UPPER ELECTRODE BACKI NG MEMBER W TH PARTI CLE REDUCI NG FEATURES
RELATED APPLI CATI ONS 5[ 0001] This application clains priority under
35 U S.C. 119 to U S. Provisional Application No. 60/851, 745 entitled
UPPER ELECTRODE BACKI NG MEMBER W TH PARTI CLE REDUCI NG FEATURES and
filed on Cctober 16, 2006, the entire content of which is hereby

I ncorporated by reference. 10 BACKGROUND [ 0002] Pl asma processing
appar atuses are used to process substrates by techni ques including

et chi ng, physigap ﬁaﬂoéc?ﬂ res‘mg&%Vﬁkm @ﬂg{ﬁ'ﬂ PKW?L%?@%?Q?%@G

(CVD), ion inpla atlon rermva

processi ng appar at us used |n pl asma BEATERESg i ncl udes a reaction
chanber contai ni ng upper and bottom el ectrodes. An electric field is
establ i shed between the el ectrodes to excite a process gas into the

pl asma state to process substrqgg_squDtptpq:uemtmm chanmber. 20SUMVARY
[0003] A conponent for | asma processi ng apparatus for processing

sem condubt or[OQQJ'HstT@ﬁé?@D (éat@ﬂ&lﬂlﬂﬂéd)ﬂorlw @qﬁf@'ﬁéﬂﬁe(a b%@dﬂ{ﬁant t he
conmponent in he
first nerrberq:{rﬁgiglaagl '&g&%ft"’ﬂg@ |t3é/9}§fe’m‘??'rgse§nm rough opem ngs, g
pl asma- expo:sr;]Bi\(ZﬂmgﬁmBEWI'ﬁ-l PM%‘IEC::EGF:EhDU?m FEATUIREB=I ' ud
expansi on e secon er,_a o the fir i,ncl udes a
plurality of 3@93@?‘?@ 19pé&$§3§e EBteLNH; Oi&’hf[%' ?ﬁ@ rW¥eni ngs in
the first ne nber and having a second coefficient
TR&rporbh BERIENEE

of thermal expan5|on greater than the first coefficient of thermnal
expansi o) The first and second opeénings are

BACKGROUND

[0002] Plasma processing apparatuses are used to process substrates by

techniques including etching, physical vapor deposition (PVD), chemical

vapor deposition (CVD), ion implantation, and resist removal. One type of
15 plasma processing apparatus used in plasma processing includes a reaction

chamber containing upper and bottom electrodes. An electric field is

established between the electrodes to excite a process gas into the plasma

state to process substrates in the reaction chamber.

20 SUMMARY
[0003] A component for a plasma processing apparatus for processing
semiconductor substrates is provided. In a preferred embodiment, the
component includes a first member bonded to a second member. The first
member includes a plurality of first through openings, a plasma-exposed

25 surface and a first coefficient of thermal expansion. The second member
attached to the first member includes a plurality of second through openings
corresponding to the openings in the first member, the second member and
having a second coefficient of thermal expansion greater than the first
coefficient of thermal expansion. The first and second openings are

30 misaligned at ambient temperature and the openings in the first member and
the openings in the second member are substantially concentric when heated

to an elevated processing temperature.
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30 misaligned at anbient tenperature and the openings in the first
menber and the openings in the second nenber are substantially
concentric when heated to an el evated processing tenperature. [0004]
In a preferred enbodi nent, the conponent is a showerhead el ectrode
assenbly for a plasma processing apparatus. [0005] A preferred

enbodi mrent of the showerhead el ectrode assenbly for a plasna
processi ng apparatus includes a silicon inner electrode with a

plasma- 5 exheggs St g&?errg&‘smpbﬁﬁén?ﬂﬁe%mgaaqmﬁ%.e'ﬂ@ WdHedd axial

gas dlstrlbu t'ron “passage backin ed to the
el ectrode ancléadedssembpl for alpldsynaproaessing gppamditiss. r i but i | on passages

backi ng. merbdPbGhle. Raleieiey aiet s RaSybedy eufiiRagHzemby 672
el ectrode, t %Iéﬁﬁ’é‘ﬁﬁncﬁe@ﬁnﬁé%ﬁéﬁ% |ﬁE|u88§9r§ﬂ:cbﬂ |ﬁ?ﬂé1‘té1>éctltd@jeamm ap/Ema-

envi ronment. 'The passages in the el ectrode and passages I n the
backi ng mBrbexpases surfade gmeeleatrowlnﬂmg am@-lfﬁbtvﬁ axl§|9&lﬁj ishibufieRsages

in the electr

substant 1 ai | PoEsadian s MRS RARGR, rrios? 19 BE Ao TRE BEctBE8 ang
BRI | o v vt el setarrbag R bl
appar at us. APSgsRgasipdhe §Ie}§tr aded 1B PasAgesp gfeeb@ﬂﬁ?ﬂﬁg ré"?é@ﬂ!@“yon

chanber of a:apéﬁfm Rﬁggs%ag@% .@Wéné&tvéde%Pédzrc@%ﬁeaaﬁog@ebnhé&ﬂwed

into the reactifon c t he shower head el ectrode assenb
pl asma i $0gemeeraberdofa plasmaenpirotosat. gie passages incthetalestrasie

subst 1 at L“FSS%?%%%S@%}@% iR e %ﬁ%&gﬁg@%@?%@%@%
FI GURES Féséﬁb@s il thd éloctiodat &R thepsthges infthabaeking demainér ot a
shower head 25 el ectrode assenbly and a, subst te sug ort for a Iasna

processi ng agpbstarialy gancertricpytien heated fo 29 ¢ @Ee Prreasng @WW
circul ar bac utgﬂsrl”eﬂi*?@cher PRI EhodisRnt Ero%ﬂ:le%”d RIBRA oF ;ﬁB

FIG 2A, incl g gas passages at an anblent tenperature. 30 [ 010]
FIG 2C 1§ asemidcadyetdr sbbstrate éwa plasmagprogessing epparatiss. g%lgulp@twa@es

at an el evat e 2cB4 YRS gutg'ﬁrattee gygﬂo?‘f & reaction chamber of a plasma processing
apparatus. A process gas is introduced into the reaction chamber with the
showerhead electrode assembly. A plasma is generated from the process
gas in the reaction chamber between the showerhead electrode assembly
20 and the substrate. The substrate is processed with the plasma.

