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G anped Monolithic Showerhead El ectrode [0001] This
application clains priority under 35 U S.C 119 to
U.S. Provisional Application No. 61 tled
CLAVPED MONCLI THI C SHOAERHEAD 5 ELE(#?MM’, m’P‘
Sept enber 18, 2009, the entire conten

hereby incorporated by reference. BACKGRGUND [0002]
The fabrication of an integrated circuit chip

typi cal | y begiClampedd MoaolithiaShowssheashBldctsodece of

hi gh-purity, single-crystal sem conductor materi al
substrate (such as 10 silicon or germaniun) called a
"waf er." Each wafer is subjected to a sequence of

[OB&YJS' C‘ﬂns nEJ{F‘o'F\" aéﬂmsopﬁ&fﬁgs&rﬁﬁé%eﬂ%.é.héggf% WSI hﬁovisional

various circurt structu
fabrication process, various types of thin fllrrs

Anpdicaigibs Noed 6824316 veitisledy sEIAMRER | MRNOBEHIG q&'é@e’/\/ERHEAD

such as thernmal oxidation to produce silicon dioxide
ELECTR®DE, cfiledi Septenrdeor18)epans tthenentirepeonteat «fi Wihixénis hereby
silicon dioxide, and silicon 15 nitride filns, and

in?ﬁpﬁéﬁéégggg??g§@er techni ques to produce other metal

After depositing a filmon the
sem conduct or wafer, the unique electrical properties
BALK NBnduct ors are produced by substituting
selected inpurities into the seni conductor crystal
[oD@2]t i cEheidabrigatioprod Gesintegnbtied ckirdoipiahip tyliellgdyegihs with a thin,
silicon wafer may then be uniformy coated with a

pJIllahéH LIR¥Edf h(?éh Bﬁ%oﬁﬁgélcws\’aq ser‘?l‘ico'i'mafii 8t 'rr%@er?‘aqr%ﬁbgth\f@ (such as

mat eri al , l'ed a "resi st geonetric
. tterns def| n t he, el chon pat@g inthe circuit
S"ffap Rt a??glFQrar SMPSH o ERHbWRlsE, 5 ubliSFieg 19 @ sequence of
process known as |ithography. During the Iithographic
physicalemsl, chelrdcal preggssun@steps thatifornp the @riouswirclie stlucures on the
on a glass Page 1
wafer. During the fabrication process, various types of thin films may be deposited 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.
[0003]  After depositing a film on the semiconductor wafer, the unique electrical
properties of semiconductors are produced by substituting selected impurities into 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 paths in the

circuit may then be transferred onto the resist using a process known as lithography.

During the lithographic process, the integrated circuit pattern may be drawn on a glass
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plate called a "mask"” and then optically reduced,

projected, and transferred onto the photosensitive

coating. [0004] The lithographed resist pattern is

then transferred onto the underlying crystalline

surface of the sem conductor material through a

process known as etching. 5 Vacuum processing

chanbers are general |y used for etching and chem ca
plgtgpatediepowisk’t and thevppticdliynmedueddalpsojested st transéerrer onto the

supplying an etching or deposition gas to the vacuum

pHoledehsitivabehtagp! i cation of a radio frequency (RF)
field to the gas to energi ze the gas into a plasna

0 Ctl e ion etchin .
10BbAL . o8 JRRepraRidih Fosief i 5¥ S aR¥RAGT, Ak, ' itertying
el ectrode or anode and a | ower el ectrode or cathode
crpdaliing syréatetdi dhepemicamducteranaiedel thsoughgmpriogedsknbwasasctching.
with respect to the anode and the container walls. The

vavalier ptazebyingethdrBbBers Sare Oy@veedliybysed fdti ét12Ring 4RS kh@hidal vapor
pl aced directly on the cathode. A chemcally reactive

d(%%?ltl%hlg&?)ﬁer eo r|(a-:l'_"f)t:r%\ sugg;.J ‘la:t%ﬁ Eépplgnéfa%negcnsggpga%o‘g&lon gas

into the etching chanber and nalnﬁalned at a 15
togihe gy em\chpmRer and epplicatioy of A redie frequenen(RF) fighigke, the gas to
The upper electrode is a showerhead el ectrode
erfei givd thedavirtb ag@snutdte! (S), which permt the gas to
be uniforn1y di spersed through the electrode into the

[068@ de rea IU |0¢1| e%?iw\ stfcérﬁ thpd&ﬁlg%BH fcpgf #gttc%grlpélggara \g/ith an

ahd the ca ocla fetres
formn Iasna. The surface of the wafer is etched by
um@ém%g’rvd? o @nade PBH 2iPYRT eleetrade Py athere pasitiorsd therein. The
momentum 20 transfer of the ions striking the surface

cadiiodehie negdttuely BibsedeWibtrespect tethd ariogiatad thy coRtainer walls. The
electrodes will attract the ions to the cathode,

w%\"?‘d Q@eltcngd isQ%er%Q b§/tarsiuh§blyf'r?as§ldﬁg B%@e& Hire@@lgﬁ t?le cathode. A

chemically reactive gas such as CF4, CHF3, CCIF3, HBr, Cl; and SFg 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 a showerhead
electrode provided with gas outlet(s), which permit the gas to be uniformly dispersed
through the electrode into the chamber. The electric field established between 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
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a predom nantly vertical direction so that the process
produces wel | -defined vertically etched sidewalls.
[ 0006] Reliable and repeatabl e tenperature control of
the showerhead el ectrode during plasm processing of
sem conductor substrates is desirable for achieving 5
desired plasma chem stry at the plasma exposed surface
of the showerhead el ectrode. Commonly owned U. S.
a piggpMinaadly patticat dirgnsion cattheirthripsocesp pmdyoss1 g8 defifpd vertically
2008/ 0308228, the disclosures of which are hereby
etchedigewalsed by reference, disclose tenperature
control nodul es for showerhead el ectrode assenblies.
07] in 0, e
[Oégﬁ R ?Bl\éuagmdt %pg%tﬁ%'z fg{&?ﬁgieotﬁr.&tﬂfoﬁﬁge %ﬂgwgr%ead electrode
arran enents Conmonl y assigned U.S. Non-Provisiona
dysinge plasmp ppriogetsingnof semippdodor ispeyraas juldgsivabledep achieving
di scl oses a nonolithic showerhead el ectrode which is
degseadphrionyg chtingtiyed thoplasiaekpdsgd Ldb@ dfthasis@vérdsadélectrode.
cam | ocks. In the enbodi nent shown, the backing plate
ak, or [ 0
o, BIMHHCE, O LGS K01 e Bl IRo o9 Sz anc
mates with the projection on the 15 backing plate.
20050798293, the fiscigpuisnal Whisk asakareby wcmrﬁe%gv frferanggy disclose
to provide a gas outlet pattern which distributes
teprpecaace gasrohrodules férahoivgrieadtehetrobdaakeemblipf009]
Di scl osed herein is a clanmped nonolithic showerhead
ctr ISk
OB 2 G B ol SR Sy RRRs (B0 iy YA B gg somlicatee
wi th one enbodi nent, shomerhead el ectrode for use in
MQUNI G AN BERSRLS: o?PfE'ﬁ‘BHUeWSS'gnerPcPéd Ben-Erevdsienal Patst fipglication
and a peripheral portion defined Page 3
12/216524 filed on July 7, 2008 discloses a monolithic showerhead electrode which is

removably attached to a backing plate by a series of cam locks. In the embodiment
shown, the backing plate has an annular projection housing the cam locks and the
showerhead electrode has an annular recess which mates with the projection on the
backing plate.

[0008] in some plasma processes, it would be desirable to provide a gas outlet
pattern which distributes process gas more uniformiy in the chamber.

[0009] Disclosed herein is a clamped monolithic showerhead electrode having
improved gas distribution and temperature control.

SUMMARY

[0010] In accordance with one embodiment, a showerhead electrode for use in a

plasma reaction chamber, includes a central portion and a peripheral portion defined
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by upper and | ower faces of the showerhead el ectrode.

The upper face includes a planar surface extending

across the central portion and the peripheral portion

and the Ilower face is defined by a planar inner

surface extending across the central portion and a

st epped outer surface extending across the periphera

portion. The stepped outer 5 surface includes at | east
byoHeresand lawepifanearof She shewedepd lerirodn. atheaurster face includes a

i ncreased thickness of the showerhead el ectrode and a

plBhdirsatfaty/e@bnding 6cratethetehibil poreoRaRd tRPFdriphefd pRich and the
are located in the upper face in the perl pher al

oBRE 2T ociiS B1S ey TR bt BitataoPireliRist Bl SO BGytn an
backing plate. A pl uraI ity of gas outlets are | ocated

a piepped oBtah SHEfRCHBFENG RS GFrosh Ehes PeyiRtehdl aaprtion. e Tee stepged outer
t hrough whi ch process gas can be delivered to a gap

subfatweednuddieat iehavneidantulel phaoggrfaseddéfiditgvan area of increased
el ectrode on which a wafer is supported. The gas

t tt By :

DSt ¥ e R oR B A dr rERFEHAR P22 apar
outlets with 10 gas outlets in the first row |l ocated

sogkRta @relosated dhther wRpfr f3re ipdhe periRiferaimortpmibe rewgts configured
el ectrode, 18 gas outlets in the second row | ocated 15

toadeoelVedcddn Ioekdherdin adagtbe te ain@rthe Ao erbeddibletirsdd 1o a backing
the third row |l ocated about 1.4 inches fromthe

t

plSte] @ECLH y?@%a@b‘ﬁ egg %génftaé%t%ﬁ AEQ%EQgEQWOkﬁwaﬁﬁg%rhead
flfth row | ocat ed about 2.3 inches fromthe center,

elgegods,through | Which eProrssshe AT deartdsliversduto 2, gap nt?ﬁ’ﬂé@e” the
fromthe center, 66 gas outlets in the seventh row

sHopeab et elbardde3rdl 4 loolee 2| dctrode ohewltiem b avafer/id sgggorted. The gas
outlets in the eighth 20 row | ocated about 3.6 inches
R SR i AL ghgiécbwt“mfere”t*a"v

ets in the tenth row | ocated abo i nc

e’ﬁ?’b‘#ﬂ‘% Ffé”sc‘%fr%%P“t?%&’ 90 e PPEELS I f}'fét '@"\é\?éﬁﬁﬁ aPBW 0.5 inch
| ocat ed about 5.1 inches Page 4

from the center of the showerhead electrode, 18 gas outlets in the second row located

about 0.9 inches from the center, 28 gas outlets in the third row located about 1.4
inches from the center, 38 gas outlets in the fourth row located about 1.8 inches from
the center, 46 gas outlets in the fifth row located about 2.3 inches from the center, 56
gas outlets in the sixth row located about 2.7 inches from the center, 66 gas outlets in
the seventh row located about 3.2 inches from the center, 74 gas outlets in the eighth
row located about 3.6 inches from the center, 84 gas outlets in the ninth row located
about 4.1 inches from the center, 94 gas outlets in the tenth row located about 4.6

