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Provi sional 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 incorporated by reference.
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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
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
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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to an el evated processing tenperature.[0004] In a
preferred enbodi nent, the conponent is a showerhead
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[ 0005] A preferred enbodi nent of the showerhead

el ectrode assenbly for a plasma processi ng apparatus
includes a silicon inner electrode with a

pl asmaexposed surface, the el ectrode having a
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BRIEF DESCRIPTION OF THE FIGURES
[0007] FIG. 1 illustrates a portion of an embodiment of a showerhead
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.
[0010] FIG. 2C is an enlarged plan view of FIG. 2A, including gas passages
at an elevated processing temperature.



at an el evated processing tenperature.[001 1] FIG 2D
is an enlarged plan view of FIG 2A, including gas
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FIG 3 is an enlarged plan view of FIG 2A, depicting
a non-circul ar gas passage. [0013] FIG 4 is a
cross-sectional view of the backing nenber attached to
upper el ectrode, including an el astoneric bonding
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e t, such as plasnma processi ng apparatuses, can
be a soufce of particulate contam nation. For exanpl e,
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[0018] FIG. 8 illustrates a cross-sectional view of backing member,

including thicker segments connected by thinner flexure segments. -

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

circuit component.



i nterconnect lines, resulting in the mal function or
failure of the integrated circuit conponent.[0020]
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el ectrode assenbly 10 for a plasma processing
apparatus in which sem conductor substrates, e.g.,
silicon wafers, are processed. The shower head

el ectrode assenbly is al so described, for exanple, in
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source. I'n a preferred e I nent, the upper electrode
1216' BaaUuDNl st s sangocEmeer dttherpdasmna porceskingrapparaks. A
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Y SR DltaBbl g SEELORIGR ARF cORRR 8. n
epexferredenitidifent) ¢he lupper bleattode d2tis gdeunded, adespawer at one
PEE B dEHERDER 2aPPIRAELT bt SE-ydBe R bR ata Rlasma in
the plasma processing chamber. For example, the bottom electrode can be
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.
[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
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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preferably a cylindrical plate (e.g., a plate conposed
of silicon). The inner electrode nenber 24 can have a
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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 enbodi nent, the showerhead

el ectrode assenbly 10 is | arge enough for processing
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the outer electrode menmher 26. H gh-puyrity,. single
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dybipg tHF%%’é@trEf ifgg and al so wears snoot hly

during plasnma processing, thereby m ninm zing

pE0G23]! eSilicah isca patfewred materiabios pldsma eaposad swdacesoof the

pl asma xd;gosed . .
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 smoothly during plasma processing, thereby
minimizing particles. Alternative materials that can be used for plasma-
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 electrode member 26 is co-
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 can be used to support the inner
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surfaces of the upper electrode 12 include SiC or AIN,
for exanple. [0024] In the illustrated enbodi nent, the
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backi ng ring 34 extendi ng around the periphery of
backing plate 32. In the enbodi nent, the inner

el ectrode nenber 24 is co extensive with the backing
plate 32, and the outer electrode nmenber 26 is
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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 10 (°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
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.
[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
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silicon has a coefficient of thermal expansion of 1.4
x 10 6 (OF) 1 . As a result, the bonding nmaterial used
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silicon upper electrode 12 is subjected to | ower
stresses during thermal cycling of the assenbly.
However, for certain situations, a graphite backing
menber 14 can be | ess than conpletely satisfactory in
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aadd spifepositions 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
periphery of the upper electrode 12 normally moves a greater distance
relative 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
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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el ectrode 12, gas passages 28 and 30 nove radially
relative to each other and shift positions during
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passage 28 relative to the center of the circul ar
upper el ectrode 12 due to thermal expansion varies
dependi ng upon the radi al distance of a particular gas
passage 28 fromthe center of the upper el ectrode 12.
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1Rarticylar GINbRAIBLE (IASRARSASH 2 8F§éar9@lﬁ@“%de&tﬁarta%&enter of

VbSé‘\ gBlrEBi'tt‘ir‘onﬁ HOfS 2823¢ #9on E@ éé}ﬂnﬁgﬁgffgeﬂ ) Bl 'aFeru

ch are circul ar rou
atdmpeﬂatmrenpﬁma circularfackirty memﬂmdllmmrl a dlmeldnamlpeng
14 and upper el ectrode 12

