CLAMPED SHOWERHEAD ELECTRODE ASSEMBLY FI ELD OF THE | NVENTI ON [ 0001] The
invention relates to a showerhead el ectrode assenbly of a plasma processing
chanber iwowhiooissem conduct or conmponents can be nmanuf aeCuMSsA00ISLIBRARY

[ 0002] According to one enbodi ment, a showerhead el ectrode assenbly
conprises an inner electrode and an outer el ectrode clanped to a backing
pl ate wherein the showerhead el ectrode assenbly conprises an upper

el ectrode of a capacitively coupled plasma processing chanber. The inner
el ectrode is a circular plate having a plasna exposed surface on a | ower
face thereof and a GbaMPED %HGWEB}EA&ELEE&RO&%ASSEMLY the | ower
face including inner and outer steps at an outer periphery of the plate.
The inner step has a smaller dianeter than the outer step and the outer
step is located between the inner step and the nounting surface. The outer

step i s conFIELDeQF{IHEANVENTHOAN i nwardly extending flange of a clanp
ring and thed.nnec.step i.s configured t t i t.h an iLnner step of the
outer el ect ﬁ’ggip ihgﬁmgeﬂhf’%ﬁfﬁ% S&n S owﬁgpe%glei%#\gpgagssgwﬁy f’il%leaélﬁai nner
tapered surpaeessifg dhamberintwhieh 86thicotduddt @mgifonthRMah BE ntihuticnaede of the
pl asma exposed surface. The nounting surface includes a plurality of

al i gnment pin recesses configured to receive alignment pins arranged in a

pattern matggmggnmant pin holes in a backing plate against which the
plate is he clanp ring and the plate includes process gas outlets

arranged i n[(D0RRt AREordire tolune@nibadimepa yhdwidrksad dlediiode Aagisibhg c@rhptises
[ 0003] The outer el ectrode conprises an annul ar pl ate having a. plasm
exposed sur fhpBepsledrqdsand ap ouferelrstrads clanwed top hasking plats WAeEINgHe an upper

face ther eOéhoaa‘e'?ﬁeaﬂ%ﬁ)&r&oﬁ@Qgeh??e&ﬁg‘%ﬁgse@ afl Iuggiye eé@c@r%‘d% 3 a%?%%:?t&ﬁalj etween an

i nner st ep and an outer step, ashma ex surrace ng i nner
and out B} i cwlipleteplasna pacesingichatnbenl The/inobr electoadefien eittular piptedpaaerh apart
pockets in tlhe gl anar .annul ar surface af e (gfg{lf igured.to rgcei ve | ocki ng
pi ns t her ei RESAAFTRATCH SUEIEHE & 08 °b (ACEINBPUANGHBOVY NS PEERT A 2pMERE. [ 0004]
Accor di ng t gicaRRid! theTowel AN inclin 1aner fRaskhi&! sk @9&%@@%@5@%@& a
capacitively coupled plasma processing chanber conprises a thernmal control
pl at e, the plate. The 1nner step has a smaller diameter than the outer step and the outer
step is located between the inner step and the mounting surface. The outer step is
15  configured to mate with an inwardly extending flange of a clamp ring and the inner
step is configured to mate with an inner step of the outer electrode which surrounds
the inner electrode such that an inner tapered surface of the outer electrode extends
from the outer edge of the plasma exposed surface. The mounting surface includes a
plurality of alignment pin recesses configured to receive alignment pins arranged in
20  apattern matching alignment pin holes in a backing plate against which the plate is
held by the clamp ring and the plate includes process gas outlets arranged in a
pattern matching gas supply holes in the backing plate.
[0003] The outer electrode comprises an annular plate having a plasma exposed
surface on a lower face thereof and a mounting surface on an upper face thereof, the
25  upper face including a planar annular surface between an inner step and an outer
step, the plasma exposed surface including inner and outer inclined surfaces. A
plurality of circumferentially spaced apart pockets in the planar annular surface are

configured to receive locking pins therein adapted to clamp the outer electrode to a

backing plate.



a backing plate, a guard ring, an inner electrode, an outer electrode and a
clanmp ring. The thermal control plate is supported by a tenperature

cont r ol | edowaldiooss41t he pl asnma processi ng chanber, the trernskoooonsdl pl ate
having a dianeter |arger than a wafer to be processed in the plasma
processi ng chanber and including annul ar projections on a |ower face
thereof with gas plenuns between the annul ar projections. The backing plate
is supported by the thermal control plate and has a dianeter snaller than
the thermal control plate, gas passages therethrough, and cam | ocks in

hori zont al | J0084} e Adcorginmtoanothen embodiment.iarshowgrhead slestrodeassemklyef 9l at e

and is rota |.e. al i n_access bore therein with at |eas ne.of the
cam | ocks. HacitS bRl R HEESyRE PabbyRrhrites dRrmaliine Pl
communi cat i @basMifi@iplatts a gasrdadis af et Blebhedd)as louitd el tbde aiiba elamPuigy.

peri phery of the inner electrode includes inner and outer stggs, t he outer
step bei ng Thefreenalsoniiebplateis spnesied by ajemperaturg gentseltedgyall pethenner

el ectro f agi i I 1 0Q.: i e
overl yi g + RABEphoteE ipther B onh G TBIAL M lPS Aot 1! R
conpr essi onwafengo béiproebstidiethe pldstmaqiracgssing RPambed avdiingludliditanaalat y

ext endi ng stepped openi ngs,_ the stepped openi ngs bei nq aligned with

t hr eaded hoPE¥eCtiAng o a loye; faee theteok Wathgas alanums bstwsenitheaid¥ped openi ngs

attachi ng tg&g‘)&'ﬁ@iﬁ? Tﬁé‘ﬂac?cﬂﬁ@?ﬁe?%%ﬁjpgﬁe@h%%e@ - ARBhYbIHard JHAHRE £SSI Ve

force on th uter step o ect e outer electrode
surrounds t HenietenemaBbethtn doaethemahl icontrel pdate vgs tpassagts/thevctleodghy gndl oaki ng

pi ns whjch engage the cam | ocks, .the ter electrode su rtin e guard
i g antd bel RS PamrapRdy sy tepdine forery e a6 Gogs FIekHE A  ocks.
BRI EF  DESCRhRIT Ghtato1TioG RRANLNGSs bORARIre With At REQWRe 3f e fRES.I onal
vi ew of a showerhead el ectrode assenbly form ng an upper el ectrode of a

capaci ti vel Yhe gt eldctpddechas gaepassages tlgretbraighny fuidbeammunisatiey vith the guar d
ring. [0006] FIG 2A i%ﬁ%St hr ee- di mensi Q [ es ation of exenpl ary

O R i L A C B AR e L A
1.[0007] FI facludBs irhePaid OSEr 6% tHeRlter\stepbedig lobRe@ befelthe A digek
el ectrode clanp of FIG 2A ) ) )

15  and a surface of the inner electrode facing the backing plate. The clamp ring has an
inner flange overlying the outer step of the inner electrode with an optional
compression ring therebetween, the clamp ring including vertically extending
stepped openings, the stepped openings being aligned with threaded holes in the
backing plate and fasteners in the stepped openings attaching the clamp ring to the

20 Backing plate and applying a compressive force on the outer step of the inner
electrode. The outer electrode surrounds the inner electrode and includes vertically
extending locking pins which engage the cam locks, the outer electrode supporting
the guard ring and being removable by releasing the locking pins from the cam
locks.

25

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a cross-sectional view of a showerhead electrode assembly
forming an upper electrode of a capacitively coupled plasma reactor for etching
substrates having a guard ring.

30 [0006] FIG. 2A is a three-dimensional representation of an exemplary cam lock

for clamping an outer electrode in the reactor shown in FIG. 1.



[0008] FIG 3 shows side-elevation and assenbly drawi ngs of an exenplary
stud used in the camlock clanp of FIGS. 2A and 2B. [0009] FIG 4A shows

si de- el evsDi2or/@pdd1assenbl y drawi ngs of an exenpl ary camCThsbaoows®dd3in the
cam lock clanp of FIGS. 2A and 2B. [0010] FIG 4B shows a cross-sectional
view of an exenplary cutter-path edge of a portion of the camshaft of FIG
4A. [0011]] FIG 5A shows a cross-section of the showerhead el ectrode
assenbly with inner and outer el ectrodes nechanically clanped to a backing
plate, FIG 5B shows a cross-section of the showerhead el ectrode at a

di fferent | 0871 oF1G2B k8 axrosesecsionsl vaew of ecexemplarpram lpek elegffodst FI G 5B.
[0012] FI GScla@x@'%Pﬁaoﬁv details of the inner electrode. [0013] FIGS. 7A-G
show detail S0 he (')uf"er el ectrode. [0014] FIGS. 8A-D show details of a
clanp ring ye008h &I@NPshdwicsiddBRY attdredid Bekenbly AdhbinghbGm ePonplasixud det ai | s
of a clanp ring with thermal expansion regions. [0016] FIGS. |QOA-C show
details of asqéae@%gmpl%k@lamqgﬂ%lﬁw\faw| ON [0017] The fabrication of
an integ at | I Gt i ge]] i ' ' ' i ce of
A g pary cy (1009, P64 shayd HBE SR Rl AScitbly il B o St ERE ok
silicon or seafiesedimnjhecaid ledk alainpad fHIGS. EActnd\@H.er is subjected to a
sequence of i d chem cal processing_steps that formthe various
circuit str@qéfeg?én‘?ﬁﬁ@%? gxoss-BRAtioRdl ViRw of 3B FremPiRphCYiesPatsedss A fous
types of thphaqibhlofh Seadang8 4&d on the wafer using various techniques
such as thermal oxidation to produce silicon dioxide filnms, chem cal vapor
deposi ti on {a91p} oFIGeSAishowoa cross-seation ofitloexshdeverlzaad ekickiodeassainbly wehf i | ns,

and spujtering or, other techniques.to produce other. metal fi . .[0018]
A ter " dltbos PR o Ie oS O RTR R B KB brl LB ATRRT | cal
properties @tro3eRttRAGIEROIDwWRIRaR eREHEEE atly diffeRsnt 1dcdtibR and BIGHEH an
inpurities into the sem conductor crystal lattice using a process called

dopi ng. Theewlaiged visw ptaopomiah @f FifaySB.hen be uniformy coated with a thin

| ayer of ph nsktkve, or radiation, sensitiy terial, called a
"resist." Sﬂgﬂq?f}gg%%tér%ixc[?géom g?’t%lsls %@P? rlll?nr?(f] eleﬁ%mg&}ect ronpaths in the
circuit may[gois] PeGSr At stidwedetaild of thBouteggiestrodtsi Ng a process known as
15 [0014] FIGS. 8A-D show details of a clamp ring which clamps the inner electrode.
[0015] FIGS. 9A-F show details of a clamp ring with thermal expansion regions.

[0016] FIGS. 10A-C show details of a backing plate.

DETAILED DESCRIPTION

20 [0017] The fabrication of an integrated circuit chip typically begins with a thin,
polished slice of high-purity, single-crystal semiconductor material substrate (such
as silicon or germanium) called a “wafer.” Each wafer is subjected to a sequence of
physical and chemical processing steps that form the various circuit structures on the
wafer. During the fabrication process, various types of thin films may be deposited

25  on the wafer using various techniques such as thermal oxidation to produce silicon
dioxide films, chemical vapor deposition to produce silicon, silicon dioxide, and
silicon nitride films, and sputtering or other techniques to produce other metal films.
[0018] After depositing a film on the semiconductor wafer, the unique electrical
properties of semiconductors are produced by substituting selected impurities into

30 the semiconductor crystal lattice using a process called doping. The doped silicon
wafer may then be uniformly coated with a thin layer of photosensitive, or radiation

sensitive material, called a “resist.” Small geometric patterns defining the electron
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l'ithography. During the |ithographic process, the integrated circuit
pattern may be drawn on a glass plate called a "mask” and then optically
reduced, woopwuesdl and transferred onto the phot osensi PCrasc@andisgs [ 0019]
The |ithographed resist pattern is then transferred onto the underlying
crystalline surface of the sem conductor material through a process known
as etching. Vacuum processi ng chanbers are generally used for etching and
chem cal vapor deposition (CVD) of materials on substrates by supplying an
etching or deposition gas to the vacuum chanber and application of a radio
frequency (RRhs itk dircwt may tlmsbettoamfmegim tliaaregas,lsingta)praciﬂsmnwn@s at e.

