plasma processing apparatus of claim 2, wherein the lower
electrode assembly comprises a chuck for holding the substrate in place

during plasma processing.

4, The plasma processing chamber of claim 1, wherein:

the arm unit comprises an internal cavity; and
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a substrate support on the armunit and di sposed
wWithin the interior region; an actuati on nmechani sm

w@owplogsses o t he outer portion of the arm unit BETUS2008/000001
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operative to nove the cantil ever assenbly relative to
the wall; and at |east one vacuum i sol ati on nmenber
encl osing a space partially surrounded by the outer
portion of the armunit and the wall and being in
fluid conmuni cation with the interior region, the
vacuumthe plasma pronessing ¢hambeli fugtheacomprises| at i on f or

t he space such a n_at nospheric | oad on the

cantil ever S%E,Bp@e ?%Caﬁ%%f'} E]q GRAtY afo_dtm\émgloﬁn%nd coupled to
PBACRE PoNErIRPPIBARE beingCddratide toBREMR:RE Rwer from the RF
substrate su%port conprises a | ower el ectrode assenbly

hRewes sippbythergthensght @ndsupporting a substrate; the

01 actrode. acuRhryONGTT okt EharatiBf 4383 Bk KpGhg ano

s pairefopérativé e comsct3he RICpoRtr bR t6 4bat thé RS PBReF to the
to forma gap therebetween; and the | ower el ectrode

a§4bpiate SUPROBlupl ed to a radi o frequency (RF) power

supply. 3. The plasma processi ng apparatus of claim 2,

wherein the | ower el ectrode assenbly conprises a chuck
for holddi ng Ttheeplasivgtgratessing Rippaeatds af piml 49mmerein the RF
processing. 4 . The plasnma processi ng chanber of claim
1POwWeE ISHP%[.Y I8 HRCWHRH @R the HpF P%‘Q“e{% the @eEmignit sygh that the
a I\ f Isi '

R DBt ST RRBR i Sl A B thg SEtudten
cmgrhadigmo. an RF power supply and being operative to
transmt RF power fromthe RF power supply

t her et hrough; and a RF conductor coupled to the other

end of gt he Rinet lASmMatoBESdIAg APPaFELLY Bf ChRim4 | \ekéreidie

0
RF power and to send the RF power to the substrate
suppor the BrmTindt ip ledentacallyozmgdedhtp thepRFaube; andcl ai m
4 Whe'ihee' EaﬁttﬂgveFf’Fassembly further comprises a conductor ring mounted
on the arm unit and electrically connected to the side wall and an insulator

which electrically insulates the arm unit from the substrate support.

7. The plasma processing apparatus of claim 6, further
comprising at least one flexible conductor connected to the side wall and the

conductor ring.

8. The plasma processing apparatus of claim 7, wherein the

flexible conductor is composed of BeCu.

9. The plasma processing apparatus of claim 1, wherein the arm
unit includes an open-ended internal cavity, and further comprising at least
one facility line passing through the cavity and coupled to the substrate

support.
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power supply is nounted on the outer portion of the
armunit such that the RF power supply is noved with

W0 b@sosssts | ever assenbly by the actuati on nmechR@i/E8200§6000001
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The plasma processi ng apparatus of claim4, wherein:
the armunit is electrically coupled to the RF tube;
and the cantil ever assenbly further conprises a
conductor ring nmounted on the armunit and
electrically connected to the side wall and an _

i nsul afl@r wHiherplasmat priocassing iapparatue of cladmat,wherein the

=53 TS ASA P ipgr ERfplines e REIRAF FEBERETE N uter
f bertidnl &f therfurl Mt aA@NRE Walidohe of fike Beliewydd tréttfet While the
conductor ring. 8. The plasna processi ng appar at us of

cPHiehiy compeeesad whenthezpplilevenasrernbly 1s Snevaehloy te aetuation
B hali n:l'he pl asma processing apparatus of claimi,
&ren the armunit includes an open-ended i nt er nal
cavity, and further conprising at |east one facility
l'ine paSSI ng. through the cavity and cggpl ed to the

substrafle s BS&'@ST@ P"Pﬁ%%ﬂ%@ﬁﬁafﬁ%% §|a|'f§ H}aﬂﬂ?%[@ﬁbthe
OBeﬂ"év% E}elco% FP yacuum i sol ati on menber
OWs CO

conprises two nnected to the outer portlon
of the arn1un|t and the wall, one of the bellows is

stretched | e the other i.s co ssed when the .
cant ! | dder "4 BEHBRa OREYAR0 BPPRIEUSEI GTgh Wherein:
WChantﬁé‘bct&étuoWﬁecﬂ{aﬁ‘ﬁ% dnfsRsest Ny apparatus of
claim 10, wherein the bellows are conposed of netal.

