SEALED ELASTOVER BONDED Si ELECTRODES AND THE LI KE FOR REDUCED
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crystalline surface, of, the s?m conduct or teri-al through a process
Known as physical and chemical processing steps that form the various circuit structures on the

15 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.

After depositing a film on the semiconductor wafer, the unique electrical

20  properties of serniconductors 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

25  lithography. During the lithographic process, the integrated circuit pattern may be
drawn on a glass plate called a "mask” and then optically reduced, projected, and
transferred onto the photosensitive coating,. .

The lithographed resist pattern is then transferred onto the underlying
crystalline surface of the semiconductor material through a process known as

30  etching. Vacuum processing chambers are generally used for etching and chemical

vapor deposition (CVD) of materials on substrates by supplying an etching or

1



30 etching. Vacuum processing chanbers are generally used for etching
and chem cal vapor deposition (CVvD) of materials on substrates by

suppl yi ng %?609/;3;499‘ or deposition gas to the vacuum chaghes .apd. e

application of a radio frequency (RF) field to the gas to energlze
the gas into a plasma state. A reactive ion etching system
typically consists of an etching chanber with an upper el ectrode or
anode and a | ower electrode or cathode positioned therein. 5The
cathode is negatively biased with respect to the anode and the
container walls. The wafer to be etched is covered by a suitable nask
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strike the surface in a predominantly vertical direction so that the process produces

well-defined vertically etched sidewalls. ‘

The etching reactor electrodes may often be fabricated by bonding two or

more dissimilar members with mechanically compliant and/or thermally conductive

20  adhesives, allowing for a multiplicity of function. In a number of etching reactors
having albond line or layer between two members, including showerhead electrode
assemblies where an inner electrode and an outer electrode are bonded to a backing
member, or multiple bond layers incorporating an electrode and/or heating element
or assembly, the bond material can be exposed to reaction chamber conditions. In

25  addition, the bond material can be subject to etch out by the direct attack of plasma
and radicals generated by the plasma. '

Accordingly, there is a need to prevent erosion of the bond material, or at
least slow the rate sufficiently, such that an extended and acceptable operational
lifetime is obtained for the electrode and its associated bond material during use in

30 semiconductor etching processes without noticeable degradation to the performance

or operational availability of the plasma processing system. .



Accordingly, there is a need to prevent erosion of the bond material,
or at least slowthe rate sufficiently, such that an extended and
acceptable‘gggqu&ggpl lifetinme is obtained for the ele??&R@ﬁm%&ﬂmkts
associ at ed on3 mat erial during use in 30sem conduct or etching
processes wi thout noticeabl e degradation to the performnce or
operational availability of the plasma processing system. SUMVARY
I n accordance with one enbodi nent, an el ectrode assenbly for a plasm
reaction chanber used in sem conductor substrate processing
conprises: a backing nenber having a bonding surface; an inner
el ectrode having a | ower surface on one 5 side and a bonding surface
on the other side; an outer electrode having a | ower surface on one
side and a bonggﬁgaégé%gce on the other side; and wherein at | east
one of the ele s a flange, which extends underneath at | east
a portion of the Ioggr surface t he o%her el ectro or dance
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bondi ng surf acg,, e, Mackt ofﬁ%ﬂ?l%%tr&‘[@\’i ng at | east one recess for

receiving a bonding material; an el'ectrode having a | ower surface on
one side and a bondilngcenuddnge evithra futberenimdinséndean dectiodassseoity spaddsr a
to maintaiRpa mRSLYES [ Jr f ' acki.ng nenber
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reaction chanber used in sem conductor substrate processing
conprises: a bakRiang 2perdiee spdiderny the bdatisidey and migodn teboslimgmmaserial is
havi ng a | ower .sp{-aG8 nidansPH% 2idde and a bonding surface on the
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ot her side; and wherein the el ectrode has a recess for receiving a
bondi ng matérial andp accgrdage With aaptheterabodiment, 1oeleeteqsicareraddy Butur ng

material . comprises: 2 backing member having a bonding surface, the backing member having
at least one recess for receiving a bonding material; an electrode having a lower
surface on one side and a bonding surface on the other side; at least one spacer to
mainfain a gap between the bonding surfaces of the backing member and the
20 electrode; and a bonding material between the bonding surfaces of the backing
member and the electrode.
In accordance with a further embodiment, an electrode assembly for a
plasma reaction chamber used in semiconductor substrate processing comprises: a
backing member having a bonding surface; an electrode having a lower surface on
25  one side and a bonding surface on the other side; and wherein the electrode has a
recess for receiving a bonding material and a groove on an outer edge to trap excess
bonding material. '
In accordance with another embodiment, an electrode assembly for a plasma
reaction chamber used in substrate processing comprises: a backing member having

30  abonding surface; an outer electrode ring having a lower surface on one side and a



In accordance with another enbodi nent, an el ectrode assenbly for a
pl asma reaction chanber used in substrate processing conprises a
backi ng merp@soohadbgld 30 a bonding surface; an outer el get/iQelR/hds0E
having a | ower surface on one side and a bonding surface on %

ot her side; and wherein the bonding surface of the outer electrode
includes a plurality of recesses. I n accordance with anot her
enbodi nent, a nethod of manufacturing an el ectrode assenbly useful
for a plasnma reaction chanber used in sem conductor 5 substrate
processi ng conprises: providing a backing nenber having a bondi ng
surface; providing an inner electrode having a | over surface on one
side and a bonding surface on the other side; and applying a bondi ng

material to th
backi ng nenber,
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surfaces of the inner electrode and the backing member, wherein an edge of the
bonding material extends to within 1.0 to 3.0 mm of an outer edge of the inner

electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a showerhead electrode assembly of a

plasma reactor for etching substrates.

FIG. 2 shows a cross-sectional view of a portion of the showerhead electrode
assembly of FIG. 1.

FIG. 3 shows a cross-sectional view of a portion of the showerhead electrode
assembly of FIG. 2 comprising a top electrode, a backing member and an outer
electrode member,

FIG. 4 shows a cross-sectional view of a portion of the outer electrode of
FIG, 3.

FIG. 5 shows a cross-sectional view of a portion of the showerhead electrode
having an elastomeric bond according to one embodiment,

FIG, 6 shows a cross-sectional view of a portion of the showerhead electrode
of FIG, 5 having an elastomeric bond according to another embodiment.

FIG. 7 shows a top view of a portion of the showerhead electrode having an
elastomeric bond according to a further embodiment.

FIG. 8 shows a top view of a portion of the showerhead electrode having an
elastomeric bond according to a further embodiment.

FIG. 9 shows a cross-sectional view of an interface of a multi-part outer

electrode and a backing member according to a further embodiment.



FIG 3. FIG 5 shows a cross-sectional view of a portion of the
shower head el ectrode having an el astomeric bond according to one

enbodi nent 2007/094984 FIG 6 shows a cross-sectional vi ?Yf‘r)%gzo%/oosoos

portion of WU head el ectrode 25 of FIG 5 havi ng dan

el astonmeri ¢ bond according to another enbodinent. FIG 7 shows a top
view of a portion of the showerhead el ectrode having an el astoneric
bond according to a further enbodi nent. ‘ FIG 8 shows a top view
of a portion of the showerhead el ectrode having an el astoneric bond
according to a further enbodinment. 30FIG 9 shows a cross-sectional
view of an interface of a nulti-part outer electrode and a backing
menber according to a further enbodinent. FIG 10 shows a top view
of a portion of the nulti-gart outer el ectrode of FIG

2 5 9. FI G
11 shows a cross sectioAdrhYEfBVigY ot PPHAN Of thy rapfoRrartagy electrode of
el ect rode assemgilgygaccordi ng to another enbodi nent. 5FIG 12 shows a
cross sectional vie ortion of a showerhead el ectrqode assenbl
according to a furt%géﬂﬁg‘a’r’%ﬁﬁ"sﬁfﬁl P&'ﬁwi HeoF ¥k phgyshowerhead electrode
configuration hetsnan atdedingteiiars eaboliltent.nner el ectrode and the
0SS sectiqgnal _view o

porti on of 3 shover HISH ISFEEYT bR HESRTSI YeHASRAT P2 Sipened elctrode
enbodi ment haviadgentbly aticeding ek & Agthep ehbeiimait Ring an interlocking configuration
between the interface of the inner electrode and the outer electrode,
FIG. 13 shows a cross sectional view of a portion of a showerhead electrode
assembly according to another embodiment having an interlocking configuration
10 between the interface of the inner electrode and the outer electrode.
FIG. 14 shows a cross sectional view of a portion of a showerhead electrode
assembly according to a further embodiment.
FIG. 15 shows a cross sectional view of a portion of a showerhead electrode
assembly according to another embodiment,
15 FIG. 16 shows a cross sectional view of a portion of a showerhead electrode
assembly according to a further embodiment.
FIG. 17 shows a cross sectional view of a portion of a showerhead electrode

assembly according to another embodiment.