BRIEF DESCRIPTION OF THE FIGURES
[0007] FIG. 1 illustrates a portion of an embodiment of a showerhead
25 electrode assembly and a substrate support for a plasma processing
apparatus.
[0008] FIG. 2A illustrates a plan view of a circular backing member.
[0009] FIG. 2B is an enlarged plan view of FIG. 2A, including gas passages
at an ambient temperature.
30 [0010] FIG. 2C is an enlarged plan view of FIG. 2A, including gas passages

at an elevated processing temperature.



[0011] FIG 20 is an enlarged plan view of FIG 2A, including gas
passages at a maxi num processing tenperature. [0012] FIG 3 is an

enl arged plan view of FIG 2A, depicting a non-circular gas passage.
5 [0013] FIG 4 is a cross-sectional view of the backing nmenber
attached to upper electrode, including an el astoneric bondi ng

mat eri al and conducti ve nenber. [0014] FIG 5 is a cross-sectional
vi ew of the backing nenber attached to upper electrode, including a
rai sed perip e : 0.

bondi ng' mat o041 Tk oF &S i3S EFUEdadIG A IE1) 2 bRl G5 AuSRels
Cross-secti orala maﬁmmxﬁ ploreksing terapératurand upper el ect rode i ncl udi ng

[0016] Fi G 0T ERF A Boneriprana Aiyiaw & RSoabidehicthora o orcular

conpri sing 1%4I aasgg Ppieces formng a segmented concentric ring.
[0017] FIG il us rates a plan view of the backing nenber,
conpri si n§ miPe13l eFﬁﬁ dciea ¢f99$ sectinarhyewaf thebaeking Meoitr atiachedto

| | ustrat
e eLeS aBEP BB RRL A 5 Ao NRRK bR B e
DESCRI PTI ON [rﬁ)é]ﬁeﬂ;r Control of particulate contanination on the
f f ' t f d th t f t t d
cirou ts 15 SSCMicT I s adpey s cnel YiabICE HEbRULED BRNG CUPHIGAL
hi gh yield. 'ﬁrg éﬁél%bf?gd@%@%hgﬁerﬁked%éﬁ néal 84 f@fere‘lﬁ@é?rﬁeséf]ﬂ)sure of

appar at uses, be a source of particulate contam nation.
exanpl e, 10hetlﬁﬁ elastotwertsf bgnding mawabtoa hiasms enviroprfeate can I ocal |y

di srupt patt r u I C eps
ps a Tesart, DR G s PabiaBtRhRLYE NI RPN BN S hell
features, inelaotiods, ineludirgt arulastoaterici banengehaleridl ledviog alrmnhayferm or
nmetallic 30interconnect lines, resulting in the mal function or

failure of tHiCKNRSEgr at ed
[0016]) FIG. 7A illustrates a plan view of the backing member, comprising

15 multiple pieces forming a segmented concentric ring.
[0017] FIG. 7B illustrates a plan view of the backing member, comprising
multiple pieces having hexagonal-shapes.
[0018] FIG. 8illustrates a cross-sectional view of backing member,
including thicker segments connected by thinner flexure segments. -

20

DETAILED DESCRIPTION

[0019] Control of particulate contamination on the surfaces of
semiconductor wafers during the fabrication of integrated circuits is essential
in achieving reliable devices and obtaining a high yield. Processing

25 equipment, such as plasma processing apparatuses, can be a source of
particulate contamination. For example, the presence of particles on the
wafer surface can locally disrupt pattern transfer during photolithography and
etching steps. As a result, these particles can introduce defects into critical
features, including gate structures, intermetal dielectric layers or metallic

30 interconnect lines, resulting in the malfunction or failure of the integrated

circuit component.



circuit conponent. [0020] FIG 1 illustrates an enbodi ment of a
shower head el ectrode assenbly 10 for a plasma processing apparatus in
whi ch sem conductor substrates, e.g., silicon wafers, are processed.
The shower head el ectrode assenbly is al so described, for exanple, in
commonl y-owned U.S. Patent 5 Application Publication No.

2005/ 0133160, which is incorporated herein by reference inits
entirety. The showerhead el ectrode assenbly 10 conprises a shower head

el ectrode i nqQoD2ONIFR®. Hinskates antensiRirhént ¢f dsiiwarbeas aleelrodd
secured to a thermal control plate 16, A substrate support 18 %ﬁ(}nly a

portion of wAsSAMblY YAk PlAsTA@rocessing@PRAratEs i WHICN SRMiFcucke and
opti onal 109'33:‘5%&8@5% 1C AlcBRRAIGrsChRES 1{38 ehsgﬁ\%%ﬁdv%?ﬁg?d’%ﬁ%& the

upper electro I'n The“Vacuum rocé55| asna
processi ng apgsaeatblysis aﬁscsdémhbadi e‘oQ@xample laaiominomlyfnvamﬂJ,tﬁ abmdi ng,

I s mechani_ca or,.el ctro ed. on a er.s ort

surface 25 oraniguaEibleRos Nob aedio e SR tisieh & ekt hdiaust BFB e
12 can be el eéferréﬁ@l th¥its@HrBretge he @hoRbifRaRaldtRIdk a“s%ewm POVEInBHses a
preferably by a radio-frequency (RE) current source. In preferred

enbodi ment,  tshewepirad eleetiadedipeludingian wpnensiasrodad@. 9dw§kmatm@mbero‘r4
Tor e {1 eqUeNG a5 d 8o ARLIAE ddlibDBaRold OREhSELEBAbA 18FBRRA Sorton

plasma in thé™p Eoh processing c For exanp
el ectrode camfbm;dﬂsmown&nlﬁﬁ fyiacjueingiadsottaim ledtiodandd 2ptibhd by two

i ndepend d r.adi fre enc r sourges. Aft
Cberr o 850 il aeing lkptroae ds posti G Hesteat e urdsh eldcyBae s
been pl asma eh&gslum bl’tﬁ:e%!é:ﬁ@'cﬁaﬁfbe%%'é dl@srﬁé‘grchlfé%énﬂp]a@ gﬁétﬁé)dﬁ I's

shut off to term nate pl asm generatlon 25[ 00 he illustrated
enbodi nent , tSHBSfC@iﬁé'tO éU'él@@ﬁed @ pEsma pmﬁesssmmu%me@aan@a@cerr ode

i ncl ud
el udes A HosEhEEH AHRPEBHE, Giher20e R L2 Ml syt
cylindrical puppert(8.9., a plate corrposed of silicon). The inner

f!;;; od% WETB)&H]M Céle Bpge?rve?erﬁrod ea‘m3 can beS e eclrlcally Br%rﬂfndeg or al{ematlvely

can be powered, preferably by a radio-frequency (RF) current source. In a
preferred embodiment, the upper electrode 12 is grounded, and power at one
or more frequencies is applied to the bottom electrode to generate plasma in
the piasma processing chamber. For exampie, the bottom electrode can be

20 powered at frequencies of 2 MHz and 27 MHz by two independently
controlled radio frequency power sources. After a substrate 20 has been
processed (e.g., a semiconductor substrate has been plasma etched), the
supply of power to the bottom electrode is shut off to terminate plasma
generation.