CElechaHe tenindidenes GhrasasgBneRRCIEASERd thibradiadisston from

CRECONE G kT PRENIDS ISRV il B84 1206 e perphery

pofstrtelserconﬁpcnfmri'hs gHeweass a@s. pdssagbs 28padtare @bamoned sized or

? EES o hdgat whén %r?egggclgﬁg m3emgére1 Y asalup%er 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,
30B in 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

temperatures, as seen in FIG. 2.



each pair of through hole 28, 30 is non-concentric or
of fset) at anbient tenperature. For a circul ar backing

woreoou8s13l and a circul ar upper el ectrode 12, P¢EUS2007/021989
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degree of msalignnment increases in the radia
direction fromthe center of the backing nenber 14 and
upper electrode 12 to the periphery of these
conponents. However, gas passages 28, 30 are

PRsd 421010 i r t
LS5 A e ARG 800 gl 16 g prsaces
a28 pét becemeahisaligret, msandn;atetdehpﬁremtadiai positipn, of each gas

S R e S AREH of S o PIETEET,
YOS, 1 B ST O ok S o0

anmmasor thediket bath abaysamieelliptical as rabally elongatéd, 2€.seen in

nggh' s enbodi nent, although gas passages 28 and 30
a sal i gned at anbi ent tenperature, the dianeter of

t ro i

LRI, NS flRfafed R FIGS. B S 20, BRELLS BatRiRed0 Hiyles
abluayinuovisadkiny benitsan Aisbarger thamiher gasipassage 28 in the silicon
el evated te atur es seen in FIG 0032, on
LEPSTECEtoE 2 The size DL LECoT AsagR AC S clfretygdd Brevent the

PEPETRIEDcrApAFRITM S5k b 00, RELEBRL YA e
t bepakasbed aaralsmisbn cem;r)anent:t(ﬁlucﬂme ¢ataring gas plasma can
al ternat e enbodj nent. s, ethrou hol es, 28, 30 b
ngRGeTALE BaWagied AR SR terer s, Thie cqngu iRt can
r

Bl bie Sl S BNl e nur 88hgtagnogs 14t
t bdluarinaiionsrahd/ok rargcaismﬁhmngéplasmaa}rgeessm;arfluohleegalss or

e gay sl raut GPs PRasAgsRIS andrgadiaiity UG,
f‘i’ﬁ{@t%éﬁ(}ji& I%rééraﬂﬂﬁlﬁﬂrﬁ ﬂhr@u@ﬁ?oﬁ@éé rdflon Mtreases the

descr’l ove e exposure~of an al num conponent
t diffulsioor lengthcafraraioni argadial, pediseing theen prpdoadildy ef interacting with

Bt Ay inndipcEing matie dge dUGE abiee Stndioli yger luminum

T

i 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
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
walls 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

-9-



radicals may mgrate through gas passages 28 and react
with alum num Thus, a radially larger alum num

wao boosloges4hol e configuration increases the diffPR&ST/082007/021989
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l ength of an ion or radical, reducing the probability
of interacting with the al um num backi ng nenber 14. In
other words, a radially larger alum numthrough hole
reduces the line of sight fromions or radicals in the

T t
| gﬁﬁé@shp r‘éﬂcf&%p@rﬁr Oughﬁﬁgm{éﬂﬁw&%@é‘d inTBIES. 4 difelectrically

rger afum num t S can reduce and
pcefduciveymembieni#2és trhdirem wentedt mthdhea\jaa:Mngumember 14 and

[ b SIRaPate 12 The.thridhcul RRTogT 44 Remapfisd el the
Eéﬁbﬁé}‘éﬁe&% 8hth 55 erg@nfé‘?ﬁm@rer#%ds Pgﬁeﬁelb\ﬁﬁodemto improve

nponent s e att wth an e ric bondin
rrRFemoruiucﬂﬁnasAddﬁtlamily aheconduétivé mémber 4hingproves DC

i nent, the bac msrrbe 14 an er el ectr
0B CTOBHayEPRATE BORRAG HOBDR 14 200 HHRRERIGA OGS,

h?e?fe‘ﬁﬂﬁ 'a‘FmH PEnDGe B! o gﬁn% rﬁE.O‘P’? f dﬁyﬁh{aﬁcé)nductive

el ast rrerl bondi ng mat eri S app ie
I mesnber4dis fmrme,asuohetthastrmsmamttdna:eneadcenund)dmte thae

