CLAMPED MONOLI THI C SHONERHEAD ELECTRODE HELD OF THE | NVENTI ON [ 0001] The

i nventi onweoedlabesst 0 a shower head el ectrode assenbly @ictapi@sm@spr ocessi ng
chanber in which sem conduct or conmponents can be nmanufactured. 5 SUMVARY

[ 0002] According to one enbodi ment, a showerhead el ectrode assenbly
conprises a nonolithic stepped el ectrode clanped to a backing plate wherein
t he shower head el ectrode assenbly conprises an upper el ectrode of a

capacitively coupled plasna 10 processi ng chanber. The stepped el ectrode is
2 ciroular plate SRWAMEED MONQRIBHIC SHOWERREADELEGTRODE ace { her cof

and a nmounting surface on an upper face thereof. The nounting surface
includes a plurality of alignment pin recesses configured to receive

al i gnnent pj arranged in a pattern matching alignnent pin holes in a
backi ng pl ate=& SRR ﬂe'plate is held by cam | ocks and the plate
15i ncl udes [PH@QESEhedAvendbh kitSs @I RBGRFhehdciRcPtctREdmbENpRAGMYPAS supply
hol es in the backing plate. The upper face includes an outer recessed
surface surbrersatinshefambsr Byishich prraicordyctos cemperratyfag dFenaBufsseel sur f ace
includigg inner and outer inclined surfaces. A plurality of
circunferentially spaced apart pockets in the outer recessed surface are
confi gur ed SIMMARKve | ocking pins therein adapted to cooperate with cam
20l ocks to epped electrode to the cki 0003]

accor i ng. (0BT AGTEIEBRES eRbSELBha PR LREHRE aB R Bueat ™
capaci ti velaynamlifliestejpled imtrpdocieaptd@ Chakingplaowhedeiethe ahdvehem contr ol
pl ate, a backin | ate, a guard rin nd st epped .el.ectrqde., The thernal
control pl Hlegirpde %a“p"ﬁgw%gﬂaﬁﬁs a“t*'it“%ﬁ%é’r” %O Lo HBRGHT 20l CRETTS BESThe pl asrma
processdng pedtdEERRY chakiber. 2B c16OPddeql a Biralis 1Ay hEﬂnﬁa@la@Hﬁt er larger
than a wafer to_be processed in the plasma processing chanber and incl udi ng
annul ar pr 6xresed sEkce An g lowindpceshereot ansraappuntingiFuefacs 95 A HARET 1968 ween t he

annul ar pr @i eciri @RS Iﬂz%xg%fﬁﬁ'é‘& Rli8! £ty BPAL permal control
pl ate and hé% a g?aﬁgter sna Fer?than Fﬁe.?ﬂernﬁ%ﬁhgﬁ¥?d%%g%atel gas
passages t herfigubadda géeeivarad goment|porskasTangediora patiatnahétghiag abgrinerny pin

holes in a backing plate against which the plate is held by cam locks and the plate

15  includes process gas outlets arranged in a pattern matching gas supply holes in the
backing plate. The upper face includes an outer recessed surface surrounding a
planar inner surface, the plasma exposed surface including inner and outer inclined
surfaces. A plurality of circumferentially spaced apart pockets in the outer recessed
surface are configured to receive locking pins therein adapted to cooperate with cam

20 locks to clamp the stepped electrode to the hacking plate.

[0003] According to another embodiment, a showerhead electrode assembly of a
capacitively coupled plasma processing chamber comprises a thermal control plate,
a backing plate, a guard ring and a stepped electrode. The thermal control plate is
supported by a temperature controlled wall of the plasma processing chamber, the
25  thermal control plate having a diameter larger than a wafer io be processed in the
plasma processing chamber and including annular projections on a lower side
thereof with gas plenums between the annular projections. The backing plate is
supported by the thermal control plate and has a diameter smaller than the thermal
control plate, gas passages therethrough, and cam locks in horizontally extending

30  bores. The shield ring has a height equal to a thickness of the outer periphery of the
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30bores. The shield ring has a height equal to a thickness of the outer
peri pher ywotowhessbacki ng pl ate and at | east one hori Zz@nvEséop/oesesendi ng
access bore passing through the shield ring, the shield ring being
rotatabl e around the backing plate to align the access bore with at |east
one of the cam |l ocks. The stepped el ectrode has gas passages therethrough
in fluid comruni cation with the gas passages in the backing 5 plate The

st epped el ectrode_includes vertically_ extending |ocking pins which engage
the cam | och@é"ﬁmsﬁ@tf‘s%r%éeastéﬂs deFiER 33%&&5{9&@6?%@%3@?%?’%%‘38 bei ng

removabl e t&ﬁ:eﬁ&hﬁ%ﬁhé‘&:é}@&é Q&Kg RStalBbRSrduh@Thd BRKGAPIAR 6K BligrBiRk EF )
DESCRIPTION OF T 10°[0004] FIG 1 shows a cross-sectional view

of a showerdsesd beteavith Ydeasherperiihgcam mdfwtmpéﬁleétr@@q%@és of a

capaci tivel a guard
ring. [ Ood%f&g%%hggﬂ&%%%phr ee- %ﬁ%ﬁog%‘g@ tﬂgééilge%\%gg% ?gtggggé%% exenpl ary
cam | ock fmiateﬂ‘herﬁllep;@daslectreﬁlspmdludbmnmﬂg ektentling lodkaey pms shovengageFl G 1.

15[ 0006] FI.G 2B, i cross-sectional v ew of .t exe cam l.ock

el ectrode CPEFAR Effi%@ stepged f’]g ¢ sppgert p‘ﬁ? %‘?}%@’ﬁe&?‘%‘ﬁa assenbl y
drawi ngs ofp aae@g@@bwcklﬂgqﬁkgmﬂmaaﬁsmdkg_n the cam | ock clanmp of FIGS. 2A
and 2B. [0008] FIG 4A shows side-el evation and assenbly draw ngs of an

exenplary 20 cam shaft used in the camlock clanp of FIGS. 2A and 2B.

[0009] Fl GpirshPYeRAPTIONOPAGIE DR WiNeW Of an exenplary cutter-path
edge of a portion of the camshait of FIG 4A. [0010] FIG 5 shows a

shower Héad [@d04¢ t rlEi@e lasétg'efﬁblcyomscwoaals‘tle‘p péd saowcmhpwdectml@sww ate,

are por spedrghe 5t b sFRhie & Liwalteb Qo PR rpB okttt biBing°3 °7 °°
per spect i veubstrais Bhviag Bdakidnengd| at e

[000S] FIG. 2A is a three-dimensional representation of an exemplary cam lock

for clamping a stepped electrode in the reactor shown in FIG. 1.
15  [6006] FIG. 2B is a cross-sectional view of thé exemplary cam lock electrode
clamp of FIG. 2A.
[0007] FIG. 3 shows side-elevation and assembly drawings of an exemplary
locking pin used in the cam lock clamp of FIGS. 2A and 2B.
[0008] FIG. 4A shows side-elevation and assembly drawings of an exemplary
20  cam shaft used in the cam lock clamp of FIGS. 2A and 2B.
00091 FIG. 4B shows a cross-sectional view of an exemplary cutter-path edge
ofa portion of the cam shaft of FIG. 4A.
[0010] FIG. 5 shows a showerhead electrode assembly with a stepped electrode,
backing plate, thermal control plate, guard ring and top plate.
25 [0011}] FIGS. 6A and 6B are perspective views of the stepped electrode.
[0012] FIG. 7 is a perspective view of a backing plate.
[0013] FIG. 8 is a perspective view of the showerhead electrode assembly without

the guard ring.