20 DETAILED DESCRIPTION

FIG. 1 shows a cross-sectional view of a portion of a showerhead electrode
assembly 100 of a plasma reactor for etching substrates. As shown in FIG. 1, the
showerhead electrode assembly 100 includes a top electrode 110, a thermal control
member 112, and a top plate 114. The top electrode 110 includes an inner electrode

25 120, and an optional backing member 140 secured to the inner electrode 120. The
backing member 140 can include an inner backing member 124 and an optional
outer backing member 132. The top plate 114 can form a removable top wall of the
plasma processiﬁg apparatus, such as a plasma etch chamber. The top electrode 110
preferably includes an inner electrode member 120, and an optional outer electrode

30 member 130. The inner electrode member 120 is preferably a cylindrical plate and

may be made of single crystal silicon.
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10 between the i.nterface of the inner electrode and the outer
el ectrode. FIG 14 shows a cross sectional view of a portion of

a shower heggdl, &l e4dbQde assenbly according to a further ggﬁ@ggroﬁggbgoos

FIG 15 shows a cross sectional view of a portion of a s

el ectrode assenbly according to another enbodinent. 15FIG 16 shows a
cross sectional view of a portion of a showerhead el ectrode assenbly
according to a further enbodi nent. FIG 17 shows a cross
sectional view of a portion of a showerhead el ectrode assenbly
according to anot her enbodi ment. 20 DETAI LED DESCRI PTI ON FIG 1
shows a cross-sectional view of a portion of a showerhead el ectrode
assenbly 100 of a plasma reactor for etching substrates. As shown in

FIG 1, the showerhead el ectrode assenbl 00 _1 ncl udes op, X

el ectrode 110, a thg‘ﬁﬁfhﬁ%%@ eF“gFle%é‘?ﬁe? S%ibié’ 9%¢166 ﬁlofvﬁ‘r}n%llétglsltiw.cal%‘@c‘j
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R T Y
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consumabl e par tbenpath ithenledtrode 1@pl aced
15 The inner electrode 120 is preferably a planar disk having a uniform
thickness from center (not shown) to an outer edge 121. Water is circulated in the
cooling channels by water inlet/outlet connections. A plasma confinement ring 150
comprised of a stack of spaced-apart quartz rings surrounds the outer periphery of
top electrode 110. The purpose and function of confinement ring 150 is to cause a
20  pressure differential in the reactor and increase the electrical resistance between the
reaction chamber walls and the plasma thereby confining the plasma between the
upper and lower electrodes.

Process gas from a gas supply is supplied to electrode 110 through one or
more passages in the top plate 114. The gas then is distributed through one or more

25  vertically spaced apart baffle plates and passes through gas distribution holes 116 in
the electrode 110 to evenly disperse the process gas into reaction zone 102.

The inner electrode member 120 can have a diameter smaller than, equal to,
or larger than a wafer to be processed, €.g., up to 300 mm if the plate is made of
single crystal silicon, which is the maximum diameter of currently available single

30  crystal silicon material. For processing 300 mumn wafers, the outer electrode member
130 is adapted to expand the diameter of the top electrode 110 from about 15 inches

to about 17 inches. The outer electrode member 130 can be a continuous member
6



10 periodically. In a preferred enbodinent, the top electrode 110 is
a showerhead el ectrode provided with a plurality of spaced apart gas

di schar ge PgssadsmsL16, Which are of a size and distrng%@ggwgﬂ&%ﬁple

for supplying a process gas, which is energi zed by the € and
forms a plasma in a reaction zone 102 (FIG 3) beneath the el ectrode
110. 15The inner electrode 120 is preferably a planar disk having a
uni form thickness fromcenter (not shown) to an outer edge 121. Water
is circulated in the cooling channels by water inlet/outlet
connections. A plasma confinenment ring 150 conprised of a stack of
spaced-apart quartz rings surrounds the outer periphery of top

el ectrode 110. The purpose and function of confinenent ring 150 is to
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el ectrode 110 to even disperse the process gas into reaction zone
102. The inner el echingteecrysinliziliconia pafertedvaaterialifanssena sqmbddsuriabans

equal to, or | sse e.q. ., U 300 rum
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continuous MenB&fimbring particles. Alternative materials that can be used for plasma-exposed
surfaces of the top electrode 110 include SiC, SiN, and AIN, for example.
In configurations, the showerhead electrode assembly 100 is large enough for
processing large substrates, such as semiconductor wafers having a diameter of 300
15 mm. For 300 mm wafers, the top electrode 110 is at least 300 mm in diameter.
However, the showerhead electrode assembly 100 can be sized to process other
wafer sizes or subsirates having a non-circular configuration.
FIG. 2 shows a cross-sectional view of a portion of the showerhead electrode
assembly of FIG. 1. As shown in FIG. 2, the showerhead electrode assembly 100
20  includes the inner electrode 120, the inner backing member 124, the outer electrode
130, the outer electrode outer backing member 132 and the plasma confinement ring
150.
The backing member 140 is comprised of the inner backing member 124 and
optionally an outer backing member 132. In such configurations, the inner electrode
25  member 120 is co-extensive with the inner backing member 124, and the outer
electrode member 130 is co-extensive with the surrounding backing member 132,
However, the inner backing member 124 can extend beyond the inner electrode
member 120 such that a single backing member 140 (FIG. 3) can be used to support
the inner electrode member 120 and the outer electrode member 130. The inner
30 electrode member 120 and the outer electrode member 130 are preferably attached
to the inner and outer backing members 124, 132 with an elastomeric bonding
material 160.- The inner backing member 124 includes gas passages 126 aligned
7



WO 2007/ 094984PCT/ US2007/ 003008 (e.g., a poly-silicon nenber, such as
aring), or a segnented nenber (e.g., 2-6 separate segnents arranged

inaring @ﬁg&@&g@g}l on, such as segnents of single cr;i)%trﬁJesz@ig‘)g&%&n).

The i nner menber 120 preferably includes nultip

passages 116 for injecting a process gas into a space in a plasm
reacti on chamber 5bel ow the top el ectrode 110. Single crystal
silicon is a preferred material for plasnma exposed surfaces of the

i nner el ectrode nenber 120 and the outer electrode nenber 130.

H gh-purity, single crystal silicon mnimzes contam nation of
substrates during plasma processing as it introduces only a m ninal
anount of undesirable elenents into the 10 reaction chanber, and al so
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el ectrode menbglil30nd O eV Bacth r L '

menber 132. However : _%Iﬁ%&i nﬁ?&?ggﬁak?ﬁg %}e}rﬁ%qr r?g%’ %gﬁ;&ggggmﬁﬁie@gﬁndany
the inner el ecigdiectpeilycondugive glaptomigeic bandinggiterish e YGndhtBre 140

Lot e B804S Gy s 5 0RO a0y
the outer el ectiedipserdhpad thedpcking membee i 4byring thewsiad dtresses due to thermal
cycling. The bonding material 160 also transfers heat and electrical energy between
the inner and the outer electrodes 120, 130 and the inner backing member 124 and
outer backing member 132. The use of elastomeric bonding material 160 for
20  bonding together surfaces of an electrode assembly 100 is described, for example, in
commonly owned U.S, Pat. No. 6,073,577, which is incorporated herein by
reference in its entirety.
The inner backing member 124 and the outer backing member 132 are
preferably attached to the thermal control member 112 with suitable fasteners, which
25  can be threaded bolts, screws, or the like. For example, bolts (not shown) can be
inserted in holes in the thermal control member 112 and screwed into threaded
openings in the backing member 140. The thermal control member 112 includes a
flexure portion 152 and is preferably made of a machined metallic material, such as
aluminum, an aluminum alloy or the like. The top plate 114 is preferably made of
30  aluminum or an aluminum alloy. A plasma confinement ring 150 is shown
outwardly of the showerhead electrode assembly 100. A suitable plasma

confinement assembly including a vertically adjustable, plasma confinement ring
8



to the inner and outer backing nenbers 124, 132 with an el astomneric
bondi ng material 160. The inner backing nenber 124 includes gas

passages i 7 wth the gas passages 116 in t i r
electrodexﬁgﬁ@%p&@g to provide gas flowinto the plas ?BE%§E@%W%5
chanber. The gas passages 126 of the inner backing nmenber 124
typically have a dianeter of about 0.04 inches, with the gas passages
116 of the inner electrode 120 typically having a dianeter of about
0. 025 inches. 5The inner backing nmenber 124 and outer backi ng nmenber
132 are preferably nade of a material that is chem cally conpatible
W th process gases used for processing sem conductor substrates in
the pl asna processi ng chanber, have a coefficient of thernmal

expansi on cl os that t he tr terial nd/or are
electrically aﬁgc?ylﬁﬁﬂ P&F‘iﬁ]g’ |°\V"’é"”B g‘ggpé’f Sg% S%ﬁgﬁl aWémﬁH%lWC%@Hmwd
be 10 used to ma&ﬁbyha%nmnehubaakhag nenber 124 |nclude but are not
limted to, graphit d nner. an

el oot rodes’ 190 130 Ih0 BEMSA st RATL HE Ohh P gk iR R fsgirode
and outer bac kAsﬁ@nWﬁiﬂﬂ?ﬁGJﬁﬁompﬁﬁp@ﬁtdp&éc&roﬂb tLho Ha\&ﬁ@ﬁ.tﬂﬁinhiyelaﬂfbde 120, a
el ectricall con uctive, el ric _ban terial 160 (F 3).