inches from the center, 104 gas outlets in the eleventh row located about 5.1 inches
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J fromthe center, 110 gas outlets in the twelfth row
| ocat ed about 5.4 inches fromthe center and 120
holes in the thirteenth row | ocated about 5.7 inches
fromthe center. A tenperature sensor receiving hole
in the upper face is configured to receive a
tenperature sensor. 5 [0011] The stepped outer surface
can include a single step or nulti-step
fraoihé gentat,ildA gaThetlglsg ke bralph cowflocptechabaurt S.hiicheketsom the
a single annular planar surface and inner and outer
cehtdlanBado hidles a¢ B thirededtirdWIR chit@@bolS. 7 iM@ds Fehf theRenter. A
extends between the planar inner surface and the
; sin%%e annul ar QLanar(ﬁunfa&F and the outer . ingl{ned .
COREFE eR1BRIETHEPRN® (RS HBPE HTRUP aronfiByidy to receive a
surface and an outer edge 10 of the showerhead
tegipeeatid®nsPro012] The multi-step configuration
i ncl udes inner and outer annul ar planar surfaces and
[obr1ier . TRk estepsedicuté@Ndudsdeeican NGLILBLGa SiHg@GES ofhRulti-step
inner inclined surface extends between the planar
i pper .surface.and the inppner annular planar _surfac
copf BTl Rl e T B RPN e L 1iidBles i 0ils aBOVIREBRnerurface
i nner annul ar planar surface and 15 the outer annul ar
ansl iMarF asdr9uier InGRed tsHEFagast whenelt thedrnesuipelined wucfasp gaxtends
between the outer annular planar surface and an outer

betdgen efe planarsinavesurad afl e tiagie.anhbRr pldnbe kitese adll the outer
the nulti-stepped showerhead el ectrode across the

inH|n%Has{JrfitaEJ]e§{te§&r Ee&l&%e{n The _Lbiﬁ%% ahR@a: FBﬁaF mrg}éggga an outer edge

across I nner annu nar surface an
t hi ckness across the inner annular planar surface is

ofithg shawriAeatheleftpdaness across the outer annular 20
pl anar surface. BRI EF DESCRI PTI ON OF THE DRAW NGS Page
[0612] The multi-step configuration includes inner and outer annular planar surfaces

and inner, intermediate and outer inclined surfaces. The inner inclined surface
extends between the planar inner surface and the inner annular planar surface, the
intermediate inclined surface extends between the inner annular planar surface and
the outer annular planar surface, and the outer inclined surface extends between the
outer annular planar surface and an outer edge of the showerhead electrode. The
thickness of the multi-stepped showerhead electrode across the planar inner surface is
less than the thickness across the inner annular planar surface and the thickness across
the inner annular planar surface is less than the thickness across the outer annular
planar surface.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0013] FIG 1 shows a partial cross-sectional view of
a shower head el ectrode assenbly. [0014] FIG 2Ais a
t hr ee- di nensi onal representation of an exenplary cam
| ock for clanping a showerhead el ectrode in the
reactor shown in FIG 1. 5 [0015] FIG 2B is a
cross-sectional view of the exenplary cam | ock
el ectrode clamp of FIG 2A [0016] FIG 3 shows
[0013]e- elFtGal isbawaral pastie rendss-sertiatiah yéevo fof 2 sexwenblead yelectrode
| ocking pin used in the camlock clanmp of FIGS. 2A
asdéblgB. [0017] FI G 4A shows side-el evati on and
assenbly drawi ngs of an exenplary cam 10 shaft used

ohri e R s PetbeSeBbirBions (PisgeBi-Th an pEmAry com fock for

cut.ter-ﬁath edge of a portion of the camshaft of
clamping 2 A! 0‘{"@@298 efctrods insthevieaciorsthowerin Ed 1el ect r ode
assenbly with a showerhead el ectrode, backing plate,

[00DSY NG, ZBORtY @bssPiedticnal Giear 6F the REerdpdry &n RIcRERctrd8e clamp of
[0020] FIG 6A is a top view of the showerhead

H?Iﬁgt rode. [0021] FIG 6B is a cross-section view of

he "shower head el ectrode according to one enbodi nent
of the showerhead el ectrode. [0022] FIG 6Cis an

[08%6lar GKd 3/shawysotide-plevasinn anshassemilyrewirgs. of [po gxgpRanGlocking
6D is partial cross-sectional view of the showerhead

piflused ihade cimneukahandp oGS erestl 7801 recei pt of a
tenperature sensor. [0024] FIG 6E is a partial

[02?@\?\2 ;FE@?&& gﬁ@&% \réiigglglwaggﬂ %@E%@se%ﬁ'iﬂ? %irg(ﬁiﬂ%s 8¥ aa r&emplary cam
shaft used in the cam lock clamp of FIGS. 2A and 2B.

[0018] FIG. 4B shows a cross-sectional view of an exemplary cutter-path edge of a
portion of the cam shaft of FIG. 4A.

[0019] FIG. 5 shows a showerhead electrode assembly with a showerhead electrode,
backing plate, thermal control plate, guard ring and top plate.

[0020] FIG. 6Ais a top view of the showerhead electrode.

[0021] FIG. 6B is a cross-section view of the showerhead electrode according to one
embodiment of the showerhead electrode.

[0022] FIG. 6Cis an enlarged view of the portion Cin FIG. 6B.

[0023] FIG. 6D is partial cross-sectional view of the showerhead electrode through a
recess for receipt of a temperature sensor.

[0024] FIG. 6E is a partial cross-sectional view of another embodiment of the

showerhead electrode.
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[0025] FIG 6F is a partial cross-sectional view of
yet anot her enbodi nent of the showerhead el ectrode.
[0026] FIG 7 is a perspective view of the backing
pl ate backing plate shown in FIG 5. The gas passage
pattern and alignnment pin hole pattern shown are not
exact. 5 [0027] FIG 8 is a perspective view of the
shower head el ectrode assenbly wi thout the guard ring.
[00RE] gadGpélsisayeariat trassrsedtional visw mdtyeteaother BRbAIEENt of the
DESCRI PTI ON [0028] FIG 1 shows a parti al
showesisetiedddt@dal vi ew of an enbodi nent of a shower head
el ectrode assenbly 100 of a plasma processing system

substrates 0 ,sho in FIG 1, the .
10078k o bl P etee bie el ine pooRtE F it HhaigE plate shown in FIG. 5.
shower head el ectrode 110, a backing plate 140, and a
Thagas assage pétsernandedigninagf) pin hole pEftern shawweareawd exact.
el ectrode assenbly 100 al so includes a plasma

[00271 | TFEGTENs J pEYp@IRE RV of (HY s eRhe RN BBCPSRSSIYEMbly without
(WAP) assenbl y) 180, which surrounds the outer

per i e_shower he elect ode, 110 and the
BRI Tl g Rt ARG SO E PRL8ieRbi y 100 al oo

i ncludes a thermal control plate 102, and an upper
DETALRD BE%ﬁRéPTl@N having liquid fl ow channels therein

and formng a tenperature controlled wall of the

[0oD8DEG. 1 IevsshpavEibneast-REe6id 0l JFED dnsbddirbeY ¥l hoRerhead
circular plate and may be nade of a conductlve hi gh

elg& &}é/ g?;'q% %O %!flcahglggmglsor}?ée%mcryszgt% foro?tclz)upﬁ eslubstrates As

i ne" sl 1 COns ¢
U|table mat eri al (such as 20 al um num or all oy

sftor-t@r 8ofIG. dhdir zb@warhgadnelgrtrode psemhalen Ia¢lu¢.¢5narﬁwowp\rhead
tenperature sensor 580 (FIG 5) with a suitable

eleanguiy A0 @ bazkige Mbieh14G and ahguaraconpl(er obtdri &) 170. The
opt ict enperature sensor or a resistive tenperature

sh%We?ﬁéa%relé&rodgaaggeanly 100 also includes a plasma confinement ring assembly
(or wafer area pressure (WAP) assembly) 180, which surrounds the outer periphery of
the showerhead electrode 110 and the backing plate 140.

[0029] 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
controlled wall of the chamber. The showerhead electrode 110 is preferably a circular
plate and may be made of a conductive high purity material such as single crystal
silicon, polycrystaliine silicon, silicon carbide or other suitable material (such as
aluminum or alloy thereof, anodized aluminum, yttria coated aluminum). A

temperature sensor 580 (FIG. 5) with a suitable temperature range such as a

thermocouple, a fiber optic temperature sensor or a resistive temperature detector is
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configured to directly contact the showerhead

el ectrode 110. The backing plate 140 is nechanically

secured to the showerhead el ectrode 110 with

mechani cal fasteners described below The guard ring

170 surrounds the backing plate 140 and provides

access to cam |l ocking nenbers as descri bed bel ow The

temperature sensor 580 5 outputs tenperature data t
copfigtned|te diregtyicapfact kheghawasbead eagrese Wk hﬁé)afl@a&plssezm is

whi ch adj ust the tenperature of the showerhead
meéthaaicaigecdréd 30 ] thd hvhosevedheactradec €10 adeh ansRarital fasteners

100 as shown in FIG 1 is typically used with an

d %L%Jdr BALRL 'ﬁ1 Cé“‘ﬁ t7OS£'J? dé ﬂ?eoﬁap&[ ﬁJ Lr?& provides
9 Ge> 6N Mﬁﬂw % &%

ower electro 'S suppo

di stance of approximtely 1 to 2 cm bel ow t he
aceesvier Fri dockineemeathesy as f‘ﬁ?”bAH kel | Theotempggdfuge sensor 580

pl asma processing systemis a parallel plate type
outpas ttempesiticie dasa tdecdntedilen68) wilicklaetitatecomd ehmore heaters 582
systens, made by Lam Research Corporation of Frenont,

ﬁﬂﬁﬁfﬁ Wede tenperature
Wﬁ%ﬁ?g%ﬁﬁH%Qe Egﬁb?g%fg&{supp yi ng §2Rk5|de hel i um ( He)
ressure, h controls the rate of heat transfer,
["B%‘t’]weéhe F'P\%WWEF%‘? eleRdOotfassembik100 s shown Hpel is typically used
shower head el ectrode 110 is a consumabl e part which
withiath elretrostatiacladtk (petrshoding alcbsporadtngsafigillywer @lerssiegaswhich a
to the gap between the wafer and the shower head

wSleP & gﬁ%%rt%a%t t&x%aﬁ?{%w&% &G r RAe cﬂl'\]-gclglb@ the showerhead

provi wth gas outlets 106 |ch are of a size
istribution sujtable for sup a process gas
e'@\ﬂf‘l‘f? HO. Mepgmplg© §PCP‘ Wa@%ewgﬁﬁ‘%&&teﬂg‘?ﬁé’aﬁﬁ"k‘fgﬁ‘&"e type
in a reaction zone beneath the showerhead el ectrode
reaftot,10ucH GB3ftje Hrelashodielehiwmd ethhesystends awmslenby yLab®OResearch
al so includes a plasma confinenent ring assenbly (or

Cd?gﬁartloﬁr @@F@WCQMAP)SU&S SRAENE) arkSthenVdHtS Br&Vidd Q&Herature
the outer Page 8

control of the wafer by supplying backside helium (He) pressure, which controls the
rate of heat transfer between the wafer and the chuck.