© ConESCior anilaxey e AU ko theaal CeIne,Sipe HekirodE assembly.
EB?@?&% @tﬁ@fl?QSlf'oWﬁvé Pnérﬁ@e Eén 8kers |P§|%é |I|c

& Sutmbst wa e recess can pr ot ect
ebasheirterg. cREgasket), prefenabb madefafetalraiBSsastedd)prtheallke

R dianalien snaodimetd o7 (% Roeer Gocinag 2and barg
bg{ggﬁéﬂ V& JERIRSFatdd in Fuds.ns,cth%rckmg%embewmwnhﬁlses a

upper el ectrode 12 he
cpedphﬁraimnmmdabﬁangléﬁ%,samﬂnthﬁ mper@ecttddse ]bélcommlsas a

¢ Bninral 8RB RRTas LOGTPTALCR oA 1t P PetBal Appular
2
gﬁ@% 44: ?h@flﬁ%i?@%%ﬁ&éﬂ&ﬁf@@f N@eélaétﬁﬁé?%rﬁﬁn

14 ‘and up 12, preventing arcing
batatexda ammmasma:emmmmmm byPshi¢ldingpthe, elastomeric bondmg

C ARGl GHoR Boio RoReteal oSl BRp A yetogroase
8 e gt gt o i
smemﬂ)enfeQ ahd |uppg|aeleetrode 1, bomﬂingamkfa@s cpndfectoaighgned or
nﬁax?ured psnto?ltg la%%lsyl t?\e elgstomencI bondlng material 36.
[0037] As described above, when a component, such as the backing
member 14 or upper electrode 12, is heated to an elevated processing
temperature, the outer portion expands to a greater degree than the central
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
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

-10-



[0036] In another enbodi ment of the upper el ectrode 12
and backing nenber 14, as illustrated in FIG 5, the

whaokiomsg4drenber 14 conprises a peripheral annuP@r/us2007/021989
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flange 44, and the upper electrode 12 conprises a
peri pheral annular recess 46 configured to mate wth
the peripheral annular flange 44. This flange 44
reduces exposure of the elastomeric bonding naterial

3§|rétﬂaﬁalﬁhﬁﬁ t?dﬁkiﬂgoﬁ@ﬁmerblﬂ l§@0ﬂbéht‘f‘|@aHWBonded to a circular

el astoneri c bonding material 36 fromthe 71 ons or
r aﬂiconahppenelehtroﬂe d2nthe ghikbirtstresalin ;he elastmmeraabendmg

el 5 Ran 100 el or DackiRg TnpEer S cend yhBerglettrode 12 s
bﬁﬁﬁh@ a%h@é‘@a?e& Podsl h?dé?gttﬁé i—@ﬂé’lfe?dtherdtﬁér bétion of

applying the el astoneric bonding materi al
Aﬂwaﬂalsumlmlhrecbaﬁkmgememtm 14 wulergoesa largec lanmrurltloéthermal

backi 14 I de 12 h d
- E%sp ol Bt fhcaiedf poBE e SlibEY Tohét glebupSBuRs Afa
?Pﬁ%‘i‘f‘tdthﬁ tAe B8 FhSteridRUr_SHInRA, fH@n@ﬁﬁﬁ&rﬂ'sh‘%‘éP %tr@ﬁs occurs

two conmponents with sinilar coefficients of thermnal
eipthesiuler perpherabedpd ef the, backingapiember e upparsieeirode 12,

14 d Jed 1 . I de .12 h ,
{ WoRER U, Sltelrte RRFImA SahRgRf Bleatl T ban o
Npidg) 2l FIG 6 ilibtrSEds PEe3ssectoid) vigd ef a@.r%uw%@blmganember

simlar amount of thermal expansion. However, if
c ddbondaddo wi citculgraipper ethatiogdectitbwith |arwarlaéxlewalastomerlc