The 15 of act or GPHIERITEY R SIdREAR a1t BSHIOROAD. TBF Tt SerdRsteniagih e
bet ween t he t ojuted edexitriode @30 dfchantte b hewdras blaagmmp@ﬂ sﬂﬁ'ﬁbedlIBl I8P, and an
thermal stresses du ther bondi 160

al so transferslﬁgﬁ?q§W% Efa?égiqéhegs§ %ﬁ @%&qghﬁ %ﬁﬁﬁ“Fhe
out er eIectrodmmdﬁ@ﬁmﬂﬁaﬂlﬁhduhheqmanenhba&kcm@mﬂamﬁam1ﬂ34ﬁamﬂo®ﬂmeFK1
backi ng nenber use of. ela LOE n teria 0 for

20 bondi ng ¢ ogetasSiiir Baied BERLALR £ aBARd DB HHpH wifn d Bl or
descri bed, 1& orspasabhifl lsstwieen tilamppﬂ:ﬂsyrfewmléltj dfisi: mﬁ’atcledtkmde 82Q,4Bs by

whi ch i i h

backi ng menbor B £ BEELlerUcb Gl BRGRa L lohec SBREL T5Y or FBaLARE"
attached to t hmemheri#®l control nenber 112 with suitable fasteners,
whi ch 25 b h | e

bl 1o (oot shown g b eia ST e 1B FrclbP 146 Bl AT Gana an
menber 112 andowerasiged2i nfﬁletIM%a&ewoalm%ﬂg&that atshreg] & badkdnggmemmhrelr40
140. The t%grg%}nb%%& ﬂ'ls egglg?%ﬁ‘l}l ddcﬂﬁil 'ﬁq e@lghg%éjalfogtg{ﬂégﬁ%ﬂiglrggmber

and is pre y made o nmat er
al umi num an al3Zrassbevalin BJG.oh Thecout¢riedge meﬁtbplrmeaclecthdﬁ §i2§ is typically

preferably madg, Qfa as shown in FIG. 3. However, it can be appreciated that the outer edge 121
of the inner electrode 120 can have an orientation, which is not vertical.

The outer electrode 130 has an inner edge 131 and an outer edge 133, The

20  inner edge 131 of the outer electrode 130 faces or is adjacent to the outer edge 121
of the inner electrode 120. The outer edge 133 of the outer electrode 130 faces the
plasma confinement ring 150. The inner edge 131 and the outer edge 133 of the
outer electrode 130 are typically vertical. However, it can be appreciated that as
described herein the inner edge 131 and the outer edge 133 can have orientations,

25  which are not vertical. )

As shown in FIG. 3, the inner edge 131 and the outer edge 133 of the outer
electrode 130 can include an inner surface 135 and an outer surface 137, which are
angled towards the lower surface 139 of the outer electrode 130. The inner and
outer surfaces 135, 137 with the lower surface 139 of the outer electrode 130 can.

30  extend into the zone 102 at a greater depth than the lower surface 123 of the inner
electrode 120. The inner surface 135 of the outer electrode 130 can be described as

a step 111, as described in commonly owned U.8. Pat. No. 6,824,627, which is
9



30 al um numor an alum numalloy. A plasnma confinement ring 150 is
shown outwardly of the showerhead el ectrode assenbly 100. A suitable

| asma conf | n ssenbly including a vertically adjus sma
Eonfi nema%ogﬁ[ﬁ&g@ﬁﬁo is described in conmonly omedlj[)é'@%%&{ogo%o.

5,534,751, which is incorporated herein by reference in its entirety.
FIG 3 shows a cross-sectional view of a portion of the showerhead

el ectrode assenbly of FIG 2 conprising a top el ectrode 110 having an
i nner el ectrode 120, a.5 backing nmenber 140 and an outer el ectrode
130. The inner electrode 120 and the outer el ectrode 130 each have a
| ower or plasma exposed surface 123, 139, and an upper or bonding
surface 125, 141. The backi ng nenber 140 has a | ower or bonding

f 127 and an u of thermal control surface 116. As shown in
FIG 3, the ol FSPERREIPT CBSHURH I SFEICE TR HF OB 4 18 SioPildd it Broskigd to control

contai ned Wi t hittie dengiepoDplasifia idaee adjdeenb ey the 8 dsBE 10WRP 8lirfadés 11888 38 Aaring
of the inner electrode 120 tﬂgﬁtgﬁgﬁriﬁsurface 141 of _the outer
1

el ectrode 130 & REO9CSHRS- Preferablysubsintiaty algntskabore pn edge

It can be appr eingar e loWat eletteodeandtisRGwARHASS pdd@ortaRu bLBNE tREYRRGS the
an outer edge 12%60% t he inngr el ectr dea%z , ,such that a single

0
backi ng menber £ Be angleg af (he dpper jufacs 459 prdytheionire sugbagey3d greamisfaoly
124 and an out eetwleas kbtg 15emB@S degdes shown in FIG 2. The outer

edge 121 of the inner, electr 0.is.typicall ertical as shown in
Flgi 3. However, itig’asﬁo% uéggg‘e%i%é":tbé’tﬁdi“%é?a%?%)i8{{1?5?135855“553“%’?3the
i nner el-ect lrodalalezm amp ﬂﬁaMﬁaMedmd aricat bxmzo;‘ th&]hlfjﬂtr bsbm:)iingafjrfdce:agzs, 141
The outer elec s..an._inner apd.an out.er edge :
The 20i nner edéié&%%ig%% ng ﬁgt%ﬁlte%tf OC%F ég(?’gggg‘“ gbﬁ‘fael%‘@%r OerOFgmgg}‘g%cé’ﬁ@7
to the out &9 edfjte badking mdmber hd@r AGtrethe bading A@teriihes(Distapplicidgeat 38 one
of the outer e # . t asia _confinenent.ri.ng ,150. . The

i nner edge 131%%% bt8 ﬂ‘gmé%gref%&gggg’ {%23%611’ a}eﬁgﬂgﬁ%{;ﬁ' %ﬁsg%lp{egégdigﬁt %f e
typi cal ly vert bewling siofasee 25,127t doepmped tagediteedItt thacagesofdbes eledtieid

herein the in ng&ﬁ?}gﬁeﬁgﬁﬁ%ﬂ,e&ﬁ%{ :i’!(r:t}atgsc%je%%bﬂsiez t@%ﬁe&%"ﬁ 110 gan he helg jn a

orientations, are not ver own 1 n
i nner edge 131fizmge arkplosticpineeffbe fig@rofanttzaised toeguidd thetbrddeg t@Mbenir0

et e, SrL8 0l eSS ARl U500 A3fep e
i nner and out epresswré earebe U to si3Fadihe klasthmet oxeondsng hategall B tbfougheit the
outer el ectrodg;l30uE8med. After the elastomer or bonding material 160 is spread, a static
load can be applied to the electrode 1 10 during curing of the bond.
The bond can be cured at ambient or elevated temperature in an atmospheric
20  orprotective gas environment. For example, the assembly 100 can be placed ina
convection oven and heated to a low temperature to accelerate curing of the bond
without inducing thermal strains into the parts to be joined. In the case of the top
electrode 110 and the backing member 140 described above, it is desirable to
maintain the temperature below 60° (".I, €.g. 45° to 50° C for a suitable time, e.g. 3 to
25 5 hours. After the bond is cured to form the elastomeric joint, the assembly 100 is
cooled and the masking material is removed. Further, any additional cleanup and/or
further manufacturing steps such as outgassing in a vacuum oven can be carried out
depending on the requirements of the assembly operation.
It can be appreciated that as shown in FIG. 3, typically, the pressing together
30 ofthe bonding surfaces 125, 127, 141, i.e., the inner elecirode-120 and the outer
electrode 130 with the inner backing member 124 and the outer backing member

132 causes the elastomeric bonding material 160 to fill the gap or space 118 between
10



30 extend into the zone 102 at a greater depth than the | ower surface
123 of the inner electrode 120. The inner surface 135 of the outer

el ectrode 1 can described as a step 111, as descn

comonly o é@o%ﬁgg?Pat No. 6,824,627, which is 9 é%ﬁﬂg?ﬁpgﬁmm
herein by reference in its entirety. The step 111 is provided to
control the density of plasma fornmed adjacent to the exposed | ower
surfaces 123, 139 during plasm processing. The step 111 is
preferably substantially aligned above an edge ring of the | ower

el ectrode (not shown) and is positioned just outside the edge of the
5 wafer. The angles of the inner surface 135 and the outer surface

137 are preferably between about 15 and 85 degrees. As shown in

FIG 3, the bonding material_ 160_or elastonerlc bondi ng material is
typi cal 'y appl tsdnaer ard quiss stecpdesdR0s 10 anddas baskingdnym g'?ﬁj 126 {myeddition,

125, 141 of thend @ _%ﬂ-ﬁ&teﬂéﬂtl%b vﬁheﬁlw%ﬁréa@@ flﬂﬁl@ oafé%&etrééreegép%r

or bonding surface 12 of  the backing ne

bondi ng mat er i &FVEED thesnaFRdge 42l of e lﬂr@églﬁc'ﬁ?f@ ]@P aflﬁéheo‘é‘ﬁﬁ' eﬁ@e 131 of the