25 [0022] In the illustrated embodiment, the upper electrode 12 of the
showerhead electrode includes an inner electrode member 24, and an
optional outer electrode member 26. The inner electrode member 24 is
preferably a cylindrical plate (e.g., a plate composed of silicon). The inner
electrode member 24 can have a diameter smaller than, equal to, or larger

30 than a wafer to be processed, e.g., a diameter up to 12 inches (300 mm) if the
plate is made of single crystal silicon. In a preferred embodiment, the
showerhead electrode assembly 10 is large enough for processing large
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30 than a wafer to be processed, e.g., a dianeter up to 12 inches
(300 mm if the plate is nade of single crystal silicon. In a
preferred enbodi nent, the showerhead el ectrode assenbly 10 is | arge
enough for processing |large substrates, such as sem conductor wafers
having a dianeter of 300 mmor |arger. For 300 mm wafers, the upper
electrode 12 is at |least 300 mmin dianeter. However, the showerhead
el ectrode assenbly 10 can be sized to process other wafer sizes or

substrates haybsgatdsneuithcad sathigbn@eilbr Waers having Bldiarhéer of BOG Hirabed
enbodi nent, the inner electrode nenber 24 is wider than the substrate

20. For procé%fﬁﬁthQWQﬂW@@»th?Wé‘P@U?'@Ptr@i%&gr‘so%ﬁée%%ir@é)rm%'"ls

xanpl o, abostie B T ke SRR R EAhANNIC Carl BOTizch S
menber 26 carmprbeess otknenwafeoslzesmn’smst(aﬁesghaviwg aowhicincalss cpofiguratidén.con
[ : 0

Seqnent s G r dpAETRTaIe eRpOchPgbrerEed ik e mher eh ot e irmie

conposed of %ubst@@te)zo | MorieestisiiRyaco @i WB%r@ﬂﬁ@buf&r%@dﬂQﬂé MdmbbiaLe
i nclude a multiple-segnent, outer eI ectrode menber 26, the segnent s

preferably hdyprovigigedo axpredt thadiameterafdhe bpwﬁ;rrelefarq&eol?etfemafw
under| yi ng b%g %‘Bbﬁ 14 cfwégfﬁ Stﬁ&%ﬁ%ﬁcl{e{& lﬁme"é)&é@l ectffe |
er

el ectrode ne 4 pre erably inc € gas passages
ext endi ng t hi26éugin Fna contirumusesgabeefecs:, ancbhtlnuduslnmyes@m pegsages 30

Space i n18. pREgRENEEETRR hanindlgd 2P rEA RSBt Rl dppeded n ring
el ectrode 12caﬁﬁbdrbﬁoﬁ%héﬁ@atrﬁuiﬁue@@gﬁneh% cARPERES slicbhgom i s a

preferred material for plasma exposed surfaces of the inner electrode
menber 24 an@mb@@hrnmtérof&eeumnaf@ewwﬂ that ingluga-apukitiple-segrgnteouter

crystal sili %%tﬁa&]jgln%rﬁﬁér 6, 'fﬁé?‘%g{]m%@brg’iferasqlgﬁéve% edeHl&goxP%r%@ery

processi ng, SO Wwears snoo cessi ng,
m ni m zi ng paath othes to pldtectramt wn@rlymgebcmlirfg mhmlabﬁmtm(posem tbor

AR e A BRI T

menber 14 i nﬁbé@tﬁﬁs@d@@;&gh&ﬁg m.ﬁt@n 8Ad Wdor@eémheﬂ@h wnn%@ﬁp@@b@ndl ng
around the periphery of backing plate 32. In'th nbodi ment

i nner el ect r aesagsstiy fopmed i thebacking pemier it foénJBQ’@’IQ h@%ﬁ%ﬂ@s mo
and the outep QLo 9de HRMRLI:SR ch8mBEF located between the upper electrode

12 and the substrate support 18.

20 [0023] Silicon is a preferred material for plasma exposed surfaces of the
inner electrode member 24 and the outer electrode member 26. High-purity,
single crystal silicon minimizes contamination of substrates during plasma
processing, and also wears smocthly during plasma processing, thereby
minimizing particles. Alternative materials that can be used for plasma-

25 exposed surfaces of the upper electrode 12 include SiC or AIN, for example.
[0024] In the illustrated embodiment, the backing member 14 includes a
backing plate 32 and a backing ring 34 extending around the periphery of
backing plate 32. In the embodiment, the inner electrode member 24 is co-
extensive with the backing plate 32, and the outer electrcde member 26 is co-

30 extensive with the surrounding backing ring 34. However, in another
embodiment, the backing plate 32 can extend beyond the inner electrode
member 24 such that a single backing plate ¢an be used to support the inner
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30 extensive with the surrounding backing ring 34. However, in

anot her enbodi nent, the backing plate 32 can extend beyond the inner
el ectrode nenber 24 such that a single backing plate can be used to

support the inner electrode nenber 24 and the segnmented outer

el ectrode nmenber 26. The inner electrode nenber 24 and the outer

el ectrode nenber 26 are preferably attached to the backi ng nenber 14
by a bonding material. [0025] The backing plate 32 and backing ring

34 are pref ergdddtibderfiemdbr 24 andwiesegihentbalouter elditivdeanémbers®athbl e
wi th process gases used for processing sem conductor substrates_in

the plasma pr'@l@ﬂ@Qi@d@HHﬁWBﬁ 24,apd tlge aytet electrade Weéfr‘ﬁﬁrt%e@rﬁd?rﬁfffab’y
conducti ve. ﬁgﬁé@&y h%ﬂdgcgﬁg%%bﬁf‘lfbﬁ]at%rdl sed to make t he

backi ng nmenber [ nc m num num a ys graphl te, and
SIC. 10 [002DP025]e ﬁp@baclemptat@aaamﬁ baalmngelngtammeﬁeoablhmawma‘img
plate 32 and the.opti bac W th a suitable