BB dRayhaERE S0 B iess a8 dasamvas et 1l ML il A
98REWAL @ thitkhBSs 8f fhel QEBohferRBUHANY ARtEr4I1H6 I:|§Eiﬁari@kales.uch

to the different rates of thermal expansion.
efhaiphe nonfumformdhickneﬁ israffective & kcegmmadade noa-uniform shear

CPUESIS aSieratad sy femal efp i i e anBSfigtiaRRhown in FiG.
benﬁwer@a%h%rlc%or?o@n@ﬁ%rteﬁéleset.gnhmheee‘ némher&nr@rrmhe

and upper electrode 12 1s mninmal at an el evated
pbacleeg |nmejnben‘ﬂ>é eatwpper etsotode, 12, hevathe sbealt $togssos

t I nb 14 d .

- et R R uba sk aREBE, 17 Galifan: HE5 Biabtaribdt Banging

t Ffatsiidli 3608 tHIRRESt ridRdhé otter beripheral edgeWitbackifgmeRter 14
two materials are bonded, the maxi num shear stress

ogodppenetegtrodatie: peri pher al edge of the backing

nfdm 1IAr'\ goéne%’lp%m%loﬁgn{ “?h srrfaller 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
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
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

-11-



where the difference in thermal expansion is greatest.
[0038] FIG 6 illustrates a cross-sectional view of a

wa@2e0s04ss3 backi ng nmenber 14 bonded to a circul BET/URPET/021989
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el ectrode 12 with a variable elastoneric bondi ng
materi al 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

DY LA 7 S5 o L BRIOLA A ATERER et
eapaunt ofithermal bxpandionli msra r&shuvmtnel maﬁbaeriﬁ: bdrding material

el astoneri ¢ bondi n rra eri 36 is thi nnest near the
céﬁt‘%?u*élﬁciel‘#etok?aéfl’ﬁ‘ EPffﬁeﬁhﬂtr%sp\élli &BRaGt degach
1: ni mal due to thernal
e%&z‘a\)rq@i?%ﬁ)léﬁ Qﬁ@ghaezfrfa‘?é Igfgtomerl c bondi ng

nfa0st0] al FISS.i A ahd (7IBessItustralaar twmenﬂmdafnemterofnhe babkleggaember
of back| er 14 and u r el ectrode 12. 003

ChAGREN of b RemPESas BAMLITS pleces iaas PaREaGES GOl Anown).

! Péﬁeyé}hﬁlée@é‘ BYExid n?erﬁH@tl 1 £is @@Hﬁed’&f 4 I&%U%JE) glate 47 with

expansi o or exanple, a circu um num e
vv'rrtdhtlple J:Bncem:thc@naumremgexmaedeng 48| alidgleamy 9, arad eliter ring

5188 SOy HanT hoiaeh GSPERNGICANGeh, 4. aHoed) ether be
AT s oL APEY ST R e oo 2

desomfiguratioh.t rathebgmbodicheng showneh IRRG 7ZB,uhe tackimgrnember 14 is
14 to a silicon upper el ectrode 12 t he el astoneric

bewa'pﬁge%zt Bultiple Dexageral-shapse withi yier piesss Pd
t Eﬁépéd”ﬁ?éorﬁéfe?é&cfeé i ér}}?dnf FdRon 6@&@ r?ﬁfen%?dl'@g

e upper ctro toa arger sing um num
bia0d1)g Imearbeiterhdtiveembgpdament)iliustrated isFiGade, therbsaackmg

| ectrod 2 b bonde
e i 4 sinGlEPIERS aih @ BB UNoIRONSkaBIS 45058, Sauidth, to
f t
bﬁ‘?@%héﬂft"ﬂﬁm}q e @!’:%‘R Vr\%r @%nﬁéﬁ;eéﬁnle‘dlgh?ﬁ\@%gl é)‘dllﬁg (gas

updssagess28 3§mrlel rurt sammmr)t Smhllamterthalcoeﬁgamlon rvvﬂhﬁmwlple

T i N T

;g@gﬁﬁ%rﬁﬁ’af@%@d?&gp&%%a%rgfeﬁégéb ngtrﬁgfgﬂ?énsmn In this

eatnbdidiments thef thidker Iseghkiemds 6@sbeh 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
shown in 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
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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14 each of which conprises of nmultiple pieces (gas
passages not shown). For exanple, the backing nenber

wadoosm4ssapri sed of a circular plate 47 with nedT/Up1087/021989
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15