E ur LaCeS 125, lﬁt%j'_ 31%4&05 leet7 139, I}?fﬁ@eﬁm XPoaFs @Fbllte%‘lhs I c{lﬁ@ﬂmﬁh@ter%al 160
ondi ng surfaces are pyes ogether. In the case o

t he el gct rogj {a giregt plasima eﬁi‘&ﬁ R Wﬁ%@ g&% a%é’él?rﬁeﬁ‘ér&teéﬁ’éf\@asnﬁfé“ result

el ectrode 110 G@darhgzeh@ldtbr rbencmotss ¥d tHE Blagtdcheft 85hd GiaRRkinS1 Y ashiidl as

fixture can be ysed t backln menber 140 15into precise

contact with t ﬁEmBP\é'E‘t ft‘%é? 6“’ T &FETA%Py, slight pressure such as

hand pressure can b@w&lg(ialdsﬁ'laiﬁﬁd&@%ﬁng Rie ﬁhﬁ&ﬁl@ﬂﬁi’nd@uﬂ eleoislies gra@iiefol al
160 t hroughout th6j

rater i8] 160 i & URP BIRH nerioR RSN ED B B a0H 196 O BBEFode
110 duri ngteur iArgomdingtyetdhanols withea &mmmbadﬂ obﬂe@tﬁc&dsﬁh&ﬂﬁbl@ﬁﬁ de®€ribed
e X NN A AT e
convecti on ove suca:nsi;ﬁldemem rhm kind ofweld¢osey at lurgely duatcsabb kRteodss hanigg
JO](;I ;23' blogd t \#et g)g%s%le afondgﬁétwi’ tagg rhn%l thgrtnga Iccr)]nsdulcp vi%/.tIO[%rcp s%regl‘?icgl?y, li)hee; high
conductivities are largely due to the use of Al particles (which appear as microscopic
15 Al balls) as filler in the elastomeric bonding material 160 (the filler is typically a
powdery material made of Al alloy), which is commonly called Al powder or Al
ball. However, the Al filler inevitably with shed Al particles when the elastomer or
bonding material 160 is etched away by the plasma during wafer etch. As a result,
Al particles can fall on the product wafer surface causing Al ball-based defects. In
20  addition, it has been found that Al ball defects are likely to form in a combination of
adverse etch conditions such as the advanced 65 nm eich technologies and reqluire a
long time dry clean applied between etching the wafers.
Generally, Al ball particles are generated from either direct plasma attack of
the elastomer or bonding material 160 and radicals generated by the plasma
25  attacking the elastomer or bonding material 160. In the direct plasma attack of the
bonding material 160, the residual bonding material remaining inside the outer
electrode gap 129 between the inner electrode 120 and the outer electrode 130 is
etched by plasma due to the residues being exposed to the direct inline plasma.
Alternatively, the radical attack of elastomer bonding material 160 is caused by the
30  elastomer bonding material 160 suffering form an attack from the radicals generated
by the plasma. The radicals however, do not move in the directions of the plasma

charged ions. In addition, the radicals have a much longer lifetime than the ions.
11



el ectrode 110 and t he backi ng nmenber 140 descri bed above, it is
desirable to maintain the tenperature below 60 a, e.g. 45 to 50 C for

a suitabl e,t. .. 3 to 255 hours. After the bond i L rm
t he el asto\rﬂr’erz;a%m}gg%sgt; the assenbly 100 is cool ed and tsl‘he nsggqg?oﬁsé)gé)

material is renoved. Further, any additional cleanup and/or further
manuf acturi ng steps such as outgassing in a vacuum oven can be
carried out depending on the requirenents of the assenbly operation.
It can be appreciated that as shown in FIG 3, typically, the
pressi ng together 30 of the bonding surfaces 125, 127, 141, i.e., the
i nner el ectrode-120 and the outer electrode 130 with the inner
backi ng nmenber 124 and the outer backing nmenber 132 causes the

el astoneric bonding.material 160 to fill the gap_ or space 118, between
10 the inner 80‘%3[%’ aerflgi(f‘[ﬂrcé‘aé%“df?@,’ mpye)t & PR KGR RESSE lone

f12|4|. | R addi t i erctrod aacbandgd 'yagmg; ik ir&iicalﬁihaﬂa!ﬂigﬂ ;ycnézgaﬂ Ed’legih@k?ﬂeféﬁés‘fomer
i the outer e] ecfrode ga etween the inpner e .0 e .

i nner el ectrod& Ji‘?‘?ﬁatl%’a'aﬁeﬁép} %PBE%@%é “Ef’lte‘faﬂ 366‘?‘82‘1 Briicte gsperation.
130. However, the er@sMﬁIﬂ)vﬁ‘a érb@-@bﬁ&ia@ﬂie&:i dffa%ﬂﬁﬂcbd:m@f thebetet abctddf@ 130 of
to direct plas C S we the attac I cal s.generate y

pl asma can % es Eﬂf’ e# np‘?i %}%bm;ﬂg‘ﬁ ) FQ%%‘HB‘ el?‘??éré’g? 65 (?ﬁéjrgilleﬁ’? OTRSTRY Lse“gBEH
materi al 160 aplundity ofisegmhemis B4 whate)n fhakégrpaid ikl Le gRNBEAtd OME agother
During plasma processi t he el ast gner nged el ectrodes are et
sustai n high o%étr At %arfg‘%%%:e FACHES ?temldﬁ&pgﬁ%?ﬁ‘@gﬁg P? fee%rfengnldﬁl aﬁ)‘ﬁ& for
RF hours. 10 Atcexgamjdn/of tbé ohtet eletisodsi 130 darisgpveedsamthfarsesli@ttinace
assenbly 110 a§m§ﬁ§%ﬁigﬁprh8§%hn hgyﬁﬁpqﬁﬁ.mﬁdgu%iusgg Ln rred from the
seni conduct or Watar ot & BPEENEETe 2 RUTHE RO HRR IR} Hr3fEreg from
this kind o0 elmmet eloctesledr2é anditiyedyterchletivde $iCiv the dnker bakingrarmbeg 124

el ectrical con L\ ' I tivity., Nore .
specifically, ? %ﬁ%‘%‘gﬁ*ﬁ@%&%?@. lislag‘éggl}eg%?glgggﬁ’ ylakfugltlt‘ea fligEmglsgngyetion.
Al particles (whi chFEppeshowas apssrmstampl viekskla poaiidrs)f the sidwdrbeadietectrode
the el astoneri i, enl t filler i ically a .
powdery materi gfpﬁ?a eﬂ%]l %%ﬁq%@l%{@é)bvéﬂdﬁvﬁné agé %ﬁ%%‘?]’f°t§‘¥92%{i oenél1 ' Kf S shown in
powder or Al b&IG..5, Hewesisien dishensiig dfieldstomer hendingblaterial 160 shieposited on the

By the pi alim epagnABRarPE: Tt BERRE R Gified el Tp0 IS0 FRapIRE
on the product bowsfieg sutpck 4282 of thedianknginchiet 14baeldiltief ealys: pdrtion of the gap
or space 118 between the inner and outer electrodes 120, 130 and the backing
member 140. The precision dispensing of the bonding material prevents excess
bonding material 160 from filling the outer electrode gap 129. In addition, it can be
20  appreciated that not only is the outer electrode gap 129 free of elastomeric bonding
material 160, but the bonding surfaces 125, 141 of the inner electrode 120 and the
outer electrode 130 and the inner backing member 124 in the vicinity of the outer
electrode gap' 129 including the outer edge 121 and inner edge 131 of the inner and
outer electrodes 120, 130 is free of excess bonding material 160,
25 FIG. 6 shows a cross-sectional view of a portion of the showerhead electrode
assembly 100 of FIG. 5 having the edge exclusion zone bond. As shown in FIG, 6,
the precision dispensing of elastomeric bonding material 160 between the inner
electrode 120, the cuter electrode 130 and the backing memi)er 140 avoids any
excess or overflow of the elastomeric bonding material 160 to areas or surfaces
30 outside the bonding areas. In use, for a top electrode 110 of at least 300 mm in
diameter, the bonding material 160 has an outer edge 162, which is preferably 1 to 3

mm from the outer electrode gap 129 and more preferably about 1 to 1.5 mm from
12



20 addition, it has been found that Al ball defects are likely to
formin a conbinati on of adverse etch conditions such as the advanced
65 nmetc ies and require a long tine dry cl }

bet ween e%hﬁﬁ%@#@gmfers. Generally, Al ball par |jc @Ig}ogsﬁues
generated fromeither direct plasma attack of the el astonmer or

bondi ng-material 160 and radi cals generated by the plasma 25attacking
the el astonmer or bonding material 160. In the direct plasm attack of
t he bonding material 160, the residual bonding material remaining
inside the outer electrode gap 129 between the inner el ectrode 120
and the outer electrode 130 is etched by plasma due to the residues
bei ng exposed to the direct inline plasma. Alternatively; the radical

attack of el astoner bondi majerial 160 i,s caused by t 3 '
el ast omer bond WS er‘ﬁ“&ﬁ‘gﬁ%{ ufm@p%ﬂﬁnﬁ‘bﬁ’% PRECCIHE ‘SP‘btﬁ? Pyfer edge

rad |t (r:] al 3 _ gente_r aspef #my bﬁh@in? haserhl 18R pga_éirae@l ﬁtlormmgiég?m tﬁ@oﬂtitei edgevie] of
N e directigns, o ar.ged 1.0n aadl t.1 on
radi cal s have g‘ehlﬂﬂfﬁ eii‘if‘?@a‘? ﬁ@@%ﬂ‘rﬁgﬁ’igﬂg? fﬁel g faiter plge A&B&EP AYIEY,

a radi cal can erogedd )300UMeddicionlysndcappréRtddthimhaib@cnadget162 bo e

el ectron angd epergqgy. Thus e radicals, have hi ofential, t

St tack the o1 aBbtth oL AT R e Pty 368 1B Frighe i 121 otme
materi al | oss andr flectipadet 136] mdybe ainat edye. 13Flatd odtes BaS133 of the outer electrode
Ccross-secti onal1 e{i ew of a portion of the outer electrode 130 of 5