[0031] The showerhead electrode 110 is a consumable part which must be replaced
periodically. To supply process gas to the gap between the wafer and the showerhead
electrode 110, the showerhead electrode 110 is provided with gas outlets 106, 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 showerhead electrode
110.

[0032] The showerhead electrode assembly 100 also includes a plasma confinement

ring assembly (or wafer area plasma (WAP) assembly) 180, which surrounds the outer
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peri phery of the showerhead el ectrode 110 and the

backi ng plate 140. The plasnma confinenent assenbly

180 is preferably conprised of a stack or plurality of
spaced- apart rings 190, which surrounds the outer

peri phery of showerhead el ectrode 110 and the backing

pl ate 140. During processing, the plasma confinenent
assenbly 180 5 causes a pressure differential in the

pariphety eintheoihewempadreledensesl ihane thecbadkigl plateetdGst B glasma

bet ween the reaction chanber walls and the plasma

configembit §38bR 18D Ishi efePitip BBMPALMEENa shiR k DR PIGaMEASE spaced-
electrode 110 and the |ower el ectrode (not shown)

0 h nf i, nenent, rin 190.co
;{ ge?’ﬁ% 170 V{/r}gcl'{ %Sﬁro%éﬁ,&g\? OU\E%ﬁ B%éoher gah?w%rhsa(il ﬁ:\ecFrode 110
pressure of the plasma within the reaction chanber.
a”ﬂl@elt@c&'ﬁéﬂ’iaﬁ%ﬁé&t Dyfing Reocsssirariine slasme cpaticemeit assembly 180
chanber is a function of nmany factors including the
cabip&C anprairaediffetdmtial omftheer@@btion iz6g6 a0 inckétBes the electrical
pressure in the reaction chanber outside of the
. &
regg{?ifntgﬁgﬁrﬁ?n thgggacg@qvc\:ﬁe\?mggrew?#ag’rf‘ggthe gshrﬁy ! ergtgl}g%%r!f%mg the
of RF power. Cbnflnenent of the plasma is nore easi
P'a%f%h?ﬂ"\fe@ﬁéble showerBeadplestrrflenidOangithe ipwer gHactiod bt shown).
rings 190 is very 15 snmall. Typically, a spacing of
[0033]5 iDwerhgsuser tHeessmfinemieatjtihge ol osnfi@nthiengagend to the chamber
However, the spacing of the confinenent rings 190
t t d '
VR0 B el EREESE W8 BB e Rk,
the pressure required for optimal process performance
copine@enkrhihs rFHaﬁlj‘a qoa%reaﬁ'%ég%maérs'sf? 6‘r‘ﬁ°&'°§d§f many factors
supply is supplied to showerhead el ectrode 110
intlodiogghe spezingrbetween frascafiesment tilg 190ptve @Osquratnethg@daction
whi ch permt process gas to be supplied to a single

cHapifer BUtsiad dfitRb % et ﬁhgysn& ﬁechlé‘?er F&hr f aL9ﬁ§W]rate of

The shower head e ectrode 110 is pre C|rcu

pl at e havj a unifo
the gas, as weIII asqhe Ievell (”T]equency of RF power. Confinement of the plasma is

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 plasma. Process gas from a gas supply
is supplied to showerhead 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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thi ckness fromthe center (left side of FIG 1) to an
area of increased thickness formng at |east a step
on the plasma exposed surface extending inwardly from
an outer edge. The showerhead el ectrode 110
preferably has a dianmeter larger than a wafer to be 5
processed, e.g., over 300 mm The dianeter of the
shower head el ectrode 110 can be from about 15 inches
[0034]abdhr showverhedreele¢tordept Wkie pséfag bB0D cinmnlavafiaehaing a uniform
used herein, "about" refers to 10% . [0035] Single
thickWdsatons khd Etedt PAL BEEILS TPl dGed bk incAfasEd hickness forming
preferred materials for plasm exposed surfaces of
the shower head el ectrode, 11Q. Hi gh-purjty, single
StIFS B3FEP 3 Tk PIBHTS EXGPsed PHTags SeTebuh iR EpEs an outer edge.
contam nati on of substrates during plasma processing
ThessHoweirheadoelacteadeo 1§ peefeiabiynteds @ dimurdteofargardbsn ralbfer to be
elements into the reaction chanber, and al so wears
proB&b | &/g. dbNer 3OO0 PhAS Mhe RERRESE bithe ShbRefkdad diddiddieZil0Gan be
particles. Alternative materials including conposites
of terjal s that ca e used for plasmg-exposed
frl JERUE LSO e 8o % ABGA, RO AAFTEF det Ples i (i avnaeatees (os used
al um num (as used herein "alum nunt refers to pure Al
hegaim, sblogy sefaieted¥0%li th or wit hout anodi zed or ot her
coated surfaces), polycrystalline silicon, yttria

[0098]t edsingib Wh}sedl ilicsh GndSpdNcrasisliivd NlicdrPbreepf@r & materials for
[0036] The backing plate 140 is preferably nmade of a

ri ' enm,cal | atib it h process

oLkl 2Pl BECVERlchen PRI LD R ABLBL PRl et
the 20 plasma processing chanber, has a coefficient

orofPolysBistAinee BiaRR | BINiMIZes etantarminetipngot sabstetes hduring plasma
el ectrode material, and/or is electrically and

probeysingl dsyit anrstictd vRly a Magmal BmBuet ef uedesirablerdiéhents into the
that can be used to make the backing plate 140

PR ) 558 A b B P s, therey
minimizing particles. Alternative materiais including composites of materials that can
be used for plasma-exposed surfaces of the showerhead electrode 110 include
aluminum (as used herein "aluminum" refers to pure Al and alloys thereof with or
without anodized or other coated surfaces), polycrystalline silicon, yttria coated
aluminum, SiC, SiN, and AIN, for example.

[0036] 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, has a coefficient of thermal expansion closely matching

that of the electrode material, and/or is electrically and thermally conductive.
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[0037] The showerhead el ectrode 110 is attached

mechanically to the backing plate 140 w thout any

adhesi ve bondi ng between the el ectrode and backi ng

plate, i.e., a 5 thermally and electrically

conductive el astoneric bonding material is not used to

attach the electrode to the backing plate. [0038] The

backing plate 140 is preferably attached to the
Prefesredainatesiatsrtbbt pirabe us@P to wiakh theibbckingeplatec Mthinckilde, but are

fasteners, which can be threaded bolts, screws, or the
ndtilikfited tgoéraﬁ%mkealupr%ﬁrﬁ (ARQSr &W&%kaﬂ@%ﬁ@nél?ser ted

in hol es I n the hermal confrol plate 10 102 and

e into ded he backin .
10955 She ik her B o S TIY, R acesbmertitireiy b e basiing plate
portion 184 and is preferably made of a nachi ned
14fewHhoutcanynadhasival honglinghbetweah uht relavtrodetand backieg pléte, i.e., a
upper tenperature controlled plate 104 is preferably

thBBH&IyOhndllttidally cbRButhAsamsteratic IRIMg ARsaipliy n@@rused to
waf er area plasma assenbly (WAP)) 180 |s posi tioned

st S %ﬁéhﬁssr{%sﬂ?é RBREnt acscnbly 1801 nol udi ng 2

Bluralltgg vertically ad%ustable pl asma confi nenent
[0P38lgsThebagkingduaterlidbddpieferablyrabiaryedbiaide thesns cortrelmlate 102
No. 5,534,751, which is incorporated herein by

witiekgitfI€ endcRanits fastbhérel Which (BRI thidiRed WSS teawk, or the like.
el ectrode 110 can be mechanically attached to the

S50 B A PO A e o

claims priority of US. application Serial No.
1@Ene36 a6 intq fhreadediapeningain thedeckingriath K9 Joertbermy control

whi ch are hereby incorporated by reference. Wth

platef mrandeddsa fidxGre péxtioa 18Ara@E-idprerirah|p fiedde\of @vh&dhirid metallic
exenpl ary cam |l ock Page 11 el ectrode clanp includes

m%ﬁzréitai,gpén stalmm%lngg {h%qﬁ(equiglﬁgg rﬁep\%%htcp% c‘?)lngloﬁe g%te 104 is

ectrode clanp I's capa

and accurately attachi n% a consurrabl e
preferably made of aIummum The plasma confinement assembly (or wafer area

plasma assembly (WAP)) 180 is positioned outwardly of the showerhead electrode
assembly 100. A suitable plasma confinement assembly 180 inciuding a plurality of
vertically adjustable plasma confinement rings 190 is described in commonly owned
U.S. Patent No. 5,534,751, which is incorporated herein by reference in its entirety.

[0039] The showerhead electrode 110 can be mechanically attached to the backing
plate 140 by a cam lock mechanism as described in commonly-owned
PCT/US2009/001593 which claims priority of U.S. application Serial No. 61/036,862,
filed March 14, 2008, the disclosures of which are hereby incorporated by reference.

