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Field of the Invention *G00002*

The invention relates to an apparatus for plasma processing of

5 semiconductor substrates such as semiconductor wafers.
o ' Description of the Related Art

Electrodes used in plasma processing reactors for processing semiconductor
substrates such as silicon wafers are disclosed in U.S. Patent Nos. 5,074,456 and
t0 5,569,356, the disclosures of which are hereby incorporated by reference. The
‘456 patent discloses an electrode assembly for a parallel plate reactor apparatus
wherein the upper electrode is of semiconductor purity and bonded to a support
frame by adhesive, solder, or brazing iayer. The soldering or brazing layer can be
low vapor pressure metals such as indium, silver and alloys thereof and the bonded
17 surfaces of the support frame and the electrode can be coated with a thin layer of
metal such as titanium or nickel to promote wetability and adhesion of the bonding
layer. It has been found that metallurgical bonds such as In bonds cause the
electrode to warp due to differential thermal expansion/contraction of the electrode
and the part to which the electrode is bonded. It has also been found that these
20 metallurgical bonds fail at high plasma processing powers due to thermal fatigue
and/or melting of the bond.

Dry plasma etching, reactive ion etching, and ion milling techniques were

developed in order to overcome numerous limitations associated with chemical



frame by adhesive, solder, or brazing sayer. The sol dering or brazing |ayér
can be |ow vapor pressure netals such as indium silver and alloys thereof
and the bopdsgoomys faces of the support frame and the el ectredg iaidsy
coated with a thin layer of mnmetal such as titaniumor nickel to pronote
wetability and adhesi on of the bonding |layer. It has been found that

met al | urgi cal bonds such as In bonds caus€-the electrode to warp due to
differential thermal expansion/contraction of the electrode and the part

to which theeehaptsfaeicanduondechfedst Flasnatsbingeanpdrocingr, anaivs teedtical
nmetal | urgi cal bonds fail at h| gh pl asnma proce55| ng powers due to thermnal
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particular, allows the vertical etch rate to be made nmuch greater than the

hori zont al efaimreatan boaddpateiheontealiddt i Indactaplasmt etchirigoer(ables veryt fige hei ght
to wdth ratio of the resulting notch) of the etched features can be

adgquat el y cenkired We@- hikh abpet ratpisaéms_e f@ﬁml iNgieRaVELS nvitfomdiérig features
with high aspect ratios to be forned in | ms over 1 mcroneter in

t hi ckness. Dh‘ﬁ&ﬂl%sg he plasma etching process, a plasma is formed above the
masked '

During the plasma etching process, a plasma is formed above the masked
surface -of the wafer by adding large amounts of energy to a gas at relatively low ( “
pressure, resulting in ionizing the gas. By adjusting the electrical potential of the

10 substrate to be etched, charged species in the plasma can be directed to impinge
substantially normally upon the wafer, wherein materials in the unmasked regions
of the wafer are removed.

The etching process can often be made more effective by using gases that
are chemically reactive with the material being etched. So called "reactive ion

15 etching" combines the energetic etching effects of the plasma with the chemical
etching effect of the gas. However, many chemically active agents have been found
to cause excessive electrode wear.

It is desirable to evenly distribute the plasma over the surface of the wafer in
order to obtain uniform etching rates over the entire surface of the wafer. For

20 example, U.S. Patent Nos. 4,595,484, 4,792,378, 4,820,371, 4,960,488 disclose
showerhead electrodes for distributing gas through a number of holes in the

electrodes. These patents generally describe gas distribution plates having an



surface of the wafer by adding | arge anbunts of energy to a gas at
relatively low pressure, resulting in ionizing the gas. By adjusting the

el ectri ca} @g)togd}tial of the substrate to be etched, Char%jr/ﬁs%ﬁh% in the

pl asma caP I'rected to inpinge substantially normally upon the wafer,
wherein materials in the unmasked regions of the wafer are renoved. The
et ching process can often be nade nore-gffective by using gases that are
chemcally reactive with the material being etched. So called "reactive ion

etching” cophigeRRnt BEaSRIr8etail6realts Proddeh LRSS AbwidIQaPhasdFR ikt h the
chem cal etching effect of the gas. However, many chem cally active agents

have been found . to cause excessive electrode wear. It is desirable to
evenly di§FPPgUF@°FHé” fhsma over the surface of the wafer in order to
obtain uniformetching rates over the entire surface of the wafer, For
exanmpl e, U.S. PAtI€A¢tiWoion eichiussysem typicatly corists af gpesclipg chambgowiss

di scl ose showerhead el ectrodes for distributing gas through a nunber of
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The wafer to be etched is covered by a suitable mask and placed directly on the
cathode. A chemically reactive gas such as CF,, CHF;, CCIF; and SF, or mixtures
thereof with O,, N,, He or Ar is introduced into the etching chamber and
maintained at a pressure which is typically in the millitorr range. The upper

10 electrode is provided with gas holes which permit the gas to be uniformly dispersed
through the electrode into the chamber. The electric field established between the
anode and the cathode will dissociate the reactive gas forming a plasma. The
surface of the wafer is etched by chemical interaction with the active ions and by
momentum transfer of the ions striking the surface of the wafer. The electric field

L5 created by the electrodes will attract the ions to the cathode, causing the ions to

strike the surface in a predominantly vertical direction so that the process produces

well-defined vertically etched side walls.

A showerhead electrode 10 in an assembly for a single wafer etcher is

shown in FIG. 1. Such a showerhead electrode 10 is typically used with an

20 electrostatic chuck having a flat bottom electrode on which a wafer is supported

spaced 1 to 2 cm below the electrode 10. Such chucking arrangements provide

temperature control of the wafer by supplying backside He pressure which controls

the rate of heat transfer between the wafer and the chuck.




A reactive ion etching systemtypically consists of an etching chanber with
an upper electrode or anode and a | ower el ectrode or cathode positioned

therein. WHees@bshode is negatively biased with respect to thg/gswdgand ’
the container walls. The wafer to be etched is covered by a suitable mask

and placed directly on the cathode. A chemcally reactive gas such as CF4,
CHF3, CCIF3 and SF6 or mixtures thereof4with 02, N2, He or Ar is

i ntroduced into the etching chanber and nmmintained at a pressure which is
typically in the Theldléatrmde assemipdy istheonswpeble partewhichaeust e peplacated wi t h gas
hol es which permt the gas to be uniformy dispersed through the el ectrode
into the chaghedicallfheBet#ss feClédild agehd isShednbeioefigdigurapaifRAd the

cathode will dissociate the reactive gas formng a plasnma. The surface of

the wafer is_etched by chem gcal interaction with.the acti i on nd, by
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electric field created by the electrodes will attract the ions to the
cat hode, cadk yRpet h@rfa@rﬁ%h@outgt edgecofithe sdigen glestrode 0 1% a @oaphitersupport
vertical direction so that the process produces well-defined vertically

etiched si deringlRswitiirshiomerticiabdased settingdwidofi aboan156 s€MBuehfolovwa singl e
wafer etcher is shown in FIG 1. Such a showerhead electrode 10 is
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on which a wafer 1s supporte spaced 1 to 2 cm el ectrode
Suppl yi ng. bALREINAaUF BONF Sl A, BR PEST e T EIeFbUe B hmap.  Piinst
bet ween the wafer- and the chuck. 5 10 15
electrode 10 is a planar disk having uniform thickness from center to edge thereof.
An outer flange on ring 12 is. clamped by an aluminum clamping ring 16 to an
10 aluminum temperature-controlled member 14 having water cooling channels 13.
Water is circulated in the cooling channels 13 by water inlet/outlet connections 13a.
A plasma confinement ring 17 comprised of a stack of spaced-apart quartz rings
surrounds the outer periphery of electrode 10. The plasma confinement ring 17.is
bolted to a dielectric annular ring 18 which in turn is bolted to a dielectric housing
15 18a. The purpose and function of confinement ring 17 is to cause a 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. A radially inwardly extending flange of clamping ring 16 engages
the outer flange of graphite support ring 12. Thus, no clamping pressure is applied
20 directly against the exposed surface of electrode 10.
Process gas from a gas supply is supplied to electrode 10 through a central

hole 20 in the temperature-controlled member 14. The gas then is distributed

through one or more vertically spaced apart baffle plates 22 and passes through gas



20 WO 00/ 00999 PCT/ US99/ 14790 -4 The el ectrode assenbly is a consumabl e
part which nust be replaced periodically. Because the el ectrode assenbly
is attac tenperature-control led nmenber, for ease | agenent ,
it has b‘&@&o@%ﬁgentional to metallurgically bond the uppere{s./tljjrg aée of the
outer edge of. the silicon electrode 10 to a graphite support ring 12 with
I ndi um whi ch has a nelting point of abogt 156 'C. Such a | ow nelting point
limts the anmount of RF power which can be applied to the el ectrode since

the RF powsktridleed R6ids Mot shewh) MhB efaudas 10h6 ebfig digeset e Pestessughs The
el ectrode 10 is a planar disk having uniformthickness fromcenter to edge

t hereof. QN i IS, |,y nu | anpi ng
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cooling channels 13. - Water is circulated in the cooling channels 13 by

wat er i nl e¢lp@ipded tedeinparatusersontnalied membak b RIGASSSEAMERAR bEiSHRPIEE t onpr i sed
of a stack of spaced-apart quartz rings surrounds the outer periphery of

el ectrode fill opeihspapesissrmearoopposedremtfadeis vf temperatpeicormoeal menibed btand c
annular ring 18 which in turn is bolted to a dielectric housing 18a. The
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differentia e reactor crease the electri stance between
the reactign hapber V\ﬁ| |.S algd t he gll asma 1 h(j?ew confining,the plasma
bet ween t HEOUBHET S AmIG e 18 arsongnsdentring & 2lPY* Btsiia Y Bt endi ng
flange of clanping ring 16 engages the outer flange of graphite support
ring 12. TmeritoredIitthgrrpictignmhamber 24§ d oappintainl prefesegas yndeg Hresseret he
exposed surface of electrode 10. Process gas froma gas supply is supplied
to el ectr asigwddd tefmpets@ifieofigdbliédmember 14 and support ring 12, a first O-ring seal
28 is provided between an inner surface of support ring 12 and an opposed surface
10 of temperature-controlled member 14 and a second O-ring seal 29 is provided
between an outer part of an upper surface of support ring 12 and an opposed surface
of member 14. In order to maintain the vacuum environment in chamber 24,
additional O-rings 30, 32 are provided between temperature-controlled member 14
and cylindrical member 18b and between cylindrical member 18b and housing 18a.
15 The process of bonding the silicon electrode 10 to the support ring 12
requires heating of the electrode to a bonding temperature which may cause bowing
or cracking of the electrode due to the different thermal coefficients of expansion of
the silicon electrode 10 and the graphite ring 12. Also, contamination of wafers
could result from solder particles or vaporized solder contaminants deriving from
20 the joint between electrode 10 and ring 12 or from the ring itself. During high-
power plasma processing, the temperature of the electrode may even become high

enough to melt the solder and cause part or all of the electrode 10 to separate from

the ring 12. However, even if the electrode 10 becomes partly separated from ring



hole 20 in the tenperature-controlled nenber 14. The gas then is
distributed through one or nore vertically spaced apart baffle plates 22
and passegy gp gas 5 10 15 20 WD 00/00999 PCT/ US99/ 1479Qc11s99/14790
distribution es (not shown) in the electrode 10 to evenly disperse the
process gas into reaction chanber 24. In order to provide enhanced heat
conduction from electrode 10 to tenperat@re-controll ed nmenber 14, process
gas can be supplied to fill open spaces between opposed surfaces of

~tenper at ur ez opkaVdrgdione ibelecttftadBad tifwPRRDPAwWdriti@sthssionrbetwlébnt figN12 gas
passage 27 connected to a gas passage (not shown) in the annular ring 18
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chanber pr ocess

terrperature controlled rrerrber 14 and support ring 12, a first Oring seal
28 is provié@d bet ween an inner surface of support ring 12 and an opposed
surface of tenperature-controlled nenber 14 and a second Oring seal 29 is
provi ded bet weelln aire feltlarf spanicomiictm pupgessing,uvaluwre poécessipp chambérngrel?2 and
an opposed surface of nenber 14. In order to muintain the vacuum

egvi ronnent éﬁbrE]'i‘}aUJﬁlﬁf fof ichiddghd bﬁ’étﬂica@zfﬁoﬂﬁépdﬁﬁlone(@\ﬂD)eoﬂ)rhﬁ)ﬁéhdl@Q)nbet ween
t enper at ur e- control ed rrenber 14 and cylindrical nmenber 18b and between
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bondi ng tenperature mhich may cause bow ng .
apphcatlon of an RF field to the gas to energize the gas into a plasma state.
Examples of parallel plate, transformer coupled plasma (TCP™) which is also
called inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR)

10 reactors and components thereof are disclosed in commonly owned U.S. Patent
Nos. 4,340,462 4,948,458; 5,200,232 and 5,820,.723. Because of the corrosive
nature of the plasma environment in such reactors and the requirement for -
minirriizing particle and/or heavy metal contamination, it is highly desirable for the
components of such equipment to exhibit high corrosion resistance.

15 During processing of semiconductor substrates, the substrates are typically
held in place within the vacuum chamber on substrate holders by mechanical clamps
and electrostatic clamps (ESC). Examples of such clamping systems and
components thereof can be found in commonly owned U.S. Patent Nos. 5,262,029
and 5,838,529. Process gas can be supplied to the chamber in various ways such as

20 by gas nozzles, gas rings, gas distribution plates, etc. An example of a temperature

controlled gas distribution plate for an inductively coupled plasma reactor and

components thereof can be found in commonly owned U.S. Patent No. 5,863,376.



or cracking of the electrode due to the different thermal coefficients of
expansion of the silicon electrode 10 and the graphite ring 12. Al so,
contam nation of wafers could result from sol der particl i zed
sol der c¥APHPRFAnts deriving from the joint bet vvegn el ectq’r%ngs%/gﬂgéld ring
12 or fromthe ring itself. During high- power plasma processing, the
tenperature of the electrode may even bgconme high enough to nelt the

sol der and cause part or all of the electrode 10 to separate from the ring

12. However, omring WD
00/ 00999 PCT/ Uﬁgﬂﬁ%%ﬂdigﬁﬁg{ ?lﬁglééﬁ é\i/lg%?a o s{llgércllyfg E?i@gsrg%d t her ?ral
power transm ssion between ring 12 , and. el ectrode, 10 coul d result I n

nonuni f or rfF?ﬂ“é@ndnd)éﬂ%" ‘P)PTB%@%&PFF‘)@W@ of |the Pabyevaripys teshaiguesshayg beep ¢ he
field of sem conductor processing, vacuum processing chanbers are

gener al | y prepakedl dor edacingnige aluthintvansucfabe wathorarap oeatinigon HoCuisjanoé, nat eri al s
on substrates by supplying an etching or deposition gas to the vacuum

chanber ang s Rkt SRt '506u10§7sialsa%sé§ ﬁhdamﬁnﬂmczﬁﬁﬁbérqvﬁwa% Bért he gas into
a plasma state. Exanplés of parallel plate, transformer coupl ed pl asnma

L1 ect rbn- cyoRBEd Rrtee ioe ey any Wit of B4R OHES APl or o

di sclosed in commonly owned U. S. Patent Nos. 4, 340,462; 4,948, 458;
5, 200, 232 thatcbven®aily ezanogizedueyerds spiftered e gishgdoff and the chamber must

be replac_ed. U.S. Patent No. 5,680,013 states that a technique for flame spraying
AlLO; on metal surfaces of an etching chamber is disclosed in U.S. Patent No.
4,491,496, The ‘013 patent states that the differences in thermal expansion

L0 coefficients between aluminum and ceramic coatings such as aluminum oxide leads
to cracking of the coatings due to thermal cycling and eventual failure of the
coatings in corrosive environments. U.S. Patent No. 5,085,727 disclqses a carbon
coating for walls of a plasma chamber wherein the coating is deposited by plasma
assisted CVD..