FIG 3. As shom% in FIG 4 the outer electrode 130 is preferably
conprised of a pl ur &dGtVsewssagpeiesofb3fhriinhef & innéhdesodatdd Bavidda

are attached to_one another with_.an el astoneric b i n teri 60.
e oluraltry Brber el dshe B Refs B AIP LRl (K RELMIRA6 kg
el ectrode 130 dmbpdignept.oseswivngindiiGa7.sbervatenetpgetlo? of bsdingtmaterial 140ais

processi ng zon N si:hg,.ih is,transferred fr t

10 inner el ect ?B%%ailgg%ﬁdgﬁ%gﬁﬁeeéﬁgl egg??%h%nﬁlgamtp&efeﬁaeb%f %br?él? Mo P'g

backi ng nmenber ni2foantie outee edgraldi af ghenipndreniectr®de 42@ t hen to the top

plate 114 via ther ti : El. .

cross-sectional vi 2?\}&%1&9 gal%lé%rattggﬁwg‘oﬁakpeﬂsl?%of\féar %gég%éﬁ"é"(l:ttl P%”'&%“% CIE‘F‘E;“"'

1 havi ng an el 436 6rgréatsitrodidpdraingrng bamdieg getesiat | 64 whereinthe borngs hofimes

in FIG 5, PLESI SI: ' ' f t j eri 16

i s deposi té% o%ﬁgh% l%gg@%%?ﬂr% 5(281; ae(}:{glés %2@1%%5f?%%fg ér?%e[ﬁfﬁgrpﬂgﬁﬁ rgacmr

out er el ect r odeschiapther 13Ppiaaitly circuldan hatnti (he, & ving Hloy i goferdllydrreguiar

backi ng nenmber 4140 .a ko 4 Of 4l

bet ween the i nﬁe?’ én o%(tééll? {%P?g?' lrj %ﬁggeﬁ:’t& &*}g‘g&gggéi?ﬁe begéﬂ?‘%g‘%? aHém
angles to one another nor do they run parallel to one another. Accordingly, in order

to obtain a desired edge exclusion bond, the bonding surface 202 can include a

20  plurality of recesses 200 configured to receive a portion of the elastomeric bonding
material 160. The plurality of recesses 200 is preferably strategically positioned on
the bonding surface 202 and can have any suitable shape or configuration, The
recesses 202 are preferably concave in configuration having a depth 204 of about 0.1
to 1.0 mm. However, it can be appreciated that the recesses 202 can have any

25  suitable cross sectional configuration. During the bonding process, the recesses 202
control the flow of bonding material 160 by preventing the outer edge 162 (FIG. 7)
of bonding materiai 160 from extending beyond z desired location relative to the
outer edge 131 of the electrode 130.

FIG. 9 shows a cross-sectional view of an interface of a multi-part outer

30  electrode 130 and the outer backing member 132, As shown in FIG. 9, the multi-

part outer electrode 130 includes a lower or plasma exposed surface 139 and an

upper or bonding surface 141. The outer electrode 130 is comprised of a plurality of
13



menber 140. The precision dispensing of the bonding material prevents
excess bonding material 160 fromfilling the outer electrode gap 129.

In additio i in be 20 appreciated that not only is

el ectrode ‘87960&[’?3%3? ee of elastoneric bonding materi al gfg'gqsggnh%@ﬂse
bondi ng surfaces 125, 141 of the inner electrode 120 and the outer

el ectrode 130 and the inner backing nenber 124 in the vicinity of the
outer electrode gap 129 including the outer edge 121 and i nner edge
131 of the inner and outer electrodes 120, 130 is free of excess
bondi ng material 160. 25FI G 6 shows a cross-sectional view of a
portion of the showerhead el ectrode assenbly 100 of FIG 5 having the
edge excl usion zone bond. As shown in FIG 6, the precision

di spensi ng of el astongric bondingenateriaL 160 between the inner

el ectrode 120, S3ERENG 1y Wherel 5a5H of Bispluativiol scomels hif welvdeya mating

avoi ds any excegfacelcoMpeiEdd shanQippélungt 356 BREL iotwep CRAEN D ITMhfIh RlerldHO
to areas or surf ceﬁqr300ut3| e tﬁe bonghlg‘? areas, _In use, for a top

el ectrode 110 8F°hAher e Broteghfrendpilying Bordiag material Hfhiapmdingef seht

160 has an out etpoe@ao bfadma\dh rhcalsSgeRetANBhY plhsth® drif@plat@ipidesssing, It
outer el ectrode ga 129i8%%gthrmre erabl%ll about mm from
; t

pr.ef . l1to 1l 5 f 2
the outer el ecPFotfeREEY4#¥H™Ma sch gfifieiphialiiol cegments hifpraadpelpduonaianee
the outer edgel3f23efor b uppadinddowat fmigad 13%6038s preferably 1 to 3
mm fromthe outer egge 121.q%¥$pe innerf?lec §$de 20,fand t he i nner
edge 131 and outer S9§RCHBPHIC-Phiteyppeilangs L3¢ Bglidess firstor upper veigigal
it can be appreocfatdd9diairizhrl aufses 148igel 4 &2o0d of becbvhtibdistgace 147.
material 160 i re ef e I % to 1.5 mMm.fromthe outer. ed 1 %
of the inner e?%% Or“f)eaglr a&%?@ﬁéu Pt TR Dr@&fbgegrf%‘lr URREr W‘%‘ﬁ Sg‘%"gfézl 8
of the out&l ehedzoncdewEaR.14F) Ad alsesdral lowbowriidat varGfced 4p0Thé appedf
an inner electrode 12% havi recision dis i of. el astaneri
bondi ng mat eri ‘é?rgﬁ}ﬁur %%cg\r[léﬁ’n ﬁtfgn%mg aP tREY gi‘gqg%ﬁggpwl.tﬁ%‘%?ﬁﬁ
: 9 . . . .
in FIG 7, theléufoemimggkoriAbAtadfabbidd amdjthedd e aktickbOirfaaepef, @4 abdrshing
Ito 3 mmfrom Qut e d 121 and re rei rab% bout .1 to 1.
nm from t he ou% gosveé%%ﬁiglgg OYgEEPp ]ﬁﬁgggegllgé’t 3?(:%0 g‘bt.%e Bonding Indtetial 160

by preventing the bonding material 160 from line of sight exposure to either the

15  plasma or radicals from the plasma. As shown, when assembled, the bonding
surfaces 141 of the multi-part outer electrode 130 and the bonding surface 127 of the
outer backing member 132 are preferably filled with an elastomeric bonding
material 160. The bonding material 160, however, only partially fills the upper gap
153, and leaves the horizontal gap 152 and lower gap 151 free of bonding material

20 160. Accordingly, during plasma processing, the plasma and radicals are unable to
attack the bonding material 160, which results in no loss of bonding material 160 or
Al ball generation.

FIG. 10 shows a view of a portion of the multi-part outer electrode 130 of

FIG. 9 including the elastomeric bonding material 160 within the upper gap 153. As

25  shown in FIG. 10, the outer electrode 130 is comprised of a plurality of segments
134 each having an upper flange 136 and a lower flange 138. The upper flange 136
and the lower flange 138 overlap one another to protect the bonding material 160
from either direct plasma attack or radicals generated by the plasma. As shown in
FIG. 10, since the lower gap 151 and the upper gap 153 do not align with one

30  another, the plasma and radicals from the plasma do not include line of sight

exposure to the bonding material 160.

14



FIG 8 shows a top view of a portion of a single or multi part outer
el ectrode 130 for precision dispensing of bonding material 160

wherei n thﬁ' 51’((*{)5 surfaces 15202 are irregularly sha USF 7003008
exanpl e, the ‘outeér &l ectrode 130 in a pl asma reactor or (‘I n@r"

typically circular in nature (i.e., a ring) having a generally

i rregul ar shape to the extent that the edges 131, 133 of the outer

el ectrode 130 are not at right angles to one another nor do they run
parallel to one another. Accordingly, in order to obtain a desired
edge excl usi on bond, the bonding surface 202 can include a 20
plurality of recesses 200 configured to receive a portion of the

el astoneric bonding material 160. The plurality of recesses 200 is

preferably strategi I ositioned on the bonding surface 202 and
can have any sui tab%gé:T ﬁa%‘é’“’éra °6‘b'3ﬁ15?°é’t9f‘%3t‘”%°f?H%‘%P@d%§§€§w%2a‘b‘?l%ﬂr°de