Prd e ect B cAnftgrianalR ShemRei EbuinelFe Viibrtath datas e e lotassite
accommodat es gehfitdiiuctirisabstestes aNthet fﬂé’érﬁé PrccelSiAh chaghber effd iscal
energy between the upper electrode 12 and the backing plate 32 and

backi ng ri ng eleriricaly anddhermally condugetiyiee fexemplany svilablg malgealsdhat can
surface f

cormont y- oundy BB pie A5 BAERGY thembiEEE Igfie AhicEHE B finyhfaloys,
by reference graphitesardSi€Cety. [0027] In one enbodi ment, backing

e e e G R P W e

upper el ectr gsleo ?onaTbscleﬁ@ﬂﬁggﬁ v@ﬂﬁ@?ﬂéblé Erferrl?léﬁ éﬁ@lel’é&fﬂ&ﬂly“ has a
coefficient of thermal expansion of 4. 6 ( * silicon has a

coef fici ent 6Pnd¥divamladpane bending ‘Tlatﬂ"'ad ﬂiﬂ‘ ?@CQITWIOda‘%S wer@gli t, the
bondi t t A h
bond ng B! ot btk Sl I SERRLIPlPHIRGHTADSfpde Lo e

resses r|ng
t hermal 25 ceiddmndedl addethaMehmgprateﬁﬂmmirbammg rqrgiﬁdal hheuseafi ons,

PG LA AN A M EE R I B
graphi te cangagefids i es@niple, ARESMMONA-6whed LEg] PAt Nene,070v877, Midhe
overal | yield of the manufacturing process.
incorporated herein by reference in its entirety.
[0027] In one embodiment, backing member 14 can be composed of
graphite, which has a slightly higher coefficient of thermal expansion to
20 silicon, a material for the upper electrode 12. The grade of graphite for
backing member 14 has a coefficient of thermal expansion of 4.5 x 106 (°F)™";
silicon has a coefficient of thermal expansion of 1.4 x 10° (°F)"'. As a result,
the bonding material used to attach the graphite backing member 14 to the
silicon upper electrode 12 is subjected to lower stresses during thermal
25 cycling of the assembly. However, for certain situations, a graphite backing
member 14 can be less than completely satisfactory in some embodiments of
the showerhead electrode assembly 10, because graphite can be an source
of particulate contamination, lowering the overall yield of the manufacturing
process.
30 [0028] One approach for minimizing the introduction of particulate matter is
to replace graphite with a metallic material (e.g., aluminum, stainless steel,

copper, molybdenum, or alloys thereof), which provide improved stability

-6-



30[ 0028] One approach for mnimzing the introduction of particulate
matter is to replace graphite with a netallic material (e.g.,

al um num stainless steel, copper, nolybdenum or alloys thereof),

whi ch provide inproved stability under extrene operating conditions
and generates fewer particles. Metallic conmponents are nore cost
effective and easier to nmachine, in conparison to their non-netallic
counterparts. However, in replacing a graphite backing nenber 14 with

al um num f0rurﬂéﬁ@)@ﬂr@ne@@dréthgrb@hdiﬂbﬁ@bﬁﬁ@eﬁ@ﬁﬂeéiévd@@ rtiR¥esy. ddaRilic
including: (i) conmpensating for the difference in coefficient of

t her mal exparf§MRPNERAts: 36 raPrgrostiperdivriand aasiande Machigd iNs¢aMpisoRdper
| ectrode 12 d
the. al um num"PbOgAetpELSIREERS FRtVerTn FOfieahg fgbREFpaaTS 2
pl asmas can beecmbed!4 wnli@:mrmsnm f.mcaxasq)le;tmimﬁ-nal problestheatto be
dielectri teri Th i d |
foni sed 1 PuodVREI IainGal FenesiatBe Rt Re BT e el ar
speci es, suchnh@dl adpaadion ndﬁé@%ﬁﬁmuﬁi BEBKTHG e RREP g4 aharsﬂmw »éhen
exposed to | ow pressure, high-power, fluorine-containing CE& asrra

can produce @'@Jt@ﬁﬁfﬂzcéﬁﬁ ('Qﬁ'ﬁiﬁfﬂCt'éﬂs belwRemGarfinBrocass 935@ an
15bypr oduct . % ﬁ.pss that mnimzes alum num fluoride particl es
fromthe cha ar dware woul d reduce the incidence of defects,
chamber proc¢8829]g Bluofine- camtd!mrrg tgﬂma(d@r CHoyDHF gpldsomas tambe mlgedmi

erber 405 g mrebbss HPahbos s g Bng HRRSBe keSSl e
radial ly rel Pldsva fsTorfideedld partdfly Az MuorinB YRt ineRdindibhs ®lectrons,

heating. For exanple, the radial nobvenent of gas passage 28 rel ative
to the centeﬁndwtmﬁ@&yffﬁbwweﬁnﬁb@i asradiealsq Howevay @lurainufmeghasnber

Gat passnge. JarfuAiEPRfigh Bad RGN I aG R, i HBRGE Rbqfe Bh I, Bhs
words, upon pesmaganfprodeeupsignifiedmicimaurd of 2lunsingadiupsdds dige, AlFQ)y t he
her of the u electrode 12 n rna

st anaotber bipGaled A hibtesRlE naniises SopuRE Mubnde Hatelesratn fhe oo

passage | ocabﬁalmﬁeaham%r@%wredhée tHSnkiaekedof tﬂ@&@t@rcﬁélnﬁé]d upper
el ectrode 12 are constructed of materials with simlar coefficients

of thernal eRpROESHIDE drid, gnd/oaciharaben davidiae (o glesdingeand mabiderrnre: o a
Conesor 2P ORIC 00t ollaans 806 b inaloohth shotoger
el evat ed proekstotentficgad passagkle 28\amd, 30vmere radially relative to each other
20  and shift positions during heating. For example, the radial movement of gas
passage 28 relative to the center of the circular upper electrode 12 due to
thermal expansion varies depending upon the radial distance of a particular
gas passage 28 from the center of the upper electrode 12. In other words,
upon heating of the upper electrode 12, a gas passage near the outer
25  periphery of the upper electrode 12 normally moves a greater distance
refative to the center of the upper electrode 12 than a gas passage located
near the center. If the backing member 14 and upper electrode 12 are
constructed of materials with similar coefficients of thermal expansion {e.g., a
graphite backing member 14 bonded to a silicon upper electrode 12), gas
30 passages 28 and 30, which are concentric at room temperature, remain
substantially concentric at an elevated process temperature. However, when

forming the backing member 14 and upper electrode 12 of materials with
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form ng the backing nenber 14 and upper electrode 12 of materials
with different coefficients of thermal expansion, additional

conpl exities occur. For exanple, alum num has a coefficient of

t hermal expansion of 14 x 10-6 (OF11; silicon has a nuch snaller
coefficient of thernmal expansion of 1.4 x 10-6 (F)-1. This |arge
difference in coefficient of thernmal expansion may pose additional 5
probl ens, including msalignnent of gas passages 28 and 30 and

accommodat i ngiiérent cedfficeme of thsdinapefpaarivey, atitdondl donepldamsiesccur. For
i nterface when the upper electrode 12 is heated to el evate

d
t enper at ur es.eXaopla,|alumununphas picosticientef theemalaxpapsivr@tilha HEnGE "