[0013] FIG 8 is a perspective view of the showerhead el ectrode assenbly

wi t hout whe2eguerssiori ng.  DETAI LED DESCRI PTI ON [ 0014] rThesteabedsert i on of an
integrated circuit chip typically begins with a thin, polished slice of

hi gh-purity, single-crystal sem conductor material substrate (such as
silicon or germanium called a "wafer." Each wafer is subjected to a
sequence of 5physical and chem cal processing steps that formthe various
circuit structures on the wafer. During the fabrication process, various
types of tHRLALLED BESCRIPHONG ted on the wafer using various techniques
such as t hqpay] OPHeGarRflort OF BIiREBGREdTilcLE BRipdlSIsdidebckidsWith £0edni cal vapor
deposition to produce silicon, silicon dioxide, and silicon nitrjde filns,
and sput t erioHghedslies ofdvigh-paritsi tugle-crystabsestioerduston aaterat sybstraeich 10 [ 00151
After depositin i : el.ecqond ] : i l,ectrical
or oper | o bt e SRR LIRa 3 G CH Lot Sl D A e

i npur it 5es phpdical ahdclsenita prebasstingy stepsyisdt dbrn thietviad eusursicny saugniss e thecal | ed
dopi ng. The doped siljcon.wafer may then be unifor coated w athin
ayer ot | pRETSLCHERE R PR AT ot s St DL LR s BT DE Gt
"resist." Qaahd wePERAd VEioRatdRiifSesdath K thgrmid exidhiat fogrodizpailiesni n t he
circuit may then_be transferred onfo the resi s,{_ usi,ng a_process known as

i t hogr aphyioxifilmg. sheaniqal yansg ASRATILONSP Broduse sifiena. SUIFQRAigKds: % cui t
pattern mayae, FHAMAIRR, AhdibatsidY @lothd Alchfiduds toPRsdice 8ilgr BanfaRd. i cal |y
reduced, projected, and transferred onto the photosensitive coating. 100161
The |i tthogi@HAbd Afes depositiag adilm dnghe prspicondugion srpfeadhe yuigue Biecisder | yi ng
20crystal l i ne f . sen i r; ;& :pf,ocess known
s et ch; ngProsRift el iSOt SN o RN RlecladiBERIB BE2TPTS And
cheni cal vapcemitepdsitdn oyst{l Bdye wlingwapecesaksliaindopines tThatdepedsilisuppl yi ng an

etching or depositjo as.to, the vacyum chanber, d application.of a radio
frequency ("15%3 ‘?aiyé#’fﬁﬂ?e fREnlyfoat wéﬁ‘e%’%y?rﬁé Pg‘g‘& Sq“rg{g}(‘)’e’amﬁ (a?{%m}%l st at e.
25[ 00171 AsgRawt imaeriaQRalddciragsts'y SingiNgbotidteia phiyercodingigsthe kleamoret chi ng
chanber with an upper _el ectrode or anode and a.l ower el ectrode or cathode

posi t i é)'hedp%thieiﬂéh?ﬁ“_rcpﬁén%fa@ﬁ‘bﬁ%Wfﬁéﬁéﬁ%@ﬂ?@%ﬁt&%‘é@ a@f‘icﬁssrw to the
anode and Iiéh%g%ﬁ@.ab&%g t‘i‘Y@']ihﬁ)gra;E?Fc M@éteﬁ£ tﬁ&?ﬁ&%{jﬁé&aﬁqjﬁlpﬁﬁ&ﬁ\&iﬁ% by a

suitable ma pl aced direct on e cathode. A chemcally reactive gas
such as Crdraw@lda3; 2lGEDiEs caligd 2 "mesk "and Ugmensically reduced, projected, and

transferred onto the photosensitive coating.

K A

f0016] The lithographed resist pattern is then transferred onto the underlying

20  crystalline surface of the semiconductor material through a process known as
etching. Vacuum processing chambers are generally used for etching and chemical
vapor deposition (CVD) of materials on substrates by supplying an etching or
deposition gas to the vacuum chamber and application of a radio frequency (RF)
field to the gas to energize the gas into a plasma state.

25 [0017] A reactive ion etching system typically consists of an etching chamber with
an upper electrode or anode and a lower electrode or cathode positioned therein.
The cathode is negatively biased with respect to the anode and the container walls.
The wafer to be etched is covered by a suitable mask and placed directly on the
cathode. A chémically reactive gas such as CFy, CHF;, CCIF;, HBr, Cl; and SFg or

30  mixtures thereof with O, N2, 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
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30 m xtures thereof with 02, N2, He or Ar is introduced into the etching
chanber ang2ehesal ned at a pressure which is typical lpgtius2dobeoszssd |itorr
range. The upper electrode is provided with gas hol e(s), which permt the
gas to be uniformy dispersed through the electrode into the chanber. The
electric field established between the anode and the cathode w ||

di ssoci ate the reactive gas formng plasnma. The surface of the wafer is

etched by chemical interaction with the active ions and b nt um
transfer ofdighseserdgguah thr Rieplgoderatodls shaarben s Thhelecias gfﬂ% Gf%gﬂg{%ct ric 5field

created by gdgedl BELIRIESd Welchindld £A8L8is{deBud @BFedAyd bR BAkiRg@RsmaauUsi ng the
ions to strike the surface In a predomnantly vertical direction _so that

t he processThsrsufaceef thewvhiegisfaahed by ehemicall iniprastion sithdhejRaiiyF 1S 2pfle et chi ng
reactor el rodes nmg 4 | e WO Qlie Y €

dissiml ar nr%%grgs Wi ﬁ?ﬁ%&;@%gﬁ?@&%@%ﬁrﬁ#%ﬁﬂx /‘%get' hercrra?cl y conductive
adhesi ves, fidid ombtad bf dre edeamotidsi valli attrdey thefiodsObuinctadtionle, jadOingtheHp® tol shows a

cross-sectional . view of a rtion,of ower hea l.ect rode S ly 100 of
a pl asma prsgg@stg? ﬂﬂ&?&%ﬁ‘ﬁ%&?}?m&’t‘t@h\’ﬁg"éQﬂ\é\‘ﬁ}o&s@ .a%ﬁge psrﬂ%evs\nslpll% PG "1, the
shower head pdipgdiied Qeicseditned kRwiang | Tietedcians tappedeatalt hogefti0, a

backi ng plate 140, and a guard ring (or qQuter ring) 170 T?ﬁ shower head
el ectrode 15 falyicates by bopding FeQos MeTeiesimiarpenabess WohmashaitaYassenbl y (or

wafer area ’ A ofike 28bsivell| 3w foPH REHIJIREy Qut er
peri phery ﬁ@ﬁ%“"&gg@%@%ﬁde 118 anglthe backi ng pl atlﬁe ?ZO. [0019] The

assenblly 10Gnaieso i ncl udes a thermal control plate 102, and an upper (top)

pl ate 104 Walo BRI |.o l.s. .t her-ei f i ature
20control | gﬂf\ﬁil IFIIQf P%lﬁ)e“; Scahégcﬁ%%r%&n%ﬁgv% 2)5%@ ﬁgqaggtaggg%%i%d %lg{ﬂ%(ragf erably a
cyl i ndri calasgehflye! Gnef ayysnbeprocedeng fystent drcitatingmmbbtrads. PAwshoynnat eri al such -

ot hor " qut t 8ol i Sppafierd eBriE et e gy £ nRa el Rz
al umi num  whinih@pkRAUE tardl Aliafi kMg (of BetePALK) 1T, ThakRowdfeddseletmobani cal |y
secured to the e? ectrode 110
15  assembly 100 also includes a plasma confinement assembly {or wafer area pressure
(WAP) assembly) 180, which surrounds the outer periphery of the upper electrode
110 and the backing plate 140. '
[0019] The assembly 100 also includes a thermal control plate 102, and an upper
(top) plate 104 having liquid flow channels therein and forming a temperature
20  controlled wall of the chamber. The stepped electrode 110 is preferably a
cylindrical plate and may be made of a conductive high purity material such as
single crystal silicon, polycrystalline silicon, silicon carbide or other suitable -
material (such as aluminum or alloy thereof, anodized aluminum, yttria coated
aluminum). The backing plate 140 is mechanically secured to the electrode 110
25  with mechanical fasteners described below. The guard ring 170 surrounds the
backing plate 140 and provides access to cam locking members as described below.
[0020] The showerhead electrode assembly 100 as shown in FIG. 1 is typically
used with an electrostatic chuck (not shown) incorporating a flat lower electrode on
which a wafer is supported at a distance of about 1 to 2 ¢ below the upper
30 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
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25 with nechani cal fasteners described below. The guard ring 170 surrounds
t he backiwg:pbat®4l40 and provi des access to cam | ockimgmnRiRenssas

descri bed bel ow. 100201 The shower head el ectrode assenbly 100 as shown in
FIG 1 is typically used with an electrostatic chuck (not shown)
incorporating a flat |ower electrode on which a wafer is supported at a

di stance of about 1 to 2 cm below the upper 30 electrode 110. An exanple

of such a pl as ocessing systemis, a parallel plate type reactor, such
as the Exe|%n§gﬁ?f35%&ftafqréywyﬁﬂg&§%ﬁ*§? kg (Hg) Mﬁ%?@&?‘&ﬁn@%& ation of