preferably con@mmblmlmmﬁb@wgab Ia@ﬂrtiib’t\éhmgdandﬂle IOAE\ sES4n of FrP AUt ihO1ch
to 1.0 mm Howe e ap ecesses 202 can
have any 25sui F%’ﬁ%@de ]ilcgs‘ LEANd SH?‘?EQ{??)aF? Ber Mg eRBeHGAdhg
process, the reagssesriRnaabirriab ah@@n bhitevbaekingonehbg 178t lerlhli g%ne]g-?lg(;nt@ﬂe
prevent 06, e ¥ slaedie 102 (L G by B SIS A IR 8L 3ol eR L om
t he el ectrode &s;ﬁ)sed:ttﬁhe Qla‘shla\mnea(n@f m;em; shdved mVFIEWIQI th@Rlastomer
nterface of ol BB O i 80 R R B YA S s o
el ectrode 130 e]ecﬂrmthe&Oamldcnh@bo:ﬂing;ﬂuﬁtﬁdfmlMmﬂunsubzio&ﬁfg rh&fband4; Sdhgfthe
SPPe, O, bond: i LR H4Fon IS Bt ST 9 15 AR 58S
segnent s 13@ i nfthedetr hacking mgmber F32C él“hedmpahng editaial 460 uppeyplédllaﬁ'gle a
136 a0 o Vovelhl gl 4150, PURLKAROSHED, BRIFEL0oRbR: £5) il
or radicals gen@ﬂcaeledrdﬁp ItBBe The astenederli2h @f fedsme eiectods 420 . typitally
vertical as shown in FIG. 11.
As shown in FIG. 11, the inner edge 131 of the outer elecirode 130 includes
15 alower flange 152, which protrudes from the inner surface 180 of the cuter
electrode 130. The lower flange 152 includes a horizontal surface 166 extending
from the inner surface 180 of the outer electrode 130 and beneath the lower surface
123 of the inner electrode 120. The lower flange 152 also includes an inner surface
135 connecting the horizontal surface 166 with the lower surface 139 of the outer
20  electrode 130. The lower flange 152 prevents the plasma and radicals generated by
the plasma from having a direct path to the bonding material 160 within the outer
gap 129.
FIG. 12 shows a cross sectional view of a portion of a showerhead electrode
assembly 100 according to another embodiment having an interlocking design in the
25  interface or outer gap 129 between the inner electrode 120 and the outer electrode
130. Asshown in FIG. 12, the inner electrode 120 has a lower flange 156, and the
outer electrode 130 has an upper flange 154, wherein the upper flange 158 and the
lower flange 158 overlap one another forming an interlocking configuration. The
upper flange 154 includes a first or upper vertical surface 180, a horizontal surface
30 168 and a second or lower vertical surface 172. The lower flange 156 includes a
corresponding first or upper vertical surface 182, a horizontal surface 170, and a

second or lower vertical surface 174. The overlapping flanges 154, 156 protect the
15



5 can be appreciated that each of the plurality of segnents 134 can

i ncl ude one flange 136, 138 or both upper and | ower flanges 136, 138.
As shown | I t he upper flange 136 includes a firs

verti cal %@%w%ﬁb a horizontal surface 148 and a ség%ﬂﬁﬁgaBﬁﬁ&kr
verti cal surface 147. The |l ower flange 138 includes a corresponding
first or upper vertical surface 146, a 10 horizontal surface 145, and
a second or lower vertical surface 144. The upper vertical surfaces
146, 149 form ng an upper gap 153, the horizontal surfaces 145, 148
formng a horizontal gap 152, and the | ower vertical surfaces 144,
147 formng a |l ower gap 151. The overl appi ng edges 136, 138 protect
the bonding material 160 by preventing the bonding material 160 from
| ine of sight expgsure to_either the lb@ﬁlasn& or radicals fromthe

pl asma. As shoRANdipgBRterial doh mdvich nartiallydHis appriion phibe utes gami 2%, e

nul ti-part out @feveh@ed the®endide nantiaf 160 SN de !
out er backi ng s enbet?céarﬁ%l?;g %ref e?abl fil lg\%hﬂé Jf@fz;gﬁt %%g;@%%?lﬁer the

bondi ng mat eri E*STBET T ﬁ'Hlﬂl"nglﬁsé?E%r“i\%ﬁh"fﬁUn Hgwbesdhe logisr flange 156

partially fill exfefids widRfleathaRe dfper flanich 1522 YRS vdvRE 1&&5‘%%@5@51&%%&5@311
and | ower g El free of ondi ngélmat erial 20 160. Accord

during pl as ol spodiment ihe fangeslnd of shy uipiselagtrodg rﬁ% pan g%conﬁgured

attack the bon‘ﬂd é‘!@eﬁmﬁrﬂfehﬁhth]tﬁé)ﬂaﬂgéllgh of ﬁﬁalihﬁéi' dldbtidRe 196 St @fsoRanHE ng
material 160 or bal,l ., gener 0 shows a vi ew of

1

portion of theaWF‘f‘FwBétﬁ i ‘er'@t‘é’EFP’BSQ‘“?BBa%?hOW@ F§G; %FIERJIIPFYSTthe
el ast oneri ¢ bowretitiogl supfes ma oflifowtr d1kdirodB @30 ameéxtgﬂﬁnglﬁ% thé%ozéem@m
in FIG 10, theorh &:’F ge130|s ggrﬂlse of %ﬁalurallt of
segments 134 eSeNHAVERSONAhE Jovesr spiags, glé sheinperrlechinar 129 Sngneixs.
The upper 10 angiepfeitelesubdt hesetnbiyer f1 ange 138 overlap one anot her to
protect the bonding ibal 160 from either direct pl.as tac

radi cal s generat ed Eglatﬁ{e BOS 8 ¢80sS MEHCA Y ﬁgitPE{t“’T(S’f% ‘ﬁ"é’ £95E° ectrode
| ower gap 151 assdmbhel(lﬂm:emd@rfgnoh&ﬁﬂﬁkb eﬂibbdmhdngﬁamgBnﬁiﬁ&lo’&ﬁlr@ﬂiéh@ﬁﬁn
the plasma and,radic sfr mth i ne of si

si ght
exposure to t h& HBKHRHGCHat eéﬁagﬁzgggtic tnrie? elec ?—#edcj § %Vbéteradﬁcrt’i?ggmo'
sectional vi eWA@fshcawpm FIChriSomemharﬁetrddealdoeiaeaﬂds\Odeﬂ@gsesﬁ){;vythlz(mst or

accordi ng a fur nb
el ectrode ﬁo | H‘Zﬁ"t"a‘% $ agn rflcéﬁner 8%%?“3%«5\,\%5?? I@na?c}ﬁ@‘?coﬂ‘g% Pi‘%r vertical
menber 124, answticeri7¢] &bt nmﬂeelmﬁde N30 3¢hated aa inrey s@fach d gl algprir@ater

over ourf ace 193¢ 168 B i fhePURREO T Bl BT RS S0 00 o Bleouler
shown) . As showlectrereHI3G, Asishowhéheshaartsorfece drehidribe hmteesmﬁdce]lee of thel s

t he gaps betwe the inner. el ectr

and the bondi ng&g{ﬁg atg%g%fg &%%tgﬁ?}l#iérgh I%Ia%%lﬁav ﬁ{fgrratffﬂl %1&’ Et?tﬁ}%e

bondi ng su?d acedgef the wafee (musleawml ect rode 130 and a | ower or bondi ng

surface 143

FIG. 14 shows a cross sectional view of a portion of an electrode assembly
200 according to another embodiment. The electrode assembly 200 can be an inner
electrode 220 and a backing member 230, or a portion of a single or multiple
segmented outer electrode ring having an outer electrode 220 and a backing member
25 230. Asshown in FIG. 14, an electrode 220 and a backing member 230 can be
attached to one another using at least one bond material recess 280 within the
bonding surface 227 of the backing member 230. Each of the at least one bond
material recess 280 includes a pair of vertical surfaces 284 and an upper horizontal
surface 282.
30 In use, the bonding material 160 can be any suitable elastomeric material.
The bonding material 160 is placed into the recess 280 and the backing member 230

is pressed onto the bonding surface 225 of the electrode 220. The amount of
16



10of the outer backing nmenber 132. The bonding material 160 al so
typically fills a portion of the outer gap 129 or interface between
the inner electrode 120 and the outer electrode 130. The_ outer edge
121 of t heWPREEPtct rode 120 is typically verti cal as N ‘”Wﬁm%iG
11. As shown in FIG 11, the inner edge 131 of the outer electrode
130 includes 15a | ower flange 152, which protrudes fromthe inner
surface 180 of the outer electrode 130. The | ower flange 152 incl udes
a horizontal surface 166 extending fromthe inner surface 180 of the
outer el ectrode 130 and beneath the | ower surface 123 of the inner

el ectrode 120. The lower flange 152 also includes an inner surface
135 connecting the horizontal surface 166 with the | ower surface 139
of the outer 20 electr%ge_l | omer fl ange 2 prevents the

30. Th _ 152 p
pl asma and r adFRSPTEHE PQP&@WJ he0 isiarasred Arhpiaess intp BearseaciSisueh
to the bondi ngifmiiRboalinkGArfiéd UMb AKELHAR KB meBMEr 238 and the bohlfAe skdace
shows a cross t na& Vi gw of a,portion of a showerhead el ectrode
assenmbly 100 aggéPfﬁ%ﬁﬁ cFodhethAE RFAAS Hithons A09ther RFMIngtacter Mkidhg

design in the pRFehtdtiRsdatameic Mﬂin@%ﬂhtér?a@l@@?ﬁbﬁﬁékpﬁﬂ&n%@ﬂ%fde of the at
el ectrode 120 and the out% el ectrode 130. As shown in FI 12, the
i nner el ect? odFASCREESS2¥bwer f1ange 156, and the outer el ectrode