15 In order to protect the chamber walls, U.S. Patent Nos. 5,366,585,
5,556,501; 5,788,799; 5,798,016; and 5,885,356 propose liner arrangements. For
instance, the ‘585 patent discloses a free standing ceramic liner having a thickness
of at least 0.005 inches and machined from solid alumina. The ‘585 patent also
mentions use of ceramic layers which are deposited without consuming the

20 underlying aluminum can be provided by flame sprayed or plasma sprayed
aluminum oxide. The ‘501 patent discloses a process-compatible liner of polymer
or quartz or ceramic. The ‘799 patent discloses a temperature controlled ceramic

liner having a resistance heater embedded therein and the ceramic can be alumina,



nature of the plasma environnent in such reactors and the requirenent for
mnimzing particle and/or heavy netal contam nation, it is highly

desi rabl e \{8hobb@e components of such equi pnent to exhibit boglyseRigHoasi on’
resi stance. During processing of sem conductor substrates, the substrates
are typically held in place within the vacuum chanber on substrate hol ders
by nmechanical clanps and electrostatic -8tanps (ESC). Exanpl es of such

cl anpi ng systens and conponents thereof can be found in comonly owned
U. S. Pat ent siNos, titania62iro@®ia, sitidorbc&BRie 5@QAniuRr carbrls, Heconaan chdideuppl i ed to

t he chanber in various ways such as by gas nozzles, gas rings, gas

di stributi Oﬁluﬂixﬂﬁrﬂ 1trﬁfec bof¥h ﬁr’fﬁ(ﬁ@ls icBh nﬁrlfi@gi?c? iBhHPnitqent TRt L@% gas

distribution plate an |nduct|ve y coupl e asna react or

conponents there can fo d i n. conmonl omned . S. Pate .
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all oys are commonly used for malls of plasma reactors. In order to prevent

corrosi on obeinp@refaried fow its ieasesoftreadhiriabilies athhayinge poatipgaf adeuinimr coat i ng
the al um num surface with various coatings. For instance, U S. Patent No.

5 641, 375 dpgigk 0S€6), o, Gl wnhnugogbaﬂggfefméd ﬁ)rféam SMinuaN@0pre9fiet O
reduce plasma erosion and wear the walls. The patent states that
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flame spray| fn glumma and a ceramic shield of aluminum nitride for the wafer pedestal for use
in CVD chambers. U.S. Patent No. 5,904,778 discloses a SiC CVD coating on -
free standing SiC for use as a chamber wall, chamber roof, or collar around the |
10 wafer. U.S. Patent No. 5,292,399 discloses a SiC ring surrounding a wafer
pedestal. A technique for preparing sintered SiC is disclosed in U.S. Patent No. -
5,182,059.
With regard to plasma reactor components such as showerhead gas
distribution systems, various proposals have been made with respect to the materials
15 of the showerheads. For instance, commonly owned U.S. Patent No. 5,569,356
discloses a showerhead of silicon, graphite, or silicon carbide. U.S. Patent No.
5,888,907 discloses a showerhead electrode of amorphous carbon, SiC or Al. U.S.
Patent Nos. 5,006,220 and 5,022,979 disclose a showerhead electrode either made
entirely of SiC or a base of carbon coated with SiC deposited by CVD to provide a
20 surface layer of highly pure SiC.
In view of the need for high purity and corrosion resistance for components

of semiconductor processing equipment, there is a need in the art for improvements

in materials and/or coatings used for such components. Moreover, with regard to



Al 2 03 on netal surfaces of an etching chanber is disclosed in U S. Patent
No. 4,491, 496, The '013 patent states that the differences in thernal
expansi on ficients between alum num and ceram c coati

al um num%?g?(}géﬁ%ads to cracking of the coatings due to tﬁg?ﬁg#g}g @?I ng
and eventual failure of the coatings in corrosive environnents.

Pat ent No. 5,085, 727 di scl oses a carbong.coating for walls of a pI asma
chanber wherein the coating is deposited by plasma assisted CVD.. In order
to_prot ect {déhdriiifieMBl | shy hhtshialS W B cMﬁerés@tﬁ@sé@%e 1if@ o IQQ{]:

5,788, 799; 5, 798 Gl6; and 5, 585 356 propose liner arrangenents. 6p 2

I nstance, the atent di sc ses free standi ng ceram ¢ I|ner haV| ng a
t hi ckness ?ﬂm%ft agg‘ff BCE &‘?1 n Smet f('jam%&ﬂ’%o‘f’?‘bld(h €umi na. The
‘585 patent also nentions use of ceram c |ayers which are deposited

wi t hout comheugfiaigl inrreduaingithelopstraf pabcassing thecsemibendyetoy wadersby f 1 ane sprayed
or plasma sprayed alum num oxide. The '501 patent discloses a _
process-conpati ble liner of polymer or quartz or ceramc. The '799 patent

di scl oses a tenperature controlled ceramic |iner having a resistance
eater enbedded therein an ﬁloﬁl dpwa, 5 10 15 20 WO
0/ 00999 PCT/ US99/ 14790 $>1 | |§gﬁgf’£?ﬁIWEﬁ (?N; silicon carbide,

titani um car bi de%h? irconiumcarbide, alum num ni t{)l de, boron nitride,
silicon nitride JADYERUOR RIAYIAPS 31 glastomercC jgynigassembly of parts in a plasma

reaction chamber used in semiconductor substrate processing. The parts include
components of substrate supports, gas distribution systems, liners, electrodes,
windows, temperature controlled surfaces, and the like. The elastomeric joint

10 assembly comprises a first part having a bonding surface, a second part having a
bonding surface engaging the bonding surface of the first part; and an elastomeric
joint between the first part and the second part, the elastomeric joint resiliently
attaching the first part to the second part so as to allow movement between the first
part and the second part during temperature cycling thereof.

15 The elastomeric joint can comprise a polymeric material compatible with a
vacuum environment and resistant to thermal gradation at temperatures of up to and
including 200°C. The elastomeric joint can include a polymeric material and a
filler of electrically and/or thermally conductive particles. The polymeric material
can comprise polyimide, polyketone, polyetherketone, polyether sulfone,

20 polyethylene terephthalate, fluoroethylene propylene copolymers, cellulose,
triacetates or silicone. The filer can be metal particles such as an aluminum alloy

having 5 to 20 weight % silicon. The elastomeric joint can be located between



patent discloses a liner of ceramcs, alumnum steel and/or quartz with
al um num being preferred for its ease of machinability and having a

coating ofwadembgeym oxide, Sc203 or Y203, with Al203 being prghfbsssh é]or ’
coating alum numto provide protection of the alum numfrom plasna. % e

' 356 patent discloses a ceramc liner of alumna and a ceram c shield of
alumnumnitride for the wafer pedestal l6r use in CVD chanbers. U S

Pat ent No. 5,904,778 discloses a SiC CVD coating on free standing SiC for
use as a chandseg swafaces whighiaer cornotiredao peoviienn anterlockihl @ndafselt-alighifg

Pat ent No. 5,292,399 discloses a SiCring surrounding a wafer pedestal. A
t echni que fcarrraﬂgaﬁ@,{ti ng sintered SiCis disclosed in U S. Patent No.
5,182,059. Wthregard to plasma reactor conponents such as showerhead gas
di stribution systens, ..various rgé%ﬁosa s, have heen ma,ge with respect to the

materials of thé SREUBE fLa0ce MeRttn A enPgRREN gethelgcwods assgmblyt  No.

5,569, 356 discloses a showerhead of silicon, graphite, or silicon carbide.
U.S. Patent ffpuse is agdasmpreagiien ¢haseber £o5 samispohduntoredubstratederoodssmgorfieous
carbon, SiCor Al. US. Patent Nos. 5,006,220 and 5,022,979 disclose a

shower head eleeatdogsembly@cludesde susptrt ikbeP having a¥ordiM2sf Rk gaRFON :
coated with Si C deposited by CVD tl?ﬁprovi de a sgrface lJI%:yer of hlkg;ﬁl y pure

SiC | [ : f ' j ist f
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art for inprovenent in materials and/or_ coatings used for such
conmponent s. eWg%W'j?cevW?‘Eﬁﬂse’&éﬁ”&e@éo ¥asedbe seroisongectpr sisraietode - 9 t he

chanber materials, any materials which can increase the service life of a ("
pl asma processed in the reaction chamber and a bonding surface at an outer edge of the -

electrode joined to the bonding surface of the support member by the elastomeric
joint. The elastomeric joint compensates for thermal mismatch and/or thermal
gradients since it allows the electrode to move relative to the support member - -
during temperature cycling of the assembly. |

According to a preferred embodiment, the electrode comprises a showerhead
electrode and the electrode assembly is removably attached to a temperature-
controlled member having a gas paséage supplying a process gas to a backside of
the showerhead electrode. In this case, the temperature-controlled member
optionally can include a cavity and one or more baffle plates located in .the cavity
whereby the gas passage supplies process gas into the cavity to pass through the
baffles and outlets of the showerhead electrode. A recess can be located in the
electrode and/or the support member so as to accommodate the elastomeric joint
and provide a seal which extends completely around the outer edge of the electrode.
The electrode can comprise a circular silicon disk of uniform or nonuniform

thickness and the elastomeric joint can comprise an electrically conductive material



react or chanber and thus reduce the down tinme of the apparatus, would be
beneficial in reducing the cost of processing the sem conductor wafers. 5
10 15 20 SUMVARY OF THE | NVENTI ON The invention provides an el astoneric

joi nt as¥emBPIBf parts in a plasma reaction chamber used?HUSEHEBnduct or
substrate processing. The parts include conponents of substrate supports,
gas distribution systens, liners, electrodes, w ndows, tenperature
controlled surfaces, and the like. The elastoneric joint assenbly

conprises.a first part .havi a bondi n rf ec [ ng a
bondi ng sd¥ Qé@neeﬁgcéﬁ?ﬂ@ %%gg‘ﬁbvﬁdﬁ%ﬂ %‘gp;ggée?%ﬁj aftﬁ%gsf‘i ?g? ﬁggrr ﬁr;eﬁg% gn

el astonmeric joint between the first part and the second part, the

el ast oner ipFoyid¢sdireqs sieciricat Fgntacitbesvenmge eipstrofle and figruppertmpanbsscond part
" so as to allow novenment between the first part and the second part during

tenperature cycllengvédibmeddo profiieslaantihoe of assembling @arRE popeiede a pol yneric
material conpatible wwth a vacuum environnent and resistant to thernal

gr adat | ON ey STBSARLY SRR G AT uskf i d MR Ghaioas pRe | C

joint can 1nclude a polyneric mater a el ectrically and/or
thermal |y conductive partjcles. The polyneric material can conprise

pol yi nmi de,M§iBed instusise ?P%We‘tﬂhf‘é?%&%%ﬁ% ,bog@iﬂﬁé?aﬁ%f ﬁs‘ﬁ 076 L MOTE JABE hy | ene

t erepht hal ate, fluoroethyl ene propyl ene copolyners, cellulose, triacetates
or silicomserfadseffth¢ electrade dned arsuppiorpmembet, essesuhlingabe gtectroderanium al | oy
having 5 to 20 weight % silicon. The elastoneric joint can be | ocated

between  support member and curing the bonding material to form an elastomeric joint
between the electrode and support member. The mating surfaces are preferably
coated with a primer which is subsequently cured and/or the bonding material is
subjected to a densifying step in a vacuum environment to remove gas bubbles prior
to being applied to the electrode and/or the support member. In a preferred
embodiment, the elastomeric bonding material is applied to a shallow recess in a
graphite support ring and a silicon electrode is pressed against the support ring
during curing of the joint.

The invention also provides a method of processing a semiconductor
substrate in a plasma reaction chamber. The method includes supplying a
semiconductor substrate such as a wafer to the plasma reaction chamber, supplying
process gas to the chamber, and processing the substrate by supplying electrical
power to an electrode assembly. The electrode assembly includes an electrode and
a support member and the electrical power passes to the electrode through an
elastomeric joint which bonds the electrode to the support member such that the
electrode moves relative to the support member during temperature cycling of the

assembly. The electrode can be a showerhead electrode and the process gas can be




WO 00/ 00999 PCT/ US99/ 14790 -10 nmting surfaces which are contoured to
provide an interlocking and/or self-aligning arrangenent. According to one

enbodi nmen jnvention provides an el ectrode assenbly f I, 5hnd
pl asma re cq{"g?e?gésﬂarrber for sem conductor substrate pr ocess?é5&§$ﬁlét%o

el ectrode assenbly includes a support nenber having a bonding surface, an
RF driven el ectrode and an el astoneric-jpint therebetween. The el ectrode
has an exposed surface which is intended to face the sem conductor

substrate tQfed B ArCamBtbel thiolgh AGAS bhé@ﬁ%ecihahnf@ﬁbg:@ﬂﬂe%obl%llﬁdﬁﬁerﬁb@rf ace at
an outer edgeé of the electrode Jjoined to the bonding surface of the

support nenber by .the el astoneric .joint. The el ast ric 1.0l nsat es
for thernal mr?flgtﬁ’étlﬂ i‘lﬁ%ﬂiﬁf’g? r?‘?fé‘roﬁaclhhmg I %El?aé ﬁg’l 9{8§é£?tgagp+sg%/\£&f@§m% '
el ectrode to nove relative to the support nmenber during tenperature
cycling of etposedswnfateyof the showerbgad eleetrqsieef Hier epp@IHSMOE A2 b¢ Ae el ectrode
conpri ses a showerhead electrode and the el ectrode assenbly is renovably

attached togﬁph@mg%ﬂfofﬁam?%ﬁabl@éd tocthéresiperatine\dongoReymemparsamihe suppl yi ng
a process gas to a backside of the showerhead electrode. In this case, the

t enpet al ur €5 eaPSde At FEARGH aiNblidBdl tné %ﬂ%hriégg@g;’%%@ by &d Liysiderione or

nore baffle ™ p ocated I'n cavity gas passage supplies
process gas, into the cavity to pass through the baffles and outlets of the
shower head ¥ ¥ctrode. A recess can be located in the electrode and/or the
support nenber so as to accompdate the elastoneric joint and provide a
seal whi ch ext endbe doveption @rovidesa pismhPrengsuing system &ir prpeessingct rode.  The
el ectrode can conprise a circular silicon disk of uniformor nonuniform (>
semiconductor substrates including a plasma chamber, a substrate support, a gas

supply, an energy source, a ceramic liner and a resilient support member. The
plasma processing chamber has an interior space bounded by a chamber sidewall
and the substrate support on which a substrate is processed i§ located within the -
interior space. The chamber sidewall is spaced outwardly of a periphery of the
substrate support and the gas supply supplies process gas to the interior space. The
energy source energizes the process gas in tne interior space into a plasma state
during processing of the substrate. The ceramic liner is supported between the
chamber sidewall and the periphery of the substrate support by the resilient support
member.