[0020] A reagtive.iop etc sIs netC|ng
chanber wi tﬁﬁlg aBB%er)uEngl?ernlgtgg lﬁﬁ’é a{aeélt c‘é?‘@ﬁ??tge c?at hode
posi tioned @hemaina glhbeplertdaneea f‘ﬁlaa@gaaidltﬁa{ Iptiiafl§ 26U, proReRaCAndt O t he
anode and the contarner walls. The wafer to be etched is covered by a

sui t abl e matRnsigreedre die Rhoﬁ@étlf’ﬂ?v@waﬁm cathode. A chemically reactive gas

cueh, 25, ST, 8T e B e B P oo PSR > @

pressure whigktallhetsupacadt the béinicbﬁdlmtdﬂrhﬁt@ﬁﬁl thRMgR a pfo&syRi®im @ ectrode i s
provided with gas _hole(s), which permt the gas to be unlform%@dl sper sed

t hrough t heclghidgt VAGRUN preresHBe chambsas arcmEsaciallyused for piching angkchsmicthed

bet ween t he,, | as formng

pl asma. The @wg g‘?"t@ﬁaa{ﬂg‘%f‘gsé{“csﬁtéﬁ t@; #gg?é n?%r tolgon with the

active i onsdendition gmtrembwmuurmnhdrﬁber@hdtabplwambﬁ ofradio figpquéreyRF)ace of

t he vvafe F electric field created by the electrodes will attract the
he

i ons tol 161410 Jofic8as 14 GRGTRFE thfe3dsdAe aclblag’il? S¥-t he surface in a
er ti cal 1y R P S e b e P g SRy AR ™
fabricated @yuppeneleagodaror arodeanda doveei cmdtm!de weoithode pusitioned dhaeincal |y
compl A endh ol heLTeLl KcRondcty e, adheel Ko Al LOMRESL B o
portion of heharekdBaeicREEKEICHIER @zs&%ﬁhhme HM3k ahd plaebaairectBy @f@esi ng
systemfor et ching substrates. own in
15 cathode. A chemically reactlve gas such as CF4, CHF3, CCIF3, HBr, Cl; and SF¢ or
mixtures thereof with O, N,, He or Ar is introduced into the etching chamber and
maintained at a pressure which is typically in the millitorr range. The upper
electrode is provided with gas hole(s), which permit the gas to be uniformly
dispersed through the electrode into the chamber. The electric field established
20  Dbetween the anode and the cathode will dissociate the reactive gas forming plasma.
The surface of the wafer is etched by chemical interaction with the active ions and
by momentum transfer of the ions striking the surface of the wafer. The electric
field created by the electrodes will attract the ions to the cathode, causing the ions to
strike the surface in a predominantly vertical direction so that the process produces
25  well-defined vertically etched sidewalls. The etching reactor electrodes may often
be fabricated by bonding two or more dissimilar members with mechanically
compliant and/or thermally conductive adhesives, allowing for a multiplicity of
function.
[0021] FIG. 1 shows a cross-sectional view of a portion of a showerhead electrode
30 assembly 100 of a plasma processing system for etching substrates. As shown in
FIG. 1, the showerhead electrode assembly 100 includes an upper electrode 110, a
backing plate 140, and a guard ring 170. The showerhead electrode assembly 100
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FIG 1, the showerhead el ectrode assenbly 100 includes an upper el ectrode
110, a backing plate 140, and a guard ring 170. The shower head el ectrode
assenbl y wOQalmwss4mcl udes a pl asma confinement assenbl y pCoruseabmn3oas ea
pressure (WAP) assenbly) 180, which surrounds the outer periphery of the
upper el ectrode 110 and the backing plate 140. [0022] The assenbly 100 al so
I ncl udes a thermal control nenber 102, and an upper plate 104 having liquid
fl ow channels therein and formng a tenperature controlled wall of the
chanber. The upper el ectrode 110 preferably includes an inner el ectrode
120, and analsinstudgs eplasoueconfoemaniassemidy (e wafer Mepm&nﬁé%‘}f@f erably a

28 singl o cryerad 30 Min SR s aftefiRRdE ol B Rl ode D Bd 6, ="

ot her suit ahe®atEihgpiatd 140The backing plate 140 is nmechanically secured to
the inner electrode 120 and the outer electrode 130 wi th nechani cal

fast eners di922] bdhe peseahly T9alge incindes adherme! eantiod memeber AB2,adiding pl at e
140 d | . [0023
The ehovor h® BIRE FeE il BTy %! Ren R TASLR A8 cIRRAL y RilbtEnY L 0000

w th an el ecdnttiedisat] ofhhedhapitet. $he\m)erlwes¢trage a6 bﬁtferhl@l\yﬂncladiacanr ode on
which a wafer is supported spaced 1 to 2 cm bel ow t he u(ﬁ) el ectrode 110.

An exanpl e BpReseleproded2Qsand %%@s@‘r’cﬁi@@)@@e fhhe sngr gleetyp Qisat e t ype
t
Egggaﬁgh pé?%? Q%ygﬁﬁé%ggnnt, Ff?&h§§8§¥§ﬁﬂ§ hggﬁ%?&ﬁgﬁﬁents provi de

t enper at ur esuchras mﬂglaﬁry&;thﬂesihiminepollyyr}smijhie)sulmg)nbahkm ctarbide lor othef kimjable
pressure, which coptr ransfe ween and
the chutlk. Tatssal w@rp Pk 38 i e edtsal i Shvechia ha e 51%%0 I8 st

be repl acedyRehi QQie?@ierodeTB(ﬁ\URHlrﬂecHérﬁEﬁsﬁst&fé?s 4&ctib& SAbwh ath ‘é%%grdt he
waf er and the upper electrode, the upper electrode 110 is provided with a

gas di schargeg pAssuynndd 06, bagking|plate 440 andpmivides anekssitasean lekingn sui t abl e

for supplyin r ocess. which is energized by the el ectrode and forns
plasma in a 5@8%26§e%3ﬁ%8§8 9%t h the upper electrode 110. [0025] The

shower head po2st r vHe ssH@ IR dveldddfddelasenibly 1 00l 8SstdwWH AFTE. 1 is typically

15  used with an electrostatic chuck (not shown) having a flat lower electrode on which
a wafer is supported spaced 1 to 2 cm below the upper electrode 110. An example
of such a plasma processing system is a parallel plate type reactor, such as the
Exelan™ dielectric etch systems, made by Lam Research Corporation of Fremont,
Calif. Such chucking arrangements provide temperature control of the wafer by

20  supplying backside helium (He) pressure, which controls the rate of heat transfer
between the wafer and the chuck.
[0024] The upper electrode 110 is a consumable part which must be replaced
periodically. To supply process gas to the gap between the wafer and the upper
electrode, the upper electrode 110 is provided with a gas discharge passages 106,

25  which are of a size and distribution suitable for supplying a process gas, which is
energized by the electrode and forms plasma in a reaction zone beneath the upper
electrode 110.
[0025] The showerhead electrode assembly 100 also includes a plasma
confinement assembly (or wafer area plasma (WAP) assembly) 180, which

30  surrounds the outer periphery of the upper electrode 110 and the backing plate 140.
The plasma confinement assembly 180 is preferably comprised of a stack or

plurality of spaced-apart quartz rings 190, which surrounds the outer periphery of
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confinement assenbly (or wafer area plasma (WAP) assenbly) 180, which
surrounds the outer periphery of the upper electrode 110 and t he backing

pl ate 140WOThw/qb&sma confi nenent assenbly 180 is pref erabluszaonpissed of a
stack or plurality of spaced-apart quartz rings 190, which surrounds the
outer periphery ofupper electrode 110 and the backing plate 140. During
processi ng, the plasma confinenent assenbly 180 causes a pressure
differential in the reaction zone and increases the electrical resistance
bet ween the reaction chanber walls and the plasma thereby confining the

pl asma bet wepperelrstrage &10 endidhebedeing plate 0. t Reringpracessing; theoplasmiaiot shown) .

[ 0026] Duri he confidenment rings 19Q.confine,.the plasma to the
chanber vol g(?}neﬁjrgeﬁioe né%sﬁ wgrysiﬁceaug?seas%r&?sélr% 19§eﬁeé1t16| lélgtﬁl%r?/ﬁcﬁﬂ? ﬁo?%%n%r eaction
chanber. Thinceeasts the eRRitricaf resREnBE BetiReh thelregetiodahhin®er WHRETRET thes a
function of many factors including the spacing between the confinenent
rings 190, Plkemathezehy econfininghibe plasma bsivesndhe appeslesirgde 310 epdthedavehement

rings ang iglewgdeglglggw)he type and flow rate of the gas, as well as the

| evel and frequen power. Confinenent of the plasma is nore easily
acconpl i she{026] t Dartigase e beifivedient Rage 090 ¢ordienhe plangs td e dhamber y
smal | . Typically, g spaci ng of 0.15 inches or less is required for

conf i nement Y0 ccontrals tippressige of the piasenyita temeastion,chamsr o)l Be |
determnes EHERARAEYS fiePlashiido PhRiBiorAHinidlr s, ARSHSAN BalBledie spaci ng

can be adjusted to achieve the pressure require opti mal” process
per f or manceinghidimg theispaangbetyeph denmnfiRernemtssngyd90f the pressgasn sheppl y i s

| i t | ectrode 110 t h int | at
104" whi . pIERHIEA RIS SUGHE o ST eore B eP Lo e 18 AGPIB BrtBE BIPCARI L | pl o

zones abovefbRgateadfrehe gdsORAEI el 18918 ané rRGHERYDf RETpdwerP I(ndingikNt @
pl'anar disk or plate having a uniformthickness from'center (not shown) to

an out er edgéthe Plasmariperore kasclyragdempihed afithh apasing ekteren the confihémentt han,

equal to, or. larger than fer 1o be proc d ,e.qg., up to.3 mm i f
Che pl ace | kel et i, "Egialy « SFrdagROnimants & st R s e ot
currently ayaifineBleat. SHo@ERerCihy $haling bf the @Bnfiddnedrt ingt 390 afs6 de@PRin® Waf ers.
For processing 300 mmwafers, the outer electrode 130 is adapted to expand

t he di akfet ethegressye afibeplagmacnddtis desinalie tat tisspecing cambpadiusted ibout 17

i nches. achieve the pressure required for optimal process performance while maintaining

plasma. Process gas from a gas supply is supplied to electrode 110 through one or
more passages in the upper plate 104 which permit process gas to be supplied to a
single zone or multiple zones above the wafer.

20 [0027] The inner electrode 120 is preferably a planar disk or plate having a
uniform thickness from center (not shown) to an outer edge. The inner electrode
120 can have a diameter smaller than, equal to, or larger than a wafer to be
processed, e.g., up to 300 mm, if the plate is made of single crystal silicon, which is
the diameter of currently available single crystal silicon material used for 300 mm

25  wafers. For processing 300 mm wafers, the outer electrode 130 is adapted to expand
the diameter of the upper electrode 110 from about 15 inches to about 17 inches.
The outer electrode 130 can be a continuous member (e.g., a single crystal silicon,
polycrystalline silicon, silicon carbide or other suitable material in the form of a
ring) or a segmented member (e.g., 2-6 separate segments arranged in a ring

30 configuration, such as segments of single crystal silicon, polycrystalline silicon,

silicon carbide or other material). The inner electrode 120 preferably includes



The outer el ectrode 130 can be a continuous nenber (e.g., a single crystal
silicon, polycrystalline silicon, silicon carbide or other suitable

mat eri al wWo 20tveofznm of a ring) or a segnented nenber (@CHUS2M9B0PePpar at e
segnents arranged in a ring configuration, such as segnents of single
crystal silicon, polycrystalline silicon, silicon carbide or other
material). The inner electrode 120 preferably includesnultiple gas passages
106 for injecting a process gas into a space in a plasma reaction chanber
bel ow t he upper el ectrode 110. [0028] Single crystal S|I|con is a preferred
mat eri al fomu&inﬁ%g@s RaspRESR 406 frriniceingf PIdress 896 aRtod Paes BReP#IMaand t he
outer el ect S stal silicon m nimzes
contan1nat|%%a§ %81 kg 0 éh%¥ﬂm”£$§%ﬁ8qggoce55|ng as it introduces only
a mini mal a[ooas} Singlmd@rsuarabb@ Blagprefetred infdteridl fier plasni exposed aurfieses ofind

al so wears smgot hly during plasma processin t hereby mnimzing particles.
Al ter nat i vethedpRsT i€ gchoﬂ%é?%ﬂ@df\ﬁ‘e(%%@ﬁq@ge g$0 nlétgéh’li"&?té” fipgle C&‘fg? Ihe used
for pla I i C, SIN

and A N T of NEIEiBHE (538G haldi o RBR & AR RmSESINES 1) et rode
assenbly loﬁltnoﬂud:arogléy & nonigial hmouprmaslsslr@ld degents ultstthateastiosuch as

sem conduct or ers, having a di é of 300 mm For 30Q mmwafers, the
upper el ectf e’i’l%‘d aésoa‘f'qu%é‘?f"’t%g% VRS Ma8ing ROCessIng JheEehy MIHRZIS ower head

el ectrode aggapRl YAitQHlaﬁ%'nﬁ?erﬁﬂsZﬁQluh g%%;ﬁy’%ﬁes%f’ﬂﬁﬁteﬂ@i& Sat Shif 88 usdd0030]
The backing plate 140 is preferabl a material that is chemcally

conpati bl e fmrm&asprae@@pgsecmsﬁse&mfdhe fipperpilastreds il hinsdudecuadSoY,amdAIbst r at es
in the asga groc ssing chanber, have a coefficient of thermal expansion
cl osely i© ﬁnP at of the electrode material, and/or are electrically
and ther mal tmz9pnq&u@$nﬁg@rad%rn§ftﬁér‘sﬁ@bvémé;ﬁréleétﬁ)dmaéenmp1belsumag$ dneuplke the
backi ng plate 140 include, but are not limted to, graphite, SiC, alum num
(Al), or ot fEprensssing lasgesubsiratas.such gosnjicanducion wafers havinga Gameler of
electrodes c 4 pl ate 140
wi t hout any adﬁmé?eoer n’gl% %lgst mﬁ%&f&?ﬁ&@&k ec%t r%s Eegt %E 3@“@ 2‘3 pl at e,

i .e., a thedianletey. Hmdveeb@mdsh@wethead@lvdueact ¥RebBsINGhi b dieddo Peocess

15  other wafer sizes.