I130 hafsI an upper fl Hr@elﬂﬁéwswmsﬁisébt%ohﬂ WEPef a bbﬂi&ﬁ%ﬁ&ﬁ%}e@ﬂ@dé H8embly
S 38y B0 P R TS i ot
?/er tical surf ?2330 HﬁOs,f t laashare spﬁmri‘zm,%i?laﬁﬁima%ﬁh éﬁﬁit@ﬁi@tgxﬂ@&%@@%r

ower vertica urfage .172. The .l o n 156 j.ncl udes. a .
correspondi ng PPYEER %\; B3SHBE mramher 2@4 “&‘{fg? g@%micg'?i,z%afi‘%’i’d’ﬁifﬁ?fﬁ’taéﬂ°h“g- The
surface 1700 aadesst secspuen?8lliopeferisly ah @Rdmitwh e rdd] 4od Fh&ire mesh, or
overl apping fl . . 156 prote the 15 ding material 160,
whi ch parti al | @‘!?‘fgﬁe%‘%é% “@%‘F?*}lb ;[?‘SFF‘E%% °8%§Pé‘f’e”g"‘%3 ﬂi”é’g’,reb%ﬂf BRIk Fgtion
t he bondi ng matesedby hbbirdg whwesi the electnele@20sdrgithe xS mber Z30 dieig
t he plasma or | . he_.pl .As..shown in 12 h .
| oner flange ;@%ggﬁﬁéﬁ%é%ﬁﬂgégﬁﬁg %ﬁgﬁéﬁéﬁ%iﬁ“?fﬁﬁ%%E&%h?wﬁﬁﬂbvngmP%
c ?nt Ee apt)r eci ?t-tr@fegghe nrmeamlcsalte:eal@dwzgrdnddhequt nglhemf)érangt ﬁ 356
0 e ou el ectr nfigured to _extend undernea e
fl ange 154P§of the i nnérljﬁgﬁ%gg’?rggpgss(%% N i %%ag%lﬁoﬁé’gglbﬁgg%? etaéaembqy
that in an al t 2@hacpsdengivrrdibre ptbadimehiows shawklifGFIG2] 6, teelbavele 220

LorLoan fort “GEALE Syt MR, RLSGLI TR ATR ST RN L
el ectrode 120 fmegmbpndpOa The boss 290 includes a pair of vertical surfaces 296 extending from
the bonding surface 225 of the electrode 220 and an upper surface 294. The recess
20 292 includes a lower surface 298 and a pair of vertical surfaces 299. As shown in
FIG. 16, the elastomeric Eonding material 160 is applied within the recess 292 and
on top of the boss 290. This provides an elastomeric joint, which is not exposed to
either the plasma or radicals generated by the plasma during plasma processing. In
addition, the bonding material 160 introduces a gap or space 297 between the upper
25  surface 225 of the electrode 220 and the lower surface 227 of the backing member
230,
FIG. 17 shows a cross sectional view of a portion of an electrode assembly
300 according to another embodiment. The electrode assembly 300 can be an inner
electrode 220 and a backing member 230, or a portion of a single or multiple
30  segmented outer electrode ring having an outer electrode 220 and a backing member
230. Asshown in FIG. 17, the electrode 220 includes a recess 310 configured to

receive a bonding material 160. The recess 3 10 includes a lower surface 318 and a
17



10st epped el ectrode assenbly. FIG 13 shows a cross sectiona
view of a portion of a showerhead el ectrode assembly 100 according to
a further enbodi nent having an interlocking design in the interfac

or outer g\ggbﬂ%? 6Pt he inner el ectrode 120 and the outPeCrT/léﬁzgoc?fOPg’(%se
130. As shown in FIG 13, the inner electrode 120 has a | ower fl ange
156 with a first or 15upper vertical surface 182, a horizontal
surface 170, and a second or |ower vertical surface 174. The outer

el ectrode 130 includes an inner surface 180, a horizontal surface 168
and an inner surface 135 extending to the | ower surface 139 of the
outer el ectrode 130. As shown the inner surface 135 and the | ower
surface 139 of the outer electrode 130 forma step 111, which can
provide etch rate uniformty at the 20 edge of the. wafer (not

shown) . raivef vertiea swgacss &k sEheggeass dHasanglasingtudg ap eiter gipose 33h
el ectrode asseghhyris?ifa RFREHIENG 12 .34 N8Er @ém&d'sﬂﬁiﬁe BIEh%h%h%ﬁﬁeh@éje

assenbly 200 can be an inner electrode 220 and a backi ng
or a portion offoR the IRyYes suragaltiphs lg‘éf@frfé‘ﬁ?%ftﬁ Befdhe @Cé%st}l@d él‘ he |°H¥jf
havi ng an out egrogl€83¢ Qﬁ@a@@&c@%&l@atﬁﬁ&&g&%fm&lﬂo@ﬁné Femiss BNy

in FIG 14, an el ectrode 220 and a back |ng nmenber 230 can be attached
to one anotherS%f8ssive EpstpaRqr berding gracerivhd €} regpliing osynaspnifraralsstarne

bondi ng surf aCkorifn anatehag‘%:%ﬁ% g A'If@ﬂi@ﬁ{reh? af)the Bachont astsgl%b@t’_’: Ob%‘ﬁ; outer

one bond material recess u es.a palr of vertical_ surfaces
and an upper hYFFEAsisEns gh&rwaeélezcadc riftR wlug@lud% A g R ?FE?%E"P%MG
160 can be anysmuyitable elastoneric naterial. The bonding materi al
160 is placed into %ﬂg recess 280 and the backlnq menber 230 s
pressed onto the bontf RS HVESE%OIQI% bgen teseribadewith gderenopte Preferrstount

of el ast onmer i enbsdificAs. FRiveveRit vhﬁ@elreadma§pura@t ta fichsp klaiied id |k arttihe it
recess 280 such th theﬁ@ondln sur.face the b cklng ne&%g
230 and the bofdi°fY ‘§ﬂi?f’ g &‘i‘%"b‘fen{l%meﬁpé‘&} ¥ S?E'EFI 42 gslegaipeg gpove

W th one anot heithb@rdepnging ﬁﬁ)ﬁ'ﬁﬂhe spiat 6 thp BN a1bE Tkkeepxefea&mmbui@nm is
bonding mat er ﬁllust%a@tg)ve angnllotﬁg not nr.%nmgctar%h geestr?gtwg E]n? any way. The scope of the
invention is given by the appended claims, rather than the preceding description, and
15 all variations and equivalents, which fall within the range of the claims, are intended

to be embraced therein.
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5I"éast one recess 280. FIG 15 shows a cross sectional view of
a portion of an el ectrode assenbly 200 according to a further

enbodi nent. As shown in FIG 15, the backing nenber 230 has at | east
one spacer 281, which maintains a finite distance or gap 283 between
t he backi ng nmenber 230 and the el ectrode 220 during thermal cycling.
The 10 at | east one spacer 281 is preferably an alum numwre, rod,
rod or wire WEMT IDCLAINED BJi table nmaterial. The at | east one spacer
281 al so prevent particle generation caused by rubbing between the

el ectrode 220, and the backi ng menber 230 during thermal cycling by
mai nt ai ni ng the fli ni t &ndelsetnde easoemignpiop 88 phiemeersactioh eclizorhdi vged in
surfaces of i I 220 and the backi ng nenber
230. 15F|G_’%Eﬁ§ﬁ@&§£§g@$8§g&gé%&ﬁgﬁéﬁggﬁgm,of a portion of an

el ectrode assenblapa@tfg semberdiavigg b bomlivgtsheaceenbodi ment. As shown in

FIG 16, h | .0d 20 i | .ud b 290 ich,i i d
b Chi moh T ocess SR eRERodeHEVHRENr ey SHERes o o e Hid ahsh e misfice

i ncl udes a paithe othensddet i cal surfaces 296 extending fromthe bondi ng
surface 225 of the eIec}roQg 220 and an §£ er surface, 2 4.dThe ecess
20 292 includes &P CETIEIRENS 50HH S %a"i“r"“BfS]d\?éPiliﬂ 2Bt des
299. As shown theoffibGidelénd t he el astoneric bonding material 160 is
applied within the recess 29 nd on top of the bos 90. Thi
provides an el astioh¥dng f“&ieﬁi%, Befhpsonthe Sondine é%'ww%tt e direpapd (i

pl asma or ragletats M8 RRIALIEL: R¥mbdte pl asma during pl asma processing.
In addition, the bonding material 160 introduces a gap or space 297
bet ween t he upperVEFiL gt lpast anpobihg elegtipdeshas @t fanar whirh exisads wndemeatier
surface 227 gfiedshe Rafdh FALBIREsudRE of the othfl Gectrbde, SAWRe 3t REQIRe
sectional view of a portion of an electrode assenbly 300 according to
anot her enbofl#nge aiminFisea dneefisight Bomaplasih 90r@0®tf@émmi;@g mAtefigner

el ectrode 220 and a backi ng menber 230, or a portion of a single or
mul tiple 30 segmented outer el ectrode ring having an outer el ectrode
220 and a backi n@. nenfée eR8@nde Assesibyved GlaimH), @herkin the flengslie ot thedenep 20
includes a r i j i rial 160.
The recess 310N FlcRlAl pRBty R BRES Y. B AR AR DAIBUE"
vertical surfaces 312. The recess 310 can al so include an outer

groove 320 conprigsing I r.surface 4 d.an.inner vertical
Surface 316, whi ch exaRGE RS EREDToRRmol iR 55 Foedsh b Fner
surface 318 eibcticdeanidcs®mds Gidarnedth ehedow @rsudice @Y the Faer cledtwdas a
receptacle at the edge of the interlocking nenbers to trap any 5
excessi ve el astonmer or bonding material 160 resulting from

non-uni form el astoner Thentctigdd@s@fibiplof dilgpensiitgsin Ahdhes Ntk et@trydesi f
the el ectrode assenbly 300 is_an outer electrode ring, the oHt r

el ectrode ri HGUF 4 198 padithedlines e aer SAsstradn wiends Berrencadghe %‘f@e
present inveptm@hnbasechegn described with reference to preferred