Fremont, Cabiefor nSGhneRMGABG @E ARSI RSHALEVI de tenperature control of

the wafer ta% suppl yi ng backsi de helium (He) pressure, which controls the
rate of healf02tanEieauppbetioniode t h@ isgafossuraatde pire whinhakust b GPREEd The upper

el ectrode Iy nsunmabl [ ich t be replace eriodically. To
suppl y pr 0%585‘3%‘??% ?‘}?g% é’%"%@?éﬁé‘éﬁ et%agrg\;\élg"?’eeernei%gg{eﬁ%mg%’gél?pa% el ect r ode,
t he upper aieuobdgdes dd@r elsctprde\il Oedbravidbd evithasgadidschaggpaspass ages 106,

whi ch are of,.a size and distribution itable for supplying. a_ process gas,
which is eanPg}f ?88?63?2?%‘5 é‘ls‘?—?@f‘?%‘&i@mé"ﬁg é"b?‘ﬁ?ﬁ’lyﬂ‘%%ﬂré’c%ﬁ g?&é’é‘é’t‘r"on zone
beneat h t henbiped belieLdiedaiae ddiorhnd BRéha e r&bonesdiradn@lietk uppe assenbly
100 al so includes a plasnma 10 confinenent assenbly (or wafer area plasm

(WAP) asseﬁfﬂCWdQB@,- whi ch surrounds the outer periphery of the upper
el ectrode %@&2@??%@30@%&&1@@&5@& stéréggrlosm?sogkﬁﬁ&% afcyﬁggrﬁane”ent assenbl y

180 is prefera conprised of a sta plurality of spaced-apart quartz
ri ngs 190, comfingmentizssoublydon wafenareeplapes (Yiich) psenbippén, whiekt r ode 110 and

t he backin t 40, Dur.in essin t he as 5¢onfi.ne t assenbly
180 causes SuPyRuE af By Phbitgy B 86 853i-tkenbdSy ) BRI B rRS ik 1 d5ses "t he
el ectri cal Thegplasinanosfidtaieneagerhble 186 aChricforatdh adthptisedal b stagitor t he pl asna

| asma bet wee trode 110 and the | ower

t hereby confining_.the t he. upper ele

el ectrode PIY(S’E “%ﬁ‘ééﬁ?ﬁ?&f@ﬁz’eﬁmbﬁf’%@%@#& OB&ﬁtﬁﬁ%We"PP?fé’so(?lQO confine
t he pl asmaupgerehersdantednd ke B/a@kﬁag%a@m(nomﬁ% ;smt;&@in?,rtﬁ@m&@aof the plasma
wi thin the reaction chanber. The confinenent of the plasma to the reaction

chamber3i s cpfingmers asperaitly it gauserce pressurnéifignial inflee sprtionignoaidween the
confi nenentncféa%%hcla@cmw?%sgs&%%é BEckf ﬁﬁe*}tgaéti%ﬁ%ﬁﬂ??ﬁmmﬁ& @ut si de of the

confinement rings and in t asnma, e type an ow rate of the gas, as
wel | as t hplabnow dlerdbyofifimgg thepyjasofa HREverowee uprGo nlecmedeeli0 agédfe lower pl asma i s
nore easi l gleggo%%ra%tisﬁg‘%n if the spacing between the confinenent

{0023] During use, the confinement rings 190 confine the plasma to the chamber
20 volume and controls the pressure of the plasma within the reaction chamber. The
confinement of the plasma to the reaction chamber is a function of many factors
including the spacing between the confinement rings 190, the pressure in the
reaction chamber outside of the confinement rings and in the plasma, the type and
flow rate of the gas, as well as the level and frequency of RF power. Confinement
25  ofthe plasma i1s more easily accomplished if the spacing between the confinement
rings 190 is very small. Typically, a spacing of 0.15 inches or less is required for
confinement. However, the spacing of the confinement rings 190 also determines
the pressure of the plasma, and it is desirable that the spacing can be adjusted to
achieve the pressure required for optimal process performance while maintaining
30 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.
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rings 190 is very small. Typically, a spacing of 0.15 inches or less is
requi r ed woroiwosfionenent . However, the spacing of the reorifseivenesss2 ri ngs 190
al so determ nes the pressure of the plasma, and it is desirable that the
spaci ng can be adjusted to achieve the pressure required for optim

process performance while maintaining 30 plasma. Process gas froma gas
supply is supplied to el ectrode 110 through one or nore passages in the

upper pl at i C ernm i proces as to be supplied to a.single zone or
mul tiple zﬁﬂ@?a%\?é’?etcﬁ'@%ioe‘ﬁ preigrg Zg’]pﬁéﬂ%dbggé’épfagedféa"f%a PP or ably a

pl anar di skhigkneded 862 At Bt Shdwi) k@EMkDbLikBRSSd thRRN&E T:@fing Befep Shown) to
an area of increased thickness fornming a step on the plasnma exposed surface

ext endi ng ik RIRYIE PPRPesusiac eexteing invREl e et #oRiereigepfBt erabl y has a
di ameter | afgesdd N@h: e{é@éﬁﬁas&cﬁiﬁﬁetw l%f%@xg&‘igrav@af& to be pPYREsed00g MM  The
ectr a e

di amet er of the uppér el ectrode 110 c rom about 15 1 nches to about 17
i nches for operdd@ssinFhs Ganmiervd trerppeélectiogpd i 0 eirebe fronieabdal0l Jpretfesr abl y

i ncl udes | 1,i a ssages. 1 for injecting a process S into a space
1 a" ol asmie PO Fr BRRAIRR P 0k oo r vabistr Thf ey BIEESEG #5005 *singl e
crystal si lpref@dbigmtiypiek yaittysit ahd paaeagss | 0ecfon irjée@ingraafrecase dasriatoer dpates f or
10pl asma exposed surfaces of t el ectrode 110. Hi gh-purity, single crystal
or pol ycryé‘f%t?lla?rﬂﬁreé‘Fthi“c%ﬂ‘i‘mﬁFhF%?‘?é‘? UPBRE detrieildR of substrates during

pl asma pro¢eRs| NYimfe dristhiNiliQRHWEE Hol9Bhy¥aBindisNicoR larprefented afatdiadesi r abl e
el ements into the reaction chanber, and al so wears snnoth%x during plasma

pr ocessP ngplasma prwpedsuifaseselitbe plaptrade|1dQ. Hagh-Byuity: sipgle 858 Pal s i ncl udi ng
conposites L @k : : 5 95?1{?&1 surfaces of
t he upper 8?%%&§%§%b§ﬁgoéﬁ@%ﬁ%%ggpﬁ%?ﬁﬁﬁg gﬁgﬁggﬁﬁﬁgﬁgﬁﬁﬁna um nuni’ refers
to pure Al peachsaiglasjtsntrérbicendnly aytininia amoanter valleaviablerplenSinG in&i the and Al N,
for exanple. [0026],The ckin | at e 140. i s .preferably nade of a materi al
hat 1 o ohER gt B b Proh R Ao B el e el s i ng

sem;c ](c:_on_duchﬁm‘nﬁzif ﬂﬁ@;ﬁz{rﬁéleﬁ Ancmmﬁﬁ?taﬁa'smmmmgﬂh_ 'o@'ﬁem&?mﬁﬁals ﬂllafs a .
coef ficjent t herma| expansi qn cl osely matching that of the el ectrode
materi al sacheoised o aé%?ﬁ*@%ﬁeﬂﬁu'g?ﬁsPﬁéFHBP?ffi?ngﬁéﬁéi‘? {eludey of er r ed
material s ﬁlhﬁinlﬁﬁ@s%d&ﬁeﬁnt'ﬂuﬂﬁkﬁﬁraérm%ﬁgé‘m MAlR v 4ol hiide, but are

not limted to, graphite, Si C alum num ( or other suitable materials.
coated aluminum, SiC, SiN, and AIN, for example.