=

[0030] The backing plate 140 is preferably made of a material that is chemically
compatible with process gases used for processing semiconductor substrates in the
plasma processing chamber, have a coefficient of thermal expansion closely
matching that of the electrode material, and/or are electrically and thermally
20  conductive. Preferred materials that can be used to make thé backing plate 140
include, but are not limited to, graphite, SiC, aluminum (Al), or other suitable
materials.
[0031] The inner and the outer electrodes 120, 130 can be attached mechanically
to the backing plate 140 without any adhesive bonding between the electrodes and
25  backing plate, i.e., a thermally and electrically conductive elastomeric bonding
material is not used to attach the electrodes to the backing plate. |
[0032] The backing plate 140 is preferably attached to the thermal control member
102 with suitable mechanical fasteners, which can be threaded bolts, screws, or the
like. For example, bolts (not shown) can be inserted in holes in the thermal control
30 member 102 and screwed into threaded openings in the backing plate 140. The
thermal control member 102 includes a flexure portion 184 and is preferably made

of a machined metallic material, such as aluminum, an aluminum alloy or the like.
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material is not used to attach the el ectrodes to the backing plate. [0032]
The backing plate 140 is preferably attached to the thermal control nenber
102 wi t h woizomlosssmechani cal fasteners, which can be threadsdoodoobioss

screws, or the like. For exanple, bolts (not shown) can be inserted in
holes in the thermal control nenber 102 and screwed into threaded openings
i n the backing plate 140. The thermal control nmenber 102 includes a flexure
portion 184 and is preferably made of a nachined netallic material, such as
alum num an alum numalloy or the |ike.The upper tenperature controlled

pl ate 104 i $hpuppertampgratie eomfolledplate dfd & praterably made of alumpumpianp| asna

confi nement _a I o] enbl i
posi ti oned SLS?T?V\IE%I aXyIOgT I;rth E@agﬁg\?@rgﬂrelaljﬂ&g{%%e& f%&?} a‘ks;%t{é:%ll%}’%g]g a'f%én bslﬁl tabl e
pl asma conf (W) 8@ Esmishioned 80twardlyuditigshdwethtadleldeyrodé assembilye d00.y

adj ust abl e pl asma confinenent rings 190 is described in _commonly owned U.S.
Patent No. 3hgsuitable plagma cpnfinement asssmbhy 30 mehding aplurality PERSECAN | t s

entiretys [ Qg,%g%b%%g%sgnw gogn@%@gﬁgrgff@ 1981s g&cﬁﬁ&gggéo?ﬁhhmmwémg to the

backi ng pl at m-as descrl I'n Cco nl'y-assi gned
U S. Appl i cRateaiN6e5,634,750. wiidh B36cdParatdd Hepedn breflerehde ildOentiretye

T i L
i ncl udes poghhahs MkcRisgl %&és%&diiqlcoaﬂlgorﬁy.:ae&@éam@l ALpliclAdn Sl

el ectrode clanp i s capable of quickly, cleanly, and accurately attaching a
consunmabl e &oeb1410368620led dMaclh 44,2008, the aiseldsnrecofwdiickeishenébyf ab- r el at ed

t ool s, h. th tch in Fl 1.. The. el ect 201
oy be Lhmpiomproed by SRraes, ShRGrIRI FHriot Act 5ee ABIePSRBARTEY 431 1 { con
(Si), silicgheg@hPladlecdnPldek eldroBOtMfip ih€iRBes Foribis of dMCe1QAe N9 1 Rhake s
frequently conprised of alum num or other suitable material. [0034] The

el ect rode chaskiegRlatd 203p Thecllentrode glamnig cepabdk dhgpipkly) cle@dy.avdnt ed into a
socket 213. The..stu be surrounded b I SG spring.stack 215 .such,
or oxanp o 2oaraEi Balite dSoR i OB b 3 5adhk B ghEg bk on? 0
spring st ackabichatemiools)surhas the pasmb eich@ha@bbeghoivmdn RSt En@le eltc@odde
socket 213 through the use_ of adhesives or nechanical fasteners. The stud
205 andl? he28} aaydsconprisedieka yanety of matgrialsigelyding forexamplse o (S),such

that a I'im ted,AERUD. (ng)l, 8t 8519§i1ig&v(3&'§§]5. The backing plate is frequently

comprised of aluminum or other suitable material.

e o

[0034] The electrode cam lock clamp includes a stud (locking pin) 205 mounted
into a socket 213. The stud may be surrounded by a disc spring stack 215, such, for

20 example, stainless steel Belleville washers. The stud 205 and disc spring stack 215
may then be press-fit or otherwise fastened into the socket 213 through the use of
adhesives or mechanical fasteners. The stud 205 and the disc spring stack 215 are
arranged into the socket 213 such that a limited amount of lateral movement is
possible between the electrode 201 and the backing plate 203. Limiting the amount

25  of lateral movement allows for a tight fit between the electrode 201 and the backing
plate 203, thus ensuring good thermal contact, while still providing some movement
to account for differences in thermal expansion between the two parts. Additional
details on the limited lateral movement feature are discussed in more detail, below.
[0035] In a specific exemplary embodiment, the socket 213 is fabricated from

30 bearing-grade Torlon®. Alternatively, the socket 213 may be fabricated from other
materials possessing certain mechanical characteristics such as good strength and

impact resistance, creep resistance, dimensional stability, radiation resistance, and
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possi bl e between the el ectrode 201 and the backing plate 203. Limting the
anount of |ateral novenent allows for a tight fit between the el ectrode 201
and t he baokprogopi4at e 203, thus ensuring good thermal ceorasRQwddse still
provi di ng some novenent to account for differences in thermal expansion
between the two parts. Additional details on the limted | ateral novenent
feature are discussed in nore detail, below [0035] In a specific exenplary
enbodi ment, the socket 213 is fabricated from bearing-grade Torlon(r).

Al ternatively, the socket 213 may be fabricated fromother materials
possessi ng chkemigdlesistehcenanbe dadilpemplayedi Yariousmatesiafjomghgsr engt h and

| npact resistance, creep.resistance,, dinensional .stabiljt adi ation

resi stance, p%llﬁﬁl‘@f‘ggﬁ’i@j}“%"g?r §?egfﬂ§’ it U%EI ég Ffli}areWﬁllgbb% .ye@?;{%fqgus

mat eri al s su@keriak MY NRBE Qﬂﬁablé)oﬂﬁghrfbﬂgérat@&%@ﬁﬁc pRskstntoghdtirglatedol ecul ar
wei ght pol yethyl ene materials may all be suitable. Hlogh )

t enper at ur eMsfsaielsiare npt rgaviredsfon ferning die soekel2dd ap@B@r 45 8 tyiealnot required
for Torm nd,{06, GackTherah?: ARoaRrc ihBpRlidatBhealon K MUMLhRERCT al ur €
encountered 1T napplicatrons such as et chanbers. nerally, a typical
operating t Gepaaly,Ww 9pical sjeostitig tt@pdRtur€is ¢16636d 138 t@r portions of the

el ectrode cam.l ock clanp are conprised of a canshaft 207 suyrounded at each

end by a pall036F Othsrpertionsed tha¢jectoasis camylack glaawaare comprisstridnshaf t
beari ng ass [ [ ' ¢ |Jhed into
t he bagki ngg{)ﬁ?%%ég 23)8%9 Hpﬁﬁ%dta%?%}g? aép| ?%5?# gatrlll%#l g? bgﬁgré%%%dpéﬁfa}%er

desi gned f ocansh@ftr207 aadicamelhfcbenringakenshly & gbtnted intoadacking Iptatebeet r ode

I .ed th ' f the el ect. 201/ backi
ol at 6. 205" cARLRAGERGHT DS AFTR BT AR cln = Hpieh] HAIcS00 FANSachi nod
froma vari glamih dB8Esdd Bt 300 finh YhREnd R tErs; ei¥REHGhbFof thebRORdde) |

Delrin(r), Teflon(r), Arlon(r), or other materialS such as fl uoropol yners,
acetal s, potkmps dey, bepphgddraroes] thp pexiphetry af themlestody 26 hibsckingdlate 203

pol yet her et her ket ones (PEEK) having a | ow coefficient of friction and | ow
particle shtUBPAYIO%he stud 205 and canshaft 207 may be nachined from
stai nl ess sfoealr} ( ¥h8 cam3dh beddibs 209 may benfachirRll frmY a%ﬂ@tz oTh REri A4

provi di ng good strength and cgrrosiqn resistance, [0038] Referring nowto
FIG 2B5 a tebsingberloronYespalaviad¢on hPekirecileBae , dxian™, or other materials

such as fluoropolymers, acetals, polyamides, polyimides, polytetrafluoroethylenes,

and polyetheretherketones (PEEK) having a low coefficient of friction and low
particle shedding. The stud 205 and camshaft 207 may be machined from stainless
steel (e.g., 316, 316L, 17-7, etc.) or any other material providing good strength and
20  corrosion resistance.
[0038] Referring now to FIG. 2B, a cross-sectional view of the electrode cam
clamp further exemplifies how the cam clamp operates by pulling the electrode 201
in close proximity to the backing plate 203. The stud 205/disc spring stack
215/socket 213 assembly is mounted into the electrode 201. As shown, the
25  assembly may be screwed, by means of external threads on the socket 213 into a
threaded pocket in the electrode 201. However, the socket may be mounted by
adhesives or other types of mechanical fasteners as well.
[0039] In FIG. 3, an elevation and assembly view 300 of the stud 205 having an
enlarged head, disc spring stack 215, and socket 213 provides additional detail into
30 an exemplary design of the cam lock electrode clamp. In a specific exemplary
embodiment, a stud/disc spring assembly 301 is press fit into the socket 213. The

socket 213 has an external thread and a hexagonal top member allowing for easy
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clanmp further exenplifies how the camclanp operates by pulling the

el ectrode 201 in close proximty to the backing plate 203. The stud

205/ di sc wpnrnrigosidack 215/ socket 213 assenbly i s nount e@Cirriseomioaessss ect r ode
201. As shown, the assenbly may be screwed, by neans of external threads on
the socket 213 into a threaded pocket in the electrode 201 . However, the
socket may be nounted by adhesives or other types of nechanical fasteners
as well. [0039] In FIG 3, an elevation and assenbly view 300 of the stud
205 having an enl arged head, disc spring stack 215, and socket 213 provides
addi ti onal detrion intettbe alectadm latsye HI&QS?.Q?IA afd 2Bpwisthhghbiokqus! @.rivde cl anp.

In a specific exenpl ary enhodi nent,, a ud/ di sc ,spring.as I lis
press fit iﬁ?%l@(%%l% (!%gtegg’fg.lm eatéoé%zétlmfl%ouﬂgé' &q{%feﬁéﬂ of\{‘?‘lf{g%d and a
hexagonal t egekeEPIFmas bk dvcREhel Forg b URIGpdsiaTPldstit Ukiag ploeits ode 201 (see
FIGS. 2A and 2B) with |ight torque ( In a specific exenplar

. . €. 9. s .
embodi ment , mibiBtizesARrii¢le Bepratiensynd Aows far & gelbdeaesallationsf dcsasket213 may
be nmachi ped. rious t s _pf ics. Using plastics mnimzes
particl eg]gehrredr;gﬁl%ﬁlgé)r?ﬁﬁ%l%g&g6%8?8%?%%11‘I -free installation of the socket
213 into a 40Dy TRRGKRIsoeRettd3senth19GOB diestrdftt an idH@I@hmEtee is b dpsepcket

assenbly 303 i]lustrates an inside dianeter in_ an upper portion of the

socket 213 Beftieg afdhqracketvdd beindlarasr thandnawisids digmeter 9f g midesep'é®n port i on
of the st Udf)ﬁlgé’flio-m& %h@ E?g.e'@ﬁé?dffﬂergic@'ﬂ?hﬁh‘ﬁet@?k%ﬁ;&}t}g&%@orﬁQﬁg | ons

all ows for mte ateral novenent i n the asse ctrode clanp as
di scussed ahldwes fofhiee Biniteld thtaal mprementds stendskemBled elestrode cltmpresd in rigi d

contact _wth the socket 213 a base portjo f the socket 213 while the
i 11 er chbe Bﬁé@ﬁssié%vres PR R IHBEHERed I 5Bd canest Fi g
2B.) [0041] WWihithe E&‘Jk@f 21CH attQasEPShioﬂ'% tRNsdekel Adaghivd tﬁ\é’_dﬁ‘?%gfi’ée jnhe camshaft

207 and canshaft bearings 209 also 1 ndicates a keying pin The end of
t he canshaf tliag@Terb allowg fdrlsemiedyterad npivendtl (See flso SHigiZB.¢rted into the

backi | 1 FI . _A pair, of || ati t
ohown) a2l 41T C T fert RESe i § A ra P Bt HACHR b et onrent
of the camsbahihafealinf92098sP ARG AU 1RUO1 2 Thd endosideusisR¥RDOPN Vi ew

420 of the canmshaft 207 clearly indicatés a possible placenent of a hex
openi ngl103having the keythgatin ¥l ichrss instrtepio hadacking piaje bereila (see FIG.