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 be continuous

(not shown) or separate segnents arranged in a ring

cgaf If PRrtid) "Eg‘ﬁ ShARumbddishg BeiSer was

bggﬁ?%gbﬁtgfr%%r 'dl% ?g&c(g%?[#ge or} rru?{wlljpl e 97 W

heam@arai with dipatdrgrn ecgrapbite iackinguhember &revulbiplessibeerd
onplete the circular configurati of backin .

rdé’ B 1Ae tpétswx?rq periormad BY RREING:A S BmRiigon Wafer in a

f«{é gﬁ:@sg gten$ sibfSe @‘?\'é' d?ﬁlflgEFQi%h infFIGS 1aand plasma
iec a non-uni formthi ckness across
vvpctidesslng themafér withyd Iprddesg momtafwnbaxcﬂa mgenmdmiuctm etching

Eg'&%% %Q%nfﬁlhpp'ége'%tgg”@oﬂaﬁchﬁss @g@ wv?’a%ﬁ@n@r@ yzed with
ph?&{éf scrahﬁmgg%é?}f@é for t9ER0kher Bf Wbﬁl%léé“l%r%%{f@gntOéO% um to

ness reduced di nensions are su
sobtdirethedegmeer of partieleradders fthesditference Uelnh/een the number of

enbodi nent . the_thicker segnents 56 such circul ar

ppaft@\w i Wafet RelpTa the SH43BR rofes Sl altarane plasma
g LM%Bh”ﬁ‘%b@ ?4Hé%h§rﬁ%ﬁ'ﬂb§ ﬁ nffé’rﬁB?ﬁgeﬁé}'aibd
ctilrnier or curved segnents, e con ur ed

tteveermdacmemmamﬂhe@rppmm backm@membelmm ng the

shear stress applied to th%ﬁ%ﬁf—‘,t oneri ¢ bondi ng
mat erial 36 duri ng t her nal sion. In another

enbodi nent, not ' r hel i cal
grooves can for n?&glwﬂ]% {r{\fr)]%r rrenbera;édqfhald%rg vji de
areas to accommvpdat eMateriatal ex(E€189 pm) (E)é‘&d‘l@h.)E 1
[0042] Tests were—perfornmed toldetermne the effect of
t he backi ng nermber 1arapiiteri al | on partszl e generation
during sem conductOR VB PTOFESST g giT am EXBLAN (r)
FLEX(tm) dielectric H asna etch system nmanuf act ur ed
by Lam Research Corporation, |located in Frenont,
California. For these tests, thegeneration of

pEA4311 SWhile dhe inveatiamhesrbesn daserbadin Bataliwigh refatrnce to

rS5eTBRLRU R st LI 8 A50HS B RS JBIRIES or e
byard @ tighdges3Ei modifidations cuabermade 2and equivalents employed,
without departing from the scope of the appended claims.
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pl asma processing system simlar to the configuration
in FIG 1 and plasna processing the wafer with a

WQr@sMssS43 eci pe simlar to a sem conductor et chCTgS2007/021989
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process. For nmultiple tests, the silicon wafer surface
was then anal yzed with a | aser scanning device for the
nunber of particles larger than 0.09 nmto obtain the
nunber of particle adders (the difference between the
nwﬁﬁrr Igfcgm% HI%S on the wafer before the plasm

p "he plasma process). As seen in

Tabl e A cdrhporéntfona pldsmek prareseimgeapppeakisdoe grdoessing

particle adders than the graphite backing nenber.