5. The electrode assembly of Claim 1, wherein each of the electrodes
includes a flange and the flange of the inner electrode extends underneath the flange

of the outer electrode.
6. The electrode assembly of Claim 3, wherein an inner surface of the

outer electrode includes an angular surface extending from the flange to the lower

surface of the outer electrode.
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10enbodi nents. However, it will be readily apparent to those skilled
inthe art that it is possible to enbody the invention in specific
forms other than as descri bed above w thout departing fromthe spirit
of the invention. The preferred enbodinment is illustrative and shoul d
not be considered restrictive in any way. The scope of the invention
is given by the appended clains, rather than the preceding

descri ption, and715al They glettaadeoarseratriyl @q@liainallentflsereimhh@hﬁealdlecwbdehi n
t he range of. I nged. t he

|' S CLAI MED |§“m’%5% 81'“{5?“’ ifn%e% E hEres ‘“g et ?rngécgﬁéﬁg g ags“ﬁahar‘"enéc%" i on
chanber usewvmmmpmgmmﬁndmtﬂonméﬂhsﬁeah@fmbpheﬂsym@wgmmps|5|ng a

backi ng nmenber having a bondi ng surface; an i nner el ectrode
having a | ower surface on one side and a bonding surface on the other
si de; an ot er Eheeledtivde assambhypl £imwk rwhstrit Hednsrfasne egfldel and

a bondi ng sq d 68 ra)fg eﬂ{sr}@ﬁl}eﬂrﬁﬁdesaa@%lppeé flan hnB QNG G10EL er 1 al

bet ween the ondln aces e I nne uter electr des and
t he backi ng nmenber; wherein at | east one of the el ectrodes has

a flange which entendwshwa@t@(roa@a;sanap of €8Sh 12wRQkhiaQdrigdntiIEp bawedn
surface of the other electrode, and the at | east one fl ange

el i m nat es PPPsEE Syfaces oftibe iNRE AN OWPrrisel O%r'fefrqe@f#wévoaémﬂw@enai and

mat eri al . avemcaﬁgapﬂeawe%h ?Bés@@%rﬁ%&%ﬂ‘tﬁl%n@r afdl Bhd électeefeé‘snelrpgms1hﬁ
flange is on the inner electrode and extends underneath the I ower

surface of tfHled3ithdhe bondiog medrsial. 3. The el ectrode assenbly of
Claiml1, wherein the flange is on the outer electrode and extends

underneath the | %‘Br ’?Her fe ectro ef asgeh%l E%,rlairef\ll ?,Ct [lé)rgl% the backing member
comprises an inner backing member and an outer backing member, and further

wherein the bonding surfaces are co-extensive.

11. The electrode assembly of Claim 1, wherein the inner electrode and

the outer electrode are made from silicon.

12.  The electrode assembly of Claim 1, wherein the backing member is

made from graphite.

13.  The electrode assembly of Claim 1, further comprising:
at least one recess on the backing member for receiving the bonding material;

wherein the bonding material is confined to the at least one recess.

14.  The electrode assembly of Claim 13, wherein the electrode has a boss

adapted to be received within the recess of the backing member.

15.  The electrode assembly of Claim 1 further comprising:
at least one spacer to maintain a gap between the bonding surfaces of the
backing member and the inner and outer electrodes; wherein the backing member

includes at least one recess for receiving the bonding material.

20



4. The el ectrode assenbly of Caim1l, wherein each of the el ectrodes
includes a flange and the flange of the outer el ectrode extends
underneath the flange of the inner electrode. 5. The el ectrode
assenbly of Claiml1, wherein each of the el ectrodes includes a flange
and the flange of the inner electrode extends underneath the fl ange
of the outer electrode. 6. The el ectrode assenbly of C aim 3,
wherei n an i nner 18urf Aoecleftratibeassanitdy fel ecpheode deationdaéamber asgubmar
surface ext e&%iicrégd&{o?tﬂet flange to the | ower surface of the outer
el ectr ode. G) SUBSHEe RIOLE P B S UMb y of Claim 1, wherein the
outer el ectrode iarvatkicemeabey haviag 2 bondofy seégeent s f orm ng an outer

el ectrode ring and Vi an overl appi ng surf.ace at, an.interface of
each of the pl urﬁpie[éf/ r%dfgq?%@?rﬂ\r%‘?r Shifice dn ©0ge S‘%@“@? E%‘QF‘@&E‘%‘?SOQ%&] y
of daim7, sheseeuntihe i nterface of each of the plurality of
segnents further includes an er flange and .a | ower, fl ange

9. The el ectrode *4¢ @hﬂwlﬁm IS rh TeCoSh el G saviBe ﬁdaﬂpélaﬁt%tg@éﬁnd an
bet ween opposed pfdevé RAESH eRfest Rehdinggferand outer el ectrodes is free of
the bonding material, and a vertical gap between opposed surfaces of
the inner and outer electrodes is partially filled wth the bondi ng
mat eri al . 120.  TheeiehiR@t hQEBH19 D8 BT Y 6 OhdrkiRithE ectdikEL Gh '&ut%ﬁ,e
backi ng nmenber conprises an inner backing nenber and an outer backing
menber, and §eptrofreringvard therreeeneinplyfes anginsrdrerveandrap ogtsr @xqoendd rep

11. The el ec &@ﬁgﬁgp[ of Caim1l, wherein the inner electrode
and t he out e(IFxrce g?:tro e g%'{%' made fromsilicon. 12. The

el ectrode assenbly of Claim1l, wherein the backing nmenber is nade
fromgraphite. 15 ThoeiedRe GLEGHY BEEARemDI Y of Taim 1, further
conprising: at |east one recess on e lbac i ng menber for receiving

t he bondi ng nat erielein Weebweidmgt Sudfadzooldihn gureatetecirade insludend iphedlity of t he

at | east one recess. 14. The el ectrode assenbly of C aim 13,
wherein the &F8&rode has a boss adapted to be received within the
recess of the backing nenber. 15. The el ectrode assenbly of

Claim1 further cqnprising: t | east one spacer to jntain a
gap between the Bondi Ao "R atfereniotiE care R B AR h & hner
and outer el geim0easion Whedter isell hesehaekdudtr BEIIEE piodedigesmaisidgeast
one recess for receiyi ng t he bon inlg mat rig,l.
providing & backing member having a bonding surface;
providing an inner electrode having a lower surface on one side and a
bonding surface on the other side; and
applying a bonding material to the bonding surfaces of the inner electrode
and the backing member, wherein an edge of the bonding material extends to within

1.0 to 3.0 mm of an outer edge of the inner electrode.

20.  The method of Claim 19, further comprising an outer electrode
having a lower surface on one side and a bonding surface on the other side, and an
outer backing member having a bonding surface, wherein an edge of bonding
material extends to within 1.0 to 3.0 mm of an outer edge of the outer electrode
providing an absence of bonding material in an interface between an outer edge of

the inner electrode and an inner edge of the outer electrode.
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16. An el ectrode assenbly for a plasnma reaction chanber used in
sem conductor substrate processing conprising: a backing nenber
havi ng a bondi ng surface; an el ectrode having a | ower surface
on one side and a bondi ng surface on the other side; and

wherein the el ectrode has a recess for receiving a bonding nmateri al
and an outer groove to trap excess bonding material. 17. The
el ectrode assenbl3i.of Toeanatharieof Glkier &0, mvheteén the dotdioglenatesiahis bUtcet.S
el ectrode ring and s errgg%eeso%tﬁeqﬁlllepglgﬁmzag i nner groove and an outer
groove to trap excess B onding materi a 18. The el ectrode
assenbly of Cdaiml wherein the bonding surface of the outer
el ectrode includes a plurality of recesses. 19. A nethod of
manuf acturi ng an el ectrode assenbly useful for a plasnma reaction
chanber used in sem conductor substrate processing conpri sing:

provi di ng a backi ng nenber having a bondi ng surface; provi di ng
an i nner electrode having a | ower surface on one side and a bondi ng
surface on the other side; and applying a bonding material to

t he bondi ng surfaces of the inner electrode and the backi ng nmenber,
wherein an edge of the bonding material extends to within 1.0 to 3.0
nmm of an outer edge of the inner electrode. 20. The net hod of
Claim 19, further conprising an outer electrode having a | ower
surface on one side and a bonding surface on the other side, and an
out er backi ng nenber having a bondi ng surface, wherein an edge of
bonding material extends to within 1.0 to 3.0 nmof an outer edge of
the outer electrode providing an absence of bonding naterial in an
interface between an outer edge of the inner el ectrode and an inner
edge of the outer electrode. 21.The nethod of C aim 20, wherein the
bonding material is 1.0 to 1.5 nmfromthe outer edge of the inner

el ect r ode.
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