[06026] The backing plate 140 is preferably made of a material that is chemically
compatible with process gases used for processing semiconductor substrates in the
20  plasma processing chamber, has a coefficient of thermal expansion closely matching
that of the electrode material, and/or is electrically and thermally conductive.
Preferred materials that can be used to make the backing plate 140 include, but are
not limited to, graphite, SiC, aluminum (Al), or other suitable materials.
[0027] The upper electrode 110 is attached mechanically to the backing plate 140
25  without any adhesive bonding between the electrode and backing plate, i.e., a
thermally and electrically conductive ¢lastomeric bonding material is not used to
attach the electrode to the backing plate.
[0028] The backing plate 140 is preferably attached to the thermal control plate
102 with suitable mechanical fasteners, which can be threaded bolts, screws, or the
30 like. For example, bolts (not shown) can be inserted in holes in the thermal control
plate 102 and screwed into threaded openings in the backing plate 140. The thermal

control plate 102 includes a flexure portion 184 and is preferably made of a
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[ 0027] The upper electrode 110 is attached nechanically to the backing

pl at e 140VQ2PPH6Wt any adhesi ve bondi ng bet ween the &l@diseeddeosdid backi ng
plate, i.e., athermally and electrically conductive el astomeric bondi ng
material is not used to attach the electrode to the backing plate. [0028]
The backing plate 140 is preferably attached to the thermal control plate
102 with suitabl e nechanical fasteners, which can be threaded bolts,

screws, or the.30 |ike. For. exanple, bolts (not.sho C ifaserted in
holes in the ?%neegﬁ%thg%ﬁ’ta%o aﬁﬁﬁm aéawnﬁlﬁdansmlﬁn\é\ﬁ%}boﬁﬁ? gg%ie openi ngs
i n the backippgr tpinpéretuiedébnirblied plhaer talis sefdtdy nikdabeallddmimet ades a fl exure

portion 184 and is preferably ma of a machined nmetalljc materjal, such
as al umi nurAlUERE W'n{gﬁ? B aﬁ%@ C‘H&%Fﬁ’énq qsReably ey Wigfpletres Blapet atsemBly

control | ed (f gty 1804 JositiBA&T QIRRIAYy SBAS sy eRh ATIMTLOE 23BmBlyUTHNUM al | oy.
The pl asma confinenent assenbly (or wafer area plasma assen’gl y (WAP)) 180

i s posi Pi orfétiatdepiaanalesniipemeniassinde | Hegludings plotditaeiceninaliy 100. A
S5sui tabl e pl ' . I ' I | of
verti cal | y%g J{églteg’ga{%fa%?g@%n%gﬁﬁ%?r?é%?gsﬁﬁé&s&%g%%ﬂgg{é@% E’tegld in commonly
owned U. S. PRgneNo. No34, B 158hichb4 incodpocied lerdin bp reforcateoh ikemearaty.by ref erence

the back nd0BPki o B SPELRFBER A8 R i G CAL) AUaATaA WRBIRAT y- owned

U.S. appli &3t cam 196¢ imdthaknes déddsika6, 86/mdnly-68ndBUCH abplicatdBerihine

di scl osure of which is hereby incorporated by reference. Wth reference to
FI G 2A0 aNohbtéd3ai8iRniicd Marcliléwn2@I8, dre dischrruraofywhighis barkbiel ect r ode cl anp

e A L N R S
consumabl eoehieelenprey 20 1bsk debtrsléichindinefuBed PorfioltPbf A de@fodd 20f ab-rel at ed
tools, such as the plasma etch chanber shown in FIG 1.
and a backing plate 203. The electrode clamp is capable of quickly, cleanly, and
accurately attaching a consumable electrode 201 to a backing plate in a variety of
15  fab-related tools, such as the plasma etch chamber shown in FIG, 1.
[0630] The electrode 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
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
20 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 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
25 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.
[0031] In a specific exemplary embodiment, the socket 213 is fabricated from
bearing-grade Torlon®. Alternatively, the socket 213 may be fabricated from other
30  materials possessing certain mechanical characteristics such as good strength and

impact resistance, creep resistance, dimensional stability, radiation resistance, and
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[ 0030] The el ectrode clanp includes a stud (locking pin) 205 nmounted into a
socket 2%3 20ih@ssioud may be surrounded by a disc spripgrasmoke@ds, such,
for exanple, stainless steel Belleville washers. The stud 205 and disc
spring stack 215 may then be press-fit or otherw se fastened into the
socket 213 through the use of 20 adhesives or nmechanical fasteners. The
stud 205 and the disc spring stack 215 are arranged into the socket 213
such that a limted anmount of |ateral novenent is possible between the

el ectrode Zbamisalresivandsamxi pryrepdil emploged. | VariorngaeRalssHefudt of | ateral
novenent al| .for tight flt ] r 12&:;}‘ e backi ng
pl ate 203, PP &l%lgeegs%(ﬁ?%ngl&gb%%ft%}ﬁ%?’Wt?%%%Fg%@%&%i‘?%g%t| I e@%?%%/erdi ng sone

25nmovenent nﬁa@erﬁ@ﬁﬁgﬁhﬂ bekuithbiel e phaempérantdigparific Mapanandnthbetalgen t he two
parts. Additional details on the limted |ateral novenent feature are

di scussed TRl apbIEANIrgLop PIing dejsopket 213 3827¢ i € BREWPFAry enbodi nent,
the Socget n?a%én%rﬁ ug@gerrétﬁﬁet&gm;rﬁ&@a ﬂ?g}sedu@%&mg& Jﬁoét&pa@mb%ﬁ.er natively, the
e r a

socket 213 may ricated Trom ot materi al s possessing certain
mechani cal Gehaaligt £fypRal aeraisghempergmodisslasengt 1I80a¥d i npact resi st ance,

creep resistance, dinmensional stability, radiation resistance,,.and
chem cal r 841331 a/ftBerpstIons of dhslesradssiampaare COPrS Oﬁﬁfﬂ?ﬁ%éﬁszoguch as

pol yam des g, pa| b d&h <REEY g};ﬁ% eoé‘@&'xnkﬂafﬁlrtﬁaﬂh (0| RSB 201 tand

pol yet hyl ene materials may sui table. H gh tenperature-specific

pl astics ansngtfidranng asseoblyds sounled iwto @ badting ettt berd 1o machined igot he

socket 213 ag 230 Cis typical 5 Xi.mum t enper at.ure encount din

appl i cA¥i OHB‘:_ R8s anme%@h %’l‘?a%’é;?ls%pp "HE’P?PW 9“?9{5 t £l %sb%nreg? {)rﬁg

tenperaturgag Mk&g%r%dh&oiaﬁfeﬁs,feﬁﬁﬂ%?hﬁ BetheRciro8H Slatps i 1l ect r ode
o

clanp are conprise a canshaft 207 surrounded at each end by a pair of

canshaft bsmeehgouaDte peHphery s Hefaecxode 30 backitmhpltte BBR0mhinatiesenbly i s
ted i a backi l.at e .b 11 hi,ned. i nt Q [ | at
205 i a Rk A sERrRE G mR o FE A P SR P RE B P o ©

sem conducifudwal Birfon”, oV @péI°, Weldd eDOIrint, NG An@eochbepsanpyisbe spaced
around the periphery of the el ectrode 201/ backi ng pl ate_ 203 conbi nati on.

[ 0033] 15Thesushns RaptoppRaIcrn geciaioopaturmiges. pabHmities: PHuRrallvape By s
RS 215 GO OB YRS o LB cobBl A TR g i o ot e
pol yt et r af pasacioehdipdirgnebhe 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 corrosion resistance.
20 [0034] 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
assembly may be screwed, by means of external threads on the socket 213 into a
25  threaded pocket in the electrode 201. However, the socket may be mounted by
adhesives or other types of mechanical fasteners as well.
[0035] 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
an exemplary design of the cam lock electrode clamp. In a specific exemplary

30 embodiment, a stud/disc spring assembly 301 is press fit into the socket 213. The
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and pol yet her et her ket ones (PEEK) having a | ow coefficient of friction and
| ow part ived &:160@68i ng. The stud 205 and canshaft 207 may dsesosmednsned from
stainless steel (e.g., 316, 316L, 17-7, etc.) or any other materi al

provi di ng good strength and corrosion resistance. 20 [0034] Referring now
to FIG 28, a cross-sectional view of the el ectrode camclanp further
exenplifies how the cam cl anp operates by pulling the electrode 201 in
close proximty to the backing plate 203. The stud 205/ di sc spring stack
215/ socket PeBetad3 dapryextern ad and gehexageaakiop angeRes alowingAer €4¥wn, t he

nbl : t ; 213
e Mt T B B TP B ALIG o B BCB Y 21
mount ed by speti€sevasplary @itvdimény pemuol0 irbpannds) Asdstdiemed abas, vl | . [ 0035]