TAgMicondugter subgliates. thecompanentemRitsifgen descri bed
D et Al i o ! '
t her cof rstEMKEF hEVHIGEE phiaRp BF fist TreUBRIPREMdS. the first

amierhbeat hanang aysasrhasxpssedgurfack bind a firsheoefficieheof thermal
made, and equi val ents enpl oyed, w thout departing from
t REPARYPE of the appended claims. WHAT IS CLAIMED | S:

1. Ac i r J .

o7 ocesrRgORamebeloBaRT Ry Riett PETRfhel AR Ty p Pluralty of
ceepondthrgug@openiays mwemespoding ng tlee ppemiags try thef fifst member,
t hrough openi ngs, the first penber havjng a ,

phessec gEWES haviiga aaeond F@q‘afg@eeb@# ﬁl%&mah@xaﬁnswn greater

t I ﬁcfb?f . .bonded to the first
nen%@eafﬁgp aV|'ﬁgn%&6ﬁ§ﬁg€%5 01E ﬁjg‘écond t hr ough
openi nghegsiniths pentbire of the firseang sscogs openings aré nsisaligned

nmenber, the second nenber having a second coefficient
oflangeamavtes pesRbeoratanabiest tanpreratuie andtbe centers of the

c i . S : r
CBBEALSE TN sk Rl ARSI R S B Bpare
aologet togetiesr wher theafirshahd getond memnbérgrare dredteéd® an elevated
centers, of the openings in the first menber and the
oPERRES§NG IEMNGEAkIER_ond nenber are cl oser together when

the first and second nenbers are heated to an el evated
processing tenperature. 2. The conponent of Claiml1l,

wher ei @. t he Topeonmanent of Béaim t,swherein the openings in the first

member and the openings in the second member are substantially concentric
when the first and second members are heated to an elevated processing

temperature.

3. The component of Claim 1, wherein the second openings are
larger than the openings in the first member, to reduce the exposure of the

second member to a plasma environment.

4, The component of Claim 1, wherein the second openings are
non-circular.
5. The component of Claim 1, wherein the second openings are

semi-elliptical holes or radially elongated slots.
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menber and the openings in the second nenber are
substantially concentric when the first and second

woroBesss4nr e heated to an el evated processi ng PCT/US2007/021989
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tenperature. 3. The conponent of Caim1l, wherein the
second openings are |larger than the openings in the
first nmenber, to reduce the exposure of the second
nmenber to a plasma environnment. 4. The conponent of
Claimg, wh [ : ' ; ‘e I
5. “TheOsompang O EERCRRRMISIRIEI GRINTg fih@ifst and
opecontmenntzers anme azldlly gxteraindgbe slistributai padsages.

el ongated sl ots. 6. The conponent of Claim1, wherein

the openings in the first and second nenbers are

axi al | y ext [ [ I [ . i
corrponth o?ﬂgdgﬁrﬁ ? n\?\gipqeéllﬁ‘ui’h\gﬁ%%?gn rrer%‘érmi Qﬁ)er 'S
cooppsedd of aanetal.al . 8. The conponent of C aiml1,
wherei n the second nenber is conposed of al um num

nol ybdenum copper, stainless steel, or alloys

t hereok. 9. W : ' ; I~ At i
first rérierrbel-rlﬂlggzoc rrposgg?gglQqn’%&n%{namé%&r@gerﬁlgg]b.er 'S
18ompbsed offptumsinumy imdly/ladenuim, edppee; stairhess stest, omaitbes
is siljicon, graphite, or silicon carbide. 11. The
cHgsePlent of Caim 1, wherein the second nember is
bonded to the first nenber with an el astoneric bondi ng
material. 12. The conponent of Claim 11, wherein the

el ast oBer i c Therodinmupnest ef Cidim $, wipgreirethel firsbmenermsr e
recesses f?rned in tPe first menber, each recess
h&oMResSRaIof @ nansmetallic mateiiflce the exposure of the

el astoneric bonding material to a plasma environnent.
13. The component of Caim 11, wherein the elastoneric
bondi nd0mat &heaomporemp bf Ethim1 omkeerein ther first meestsards silicon,

f or in the second nenber,
granﬁ?te, or Sir|]ICOH car%i e.

11.  The component of Claim 1, wherein the second member is

bonded to the first member with an elastomeric bonding material.

12.  The component of Claim 11, wherein the elastomeric bonding
material is applied in one or more recesses formed in the first member, each
recess having walls adapted to reduce the exposure of the elastomeric

bonding material to a plasma environment.