According to a preferred embodiment, the resilient support member
comprises an elastomeric joint or an elastically bendable metal frame and the
ceramic member comprises a one-piece ceramic liner or an assembly of ceramic
tiles. For instance, the ceramic member can comprise an assembly of ceramic tiles
and metal backing members and the resilient support can comprise an elastomeric

joint which attaches each of the ceramic tiles to a respective one of the metal



t hi ckness and the el astoneric joint can conprise an electrically conductive
mat eri al WO 00/ 00999 PCT/ US99/ 14790 -11 having an. electrically conductive
filler such as netal particles. The filler preferably provides direct

el ectri cHO QWWIMC:t between the el ectrode and the support neEnbEP?Y1478%
invention also provides a nethod of assenbling an RF powered el ectrode such
as a showerhead el ectrode useful in a plasm reaction chanber. The nethod
i ncl udes applying an el astoneric bonding material to one or nore mating

and suppo Pt e ReRteert dne Mg LRAS e B o SROPRY BY ah BBl orer

joint between the el ectrode and support nenber. The mating surfaces are
pr ef er abl y beadeblemey! framae pirperted Wy pchermally eoseelicdmepbensuch thadrest t he
bonding material is subjected to a densifying step in a vacuum environnent

~to renove gasbbwitdeswR i thd @riigicniesadp lai thetniad phithewkick ekeadetiaoagior t he
support nmenber. In a preferred enbodinment, the el astoneric bonding

mat er i al i%hetagggb&%r&goﬁu,s g'ngegwaaaﬁg cibefs af ABMchAcRHRON fraitd¥p and a

silicon el éc €' 1s presse ai nst e support ring ring curing of the
joint. The jinvention al so provides nmet hod of processing a sem conductor
substrate i hepnaldngontealiqd ‘BﬁmE?fan‘glé"’rr.natﬂfgy'rfé? ﬁ%‘&”ﬁ“hlﬂeﬂg’& A PPPPITY a
sem conductor substrate such as a wafer to the plasnma reaction chanber,
suppl yi ng aprewatdy gédsetamit hidescind theresilientisyppovessicomptise as alastomears by
supplying electrical power to an electrode assenbly. The el ectrode

assenbl y i hght'b@vean efd1L6t thederamidl tiled 284 BROEHaniBeRbRlewand the el ectri cal
ower passes to-the electrode through an elastonmeric joint which bonds the

electrode to t heAcSc%P&)lgé tto E{E&H&r erﬁﬁloccfi]mgﬁ?'é hte}cﬁ@r is supported by the bendable

metal frame such that the heater can heat the ceramic member. The resilient
support member can comprise an elastically bendable metal frame which includes an
inner frame member and an outer frame member. The resilient support member
can further comprise an elastomeric joint between the ceramic member and the
inner frame member, the inner frame member being supported by the outer frame
member, the outer frame member being supported by the chamber, and the tiles
being a series of interlocked ceramic tiles. Preferably, the ceramic member
comprises a one-piece SiC liner or a plurality of SiC tiles.

The resilient member can comprise inner and outer metal frame members
configured to allow differential thermal stresses on the ceramic member and the
frame members to be accommodated during operation of the plasma processing
system. In such an arrangement, an upper portion of the outer frame member can
be supported by a thermally controlled part of the chamber, a lower portion of the
outer frame member can be attached to a lower portion of the inner frame member,

and the ceramic member can be supported by the inner frame member. Further, the



el ectrode noves relative to the support nenber during tenperature cycling
of the assenbly. The el ectrode can be a showerhead el ectrode and the

process gago%ahtydse WO 00/ 00999 PCT/ US99/ 14790 -12 supplied l;@r/{',g%”gl;%r’rber
t hrough a gas passage in a tenperature-control |ed nmenber nounted in the

pl asma reaction chanber such that the process gas passes through an
exposed surface of the showerhead el ectrdde. The support nenber can be a
graphite ring renovably attached to the tenperature-controlled nmenber and

the el ectr osidstHe nizealdramhd taDMCIdS @ dotineshstuppeh foltichPiid £ ségrnau&P! el y by
the elastoneric joint. The invention provides a plasma processing system

for processi 9.0 : ubst i ] | as chanber., a
substrate sulgglgrr ?&ﬂgﬁg@ qéﬁ%%‘%y%a%&g%@tﬁEgquslo%dé@g,cg%%éy gﬁ‘ilrdc ?iaﬁgfheand a
resilient sgggor_t m;nber. The | asma processi ng chanber has an interior

space bounde§EBB{NEd (HHERRATLIEN GakaPMPTisERKIdleegRding seaments separatsd fiwinch a

substrate-is processed is located wwthin the interior space. The chanber

si dewal | i s eplaothdr by tawallglextantling giatsi pheheyinnér drdeoutsiuimstal dtaencssmpmbeis and
the gas supply supplies process gas to the interior space. The energy

source ener ¢irg eglidd?RaPARE R fud8@8nfifhdulSip] ki ' asma state
during procesrs?)gglg of at he substra{lé. Thepgé&trlgén{lklgﬁ? ?’2‘2? Igagg%g)ﬁred bet ween

t he chanber_sj d || and t eriphery of the substrate support by the
resilient s&ﬁ%%ﬁ%e%@cme jg\gFrdptﬁ'aop%c%ngg%ef Cins e’é‘ﬁﬂ‘g‘tﬁgﬁﬁg‘?‘?mﬁhe |
resilient support nmenber conprises an elastoneric joint or an elastically
bendabl e netSgparated from gerh eiber bepxialily extendiag skdspri ses a one- pi ece ceranic
liner or an assenbly of ceramc (
According to another embodiment of the invention, the liner further includes

a ceramic plasma screen extending inwardly from a lower portion of the ceramic
member, the ceramic plasma screen including passages through which process gas
and reaction byproducts are removed from the interior of the chamber during
processing of a substrate. For instance, the ceramic plasma screen can comprise a
plurality of segments supported in an annular space between the chamber sidewall
and the substrate support, the passages comprising slots extending radially inwardly
from the chamber sidewall. The ceramic plasma screen can be attached to the
resilient support member by an electrically conductive elastomeric joint, the
resilient support member comprising a bendable metal frame and the plasma screen

being electrically grounded to the bendable metal frame by the elastomeric joint.



tiles. For instance, the ceram c nenber can conprise an assenbly of ceramc
tiles and netal backing nenbers and the resilient support can conprise an
el astonew(fomd'og%g,nt whi ch attaches each of the ceram c til epctrasay/1@spective
one of the metal WO 00/00999 PCT/ US99/ 14790 -13 backi ng nenbers. The netal
backi ng nenbers can be supported on an elastically bendable netal franme
supported by a thermally controlled meaklfer such that heat can be wi t hdrawn
fromthe ceramc tiles via a thermal path which extends through the

el astoneric joint, the nmetal backing nenbers and the bendable netal frane
to the thermally controlled nmenber. Alternatively, the ceram c nenber can

conprise an assenbly gf yﬁ&ﬂ#m@q_ﬂ;tﬁmmwlqmssupport can
conprise an el astomeric oin et Ween each o e céeramc tiles and the
chanber sidewal |, Accor.ding..to another enbodi nen heat er ,i S supported by
the bendabl e met/inYGRLRR ‘@Héwah%f“fﬁﬁé%ﬁ%%ﬁ’sae‘%‘ﬁhf 2t ﬁ’ethgé}ggﬁgc nenber .
The resilient support nenber can conprise an elastically bendabl e netal
frame whi clwhergihudes an inner frame nenber and an outer frame nenber. The
resilient support nenber can further conprise an el astoneric joint between

the ceram c nempgG, angatshe sebriiial YiedSf ABABE st shbWeinka elctirad®assembr bei ng
supported by the outer frane nenber, the outer franme nenber being

support ed t. r d.the tiles being a series of interlocked
ceramc ti I%e/rss.l @gé\f@?&ba% fﬁsgﬁgé ceram c nenber conprises a one-piece SiC
liner or a plurality of SICtiles., The resilient nber can conprise inner
and outer netal %Gaﬁrés ﬁﬁWSéF%“O‘@iHFWngr%3‘9er?4%%@?946&5§ng t her mal
stresses on the ceranmic nenber and the frame menbers to be accommmodat ed
duri ng operetordingasd ontempbdisneat pf thequssemg invention; and

FIG. 3 is a side sectional view of a portion of the arrangement shown in
FIG. 2.

FIG. 4 shows a plasma reaction chamber in accordance with an embodiment
of the invention wherein a ceramic liner supported on a resilient frame surrounds a
substrate support;

FIG. 5 shows the plasma reaction chamber of FIG. 4 without various
components including the liner;

FIG. 6 shows a plasma reaction chamber in accordance with an embodiment
of the invention wherein the ceramic liner comprises a series of tiles mounted on
backing plates;

FIG. 7 shows a perspective view of the plasma reaction chamber of FIG. 6;

FIG. 8 shows details of a wafer introducing slot in the plasma reaction
chamber of FIG. 6;

FIG. 9 shows how the edges of the tiles of FIG. 6 fit together in an

interlocking arrangement;



system In such an arrangenent, an upper portion of the outer frane nenber
can be supported by a thermally controlled part of the chanber, a | ower
portion ofwhheoesayt er frame menber can be attached to a | owgicTgobi1 919 Of
the inner frame nmenber, and the ceram c nenber can be supported by the
inner frame nmenber. Further, the WO 00/00999 PCT/US99/14790 -14 bendabl e
metal frame can include a continuous uppel-portion and a segnented. | ower
portion. For instance, the bendable netal franme can be cylindrical and the
segnent ed | ower pPokG.i thslaws doaipy olan elastidally benrdabledirame egupparsing epar at ed
from each other by axially extending slots. If the inner and outer netal
frame nmembergntisiduscoyiinddichCadraditdlind?Gh ldé'&)r&%’é lmmwmuumwboaﬁﬁémwsheand
segnented | ower porti‘ons, the segnmented | ower portions conprise axially
ext endi ng segnents separated from each other by axially extending slots.
Accordi ng t d"¥PRer enbodi nent of the invention, the liner further
includes a ceram c plasma screen extendi ng |nmardly froma | ower portion
of the ceramic nelbel] shaws desaitmotca premantedsoetebfiame ettaddicd do pleverpsge

t hrough whi ch process gas and reaction byproducts are renoved fromthe
interior of dffige eyiandréval thner 6OFIGr i;esdi ng of a substrate. For instance,
the ceram c plasma screen can conprise a plurality of segnents supported

in an annul ar Spqq@;bP}Yé@ﬁg‘ragf?%h&bﬁ%b@ﬁlgﬁa%\é?bfthe%@éiex]t P?n%%yﬁf%t%@;l%wlgrrom

support, the passages conprising s xtendi ng radi a nwar
t he chanber The ceram c pl asha reen .can be hed to the
Fosi 1'ont - BT ET His-HERGSICHh SR A7 FEIRS 3 cuehiie Eoveoe obp 200 S 1n, of nt
the resilient support nmenber conprising a bendable netal frame and the ("
pl asma screen being electrically grounded to the bendable netal frame by ™ -
the el astoneric joint.

DETAILED DESCRIPTION OF THE INVENTION

The electrode assembly of the invention overcomes disadvantages of the.
prior art electrode assefnbly shown in FIG. 1 by providing better accommodation of
stresses due to thermal mismatch between the electrode and suppoft member which
prolongs the life of the electrode, allowing the electrode to be exposed to higher -
temperatures which allows the reactor to be run at higher power, lowering the cost
of production and assembly of the electrode, and providing a greater degree of
flatness from the center to the outer periphery of the electrode during operation of
the reactor which allows uniform plasma processing of semiconductor substrates.
The plasma processing includes etching of materials such as oxide layers, stripping
of materials such as photoresists, deposition of layers such as SiO,, etc. The
primary benefits of the invention, however, are the reduction in stress in the
electrode assembly due to mismatch of coefficients of thermal expansion and/or
thermal gradients of the electrode components and allowing higher power operation

of the plasma reactor.