In FIG 3, an elevation and assenbly view 300 of .the stud 205 having an
enl ar ged hegeket g3 say dieimahiped drorp Yayious fypes ¥ ptastics) 3UHPEPIAGES addi ti onal
detail -ignt : k f ) - | ¢ln a
speci fi (? e%@%ﬁyﬁ%baé#ﬁg%?%gﬁ@ aélkggl;f /d %Ig@é%ﬁsﬁaglﬁggxgg%eéﬁ%& is press
fit into thH3dmokehatkpockiteon thoeketrodIBlhas an external thread and a

hexagonal top nenher allow ng for insertion.,into the, el ectrode 201
(seegFI cs. [9036ln T herod{sqakey "?Sﬁﬁr?ﬁ‘bii’ 36%521@18&@%6@ an I?Wea&%‘ﬁ‘étﬂ 1 & @P&hpl ary

enbodi nent, oft?églbn!c]ﬁf (RO sd ey IBULRDSroefonannill uALG&IdiBRONE of § RBdS0GHAL 213 may

be machi ne various types of plastics. Using plastics mninmzes
particl e geoeaiatafche snd 285 dhs diftererwegalkiianfeteae bemstmlieawiogreradost he socket

213 into a mati ocket _on the el ectrode 201. 36] .The stud/ socket

assenbll{ 3¢HoVf ?‘%slg? %ﬁer? YRt éﬁsquléi'gg‘ﬁ%%’gp C&B’PR fon of the

socket 213 feia8d hedvae THeAm/&8c gmr%! A6erfii 3 M8l §f mPhtafned ifl YHEE bbrdaty pOr ti on
i

of the stud 205. The difference i'n di ameters between the two portions
10al | ows f ovitht the sddkai 2kdat|adiase portion wé teentocket 2114 evhale dendifistensk et r ode cl anp

as discussed above.. The stud/disc _sprin sembl y.3 LS maintained in
gt d cont SAEelTH ahovh e Soik i3 mBREnaR, 3R he socker 213
whil e the qadsfer eNas réfredbRELIET. S1.42 dnQinplotied vEONED0 ¢FitR¢ sAmsmaRemENt . ( See
also, Fig. 2B.) [0037] Wth reference to FIG 4A, an expl oded vi ew 400 of

t he cahfharad comshal beeringsridRafse ipdigztehySeyiog pil 48 - i Higi @wtdfdhe keying pin

“nserted | MBI PR AR forf pEAL I pl P B B BBl bhud bged |
mati ng hol gs1 (s@@FIGHhTEN) A Phairaffsmall emdingfholdsgndastisivapatpl far endof tie211 provi de

pr oper alignm_ant of the_ camshaft 207 into the backi ngﬂ Bl ate hore 211. A
si de- el evaPrckingplaig boapp2 b proKide PaoRshatignmert of thesgamphatt 207 into the

backing plate bore 211. A side-elevation view 420 of the camshaft 207 clearly
20  indicates a possible placement of a hex opening 403 on one end of the camshaft
207 and the keying pin 401 on the opposite end.
[0038] 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
25  the backing plate bore 211 by interfacing with one of the pair of small mating
holes. The 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 2035.
The clamp force required to hold the electrode 201 to the backing plate 203 is
30 supplied by compressing the disc spring stack 215 beyond their free stack height.
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20i ndi cates a possi ble placenent of a hex opening 403 on one end of the
canshaf t yaPhi1@mdsdohe keying pin 401 on the opposite emdrusi@0@8ps2For
exanple, with continued reference to FIGS. 4A and 2B, the el ectrode cam
clanp is assenbled by inserting the canshaft 207 into the backing plate
bore 211. The keying pin 401 |limts rotational travel of the canshaft 207
in 25the backing plate bore 211 by interfacing with one of the pair of
smal | mating holes. The canshaft may fjrst be turned in one g{mrecti on

t hough use O cemshafe0hkasAnriptenph ccepiicdnigrRnl sulopOYRICR €PgASE K se, to al | ow
entry of t Lt C : d ockw se to
fully engaggia%egﬂ?%ggf% éﬂg{tggs'z%‘gﬁgﬁéfec %?} gnr%p oricilegedr?)e u?sggsdtlgéo hol d t he
el ectrode 20ing fortdie thiaakitted fplnaind20B! siriRBdu e disdspringctarpr2d§dé ng t he

di sc spring stack 215 beyond their free stack height. The camshaft 207 has
an inter naﬁhee%g?ft%lﬁ@“ﬂﬁ%’é‘?ﬁhﬁeélﬁcgﬂgeﬁ?ﬁ@h&éﬁéfiﬁ’g%plﬁﬁezognl arged head of
the shaikt {0¢39) Ao ?exglgga Rloli®8f Spedftton? bRcCARREAIFRCeal s sleamp force is

transmtte m i ndi vi springs 1n the disc spring stack 215 to the
socket 213 aamdhed o theghnmishet 207eaidriosheted Gdtottloe bdvkidgauie grepl Ht ¢he203. 5[ 0039]

In an exenpl ary .nbde of operation, once th anshaft bearjngs are attached
to the canﬁﬁfafliéﬂz?ég’ laﬁ%raﬁeﬁggwgaf#h%éf%&s ﬁ&_ﬁwwnﬁﬁt%@ -bE_B 211, the
camshaft 2Qdqg)s3cihakrEl %Wpﬁ)oiﬁlfﬂl‘.nsﬁghfﬂ?_tbﬁq%c& e tHeQi@tlogpab1 travel . The
stud/ socket assenbly 303 (FIG 3) is then lightly torqued into the

el ect rode Jbé heathef the s@d @05 ihdies insdrted Bito thetveaticalln cuiendiag impeeh hale

vertically,extending through hol Qbel he ri-zontal | ndi ng

backi ngbpl 3%8“’68? éo %‘@&ﬁgte@ }élg?bta%'!ggg f% %’(geﬁg?d@ gﬁeﬁgrf) X‘f %@élt gacki ng plate
203 and t hgejaapkidithe BibkingSpihe ot @fd eleakidhs® 20Mis dotatdd dledkwiifteutdyi Ng pi n
drops into the second of the two small mating hol es (not shown) or an

audi bl e cl eitherithe keyingpip direpsiistogte besoadphibe twpsmalmatipgolss dp§fl ary node of
oEer o b e DB P bRl B 5P PGS, S
the cam | ogled@bf apmgaitithay be reversed to dismount the electrode 201 from the backing
15  plate 203. However, features such as the audible click are optional in the cam
lock arrangement.
[0040] With reference to FIG. 4B, a sectional view A-A of the side-elevation
view 420 of the camshaft 207 of FIG. 4A indicates a cutter path edge 440 by
which the head of the stud 205 is fully secured. In a specific exemplary
20  embodiment, the two radii R; and Re are chosen such that the head of the stud 205
makes the optional audible clicking noise described above to indicate when the stud
205 is fully secured.
[0041] FIG. 5 illustrates an upper electrode assembly 500 for a capacitively
coupled plasma chamber which includes the following features: (a) a cam-locked
25  non-bonded electrode 502; (b} a backing plate 506; and (c) a guard ring 508 which
allows access to cam locks holding the electrode to the backing plate 506.
[0042] 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 electrode 502 is releasably attached to the backing plate from inside the
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[0040] Wth reference to FIG 4B, a sectional view A-A of the

si de- el ever pamoaFF@w 420 of the canshaft 207 of FIG 4RCT/HETEHIEL2a cutter
pat h edge 440 by which the head of the stud 205 is fully secured. In a
specific exenplary 20 enbodinent, the two radii R and R2 are chosen such
that the head of the stud 205 nakes the optional audible clicking noise
descri bed above to indicate when the stud 205 is fully secured. [0041] FIG