13.  The component of Claim 11, wherein the elastomeric bonding
material is applied in one or more recesses formed in the second member,
each recess having walls adapted to reduce the exposure of the elastomeric

bonding material to a plasma environment.

14.  The component of Claim 11, wherein the second member
comprises an axially extending peripheral flange and the first member

comprises a peripheral recess configured to mate with the flange, which is
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each recess having walls adapted to reduce the
exposure of the elastoneric bonding material to a

w@b@sowsenvi ronnent. 14. The conponent of C ai PCW/1S2007/021989
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wherei n the second nenber conprises an axially
extendi ng peripheral flange and the first nmenber
conprises a peripheral recess configured to mate with
the flange, which isadapted to reduce exposure of the

eb@é t%@etb'rédﬁ’&é“gkﬂ&sd@to?'ih@bla"sfbrﬁer% 8?%@%%?5% plasma

in e apparatus. 15. The conponent
fanmhmnneohpnhempgaanuelectrlcalIy conducti ve nenber
nount ed between and in direct contact with the first
and second nmenbers. 16. The conponent of O aim 15,

wher ei Bt he
Tﬁ%%ﬁ%ﬂn‘r@tj ﬁg?lﬁleg 1r5 fgﬂlggflé&ﬂ ﬁ§| Dan':@ectpcally

gasket rmterl era edge o

t benductive rmechbee conuhted: bbkveen and inTtieeat @optaat mtithothe first and
d ai mcicll vggerel n the el astoneric bonding material has
aS§eNdBIeReSckness ef fective to conpensate for a

non-uni form shear stress generated in the el astoneric
bondi ng material when heated to an el evated processing

t enper d6ur e THardompgient ef Silaim 0, wieereooihelecanauctive member is

bstrates, 18, Th a 11, wh th
? BoRIoRBH LA I CaSkeI TDRRBAbERS FUried bERta Rer RngE! edge of
fﬁ%{ éhggggdn@ﬁ{g;ﬁger sand the thickness of the

tomsrlc onding material is varied in a radi al
d| rect| on of the first and second nenbers, the

thickn ective to.c ensaje for,. a, no or .
Shear 17r ccdNG@REBANSRt PROTHIE o SR e Jasiamaic bonding
”ﬁ*ﬁéﬂlﬁ'hmoaf@&é ?ﬁckﬁe@hﬁétﬁ*&@ﬁ@%ﬁfﬁéﬁ%% f@ﬂ a non-uniform

t enper at ure. . The conponent Carm 11, wherein
t Bleea sie&asngﬁnecraledndltm elmtmmead: boedm'pha@ailai whan heated to an

bondln surfa e of the first. or sec
neleled pRReHBd (Sipafiite Wi idressinginl SEMCRctor
SgGestFhtegNber conprises nultiple pieces, each piece
bonded to the first nmenber.2 1. The conponent of C aim
20, wherein the nultiple pieces are

18.  The component of Claim 11, wherein the first member and
second member are circular plates, concentrically bonded, and the thickness
of the elastomeric bonding material is varied in a radial direction of the first
and second members, the thickness effective to compensate for a non-
uniform shear stress generated in the elastomeric bonding material when

heated to an elevated processing temperature.
19.  The component of Claim 11, wherein the elastomeric bonding
material is applied to a textured bonding surface of the first or second

member.

20.  The component of Claim 1, wherein the second member
comprises multiple pieces, each piece bonded to the first member.
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hexagonal shaped. 22. The conponent of C ai m 20,
wherein the nultiple pieces conprise a circular plate

waowdaos/oessaeent ri ¢ annul ar rings, each ring attar¢pusS1007/021989

10

15

20

25

30

the first menber. 23. The conponent of C aim 22,
wherein at | east one of the rings is segnented. 24.
The conponent of Claim 1, wherein the second nenber
has a non-uni formthickness across its w dth, adapted

to inpaqt fhexidnddnent 8f ERGmSES, e Tm%i?lé“ﬂiecés are
thermal cycling. 25. The conmponent of C ai m 24,
whexagonal sbaped.ond nenber conprises a plurality of
concentric or helical grooves. 26. The conponent of