2B). A pair of small mating holes (not shown) at a far end of the backing plate bore
211 provide proper alignment of the camshaft 207 into the backing plate bore 211.
A side-elevation view 420 of the camshaft 207 clearly indicates a possible
placement of a hex opening 403 on one end of the camshaft 207 and the keying pin

20 401 on the opposite end.
[0042] For example, with continued reference to FIGS. 4A and 2B, the electrode
cam clamp is assembled by inserting the camshaft 207 into the backing plate bore
211. The keying pin 401 limits rotational travel of the camshaft 207 in the backing
plate bore 211 by interfacing with one of the pair of small mating holes. The

25  camshaft may first be turned in one direction though use of the hex opening 403, for
example, counter-clockwise, to allow entry of the stud 205 into the camshaft 207,
and then turned clockwise to fully engage and lock the stud 205. The clamp force
required to hold the electrode 201 to the backing plate 203 is supplied by
compressing the disc spring stack 215 beyond their free stack height. The camshaft

30 207 has an internal eccentric internal cutout which engages the enlarged head of the

shaft 205. As the disc spring stack 215 compresses, the clamp force is transmitted
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401 on the opposite end. [0042] For exanple, with continued reference to
FIGS. 4A and 2B, the electrode camclanp is assenbled by inserting the
canshaft WORoiwmwss4the backing plate bore 2 11. The keyi RgTAiSR002003953 mi t s
rotational travel of the canmshaft 207 in the backing plate bore 2 11 by
interfacing with one of the pair of small mating hol es. The canshaft may
first be turned in one direction though use of the hex opening 403, for
exanpl e, counter-clockwi se, to allow entry of the stud 205 into the
canshaft 207, and then turned clockw se to fully engage and | ock the stud

205. The cl| &9opr mdhadual springsdd theodipospfingrsack| 24Stte dafesozat 213 anddhieagki ng
late 203 i g s i Qnpressi di sc spring stack 215 beyond their
F s RRtoa R0t o REMAFERG 5% 2

free stack e cansha ‘an internal eccentric internal

cut out whi cloeA3padesn themplahamgeé ohepsatidn, bhee hbahtsR{Ibbeatingt B di sc spring
stack 215 conpresses, the cl an;g force is transm ttedfromindividual springs

in the di scaisheedip e gamshafb2@band mserinddato the backing pleteobrs 20 hethe| ect r ode

201 to tye pagki I : operation,
once the caprr%ﬂé;#atﬁ gzboze;?l}cﬁaégg?%rgtg%?%ché tt8 gtsﬁgq@gﬁéﬁ%ﬁﬁ g%O(;[fhaend I nserted
i nto the bastkifsocket aisembby BOP(FIG, 3) Behanligibftorqied ints thoélattesie 201.

count ercl OC&% e to Lts full rotational travel. The stud/socket assenbly

303 (FI G 3)h¢ Beadpfithe styd 20y i beg drsgricdingo theevestically ey trndmgthrongh heled of

t he stud 208 . | i ' t hol e
bel ow t he hgilibglc}%?gﬁ%/&zﬁfe%ﬂ% %%%:CE?}%& %‘ltealt)t% gé %bc/)lr’ gi(}%ee‘?%t%ejbgﬁgggg ode 201
i s hel d agaagest theebdskiigiplate 203 kad AGTaastiaft 267 corvtdted tlo2kWisk sintibtititeed

cl ockwi upti.l either, the keyin Ln.drops into the second qf the two
smal | i n&eﬂ?}}‘f@@ Rim grops mﬁﬁfe ol Oéﬁ’ai‘%f’é“@ﬁli matmehalesmgt %tﬂ“é‘@ﬁé@d in
detail, bel gydible tliek RIRAR @fistuSRdan QbtafPEEIaN). OPhdBenRaryaMsdSed to di smount
the el ectrode 201 fromthe backing plate 203. [0044] W{th reference to FIG

4B, a sect i epridtion may he reversed e dismpuntthe\elacirode 20 bfvonpihe backing ptater@®hf t 207

of FIG 4A ipdisa er t hhedge . 440 b i,C he. head of the stud
205 is fulllf uf 2 Vi %fﬁr%%ééestﬁepguéf a5 %geecr‘r‘é’flglr‘ﬁ}g‘é\ggé‘d?%ﬁFl,deﬁi%va?% ViSMii R
and R2 are ghmsethe sutbhdhz07 sfIdraadingicatcsa cattethatld) 8d gedarbyt WRicAURE bl e
clicki nIg5 noj se descri bed above to indicate when the stud 205 is fully
secur edl® [ obeasofthesstud 205 i flly seaiged el 3 speciic exgmpase embpdisngnshe fxkeenbl y

500 for a radii R; and R; are chosen such that the head of the stud 205 makes the audible

clicking noise described above to indicate when the stud 205 is fully secured.
[0045] FIG. 5A is a cross-section of an upper electrode assembly 500 for a
capacitively coupled plasma chamber which includes the following features: (a) a
20  cam-locked non-bonded outer electrode 502; (b) a clamped non-bonded inner
electrode 504; (c) a backing plate 506; and (d) a guard ring 508 which allows access
to cam locks holding the outer electrode to the backing plate 506. FIG. 5B is a
cross-section of the electrode assembly at a different location and FIG. 5C is an
enlarged view of a portion of FIG. 5B showing details of a jackscrew arrangement
25  for detaching the inner electrode from the backing plate.
[0046] The electrode assembly 500 includes a thermal control plate 510 bolted
from outside the chamber to a temperature controlled top wall 512 of the chamber.
The outer electrode is releasably attached to the backing plate by cam locks 514
described earlier with reference to FIGS. 2-4. The inner electrode is clamped to the
30  thermal control plate by a clamp ring 516. The clamp ring includes a series of holes
which receive fasteners such as bolts (screws) threaded into threaded openings in an

underside of the backing plate 506. To avoid contact of the clamp ring with a step
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capacitively coupl ed plasma chanmber which includes the follow ng features:
(a) a cam| ocked non-bonded outer electrode 502; (b) a clanped non-bonded

i nner el evonoth®054; (c) a backing plate 506; and (d) aPprgwarsdomionsys508

whi ch all ows access to cam | ocks hol ding the outer electrode to the backing
plate 506. FIG 5B is a cross-section of the electrode assenbly at a
different location and FIG 5C is an enlarged view of a portion of FIG 5B
showi ng details of a jackscrew arrangenent for detaching the inner

el ectrode fromthe backing plate. [0046] The el ectrode assenbly 500

i ncl udes a oman Aafer @«égﬂqfdlge pingr elegii@lepaicompressiomriogtSd B stiffanatpaghsaeht o a

temper at ur e, copt ol SidOR AL .20 2; Pirel B SSNBABRL. TS QULepalegt rode Is

a ! .
rel easably a acking p y camocC escribed earlier

wi th referesgpstdsurfdses oPthd innbheldcitoes aed detctaiierihg. ¢l anped to the thernal
control plate bﬁ' a clanp ring 516. The clanp ring I ncludes a series of
[

hol es whi chl0042Ei o2 peeferserbembedipignt shapiterseledradend? of Hreledepdent o t hr eaded

P95 P Sl b L A ag ) 18 Pl iRORrd pgph o gRGCt ©f Che
CO”EV ess |C|o gpLalsEsj')i(ui@ Aighind font hglfeg irathe rguatd ﬁmgitvithfowr daar l?bclg@jsw {cas'm’iied ma]E e{ ihal
sSucC as S conpr.esse In a.spa etween oppose surrtace (0] e

i nner el ect FR3E] BORIIQTSEN dheprier RarHon pggw cking platy: dp binsering ﬁBoAtlfqli‘ent . the

outer el ect mﬁh%u% chdhthoRd Fﬁ%{e gﬂ%ﬂﬁ%‘ rétaig eSéH‘cl:;Qﬁ 1§tk S8 FSeRERlLd Dy

(a) rotating the gua ring 508 a first position aligning four holes in
the guard rvertcallyt éxtérulimg aking pik of Eath respeatiexcaam lepaed dotpiasg the@usrd n t he

t ti . the backing.plate. ' ti. Al | th h
cach hotth | e AL tgissedond gptitheging o Bing Buite rig gt ATdng " °°
vertically gk endiisdks! Adidyhseitihglin &ﬂ&hwf&@p@%h%}ge%mdwmhe gRardr ot ati ng

the guard ring 90 to a second position aligning t four holesin the guard
ring with anog aed rotasing eaghrdspeivve camdlogckiyo relesee v ilonkingpinldf eachwespretive hr ough
each hole in the,guard,rin nd . r ot at i each . respective camd ock to

ol cae o | RIS HRREY RO iR 02 R IGERPT B I A

el ectrode S5PlEsmashdiebdrower ed and renoved fromthe plasma chanber. [0048]
FIG 5A also shows a cross-sectional view of one of the caml ock

ar r angelent 0B E{G. 3A plsp shaws a crosmsegianabyigwiaf ong e4theranhlogkhori zont al Iy

ext endi ng arrangements wherein a rotatable cam lock 514 is located in a horizontally extending

bore 560 in an outer portion of the backing plate 506. The cylindrical cam lock 514
is rotatable by a tool such as an Allen wrench to a lock position at which an enlarged
end of a locking pin 562 is engaged by a cam surface of the cam lock 514 which lifts

20  the enlarged head of the locking pin or a release position at which the locking pin
562 is not engaged by the cam lock 514. The backing plate includes vertically
extending bores through which the locking pins are inserted to engage the cam
locks.
[0049] FIG. 5B illustrates a cross-section of the electrode assembly at a position

25  passing through a jackscrew 570 and an insert 571 which fills an access opening 574
in guard ring 508 and threads into a threaded hole in the backing plate to prevent the
guard ring from rotating. Preferably, three jackscrews 570 of suitable material such
as stainless steel are arranged at 120° apart to facilitate removal of the inner
electrode. The insert 571 is preferably a polymer or ceramic screw which threads

30 into a threaded opening in backing plate 506. An outer step on the outer electrode
engages a mating step on the guard ring and maintains an annular gap 575 between

the outer periphery of the backing plate 506 and an inner periphery of the guard ring
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bore 560 in an outer portion of the backing plate 506. The cylindrical cam
| ock 514 is rotatable by a tool such as an Allen wench to a | ock position
at whi ch wo 2erlmsgged end of a | ocking pin 562 i s engage@Chyusacooanosur f ace
of the camlock 514 which lifts the enlarged head of the |locking pin or a
rel ease position at which the |ocking pin 562 is not engaged by the cam

| ock 514. The backing plate includes vertically extendi ng bores through
which the | ocking pins are inserted to engage the cam |l ocks. [0049] FIG 5B
illustrates a cross-section of the el ectrode assenbly at a position passing
t hrough a j 8@ksthejackstoevahdo includes enuppatthighileshshiaft 379aaeceavadane openi ng 574

in guard ri 5 and threads j.nto eaded hol.e_J.n .t he backing plate to
prevent t he BePd cPFiige ff B ckide e S%h arar sotpn P eebells 570 of
sui tabl e mabgdrifd 5TLCHAr 88gapiml MRS SuchtaLeh Al Wehad@d aatanhdldr ARAEd t O
facilitate renoval of the inner electrode. The insert 571 is preferably a

pol yner or é&dhintemsdiatsshampper andrlewersshiafs.o Al yimenarglS bhaushég ai n backi ng
| ate 506. . : j t
Phe guard r CIRCLER i EAPRAT ofileEh sHEAt LEHR GUPRTELE I8 ABALEP, 08

of the backilagges WideindPolyanet vaasheRSTB spel APNEFVODS widhershtar dgdihdi¢@ed8. The
j ackscrew 570 includes an upper threaded shaft 570a received in a threaded
opening in lmrﬁa@meﬁgfswét the fanges |53 (d and pppased yerbages of Huereleeleds openi ng

570c for en C MR : nge
57Cd inter rrgg???gdtﬁvqg%p%lr& grrl\%ﬁﬁr%@v\gréﬁgﬁg ts. gﬁ%%?@ﬁ%’r%pp?lggyg%a@&ghgas a
Cl RCLEX ri nf.0Béanch thighkiang taboyrtfoS ecthswidé adths] 2dioleste rbasike thg fidtartees 506 and

h fl 57 d I hers 573 TEFL
et net R B o RS P e e Db B aces
of inner el ﬁféﬁé&&@reﬁ@f‘m@@a&ig@%laﬁﬂ%ﬁéﬁdeé SpitsSHGER edeRMBAGLIENL . the

polymer ring 572 is about 0.0 inch thick and about 0.5 inch wde with 12
hol es t o r euedey¢he dherf calge of éresinher aléatrpde led edchrimsaidegtht suffitienttackiene pl at e

and 3 holes to receiye t hafts .57 of, the jackscr . _The backing pl ate
506 1 ncl uded "OBETNALnaR P2 B WREhAT St DWRGRRERE? B VELgebr t he

i nner el ect pefi@arhen@Reithedackind pRité) Pufihg iseRembsy sEGE MR dlcc@sMect | ve
flange 570d and washer 573. The polymer ring 572 i's received in an annul ar

channel 11 n frae thabrekiag plate, die JBelscreyyscire sdatedivn § dsectidnevhigh eaussh get r ode

flange 570d to move towards the upper face of the inner electrode to thereby

e

overcome potential sticking of the inner electrode to the backing plate due to thermal
interface rings, O-rings or the like interposed therebetween.
[0050] FIGS. 6A-D show details of the inner electrode 504. The inner electrode
20 504 is preferably a plate of high purity (less than 10 ppm impurities) low resistivity
(0.005 to 0.02 ohm-cm) single crystal silicon with alignment pin holes 520 in an
upper face (mounting surface) 522 which receive alignment pins 524 of polymer
material such as TORLON 5030 and steps in an outer edge 526 which mate with the
clamp ring 516 and an inner lip of the outer electrode 502. Gas holes 528 of suitable
25  diameter and/or configuration (e.g., 0.017 inch diameter holes) extend from the
upper face to the lower face (plasma exposed surface) 530 and can be arranged in
any suitable pattern. In the embodiment shown, the gas holes are arranged in 13
circumferentially extending rows with 4 gas holes in the first row located about 0.25
inch from the center of the electrode, 10 gas holes in the second row located about
30 0.7 inch from the center, 20 gas holes in the third row located about 1.25 inches
from the center, 26 gas holes in the fourth row located about 1.95 inches from the

center, 30 gas holes in the fifth row located about 2.3 inches from the center, 36 gas
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fromthe backing plate, the jackscrews are rotated in a direction which
causes the flange 570d to nove towards the upper face of the inner

el ect r odewbaotomessaby over cone potential sticking of thepcmnseooeloesdss ode to
t he backing plate due to thermal interface rings, Orings or the like

I nt er posed t herebetween. [0050] FIGS. 6A-D show details of the inner

el ectrode 504. The inner electrode 504 is preferably a plate of high purity
(less than 10 ppminpurities) low resistivity (0.005 to 0.02 ohmcn) single
crystal silicon with alignment pin holes 520 in an upper face (nounting
surface) 52holghircthe sixtlerare laghied mhewnt2. pinchesframghe gentgndp gamheles #1 theuch as