WO 00/ 00999 PCTI US99/14790 -15 BRI EF DESCRI PTI ON OF THE DRAW NGS The
I nvention will now be further described with reference to the figures,

wherein: FIG | is a side sectional view of a prior art s -
el ect rod¥OL998MBI y for single wafer processing; FIG 2 i ?O%ﬁégggg"sggct i onal
view of a showerhead el ectrode assenbly according to one enbodi nent of the

present invention; and FIG 3 is a sidg7sectional view of a portion of the
arrangenent shown in FIG 2. FIG 4 shows a plasma reaction chanber in

accordance wit hA%gﬂ%gH]% 3%&“9555@%1' Q&gmiggg)sﬁtp{?ggeﬂt AvesigMm c |iner

supported on a re ren me surrounds e support; FIG 5 shows

the plasnma reaction chapber of FIG 4 wt t ' . I ncl udi
the |1 nor InFiRGs ¥ SREWSIa AREAY TRHET 8 EhaRDEPelh I JBLOTaREE M th an

enbodi ment  of the invention wherein the ceramc |iner conprises a series
of tiles rmudirgdhorlechadkitmthepdupper;méthiier. Thskpthe inventios pecids Wee idedw of t he
pl asma reaction chanber of FIG 6; FIG 8 shows details of a wafer

o e el 0B P L TRSOL erPERTHE o R o
art angenergiéadvantages discussed above with respect to the arrangement shown in FIG. 1.
Because the electrode assembly is a consumable part which must be
periodically replaced, the electrode is preferably bonded to a support member in the
form of a ring which can be mechanically clamped to a permanent part of the
reactor. For instance, the ring of the electrode assembly can be removably attached
to a temperature-controlled member having a gas passage for providing process gas
(e.g., a suitable plasma etching gas for etching silicon dioxide or other layer of
material on the wafer) which passes into a cavity containing baffle plates and
outwardly through outlets in the electrode. If desired, however, the electrode
assembly can have other arrangements wherein the electrode is not a showerhead
electrode and/or the support member is not in the form of a ring. For instance, the
electrode could be a showerhead electrode bonded to a backing plate having gas
distribution holes communicating with those in the electrode. Another possibility is
where the electrode is bonded to a support member in the form of a plate, cylinder,
projections on a base member, etc.
According to the preferred embodiment of the invention, the support
member is in the form of a ring having a radially outwardly extending flange at one
edge thereof for removably attaching the electrode assembly to a temperature-

controlled member located in the interior of a plasma reaction chamber such as the



WO 00/ 00999 PCT/ US99/ 14790 -16 FIG 10 shows details of an elastically
bendabl e frame for supporting a continuous cylindrical ceramc liner in
accordance“)g(;otbo%gf ourth enbodi ment of the invention;, FIG p&rsRkeyssro0
details of a segnented netal frane attached to a | ower edge of the
cylindrical liner of FIG 10; and FIG 12 is a graph show ng tenperatures
of the heater flange, tile and lower flal®ge of the arrangenent shown in
Figure 3 over the course of a 200 wafer run. DETAILED DESCRI PTI ON OF THE

| NVENTI ON Theypelsed forckingls seifdrl plasaia étblking N\ tlid asseinbled comditioh, saclv@nt ages
of the. prior art electrode assenbly shown:in FIG 1 by providing better

and suppor t_ Hamels SRR S Tt e T b BB O e e

el ectrode to be exposed to eratures which allows the reactor
to be run at WRGap! 1%%5*‘6‘3!‘?5?&@9?51@56{’&’ ‘cost of production and assenbly of
the el ectrode, and providing a greater degree of flatness fromthe center
to the outer peri fherlecobd¢ heeferablyt comdistsciranredectipeallyt Gomductive miateriak suthor
whi ch al |l ows uni form pl asma processi ng of sem conductor substrates. The

pl asma pr ocea%%mmahe&?& %t Gligoc9btaliilis) abfaphite br 38icoxk diebxh@mb&ode
stripping of materials such as photoreS|sts dep05|t|on of layers such as

30,2 o0t Mgl T RGeSl e SRS

coefficients of thermal expansion and/or _thermal gradients of the
el ectrode coﬁﬁsétrﬁ@c%mlaawa nenBipTAY thickpsss. diffcrent @s@raisl P/ onWihae pIosesta
reactor.

gas distribution holes could also be used with the electrode assembly according to

the invention. In a preferred embodiment, the electrode is a showerhead electrode
provided with a plurality of spaced apart gas discharge passages which are of a size
and distribution suitable fér supplying a process gas which is energized by the -
electrode and forms a plasma in the reaction chamber beneath the electrode.
However, any type of electrode useful in a plasma reactor or vacuum environment
can be used as part of the electrode assembly according to the invention, such
electrodes including sputter electrodes.

The elastomeric joint can comprise any suitable elastomeric material such as
a polymer matgrial compatible with a vacuum environment and resistant to thermal
degradation at high temperatures such as above 200°.C. The elastomer material can
optionally include a filler of electrically and/or thermally conductive particles or
other shaped filler such as wire mesh, woven or non-woven conductive fabric, etc.
Polymeric materials which can be used in plasma environments above 160°C
include polyimide, poiyketone, polyetherketone, polyether sulfone, polyethylene

terephthalate, fluoroethylene propylene copolymers, cellulose, triacetates, silicone,



WO 00/ 00999 PCT/ US99/ 14790 -17 A showerhead el ectrode assenbly according
to the present invention includes an electrode, a support member, and an
el astonmeric joint for resiliently bonding the electrode t rt
menber . dm@%@ i nvention avoids the need for solder boﬁ'bggmiﬁﬁﬂp
electrode to a supporting ring which can lead to the various disadvantages
di scussed above with respect to the arr@ogenent shown in FIG 1. Because
the el ectrode assenbly is a consunable part which nust be periodically

replaced, the Rf! U I}})'h% o?glggc 1R @éhfam% ﬁﬂte@lamama& olBEBRpohdht t he

formof a ring which ca ycarrpe to a permanent part of the
reactor. For instance, the ri of th C nhl vably
e tached oo unanis rantaltersr ATATkaGm RneR) OGRS S atadal AT
providing process gas (e.g., a suitable plasma etching %)s for etching

silicon di ®di\dé6bra ondreompeneat flowablehicarquaable fe.gheveat®) L) whhesivgpasses i nto
a cavity containing baffle plates and outwardly through outlets in the

el ectrode. ab&la«ﬁ%frbﬁﬂ@eMMe&mctabqs@ O’ af@ a theSRiFbhddiGemcireve ot her
arrangenments wherein the electrode is not a showerhead electrode and/or

el cctr oo PR e AT bt TR S isRANARG T AR SREIAN Frestrl®, 1o ng

gas distribution holes communicating with those i n t he el ectrode.  Anot her
possi bi | i t wlastomegep pobydimethelsiloxsne CP%‘aB’(‘J‘Fﬂj%‘GStPH‘eé su¢thpot catalysheiredn ¢ he
formof a plate, cylinder, projections on a base nenber, etc. According to
t he pref er red Renhoi, rebstonedr avhidablefremt Rizodia ahyﬂﬂppmbtastonmbelbld ain the
formof a ring having a radially outwardly extending flange at one edge
t her eof forterﬁ@m\ﬁ?égldfgbb@%hqggﬁep_e el ectrode assenbly to a tenperature-
In the case where the elastomer is an electrically conductive elastomer, the
electrically conductive filler material can comprise particles of a an electrically
conductive metal or metal alloy. A preferred metal for use in the impurity sensitive
environment of a plasma reaction chamber is an aluminum alloy such as a 5-20
weight % silicon containing aluminum base alloy. For example, the aluminum
alloy can include about 15 wt % silicon.
In order to stay within the elastic limits of the finally formed joint, it has
been found useful to provide one or more recesses in at least one of the members to
be attached. That is, too thin of a joint could tear during thermal cycling whereas
too thick a joint could affect electrical power transmission and/or thermal coupling
between the parts to be joined. In the case of attaching a silicon electrode to a
graphite support ring, a recess can be provided in the graphite ring for purposes of
maintaining a thin enough layer of elastomer between the electrode and support ring

to provide adequate electrical coupling yet thick enough to accommodate thermal

mismatch between the electrode and support ring. As an example, in the case of a



controlled nmenber located in the interior of a plasma reaction chanber such
as the WD 00/ 00999 PCT/ US99/ 14790 type used for single wafer plasm

etching. | RydBoResenbl ed condition, cooling channels in th face
of the tenperature-controlled nenber can provide water cool ?ﬁgﬂﬁ&fﬁgg

el ectrode assenbly. The el ectrode preferably consists of an electrically
conductive material such. as a planar sil30con (e.g., single crystal
silicon), graphite or silicon carbide electrode disc having uniform

t hi ckness fr ahertriadly contiectiviecelafiemethering d Rlek RehLRT of JONREl 55 RIIEHE@PdesS
havi ng nonuni form thi ckness, different materials and/or w thout process

gas distribut,en,he L ] bth the el ectrode assenbly
according to t hgtai h@gﬁ?ﬁggﬁfﬁaft@gsg?&?@%%&gﬁ é‘r%otg? Freé:ﬁis,caf’ﬁl@veef‘g@‘gbéﬁe is a
shower head el ectrode rovided wwth a plurality of spaced apart gas

di schar ge pa§g‘é‘{:}e?s“\}\h%i( POUL Y 491) o I portactpsepsuErqunding itheresesst thigl edastamer
supplying a process gas which is energized by the electrode and forns a

pl asma in t hés thimendugh totpnbige Highee ziduttidad cohdwtivig tan exhidRe@ ¥§ the BN type
of electrode useful in a plasma reactor or vacuum environnment can be used

as part of t Bﬁs@hﬁ@ﬁe@ﬂﬁeﬁiﬁéﬁmﬂay?fﬁiggg @ri_?_l%gttfgci g@?sw&ﬁﬂc& Ql'ﬁ"f%c%y.di‘n

el ectrodes including sputter elec oneric jornt can conprise

any suitabl e, gl oner | teri such as . a | yney material conpatible
win s vacuurduRBh R cof i G Bt Ty BrBRRLF wloreienth ol i g
tenperatures such as_above 200' C. The el astomer material can optionally

i ncl ude a fi Psepeco?f RF cgrrent iroyghathe/joints Abtheefilley contantuis increaspditd atwdves or

ot her shaped filler such as wire nmesh, woven or non-woven conductive (™

fabric, etc.65RoV§nehine fafarpralilingi obuaraDClRgRudhO jARTBu@NNighonment s

above 160' C include polyimde, polyketone, polyetherketone, polyéther

sulfone, pol jrdOnedHes could adversely affect the elasticity of the joint. However, it is not
necessary to use an electrically and/or thermally conductive elastomér since
sufficient RF power can be supplied to the electrode through a thin area of the -
elastomeric joint due to capacitive coupling between the electrode and the support
member. Such a thin joint also provides adequate thermal conductivity between the
electrode and the support member.

The mating surfaces of the electrode and support member can be planar or
non-planar. For instance, one mating surface can be planar and the other can
include a recess for receiVing the bonding material as described above.
Alternatively, the mating surfaces can be contoured to provide an interlocking
and/or self-aligning arrangement. In order to enhance adhesion of the elastomeric
bonding material, the mating surfaces are preferably coated with a suitable primer.

If the bonding material is the V217 material described above, the primer can be a

siloxane in an aliphatic solvent such as Rhodia’s VI-SIL V-06C.



terepht hal ate, fluoroethyl ene propyl ene copolyners, cellulose, triacetates,
silicone, 11 WD 00/00999 PCT/US99/ 14790 -19 and rubber. Exanples of high
purity elastomeric materials include one-conponent roomtenperature curing
adhesi v&0 89/e09%%bl e from General Electric as RTV 133 and \ESPR/¥4799,
one-conponent flowabl e heat-curable (e,g. over 100C) adhesive avail able
from General Electric as TSE 3221, andg’a_two- part addition cure el astoner
avai l abl e from Dow Corning as "SILASTIC. " An especially preferred

el astonmer is a .ol ydi net hyl sil gxane contajning. elas [ cat al yst
cured, e.g. Ptﬂ&%é’al,er 8?%&? SH@FC et ﬁﬂ%?%aqﬂgg% aﬁ&&hﬁéﬁ%g@%%@%gﬁl

el astomer stable at tenperatures of 250C and higher. In the case where the
el ast oner assvipingeboeshing prayiegrdecto qreate basdipgsites anHbe ngatiigsuriasgs) y
conductive filler material can conprise particles of a an electrically

conduct i veofaicahted rapﬁﬁécﬁborﬂiih%)mate%ialr df eferprinéredoataifsar salgentj applieationpuri ty
sensitive environnent of a plasnma reaction chanber is an al um num al | oy

such as at(ﬁ‘etlggpriﬂﬁir% twiﬁuf%%ﬂncaﬁlaﬁgyFgﬁ;ﬁghgg%glegﬁgw ﬁﬁﬁﬁ% Slhrrfes, 0T

exanpl e, afumnu can 1 nc %siticon. In order to
stay within the elastic limts of t.hlcila finallél fc%rred%ijaoi nt 'ht has , been
found usefSHPXANS CATKRINME RIHBCILTCARS Maith airaud creates Si bopding sites,when cytgd e ey
to be attached. That is, too thin of a joint could tear during thermal

cycl i ng wheraingt rdcm tethperktuae j Siich primersipeovidsca visuad dndication ¢fdhe amount
transm ssion and/or thermal coupling between the parts to be joined. In

the case Qff ahdRBHiRe WitSédcksavt slifet 1QdfoALappeariig@pdvdety s UIRUUgh thelg, a
recess can be provided in the graphite ring for purposes of

primer provides an easy and effective technique for conditioning the mating

surfaces, other conditioning techniques such as treating the surfaces in an oxygen

plasma can be used.

In order to provide a good quality elastomeric joint, it is desirable to densify
the elastomer bonding material prior to applying it to the mating surfaces. For
example, the elastomer bonding material can be subjected to vibration in a vacuum
environment at ambient or elevated temperature. A vacuum pressure below 1 Torr,
preferably below 500 mTorr can be used to degas the bonding material. The
vacuum can be pulsed by venting one or more times during the densifying treatment
to enhance breakup of bubbles generated by the vacuum. As an example, a vacuum

_ of about 200 mTorr can be pulsed 4 or 5 times over a 30 minute period of time.
The presence of filler in the elastomeric bonding material also aids in breaking up
the bubbles formed in the vacuum. Without the agitation/pulsed vacuum, the

elastomer bonding material expands under vacuum to about 10 times its starting

volume, thus creating storage and cleanup problems which can introduce new air



mai ntai ning a thin enough | ayer of el astoner between the el ectrode and
support ring to provide adequate el ectrical coupling yet thick enough to

accommodat e, t | msmatch between the el ectrode and sup j As an
exanpl e, MO PREMLe of °a w0 00/ 00699 PCT/ UGS 14700 - 20 tﬁwér’tr’r”aﬁ@g’”

conductive el astonmer having a filler content of about 45 to 55 volune %
and an average filler particle size of 02Z-to 2 um the recess can have a
depth of about 2 mls (about 50 un). In contact areas surrounding the

recess, the pkR&S MMBIthe inditeridl. NSEAPEH kile cHRIRHHE biIbEIBLEuShEBLFihE BF the
conductivity than exhibited by the bulk elastoner because i ndi Vi dual

particles brjdge t posed, cont ac aces. ln. addition, the

conbi nati on bggglsn& ‘thgﬁgl’gtimzsed&%baraar"?% %qeﬁiﬁagxgoré?egd\?gtdept h all ows the

passage of RF current through the joint. If the filler content is increased
to above 65 to 7daydngpbthemaymgpusiaces pgvidepausenl pay 9APROCRIRLIGS t he
joint, such high filler contents could adversely affect the elasticity of

the joint. ISomeuadingisurfacesnaatl remeviag extsss bonding naitertd] @der thenjdint iand/ or
thermal |y conductive el astonmer since sufficient RF power can be supplied

to the el ethBxgﬂcf‘d.t ?th‘férhi iy ?ngz @Fﬁeﬁ’iaﬁf%teg'ﬁs 8&%1@@[[};%’&??&18%2& i, L0

capacitive co I ng between ectrode an er.” Such a

thin joint al so provides adeguate thermal conducti vi en the,

el ectrode aﬂ?&ﬁ‘teﬁ Iy BBPPS’h‘BﬂjﬁéP?teFFﬁé Sﬁ&t ?ﬁﬂmﬁé%wfb&@% t¥B8e and
support nenber can be planar or non-planar. For instance, one mating
surface cansihigop/giaphiteanomnpatiblesidhesive aan bé wseuda the eascef @ silicor ecei vi ng t he
bondi ng material as descri bed above. Alternatively, the mating surfaces

can be cont gnswerhead pledtyodts ieie desitalé askives theaddd/odtlets ¥nftha lelediods with

arrangenent. In order to enhance adhesion of the el astoneric
MYLAR tape and the outside edge of the electrode can be covered with a strip of
KAPTON tape. In the case of a graphite support ring, the inner and outer edges
can be covered with sirips of KAPTON tape. In order to aid removal of excess -
bonding material after the joint is formed, it is useful to apply primer to the‘-
masking material to promote sticking of the elastomer bonding material thereto. In
this way, when the masking material is removed from the bonded parts, the excess
bonding material adhered to the masking material is also removed.