With reference to FIG. 2A, a three-dimensional view of an exemplary cam lock
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el ectrode 201 to a backing plate in a variety of
fab-rel ated tools, such as the plasma etch chanber
shown in FIG 1. 5 [0040] The el ectrode cl anp incl udes
a stud (locking pin) 205 nounted into a socket 213.
The stud may be surrounded by a disc spring stack 215,
such, for exanple, stainless steel Belleville
washers. The stud 205 and di sc spring stack 215 nay
eled¢teadebdamp riecledefsi portensoefhar elesiwodeg@aed aj backing Ipdate 203. The
socket 213 through the use of adhesives or mechanica
elb@rdRN@ArAp isT EpableUst Rtk RRahCakd §&cuPdtblyltathAgl chumable
are arranged into the 10 socket 213 such that a
t of la era Moy ene si bl e en
elp IO B RecGtm PRI U AP iavasB 1503, Suef g £ lasma
the anmount of lateral novenent allows for a tight fit
etbe chawebertshewslieElGr dde 201 and t he backing plate 203
thus ensuring good thermal contact, while stil
[0pAOYV i GhégletBBe BRMRRALIIED, amqu;rakmg @fn) 205 frh QURBE Bito laocket
t her mal expanS|on betmeen the two parts. Addltlona
etajls,on th ted | at.eral . nove
248 Tt Sl olel e, sp My L R G 2151 SR 6 examle,
sp eC|f|c exenpl ary enbodlnent t he socket 213 is
stalatﬁss; &taele%plkew@imwaéqu fhe gruslR0STand, disq soring stack 215 may then be
Al ternatively, the socket 213 nmay be fabricated from

prebdft or BBiePRisalfSstREE PSS the s6&ket 21D tARUBRRhE &ke of adhesives or
characteristics such as good strength and |npact

mea'?n tamgfeene‘r:s Bs{u%siocsta%% ed Ic ,f,}? s‘%gﬁlzﬁt rr'aFl ed into the
At

I on resistance,” and P esT Stande
e read|I npl oyed. Vari ous naterlals such as
so‘gquty%g,ﬁ g thab@,ﬂlmlwpmourgdgtlaqegal ragnemant ﬁ%pﬁ$$d’.ﬂe between the
nol ecul ar wei ght pol yet hyl ene nmaterials may all be

elsttrédd2 @l afll ge badkpeyr slbter 203 pEMifingCtHel @8bumtsofaatbraitrievement
related materials are not Page 12 required for

al[og\ysn?or?gz} ttEﬁt ?9%%?\}&/e%11§1ea§|e%§gdg 20§a$not ¥Ppé Bgilﬁqr{%?a?% '5%)3 thus

era encountered 1 n applications suc

chanbers CGeneral ly, y pi cal operating
ensuring good thermal confact, wh| e 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.

[0041] in a specific exemplary embodiment, the socket 213 is fabricated from
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
chemical resistance may be readily employed. Various materials such as polyamides,
polyimides, acetals, and ultra-high molecular weight polyethylene materials may all be

suitable. High temperature-specific plastics and other related materials are not
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tenperature is closer to 130 C [0042] O her portions

of the electrode clanp are conprised of a canshaft 207

5 surrounded at each end by a pair of canshaft

beari ngs 209. The canshaft 207 and canshaft bearing

assenbly is nmounted into a backing plate bore 211

machi ned into the backing plate 203. In a typical

application for an etch chanber designed for 300 mm
regeined derdircming e secket @ilias H0 Holisea dFpricHemaxieent teraperature

cl anps may be spaced around the periphery of the

erRbester@fith 2PIIchASH iEhPiscbRh 2P3mberdi BGahérally, &l &ypidPd3krating

The canshaft beari ngs 209 may be machi ned froma

t t, | udi ng Torl Vespel (1),
el Belfhis FUom BB Torion(r), Al on(r). or other

materials such as fluoropol yners, acetals,
[0882]y anPifeas pastipys af Hees elestpge stamir prroremPptisaderfcs camsbiaft 207
pol yet her et her ket ones (PEEK) having a | ow coefficient

supfouhtied bt efchabsd bpw g bf edreshasihieeidingg 209 herhe telghsZ4F 207 and
and canshaft 207 rmy be rrachi ned from stainless steel

cagnshgftabeja?né g; ted {o a )oaa{l o@B%teoBQr% Zﬂa%%ﬁ ﬁl:d into

provi Corros tance.
[ 0044] ReferrlngtnOMIto FIG. 2B, a cross-sectiona
theihagkipg Plate 283-e it # &yricat anplicpa forraly etskr chambhen|desigred for 300

how t he cam cl anp operates by pulling the el ectrode

maDiemitoslinxier waferyi ¢igfityort endré@f iae kdlétgraaleadl®mpd thay The spaced
stud 205/disc spring stack 215/socket 213 20 assenbly

arbBnd B eRi S LA Befli el 200Radh pif® IRBIMN: cacs
on the_socket 213 into a threaded socket in the _
[0883)ct r Brrocametipét heprings 20RgNRY & Madhinesolir®t a yaretyof materials

mount ed by adhesi ves or other types of nechani cal
intladingITerisndsvespbl®, CéI0HFS IDelrin - ITelor®, Anlon®) @vatheomagerthls such

assenbly view 300 of the stud 205 having an

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 corrosion
resistance.

[0044] 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 threaded socket in the electrode
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enl arged head, disc spring stack 215, and socket 213
provi des additional detail into an 5 exenplary design
of the cam |l ock electrode clanp. In a specific
exenpl ary enbodi nent, a stud/disc spring assenbly 301
Is press fit into the socket 213. The socket 213 has
an external thread and a hexagonal top nenber all ow ng
for easy insertion into the electrode 201 (see FIGS.
204/ HaveveB)theksedket mghbetaounied by adhesivies onothep éynesiof mechanical
exenpl ary enbodi nent, about 20 inch-pounds). As
fastedécat @@iabove, the 10 socket 213 may be nachi ned
from various types of plastics. Using plastics

o ", BS54 S ST e 205 s o

natlng socket on the electrode 201. [0046] The
endargeid Seeck dliscapyegriagk 3UB antlisoeket Al 2 prawiddsresiditional detail into an
di aneter in an upper portion of the socket 213 being

eXeRiplRy H&vagh DR Olet shkle igtkaaRtRbdOfclangll d1% estdpeafic 1léemplary
portlon of the stud 205. The dlfference in di ameters

th ortions. a
qh)&% er a & W%Cp”ﬁmtghaéseam@e%ﬁea péfsécf r'Btomtr?ﬁ é?%eﬁgﬂ The
dlscussed above The stud/disc spring assenbly 301 is
sofkRtd 13 Resdan rextarpaldheensh and aviiaxpganab tep enereber13loating for easy
base portion of the socket 213 while the difference in

insHréio®tigdoSthal élesBode0201s et FIGST BN ahd IMBY &8N tight(20§ue (e.g., in a
also, FIG 2B.) 20 [0047] Wth reference to FIG 4A

@E]iflgxe?& %bve'n%d"’rgg %)D? Zﬁﬁﬂggﬁégn p?z %g%diclaﬁggs ﬁave the

Pheari al'so es’a

of the canshaft 207 haV|ng the keying pin 401 is
sorkqtsAl3i mavpe edpchined fiaie veaeus tyeepPiaiastiser &smg pIgssise minimizes

FIG 2B). Page 14 A pair of small nmating hol es (not

paticerpenatationf @rd eilgivofort Hgalbfeki ingadtaineobeie sadkdt 213 into a
provi de proper alignnment of the canshaft 207 into the

Qﬁﬁ§§ﬁ§e rﬁ%gf%%&%ﬁg%a A side- elevation view 420 of

camnms ear i ndi cates a possible

8 cenent of a
[0046 The stud/socket assembly 303 illustrates an inside diameter in an upper

portion of the socket 213 being larger than an outside diameter of a mid-section
portion of the stud 205. The difference in diameters between the two portions allows
for the limited lateral movement in the assembled electrode clamp as discussed above.
The stud/disc spring assembly 301 is maintained in rigid contact with the socket 213 at
a base portion of the socket 213 while the difference in diameters allows for some
lateral movement. (See also, FIG. 28.)

[0047] With reference to FIG. 4A, an exploded view 400 of the camshaft 207 and
camshaft bearings 209 also indicates a keying pin 401. The end of the camshaft 207

having the keying pin 401 is first inserted into the backing plate bore 211 (see FIG. 2B).
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openi ng 403 on one end of the canshaft 207 and the
keying pin 401 on the opposite 5 end. [0048] For
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 the backing plate bore 211 by
A ipair eaf fsarzill mgatiia holes énadfshowe) paii faroénds phithe badkinggplate bore 211
hol es. The canshaft may first 10 be turned in one

pr@\n’i:l@‘b%r%? AligHek dfstﬁe e4mEHRt Wlnﬂpﬁé'mklﬂgﬁlaté BBre 211. A side-
exarrp e, counter- clockw se, t o allow entfy of

205 0.l he ca d.then tuyr

o/Fyafra e, R BRERGY sy bR i g?ﬁ&@'%'e.ce%f& of a hex

clanmp force required to hold the electrode 201 to the
oneadid 43 @ aneenddf the camihlaftad 7andcibrikeringipin40hendhe opposite

spring stack 215 beyond their free stack height. The
efecganmshaft 207 has an internal eccentric 15 interna

cut out mhich engages the enlarged head of the shaft

|sc

e T R R R R S

the disc spring stack 215 to the socket 213 and
clarp éashembled Bl disertitiethegamshaft Be7 inge Kienkposingtndate og: 211. The

[0049] In an exenplary node of operation, once the

keyaigshiafdo1nratd ResticHae talélasFhed calidhif 2bhen eRaBhaids P8t bore
and inserted into the backing plate bore 211, the

SRS gk BBV OASI BLOSENRS, TRl oo

3) is then lightly torqued into the el ectrode 201. The
b aggedn prrdiseqiigntbgughs usenelthemeyopesingriddy fasexpmpls, counter-
the vertically extending through hol e bel ow t he

clockwigond allloy entredithg stueneds ngopthat @rxeef A1 .andh@en turned
el ectrode 201 is held against the backing pl ate 203

clgfkq\h t%q‘ﬁ ?Eﬁé}%&%né?ﬁck&ﬁgﬁg}cﬁn@g ﬁwee %ﬁ%?oeragpéddlred 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 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 from individual springs in the disc
spring stack 215 to the socket 213 and through the electrode 201 to the backing plate
203.