14, includi ng; . i é}%%i ' -6 fopy-1
mul tiple gas%gg'?éa%%?@geﬁgﬁgysl%%f?%%ticﬁgi?%:}a{nﬁggg‘?n ﬁébpyi%f%i Uf) )
are circul ar This bughdifierexedn caeffigiebt efthetraalpxpansior masopogenadditional
enbodi nent., the backing menmber .14 is al un num and r,~el ectrode 12
"< si11cof TeLBESnuh i RaargR ¢ oA RasSaE 2 AR B Boncent 1 ¢
circl es passigigomictiiRg sReacstiisees tHat $AS geRsrafarst th8 boRfed interface
respectively, indicating the radial position of each gas passage. In

thi s 15parti c¥hesythebpar aleatrode a2 ipbeaiad e elegateddemperati®sl i gned
i.e., th DA ' ,

hone concent r 100511 OFERABR Sk crbliBh BIoki) feffber 3, Iibiuding gas

backi ng menbeasidgesdD.aFIG.12Buiisamn enjarged eieve of mdiipl2gad passdggs @8 avid

m sal i gnggnt ji.ncreases i.n diial, directjon fromthe center of the
backi ng. MBnbeD 16 TfcRtel o E Al wrien. Sresieyler Rroheh holee 4 STt these
conponents. higwB¥Ritured For BAS SARBYINAEt, #18 RHcRINBAREbEN 4 is SluARtliRand
shaped, such that when the backing nenb 14 er electrode 12

d
are heated t GPRCEPEEieded2 i slearodTs dasbed arenBBRaseR in K6, 28 st
bout 80C . i
oentri o GoRbetttic 4O pabiifiy RESIGUNR diterth RLDALAGLM 1B Y.

t he dashed arespez8®lyABdidBtingthel rédial Bositgraoiteachdias passhgedilr this ent
amounts, ,such that th overlap, as seen in.FIG .2 I n.thi

eroodi et APHRGIR FBRITSEt B84 o85eruan 2oe40 2r Misdianpg ek T cetETaf
tenperature, ekbe P_dir;@mmmgwhorb%, BO®HEM-cHRttiidof Hffsel} stambighbacki ng
menber 14 is sufficiently large, such that gas passages 28 and 30

al ways over | mBeEiWen FanBickaular bagleramenbesrid and @ Fsquerero
tenperat ures g 205699, tHe dddree &f misalignment increases in the radiai direction from

the center of the backing member 14 and upper electrode 12 to the periphery

20 of these components. However, gas passages 28, 30 are positioned, sized or
shaped, such that when the backing member 14 and upper electrode 12 are
heated to a specified elevated process temperature (e.g., between about
80°C and about 160°C), gas passages 28, 30 are substantially concentric, as
illustrated in FIG. 2C. In other words, upon heating, the dashed arcs 28B,

25 30Bin FIG. 2B expand radially by different amounts, such that they overlap,
as seen in FIG. 2C. In this embodiment, although gas passages 28 and 30
are misaligned at ambient temperature, the diameter of the through hole in the
aluminum backing member 14 is sufficiently large, such that gas passages 28
and 30 always overlap between ambient temperature and at elevated

30 temperatures, as seen in FIG. 2.



[ 0032] Upon heating to a maxi num process tenperature, the gas
passages 28, 30 becone m saligned, as indicated by the radial
position of each gas passage as indicated by the dashed arcs 28D, 300
in FIG 2D [0033] In alternate enbodi nents, the through holes 28,
30 can be non-5circular or the like, such as a sem -elliptical or
radially elongated, as seen in FIG 3. [0034] As illustrated in FIGS.
28 and 2C, the gas passage 30 in the al um num backing nenber 14 is

| arger than t[besuaajmasls@egmg%aimamhemsbfdceeﬁt&mwattﬁéemérga@@akaagé%e
size of the g%s Bassaf(i)‘“a 30 iis effecgtjve t ?revent the 10 the
formation of misakongss ap Adicajed 8y theiadipd POsitivB P 2860 8aS ¢ he

exposure of apg %%gﬂgl&‘?éﬁ@&ﬂﬁdé%eg'é%gé be- SONiAE(t b gas Pl asma

can generate ‘un um nu uor | yproduct s

configurati on[&ﬂaﬁl adlwahemgm)embydmmmt&:éhe thecugdpbelas 8080 che belnom- num
backi ng nber to,.a uorine ians a radi.c | asma
rocessi g ATGHRT RERdie. Sermes » SRTeBMEEHL o RRdiph Sorahtbtins Sadtih
passages 28 g@.8eact with alum num Thus, a radially larger alum num
t hrough hol e configuration increases the d|ffu3|on | engt h of an ion

or radical, M8RRA ngs tivstrtednabi®r 9B andidts dages HQS%&er?»Q Rdh@| uni num
backi ng rrenb mitum é?iﬂbehenmef% iUt G tRan !he' Y ss%hlérﬁﬁrlHrfPlé anu@é’rgh
lh le ne o ca S

hol e reduces t sight Trom I ons or lasma t
an 20 exposedlpaeuelentnodgmifahe sizemfdhe gaepamayeﬁ(hiswﬁectm tchmreugmt the

hol h f
P uori do ar e osdBfiaRoha Bt WA s dhehade A AT beqBindy ol RE ™
preferr ed e”’@&dbé\:ﬁéfof@h dIHRAiNYBPES M BORSH: t& fhgorike- @mﬂauhﬁr@kgersgalaaﬁb%én 14,

these two conponents are attached with an elastoneric b
materi al 36 &&ngrateypyvanied alyminug fluoriderPypRedLCisYH bofs @Qﬁﬂgurﬁh@n BAtki ng

menber 14 an

attack of i neoLragbeliairdQce e eMEURED s At Rtk fRld e,

el ast OITEI‘I c Iadhntnng iovest @vd/ad ra@Ralss Rymplg @ldsina nr@ceesishtgeﬂhmﬁn&)ibnannul ar
t extend.intq the surface of 14 W|th

he et talfitalS DR Biarde niol G s ARSages 205 Shal R Awipuf. o
recesses 38 maMsherddisRtiegek @IM@UMRI@@UENI@I@ é&ﬁ@uiélronTh@reQEiéémfét

wal I's 40 of the recess 38 can protect the el astoneric bondi ng

mat eri al 36 fifgioatleaglh %ﬁntlmobr% redvsing Hieeprobahilityref lmea%qilag with

the aluminum backing member 14. In other words, a radially larger aluminum
through hole reduces the line of sight from ions or radicals in the plasma to an