The elastomeric bonding material can be applied to one or both of the
mating surfaces. In the case of a silicon electrode and graphite support ring, it is
desirable to apply the bonding material to the graphite support ring because it is
more porous. For example, a bead of the bonding material can be applied into a
recess extending completely around the support ring. The amount of the bonding
material preferably exceeds the volume of the finally formed joint. As an example,

the bonding material can be applied in an amount of about 5 times the amount

needed to form the joint.



bonding material, the mating surfaces are preferably coated with a suitable
primer. |If the bonding material is the V217 material described above, the

primer siloxane in an aliphatic solvent such aspRppgisisoVl - Sl L
V- 06C. W@B%OQQQ PCT/ US99/ 14790 -21 The prinmer can be applied as a

thin coating by any suitable technique such as w ping, brushing, spraying,
etc. to create bonding sites on the mati-ng surfaces for the later applied
bonding material. If the prinmer contains a solvent, application of the

primer by wi pi noreraie 8B6AERE endierialiin gphlied b evlBasI Gnt b€ tiieambathgy sutfdcases. A
sil oxane containing primer reacts with air and creates Si bonding sites

e U ol PR PRI ¢ AR S e i sl

indication o anoun I xcessive prinmer |ocations

~appeari ng powdery. Although the rimer provides an easy and effective
t echni que SFaRhiEdHE WithAhgBording ﬁ@fﬁr%apréﬁﬁf%s@, C%@ﬁ&?ﬁ%e AURREHM g

techni ques such as treating the surfaces in an oxygen plasma can be used.
| n order envipomuénieasalegodnkdpanliértty rehawt gasdbubblep antraduceéd duingldhgistepbl e t o
density the elastorner bonding material prior to applying it to the mating

surfaces. ofgﬁplyg@aﬁplbgndﬁ@qnﬁgﬁgt.oner bonding material can be subjected to
vi bration 1 na”vacuum environnent at anbient or elevated tenperature. A

vacuum pressure, bel ow, 1 Torr r.ef er abl el 5 rorr.. sed to
degas t he bondim‘gﬂﬁgfgpf’ 18 %Egal\}%?fﬂ'r%dg%% lﬁg‘wﬁ)ﬁ'? %égﬂ ebyat\}egggl‘}rﬁage%ne or
nore tinmes during the densifying treatnment to enhance breakup of bubbl es
gener at ed theyparkscapie assembled syclk thahiednating sutface are presprsliogeder- nffor r  can be
9u| sed 4 or 5 times over a 30 mnute period of tinme.

the case of the electrode and support ring described above, the electrode can be held

in a fixture and plastic pins of the fixture can be used to guide the support ring into
precise contact with the electrode. Initially, slight pressure such as hand pressure
can be used to spread the elastomer throughout the joint to be formed. After the
elastomer is spread, a static load such as a 30 pound weight can be applied to the
electrode during curing of the bond.

The bond can be cured at ambient or elevated temperature in an atmospheric
or protective gas environment. For example, the assembly can be placed in a
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
electrode and support ring described above, it is desirable to maintain the
temperature below 60 °C, e.g. 45 to 50 °C for a suitable time, e.g. 3 to 5 hours.

After the bond is cured to form the elastomeric joint, the assembly 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.




The presence of filler in the elastoneric bonding material also aids in
breaking up the bubbles forned in the vacuum Wthout the agitation/pul sed
vacuum t Qg ofjodwet oner bondi ng material expands under vacuupgfgs@pque 10 ¢
times its starting volune, thus creating storage and cl eanup probl ens

whi ch can introduce new air WO 00/ 00999 PCT/US99/ 14790 -22 pockets into
the material. Such gas sites could forméubbles during curing of the

bondi ng material, thus degrading the finally formed joint. Masking of the

mat i ng surfaces Pita\2 stesvsaa sisfenheadaglecvfodp matapgérherg 40hia acsordantenditing
surfaces and renovi ng excess bonding material after the joint is forned.

For the hi %ﬂe\/en%{fd?rn@i?tt(ﬁgh@hﬁ/e{ﬁ&gl Fhe Eféﬁtpgcg@mfneng%%ﬁ%%m&

pol yester and/or polyimde nmaterials suc a tapes havi ng

silicon/graphite ¢ ti bl e adhesi ve can be used. |n e case of a sjlicon
shower head @F%Eq%Fégg?‘%ialn qlgctagagfyr ﬁgcqv(g SUBRYL I ‘c"ige‘l“gatE%E@F'éPge @,s,qerpﬁl@/

el ectrode with MYLAR tape and the outside edge of the el ectrode can be
cover ed wi téansbesubstpguiefl fomerRIqinodp assemblyt benstiiged by ekcyyodphdaed support
ring, the inner and outer edges can be covered with strips of KAPTON tape.

I n order tosuppért F@g02adho®in iGXUESY . - TIROSE R @iffery frofl e hibenddd Nt i s
formed, it is useful to apply prinmer to the" nmasking material to pronote

sk ng &P ROV RE RN g R A Rk tode 6y Bitngnduo bid SudY g "

mat eri al adhered to the nasking material is also renpved. The el astoneric
bondi ng mat®r 3§ a%%‘ﬁe%%lodbtp‘}d %’glcpc?aﬂﬁ’él%‘atw BressS, agshowg iR Fl®ades. 1 n
the case of a silicon electrode and graphite support ring, it is desirable-
to apply the bordiancprdencerwigh an embbaingmaphibiednsenioas ther ienesshiSomaumdsi t i s

continuously around the support ring 44 between an inner wall (not shown) and an
outer wall 50 of the support ring 44. Each wall 50 can be as thin as possible, e.g.
about 30 mils wide, which allows the elastomer to form a thin layer (e.g. about
2um thick in the case where the elastomer includes 0.7 to 2 wm sized filler) in the
area in contact with each wall 50 and a thicker layer (e.g. about 0.0025 inch) in the
recess 48. The recess formed by the walls can be extremely shallow, e.g. about 2
mils deep, which provides a very thin elastomeric joint having enough strength to
adhesively bond the electrode to the support ring yet allow movement of the
electrode relative to the support ring during temperature cycling of the electrode
assembly. Additionally, the walls of the recess can protect the elastomeric joint
from attack by the plasma environment in the reactor.

The electrode assembly dimensions can be adapted to meet the demands of
the intended use of the electrode assembly. As an example, if the electrode is used
to process an 8 inch wafer, the electrode can have a diameter slightly less than 9

inches and the support ring can have a width at the interface between the electrode



more porous. For exanple, a bead of the bonding material can be applied
into a recess extending conpletely around the support ring. The anmount of
the bonding material preferably exceeds the volune of th 4' I Jorned
joint. AXOAKNO®RUnple, the bonding material can be appli eé’ 'W@ﬁ“é?ﬂ?unt of
about 5 tines the amobunt needed to formthe joint. W 00/ 00999
PCT/ US99/ 14790 -23 After the bonding pmterial is applied to at |east one
gf ths mating surfaces, the bonding material can be subjected to a
ensifyin ep. For, instance, raphi t i w.t h ot i mat eri al
appl i ed t%&ﬁi‘? os?gﬂrtﬁéngp?l@@g lFstr?ngaQ/gbﬁﬁ‘rh%l' g:r?\l%/ie?%ﬁ' ehpl eas%ggggﬁg;%d earlier
to renove gas bubbles introduced during the ste of a ing the bondin
materi al . th ingrfacaecapbave ey inngt diamgter %HHPF%%I&’H‘ %‘Etefgféﬁiﬂ%ﬁé % the )
mating surfaces, the parts can be assenbl ed such that the mating surfaces
are pressdgeifagedh@i8. inthivs. tlhsuckaseas! thcmiataetbeokenahe ekoppde tnd i ng
descri bed above, the electrode can be held in a fixture and plastic pins

AL )%}Jg}gxﬁ Fig;g cQﬁ rllllb’ff?ﬁj i@ a@SHlt 0'8 iRLIPRAY the'feBdbs icBh Ravdh BGlMEfCONt act

ﬁjth tgete od ) 1ally, slight pressure such as hand pressure can
e use o re t he ast t hroughout the joint to be forned. After

t he eIasﬂbigFmﬁéfgﬁﬂ@ﬁbf“ﬁ%gﬁg&VfﬂW%gﬁ such asla 30 pound wei ght can be
applied to the electrode during curing of the bond. The bond can be cured
at anbi ent or é&Vbilanepedifimpaamplerad & joindhanbeassgseribed, atherplattemenive gas
environment. For exanple, the assenbly can be placed in a convection oven
and heat eqofnfs @nlHRWtiIRERES tabherht @ledg68d & Abeppoit membef i the foamadf awi t hout
yndu0|ng thermal strains into the parts to be joined. In the case of the

support ring or other configuration provided that the joint has sufficient strength

under the elevated temperature and plasma conditions experienced in a plasma
reactor environment. The elastomeric joint preferably is vacuum compatible, has
sufficient toughness, tear strength, elasticity, resistance to thermal degradation,
thermal conductivity and/or electrical conductivity. In the case where the electrode
is a showerhead électrode, the elastomeric joint must be able to withstand the
weight of the electrode and gas pressure of the process gas supplied to the
showerhead electrode.

According to the invention, use of an elastomer material to attach the
electrode to the support ring offers advantages compared to indium bonded
electrodes with respect to reduced likelihood of breakage of electrode, reduced
likelihood of debonding of electrode from support ring due to thermal fatigue,
reduced distortion and thus improved thermal contact between the support ring and
the temperature-controlled member during temperature cycling of the electrode
assembly, improved electrical power supply to the electrode by maintaining good

capacitive coupling/electrical contact between electrode and support ring, reduced



el ectrode and support ring described above, it is desirable to maintain the
tenperature below 60 'C, e.g. 45 to 50 "C for a suitable tine, e.g. 3to 5

hour s. dJVS h&? bond is cured to formthe el astoneric joi npeTib®nasmenbl y
is coole he maski ng material is renoved. Further, any additional

cl eanup and/or further manufacturing steps such as outgassing in a vacuum
oven can be carried out depending on t#®-requirenents of the assenbly
operation. WO 00/00999 PCTI US99/ 14790 -24 FIG 2 shows a showerhead

el ectrode ahhABaesdamition fesa Pattivlaconinipuritizs and/obatrensed poker he
i nvention. The el ectrode arrangerrent 40 includes an electrode 42 and an

el ectrical | z(fb(m& Gid \()e[h Rgftof'iﬁe[;%le&flode SerRbI§Gb Rﬂﬂl@taﬂé?ﬁgﬂ&y can be

substitute he el ec e asse constituted by electtode 10 and
support ring 12 shown in FIG. 1. The electrode 40 differs fromthe :

| n- bonded t@@ﬂ@ﬁﬁﬂysshomn in Figure | in that the electrode 42 is bonded to
the support ring 44 Dby an elastomeric joint 46 which can be located in a
recess 48, as sHPwhapparithGacSrding tadboinyangen s wsafud forewifer prasessieg suche
invention, the recess 48 extends continuously around the support ring 44

bet ween an zi ’]ﬁ%gné’\@tux gnﬁEp&W)etcanﬁ) ﬁl’ﬁltlp)é'b?rsmg@'\bafé@pl@fzeish% sB@port ring

44, Each wa can as thin as p055| bl'e, about 30 mls w de,

which allows the el astoner to t t hi ck
in the casdl§iARCe hAPRATALP S%Le MR (ffoé %éxfﬁeégyﬁgr%%z%édﬁsl f %n '
the area in contact with each wall 50 and i\hl cker | ay/ ( eq about
0. 0025 i nchpenmal sHiconrdiexide ogpyrofhdc Pé?@é%gmf ] %EPSBW{&FF@% ffé APprases

extrenely shallow;, e.g. about 2 mls deep, which provides a very thin (™
el ast oner i ccanQhdlhta@desigaibinevgls of tsubmgrrbn tontaetditefiley €105 dndridwt pretide ect r ode'.

to the support ring yet allow novenment of the )
contamination. With respect to etching BPSG, etch rates of about 8000 A/min can
be achieved and etch uniformity can be maintained at around 4% for electrode
lifetimes of greater than 30,000 RF minutes, whereas In-bonded electrode
assemblies may require replacement as early as 2400 RF minutes. Photoresist etch
rates of about 800 A/min can be maintained while etching silicon dioxide at about
6000 A/min. With respect to CD line measurement, measurements by SEM of -
wafers etched for 200 seconds to provide vias in silicon dioxide can provide center
and edge CDs less than 0.02 um.