[0049] In an exemplary mode of operation, once the camshaft bearings are attached
to the camshaft 207 and inserted into the backing plate bore 211, the camshaft 207 is

rotated counterciockwise to its full rotational travel. The stud/socket assembly 303

(FIG. 3) is then lightly torqued into the electrode 201. The head of the stud 205 is then
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of the two small mating holes (not shown) or an
audi ble click is heard (discussed in 5 detail, bel ow).
The exenpl ary node of operation nay be reversed to
di snount the electrode 201 fromthe backing plate
203. However, features such as the audible click are
optional in the cam | ock arrangenent. [0050] Wth
reference to FIG 4B, a sectional view A-A of the

insdrtpel ik tha verticallyeewtarxding diirousle hokenélawtthe dwrigdntelGextending
4A indicates a cutter path edge 440 by which the head

baeking bihtb Mersbutl 708 eicttrbib Y1 $ELKIH @Fainttthd bHRRIAL foldte 203 and
exenpl ary enbodi nent, the two radii Rl and R2 are

chosen . th e head of the stud 205.makes.th

tng SoT el Gl BRted PReTan e e Pedit Bioanpane second
i ndi cate when the stud 205 is fully secured. [0051]

offhg twe smallumeting bglea (setoshoming ad aol austihle ¢lickais heatyl {dig0esed in
for a capacitively coupled plasnma chanmber which

detait [netss). the &@npiyngodeat bp&stiot Maydbe AdlelRakatiisiRbant the
15 bonded shower head el ectrode 502; (b) a backing

t . . rhori whi 0 . .

o2 AR50 it AT R TR oS bR s i
backi&g.plate 506. [0052] The el ectrode assenbly 500

arp getigeR: & Hetqaey lesk arcegemsntpl ate 510 bol ted from

outsi de the chanber to a tenperature controlled top

[0080]l WiR referédte tolFRREM; a sdétfonabVIoWN-AR thedi@s ble0stRorDlw 420
is releasably attached to the backing plate 506 from

of'(}ﬂgicgr?\giag‘t ngPFH%WHﬁ rinéigatggg}chﬂglk?%ﬁ%@%iﬁg@yi&h‘}@atghg head of

escri ler wmth reference
16 f [0053] In a preferred enbodi ment, the showerhead

the sk 205de fllly segired hie iresific surmPRsseMPPYMB0D thehwgeadii Ry and
di sassenbl ed by (a) rotating the guard ring 508 to a

R.fdre hogeosduch ahat thkihgad nf thostudrobasakes thé@pfosdl dubibidclicking

508 with four cam |l ocks 514 | ocated at spaced
noise described above to indicate when the stud 205 is fully secured.
[0051] FIG. 5 illustrates a showerhead electrode assembly 500 for a capacitively
coupled plasma chamber which includes the following features: (a) a cam-locked non-
bonded showerhead 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.
[0052] 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
showerhead electrode 502 is releasably attached to the backing plate 506 from inside

the chamber by cam-lock mechanisms 514 described earlier with reference to FIGS. 2-

4.
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positions in the outer portion of the backing plate

506; (b) inserting a tool such as an 5 alien wench

t hrough each hole in the guard ring 508 and rotating

each camlock 514 to release a vertically extending

| ocki ng pin 562 of each respective camlock 514; (c)
rotating the guard ring 508 90 to a second position
aligning the four holes in the guard ring 508 with

[0853t hér a peeferred embodigers] the shoavefllad eledradenzP2a0ft thelelectrode

such as an alien wench through each hole in the

asgeAbN 5008n BRAiABE M RbY Y r&RER ﬂﬁesglfaea 'rME 5081 kit position
10 514 to release a | ocki ng pln 62 of each respective

ereb the r head ct.r
oI B ey BT BBY iy i B ainseap PRI TP HE i Jeshs R RS ot spacec
[0054] FIG 5 also shows a cross-sectional view of one
pasttiansdn thmeuter kodianafdbenbacking plate 8061 (b) inseréinglel teolcaueh as an
|l ock 514 is located in a horizontally extending bore

alleAQureActithro0gh eschdlé irtthetduatdEinp30& NG rPladihg e8€Hecand ek 514
cyIindricaI can1|ock 514 is rotatable by a 15 too

to r%?elgﬁgén L1 %th‘ﬁ"g. gqg?knr}ﬂg %(63 0 eaﬁhﬁg%tﬁ \(/)encagj1 dgfé( d14; (c)
by a can1surface of the cam | ock 514 whi ch I|fts t he

rogstingrth e guardding 98 A0nEo p srdend Gopitian alisning the fpwn kelesin the guard
position at which the |ocking pin 562 is not engaged

rifyy 508 evithaandtberkfomt 4amTloeksosmdsiang (@) aisertiri¥ta ikl ueieSs an allen
vertically extending bores in its |ower face through

B RO B LS T S o

i S referably 1 plate of high purity (less than
SHbtR irpisasa ei é’é‘)'“$ PP P &ft paght (espectygscan ledoé%hwhembv the

single crystal silicon. The Page 17 showerhead

sheweehdaadte@sRierHoR ¥ah 00 Iowarkd ded rérhowd fedr gnaplatmP civember.
524 engaged in three alignnent pin holes 521 in the

[Oﬁgﬁ)le r FlEia Is%%%ow‘g gtcpgsSEQ&Y\ﬁfah Gi @ﬁ/ &l o%(étcff Qﬂ@ cﬁq ?ock aQrQa%Fements

nor e rlngs ura of thermal gasketrs

such as
wherein a rotQa%?e cam ?ock 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) 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 position at which the locking pin 562 is not engaged
by the cam lock 514. The backing plate 506 includes vertically extending bores in its
lower face through which the locking pins 562 are inserted to engage the cam locks
514.

[0055] The showerhead electrode 502 is preferably a plate of high purity (less than

10 ppm impurities) low resistivity (0.005 to 0.02 ohm-cm) single crystal silicon. The
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bet ween the showerhead el ectrode 502 and the backing

pl ate 506. Each Q pad 566 5 has projections engaged in

recesses 520 in the upper face 522. Details of such

gaskets are disclosed in commonly owned U. S.

Application Serial No. 12/421,845 filed April 10,

2009, the disclosure of which is hereby incorporated

by reference. The plasna exposed surface 530 on the
shgwevhﬁaﬁe%lacteq@casse@@lvs@@ fngdusies ttheeesaliggment ®insebfyengaged in

processed in the chanber. 10 [0056] FIGS. 6A and 6C

thpdtoMlighRRNEBIMMNdIEYE B UR tiBE Bpdtdade TEX ¢fithk showerhead electrode 502,
cross-sectional view of the showerhead el ectrode 502.

onehgenrm ﬂtgbﬁg\§§%r58a§ a&lg?ﬂllg %??mﬁ#arloé'aaﬁeﬁcg:sgch as Q-pads 556
annul ar outer |edge 620 recessed fromthe planar

beiweer e shoverhead Alectiade P2 pne dbr bagkinghelatenefifer Bachd-pad 566
el ectrode 502. The annul ar outer |edge 620 supports

ha&Ipréjettidrarenghgd ceia irecsdsa3f5 20N e tige apskr fadeds 20 Detdilkarfbbch gaskets
pl anar surface 610 has an outer dianmeter of about

ar%%1slﬁ)s%t§]ﬁ1hceo%mJM§ @E@ ltLpﬁéA% €Jt|0n| s%?.%u@%%i‘?xﬁs?s“ﬁled April 10,

nner ameter o ches, an o
di aneter of about 17 i nches, a vertlcal surface 620a
2009, 4@, Htisctpsanes of EHEh dnbereRydinsoTRaFate® fivareferiensacelhe plasma
620b of about 0.124 inch. Eight 0.5 inch dianeter

exposdd serfacz05 3 vnnthedspWweshedd ©ledt2bde 0D fasdsethdi syissatk being
near the edge of the mounting surface for receiving

p,lfpgggg@g.,tﬁ!elgﬁ rﬁﬁgr The 20 sockets 550 are equi di st ant

rom eac and | ocated on a radi us about 7.62
om t he center. Page 18 [0057] The pl anar
[(’QEﬂf aE'@SG‘?L‘ba'&‘bﬁ%PP%"&h% mogatineg &‘{E@CF Ref acﬂa&‘%tcéqss -sectional view

al ignnment pin holes 521 having depths of about 0.2
ofi thehsHooealhexd elbctaodl SOANJdbe ohowdtingt surfa@d han@hglanarf supface 610
the center and seven 0.215 inch dianeter recesses 520

eR8YJiRg ndER fis 1 ﬁglle?#dge Anf4 hzﬂ?&vfaﬂﬁ P OGtet 1BGEd @ﬁ) recessed

prOJectlons on t e Q pads 556. Two recesses

from the planar surface 610 and in the outer edge of the showerhead electrode 502.
The annular outer ledge 620 supports an annular projection of the guard ring 508. The
planar surface 610 has an outer diameter of about 16.75 inches. The annular outer
ledge 620 has an inner diameter of about 16.75 inches, an outer diameter of about 17
inches, a vertical surface 620a of about 0.076 inch long, and a horizontal surface 620b
of about 0.124 inch. Eight 0.5 inch diameter sockets 550 having depths of 0.325 inch
are disposed near the edge of the mounting surface for receiving locking pins 562. The
sockets 550 are equidistant from each other and located on a radius about 7.62 inches

from the center.
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5 located at a distance of about 1.59 inches fromthe
center and azinuthally offset by 180 from each ot her
Anot her two recesses 520 are |ocated at a distance of
about 3.39 inches fromthe center and azinuthally
of fset by 180 from each other. Another three recesses
520 are located at a distance of about 7.30 inches
fromthe center and azinuthally offset by 120 from

[0858h dhrevanatgulfecs8l0 Terepfisesrthreestil iainshetigmeter tafignment pin
conprises a hole 590 for receiving a tenperature

h@@NSTIr hadhtl ddptAs BPbo V)2 iirsehl I66Rb @t aldistakbiesdfaibeat 9193 inches
about 4.83 inches fromthe center. In a preferred

di_nment 8 sho t he hol ha
FreB R cBptaL AR S0 345 by dio Rter fes ot Ouvith dedhs,of about
I_ indrical side surface 590a with a dianmeter of at
ﬂ%mch doregeivingihe Aepiectioap ghﬁh@fhra@;@cnads.56635'M0rre¢1esa@s 520 are
t he base of the 15 hole 590, and a truncated conica

lo&dteé as drdiaeceSS0dboltt {5 SinehdsClibrarthbasstepfanakowm utlalhbsFfset by
inch in dianmeter and an openi ng angl e of about 90, the

12{({5?%%%‘59\ 8%‘ CQ\lno eqetw%LP'eEégsggs %ﬁfgg I%)c%tgp%ggd E{sb gpabout

Cy I AUF I Cal e surface an
enperature sensor (t her nocoupl e) 580 extendlng
3. %%rrtsnghfremeﬁh@rfggtqr@nﬁ Reimuspally affset by 48@" fremrapgh other. Another
control plate and the backing plate includes a tip

thwéd @daedses SPO artglobitas ad aidistdtetdiabbot 7.90MB0afreMm thel®@nter and
590. The coni cal surface 590b centers the tip of the

Zﬁﬁg@gpy%géqgut 2?{5?0@%? h%?}dtpforr]r?lt ﬁeSﬁguntP?gg 0

surface to the Iasna exposed surface and can be
IOQW]angérd‘el H'aﬁ?fy S%’Lﬁqeaﬁjr(é Bathes, semArises fe halepdRf denfeceiving a
shown, 849 gas outlet holes 528 having di aneters of

te&déia'tu'rmﬁdhsalr B8@ir rThedede 690 & Ipaiteenn afistamve ofcabiouer.83 inches
gas outlet and 13 circunferentially extending rows of

fr?@%h@%h ES I g%&ﬂe@%ﬁ?o%dﬁ’r%rh%%%hbﬂn‘i#ﬁd‘ 'GESEher e 590 has a

cat ed about inch fromthe center of

el ectrode, 18 gas
depth of at most 0.08 inch; the hole 590 comprises a cylindrical side surface 590a with

a diameter of at most 0.029 inch and a height of about 0.0035 inch at the base of the
hole 590, and a truncated conical side surface 590b with a circular base of about 0.153
inch in diameter and an opening angle of about 90°, the truncated conical side surface
590b extending between the cylindrical side surface and the mounting surface. A
temperature sensor (thermocouple) 580 extending through openings in the top plate,
the thermal control plate and the backing plate includes a tip which is spring biased in
the bottom 590a of hole 590. The conical surface 590b centers the tip of the sensor