5 illustrates an upper, e] ectrode asseubl 00 for a ¢ it oupl ed
pl asma charfﬁé‘?lgmyg‘%ﬂrlr%i‘ Wéga’?ﬂ'és $ ](S)"I ‘F%ﬁ\'ng%e FEIE Y feti‘%gﬁi&e&o\gg%gl (E)'c ked 25
non- bonded g! ectrode 502; (b) a backing plate 506; and (c) a guard ring 508

whi ch allows access to camlocks holding the el ectrode to the backing plate
506. [0042][00% dnecreisied smbediniont, 500 clepedden® of thhelepsedecassmitdy plate 510

bolted fro ut sjde. the ch r. to .a tenperatur ntrol l ed. top wall 512 of
t he chanber%ﬁ)fﬁréb%&é%sﬁ%@ggggga)iré)%flgigé%es 'ﬁf@rggt%ggﬁ% ’téotpt%%g%gacki ng plate
from i nsi dejighigg feRaaRein b O@amh@g:lmmmﬁmk&m wesed hbedeearlier with
reference to FlI %B 2- 4. [0043] In a preferred enbodi nent, the el ectrode
502 of t he Pesidensripdies elyercpastion sOthe bagkipe Plates 4B)iapi1ieg 2 8P1 Fugh #dtat i ng t he
guard ring I.I St R i gni . I uard ring
with four gﬁ%@w@e&xﬁgtl&%& %a(%;g,?l 8% lg'? heg aééggfng%&&? %tr]fgg) (}:a%ﬁtclﬁlgl 1%9??? portion of
t he backi ngelpdsatiert(chlly exeadihg Rgkmgtpiobf sathhegrcive @l Rokwce nathtitghr ough
each hole in the guard ring and rotating each cam]|ock to re]ease a
vertical | y he@uarhiing 90 ot srgopd Posiioneal BRINgdEe &y iholes i e 16 TRE) rot at i ng
t he guaxrd Gond. it b [eTal! in the guard
ring 1 gvitﬁdlﬂg%(g?%g%%%l gﬁ%ﬁég%%%@id? E%%&ﬁgg)%?ﬂ%gfrltg ?ﬁ%ggéﬁggngguch as an

al i en wr endiroidir aauiyholedn hehplaed ring e r@axdngdeach meppecitvercatmalbcing each

Whor eby 1 hEIGRER AGasiNs TDS A o0 FQlioteh BRPEAEY O TrURRE AL Bhamn
chanber. [ Q0fdlerdd f8d remRV&LLSRANS pBsih REsms&gct i onal view of one of the cam
| ock 15arrangenents wherein a rot gt able camlock 514 is |located in a
hori zont al [0844] FIG. 5 also shows a cross-sectional view of one of the cam lock
15  arrangements wherein a rotatable cam lock 514 is located in a horizontaily
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) 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 the enlarged head of the locking pin or (b) a release
20  position at which the locking pin 562 is not engaged by the cam lock 514. The
backing plate includes vertically extending bores in its lower face through which
the locking pins are inserted to engage the cam locks.
[0045] FIGS. 6A-B show details of the electrode 502. The electrode 502 is
preferably a plate of high purity (less than 10 ppm impurities) low resistivity
25 (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. Gas holes
528 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 three gas holes in the

30 first row located about 0.5 inch from the center of the electrode, 13 gas holes in
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extendi ng bore 560 in an outer portion of the backing plate 506. The
cylindri ead 2aamskack 514 is rotatable by a tool such &ETa2@bLE&as2w ench to
(a) 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 Iifts the enl arged head
of the locking pin or (b) a release 20 position at which the |ocking pin
562 is not engaged by the cam |l ock 514. The backing pl ate incl udes -

vertically extending bores in its |ower face throu%h whi ch, t he %.o{gki ng pins
are i nsert e sesond genydoaated abawh 1-Hancdes from4Bs centess 23R8 BORFWIGERET | s of the

el ectrode 50g, lo-crﬂ?q %&g&ry&&é%# Fh\?ﬁegtfeg?gé%d@%ggﬂ Rhirhirgh purity (less

than 10 ppminpurities) "'ow resis .02 ohmcm single
crystal sillocaal ouh3 3 ibgirsdivim piercetwet, 29 faR Goles iartheuffierow keate@nount i ng
surface) 522 which receive alignnent pins 524. Ga}i hol es gég e%gnd from
the upper a6t 4.6 inghes fromehe coler, GfI2as hale pthe IR W 106a5°d288Y G can be.
arranged i ' I t 3 @eglhp W0l .6 inbge=sgas hol es
are arrgnggﬁ&{}%ﬁ%&l %h?%gﬁte ’?Pe%’%;ﬂgﬁeﬂehesgn de romsteé\ja'?%mtéhree gas holes in

t he 30fi r stfrdmthd @aat 50 gdstistesOn Bhd eighth rowivdadnel abent @65 infhes ikenethect r ode, 13

gas holes in the second row | ocated about 1.4 inches frgmthe center, 23
gas hol es iGNEhe 2478 Mgles dgthedtiatp 4aW ARG %Pg-t?ﬁc‘ﬂ‘r‘j%ﬂs??oah{ 6" Emer, 25 gas

holes in t%gsw;}éé Wg? h P&@‘icﬁgteafaebﬁt Bindnes TR thef detlrt eI in 29 gas

holes in t w | ocat ed about 4.6 inches fromthe center, 34 gas
hol es i n t hite elexdnth rowidcaed rbalit dBGuincBes4r@n thehespterr dfrgashieolesdith | 39 gas

holes in the venth row_ | oc d_about 6.inches f t.he. center, 50 gas
hol es |1ﬂ t 1f&e :dﬂWHO?%‘#\éfb(ﬂ’Bhﬁg %%Sﬁfqm .@?icﬁ%tﬁ]égm#%lf léltg'gnter, 52 gas
hol es in thgilith Row WealAGAbAC 180 HéheSfrémithe B&fterl r om t he center, 53 gas
holes in the tenth row | ocated about 9 inches fromthe center, 57 gas hol es

in the el eNeéh rBw uppenfase oftewlectrodainchdees aligwmeatin Balas ®ith 38 gas hol es

in the 10 | fth row | ocated, about 10.9.inch .and 63
ol es- i 1t HETE AERH BERETISS i bRt draLp shiHeREgRy B3 RARES i8TE >
[0046] The upfaRhlaf 26RsOfieat iR RIQGIpOdLHertdcudas. Thabicgnmapin poles el es with
3 pin holes near the center, 3 pin holes inward of the annglglgjcéecess and 3

pi n hollés iraditlhealigandired incidesimbele 2t Hie suicePf BddensrelcHede PBde. The 3
central bl Boloheedh helflrddhd o dhivaRe alhiled. "ohe fifertholalt fIRAhBI L he
R electt 8de and 2 pin

center of € I nner
near the annular recess include one pin hole radially aligned with the central pin

hole and two other pin holes spaced 120° apart. The outer 3 pin holes are spaced
120° apart at locations between adjacent pockets.

20 [0047] FIG. 6A is a front perspective view showing the plasma exposed surface
530 of the electrode 502 with the 13 rows of gas holes. FIG. 6B shows a
perspective view of the upper face with the 13 rows of gas holes.

[0048] The electrode 502 includes an outer step (ledge) 536 which supports the
guard ring 508, the upper face (mounting surface) 522 which engages a lower

25  surface of the backing plate 506, the lower face (plasma exposed stepped surface)
530 which 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 locking
pins are mounted.

[0049] FIG. 7 is a perspective view of backing plate 506. The backing plate

30 includes 13 rows of gas passages 584 which align with the passages 528 in the
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hol es between the third and fourth rows of gas holes. The internediate pin
hol es neayo theo@anul ar recess include one pin hol e radicaldsyonabegmed w th
the central pin hole and two other pin holes spaced 120 apart. The outer 3
pin holes are spaced 120 apart at |ocations between adjacent pockets.
20[0047] FIG 6A is a front perspective view show ng the plasma exposed
surface 530 of the electrode 502 with the 13 rows of gas holes. FIG 6B
shows a perspective view of the upper face with the 13 rows of gas hol es.

[0048] The sbpwetheatidegorieisng| (desiparr bea 856 of ¢ terldag elatsBeludes BFFCsupport s
| el 50 P jort sk 5P, AP S P U A AR GRCo1 ) GlrgRoc0cs 2

ace e ace (plasm exposed

stepped surdage)plx8G10hiThb thetalaliesrol Pm&rcahmt@dhmftﬁ@mpwl ofhbor i zont al
surface 546, and an outer tapered surface 548 and 8 pockets 550 i n upper

face 540 i rPlaghiachamber hyotertengys pigadiag drpegintedop wall inpobtermlc 7 is a

per specti v i i ol - ki . i udes 13 rows
of gas tBas 385%‘?"@% av\ﬁ‘l%lélﬁpegl ﬁﬁﬁﬁ%ﬁﬁ?ﬁgﬂgﬁég‘gggieagtg%[%ﬁ?ﬁatgﬁeﬁ&shower head
el ect rode 2085/0733160ppe7/606662%K3B0BHO18T88DACHE /008 THdataed i2008/008%= 1T hr ee

annul ar regji ons 588a, 588b, 588c which contact annul ar projections of the
t her mal conds GFclpgurgseofovinch anedierqby IReArPRIatset 18 thedy ehtey anl BeAd58t ached to t he

top wall of p%?’@sag@ . t i et he top wal
into the tﬁ {eﬁr}rg s cont }(%Pégﬁgé%ggtg; g‘?ﬁs@{ég’gé{jﬁﬁér@@gﬂm%geﬁgg assi Sned u. S.