Cl aim 25, wherein the second nenber further conprises

a plurabity | D@ ' ; d
M L R R

assmpnky o circutarplatenwitp coreargiic gnapligariagsseach ring attached to
cc&gﬂé? ng:, a silicon inner electrode with a

pF 3 d surface, the electrode having a

plurality of axially extending gas distribution

passages; a netallic backing nenber bonded to the

el ectr @de aitelcampunent pf Glaim 23, wierein al legstoneofiihegings is
gas distrjbution passages in fluid comunication with

t FB9WEEE yes in the el ectrode, wherein the passages in

t he backi ng nmenber are w der than the passages in the

el ectrode, to reduce exposure of the second nenber to
a pl as@dd. enThemompanenhéCidim t,heherein thessegondaseades has a

b G R A s AR el e E i e
C@@é@ﬁoﬁﬁ’fenwbﬁ di@ﬁ@atasmrbrgchﬁg.el ectrode and the
t he pa

centers of sages i n the backing nenber are
cl oser together when the el ectrode and backi ng nenber

A et hah of TRPGRBSRANAG B CEAIRCEh SRS CRstodtdne Rbsr

PE8SPRses a plurality of concentric or helical grooves.

26. The component of Claim 25, wherein the second member
further comprises a plurality of segments of uniform thickness connected by

thinner segments.

27. A showerhead electrode assembly for a plasma processing
apparatus, comprising:

a silicon inner electrode with a plasma-exposed surface, the electrode
having a plurality of axially extending gas distribution passages;

a metallic backing member bonded to the electrode and having a
plurality of axially extending gas distribution passages in fluid communication
with the passages in the electrode, wherein the passages in the backing
member are wider than the passages in the electrode, to reduce exposure of
the second member to a plasma environment;

wherein the centers of passages in the electrode and the passages in
the backing member are misaligned at ambient temperature and the centers
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processi ng apparatus, the nmethod of conprising:
pl acing a substrate on a substrate support in a

w0 e@sissms chanber of a plasma processi ng appar BETIES$2007/021989

10

15

20

25

i ntroduci ng a process gas into the reaction chanber
with the showerhead el ectrode assenbly of C aim 27;
generating a plasma fromthe process gas in the
reacti on chanber between the shovverhead eI ectrode

aaf@%%ss%peswﬁmég@afgaé %nertﬁé%égté(?:g 3l the

asma. 2 hod o erein
t bachdngmsmbgaare «sloserftbgemenewrmmtherdle@rcgimand;bacn‘hg member
nmet hod of, Claim 28, wherein t backi ng nmenber is
c@FﬁaB@%"@dJPa&WrJn AGHRSPCRFSINg Pﬁfﬁ’\tl‘é{?l oy and the
radially | arger passages in the backing nenber are
adapted to reduce al um num fluoride formation. 3 1.
The mekBod Afm@ttuidnf&ﬁocmt&imgatarsamieorgmmtdli substiaie ira plasma

passa eslnthe bagki ng, mepber and .the distribution
pR é@gl 3pRafat Uéb ggpd;bfgc%mﬁ'%ﬂ ally concentric

at an }érfﬁlg‘émﬁﬁﬁ&%soﬂ 5%ub§l’i‘§t‘ér§lfpg)bﬂ in¥reatfén 'E%H%r of a

of d a m , erein processing t erature I's
8plaSmanprivessing Gpparatus;

introducing a process gas into the reaction chamber with the
showerhead electrode assembly of Claim 27;

generating a plasma from the process gas in the reaction chamber
between the showerhead electrode assembly and the substrate.

processing the substrate with the plasma.

29. The method of Claim 28, wherein the process gas is a fluorine-

containing gas.

30. The method of Claim 28, wherein the backing member is
composed of aluminum or an aluminum alloy and the radially larger passages

in the backing member are adapted to reduce aluminum fluoride formation.
31.  The method of Claim 30, wherein the gas distribution passages
in the backing member and the distribution passages in the electrode are

substantially concentric at an elevated processing temperature.

32. The method of Claim 31, wherein processing temperature is
about 80°C to about 160°C.
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