20 exposed aluminum surface. Thus, the larger aluminum through holes can
reduce and preferably minimize the generation of aluminum fluoride particles
in the plasma processing chamber.
[0035] In a preferred embodiment of the upper electrode 12 and backing
member 14, these two components are attached with an elastomeric bonding

25 material 36 as illustrated in FIG. 4. In this embodiment, the backing member
14 and upper electrode 12 are configured to minimize plasma attack of the
elastomeric bonding material 36. As shown in FIG. 4, an elastomeric bonding
material 36 is applied in the interior of annular recesses 38 that extend into
the surface of backing member 14 with the depth of the recess defined by

30 walis 40. Alternatively, the recesses 38 may be located in the upper electrode
12. The outmost walls 40 of the recess 38 can protect the elastomeric

bonding material 36 from attack by the plasma environment in the plasma
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processing reactor. In the enbodinment illustrated in FIG 4, an

el ectrically conductive nmenber 42 is in direct contact with the
backi ng nmenber 14 and upper electrode 12. The conductive nenber 42 is
nount ed near the peripheral edge of the backing nenber 14 and upper

el ectrode 12 to inprove 5 RF conduction. Additionally, the conductive
menber 42 i nproves DC conduction between the backi ng nenber 14 and
upper el ectrode 12, preventing arcing between these two conponents.
Preferably, torecesstidiiekicier. Irethecsmbdiinent Ngstidtbe in BIG.hy, Hnasledttically
menber can accommodate the contracti on and eﬁﬁwn3|on due t th rm

cycling of tHONEHERMEBEADES S¢ ibindireshceriactanilihiedacking meakenil & and
conductive W@P%[)Fré%treggme TheOnbaLtVEEhain bP42§n’ﬁ%Pn{§% rib[ar e

gasket), pref of stainless steel or t 0036] In
anot her enbo¢mmphemmedgmefm@ﬂgmkwmenewbde142ndM0pbaekCMQdmﬁ2ﬁ@hnmnye
as illustgat in Fl 5., Lhe 14 co lses a

peri phor ab- artuPahouetiang Adkilondfi toe SotfiOre aisinfd SIS ses
15peri pher al caRButtdh BR&EES tKSbAER] Sehfiér 12 dimituppar blectidge ner i pher al
annul ar flange 44. This flange 44 reduces exposure of the elastomeric

bondi ng nat edr gvendingtagcing ;QBB&&@ bRse i\%ﬁ@ﬁpob@n@hf’éﬁéﬁﬁy tth% conductive
el astomeri c %&ﬂgg&mtf@xmé s%,%hftﬁ@%é Rt racrcem Kk t he

pl asma. Addition to I nCrease the anobunt of conta ar ea bet ween
t he bondi ng rmntractajn anttexpensheocduienty tR6rnnad rtyeiinglef theelammode assewblyode

12, bondi f . hened t t d

the el astlie % SRemalen deirubIpaongucvegnerberts fin B ainralBhalY unan
ﬁcormonent gaukét (8. tmﬁgbaﬁéta rweﬂé&ém@rnahé d@tdﬁﬂ@@és@bﬁéﬂh@diﬁeﬂ i's
eated to an el evat ed pr ocessi ﬁ ﬁtaoerature the outer portion

expands to al@Q3dt el aeiharem fdbaupRer cleplinde ba and backipg
conponent s Wrﬁéfpﬁér”hi als .m&%ﬁ%}%ogﬂqullgs 5°{hetdb%k{ﬁ§ m&hBaPTA QBF@@gr Oggded

(e.g., a graphite backin ahd "a si| Fcon upper e
12), upon heatripiggrat armlﬂareﬂangetMesaadaWUpw dlecttdde 2 esmnprisss @
bondi ng paterial is, li use. bot h, mat unde o a simlar
arount of ot hoPRerEk A Roerp AR PRTaLPed BB s PRI A e
di fferences ian 4& h%r@ﬂar@épﬁl@ugaes;@@édsuee ethe ezfésﬁorh@ﬂd@@nﬂme
al um num and si 3§)st upon heating, a non-uniformshear stress is
P

gener at ed | n”ﬁi@“%l ca@asr@atﬁmupwgeﬁbl@seﬁsmalmngdhe@é@st@meﬂ%eondmg
di ff t
T1eren ﬁgﬁé[ %q%rﬁ?fble %Q?EE%@E?I“ Cae%?ﬁ Agb[tloﬁallf'té rédse

al um num bac nenbe ¢i rcul ar
silicon uppetheeamonnmf&:ohmcttal'@ Isétwenslhe bsmdmt_m maieria lanstthebacking

bondi t I th b 4

ol 6ct 1 od€D 15 MRS WpPs: Pieicrl: B B Ee SOTARPT e BF 46 ihenen or
However, thetguirel pPif td stplgih?%é a@sﬁiméﬂdwﬁdn?gcﬂﬁlaw.ama‘oer 14

under goes a Ia:%er ampunt_ o her mal expansi on than the outer portion

of the silicHPAPpéhs epsibed@boye., when acpemnent fHehas e bagking
por  phor al - eTse e o (b BHCRIE X2 R e e e o ol ther e
the differ entmnperatdnerﬂmlou&rm@mmexpwdgrteatgeater degree than the central
25 portion. If two components with similar coefficients of thermal expansion are
bonded (e.g., a graphite backing member 14 and a silicon upper electrode
12}, upon heating, the shear stress applied to the elastomeric bonding
material is limited, because both materials undergo a similar amount of
thermal expansion. However, if two components with greater differences in
30 thermal expansion coefficients are bonded (i.e., aluminum and silicon), upon
heating, a non-uniform shear stress is generated in the elastomeric bonding
material 36, due to the different rates of thermal expansion. For example, if a
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10[0038] FIG 6 illustrates a cross-sectional view of a circular
backi ng nmenber 14 bonded to a circul ar upper electrode 12 with a

vari abl e el astoneric bonding material 36 thickness (gas passages 28,
30 are not shown). As shown, the thickness of the elastoneric bondi ng
material 36 is varied, such that the non-uniformthickness is
effective to accommodat e non-uni form shear 15 stresses generated by
thermal expansion. In the enbodi nent showmn in FIG 6, the elastoneric
bondi ng nat erdirgllad@lunsintini bevkizlg membet hé iceoricentrichlly bendextto angirewaber
14 and upper e|ectrode shear stress is mnimal due to