According to another embodiment of the invention, a ceramic liner is
provided which can achieve one or more of the following objectives: maintaining
good plasma formation by providing an electrical path to ground through the liner,
avoiding process drift by providing thermal control of the liner, overcoming
differential thermal expansion between ceramic and metal components by providing

a resilient liner support, and preventing Al contamination by shielding Al chamber

walls and components from the substrate being processed. With regard to the



el ectrode relative to the support ring during tenperature cycling of the
electrode assenbly. Additionally, the walls of the recess can protect the
el astoneric joint fromattack by the plasma environnent in the reactor.
The el estor@de9¥ssenbl y di nensi ons can be adapted to neet ?ﬁ%”g@ﬂgﬁ s of

the intended use of the electrode assenbly. As an exanple, if the electrode
is used to process an 8 inch wafer, the el ectrode can have a di ameter
slightly less than 9 inches and the sUpport ring can have a width at the

i nterface bet, the el ectrod 00/ 0 .=
suppor t r‘?lﬁﬁ“\é\(‘l‘eliegr;}ﬁim@ng@ggh% ﬁ’éﬁe{’ .%cqrﬁrg%.gl%}g—%%C%é(%ﬁ%g{g,%{ﬁ%mgﬁg’pgp? J;ihﬁg at.

the interface can have an inner dianeter of 8 inches_and an outer di aneter
at the icondnéthcemoter@l.s A prafiersed coramicmasriakis 81 of RiC, rﬁ?‘é?‘?‘éé’g‘iﬁb‘f%en t he
el ectrode and support ring can have a width of about 0.4 inch and the

recess cape hmed inihiip@tity shd3shichtlave bednifeunaol exhitriehigh 0&stanvetio wi de.
Wiile a specific exanple of a joint has been described, other elastoneric

joints can be utilized.t iho ERMRFs. 1 N the '
fo][ ][n of a?‘ei&ffﬁé}vteh“r‘).“ﬁﬁ;og‘ﬁ ?{))@rﬁgrh @gﬁ?i?g%?%%fgﬁh%?&%s@gg@{%g[ t he st()i nt has
sufficient strengt under the el evated t erature _and plasna conditions
experi enced i nTheinytan prewdesi P@Qmar‘g‘ﬁwg%{)‘yﬂefﬁ‘é‘ AriQU$ GHBPORETISy; nt -
preferably is vacuum conpatible, has sufficient toughness, tear strength,
el asti ci t yacludésy &tcaransictlimet heermade o§ireraliCi chuch maeriainprecompatipievdty and/ or
el ectrical conductivity. In the case where the electrode is a showerhead

el ectr Odepla%xﬂg el REhLRAER stde PlAmaRtdioR®f 3DbeSIprotindestgansbus St or Gei ght  of
the el ectrode and gas pressure of the process gas supplied to the

I
shower head el ectr , . . L
compoundsovghelch can be pumped from the chamber without particle contamination

of the substrate. With regard to thermal control, SiC has been found to exhibit
exceptionally high thermal conductivity enabling the liner to be heated or cooled to
a desired temperature range during processing of substrates such as silicon wafers.
With regard to overcoming differential expansion, the resilient support according to
the invention is designed to allow the ceramic liner to freely expand or contract
within the chamber. With regard to preventing Al contamination, the ceramic liner
confines the plasma inwardly of the liner and thus avoids attack of Al walls or
components by the plasma.

A vacuum processing chamber according to the present invention may be
used for various semiconductor plasma processing steps such as etching, deposition,
resist stripping, etc. An example of a vacuum processing chamber 2 having an
inductively coupled plasma source is shown in FIG. 4 wherein processing gas is
supplied to the processing chamber 2 by suitable apparatus such as gas distribution
rings, gas distribution plate, injection nozzles, etc., and a vacuum is maintained in

the interior 4 of the chamber by suitable vacuum pump apparatus. The substrate to



ing to the invention, use of an elastomer naterial to attach the
Qfgg{?odg to the support ring offers advantages conpared to indi um bonded
electrodes“mj*ﬁmﬁﬁspect to reduced likelihood of breakage oﬂ)ele&%&g%g,
reduced |ikelihood of debonding of electrode from support rR GV
thermal fatigue, reduced distortion and thus inproved thermal contact
between the support ring and the tenperagure-controlled nenber during
tenperature cycling of the electrode assenbly, inproved el ectrical power

i i s it ing/ el ectrical
supply to tHe moessediethbyharmbdt@ahronpreeadiliceaRatidinds 9
coﬁltoa)ét bet ween el ectrode and suppor?ﬂ)rl ng, reduced V\%%{B?%&}-Q

o~ t am ion.fromparticles or inpurities
andl or 1 nor caoRy Ao A SRR bR ot el iBbor § G ieludehBet r ode
assenbly to \ivi-thstand hi gher tenperatures. The apparatus according to the

i nvention i $'AFEEFRIC chackiirler foskptiag d0ngThe whcuuas pwipsan betcohheged to a
deposition, etc., in nmultiple or single wafer processing. For instance,

her nl 5011 oon di o de.or pyralyt] ookt doeana® E’E%ﬁ%?%&‘%fi&%? ?*fa:: &e
and | ow part ?‘é‘f‘??’i‘%ﬁ%ﬁ“ﬁﬁi‘ﬁ‘%ﬁF%ﬁ@%ﬁé@?%&?@@ﬂ; f‘%’ as%éb?ta DU at e
at around 4b¥5iS R hand® oBF PSRRI o Eatraler hraneson oBrAR RE nut o5,
wher eas | n-bonded el ectrode assenblies may require replacement as early as
2400 RF ni nBR%E8N2 Mehas aapangr ceil dB outsidetheatielediniatwiBOOy A4OmMart aid WAl
mai nt ai ned while -etching silicon dioxide at about 6000 A/min. Wth respect.
to CD |ine smhsasrthérept of the asdmiaiie rHéw@%r,Sl'ﬁMﬁHsma generating source can be of (
any oth.er type of plasma generating equipment such as that of an ECR reactor,
parallel plate reactor, helicon reactor, helical resonator, etc. The plasma generating
source can b;e attached to a modular mounting arrangement such as an annular
mounting flange which is removably mounted on the endwall of the chamber.
| In order to maintain a vacuum tight seal between the mounting flange and
the chamber 2, suitable O-ring seals can be fitted within grooves in the endwall of
- the chamber 2 and RF shielding members can surround the vacuum seals, If a large ‘
vacuum force is provided by the vacuum pump, it is not necessary to utilize ~
fasteners for attaching the mounting flange to the chamber 2. Instead, the mounting
flange can simply rest on the endwall of the chamber 2. If desired, the mounting
flange or another part of the plasma generating source assembly can be hinged to
the chamber 2 such that the plasma generating source can be pivoted to an

orientation such as a vertical orientation for servicing the interior 4 of the chamber

2.



waf ers etched for 200 seconds to provide vias in silicon dioxide can
provide center and edge CDs |less than 0.02 m According to another

enbodi r’rEW 0% S&?e invention, a ceramc liner is provided pdy Gébonasygachi eve
one or he foll ow ng objectives: maintaining good plasma fornmation

by provi d| ng an electrical path to ground through the liner, avoiding
process drift by providing thermal conffol. of the |iner, overcom ng
differential thermal expansion between ceram c and netal conponents by

providing a repid éifimdibel iMides AReedthic 181R€ sidheasentilioon 6 sitiebhagibigé i on by
shielding Al chanber walls and conponents fromthe substrate be| ng

processed. . " R9ffhtGrh o0 BUARRERSEIUEROHAEC. o gl oo

groundi ng € Céramc nmade an e
conductive rraterlal A preferred ceramc¢c material _is Si or S|C rraterlals

whi ch can waer eweadsiawardly Hiogh thedpvey cadhaf tsilisr RQv el hscliners BLeAR 8% exhi bi t

hi gh resistance to the corrosive conditions found in plasma reactors such
as pl asma sippbittiby haetastically Beadably ématricowhiph dndlalizs an inhessuppohafrime  wher ei n
vari ous conponents including a ceramc liner are nade of Si or SiC Such

meterial s a1 g ABAL Blifokirarit 36 BRI ORIEAAR Bk 1ier B #38ray 0Si on of S

or Si C produces gaseou conpounds can be punped fromthe
chanmber without particle cont.am pati.o hst r at. dto
Chor i cormpBraniedsring Srising b A RIS A lmafer S%Xla a5 Yifa PhyBe [, fer e
conductivity enabling the liner to be heated or cooled to a de5|red

t enper at urtbe ieneg éramer supgots 26c dowipatption. derweiea28ss stfeetivestoshaat tgnlingaf er s.
Wth regard to overconming differential expansion, the resilient support

accor di ng 1®and fReovaV6Mlidad frohbthdainer 2@ dat be abddmplislhEd bgra@npetitiey to
freely expand or contract
controlled member 30 which withdraws heat from the liner through the inner and
outer frames.

As shown in FIG. 5, the chamber can have a modular design which allows
various plasma generating sources to be mounted thereon. Further, the substrate
support 8 can be supported at one end of a support arm mounted in a cantilever
fashion such that the entire substrate support/support arm assembly can be removed
from the chamber by passing the assembly through an opening 32 in the sidewall of
the chamber.

According to a first embodiment of the invention, the plasma chamber liner
20 comprises interlocking ceramic liner elements such as flat tiles 34, as shown In
FIGS. 6 and 7. To provide an electrical ground path for the plasma, the liner
clements are preferably of an electrically conductive material such as silicon or
silicon carbide. Such a material provides an added benefit in that it does not

contain aluminum and thus reduces Al contamination of processed substrates.

According to a preferred embodiment, SiC tiles are bonded to an aluminum backing




wi thin the chanber. Wth regard to preventing Al contam nation, the ceramc
liner confines the plasma inwardly of the liner and thus avoids attack of
Al wal |'s oo gReRenents by the plasma. A vacuum processing cbaihRboig790
according to the present invention may be used for various senlcon uct or

pl asma processing steps such as etching, deposition, resist stripping,

etc. An exanple of a vacuum processi ng chabber 2 having an inductively
coupl ed plasna source is shown in FIG 4 wherein processing gas is

suppl i ed to plae 3@ oagasicdedchaidies mhtdijal $¢/hh 8leb@icANP 6AISIVE baltoRSr 98S
distribution rings, gas distribution plate, injection nozzles, etc., and a

vacuum i s nejpific sul t abl vacuum
vacuu 1S Tk GaEl by e Ryl LR EISAREL Mo guoh 2Bl et
processed in e.C can conprise a silicon sem conductor wafer

support ed onoétﬂg §£tag§ le and bpgking plate agseanbly spw be attachad ta 'rbéIMde an
el ectrostatic chuck and a focus ring 10. The vacuum punp can be. connected
to a |arge duniber walirty diPeliasticatlyehohdable feamé 4@ svhitteinobhideoan ofnep framesio
chanber. The vacuum processing chanber can include a dielectric w ndow 14,

a gas di striidtancsutefrade 446 2o Eila'ﬁlre%%{rop@ﬁth@qm%yEboidh‘?e%& g?'hhl%ar%pﬂgber

t hrough an external RF antenna such as a planar coil 18 out

Hovever .t he B &P ReFR{ Tcans 39 Bl Wembrah R il FRBETAO ot csme

generatl ng equi pnent such as that of an ECR reactor, parallel plate

reactor, helicon HSQIEYPMEHE|PINACaR SEHAESSANY sYitabler ﬂéStpmgma@msm asg
source can be attached to a nodul ar nounting arrangenent such as an annul ar..
mounti ng fl angeymén miaterinl cempudbleywit divaesurn kot irenmeatvild resiftatithe tkdiaaber -

degradation at high temperatures such as above 200°C. The elastomer material can
optionally include a filler of electrically and/or thermally conductive particles or
other shaped filler such as wire mesh, woven or non-woven conductive fabric, etc.
Polymeric materials which can be used in plasma environments above 160°C
include polyimide, polyketone, polyetherketone, polyether sulfone, polyethylene
terephthalate, fluoroethylene propylene copolymers, cellulose, triacetates, silicone,
and rubber. Examples of high purity elastomeric materials include one-component
room temperature curing adhesives available from General Electric as RTV 133 and
RTV 167, a one-component flowable heat-curable (e.g. over 100°C) adhesive
available from General Electric as TSE 3221, and a two-part addition cure
elastomer available from Dow Corning as “SILASTIC.” An especially preferred
elastomer is a polydimethylsiloxane containing elastomer such as a catalyst cured,
e.g. Pt-cured, elastomer available from Rhodia as V217, an elastomer stable at

temperatures of 250°C and higher.



In order to maintain a vacuumtight seal between the nmounting flange and
the chanber 2, suitable Oring seals can -be fitted within grooves in the
endwal | of the chanber 2 and RF shiel ding nenbers can surl;&%rgghﬁovacuum
seal s, IWORM¥%e vacuumforce is provided by the vacuum'punp, it Is not
necessary to utilize fasteners for attaching the nounting flange to the
chanber 2. Instead, the nmounting flangg.can sinply rest on the endwal | of
the chanber 2. If desired, the mounting flange or another part of the

plasma gener at i pGy,3QUEL G HRRSRERI4drddt i?‘?mQie'%ﬁ%gll%‘éon&uﬁﬁv&@@ﬁgﬁi&rﬁhcsUCh t hat

the plasma generating source can be pivoted to an orientation such as a
vertical orientation for servicing.the interior 4 of the chanber 2. WO

00/ 00569 FESEUER) Gonryetive Buematiisl Agm FOPREPCRRLCIE et SERCTIALF such as a
silicon or silicon carbide Iliner 20. A plasma screen 22 for confining the
pl asma i n dondustpacmetlior mataliallgyt e prefefred nestaldoniuse in ke ampurity sensitivye | ower
end of the liner 20. The liner 20 can be supported by an elastically

bendabl e f&RMRAMKEBS h PHsHBORadibn dHagibes PR BlurdimiBlloyRdichng agg20ut er
support frame 26. In order to maintain the liner at a desired tenperature

during processi pg..of st . i i . top of
the i nner ‘f’?lﬁﬁr‘e %sﬂglﬁ%‘?f; ggtgmnlrlg;@ﬁné&g?ﬁ%%?ht@g ﬁéra%aﬁl\%eg??esﬂgﬁﬂg?i ve to
heat the liner 20 and renpval %f heat fromthe liner 20 can be
acconpl i sh@YHEAndn¢lads apauteWt MliFBR ed nenber 30 whi ch wit hdraws heat
fromthe liner through the inner and outer frames. As shown in FIG 5, the
chanber can havA plasmals¢raen G2 ekgpndsirivedrdhl fromsa lowar edgesofghetitea 3denkheat i ng
sources to be mounted thereon. Further, the substrate

plasma screen 52 is preferably of an electrically conductive ceramic material such

as silicon or silicon carbide and includes openings 54 which are small enough to

confine the plasma but allow process gas and processing byproducts to be removed

by the vacuum pump.

The heater 48 can comprises an electrical resistance heating element

embedded in an aluminum casting. Thus, by passing electrical current through the

heating element, heat will be supplied to the aluminum casting which in turn

conducts heat into the inner frame 42, the aluminum backing plates 36, the heat

conductive elastomer 38 and into the tiles 34. During heating and cooling of the

aluminum body of the heater, the heater will expand to a greater extent than the

ceramic liner formed by the tiles 34. The elastomer bond accommodates such

expansion and contraction. In addition, the inner and outer frames can be

configured to provide a desired amount of thermal conductance to center the

operating temperature in the desired range.