516 and an FARiP PRy oeHed RS G ingdTanthe' 8 ZhS ieedn BEEHATE, {07

di amet er angdwlocarafabgitr BV BichéLiem, thd céhtdr, 5O ghs Kiladmiithe ntivh sy lestednd from
t he upper face to the | ower face ((%)I asma _exposed surface) 530 and can be

arranged i nakaWy 4dluingkasi feom tha eenter, 0hgastholesripdlag isatroshlegated ebuitdas hol es

are arragnged. i ' e ' . ' L es in the
st 1 on | el Aonihe 0o 26 Bid @01k s BRVLAR 00 calld dhoty 8288 1" e
hol es i n t h&osehoentenWdgashbleslirathe wivelfthroviebatéd aout Setscackiarfron? thegas
holes in the third row | ocated, about 1.25 inches fromthe center, 26 gas

hol es in theeteandi$Orhales 18 dhg Wirteent gow logated abopt 9. 1y ghesfzoradhg egntersp gas
holes in th it 3 : ] :

gashol es i nﬁ)tofr?gf s:cr}(jtE %ﬁ?%ﬁvﬁ%@t}l ggfég 8%? éfiugg?ﬁéhégﬂ%}tg%ﬁ%l ﬁ%_@%g%ﬂ é@% 40 gas
hol es i n t hpindmlesnicar thewehtec ades pablales Bead the outéresige obthetdiectodat dhe 52 gas

in
holes ip the eighth row | ocat ed out 3. 75 inches fromth enter, 58 gas
ol o5 i 1P t nBinleseandigye Baaeisss abeant 8116 other eepteheinhalfedie 62 gas
hol'es in theydi ARl oheah PERERE 23R HblebBul 066G Hch deEp hiBe EERELSSthd0 gas
holes in the el éventh row | ocated about 5.2 inches fromthe center, 74 gas
hol es i n t hamenekétréderand 2 pio doted ahbaeil-2®) insh deaphlesated eboutHed mehessfromnd 80

holes in the thirteenth raw | ocated about .5..75.inches from the center.
10051 The tisiseper B Aot BB LEMRE U i B Bl Togh RERR Bt G 520
with 3 pin belefpinRdds drd8bdif 0190 iAgkldekphing ikt @&Sorltgsih hbleera@ialioraligalge of the
el ectrode. The gﬁiﬁn hol es can have dianeters of about 0.1 16 inch. The 3

cent r al Lpi nwitbitecential piadiodesi apout ¢ iebes fiprr theeenierein hplepnddve aibeimino. 160
i nch deep aflolte%] 8g§e‘? & a@ﬁ é%l?@th'ﬁﬂ%h%;m §ihGhé OGnd A8 theRhita BBl RifAE - 200
e . I nches rom

I nch deep | oca about
the same distance from the center pin hole but offset 92.5° from each other.

[0052] The outer steps include an inner step 532 and an outer step 534 machined
into the silicon plate so as to extend completely around the silicon plate. Ina

20  preferred embodiment, the silicon plate has a thickness of about 0.400 inch and an
outer diameter of about 12.560 inch, the inner step 532 has an inner diameter of
about 12.004 inches, an outer diameter of about 12.135 inch and extends about 0.13
inch into the plasma exposed surface 530 and the outer step 534 has an inner
diameter of about 12.135 inches and an outer diameter of about 12.560 inches and

25  extends about 0.24 inch into the plasma exposed surface 530. The inner step 532
has a vertical surface 532a about 0.13 inch long and a horizontal surface 532b about
0.065 inch long and the outer step 534 has a vertical surface 534a about 0.11 inch
long and a horizontal surface 534b about 0.218 inch long.
[0053] FIG. 6A shows a front planar view showing the plasma exposed surface

30 530 of the inner electrode 504 with the 13 rows of gas holes. FIG. 6B shows a front
planar view of the upper face 522 with the 13 rows of gas holes and 6 pin holes 520.

FIG. 6C shows a side view with the inner step closest to the plasma exposed surface
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the center pin hole at |ocations between the third and fourth row of gas
hol es. The outer pin holes are about 0.100 inch deep and include one pin
hol e radiwbl2910zdosgmed with the central pin hol es about @Cirush@9/063963n t he
center pin hole and two other pin holes offset 97.5 and 170 therefromw th
the second and the third outer pin holes the sanme distance fromthe center
pin hole but offset 92.5 fromeach other. [0052] The outer steps include an
i nner step 532 and an outer step 534 machined into the silicon plate so as
to extend conpletely around the silicon plate. In a preferred enbodi nent,

t he sili conapl eoutrssten clasesiio &isunpler fiseof the. inow dlestiedanbIGrOId shasws an anet er

f ab ibnch i . h ' di f ab
T2 004 1 nchedaest Vil of o) BRERICBE o tibe Bt ARERuE SOBLFINE, Soout

0.13 inch i piadedeonbRpioyiedPaIBotter e fIRDuFM fidees20utheloutdrefgd3# has an
i nner di aneter of about 12.135 inches and an outer dianeter of about 12.560

i nches and Eedewesfage st anl pansitinas bietasnithohomzental and yeical Suieret’2980. The
I nner step 594, I3§§a,§:})§g Rxgglcc%'meak' ngacclﬁ 0 %n&‘grpe;ﬁrﬂ?g{ i 100D fé&ggzé‘,?égahas .

hori zontal Surface out nch [on e outer step
vertical su(dacmundedbwithaut02d. ihcHradies). | ong and a horizontal surface 534b
about 0.218 inch | 1c{)lng. 0053] .FIG . 6A shows a front planar view show ng the

pl asma expol¥34kur S@étegf,ﬁl?cg?dft MY ingludes an @uter ger S BpWhighHrPeits 1S ows of
hol es. . i tth th
gas holes 4 @AE @ﬁ?%@lniéleﬂ; %tﬁd‘?iﬂvﬁﬁﬁrov)éﬂ%\lé"gfkf %gﬂgﬁ%ﬁ Rk tﬂ@g‘gneﬁs’)t Yrth the

13 rows of gas holes and ol es 520. a si view with
t he i nner sthepndredesbde, antuppepfaas (mowtingsedfasa)siodactdendagenalmyerst ep

cl osest_to the upper face of t i nner el ectrode. FI 6D sho n. enl ar ged
Ui ow of e sface 8 feoBfing @1ath i /obie er R XRATEL FoB Sp O R Do B
rounded cor {fich iREIANEsARAerabp driesiBEHce 548 d0KorPontdl SurfRRS46! AfParPsdter t he out er
edge of the lower face 530 and transitions between the horizontal and

vertical sutapercdsugaxa54858@AS pEhats, 558 3d bppdrtfacecttOrinrwehie thedeeking hims and t he
upper and |l ower faces 522, 530 (e.g., rounded with a 0.025 inch radius).
[0054] The FGt8F"8f%ctrode 502 includes an outer step 536 which supports

the guard r{ge85p0BIGET A TsHovs iR 3IFeWdbfOhe BYRF ble€Bodd FIC. APshoivs@ and t he
i nner step of the inner el ectrode, an upper face (nounting surface) 540

whi ch ehgagt®p plan wgerofdhe plasma gxpasaéd swydacei g ofitha eutepdectepdepidrang
(plasma expogefl ol §RRELRYLE 8% Duter4fectrode. The outer electrode is an annular ring
with inner and outer tapered surfaces 544, 548 and a horizontal surface 546
therebetween forming the plasma exposed surface 542. The outer electrode is
preferably a single piece of high purity low resistivity single crystal silicon or high
20  purity polycrystalline silicon. Alternatively, the outer electrode can be made up of
segments of high purity single or polycrystalline silicon. FIG. 7C shows a cross
section through the entire outer electrode and FIG. 7D shows a blowup of detail D in
FIG. 7C. In a preferred embodiment, the outer electrode has an outer diameter of
about 17 inches and an inner diameter of about 12.024 inches. The horizontal
25  surface 546 extends radially about 1.709 inches from its inner diameter of about
12.552 inches to its outer diameter of about 15.97 inches. The upper face of the
outer electrode includes an inner step 538 and an outer step 536 with a planar
annular horizontal mounting surface 552 extending therebetween. The mounting
surface 552 has an inner diameter of about 13.655 inches and an outer diameter of
30 about 16.752 inches. Two of the 8 pockets 550 which receive the locking pins are
illustrated in FIG. 7C.
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whi ch includes inner tapered surface 544, a horizontal surface 546, and an
outer tapered surface 548 and 8 pockets 550 in upper face 540 in which the
| ocki ng pwvoosvmsamunt ed. [ 0055] FIGS. 7A- G show vari ou®Critsemomb3osshe out er
el ectrode. FIG 7A shows a top plan view of the plasma exposed surface 542
of the outer electrode 502 and FIG 7B shows a side view of the outer

el ectrode. The outer electrode is an annular ring with inner and outer
tapered surfaces 544, 548 and a horizontal surface 546 therebetween formng
the plasma exposed surface 542. The outer electrode is preferably a single
pi ece of hi {i0S6lr iFIG. TBwhews deteily pf § prsiferrdeenabadimant ofithe mer and eltgh purity
pol ycrystal Lj sildco rnati v h r be made up
of segnent sngleeﬁiSghfa%e&ﬁﬁgg%%a%qa{geég%gpé8??2%%&{ ?ﬁéé%g?loﬁgg%f&@% G 7C shows

a cross sectleomoddBRughertingthe fipefed satiabds fohtahglesief 20eb £0°Gvitll Bheshows a
bl owup of detail Din FIG 7C 1In a g@r}eferred enbodi nent, the outer
el ectrode hagnzenty plasmagxpetadsurigee ad uMorgpiefaakly, the dnngs taneres sugfageret er  of

about 125 024, Achias o JASAQ20R4A o R (3GEa B0, 5810 Lflhl Lipipout

1.709 inchesS fromits®innér di aneter S~ outer
di anet er of Tabinter dtop 378 iinvtids .a vEhicall pyreicef5a8& hading hdeipht of atsdue Otlddde

I ncludes an.inner, step 538 and an_outer step, 536 wth _a_planar annul ar
hori zontal HRSIAPAAJOSEPREGLRIESS Sé8R exandigs f%lm%.% e i
surface 552 sﬁggsa%dwmﬁ% &h?dﬁ?&&?ac@fssagﬁﬁnég-hg%?t bP'6.086 ithchn@ out er

di aneter of about 16. 752 inches. Two O e kets 550 which receive the
| ocki ng pi nbomzantallshirfate F6bexitandiig3adialy [a00%4). 124. GAn fides Nemisalderface s of a

preferr e i ment of .the [nner, and outer tapeged faces 544, 548 and
Phe i nndl andbceRrupen e e sied S3aid st snsERree s34 bets B aRiapgtn the
tapered surHaqssndiorAm sigh O&rtiehl saBrabO53He Bk Eeni thE oliRE 5P B3B8 land tiRssere xposed
surface 546. More preferably, the inner tapered surface 544 is at an angle

of 34.3 andtapaeedoutface $4plasechaghtiofebog4Bla5singh. Ehe peekieeS o fa4holocking i nner
Tnch and & REVTS avcalt el ipRke L3 uRS Gnd SREIoHE Uhidtheds PORERMR R e, The
outer step bdutioniouiets Bhe/pddkeCedn el 6.8¢kchbBkie thaYddithdle betegbivea@lf 0. 076
inch and a horizontal surface 536b extending radially about 0.124. An inner
verti cald suftfreadsd mounting base (socket 213 described in FIGS. 2-3) of the locking pin. The
entrance to the pocket can include a taper and the bottom of the pocket can include
an unthreaded thread relief section having a maximum length of 0.040 inch. All
corners of the inner and outer steps and inner and outer tapered surfaces are rounded
(e.g., rounded with a 0.025 inch radius).
20 [0057] FIG. 7E shows a top plan view of the upper face 540 of the outer electrode
502 wherein the positions of the 8 pockets 550 for receipt of the 8 locking pins with
centers of the pockets located about 15.244 inches apart. Also illustrated is a group
of 37 holes 552 (which communicate with vacuum pressure sensing equipment such
as a manometer) having diameters of about 0.025 inch arranged in 7 rows about 0.07
25  inch apart forming hexagonal pattern of holes at a portion of the mounting surface
540 which extends along a radius of about 0.480 inch slightly into the inner step.
Three alignment pin holes 554 having diameters of about 0.116 inch and depths of
0.200 inch are spaced 120° apart at locations in the mounting surface near the outer
periphery thereof. FIG. 7F is a perspective view showing the upper face and FIG.
30  7G is a perspective view showing the lower face of the outer electrode 502.