2, wWh th
ther mal exparSIcOR UPPRT EBAIPHBH2. PRGNEARSIEHHIR the BBRITY CRRANGI 36
s Uhi ckest. iaterbih Abiraho REFioP BPbAbKISSHbrilor 1ACAAUpBEr BB PDis

and upper electrode 12. [ | general , mponents W th smal | e
di mensi ons (imigimallates ajeNaiet pragedsing derapenatire e Howayentthe outdrgontian of

G oot er - Sxpan SR bR P g e B R e EhlanaFofBst B om
anbi ent to 2@xPansios itiariherouerysorticnolihensticon uppet Blestrédé n2h Adianet er
expands radially a rot i mately 0.0045 i nches when heat ed from anbi ent

to 200C. Thudesyt R &HO RARHAS AERIDRTHRS. By KB Sheanslfessroccurs
al unt num MetyeheldubPodiierbRRRINGE pELARS et orlibePbRYBEEDC

bondi ng material 36 nee to accommodate sf I cantly Tess shear
stress. |n omi@re fitg differancetine teroml expanision isigeeaipsler el ectrode 12 to

Surtace. 1Bne 1009, o QS Ch SERRNH S B By Bt oer
pi eces of al udbumtedito @.circae Dppevélsctredes12 fvith @ variadld elastohterie t he

surface area, of the el ectrode it i s bonded 10), which in which each
i ndi vi dual piPEBEINgHBRIEHBEC Widnaps @asaffﬁﬁéﬁge%éé)vt?r{b@f@dlo@bsa’ﬁl\i 88. As

a result, thenhghASiHRTRICkReORdhE 81a8 R iGbonding material 36 is varied, such

that the non-uniform thickness is effective to accommodate non-uniform shear

15  stresses generated by thermal expansion. In the embodiment shown in FIG.
6, the elastomeric bonding material 36 is thinnest near the center of the
backing member 14 and upper electrode 12, where the shear stress is
minimal due to thermal expansion. In contrast, the elastomeric bonding
material 36 is thickest near the outer peripheral edge of backing member 14

20  and upper electrode 12.
[0039] In general, components with smailer dimensions (i.e., less volume)
undergo a smaller amount of thermal expansion. For example, a circular
aluminum member with a 12 inch diameter expands radially approximately
0.027 inches when heated from ambient to 200°C; a circular aluminum

25 member with a 2 inch diameter expands radially approximately 0.0045 inches
when heated from ambient to 200°C. Thus, it has been determined that by
bonding a smaller aluminum member 14 to a silicon upper electrode 12, the
elastomeric bonding material 36 needs to accommodate significantly less
shear stress. In other words, instead of bonding the upper electrode 12 to a

30 larger, single aluminum backing member 14 having a continuous surface, the
upper electrode 12 can be bonded to multiple smaller pieces of aluminum
(i.e., each having a surface area less than the surface area of the electrode it
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36 is subjected to a snmaller degree of shear stress with respect to
each individual piece during thermal expansion. 5 [0040] FIGS. 7A and
7B i | | ust r ¥022088f38@dbodi nents of the backi ng nenber 14 BERWGS2067/024082 h
conprises of multiple pieces (gas passages not shown). For exanpl e,

t he backing menber 14 is conprised of a circular plate 47 with

mul ti ple concentric annular rings, inner ring 48, mddle ring 50, and
outer ring 52. as shown in FIG 7A Each concentric ring 48, 50, 52

can either bds bBngehtd) wiigh il whichsdzewindividusignecausdsrgges atsaler anged
in aring configuration. |n the enbodi mrent shown in FIG 7B, the

backi ng menb@Mauntiof thesmst expansion. g arpsult, eelgsirmerisiapdingynatesial 54
W th outer pigg | ' j on of
backi ng marrbe%q%%ﬁu E%Soﬁli %ﬁ%k&%éﬁﬁ%ﬁ&%r g%%%ﬁn%ﬁ@éﬁ F'ﬂés%hlat ed
in FIG 8, thedivido&ipigea Suingoibermal éxpaasisnngl e piece with a

backi no. nemdPo 4 GRS A RN bR P b Bt A Shacids il
shown) . Sim lHaredop dffwhicedrgtigeart deﬁulYl'ﬁlbfpiéﬁdst(FQb papéRRe0t Ghewn).
t hi cker segments 56 with the sane thickness, orf reduced dinmensions

are subj ect ed o §x8Mpifathe:packing Bemier (Ifds RAMPERGELAL? Biculamplalg 47 wih
enbodi ment,  thatibie !c%hééntﬁ@%ﬁﬁlﬁlbﬁrinr’d;}, U rﬁ"ﬁa 48, Er\i&&iﬁ!ri%ﬁ 59, ?fnﬁ o ring
t'ed toget Her by thi nfer

outer annul ar sections are connec exure
segnent s 58, S2uat shewnlin RIG.6A.i Each eoncentrouning4i8,s)y) 58 rdes, eithier b ar e

fi t d th I ansi on,, thus reduci hg the shear
SoTee Lo | SaR ARG, Sl B R oyt e 4TS Py ¢ he el
expansi on. | goafQirassn. eMaAE ieftdimantshdwrSREIE 7B) thed Backing AR 14 18

or helical grooves can formed in backing nmenber 14 to provide areas
t o accomodaCemprgedaf Melipimbexagonehehaned piecasoirbyitireyies pirges 54

perforned to Sﬂgé(lga TH HinbiBe tﬁfefcﬁﬁ%la%oﬁ@é%ﬁ%gg@gt}ﬁm%?@gr 14

material on pariicle generation during processi ng
i n an EXELAN[IEXTNhdinshitecnative qrhlbadimeat, dlustateidemFIGadutracbacking by

,I[‘ Zgnt SR?S,? ﬁéc h m%onrltggrr‘ﬁf iis%nSinglllg%?etc%dwiEhna E]%%%Dnri]ftofm %ltzll.(r];e%rs;naic%ss':i?s.r wfd}t]'le,sig
impart flexibility to the backing member 14 during thermal cycling (gas
passages 28, 30 are not shown). Similar to the configuration with multiple
pieces, the thicker segments 56 with the same thickness, of reduced
dimensions are subjected to a smaller degree of thermal expansion. In this

20 embodiment, the thicker segments 56 such as a circular plate and outer
annular sections are connected together by thinner flexure segments 58, such
as thin rectilinier or curved segments, which are configured to accommodate
thermal expansion, thus reducing the shear stress applied to the elastomeric
bonding material 36 during thermal expansion. In another embodiment, not

25 shownin FIG. 8, concentric or helical grooves can formed in backing member

14 to provide areas to accommodate thermal expansion.