FIG. 8 shows a portion of the chamber wall wherein a substrate such as a

wafer can be introduced and removed from the chamber through a transport slot 55.



support 8 can be supported at one end of a support armnounted in a
cantilever fashion such that the entire substrate support/support arm
assenbly c@p figpessoved from the chanber by passing the assgi¥odfapapah’
an opening 32 in the sidewall of the chanber. According to a first

enbodi ment of the invention, the plasma chanber liner 20 conprises
interlocking ceramic liner elenments such-3s flat tiles 34, as shown In
FIGS. 6 and 7. To provide an electrical ground path for the plasm, the

| i ner el emenfs ther & rargetrenakiowroih BG. &, sarhe iof dlel tilec dh atecshovter trmtherdxadl such
as silicon or silicon carbide. Such a material provides an added benefit

in that it dagscdfin §QViGhRy 8f ﬁi@‘sfﬁﬂ%arﬁq}etswsj rc%%% rrfitd ﬁ%gf %‘i‘?rﬂ% L,pn Of

processed substrates. Accordl ng to a erre enbo nent S are
bonded to an_al um.num backi 1V\%§0é 8999 PC&L/U 99 4790 - 30 te 36. A
preferred boRECHG" fEk agppgpatqr SpovE detp %@Fﬂiﬁ ei%erequggp ggan

whi ch can absorb | ateral stresses caused by different thermal expansion
coef fi ci ent sbe éitted peowgidahastot AF. TihgantarisupparhfrapgdRordiopiniican hesenbl y can
be attached to the Al chanber wall by an elastically bendable frame 40

whi ch i ncl udesnfiguredneh simiddranahger.and an outer frame 44. Tenper ature
control of the liner is achieved by a heater 48 supplied power

el ectrical |eads r toneric
Foint can conpri st oes i PERRE A3 o%,f?&?%%t%%?ﬁf% Bl the, ﬂ‘&f@? |

mat eri al ible wwth a vacuum environnent and resjstant to therm
degr adat i onrrg’la 1oy Ratle Hisetsanrhaye sdgas S9owhigh ytertepkovit matigg gdgenal nateri al
can optionally include a filler of electrically and/or thermally
conducti ve padjadent tifesoms sioavrein Hlkaed filler such as wire nesh, woven or
non-woven conductive fabric, etc.

FIG. 10 shows a further embodiment of the invention wherein the ceramic

("

liner comprises a continuous free standing cylindricél liner 70 which is bonded to
backing plates 36 by the electrically and thermally conductive elastomer. FIG. 10
also shows details of the inner and outer frames 42, 44. As shown, the outer frame
44 includes segments 45 separated by a series of axially extending slots 45a. -
Likewise, the inner frame 42 includes segments 43 separated by a series of axially
extending slots 43a. The segments 43, 45 have the same width in the
circumferential direction as the individual backing plates 36. The segmented
resilient frame shown in FIG. 10 can be used for the inner and outer frame
arrangements of the embodiments of the invention described above.

According to a further embodiment of the invention, Al flanges 72 are
bonded with the thermally and electrically conductive elastomer to the exterior of a
continuous cylindrical ceramic liner 70, as shown in FIG. 11. In the case of a thin
liner, the flanges are preferably of a length which substantially covers the outside of

the liner. However, in the case of a thick liner, the flanges can be shorter, e.g., the



Pol ymeric materials which can be used in plasma environnments above 160C
I ncl ude polyi mde, pol yketone, pol yetherketone, polyether sulfone,

pol yet hyl\eguaobsr €PNt hal ate, fluoroethyl ene propyl ene COpOh)&WS§9n4790
cellulose, triacetates, silicone, and rubber. Exanples of high purity

el astomeric materials include one- conponent roomtenperature curing
adhesi ves avail able from General Electr3x as RTV 133 and RTV 167, a
one-conponent flowabl e heat-curable (e.g. over 100C) adhesive avail able

f rom Gener flangdsefot thick Heerd Shn B2 2diatiwelyl skort Whlepgthtlikkdtie flapges U8 ¢ocatddast oner
avail abl e from Dow Corning as "SI LASTIC. " An especially preferred

2oL Loy AL P 95100 OSSOl 5P it v

el ast oner stabl e at t enper at ures of 250C and hi gher. WO 00/ 00999
PCT/ US99/ 134&5as aluminum gpghare heat qpfarapdly 13é they %@m@ﬁrq% far agacherent (upn v

conductive elastoner, the electrically conductive filler material can .
conpri se pakasﬁiaalllgsbenﬂalﬂe awppertelrame c dlheysuppan hankeipreferalpiprovideet al al | oy. A
preferred nmetal for use in the inpurity sensitive environnent of a plasma

reaction C&%ﬁﬁé@imf@c&ﬁr&bﬁfﬂeﬂﬁi@r%&'&ﬁd&!ﬁl }ﬁﬁt ﬁ‘m% PReate¥eigMigh’mel | i con
cont ai ni ng al'um num base al oy For exanple, the alum num alloy can

i ncl ude ab(S)ut 015fvvt %é Ath |23 screen 52 extends inwardly froma
| ower edge PO, Xapf 28 ﬂgg{ges.m@ §| e screen 52 is preferably of an

el ectrically conductive ceramc material such as silicon or silicon
carbi de and i nclledemoypdaitfeemshe lingrc B teinperaivi¢ Fordralledimember tmthiermaalt he
,plasma but all ow process gas and processing byproducts to be renoved by

t he vacuuncenta®.with the support frame can be used as a heat sink to draw heat from the
liner through a heat flow path passing through the flanges, the support frame and
into the temperature controlled member. The flanges can be discrete pieces which
are not connected together or they can be portions of a segmented ring.
Accordingly, the flanges can be designed to accommodate differential thermal
expansion between the resilient support and the ceramic cylinder. The heat
generated by absorbed ion energy built up on the cylinder can flow to the chamber
through the flanges and the support connecting the flange to the SiC cylinder. In
the case where the support includes the segmented inner and outer metal frames, the
segmented outer support can move radially with respect to a portion thereof
attached to the chamber. With the resilient support arrangement according to the
invention, such radial movement, however, produces a low enough radial force
which does not overstress the elastomer bond between the flanges and the ceramic
liner.

In the foregoing embodiments, the plasma in the chamber can be confined by

the Si or SiC surfaces of the gas distribution plate, the liner, the plasma screen and



The heater 48 can conprises an el ectrical resistance heating el enent
enbedded in an alum num casting. Thus, by passing electrical current o
t hrough theyo hgbdong el ement, heat will be supplied to the alggg gy ting
which in turn conducts heat into the inner frame 42, the al um num backing
plates 36, the heat conductive elastoner 38 and into the tiles 34. During
heating and cooling of the alum num body34}f the heater, the heater wll
expand to a greater extent than the ceramc liner forned by the tiles 34.
The el ast omethezahsiraie soppopehich eswerids upepadiyi throughdhe diier detipRety of the
addition, the inner and outer frames can be configured to provide a

desired arTDUBIasrﬁﬁ sérieen, ”@%Cﬁ@@%S%S@S&%??rJ% ateﬁﬁ%@%én’lﬂ Fﬁg@g h& ure

in the desired range. FIG 8 shows a portion o erein a

substrate su fer c nt.r od nd _re from the chanber
through a tr g‘%é@i@? S S)A@} %f‘ﬁﬂ@%é’?%ﬁﬁ@g@cfg%gdﬂe PYSMRLS { he
arrangenment shown in FIG 8 sone of the tiles 34 are shorter in the axial

direction i nWﬁ@lmﬁ@mlthInatm Blogesses waftrs witlot\ ] 6rataned cohparede from an
integral piece of ceramic material. FIG 8 shows details of how the inner

support franghagers lvidd Al ek faded with Ilﬁ@-oﬁ-ls@ht %ehewscé%gé@cvaﬁéﬂppor t franme
(not shown) can be confl gured in a simlar manner. n order to prevent a

i ne of sight bet nber wal h.tile 34
can have egges 56 hﬁb Wnl? Qn tﬁghn{:l hy rd%geéss‘(ﬂf g’gc}jﬁ&é%@?{@ A as
shown in FIG, 9, FIG 10 shows a further enbodi nent of the invention
wherei n the %B‘Flé{‘r‘\‘f’bbaqlﬁ‘?gei’la@otﬁb?li‘ glestrically andfas dhermalecondagdverglastarnérndr i cal
| iner 70 which is bonded to (
bonding material, the tiles can be sized and/or configured to fit together in a

manner which covers the circumference of an inner wall of the plasma chamber. A
suitable access opening allows passage of individual wafers into and out of the
chamber and additional openings can be provided to allow various measurements to
'be made by conventional accessories such as process monitoring equipment. In the
tile embodiment, the inner wall of the chamber can be cylindrical or polygonal. In
the case of cylindrical inner wall, a frame can be interposed between the backing
plates and the inner wall or the backing plates can have a matching curved surface
which is bonded to the inner wall with the elastomer bonding material. The tiles
can have a flat rectangular surface facing the interior of the chamber.
Alternatively, the exposed surface of the tiles can be curved such that the tiles form
a cylindrical inner wall of the chamber.

In the embodiment wherein the tile and backing plate assemblies are bolted
to an Al inner support frame which extends around the inner wall of the chamber,
the thermal stresses generated during start-up, operation and shut-down of the

plasma chamber can be accommodated. In contrast, if a continuous ring of SiC was



backing plates 36 by the electrically and thermally conductive el astoner.
FIG 10 also shows details of the inner and outer frames 42, 44. As shown,
t he out 44 includes segnents 45 separated by a se ially
extendiﬁ% é?o 3945a. Li kewi se, the inner frame 42 inc|ud3§&§§3%%ﬁ?§ 43
separated by a series of axially extending slots 43a. The segnents 43, 45
have the same width in the circunferefitial direction as the individual
backi ng plates 36. The segnented resilient frane shown in FIG 10 can be

used for tadédioahe aGpbarvtiaine titapart aiid Bogbsentes woult ive erodiside deertes of the
I nvention described above. According to a further enbodi ment of the

I nventi on, of | : LRt I fvically
conduct i vethe 151%% 12123:?@{%&6{@%8& gllrﬂ?g%p\éﬁlglgn' (I%%ﬁ%fhﬁ%gséhgﬁﬁﬁﬁgﬁ)ﬁ% ceram c
liner 70, as shown _in FIG 11. In the case of a thin liner, the fl anges

are pref erh§ GAndye hosehin #rhigviechdesinsd dimtt PR PALF a8g(REbond gessts 8GRt ¢ he

liner. However, in the case of a thick liner, the flanges can be shorter,
e. g., thedwOtdMeoDabHrexsSTend8oskeietlZiaGhe pSmalchamber.f or thick |iners can be
relatively short in length like the flanges 73 | ocated beneath the wafer

transport sl ot 1find Bmbbiimedt wﬂé?eiﬁ'a%@@nsﬂé’ﬁg% d¥"1fé SiRP kyppRtt fPari®isal  such as
al um num and are bent outwardly at the bottomthereof for attachnment to an

| asti cal |y, bepndabl t. f . Th t f bl id
Femmer at uPLAEB Rt Poi10uEr BRE §1 HLAT Byl STratit PR aud T B ALEH B8od a8 oL
the support frame and flanges into the liner. To renove heat fromthe
liner, a to&HfePHELFWPPOHHIABE Iholias9ertop plate docatad orcoptoddhe chiamber.HBe suppor t

frame can be used as a heat sink to draw heat fromthe [liner through a
heat fl| owoped Bupmasisggitenmddhtd vertitdlpn@asndih® plasesppparatell bastotandich

extend from the lower end of the outer support frame to the top flange. In order to
provide temperature control of the SiC tiled surface, a heater located above the top
flange of the inner support frame can be bolted to the inner frame. With such an
arrangement, the heater can generate heat which is thermally conducted from the
inner support frame to the backing plate and SiC tile. The heater can comprise a
single resistance heater which extends entirely around the inner wall of the
chamber. Alternatively, the heater can comprise any suitable heater arrangement
which achieves the desired temperature control of the liner, e.g., maintaining the
inner surface of the liner at a desired temperature such as in the range of 80 to
150°C during plasma etching of dielectric materials such as silicon oxide.

The chamber can include a plasma screen surrounding the substrate support.
The annular screen can be attached to a carrier ring by any suitable technique. For
instance, the screen can be adhesively bonded to the carrier ring by the elastomer
bonding material discussed earlier. In addition, the carrier ring can be bolted to a

lower flange on the inner frame such that the screen is clamped between the carrier



into the tenperature controlled nmenber. The flanges can be discrete pieces
which are not connected together or they can be portions of a sggnented.‘
ring. Accovadengidyy the flanges can be designed to accommdap@r,@sﬁg‘/ﬁﬁ@[ml al
thermal expansion between the resilient support and the ceramc cylinder.
The heat generated by absorbed ion ener géhbui It up on the cylinder can
flow to the chanber through the flanges d the support connecting the
flange to the Si C Cl)]/| inder. In the case where the support includes the
segnent ed i nAiBE 2aAdhe denge. ndhascreempanshe ofrany suitgble magetiabwthich wilpport can
nove radially with respect to a portion thereof attached to the chanber.