12. The pl asrhaligaewystatgblymesusedito thie afnaiumtBnd operative to
wher ei the a i/:wrlat o cham sm conprises: a ball

sg}oé(\?/tBStaeWb%m QE'JP ’oa? e armunit and operative

to nove thegahBidiibl rothiy fHY BalEsGrednd a nmotor for
rotating the ball screw. 13. The plasnma processing

apparatus of claim 2, wherein:
13.  The plasma processing apparatus of claim 2, wherein:

the upper electrode assembly comprises at least one baffle for
supplying process gas into the gap; and

the RF power supply is operable to supply RF power to the lower
electrode assembly to excite the process gas to produce plasma.

14.  The plasma processing apparatus of claim 2, further
comprising a confinement ring assembly including at least one confinement

ring configured to encircle the gap and thereby confine the plasma in the

gap.

15.  The plasma processing apparatus of claim 14, further
comprising:

a CAM ring disposed in a plane parallel to the top surface and
including a plurality of CAM regions formed on a first surface thereof;

a plurality of CAM followers in rolling contact with the first surface of
the CAM ring; and
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the upper el ectrode assenbly conprises at |east one
baffl e for supplying process gas into the gap; and the

WORR00pOSESHS suppl y i s operable to supply RF powePCT/0S100&000001
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| oner el ectrode assenbly to excite the process gas to
produce plasma. 14. The plasnma processi ng apparat us of
claim2, further conprising a confinenent ring
assenbly including at | east one confinenent ring
configured to encircle the gap and thereby confine the
pl asma ai muwﬂnit;y gbplungsrs atentetas medimaﬁoewbnsgarui@ﬂjw at us

t.h di d
" petpgidRdario Heitdp s ERPR oo PlurbeL cuRle oA B GAM
pallodrs ¥t @ﬁe@‘?M Ay b@ﬁéleﬁ%ﬁﬁé‘ c@ﬁﬂﬁ’eﬁbhﬁﬁn? 45589 ly at the
thereof; a plurality of CAMfollowers in rolling

cothes@ndii th the first surface of the CAM | ng; anda

Cust antnesf, S A9BSR BiioR B e &b dfiave inp girection
psubgtentisyupbetaltto thegopkuifbee (@dreby @h@ﬁ?e @ba@m% deen

and coupled to the confinenent ring assenb at t
othfeforRfeMemdingsnso as te ﬁ@nmwlasm p@ss@&eaméae iptegior region.
plungers nove in a direction substantially normal to

the top surface to thereby change spaci ng between the
confi ndBent Trhiermasma @Eecessing @pparatps af chaimr €5 Surtker n

the interior i on. 6. Th | asma oces
SPPHERS SMASErSiaIEd 1 4he M SBaanT LSRG B ttate the CAM
caHgl ed to the CAM r|ng and operable to rotate the CAM

ring. 17. The pl asma processi ng apparatus of claim 15,
wherei n each of the CAM regi ons corrpri ses at | east one

seni corlduct AheRBSTPAECe TR APERRILS SR {thgvherein each of
il %?2@’@%?%‘22‘2@%85?6%ﬁ?ﬁ§‘°‘§§‘éﬁ?%?ﬁ3§?@;p2{ i m 2
18. A method of processing a semiconductor substrate,
comprising:
supporting a semiconductor substrate on the substrate support in the
plasma processing apparatus according to claim 2;
generating plasma in the space between the upper and lower
electrode assemblies;
adjusting the gap by moving the cantilever assembly via the actuation
mechanism, the atmospheric load on the cantilever assembly being
neutralized during the adjusting; and

processing the semiconductor substrate with the plasma.