[0058] The clamp ring 516 is bolted into the backing plate 506 and presses against
a polymer compression ring 518 of high hardness. The polymer ring 518 presses
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538c between the inner step 538 and inner tapered surface 548 has a hei ght
of about 0.1 15 inch. An outer vertical surface 536c between the outer step
536 and twe 20uwmss4iaper ed surface 544 has a hei ght of alpomtus@oo2as39%snch. The
pocket 550 for the locking pin has a depth of about 0.325 inch and the
total thickness of the outer electrode is about 0.440 inch. The pocket can
be a 0.5 inch wide threaded hole to receive a threaded nounti ng base
(socket 213 described in FIGS. 2-3) of the locking pin. The entrance to the
pocket can include a taper_and the bottom of the pocket can include an

unt hr eaded 8gairshéher@yjterastepsEi4 ofghe mner plgcEodraddrand the HEERStEP 588 04the nch. Al |

f i i . :
are T ounded? {1 §ARSERR AL RE EREIR SN AR MM Rl bIRRIRS R Chove
a top plan thedinefeldctredeipitrthé Acer pbredfsuifhe D4t extergling fromdhe plAamher ei n

the positions of the 8 pockets 550 for. receipt of the 8 | o kigl%; qg)i ns with
centers of ©¥osghsuriace of Hiednaer elestipde $84.0Xhe mountiag syface S481of 4hs PYEL r at ed

is a groyp QE%tyde%hﬁsan%{)éégglﬁ%\??ggfﬁg_@ﬁlﬁ%gplgt% goaégsgywzh%@&feure sensi ng

equi pnment such as a mano i anme ut 0.025 inch
arranged i nclzmpmasfoateaxerted By therf lockingrping leeldrby then® gay doxkls 1p dictteackingf hol es

at a portion of .the nounti surface 540 which extends, al o radius of
about IO0_. 480{’]]@3 cﬁlt@lguﬁl:ff‘f‘% ?‘%{ I o Wt@sé@ﬁgsw}@ aﬁh“érﬂi%ﬁg%iaﬂdhol es
554 having gﬂe%@?és@ﬁﬁelﬁﬁgsamqh tRe é’uzi'r@ rf#%(h?e alel AaRtERoPib1ike s 5MCHhagt ©

spaced 120 apart at locations in"the unt i1 ng surface® near ;®he out er
peri phery t biplesna resis@nt polyimer mapariad pedt asvEorlanSywWssiolt, iigledn, Depn”, f ace and

FIG 7G| i ' howi ng_.t he, | f f the, outer electrod
500 [ Oba T e PR Y T he TR ek RRILer TP RE B e el H TS Ee and
presses agapalgimides) PoliRFaRORIIBASR arld fily@hdedbrketdRs (PEBRPRSvingd he

pol ymer ri nrq 18 tpr_essesa_gai nst the outer step 534 of the inner electrode
504 and t helovwhepeftigentpifggtiar andlewaareele sheddingede 502 fits over the clanp

nner taper 050y PR A e 0TS Aot RuBly dR TS FERIRERO ;" e

i nner el ect amtign&Qdectrode 500 igprioned bifore@r bfde tHermbEinediface nedt@dly ode abut s
an opposed surface of the backin e 506 as a result of the clanping

|
for ool ol « BdMyaniios QPRBLIBEICHEh e the PIeBpermE Bof B iTRsE electads fed Backi ng

gggt :-n dThe G185 0nbieN8cadfs BAWRES thd Rt iiidnRnlpinERd tHe biYer B354, thicR! at e

TIM can be rings of polymer laminates containing electrically conductive material,
e.g., Geltec interface material COH-4000, COH-2003, RE-10, COH-1002, DP-100,
DP-200 or DP-300 can be used with thicknesses of 0.5 mm, 1.0 mm, 2.0 mm or 3.0

20 mm, preferably 0.012 or 0.020 inch thickness and 0.31 inch width. For example,
TIM rings or Q-pads can be located at distances of about 2 inches and 6 inches from
the center of the inner electrode. To provide different process gas mixtures and/or
flow rates, one or more optional gas partition seals can be provided between the
center alignment pin and the outer Q-pad. For example, a single O-ring can be

25 provided between the inner electrode 504 and the backing plate 506 at a location
between the inner and outer Q-pads to separate an inner gas distribution zone from
an outer gas distribution zone. An O-ring 558 located between the inner electrode
504 and the backing plate 506 along the inner periphery of the outer Q-pad can
provide a gas and particle seal between the inner electrode and backing plate.

30 [0060] FIGS. 8A-D show details of clamp ring 516 having a thickness of 0.419
inch, an outer diameter of about 13.575 inches, an inner diameter of about 12.590

inches and a flange extending about 0.212 inch from the inner diameter. The clamp
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t he access openings 524 in the guard ring are filled with renovable inserts
571 made of plasma resistant polyner material such as Torlon(r), Vespel(r),
Cel con(r)woRelwdosssn ), Teflon(r), Arlon(r), or other mat@CrAaIS300900395RS

fl uoropol yners, acetals, polyan des, polyimdes, polytetrafl uoroethylenes,
and pol yet her et herket ones (PEEK) having a | ow coefficient of friction and

| ow particle shedding. [0059] Wth reference to FIG 5, electrical contact
bet ween t he backing plate 506 and inner el ectrode 504 is provided by one or
nore thermal interface materials (TIM and/or Q pads 556 |ocated at the

out er peri pHagyléfndydesiaradinlleinvedrd syiending flenge fed whighonates vatdtthepytebet ween

the central st%é1 5@@%‘%% i%'ngr églgcgr dgeSOguE[%f &%Qccem)gu%ucr] I Ma%&H%Bﬁo{ééﬂqgs of

pol ymer | am nat'és con alnlngeectrl er| CGel tec

i nterface mapgdriaal 1mﬂm&s@@reaaﬁ@,n@5ea&ve ﬁ@ldné;@(%ach B¥Psct&0s, blolts 3P0 or
DP- 300 can be used with thicknesses of 0.5 2.0 mMmor 3.0 mm
preferably eth@awltﬂblmeq*@nmbf@ﬂemm@g@t&w@qb th@ad mtn thyeadad. onrarngé%arrm e,

oo ng§ OEhe%aeElq% ﬁ:ﬁgs?@t he I nerﬁ%‘l e g%e%ﬁﬁ&‘rthg%gegdl EI?EI’ enand :

i nches fromthe cefiter o rovi t process
gas m xtur esppm;éd @mrfzidecuﬁthieai‘nﬁen eleaﬁ)darsonwaeapthanﬁér dlédrodafidnt igallingeal s
can be prowgﬁlg vveen he ce&glt er alignment pin and the outer Q pad. For

exanpl e 8 lfllnﬁ %%Hr nguRON teﬂg’cgvﬁtféhe PBeV$-nhis NBE &Ct r ode 504
and the bac bi’e@&aﬂly%f@@@)@%vltﬁ al eG4 é?@gs%‘étnoﬁ' RihidEhsiGNEr Meher Q pads

to separate an inner gas distribution zone froman outer gas distribution
zone. An O Pi0dg nﬁﬁﬂhiCkUaiseddlﬁemWaech windth.i ffheﬂaegeeiﬁ#mmnﬂﬁde amettartgsldpacki ng

plate 5 al on he i nner er| of. t er ad can I‘OVI de a gas
P var I of B 0ds otttk B torRiERortting o1& cEoreamals e gophetan s de0)
FIGS. 8A-D WWo‘i'%&iﬂOSl(PlfncElaﬁde¥thBQal§ﬁﬁOr(ﬂ\’lhélﬂ a thickness of 0.419 inch,
an outer diameter of about 13.575 inches, an inner dianeter of about 12.590

i nches and #061hnddGe&A anelbidg vagyoof the chm ting 616 amhFKheBB israchotinamster . The

wi £t e out i BE BHeE 398 sh@ilh SdcknaP U] Ei NG 0 SHRTaTBE elbtnlT o

566 passi ngfrbfir esighCUpPeG. 8AAnt PIET 8BS 4 BRES/iEh of e cldradTEing ifften deeR D/ e
fasteners such as _screws, bolts or other suitable nechanical fastening

el ement 5 whitthlG: $Be 2 ait ks sean énBGS. GRetndigsthe dargerapastien Phipestepped 506. A
conpr essi 0Ny Lie0G66 L IGIMEED Jrlent k296 3B5b188hat 3Rk washers having

serrations facing the heads of the screws to inhibit loosening of the screws during
temperature cycling of the showerhead electrode assembly. The clamp ring can
include openings 568 for receiving lower shafts of jackscrews 570 extending from

20  backing plate 506. The flanges of the jackscrews are received in depressions in the
opposite side of the clamp ring. Thus during mounting of the inner electrode, the
jackscrews aid in aligning the clamp ring with the backing plate. For disassembly,
as explained earlier, three equally spaced jackscrews can be used to dislodge the
inner electrode from the backing plate 506.

25 [0062] As explained above, the clamp ring 516 can include lock washers to
prevent the fasteners holding the clamp ring against the backing plate 506 from
loosening due to differential thermal expansion and contraction. For example, lock
washers comprising upper and lower washer halves having radial grooves on one
side and a series of tapered steps on the opposite side are fitted on the screws with

30 the tapered surfaces facing each other to maintain the grooved upper and lower
surfaces parallel to each other during tightening of the screws. The differential

thermal expansion and contraction could lead to backing out of the fasteners (e.g.,

-18-



opposed surface of the inner electrode 504 protects the inner el ectrode
fromgalling of the Al backing plate breaking upon tightening of the
screws. TWe2iwmgsi4s preferably of CIRLEX with a rectangecansesoss3ssecti on
wi t h di nension of about 0.031 inch thickness and 0.071 inch width. The

fl ange 564 can include a rectangul ar groove for receiving the conpression
ring 518. For exanple, the groove can have a width of about 0.10 inch and
depth of about 0.01 inch. [0061] FIG 8A is a side view of the clanmp ring
516 and FIG 8B is a bottomview show ng bores 566 evenly spaced apart.
FIG 8C is screwsesbaltstding sdquenisal pregessing afjindnodual evadérs iCtherchemger. gl and

FIG 8Dis n view,.of. the cla ring fromdetail, Din E .8B. As can
e seen | n RPEBRAESERNE for OF ol s lajdpy B ORI QoBpib AR BPES so” o
pol ygonal t clepicuecfor af 1042500 RFHowpo(tit8OB@ling Which WRERRY iS gBaethied i e at i ons
facing the heads of the screws to inhibit | oosening of the screws during

t enper at ur eckapeher dyring Wafrs pEeRSERIRBk Fissamirg plasrea prpsesadime of B0 s4cands ri ng

can inclade i (1M I r j ackscrews 570
ext endi nsél f P%%%gg%ﬁ%ﬁ%%@%‘@g@%%gﬁp ngnggs()%@t){) Evea?%rg'c kscrews are
recei ved i n[0dp] eTsicondpehsuté i thpdidferdntiabihdtmslfexpiisiod, aligpclimpgingB16s duri ng

nmounti ng of the inner electrode, thegiackscrews_ai din aligning the clanp
ring with tFRNBadasigngd to ahserdb therma; lead dusie) sxpansionshyy ngomogatig theghal ¢ nree

equal ly spa L > : i tnper d from
t he backi ng §| altslgﬁE%@%@ﬁ%oﬁ?o@%ﬁg%ﬁg@%ﬁ%&?y{tﬁgla'(i:rf{gl‘r?}g S?‘:"ﬁ‘%ﬁ%? can

i ncl ude | ockonstamhelampt ringpdiemeter dtiling fengieeaterescyhbihgli Aguithisle claampring ng

agai nst_t he backi | ate 506 from | oosen| due taq dif ential . thernal
opanei bh st gL e CopmonDamsRal O SoatgaiSy Bt FEdtEs By and

| over washefcbglo¥fed BaYeB@nEaR it elir@9ves on one side and a series of
tapered steps on the opposite side are fitted on the screws with the

t apered sur{06dl Haothey seitable damprringodesignris Hlustrated ig FHoY.e dpwhereiand | ower

surfaces pa lel . to.each other, durin i j of . t he scr.ews., The

G or ont | PG iR OGNS oA e PeEld o SRuRder s W oRhTAMG out o
the fast enefFRG.(9A,RIGS 9CaY¥E poiftiaPRIptvigw S e Parfip Gine Rhbwing e QuRE I Migerfal

i ndi vidual wafers in the chanber. It would be desirable for the clanp ring

to provide exnagsiansegionindi/ngriaed byislofsnhss FEG QR isot@praew &f theging siopm RF
hours (ti maincil‘i"d-. @SA, %Cﬁ Qﬂﬁma{u%s%%{aﬁtfﬂq i’ﬂ}.wand FIG. 9F shows
features of detail F in FIG. 9D.
[0065] As shown in FIG. 9A, clamp ring 576 can include thermal expansion
regions 577 in the form of radially extending slots 578. Preferably, the slots 578 are
20  arranged in groups of slots with adjacent slots extending from an inner or outer
periphery of the clamp ring. For example, each group of slots can include 2 or more
slots forming one or more U-shaped expansion/contraction regions 577 (e.g. 3 slots
form one U-shaped region and 5 slots form 2 U-shaped regions). In the 5 slot
embodiment, three slots 578a extend inwardly from the outer periphery 576a and
25  two slots 578b extend outwardly from the inner periphery 576b with the outwardly
extending slots located between the inwardly extending slots. Each slot can
terminate a rounded end wall 578c located close to the inner or outer periphery. For
example, the inwardly extending slots can extend over 50% of the width of the
clamp ring such that the rounded end wall is located within 1/2 the distance to the
30 inner periphery. Preferably, the slots extend over 75%, more preferably over 80%,

and most preferably over 90% of the width of the clamp ring.
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chanber during wafer processing). Assum ng plasma process tine of 300
seconds per wafer, 500 RF hours would all ow processing of 6000 wafers.