Pat ent Publahmdir regiohio 8842 688k, FB33 16 B:ceiR 6 Gabt OB HB8GAndiRDBTHEhIPE8gs

2008/ 0087641 and 2008/0090417, the disclosures of ich are h by

i ncor pdP at &R Ridicr- et tagripal SHNROL QERE g{)}%ﬁ 1?{8% ﬂ%cglpg_ﬂ?%%gééﬁl in an
outer peri phafat: Gl HEnLRRE cohRGGIRES 18N deL er %%H%}@! cdRbAPSsHBRa, 588b,

588c to recelve fasteners extending rough openings 10 in"the top plate
512 and t hék SePateroRubistatioh N 2008/008744d| far & Heschiptikiz nfjfagicatns wBOG: ¢an cont r act

with the thermal control .plate 510. Se f or, exanpl.e monl y- assi gned
U'S pat enfoopiarada homakBy dsgost SinsEan? ibiaebipaLtt 566 SHEDFY POt ener o

whi ch can gg Wﬁﬂh@ﬁbﬁd&ﬁ@@@dea?y&%bwﬂwBaﬂcﬁﬂ%)yﬁicﬁ%dnﬂth@ﬂxektﬁ:&l?r face 586
receives an 0- ring which provides a gas seal between the backing plate 506

and t héS t heenteal plascdifk r dligpnent pish@es AP4 grife NPPEi fachdtoerecg9a i n t he upper

ther mal contgmieippa AR Bl SmiGh el bl s Mol ol es 5o at
posi tions Hetir@fdliybadadift@rdagebbpeinhsSoeat positidrRTet@hdonsedot 0 prevent
the guard ring fromrotating and pl ug )
receive dielectric fasteners used to prevent the guard ring from rotating and plug
the access bores in the guard ring after assembly of the showerbead electrode.
20 [0050] FIG. 8 is a perspective view of the showerhead electrode assembly 500
with the guard ring removed. As explained earlier, the guard ring can be rotated
to one or more assembly positions at which the cam locks can be engaged and
rotated to a lock position at which dielectric fasteners can be inserted into openings
561 to maintain the guard ring out of contact with the outer periphery of the
25  backing plate and thus allow for thermal expansion of the backing plate. The
thermal control plate includes a flange .595 with openings 596 through which
actuators support the plasma confinement rings. Details of the mounting
arrangement of plasma confinement ring assemblies can bé found in commonly-

assigned U.S. Patent Publication No. 2006/0207502 and 2006/0283552, the

30  disclosures of which are hereby incorporated in their entirety.
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the access bores in the guard ring after assenbly of the showerhead

el ectrodayo 200839 FIG 8 is a perspective view of theshowenhiegd
el ectrode assenbly 500 with the guard ring renoved. As expl ained earlier,

the guard ring can be rotated to one or nore assenbly positions at which
the cam | ocks can be engaged and rotated to a | ock position at which
dielectric fasteners can be inserted into openings 561 to naintain the
guard ring out of contact with the outer periphery of the 25 backing plate
and t hus al [0861]f ofhe mennting wixfaen §2Dof the clehwodmatitithgn pprased surfase oher nal

control plate.includes flange,595 wi th openings 296. thr h,whi ch
sctuator s oUpBeT" FEC P& a TEaHraTes prpe P gL Serer P Mt BBt f ng
ar r angementpigd hdli 8% B & 04 IAKRIRNIhe balldn@pRNTDThE SutaRingesoBRUR s itk
comonl y-assigned U. S. Patent Publication No. 2006/0207502 and

2006/ 028355nounting hgiyeindiedacking plate H06 ad the acqsey epppingsdb tyauaretng n their

opposed surF i TR M hind S ausge e b BB R BREEUAE NG 1 or ce
exerted by dsh@rBnl, 0ty Quildes” BdiEn YT ehIbE, A rtan) brostksr nmketifie siacdsi ng pl at e.

The guard ring 508 covers the nDuntin? hol es in the backing plate 506 and

the access [BISEROBGRETS. (ACE@lS, polxpmides.mplEmidess polyteraflpptocthyleBesaBne i nserts

Dokt Tor oN etk hes FPLERT hafThL E1E o als dHORARY LCpRRLE Cole

rion, or na uor opo acetal s,
pol yam des shedling. m des, pol ytetrafl uoroet hyl enes, and pol yet her et her ket ones
( PEEK) havi n!% a low coefficient of friction and | ow particle sheddi ng.

10[ 0053f Wit zgef‘é{it%ﬁ%féwﬁ‘ﬁeﬁaﬁ-é’ e&“&"&?@*‘?@é‘?“@%‘fﬁ%ﬁ@%‘&%@éﬁ@%e backi ng
plate 506 apg a5k Eﬁ%t?&ﬂ%o?qgﬁi&i#ﬁ% 'ﬂﬁ%rlﬁifo(ig'tf-pﬁ’cfs IR 162 PAYRe onfy | ocated
the elecfro a

at the outer periphery o e an one or nore | ocations
bet ween t heedpitry af thaleiegtvodnandoatronand nidie lcpatiens opeaah. théoentmkanpl e, Q pads

Lo 10t SR h BB o R0 e i AT o
details of o65Radsd 10Nkl 84d BSHR. WorthbAD-dwhel Y 8OK phiICRLRGEALIEd bY

reference. To provide different process gas m xtures and/or flow rates, one
or nor &5 opNoon#M856a35 plled iAigost 3e3087 ,dadiudses dotadly iofl €ipdsiet thealiscioserecent er

o LS B O RA% KPSl PR A o oo 2
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 provided between the electrode 502 and the backing plate 506

20  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 electrode 502 and the backing plate 506 along the inner periphery of
the outer Q-pad can provide a gas and particle seal between the electrode and
backing plate.

25 [0053] While the invention has been described in detail with reference to specific
embodiments thereof, 1t will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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20at a |l ocation between the inner and outer Q pads to separate an inner gas
distribution zone.froman outer gas distribution zone. An O-ring 558

| ocat ed between the el ectrode 502 and the backing plate 506 al ong the inner
peri phery of the outer Q pad can provide a gas and part it} @./ldeal bet ween

t he el eghrpde ands Racki ng plate. 25[0053] Wile the invention has been
described in detail with reference to specific enbodinents thereof, it

will be apparent to those skilled in the art that various changes and

nodi fications can be nmade, and equi val ents enpl oyed, w thout departing from
the scope of 5 iaGeRAPRENGEHHCHAlsET: a pldvadkdaBlioWdAdm e sGik AlebMridelcSnprishg: A

shower head el ectrode for use in a plasm reaction chanber, said el ectrode
conprising: ;central port@n GRdE héphPar fdrh RNkddyREHdrRAE odler ROdstd Bk Heldrned by
upper and | ower faces of the showerhead el ectrode, the upper face including
a pl anadiesuid actuppXtBRAhagiat 055: bR cComdntl apkstth®Berddoadr andadriakl 0SS
the peripheral portion, the upper face including an annul ar recess outward
of the RIANARE psihbACKrtidr thel RVBITakatRIdBR L Rratiabyecass PL@RAT of tRaOBiEnas irfaag e
extendi ng across the central portion and a stepped outer surface extending
acr oss hhRwkehidResdalhy BRlhirOfher LR SIxQRBRL ObLE Ble cBAMFA B&iBor dhalaUtkppgl cuter
annul ar planar surface defining an area of increased thickness of the
shower hgagte@k@adiFOsRsss the peripherd pphidh ahé ttyppefl YRS stk BkGdihfait heupephiaal
portion of the el ectrode through which process gas can be delivered to a
gap betymesR dbiten:Shame bhnatased eekFRds tantoderh@welecebRRet rode on which a wafer
IS supported; a plurality of circunferentially spaced apart pockets
in the annul gfiukIREESSs oltBR iPGE kats! Koitin off thie @t 1 et RG BRI GRBeb Qe K& n bhier ei n
adapted to clanmp the showerhead el ectrode to a backing plate. 2. The

el ectr odeeas Gl AspeektivBerCihai Rbdkerh&Adr §IE1€64C OREDE iIGien Gicalrb@NBR MhicPianwdiaries in
t he upper face, the alignnment pin bores configured to align with alignnent
pi ns extghdhepg i nto the backing plate. 3. The electrode as clained in
claim1, further conprising a confined pattern of gas holes in the stepped
out er surfaceReaRt sdct@mepapenatRci bhrd phABENRTME ARk t@eRl M derkmacuum
pressure nmeasurenents in the chanber

configured to received cam locks therein adapted to clamp the showerhead electrode to a backing plate.