19. A plasma processing chamber for processing a substrate,
comprising:

a wall surrounding an interior region and having an opening;

a cantilever assembly extending through the opening, the cantilever
assembly including a substrate support surface at a first end inside the

interior region and a second end outside the interior region; and
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generating plasma in the space between the upper and
| oner el ectrode assenblies; adjusting the gap by

worenwsggebdhe cantil ever assenbly via the act uat PGIUS2008/000001
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mechani sm the atnospheric |oad on the cantil ever

assenbly being neutralized during the adjusting; and
processi ng the sem conductor substrate with the

plasma. 19. A plasnma processi ng chanber for processi ng

a substrate, conprising: a wall surrounding a

i nt eri @n ackyation meghaaisMmgoupledjeine gecand antiuarwemeratlve to

ATRIRNS RO ASsbmeR marBidhiionfe S PRER Qo'

f sudbcend inside the interior region and a second end
outside the interior region; andan actuati on nechani sm
coupled to the second end and operative to nove the

cant i I wer uhst

S appor 2050 FIRPBhaRRBENhG haftid dr sRigHS her
cbeinprﬂsmg gy béleows comrected ¢o trvmoaleﬂlléwvsassymlelytaﬂi the wall
t he nt| | ever asserrblg{q 8% t he out si de the

. AHtside e iy TopKe BREF §msga grapapartially
P8Ufrbahded Byt Q%Hm@vey?éélhgnslg@dd feal SREHRING ffluid

eing inf comruni cation Wt
| nomnnmmcate:gi with th@mtbabt mgomrtbeibdilogs\providing vacuum

o AHiorcibn e sbeve 085t AN almiRhEde foag ondhe cappfEver

pbmbw,gmange@hanber of claim 19, wherein the
opening’is in a side wall and the cantilever assenbly

conprises an armunit extending horizontally in the

interi re n,fromth 22. . The sn|e .
proceseing SREREsRGPrBrasa shameEr of KErbls Wiemne
SupeRing i§ ABISiIGEVall dnae cintifdved deseabBBbmpritB€ an arm unit
pl asma_ processi ng chanmber further conpri'ses: an upper

eeé@mdmh@rmﬁ@ﬁwmﬁaeun@n@r FRgieB Hosn thexepeniagi ng and
spaced fromthe substrate support surface by a gap;
and

22. The plasma processing chamber of claim 19, wherein:

the substrate support comprises a lower electrode assembly;
the plasma processing chamber further comprises:
an upper electrode assembly having a bottom surface facing
and spaced from the substrate support surface by a gap; and
a confinement ring assembly including at least one
confinement ring configured to encircle the gap and thereby confine the

plasma in the gap.

23.  An apparatus for adjusting an inter-electrode gap in a
capacitively-coupled plasma processing chamber comprising an upper
electrode assembly and a wall surrounding an interior region and having an
opening, the apparatus comprising:

a cantilever assembly including a lower electrode, a substrate support

surface at a first end and a second end, the cantilever assembly being
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a confinenment ring assenbly including at |east one
confinenent ring configured to encircle the gap and

wo b@sekssegonfi ne the plasma in the gap. 23. AnPCT/US2008/000001

10

apparatus for adjusting an inter-electrode gap in a
capaci tivel y-coupl ed pl asma processi ng chanber
conprising an upper el ectrode assenbly and a wal |
surroundi ng an interior region and havi ng an openi ng,
t he apparatus conprising: a cantil ever assenbly
i adan@idrtg eademﬁ\ﬂrroegbcthe openin@ sw:lblﬁhahtre ﬁ:nsppodtis inside the
surface at a fi seco
cHiefasBlotatt i sSoud g B b CE T nBintare roiongAnghe
openi ngnsdethatidtech8nisi ééu;ﬁ@g tb $hé Qéd:&ﬂ:l EAQ dnidf Shérafive to
region and the second end is outside the interior
r epiverthe paatilayes essambbninmeyatse directiongipatpendicular to the

rative to nove the cantil ever
ag@@%tgggﬁﬁﬁg\%ﬁfag di recti ons per pendi cul ar to the
substrate support surface. 24. The apparatus of claim
23, further _conprising two bell ows adapted to be

connec24d t & herrprasatus| fRlaimds dupher semprisngkig bellows
OHB?bt@% bl ééﬁr?erdt c? td 5htl|é\|;§' %%ghgd'f? taﬁmﬁé gutrsﬂie the

encl ose a space surroun € Can ever

agwenidrl ry)gamj th@beﬂmlvi; canﬂgd:uedl to driclost & epave lpaanaltyn
with th terior region, the bel | ows provi di ng vacuum
i §l¢rr‘a¥n<§¢f5 by fhe RRNYBYREASSRIADYY RRd the haadherindluidad

OBornftfurfiédtidd WHEth@FREASY tedioh, 1hE befibivE $loviding vacuum

isolation for the space such that an atmospheric load on the cantilever

assembly is neutralized.
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