EXAMPLE 1

[0042] Tests were performed to determine the effect of the backing member
30 14 material on particle generation during semiconductor wafer processing in

an EXELAN ® FLEX™ dielectric plasma etch system, manufactured by Lam

Research Corporation, located in Fremont, California. For these tests, the
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generation of particles over 0.09 pmfor an al um num backi ng nenber
was conpared with that froma graphite backing nenber for nmultiple
silicon wafers. The tests were performed by placing a 300 mmsilicon
wafer in a plasnma processing system simlar to the configuration in
FIG 1 and plasnma 5 processing the wafer with a process recipe
simlar to a sem conductor etching process. For nmultiple tests, the
silicon wafer surface was then analyzed with a | aser scanni ng device
f or the nunbeenefatiparafipariicied avay€x03 pewfoOan alumnum keekiignmembenwaber

of particle adders t. i fference hetween the nu articles on
the wafer befGMPAH Bﬁé@#&r%}&%@@h %]laa flgefﬂ‘emf?gngq @E{P'%@ 08 ess) .
As seen in Tapfersl THEWRsE wekiepafoPmet Iy DI AN & 3006hRT sl VisMen a
particle adders than the graphite backing nenber. TABLE 1 Backing

Menber Mat er iPA@Sma pracesainggysles, sipilagdo H?@ cqnfiguration iGFni ead plasma
Alum num 8 oeocessing the wafer with a process recipe similar to a semiconductor etching

process. For multiple tests, the silicon wafer surface was then analyzed with
a laser scanning device for the number of particles larger than 0.09 uym to
obtain the number of particle adders (the difference between the number of
particles on the wafer before the plasma process and after the plasma
10  process). As seen in Table 1, the aluminum backing member generated
fewer particle adders than the graphite backing member.
TABLE 1

Backing Member | Particle Adders
Material (>0.09 pm) (median)
Graphite 25

Aluminum 9

[0043] While the invention has been described in detail with reference to

15  specific embodiments thereof, it will be apparent to those skilled in the art that
various changes and modifications can be made, and equivalents employed,
without departing from the scope of the appended claims.
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What Is claimed is:

1. A component for a plasma processing apparatus for
processing semiconductor subsirates, the component corn-
prising:

a first member having a plurality of first throngh openings,
the first member having a plasma-exposed surface and a
first coefTicient of thermal expansior;

a second member boaded to the first member and having a
plurality of second throngh openings corresponding to
the openings in the fisst member, the second member
having a second coefficient of thermal expansion greater
than the frst coefficient of thermal expansion;

wherein the centers of the first and second openings are
miszligned along an outer periphery at ambient tempera-
ture and {he centers of the apenings in the first member
and the openings in the second member are closer
together when the first and second members are heated
to an elevzied processing femperature;

wherein the second member comprises multiple pieces,
each piece bonded to the first member.

2. The component of claim 1, wherein: () the muliiple
pleces are hexagoual shaped or (b) the mulliple pieces com-
prise a circelar plate with concentric annular ngs, each rng
atteched to the first member.

3, The component of ciaim 2, wherein at ieasi coe of the
rings is sepmented.

4. A compasent for a plasma processing apparatus for
processing semiconductor substrates, the component com-
prising:

a first member having a plurality of first throuph openings,
the first member having a plasma-exposed surface and a
first coefficient of thermal expansion;

a second member bonded to the first member and having a
pluzality of second through openings correspanding to
the opepings in the first member, the second meriber
having a second coefficient of thermal expansion greater
than the first copfficient of thermal expansion;

wherein the ceaters of the first and second apenings are
misaligned along an outerperiphery at ambient terpera-
wmre and the centers of the openings in tha first member
and the openings in the second member are closer
togather when the first and second members are heatad
10 an ¢levated processing temperature;

wherein the second member has a non-uniform thickness
across its width, adapted to impart flexibility to the sec-
ond member doring thermal cycling znd the second
member comprises a plurality of concentric or helical
grooves.
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5. The compozent of claim 4, wherein the second member
further comprises a plurality of segments of uniform thick-
ness conascted by thinner segmernts,

6. A showerhead electrode assembly for ¢ plasma process-
ing apparstus, comprising:

a silicon inner electrode with & plasma-exposed surface,
ibe electrode having a plurality of axially extending gas
distibution passages;

a metallic backing member bonded to the electrode and
baving a plurality of axially extending gas disiribution
passages in fluid communication with the passages in
the elecirode, wherein the passages in the backing mem-
ber are wider than the passages in the elestrade, to
reduee exposwre of the second member 10 a plasma
environmetit;

wherein the centers of passages in the electrode and the
passages in the backing member are migaligned at ambi-
ent teraperature and the centers of the passages io the
clectrode and the centers of the passages in the backing

member are closer together when the electrode and
backing member are heated 10 an elevated processiag
temperatare,

7. A method of processing a semiconduciar substrate in a
plasme processing apparafus, the method of comprising:

placing a substrate on a substrate support in a reaction

chamber of a plasma processing apparatus;
mmtroducing & process gss inlo the reaction chamber with
the showerhead electrode assembly of ¢laim 6, the show-
erhead electrode assembly configured such that the cen-
ters of passages in the electrode and the passages in the
backing member are misaligned af ambient temperature
and the centers of the passages in 1be electrode and the
centers of (he passages inthe backieg member ara closer
together when the elechiode and backing member are
heated to an elevated processing temperature,
generating a plasma from the process gas in. the reaction
chamber between the showerhead electrode assembly
and the subsirate while hesting the electrode and back-
ing member to the elevated processing temperature;
processing the substrate with the plasma,

8. The metkod of claim 7, wherein the process gas is a
fluprine~-containing gas.

9. The method of claim 7, wherein the backing member is
composed of aluminurm or snaluminum alloy and the radially
larger passages in the backing member are adapied to reduce
elominum fuaride formation.

10. The method of claim 7, wherein the gas distribution
passages in the backing member and the distribution passages
in the electrode are substontially copceptric at the elevated
precessing temperatuze.

11. The method of claim 7, wherein the elevated processing
ternperature is abour 80° C. to showt 1607 C,

-15 -


IP-TEMP
Rectangle