2. The electrode as claimed in claim 1, further comprising alignment pin bores in the upper face,

the alignment pin bores configured to align with alignment pins extending into the backing plate.

3. The electrode as claimed in claim 1, further comprising a confined pattern of gas holes in the
stepped outer surface adapted to cooperate with a manometer unit to provide vacuum pressure

measurements in the chamber.
4. The electrode as claimed in claim 1, wherein the upper face of the showerhead electrode

includes an annular ledge in an guter edge thereof, the iedge configured to support a guard ring such that

an outer surface of the guard ring is flush with the outer surface of the showerhead electrode,
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4. The electrode as clained in claim1, wherein the upper face of the
shower head el ectrode includes -an annul ar |edge in an outer edge thereof,
the | edge configured to support a guard ring such that an out®rolddir f ace of
the guard ring is flush with the outer surface of the showerhead el ectrode.
300 mtt 6. An electrode assenbly conprising: the showerhead el ectrode as
cl ai med- i n dhaplasticde as claimed inglayp dkvifgeip hgtshowsiBsad diengodphear 4P Msier éhttethg
bores aligned with the pockets in the showerhead el ectrode and radially
ext endi3Agmboer es comruni cating with the axially extending bores; rotatable
canshafts nmounted in the radially extendi ng bores; | ocki ng pins
| ocated in the pockets in the showerhead el ectrode, the | ocking pins
i ncludi ng enl arged heads at free ends thereof, the camshafts including
cut out $. adapreticreseamgagl canRsi"éck t he heads of the | ocking pins so as to
mechani cally clanp the showerhead el ectrode to the backing plate. 7. The
el ectrode adkeshbiverhess eackpdred crifed i"H¥M & wherei n bases of the | ocking pins
are located in sockets, the sockets including threads on an outer surface
t her eof engadeekivg rite tinphudingxialfy eading Axes digPehwih g ropketphdhesowetred
sockets including flanges which engage the upper face of the showerhead
el ect r sbetrodetrad wdialyl ENding BITeN S YBEESE M threx Bl ERIEAG HI%UEe i ncl udi ng wi de
portions and narrow portions, the wi de portions receiving the flanges and
t he narrow porblongnshateneuntry it he rId5EkeRIIPERYES: 8. The el ectrode assenbly
as clainmed in claim7, wherein the | ocking pins are novable axjally and
| ateral |y i feckihg piseddceted it éhea@QPWrﬁdﬁ‘Féh@}ﬁrE@rdeﬁrﬁcfra‘Fef tthrefofkre BRPEALT IS of
t he backing plate and the showerhead el ectrode. 9. The el ectrode assenbly
as cl aienterded headh ai fieesendnifisresirihe prENSSHEVIRT HEG FUBMBACPBER 19 §rEaBeptnatLierkdhe
pol ycrystalline silicon, single crystal silicon, silicon carbide, alum num
anodi zadedabifi fegkineotinsye ey toanecraicaly caMa e o aherdielar e R e GagingPits s a
plate of alumnum MOML P 10. The el ectrode assenbly as clainmed in claim
6, wherein the backing plate is free of thermal control cool ant passages
and heating elenents. 11. The el ectrode assenbly as clainmed in claimb®,
f urt her/- conphé seritpda asshaplias claitad iofl2iplSatkergip aehetthe deckine PhadRilttgtepinat e,
the thermal control plate having annular projections on a |ower surface
t her eofodiesh,ithe papkegaincipliontivends an eb awahiuats BATH te2aeH evifdsrepdis¥aje""Pn t he
backi ng pl at e.

surface of the pockets, the sockets including flanges which engage the upper face of the showerhead

electrode, the axially extending bores in the backing plate including wide portions and narrow portions,

the wide portions receiving the flanges and the narrow portions receiving the locking pins.

8. The electrode assembly as claimed in claim 7, wherein the locking pins are movable axially and

laterally in the sockets to accommodate differential thermal expa'nsion of the backing plate and the

showerhead electrode.

9. The electrode assembly as claimed in claim 6, wherein the showerhead electrode is a plate of
polycrystailine silicon, single crystal silicon, silicon carbide, aluminum, anodized aluminum or yttria

coated aluminum and the backing plate is a plate of aluminum.
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12. The el ectrode assenbly as clainmed in claim6, further cor;{fp-rgiiqi;;mg a gas
seal between the backing plate and the showerhead el ectrode, 'the gas seal
bei ng | ocated outwardly of the gas passages. 13. A nmethod of treating a
sem conductor substrate in a plasma chanber, said nmethod conprising the
steps ab: suppelktirdrg dsteenbdess canelint daim SBibatreat @e MackinghDith GFred ectheode in
t he chanber; supplying process gas to the chanber; formng a plasna
adj acenbntaiceexposedgsunl acenpéleramtupper el ectrode; and processing the
sem conductor substrate with the plasm; wherein the upper el ectrode
conprises the showerhead el ectrode as clainmed in claim 1. 14. The met hod
as clainmed in claim 13, wherein tenperature of the showerhead el ectrode is
controlibed bye alettendpessadnityeacdatedlit edint Opfundkt cafiprising aCtrarmhe repnteo! toned mal
control plate and a backing plate, the thermal control plate including
annul arttjpmhej ecthé oasing efamg, nig prenuostrbigtiae eavidghentbregromttice oot & Glwepbatae: and
the backing plate, the plenuns in fluid comrunication with gas passages in
t he bacdteravgdgiinmt easalidngmet camtrhnitdtien gals thp assagegesiimtht heckshpmer head
el ectrode, the backing plate providing a thernal path between the
shower head el ectrode and the thermal control plate. silLP 15. The nethod
as clainmed in claim 13, wherein the sem conductor substrate conprises a
sem conguct Ofe alafrete anemihhe chinocidsgiime, Bitteq ©oppdingsems efaClhutng ntthebacking
sem conductor wafer with the plasma. 16. The nethod as clainmed in claim
13, whekeiand thaghanpiesd eleaeatde ablegds seagtcoigneatedd ame atdheof Batdsopasekect rode i s
powered during the processing step. 17. The nmethod as clainmed in claim 13,
conprising heating the showerhead el ectrode and backing plate to an
el evated tenperature which causes differential thermal expansion of the
shower head eheeidiedecang stdbaicbatkiongbatad @,a Pacthasaerndatindgphd e pfifier mal
expansi on by novenent of the |locking pins. 18. A nethod of replacing a
shower fieatdpedfect r ode of the showerhead el ectrode assenbly as clainmed in
claim6, conprising releasing the camlocks to disengage the cam | ocks from
t he | ocki ngsupbtsing the @Vitdgudibhreuishowen heathre klegidde thane &z Ng | ocki ng pi ns
of a new or refurbished showerhead el ectrode with the axial bores in the
backi ng pl aiw@plyiapgrotaat gtsitdrge thebeam | ocks t o engage the heads of the
| ocki ng pins.

forming a plasma adjacent an exposed surface of an upper electrode; and

processing the semiconductor substrate with the plasma;

wherein the upper electrode comprises the showerhead electrode as claimed in claim 1.

14. The method as claimed in claim 13, wherein temperature of the showerhead electrode is
controlled by a temperature controlled top wall of the chamber, a thermal contro! plate and a backing
plate, the thermal control plate including annular projections forming plenums between the thermal
control plate and the backing plate, the plenums in fluid communication with gas passages in the backing
plate aligned with the gas passages in the showerhead electrode, the backing plate providing a thermal

path between the showerhead electrode and the thermal control plate.
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MOSLLP

15, The method as claimed in claim 13, wherein the semiconductor substrate comprises 2

semiconductor wafer and the processing step comprises etching the semiconductor wafer with the

plasma.

186. The method as claimed in claim 13, wherein the upper electrode is grounded and the bottom

electrode is powered during the processing step.

17. The method as claimed in claim 13, comprising heating the showerhead electrode and backing
plate to an elevated temperature which causes differential thermal expansion of the showerhead

electrode and the backing plate, and accommodating the thermal expansion by movement of the locking

pins.

18. A method of replacing a showerhead electrode of the showerhead electrode assembly as
claimed in claim 6, comprising releasing the cam locks to disengage the cam locks from the locking pins,
removing the showerhead electrode, aligning locking pins of a new or refurbished showerhead electrode

with the axial bores in the backing plate, and rotating the cam locks to engage the heads of the locking

pins.
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