[ 0063] Towoanpansatie for the differential thernmal expan®CorysS2e0a@03Eanp ring
516 can be designed to absorb thernmal | oad due to expansi on by

i ncorporating thermal expansion regions 577 which conpress
circunferentially to maintain a substantially constant clanp ring dianeter
during tenperature cycling. A suitable clanp ring design is described in

comonl y-owned U. S. Patent No. 6,200,415, which is herelgﬁ/ inc)g&porat ed by
reference i 100668 dier prasessing 3Qbam wiabrhdhe et eetteodelhasp egelsie i s

Il lustrated phn_Fl A- rein. Fl ' . S| 1, f | anp ring
576, FIG Qébé%églﬁ/s %aeﬁraéé\glgflgh%? gﬂ%‘gﬂﬁﬁéf éaﬁ{gg?? Vl\épt{% gjga?%lgla parti al
top view of exteadiap@ange 5 WtoSdigabd thelombdrigtedss Jafofitheiniet eletpaizsioan Thegi ons

577 formed by slots 578, FIG 9D is a top view of the ring showm in FIG
9A, FIG 9ES ng &4 candaclyde adleast|4 groups ofjstots,grefsrablyptdeasy B gsouppaof

f eat ur es¢ of | ' i ing 576
can i ncl %desgﬁsté?{réé? Eree;%gng icé(t)}le%?f elgé %ﬁgg%#?%gﬁ%% g?%ke(??m?ggigg{)%gpoet{(t e%di ng
slots 578. PBloel dnaljryferret embbdinsend, A8e aloes lauve arvgidth ¢ ffubguo®Ps t@0.1sheli,s Wit h
adj acent sl ots extendi nég froman inner or outer Eez)r' ery of the cla

Recih W

I ph np
ring. For e VEI T po8andh %’Ldsm_E%ﬂi’r‘?fﬁ@P 0298-96%9@8541%*{ a4 or i ng
one or nor etﬂééﬂﬁ&éﬂ%nﬁ%ﬂﬁa}s%i&@%& #rbérQhad £8'sRASviath! %hgtep? Fbges form
one U-shaped region and 5 slots form2 U s apeé regions). In %e 5 sl ot
enbodi nent , 58hf@ecsdiptaf axl@npinag tfastecher nmabellogated betvdea eaclt groupefisjpiteory 576a

and two,slots. 578p extend outward fromthe inne er| pher 76b with the
Ut ver a1, SJATERE R RSO VL ARG SHIBER OF HEu P R Gy ERERNE RIS A o.
Each slot cgm E@fo@ht@étb@tv@eeﬁ%‘é&@‘%ﬁh&@oﬂ}%f slétZ%i;ldcgf%ﬁ_tiﬁ%§?lf)ﬂr%?dés‘?reﬁhe I nner

or outer periphery. For exanplé, the inwardly extending slots can extend
over 50% of arrargemett.n of the clanp ring such that the rounded end wall is

| ocated wit ki /2. the distance to the.inner perjphery. Preferably, the
sl ors ext entD 7L ToSvp PAAFELCofuRE BRGNS oo Gl &R0, over
90% of the wcllide 2fbck Rasiedr36¢h 49 e phREB Rk Mash@HABRS Jest@ibd@Absve. Wef er s, the

i nner el ectrode has a dianmeter of 12 to 13 inches and the clanp ring has a
sl i ght | 5 | ap¥@nplgi eneearanorgileck washiersighigh gre not rotatable due to the corresponding

shape of the larger portion of the stepped bores can be used to engage the underside
of the fastener head to prevent rotation of the fastener during temperature cycling of
the clamp ring.
[0068] FIGS. 10A-C show details of backing plate 506 wherein FIG. 10A is a

20  front planar view of the upper face 584 of the backing plate, FIG. 10B is a front
planar view of the lower face 586 of the backing plate and FIG. 10C is a transverse
cross-section taken at a location intersecting bores 560 for two cam locks.
[0069] The upper face 584 of backing plate 506 engages three annular projections
511 (see FIG. SA) on thermal control plate 510 at annular regions 588 which include

25  threaded openings for receipt of fasteners extending through the thermal control
plate 510 to attach the backing plate thereto. Additional threaded openings are
located in the peripheral portion of the upper face for receiving additional fasteners.
Thirteen rows of holes 590 extend between the upper and lower faces so as to align
with the gas holes in the inner electrode. The holes 590 are larger than the inner

30 electrode gas passages to maintain alignment while compensating for differential
thermal expansion. Details of hole sizes to accommodate thermal expansion are

disclosed in commonly-assigned U.S. Patent Publication Nos. 2008/0141941 and
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extending flange 580 to engage the outer step 534 of the inner electrode
504. The clanp ring 576 can include at |east 4 groups of slots, preferably
at | east Wogooupss4of sl ots, nore preferably at | east 16Pprgmraisp@9ond3oss ot s and
nost preferably 24 groups of slots. In a preferred enbodi nent, the slots
have a width of about 0.03 to 0.1 inch, preferably about 0.05 to 0.09 inch
and nost preferably about 0.06 to 0.08 inch and the rounded end wall has a
di aneter larger than the slot wi dth. Each stepped bore 582 for receipt of a
clanping fastener can be | ocated between each group of slots or if fewer
fasteners ar@08/@ed4d Rathe diselosuned of whichgare bersbwinosrpnrated biigefsransped bor es

582 can be cat ed bet ween every.other group.of slots or. |.0o Lh any
ot her desi ri exg}a?gﬁa-g?%rﬂa_ s fﬁ(%_%ﬁem%y H]’tg‘ygﬁe? bﬁh’(’{%’iﬂntée Bﬁ(pecot*()%? tﬁz??ﬁi‘[‘;p eners,
the shaft othetrBgiohasgEreinhagcthemidl 4€e eRclrRaKcomdabisn. SIS hoastof Hleanitsirr ed
| ock washer hal ves descri bed above. For exanple, one or nore | ock washers

whi ch are n¥2cupp: Rresfyrea grpuptad hojes 588 maselpag iedplesniigdndhe ower elgetiede
portion of . hde of the

f ast eneryheggg%%éﬁglé\;mg%? %Ec g?g?%nﬁgf‘y@gg r%cgévt%gggrg?%%? ?lhct:]ﬁ ga;?;i(gr atur e
cycling of {00q0F! ahp lowerdfacd SEIHGBEIUdES S mnuld{dhe £ioRh 596 stevlaich shevfabmedtfacg pl at e
506 wherein FIG 10A is_a front planar view of the Uppq?%q;gft e .584 of the

Eacti ng p: afaterig] gichps)-padsare nyarpopadbeiween B backing e AREI586 of the
acking pl ate @i fGoyes3os fgégecggffefgggs%slsqu@ﬁ@ef%aggg]tﬁ hoids 530

| ocation intersecting bores cam e upper face
584 of backimga pértta zo0bamhaagesr drimuie zaneUA Agnipentjpe holen 606 atklsiteside Fl G

5A) on ernmal. control plate 510 at annul ar regi.ons 588 .whi ch. i ncl ude
Dy el opBFiE dhe repRabp s CEendiae BHar Y ST LA Rac RO GMISE SlaHot Ry el
control pl afsinhMOaltghniink A6IRs I 8tAFEKhEFrdth MEcdnbd ol RoleAdHigtdn®iigéd b1 eaded

openings are located in the peripheral portion of the upper face for
recei vi ng ael@ngdteshal ackemmadetegliffgtentialdbermad gxpagisiongind soggactmut whwedret ween

t he upper apd lower, fa o.as to. alj with the s hol es.in the.inner
el ectrode. {Fﬁgﬁﬁqﬁrﬁggs %’3‘3_‘%&5%“1‘% 5@]‘6' tﬁ%ﬁofvﬁﬁpﬁcﬁ Hg}&%fgp‘feftﬂ)cc%ly gengé{?s ages
t o mai nt ai nstappedbERet 60 hieh eRPRNE&IdcRthg fihs S6F &xaemithg apwhidey ff8in the
expansi on. Details of hole sizes to accommpdate thermal expansion are
outer electrode. Horizontally extending bores 604 receive the cylindrical cam locks
514 discussed above.
[0071] 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

20  departing from the scope of the appended claims.
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di scl osed in comonl y-assigned U.S. Patent Publication Nos. 2008/ 0141941
and2008/ 0090417, the disclosures of which are hereby incorporated by

ref erencewOThavaosd4li nt erf ace pads are preferably interp@sEdshe@vwesdns t he
projections 5 11 and the regions 588 to enhance thermal and el ectri cal
conduction. To nonitor chanber vacuum pressure a group of holes 592

mat ching the holes 552 in the outer electrode is located inwardly of a
groove 594 which receives a gas seal such as an Oring. [0070] The | ower

face 586 includes annul ar regi ons 596 at which thernmal interface nmateri al

such as Qpﬂw&égi bet ween the backing plate and the inner

el ectrode. Grooveg 59§ {h%eh?e%ﬁ'ei’tctr%e Qst%ém% ferbr thh BESW fa@a%aéléérfodtehe gas
& e annurar pilie

hol es 590 into a cential zone and an o Zone. gnment pin

hol es 600 ac@npﬂiszeednh?pémaitmeebhecabdcgmwéolmilmplemgpdjcegimmndieg from
the inner and outer electrodes with the alignment holes | ocated further
fromthe cefRBPIYME hol e being enl arged or el ongated to acconmpdat e

differerndial ther Relal r ' - es and
t he bacEﬁit ng pl at e%%‘%kgﬁ? g@@r@é‘% |S§)%P%§g§é)g8vme1§§ P%@%P?hgﬁ?gahgﬁ%‘gggt epped
bores 602 whicedthero€i ve t he | ocki ng pins 562 extending upwardly fromthe

outer electrode. Horizontally extendi bores 604 receive the cylindrical
cam | ocks 514 di s_ﬁﬁg’g{éﬁ“% gng %WTHSWXF%‘%{WQ?W% StRP Eorﬁgen _ _
descri bed i porfighpid to%ééﬂvéﬁét%ﬁae%iéwe&g@gs trk£de@'IPeRh BB M e IVGESREs off t Wi | ]

be apparent to those skilled in the art” That vari ous cChanges and
nmodi f i cat i othe backingelategde, and equi val ents enpl oyed, without departing from

t he sco of the pended cl aji ns. T IS.CLAIMED | S:. 1. A shqwer head
cl'ectrollb assenbl (HeRRERERsat Heoe P BETP B S PERITE upper

el ectrode ofxs&PRRFACE oYl IYweOtaBé ﬁﬁrézif,a@ﬁﬁpﬁﬁ@%aﬁﬂce @n@RAPREr fac€ONPr i si ng:

a backi ng pl ate havi ng ggs passages extendi ng bet ween upper and | ower faces

t hereof ; a tieraob the mmeniage irpleding awkepdit gn extee periphgry phhgelatpdhe stépped bores
Face of ¢ nebOuieBRal Tdf B ARE Pt R R R i et P
pl at e havi n@ichidilgdsiBess gas outlets arranged in a pattern matching the gas passages in the
15  backing plate: and
a compression ring between opposed surfaces of the clamp ring flange and
the step of the showerhead electrode;
jackscrews mounted in the lower face of the backing plate, the jackscrews
being rotatable to move annular flanges on the jackscrews against the upper face of

20 the inner electrode to separate the inner electrode from the backing plate during

disassembly of the inner electrode.

2. The showerhead electrode assembly of Claim 1, wherein the

jackscrews include upper threaded shafts which engage threaded openihgs in the

25 lower face of the backing plate, and lower shafts having keyed openings to engage a
tool which rotates each of the jackscrews, the electrode assembly further comprising
an upper polymer ring with openings receiving the fasteners holding the clamp ring
to the backing plate and openings receiving the upper shafts, the polymer ring
located between opposed surfaces of each of the annular flanges and the backing

30 plate, and polymer washers surrounding the lower shafts and located between

opposed surfaces of each of the annular flanges and the showerhead electrode.
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exposed surface on a |ower face thereof, a nounting surface on an upper
face thereof, the inner face including a step at an outer periphery of the
pl ate, thwoxvepossamfi gured to mate with the inwardly extemdisagofobznge of
the clanp ring, the plate including process gas outlets arranged in a
pattern matching the gas passages in the backing plate: and a conpression
ring between opposed surfaces of the clanp ring flange and the step of the
shower head el ectrode; jackscrews nmounted in the |lower face of the backing
pl ate, the jackscrews being rotatable to nove annul ar_ fl anges on the

j ackscrews agai ns8- t hdhe ﬁb‘g‘f’erflﬁ%elé‘ftf‘l%@sﬁmy of Chainy behargindbgelampe t he
. T2 Ch ! . . par
el oct rode. - BRE BRI @TNAPALTENNE P AN UEL bR Yo ROLIE)

j ackscrews tlasipudtey upper threaded shafts which engage threaded openings in

the | ower face of the backing plate, and | ower shafts having keyed openi ngs
to engage a tool which rotates each of the jackscrews, the el ectrode

assenbl ys f urt her gonpiysishdy@eAtPASErRR! 48BLIY bP Bt 1) IRRBhRESHeRRS! Vi NG
t he fastseners hol gi ngﬁ?lﬁgﬂ(%?/arr% r@ngrto tﬁﬂbgcﬁi@ng pl’ate an opeﬁllqngs
recei vi ng t eepanpiparegibied dosnpriseenyardyshets extending oat adoinet pergpheoppbthed
surfaces of each of the annul ar fl anges. and the backin ate, and pol yner
washers sur F@BRdIngANdRuUtY otg fxtepding W%HF‘SHPT}%H%\)?EZHP ﬁf?é’é‘ﬂng%lrfaces
of each of the annular flanges and the showerhead el ectrode. 3. The

shower head el ectrode assenbly of Claim1, wherein the clanp ring includes
t hermal expansi on5r egiToashewerhesbelegthaleaissemerlyraf Cloimath syhemeiofthe $lets@rany

ing. 4, The sh head traode . |y of {aim 3, wherein.the thermal
Cxpansi h + S5 T s LA BParLms Ao i BB Der | phery
of the cl anﬁcfddﬂ% oW NBd16ts Sk h8in@Xt e didienér fRipheryl JTIRE c]@ﬁ?im%ry of

i The shower head el ectrode assenbly of Claim erein

the clanp rin . ) ]
the sl ot & afwl terminatagin ugdesgns wallsanddhmetinwerd Siacuicadgdtradied sl of s,
each group oftfﬁ!%é)rt&%gl ngflrt.ﬁg'ﬁﬁgﬂrﬁdf‘m’?%?(}?ﬁhﬁ rﬁllaﬁrllé)}nsro ﬁ}rl]eg{;%{d;‘%aﬁsr-om t he i nner

peri phery of" atrngrnr Wal | s and three
inward slots extending fromthe

15 6.  The showerhead electrode assembly of Claim 1, further comprising a
thermal interface ring and a gas seal between the backing plate and the showerhead
electrode, the gas seal being located outwardly of the gas passages and the thermal

interface ring.