580 in the bottom of the hole 590.
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outlets in the second row | ocated about 0.9 inches
fromthe center, 28 gas outlets in the third row

| ocat ed about 1.4 inches fromthe center, 38 gas

outlets in the fourth row |ocated about 1.8 inches
fromthe center, 46 gas outlets in the fifth row

| ocated about 2.3 inches fromthe center, 56 gas

outlets in the sixth row | ocated about 2.7 10 inches

[0959)m tGrs wdleteb28 esegdravntthenpunting isarfsetmthe plesma exposed

| ocat ed about 3.2 inches fromthe center, 74 gas

supfaké Gh& chmbb GﬁaﬂgﬂmnhaﬁyoéﬂltlaQFéadaQér@bﬂUfhegerﬁbéd]%ﬁ§ shown, 849
fromthe center, 84 gas outlets in the ninth row

Ioc inches

S35 R BoR S0k sy e S P30t S Baetong o one
the center, 104 gas outlets in the eleventh row

cangrragas cbuleband 33 circwofersntialyrextéraling:raves of gabowykrss with 10 gas
outlets in the 15 twelfth row | ocated about 5.4 inches

odtleddmintthe f@ﬁnberlo@arwd ABSLtS erhiffonk Bree EdMrér sraRE félecfre% 18 gas
| ocated about 5.7 inches fromthe center. [0060]

o@fkgéé"[hr E%@ 60(\/:\? Iogatse:dna%I Gt 8;9 R%i fé‘rﬁ\l\ﬁéggﬂ\% Zghgas outlets in

inc!udes a C|rcular i nner surface 640 wi th a di ameter
thgfthifd saw loqated abatsl.4dnches dftarathe gerter, 3§ gasceutsinshenfourth
an i nner diameter of about 12.55 inches 20 and an

rodloestediadaet €18 inthealirdth tAS cémen e, gadlbutiRieih the Glfiheil located
surface 645 extending bet ween the circul ar inner

4 d.t face, 650 al
abzow:cl Zfﬁmg soggn}t n%m%%aégﬁéglg{s '%u(%ﬁ SiXth Ir?\gcgcaéﬁ% about 2.7
_and out er |ncI|ned surface 635 Page 20 extending _

inghasy 6@ thACeRIRiuP@BaDarEets Juthacevessin rawdogpted about 3.2 inches

cylindrical peripheral surface 630 of the showerhead

fremebercedeer S5DL gad oatietangtiee oighbmw ol dviddnt RESPekés from the
the surface 650. The thickness between the annul ar

cel‘ﬂﬁ%rﬁ.& e‘; ‘?s laﬁpe ﬁfﬁgh EJW Io%h‘{eﬁiaa%gup)rg méh%s ?r%%utthe ce?{tAér 94 gas

ness between fcular T nner sur

640 and t he 5 surface 610 is about 0.26 inch. )
outlets in the tenth row located about 4.6 inches from the center, 104 gas outlets in

the eleventh row located about 5.1 inches from the center, 110 gas outlets in the
twelfth row located about 5.4 inches from the center and 120 holes in the thirteenth
row located about 5.7 inches from the center.

[0060] As shown in FIG. 6C, a single stepped showerhead eilectrode 502 has a plasma
exposed surface which includes a circular inner surface 640 with a diameter of about
12 inches, an annular outer surface 650 with an inner diameter of about 12.55 inches
and an outer diameter of about 16 inches, an inner inclined surface 645 extending
between the circular inner surface 640 and the annular outer surface 650 at an angle

of about 145° with respect to the surface 640, and outer inclined surface 635

Page 20



10

15

20

[0061] A nulti-stepped showerhead el ectrode 502 is

shown in FIG 6E wherein the plasnma exposed surface

includes a circular inner surface 640 with a di aneter

of about 12 inches, an inner annul ar surface 660 with

an inner diameter of about 12.2 inches and an outer

di aneter of about 13.2 inches, an outer annul ar

surface 670 with an 10 i nner di aneter of about 13.4
exterslingsbetmeenrthe aneulatpeher serfacef 650banst a t@indricdigeripberal surface

inner inclined surface 646 extendi ng between the

630 bfCthkaholWRRfadSEhafR 030atadHahgle of aBB& 155 Mt Fespect to the
surface 660 at an angle of about 145 with respect to

sulfFEe Rl e 2Rt e aH Rl Pl SulF TR s Oeg thap ace 610

_the outer annular surface 670 at an angle of about 135
is \hbput Pddpiech. tThet thicknessshetiveee thg aircalad irner sutfece 640 and the
i nclined surface 637 extendi ng between the outer

sudfabelb 80 is aduuf @2eirkKO and a cylindrical periphera
surface 630 of the showerhead el ectrode at an angle

OB bR RIPG el S0 F AT B v v

the surface 610 is about 0. 44 |nch. The t hi ckness
plpwnaexnesed surfaceringudasriusiegulas infes curfee0b4thwith Relizmetes ebabout
610 is about 0.36 inch. The thickness 20 between the
1Xincked, ah ihmatednnglaf lsadecOd6Dd amndl dnhigneudibaeeertdfiboSt 12.2 inches
about 0.26 inch. [0062] In yet another enbodiment of

oh§n 'SHI: |§r¥1g&?eoq %%9%5 I}e%?@e gﬁt&#gr arlﬁsrgugrar suvr\g%g %70 dwith an

05S section 1 oh plasna expose
. urface i ncludes a clrcular Page 21.|nner surface 640
inper fiagetgrapferRaut d8.hifshes and japcaiBsr digmetemel akauiuibainches, an
surface 680 wth an inner dianeter of about 12.4

inh&cinelineaingiriate 46 aixtahdaigeb@veeh tAduttuldSinder surtdte B40adhd the
outer annul ar surface 690 with an i nner di aneter of

mﬁppawnui]ﬁ s&rfé&%t%ﬂ%n&%&;f%ﬂb%ce tr%E é%t (tj@ﬁ]%%rfgsge 640, an

an 1 nner 1ncli sur
between 5 the circul ar. i nner surface 640 and the i nner

lngﬁ{mgpglte mlp%q:éuré%c@ 6R7 %eaﬁgg deprveepHig inner annular surface 660

and the outer annular surface 670 at an angle of about 135° with respect to the
surface 670, and an outer inclined surface 637 extending between the outer annular
surface 670 and a cylindrical peripheral surface 630 of the showerhead electrode at an
angle of about 155° with respect to the surface 670. The thickness between the outer
annular surface 670 and the surface 610 is about 0.44 inch. The thickness between the
inner annular surface 660 and the surface 610 is about 0.36 inch. The thickness
between the circular inner surface 640 and the surface 610 is about 0.26 inch.

[0062] In yet another embodime_nt of the multi-stepped showerhead electrode 502,

whose cross section is shown in FIG. 6F, the plasma exposed surface includes a circular
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145 with respect to the surface 640, an internedi ate

i nclined surface 689 extending between the inner

annul ar surface 680 and the outer annular surface 690

at an angle of about 135 with respect to the surface

690, and an outer inclined surface 639 extending

bet ween the outer annular surface 690 and a

cylindrical peripheral surface 10 630 of the
inaerosmstase £40 avitie e rdieraetso 2f abounl2iinghes, ¢in iabeuanmid smirfage 680

respect to the surface 690. The thickness between the

with Al inAeMdiapietsrusf ASt620 atfhet RAd W bdtep dtRetel Bf about 13.3
about 0.44 inch. The thi ckness between the inner

nnul ar urfa e 68 th surface 6 ab Q. 40
nfRRne T onBY e ERr LBt R el AR §7aHRBe £ a7 nidis ane
640 and the surface 610 is about 0.26 inch. 15 [0063]
anmter diametey g @payekétinchesyareigner inpliedi suifags edfeedemlingbetween
backi ng plate 506 includes a center gas passage and

th& Zirt @B indkr g@SadeamIDadRISthe Gdnetttingladlsi Gacev6d0natt difangle of about
outlets 528 in the showerhead el ectrode 502. The upper

1{525/\?%?1?%@%%% écB I?E% g@ﬁgdgg%lg? l?\ﬁiti rrlegé' %Hedsi?lmeﬁ ﬁ%‘fa‘fra@@ Egé) %xtendmg

projections of the thermal control plate 510. The
betweerrthe toRE pruly wrface 480 prd Hhe adisedntyat niface §99at an angle
wal | of the plasma chanber by fasteners extending

oft dtou GIB5E it egbpeed to tid eurfdve 690)eindadn oatdrriatinetdadueface 639
as di sclosed in conmonl y-assi ned U. S. Patent

@%@7%?%%5*288@%%%@9@*?@ SBoRrOb oA R o bz surface

22 disclosures of which are hereby incorporated in
630h@f thecthomeghsrd efefteadgerP2ote AREe 9baboul 55yl easppe to the

an outer periphery of the upper face 586 and the

suafanel690. ThegtihtokeeSdRayeerbB@mut&rdBmiutad sadami 600 dhdshenafse 610
ext endi ng through openings in the top plate 512 and

is ga%g[l{r@!MCﬂ@ﬁ.r Gﬂhe%hﬁﬁe%@eth@encib rne‘? m%’gr'%%rfakéggg.and the

In contract contro ate

for exanpl e, conmnonl aSS|gned U. S Patent
uﬁ%sg I6&9t|§ Blhoqq(p 40 inch. The t ckness between the circular inner surface 640

and the surface 610 is about 0.26 inch.

[0063] FIG. 7 is a perspective view of backing plate 506. The backing plate 506
includes a center gas passage and 13 rows of gas passages 584 which align with the
outlets 528 in the showerhead electrode 502. The upper face 586 of the backing plate
includes three annular regions 588a, 588b, 588c which contact annular projections of
the thermal control plate 510. The thermal control plate can be attached to the top
wall of the plasma chamber by fasteners extending through the top wall into the
thermal control plate as disclosed in commonly-assigned U.S. Patent Publication Nos.