20 7.  The showerhead electrode assembly of Claim 1, further comprising a
compression ring between the flange of the clamp ring and the outer step of the

showerhead electrode.

8.  An outer electrode of a showerhead electrode assembly wherein the
25  outer electrode surround an inner electrode and the showerhead electrode comprises
an upper electrode of a capacitively coupled plasma processing chamber,
comprising:
an annular plate having a plasma exposed surface on a lower face thereof
and a mounting surface on an upper face thereof, the upper face including a planar
30  annular surface between an upper inner step and an upper outer step, the plasma

exposed surface including inner and outer inclined surfaces;
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outer periphery of the clanp ring and termnating in rounded end walls. 6.
The shower head el ectrode assenbly of daiml1, further conprising a thernal

i nt erf acewoiznp/mssdia gas seal between the backi ng pl at e pamastéve/osiveser head
el ectrode, the gas seal being |located outwardly of the gas passages and the
thermal interface ring. 7. The showerhead el ectrode assenbly of Claim1,
further conprising a conpression ring between the flange of the clanp ring
and the outer step of the showerhead el ectrode. 8. An outer electrode of a
shower head el ectrode assenbly wherein the outer el ectrode surround an inner

el ectrode and t he2phuakiyeisircemésentinly spasadrapsdpoaketsppidie Pdanae epmHd of a
capaciti vel Xur?é%'é%'oﬁﬁ%nprle@g&%c VY& S'ngﬁggl Zép%?rg\%%arp%?mrél?%g%e eannul ar

. 11
pl ate having a plas exposed surfa ace reof and a

nmount i ng sueleetzedentd atiackipgeilaté € thetshewelead tlectrodipaserhblse i ncl uding a
pl anar annul ar surface between an upper inner step and an upper outer step,
the pl asna exposed surface including inner and outer inclined surfaces;a

pl ural [ty of of roynt enfgihik blo3BACRL AR RGPS Srlilel Afnplatgar annul ar

surface configured to recelve plnsl?hereln adapt e np the
out er el ect aliglendm pén baekinnthe pppérefacy, thdwdigahenepindadessdoafignredao atigenbl y. 9.

The outer electrode as .clainmed in Caim@8, further conprising alignnent pin
bores in t h_&"tg‘ﬁﬁy‘&"“%‘_c@fls fﬁsnfgng b‘ﬁﬂé‘iﬁ?aﬁﬁwgwg?tééﬁﬁelﬂfﬁf R PSORFR W ¢
al i gnment  pi§ipBYk @ RGrh 6 Othb Qﬁo@@tﬁgéﬂ&e&t&fe%ssérﬂﬁyQh'éhetrha{-’ﬁpgﬁtelst ep
configured to support a guard ring of the showerhead” el ectrode assenbly
such that asurfastef tteuguaatengis flish witlathe auterguifscef dfithé owdet blettiedeout er

surface, pf the outer electrode. 10. The outer electrode as claimed in Caim
8, furtHer conprising gas holes in a planar annular surface of the | ower

face, the gas hol g adapbLaftr ERCEOMPE Ahighelih ClAMRNAAREomHsind gasPT OVi de
vacuum pressure nmeasurenents in the chanber, the planar annul ar surface

ext endi ng bbelgebra planar annular surfaceaf e lomisr fasedths gas heles adapied tout er i ncl i ned
surface formn n le of less.than 3Q deqgrees w th the planar_annul ar
sur f ace,  aniPRET RS TbimEatyl Bend ST REP LR A gieaSuPEhEin B
chamber, the planar annular surface extending between the inner and outer inclined
15  surfaces, the outer inclined surface forming an angle of less than 30 degrees with the
planar annular surface, and the inner inclined surface forming an angle of greater

than 30 degrees with the annular planar surface.

11. A showerhead electrode assembly of a capacitively coupled plasma

20  processing chamber, comprising:

a thermal control plate supported by a temperature controlled top wall of
the plasma processing chamber, the thermal control plate having a diameter larger
than a wafer to be processed in plasma processing chamber and including at least
one gas plenum in a lower face thereof;

25 a backing plate supported by the thermal control plate, the backing plate
having a diameter smaller than the thermal control plate, gas passages extending
vertically therethrough and communicating with the at least one gas plenum and
rotatable cam locks in bores extending horizontally into an outer periphery of the
backing plate;

30 a guard ring surrounding the backing plate, the guard ring including at least

one horizontally extending access bore passing through the guard ring, the guard

-24-



than 30 degrees with the annul ar planar surface. 11. A showerhead el ectrode
assenbly of a capacitively coupled plasma processing chanber, conprising: a
t her mal cwotznoloopd4at e supported by a tenperature controlPcedistap/oomss of the
pl asma processing chanber, the thermal control plate having a dianeter

| arger than a wafer to be processed in plasnma processing chanber and
including at | east one gas plenumin a | ower face thereof; a backing plate
supported by the thermal control plate, the backing plate having a dianeter
smal l er than the thermal control plate, gas passages extending vertically

t her et hr oughingheing setaiahlccarounththgibaeking plage tol aligs tthearsessdzorp Mathahleast
rotatable c rrlgcl) ks ir]Co,res extendi ng horizontally into an outer periphery
of the backrng p af &M A vard ri ng surroundi ng the backing plate, the guard
ring including atah@ast clebodedavapialpaysagd @ﬂ&idﬂﬂ%@&ﬁeﬂ@ fhereghrpagisimg

t hrough the guard ring, the guardring being rotatabl e around the_ backing
plate to al fl3iq comumunication wih theygag Iﬁa%?@gffséagl?e RrsKingrplatB AL QYT RRFINCYan i nner
el ectro hay endi t.j.cal iy fluid
communi cat | Coae e EiBASIEAERAL EREL 48 Rkl hf obREHED LA

peri phery obetivMeen therignieratepcindackariate bt mgher Blvetrodanfhcinigithe badkipsplatdhe out er
step being |l ocated between the inner step and a surface of %H_%,i nner

el ectrode facing BREHNERE hYyipg an wnenflangeRyerlymg theonisstsh of Hisdhnst ange

overlying t Ql@ct%ﬁee\&]itﬁﬁlg%t%natl BEmbf28&hn ﬁhg?ﬁerr%?wégr% Q‘lea&axﬂgtrfn%q luding

conpression ring therebetween, the clanp®ring In Ing vertrcally
ext endi ng sveppaly openiimgsteppddepshimgpahe stpppadrapenings bginglalignediwitht h

t hr eaded. hol.es in.the.backi | ate and fasteners in the ste d, openi ngs
bt achi iy '+ Heoaded bples i e kR PEAE b sishen 8 Besuerbit Sapdh EEREEh PBo

sur roundi ngiHehgarhPRRE tEIRYatiBHs pitél anfc! udi ng vertical ly extending | ocking
pi ns whi ch engage the cam | ocks, the outer electrode supporting the guard

ring and being renpvalst elepiyodesiumaundigg threinhercdtéatrpdpiand indleding Mertically | ocks.
12. The el eggt{eﬁ)ﬁgg ?oscﬁlenrébpliXs v?'{licgleglgz@e]ﬂllé camrkrﬁcrmef(ls,n thlé %leltel? %Felé{rgge Edp%to%ing
the guard ring and being removable by releasing the locking pins from the cam

15  locks.

12. The electrode assembly of Claim 11, wherein the backing plate
includes vertically extending bores aligned with the locking pins in the outer
electrode and horizontally extending bores communicating with the axially

20  extending bores, the cam locks including rotatable camshafts mounted in the
horizontally extending bores, the locking pins including shafts with enlarged heads
at free ends thereof and bases of the pins located in sockets, the camshafts including
a cam surface adapted to engage the heads of the locking pins so as to mechanically

clamp the outer electrode to the backing plate.

25
13. The electrode assembly of Claim 12, wherein the locking pins are
movable vertically and laterally in the sockets to accommodate differential thermal
expansion of the backing plate and the outer electrode.
30 14. The electrode assembly of Claim 11, wherein the clamp ring includes

thermal expansion regions to accommodate thermal expansion of the clamp ring.
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i ncludes vertically extending bores aligned with the |ocking pins in the
outer electrode and horizontally extendi ng bores comunicating wth the
axi al | y ewbendvogs4bor es, the cam | ocks including rot at alpiCe/usasmlefsss
mounted in the horizontally extending bores, the | ocking pins including
shafts with enlarged heads at free ends thereof and bases of the pins

| ocated in sockets, the canshafts including a cam surface adapted to engage
t he heads of the | ocking pins so as to mechanically clanp the outer

el ectrode to the backing ate. 13. The el ectrode assenbly of Caim12,
wherein the | ocki hg piThe e&c@o%%sawblmfr@iamﬂlywhmqmnh@ amgr Elgcirede ig@

and the out BPCITaRTY byl 486G ke bARE AR LECRRINY SOy Sl MRRRCAIRE, £ 71 ©

the clanmp ring includes thermal expansion regions to acconmpdate therma
expansi on of the clans,rln 15. The_ el ectrode assenbly of . Cdaim 11, wherein
the inner el ectrod@ i dhgelscpde pemblyptClamy d{ furthen qompprisinglacksSTP¥T ki ng

plate issa ploahRd tlf'éﬂo%%‘@g@kiﬂh%‘ﬂa%ngégme Tﬂfﬁﬁk év(r@ﬁ‘{iag g@ie}{ of daim

11, further conprising jackscrews noun omer t he backi ng
pl ate, the meekflangsonhhe jugkmem agdiest tite uppee fack afigesinner dléwergdadckscr ews

agai nst the upper face Olfﬁ ne | ect rode .Separate the jnner
el ectrode fr@aidnbeinrage trB&%l mo‘E}Fl?’ 198 E‘é‘&%‘i‘iﬂﬂgfﬁ&ssﬁrﬂ@)’i(&ﬁ}éﬁ’r IN8Ffact r ode.
17. The el eglipsie. assenbly of Claim 11, wherein the thermal control plate

i ncl udes annul ar projections on a |ower face thereof defining gas plenuns
i n comruni cation with the gas passages in the backi ng plate and at | east

two the | interface S e bet el ect nd. t he backi ng
pl at e. ggﬂ The el i? %gg ‘Epo?sﬁeerﬁ'(ﬂr} ik %p‘ﬁﬂﬁr éﬁ EIF? ]ia Pa gas
seal bet \’Veeﬁlaiehﬁclﬁéé‘d(drﬂﬂlaﬁﬂp%ﬁctﬁﬁg ohR8o%BPMRE H%%bf@l'eﬁﬁinrg%i@ lénﬁﬁlsgﬁls seal
bei ng | ocated outwardly of the gas passages and the outerm)st t her mal

interface r¢ommuagatign wﬁhhhmgasfpasmas intge hackang plotecansh asdeastityea tharmaali n a
capamtwelxlterﬁlc %@%%gﬁqﬁﬁaeﬁﬂﬁWQEkrh@§ﬁ sﬂﬁhg?R% dnéﬁygr el ectrodes

wher ei n the uppe rrse &Ct r ode assenbl y of
Claim1ll, said nmethod conprising the steps of:

15 18. The electrode assembly of Claim 17, further comprising a gas seal
between the backing plate and the showerhead electrode, the gas seal being located

outwardly of the gas passages and the outermost thermal interface ring.

19. A method of treating a semiconductor substrate in a capacitively
20  coupled plasma chamber having upper and lower electrodes wherein the upper
electrode comprises the showerhead electrode assembly of Claim 11, said method
comprising the steps of:
supporting the semiconductor substrate on the lower electrode;
supplying process gas to the chamber;
25 energizing the process gas into a plasma state by supplying RF energy
between the upper and lower electrodes; and

processing the semiconductor substrate with the plasma.
20. The method of Claim 19, wherein the semiconductor substrate

30 comprises a semiconductor wafer and the processing step comprises etching the

semiconductor wafer with the plasma.
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supporting the sem conductor substrate on the |ower electrode; supplying
process gas to the chanber; energizing the process gas into a plasma state
by suppl Wwogoossier gy bet ween t he upper and | ower el ecPCOAB3009ANIIS3
processi ng the sem conductor substrate with the plasma. 20. The net hod of
Claim 19, wherein the sem conductor substrate conprises a sem conduct or

waf er and the processing step conprises etching the sem conductor wafer
with the plasnma.21. A nethod of disassenbling the el ectrode assenbly of
Claim 11, conprising renoving inserts in access bores in the guard ring,
rotating the guara@lyi dgmethod of disgssepbding itlmelaetradeiagsemir od€daigslbores al i gn
wth a first group of camlocks, rotating.the caml.ocks.to r a | ocki ng
i ns el d byoTaHPE Rp R ety in e R ons ih s AR ERERD AR B BREE ¢ o°
second posi tih@k afirstpbsitioh bEwhREeBSadessHored gt with B fRstgeegndf gimoup of cam
| ocks, rotating the second ]grou of cam | ocks to release |ocking pins held

by the secolgkgredpngtheccam loskk® rglegse loskiagpinsheddi By thenfirshgrosp odcaiBt r ode

from t he bagki . . Vi i LOg: and

ther eby  of Sash tpRifk fe AR HETRYA 0o BPBAGH 3t biich e CBRMEIMALT | e
with a second group of cam locks, rotating the second group of cam locks to release
locking pins held by the second group of cam locks and thereby release the outer
electrode from the backing plate, and removing fasteners in the clamp ring and

thereby release the clamp ring and inner electrode from the backing plate.
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