2005/0133160, 2007/0068629, 2007/0187038, 2008/0087641 and 2008/0090417, the
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2008/ 0087641 for a description of fasteners which can

accommodate thermal cycling. A groove 592 in the

upper face 586 receives an 0-ring which provides a gas

seal between the backing plate 506 and the therma

control plate 510. Alignnment pin bores 594 in the

upper face 586 receive alignnent pins which fit into

alignnent pin bores in 10 the thermal control plate.
disehesuresrafayhish anetheneynipcarnpeierbin thpis entitgsy 5Bireaded openings 599

positions between bores 560 receive dielectric

arb 36daBdtPinSanUSREr p&rigHed)y 8Nthel UpDedftRE 886 1aRE thEO8nndlaOM@gions 588a,
rotating and plug the access bores in the guard ring

8 ter ass Ly of the. showerhead electrode 5
6 afie & RO PRND Rt kidBoB R TRERPER RN E LR dGe s 512 ane
el ectrode assenbly 500 with 15 the guard ring 508
theemalveontrohslate pl&it;m baldethe |biagking plage 0@ contragt B0k tharthermal
be rotated to one or nore assenbly positions at which

cdnli®| pRite 500K Sed 1fdr @Rimple, edrgABaH-Abidned QLALLM Pudlication No.
| ock position at which dielectric fasteners can be

BTSSP SRR R o380 NI P E e

plate and thus allow for thermal expansion of the
A igseienePhimthe ugper fage 598l reseiMes ap @onpivdhieh Prrvidases gas seal
flange 595 with openings 596 through which actuators

betuepRiie hdtRing plas 586 and thaw@rnil cohtrgbplafesial Iatigrhett®n bores
nmounti ng arrangenent of plasma confinenent ring

. i i - i . .
SR wb AP S PR b ERTROhich 33 983 et in bores in
2006/ 0283552, the disclosures of which are hereb .
therfbeipricareal plate Hégrizoatlly reé'fey'!j'r[BGOG‘S’Pequﬁ’@eﬁ*ﬁ&ﬁ%ghgt positions
surface 610 of the showerhead el ectrode abuts an
betpees ddressbibd aseivef ditlketrinafaktiengrsplsati aoflevars thergeatd ting 508
of the clanping force exerted by the 8 5 | ocking pins

frgr‘?\l r%(tjzmﬁgtzn% yg g%ﬁ'&- |39cfei§§ Brrbstine‘chpﬁﬁéﬁid%g%@é gfterTgE%embly of the
guard ring 5 g covers t Itw)e

showerhead electrode 512.

[0064] FIG. 8 is a perspective view of the showerhead electrode assembly 500 with
the guard ring 508 removed. As explained earlier, the guard ring 508 can be rotated to
one or more assembly positions at which the cam locks 514 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 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 be found in commonly-assigned U.S. Patent
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nmounting holes in the backing plate 506 and the access
openings in the guard ring are filled with renovable
inserts made of plasna resistant polynmer material such
as Torlon(r), Vespel(r), Celcon(r), Delrin(r),
Teflon(r), Arlon(r), or other materials such as
fluoropol ynmers, acetals, polyam des, polyimdes,

polytetrafluoroethylenes and 10 pol yet her et her ket ones

Pubibeation Ne20R6/ 020V 21 ab2006£p283552fthe discloswnes ahwhichwere hereby
particle shedding. [0066] Wth reference to FIG 5,

inédre6latéLmlthandntifegy.mal contact between the backing
plate 506 and shower head electrode 502 is provided by

E e R TR A—

Iocatlons inward of 15 the outer Q pad. For exanpl e,
sucfape @ theabpekinadplarrbes s afreawbof tie Llampirg fance @erted by the 8
i nches can be used. Conmonly-owned U.S. Application

lo&ieid Gihs Neld bl th&886ard 18cks firl tetbacliHgRite. Sthe gt@RYsing 508 covers the
i ncl udes details of Q pads, the dlsclosure of ichis

ted fer nce. :
i FBhole iRBE Bed Gt SR IERE Rares oBRANE Rabe guergiine are
or nore optional gas partltlon seal s can be provided
filleer W8B reptovaplgeinseric &g off plapmaclesictant dRolynpesy material such as
exanple, a single Oring can be provi ded between the

Toshene Meesdl® elcelebi@dperia®, Faflond)eANGEKi 6 oflert Mab&ifaldtkuch as
a location between inner and outer Q pads to separate

' a tr yA
MR Pop e g tag A B8, * BRI Br, RuRH FudiBpvienes, and
bet ween t he shomerhead el ectrode 502 and the backi ng
Piyetberetirskeipesy (REEK) ihavies apkaw sheffigient of Hectian apd @wawrticle
can provide a gas and particle seal between the
shebéiegr ode and backing plate. [0067] Wile the
i nvention has been described in detail with reference

[Obng]Sp@\R'éhfrie‘Fere ceefgoﬁg Wécf?rléahtgﬁgﬂxer[ﬁ i (Wltgét t}%‘?ween the backing

arent to those s e ar a vari ou

plate 506 and showerhead electrode 502 is provided by gaskets such as Q-pads 556
located at the outer periphery of the electrode and at one or more locations inward of
the outer Q-pad. For example, Q-pads having diameters of about 3.2, 6.8 and 12
inches can be used. Commonly-owned U.S. Application Serial No. 11/896,375, filed
August 31, 2007, includes details of Q-pads, the disclosure of which is hereby
incorporated by reference. To provide different process gas mixtures and/or flow
rates, one or more optional gas partition seals can be provided across the upper face
of the electrode. For example, a single O-ring can be provided between the
showerhead electrode 502 and the backing plate 506 at a location between inner and

outer Q-pads to separate an inner gas distribution zone from an outer gas distribution
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changes and nodi ficati ons can be nmade, and equival ents
enpl oyed, w thout departing fromthe scope of the
appended cl ai ms. Page 25 W claim 1. A showerhead
el ectrode for use in a plasna reaction chanber, said
shower head el ectrode conprising: a central portion and
a peripheral portion defined by upper and | ower faces
of 5 the showerhead el ectrode, the upper face

zongc lAndPNigg 5B llenated betwean dheghmvethaad alectwsde 560hend the backing
central portion and the peripheral portion, the | ower

plhRCSDEIRON R iRNerdh PIpRBAY ofl tAB VuterSipb@esn BXdviddh Bk ?nd particle

across the central portion and a stepped outer surface
ext endin cross th ri ral portion, the stepped
SESE?%Wegﬁg?ea%}SCtm% 1?&‘%?8%85 BF" %st one annular pl anar
surface defining an area of increased thickness of the
(096 2lne r'\Mbitaithel ingentindehasltoeen qgesoriked inydeshil with reference to specific
circunferentially spaced apart sockets in the upper

erhB&@mieRtst fieredTeit MIEbalappardnt a8, tHose skMEK Gh Sthe art that various
configured to received cam |l ocks therein adapted to

clanp. t he ower head, el ectrode to acki late: a .
BB o SR RDO St pErb el e e armplieR ottt tigarting

shower head el ectrode through which process gas can be
freraithe sqopg of Shearpepdedeldidesm t he shower head 15

el ectrode and a | ower el ectrode on which a wafer is

supported, the gas outlets being arranged in a pattern

with one center gas outlet and 13 circunferentially

extending rows of gas outlets with 10 gas outlets in

the first row |l ocated about 0.5 inch fromthe center

of the showerhead el ectrode, 18 gas outlets in the

second row | ocated about 0.9 inches fromthe center,

28 gas outlets in the third row | ocated about 1.4

inches 20 fromthe center, 38 gas outlets in the

fourth row | ocated about 1.8 inches fromthe
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center, 46 gas outlets in the fifth row | ocated about
2.3 inches fromthe center, 56 gas outlets in the
sixth row | ocated about 2.7 inches fromthe center, 66
gas outlets in the Page 26 seventh row | ocated about
3.2 inches fromthe center, 74 gas outlets in the
eighth row | ocated about 3.6 inches fromthe center,
84 gas outlets in the ninth row | ocated about 4.1
Weglahes fromthe center, 94 gas outlets in the tenth
row | ocated about 4.6 inches fromthe center, 104 gas

1.0ut | Rt howerhétRl all@vidkh f60Wsk OfAt£ hiadmeat regctiod NGa/ber, said
fromthe center 110 gas outlets in the twelfth row

h q% g ?(ﬁ 4y i.nches fromthe center and 120
s ﬁ& SRR %’FﬁPWngﬂgh row | ocat ed about 5.7 inches

fromthe center; and a tenperature sensor receiving
hol e mﬂttalhémmeandfaanennhmah@Werddefme\deb}emmrandtlcpvperdﬁces of
a tenperature sensor. 2. The showerhead el ectrode as

thelsebWerhead efdceriote lthefupbbhRice GRUMRIIAS b Pnal b@HrdteNixtentithg across
pin holes in the upper face, the alignnment p|n hol es

I gur [ W . annent n
th?%?%fr%#ggﬁ%ri%aﬁ%e %zral ee%hg&{tl mf‘l |0\g$ %u? ge ine agplanarlnner
receiving hole |ocated betmeen the tenth and eIeventh _
SUFigaR easvenaalg BRI ehs centralprrtion ANdrhsteared eutergwefags extending

claimed in claim1, further conprising a confined

acpsEsttRé pedphegalportibh, @hé sieppbd eutdr epgck iAtILEIhg U TdagCehe annular
adapted to cooperate with a 15 manoneter unit to

p|§£a9¥,kﬁ§c i ﬁgaerﬁﬁ df %c%gggﬂh?ﬁﬁggssofiaﬁe Eﬁb?qe‘%ﬂéﬁﬁcﬁéarode;

ower ectrode as ©
wherein the upper face of the showerhead el ectrode
i ncl aualayga Y] %ﬁﬂewafere%eé'é sPAcesharast spcketigid theerpss face in the
the ledge configured to support a guard ring such
pdripatraipoetidre ths yodkaeecaifigubeal guedcdived rgmi Bcks thekein Wdated to
the outer surface of the showerhead el ectrode. 20 5.

clamuﬂgpzé“ﬂ%{]&ﬁéa%e%cggﬂe&ggrb%kiﬁé Blapgd in claim1,

a plurality of gas outlets in the central portion of the showerhead electrode
through which process gas can be delivered to a gap between the showerhead
electrode and a lower electrode on which a wafer is supported, the gas outlets being
arranged in a pattern with one center gas outlet and 13 circumferentially extending
rows of gas outlets with 10 gas outlets in the first row located about 0.5 inch from the
center of the showerhead electrode, 18 gas outlets in the second row located about
0.9 inches from the center, 28 gas outlets in the third row located about 1.4 inches
from the center, 38 gas outlets in the fourth row located about 1.8 inches from the

center, 46 gas outlets in the fifth row located about 2.3 inches from the center, 56 gas

outlets in the sixth row located about 2.7 inches from the center, 66 gas outlets in the
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surface includes a single annular planar surface,

i nner and outer inclined surfaces, the inner inclined

surface extendi ng between the planar inner surface and

the single Page 27 annul ar planar surface, the outer

inclined surface extendi ng between the single annular

pl anar surface and an outer edge of the showerhead

el ectrode. 6. The showerhead el ectrode as clained in
seg¢nthmow loggited eboutt3hdinshesipend tbeitenter, Jdgbacetlétadr théexdghth row

i nner and outer annul ar planar surfaces, inner,

lotdtb@EBREI 8 McREFrOMItRE ceriet, BAlgb HBGH &Y ﬂ@eﬁmthtrbw IbEWREd about
inclined surface extending between the planar inner

urfac the r__ann :
+ PiPREafhin fhut? M-S 0nHeBan 30 ofifirg™ Beatag ahopg s inches
i nner annul ar surface and the outer annul ar surface,
fremdhe penteitlOf gas pwlldts bvthe igldvanth roxt lopatied gbbett W énchehitrom the
outer annul ar surface and an outer edge of the

cehtVNEINERGuBkeGhH tidEvelfth fow Ncatddeiouob . atikehes hOWefHeeRAter and

el ectrode across the planar 10 inner surface is Iess

n. t. I h | ect,rode acr
s IR P S TR B oot g
shower head el ectrode across the first annul ar surface
i s letampeiaire KENSoRiredeiMiigshele in Hee upradatreeanfigheast togg@eeive a
across the second annul ar surface. 7. An shower head

tigbfertehmieatassamgby conprising: 15 the shower head
electrode as claimed in claim1l; a backing plate

2. ' nClkﬂ} 'ﬁ%m@?ﬁé’ﬂaldléf &?gd%naq m?&rrfglal Ilgnj$91e 8MPf pﬁg alignment

omerhea deand- rad
ext endi ng bores communi cating with the axially
Pipkplesin HE traeeface, thealighmenicRindwies configiind txlalign witkalignment
radi ally extendi ng bores; 20 | ocking pins |ocated in
pihhexzodiogt Bitd nthé hﬂcﬁh@vrﬂxtbeadi eheecérnpetature heenk®C kdcB@ing hole

located between the tenth and eleventh rows of gas outlets.

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

4, The showerhead electrode as claimed in claim 1, wherein the upper face of the
showerhead electrode includes an annular ledge in an outer edge thereof, the ledge
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.

5. The showerhead electrode as claimed in claim 1, wherein the stepped outer .
surface includes a single annular planar surface, inner and outer inclined surfaces, the

inner inclined surface extending between the planar inner surface and the single
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pi ns including enlarged heads at free ends thereof,

the canshafts including cutouts Page 28 adapted to

engage and | ock the heads of the | ocking pins so as to
mechanically clanp the showerhead el ectrode to the
backi ng plate. 8. The showerhead el ectrode assenbly as
clainmed in claim7, further conprising a tenperature
sensor in direct contact with the tenperature sensor

annuteei planRy slofase) the paitersingfimesd soiface ektentimgshetweehethe single

el ectrode. 9. The showerhead el ectrode assenbly as

arblufdr BREat Surfdcalai én oWﬂ#reGE@ oP@eahoRbridan eldcBolbNg pi ns
are |l ocated in sockets e sockets including threads

6.oN ter surfac her eg aged th thr ads on
theaﬂ1 nséhrows?ﬁwagcqegtfo#eh%s g‘ '&e‘f% g W’sg’gﬁreet'% & stepped outer
i ncluding flanges which engage the upper face of the

susfaesinchidaginapeand exter anmdaraiardr syrfa@s droemifitergnesiate end outer
in the backing plate including wde portions and

inEleB ONIrRRES, | RSinnkhenclinkd Supratd RN dIRC Bbitded e E!anar inner
flanges and the narrOM/portlons rece|V|ng t he | ocki ng

suWace‘? angjtge Jﬁ‘éfr ﬂ@%\ﬂ%%@e Eefr% e .r?ég|n§g sgrfgce extending

clarme n claim erel n
novabl e axially and | aterall n the sockets to

bejwesmntbe dprerdpiTuarentrfage a’tdhé'}%ﬁPteéWHE‘irdﬂrféﬁe'tw the outer
backi ng plate and the showerhead el ectrode. 15 11. The

inshedsuieade et miing betevcan sRaTbliter asn laradupfade bid &h aLter 8dge of the
wherein the showerhead electrode is a plate of

shBWeyr?JaﬁséI@ét cgﬁe tl'?‘é t iGRss 8f ﬂ%l s% déa%l elgétL(J)oCeOQCross the planar

I'con car um num Anoad alunmn
tr|a coat ed alunlnun1and t he backlng plate |s a

'”B?raftqéfaé? isglegmihan the thickngse of Hisweomesleas) elegtresteeacross the inner

assenbly as clained in claim9, wherein the backing
ar2Qlap| airface;s afid ake ahickhessnal tioBheWwerhead | eddttrqd@ssagesthe first
and heating el enents. 13. The showerhead el ectrode

arﬁ’n%?a‘?rg?xlrf}éc@q’s Fels?itﬂﬁg tiinen tﬁikl@ie@g %f tif\é”sﬂ&ﬁérh(éQMQ;c%rioﬁg &ross the

second annular surface.
7. An showerhead electrode assembly comprising:

the showerhead electrode as claimed in claim 1;

a backing plate including axially extending bores aligned with the sockets in the
showerhead electrode and radially extending bores communicating with the axially
extending bores;

rotatable camshafts mounted in the radially extending bores;

locking pins located in the sockets in the showerhead electrode, the locking

pins including enlarged heads at free ends thereof, the camshafts including cutouts

Page 28



10

15

20

thermal control plate attached to the backing plate,

the thermal control plate having Page 29 annul ar

projections on a | ower surface thereof defining gas

pl enuns in conmunication wth the gas passages in the

backi ng plate and one or nore heating el enents

actively controlled by a controller which activates

the one or nore heating elenments to adjust the
adaptasetioangage and tdgk the berdsiidble ddckior rbtbesomrsdednenhadigally clamp

received fromthe 5 tenperature sensor. 14. The

the RRYREMRAE eRLB6HE RSB caERARbNMtas clained in claim7,
further conprising a gas seal between the backing

pl atg and t he sh rhead el ectrqgde. t.he ga eal being.
8P ocat el o oE reo gl ph B8R NPT, iffies i sing o
of annul ar gaskets inwardly of the gas seal. 10 15. A
tempenidrefenserdadirget @naniwiibribie teroperatise sengoe reagiving hole in the
pl asma chanber, said nmethod conprising the steps of:

uspep e tof Bige dHooyesledldcOddrteie0r substrate on a bottom
el ectrode in the chanber; supplying process gas to

t he ; r I .aG

o oe R TR LARIT ARG oAl 9 PRE R g o e
t he sem conductor substrate with the plasma;, wherein

loglirg Bine\RE Insakpddn seekededhe sagketsivsluding thrrsde oRaadouter surface

electrode as <clained in claim1l. 16. The nethod as

theleif @Rghged withatihiealds onwhe irtieR siirfatef alialsadekexk, thB&ockets including
shower head electrode is neasured by a tenperature

FREEUE SRSEEPOONE o L RIS ot e sy
el ements which heat a thermal control plate based on

exignding Beres iretherhasking iate debding wide rRastiarsyand nasrqw gpftigns, the
wi(:i(()en;:)torrt(i)tl)ns receiving the flanges and the narrow portions receiving the locking pins.
10. The showerhead electrode assembly as claimed in claim 9, wherein the locking
pins are movable axially and laterally in the sockets to accommodate differential
thermal expansion of the backing plate and the showerhead electrode.

11. The showerhead electrode assembly as claimed in claim 9, wherein the
showerhead electrode is a plate of polycrystalline silicon, single crystal silicon, silicon
carbide, aluminum, anodized aluminum or yttria coated aluminum and the backing
plate is a plate of aluminum.

12, The showerhead electrode assembly as claimed in claim 9, wherein the backing
plate is free of thermal control coolant passages and heating elements.

13. The showerhead electrode assembly as claimed in claim 8, further comprising a

thermal control plate attached to the backing plate, the thermal control plate having
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pl ate including annul ar projections formng pl enuns
between the thermal control Page 30 plate and the
backing plate, the plenuns in fluid communication with
gas passages in the backing plate aligned with the
gas outlets in the showerhead el ectrode, the backing
pl ate providing a thermal path between the shower head
el ectrode and the thermal control plate. 5 17. The
anmutan edojastians @nraddwiensurfage ithargof défieving gastphenums in communication
sem conductor substrate conprises a sem conductor
wHREIRS gANshstdp@s I BeSstekiRg phit€ Bn§ QAR Or $iste HeGtihd Blehldfits actively
sem conductor wafer with the plasma. 18. The nethod as
cl ai in _clajm 15 erein. the showerhead el ectrode
cPLRN By actef Bl YREN BONEL toF Q0 Ho et hegHEFEaent to adjust
during the processing step. 10 19. The nethod as
thel teimmedatiune ©f dhen shdwechaagdr tletingde daséch gnt tiaa steceiwed deain the
el ectrode and backing plate to an el evated tenperature
teMpetdtueademesr. di fferential thermal expansion of the
shower head el ectrode and the backing plate, and

| i f the.
14 ol TR AR SealydFeckiaRE BReenbip 80 ik o 2 ep safysrising »

el ectrode of the showerhead el ectrode 15 assenbly as
gasisapiredween theabasking daapnddhe ghowerbgad alpctrade, dhenghoeded being
to di sengage the camlocks fromthe |ocking pins,

lot 288 \Gubgardieofsthe ik aadhced 86d bafleralif) badHnutr|askdthithwardly of
pins of a new or refurbished showerhead el ectrode wth

thte%gs%ilal bores in the backing plate, and rotating
tie”Cam | ocks to engage the heads of the | ocking pins.

Page 31 _ _
15. A method of treating a semiconductor substrate in a plasma chamber, said

method comprising the steps of:
supporting the semiconductor substrate on a bottom electrode in the chamber;
supplying process gas to the chamber;
forming a plasma adjacent an exposed surface of a showerhead electrode; and
processing the semiconductor substrate with the plasma;
wherein the showerhead electrode comprises the showerhead electrode as
claimed in claim 1.
16. The method as claimed in claim 15, wherein temperature of the showerhead
electrode is measured by a temperature sensor in direct contact with the showerhead
electrode and controlied by one or more heating elements which heat a thermal
control plate based on data received from the temperature sensor, the thermal control

plate including annular projections forming plenums between the thermal control
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plate and the backing plate, the plenums in fluid communication with gas passages in
the backing plate aligned with the gas outlets in the showerhead electrode, the
backing plate providing a thermal path between the showerhead electrode and the
thermal control plate.

17. The method as claimed in claim 15, wherein the semiconductor substrate
comprises a semiconductor wafer and the processing step comprises etching the
semiconductor wafer with the plasma.

18. The method as claimed in claim 15, wherein the showerhead electrode is
grounded and the bottom electrode is powered during the processing step.

19. The method as claimed in claim 15, 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.

20. A method of replacing a showerhead electrqde of the showerhead electrode
assembly as claimed in claim 7, 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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