Wth the reswlithenahd aylpsmd eavir@nERANEs sedscoadddtbOpiodudtim. SiYENEArBRe 1§12\Ch
radi al novenent, however, produces a | ow enough radial force which does

h
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confined by th Si C surfaces of the gas distribution plate, the
liner, the pf Qﬁ'ﬁgll"é/cqfesé’ﬁc PRI FETFHY - Ii%lfﬂ!}@@@el freggreenganpduda bst r at e

support whi ch extends upwardly through the inner periphery of the plasna
screen. BecatiseumfgeerGiallyspa@idGpaurstgmenss.ar e | ocat ed between the pl asnma and
Al surfaces of the chanber, sputtering of the Al surfaces by the plasm is

mi ni ni zed and conlmmeraﬁbdtﬁn@ﬂ@%ﬁﬁéﬂ aWRr& i3 thEt*Err’@% ift§ ah@UEsEmeOMPared to
chanbers having Al surfaces with |ine- of Si gh to the processed wafer. In

al um num back PRy e SeRehd eorsBFE sERBE TS aiofer FhgehineRitedohane: i ve
el astonmer bonding material, the tiles can be sized and/or configured to fi @ ™
t oget her in therein and the tiles surroundmg the slot are arranged such that smallier tiles are -
below the slot and larger tiles are above the slot. The interior of the slot can be
formed by a wafer passage insert. A preferred material for the insert is silicon -
carbide. The insert can comprise a single piece of material or an assembly of -
several pieces of material. The medium height tiles and short tiles are preferably
adhesively bonded with the elastomer to similarly sized backing plates which in turn
are bolted to the inner frame. |
According to the embodiment of the invention wherein line-of-sight surfaces
of aluminum components are avoided by covering the surfaces with the SiC tiles,
the edges of the tiles are preferably designed such that they overlap each other. | For
instance, the tiles can have mating edges wh.erein a projection on one tile is received
in a recess in an adjacent tile. This effect can be obtained by any edge design
wherein a rectilinear path is not provided between the opposed surfaces of the tile.
Thus, a mating curved or multi-sided edge surface such as a V-shaped, U-shaped,

W-shaped, groove-shaped, notch-shaped, offset-shaped, etc. type edge can provide

the desired mating tile edge.



manner whi ch covers the circunference of an inner wall of the plasnma
charrbera A su}table access opening all ows passage of individual wafers
into and out of the chanber and additional openings can to

al | ow v3¥? 8YUL R asurenents to be nade by coneentlgnal ?gsﬂggxggﬁguch as
process nonitoring equipnment. In the tile enbodi nent, the I nner wall of

t he chanber can be cylindrical or polygpnal. In the case of cylindrical
inner wall, a frame can be interposed ggtmeen t he backing plates and the

e R e T e s e i

can have a flat rectangul ar surface facing the interiqgr of the chanber.
Al ternat i 981l gecanpRogats iiberental F%@%Fxﬂaﬁﬁof‘/ CPRIEAEIQR 052"‘85 FOERORMH t hat the
tiles form a cylindrical inner wall of the chanmber. In the enbodi nent

wher ei n t derihg seramd opeakiongnd/basteutdsse nbiheqdasaracrebatbt e dfor imstanee Ahedtnner
support frane which extends around the inner wall of the chanber, the

thermal  Skfs §RShd ?eg%rrﬁf/& 1544l 104 tﬁéxﬁ{aﬁ ehgy G@;%sﬁéd 8A tROies Ny thedpiany of t he

pl asma chamber can accommodated. In contrast, if a continuous rlng of

3 2o VO0NL90080 LTSRSl I SNEPSHngy 8OF- 1

coefficients of thernmal expansion. According t he nunber of SIiC tiles
can be chdgerthe chamberaop platele Due é@ Wataricooling péﬁhﬁ templaty vie0QliBgr esses
generated due to thermal forces encountered in the plasma chanber. In the

enbodi menthatirlsSitie BedtApmkfefredfig@ugh ohiee suppoey is serppadd frématie chambbel ted to
t he | ower edge of an Al outer support frame and a flange at the upper edge

'g];laﬁrggr ou': ﬁ; SRS pff(fc@&'?né St RRliddHdul@r SudsABiep! Ak 3ildsOGR IpRBedeP byf the

the heater before plasma is generated in the chamber. For instance, the tiles can be
heated to a desired temperature by the heater and a thermal control system can be
used to adjust the heater power to maintain the tiles at the desired temperature.
After plasma is generated in the chamber, the control system can automatically
reduce the heater power to maintain the desired temperature. Further, the thermal
impedances of the inner and/or outer supports can be adjusted to achieve the desired
range of tile operating temperatures and limit the heater maximum temperature.

FIG. 12 shows measured temperatures at the inner support heater flange, the
inner support lower flange, and the tile backing plate during plasma etching of a
batch of semiconductor wafers. The 2°C temperature oscillations resulted from
variations in plasma ion energy during an etch cycle. The temperature set point for
the lower flange was 100°C.

In the embodiment wherein the ceramic liner is a continuous single piece of
SiC, the SiC cylinder is supported by a segmented aluminum flange at its lower

end. The segmented aluminum flange is attached to an elastically bendable frame




outer support is segmented into vertically extending plates separated by
slots which extend fromthe |ower end of the outer support frame to the

top flanggyo hgho9ésler to provide tenperature control of the RiGiédoh§s :
surface, a%eat er |ocated above the top flange of the inner support Prarre

can be bolted to the inner frame. Wth such an arrangenent, the heater can
generate heat which is thermally conduct®} fromthe inner support frane to
t he backing plate and SiCtile. The heater can conprise a single

resi stance fuppbaed bhitdclenitendsa et the @therantbodimeds, 4 Aeaer Wpplie®hedt he
chanber. Alternatively, the heater can conprise any suitable heater

o A0EENt A ERCRSRI GRS N ShAH CATRRAL G AEClr B bRkl

e.g., maintaining t ner sur i ner esire rature
such as in the range of 80 to 50C dur.i ng, pl asma etching of dielectric
materials sRIBKS: @I ghy %'Sﬁ%é%"%f’é. Oﬁﬁ@ngﬁ%’b@? Stadinehc Thedowenflangeofdbe een
surroundi ng the substrate support. The annular screen can be attached to a

carrier ringnéryframy isattachbd ¢.p e dodied . thedower flstgenafethe bheersappenframe be
adhesively bonded to the carrier ring by the elastoner bonding materi al

di scussed egth it thd Bnidddinkt Qﬁan%é?ﬁerﬁ Qﬁcflﬁcﬁ'hé th8ic® ﬁfier@%agﬁbgﬁ)@at&ﬁ’ afig | ower

flange on the inner frane such that the scréen Is clanpe ween the

carrier W .00/ 00999 PCT/USIY 14790 -36 I nd the_flange., The screen can
be of any slggéra eourlr%rtSélppgﬁ%v%’ileéhar\?mswpor\{/ﬁ%f}ﬁﬁ@pﬁr BP%%%QF%\H%WW f or
sem conductor praqduction., Silicon carbide is a preferred material for the
screen. TheUBR9TA&iameawhich Asachss tQ asyaigr eoled ton plate ofghe reactory Theal ity of
spaced apart ring-segnents. For instance, the screen can include N
ci rcunf er enfroabiop ofpphe fdlivigaaltbaskiggeiites andislohed aiffee dnd@tes suppdre frames Waf ef.

is transferred into and out of the

allow the SiC liner to be supported in a manner which accommodates differential
thermal stresses generated during start-up, operation and/or shut-down of the
reactor. For instance, the heater can expand radially outward more than the SiC
cylinder due to the higher temperature of the heater and greater coefficient of
thermal expansion of Al compared to SiC. The relative radial expansion is
accommodated by bending of the thin, vertical flexures of inner support.
Likewise, differential radial growth between the bottom and top of the outer support
due to a vertical temperature gradient is accommodated by the thin vertical flexures
of the outer support.

The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not be
construed as being limited to the particular embodiments discussed. Thus, the

above-described embodiments should be regarded as illustrative rather than

restrictive, and it should be appreciated that variations may be made in those



chanmber through a transport slot, the inner and outer franes include
cut-outs therein and the tiles surrounding the slot are arranged such that
smal |l er Wblegaobe below the slot and larger tiles are abeegde1pbet. The
interior of t%e slot can be fornmed by a wafer passage insert. A preferred
material for the insert is silicon carbide. The insert can conprise a
single piece of material or an assenbl-§9-of several pieces of material. The
medi um height tiles and short tiles are preferably adhesively bonded with
t he el ast camtsodiments oy lveorksrsskitled ibslekarngvithoat depamirigefromnthe scope afitbe bol t ed
to the inner frame. According to the enbodi nent of the invention wherein

| i ne- of - si : - are avoi ded by covering the
surfaces V\;??%}en?ﬁde\;egﬁ%? ?gﬁlﬂh htgyza ges %?ﬁ?{ﬁi tiles are preferably

desi gned such that they overlap each other. For instance, the tiles can
have mati ng edges wherein a projection on one tile is received in a recess
in an adjacent tile. This effect can be obtained by any edge design

wherein a rectilinear path is not provided between the opposed surfaces of
the tile. Thus, a mating curved or multi-sided edge surface such as a
V-shaped, U shaped, Wshaped, groove-shaped, notch-shaped, offset-shaped,
etc. type edge can provide the desired nating tile edge. WO 00/ 00999

PCT/ US99/ 14790 -37 The. interlocking tile joints elimnate |ine-of-sight
to al um num conponents and acconmopdate differential therm
expansi on/ contraction of |iner conmponents during startup, operation and/or
shutdown of the plasnma reactor. For instance, heat fromthe heater and/or
pl-asma ion thermal energy deposited on the tiles is thermally conducted by
i nner support, through the el astomer bond, up the outer support and



into the chanber top plate. Due to water cooling of the top plate via
cooling channels, the heat transferred through outer support is renoved
fron1the\gﬁ%&g§59 During processing of sem conductor subst rritessoohimoti | es
can be preheated by the heater before plasma is generated in the chanber.
For instance, the tiles can be heated to a desired tenperature by the
heater and a thermal control system canm4Be used to adjust the heater power
to maintain the tiles at the desired tenperature. After plasma is
gener at ed iIWHAIE IS IGIDAEVIED B§: control system can automatically reduce the
heater power to maintain the desired tenperature. Further, the thernmal

i npedances of the inner and/or outer supports can be adjusted to achieve
the desired range of tile operating tenperatures and limt the heater

maxi num tenperature. FIG 12 shqows ne red .t enperature t the inner
support heater fl-afgelectiode as yé‘ﬁ‘if;ﬁfotr aIR}Q\%Pr?fqaﬁHﬁ%,CE% rsed 1) e

backing plate during plasma etching of a batch of sem conductor wafers.
The 2' C t enpmicahde@opnsudisirhtzt prooessings gbmprisfigom vari ations in plasma ion
energy during an etch cycle. The tenperature set point for the |ower

flange was 100 G subBoftHerfbdrathivirRd bohEhgkirfadee ceramc liner is a

continuous single piece of SIC the SiCcylinder is supported by a

Coattached to af ok AEOPESREyOAEHHINE oo AL Hov Rl SBATORL SR B 70

- 38 supported by the chanber. As in_the other enbodi rrent?, a heater
suppl i es head a bepding wurfagepsan pRIST RS Pk aR ARRASIE SIISINETEOt RREFEYIS Phe | ower
fl anges of the backing plates, through the el astoner bond and into the Si @\

| i ner. The voadiag shifacgef e support neneverf amdre i s attached (e.g., bolted) to
the lower flange of the outer support frane
an elastomeric joint between the outer edge of the electrode and the support
member, the elastomeric joint resiliently attaching the electrode to the support

member so as to allow movement between the electrode and the support member .

during temperature cycling thereof.

2. The electrode assembly of Claim 1, wherein the support member is
removably attached to a temperature-controlled member in an interior of a plasma
reaction chamber, the support member comprising a support ring clamped to the
temperature-controlled member, the electrode comprising a showerhead electrode
and the temperature-controlled member including a gas passage supplying a process

gas to the showerhead electrode.

3. The electrode assembly of Claim 2, wherein the temperature-controlled

member includes a cavity and at least one baffle plate located in the cavity, the gas



such that the entire liner arrangenent including the SiC liner, backing

pl ates, and inner and outer support franes are supported by the upper
flange of the outer support frame which attaches to a wate Q | e 9 t op

pl ate of WOHE/0PWAct or. The provision of the individual bacﬁﬁ:@ %/14 ¥s and
slotted inner and outer support frames allowthe SiCliner to be supported
in a manner which accommodates differepfjal thernmal stresses generated
during start-up, operation and/or shut-down of the reactor. For instance,

t he heater_can e nd r i.pder due to
t he hi gher @Sggﬁéplgqa}&\ng P%s ?ﬁ%«g\éﬁggtag?é gnﬁqgfoe gfr}e %Egl‘ﬁf?rgréﬂiéég t her mal
expansi on of Al conpared to SiC. The relative radial expansion is
accomodattbepugh theoshewrshedd elggiredsi-n, vertical flexures of inner support.
Li kewi se, differential radial growth bet ween the bottom and top of the
outer support due to a vertical tenperature gradient is accommbdat ed by
the thin vertical flexures of the outer support. The foregoing has

described the pi ffﬁk@ie%ggdeagéeﬁmg%f@mﬁmnane@uam cl¥RARFicObireper at i on of

the present invention e invention shoul d not be” construed as

being limted to the parti.cul ar i nent s d|
abovg descﬁomj’éﬁe%ﬁ‘bﬁl&f: Iy @Hﬂﬁ?ta’ebeg FUPEr G B eziéa "? i"bg{-[ rgatce\ptgnfea 8% ¢ han

restrictive, and it should be appreciated that variations may be made in
those WO G¢cD@ERAn®OR SUSPOLTAPODET .- tBo elasionesr ecmateripl inglydingag f‘é%itlll?aéb/ in the
art without departing fromthe scope of the present invention as defined
by the foldoashdipeqilRr Which\BrHAEENHD BleBTTALSHR PNt pathlbetwddn-the electrode and

(7
the support member.

5. The electrode assembly of Claim 4, wherein a recess is provided in the
interface and the filler comprises electrically and/or thermally conductive particles, -
the particles having an average size at least 5 times smaller than a depth of the

recess in the interface.

6. The electrode assembly of Claim 5, wherein the recess has a uniform
depth in the support member, the recess being located between walls of the support
member, the walls having a thickness greater than the depth of the recess but less

than 25 times the depth of the recess.

7. The electrode assembly of Claim 4, wherein the recess extends
continuously around the support member, the electrode being bonded to the support

member only by the elastomeric joint.



WHAT IS CLAIMED 1IS: 1. An el ectrode assenbly useful for a plasma reaction
chanber used in sem conductor substrate processing, conprising: a support
menber havi ng a bondi ng surface; an RF driven el ectrode havi

power ed SLW?g?f%”g% one side thereof and a bonding surface :gteggl‘%g%/u 73? edge
on an opposite side thereof engaging the bonding surface of the support
menber; and an el astoneric joint betweemi-he outer edge of the el ectrode
and the support nenber, the elastoneric joint resiliently attaching the

el ectrode to thegSupROLiectrfBRIRIEMBIY ATIhith ] Wa¥tePe BRtorRaiopan t he
el ectrode and the support nenber during tenperature cycling thereof. 2.

The el ectrode assenbly of Claim1l, wherein the support nenber is renovably
attached toC@mPEﬁﬁé?gﬁﬁpﬁgggﬁ?E%ﬁpgﬁrH?HBer inan interior of a plasma

- reaction chanber, the support nenber conprising a support ring clanped to
the tenperature-controlled nenber, the el ectrode conprising a showerhead
el ectrode and the tenperature-controlled nenber including a gas passage

suppl yi ng a proc@ssTh&akcirodd fgerdbigusrCieiad 1 ivaeteirnthe el&trodbeombeis¢srnde
assenbly of Claim2, wherein the tenperature-controlled nenber includes a

001 00bos. P efBREEIBERELY SrBoRRRnREThaDra | BRRRAYbipbort M 070 ke

through the baffle prior to passing through the showerhead el ectrode. 4.
The el ectrode assenbly of Caim1, wherein the elastoneric joint

10. A method of manufacturing an electrode assembly for use in a plasma
reaction -chamber, comprising:

applying an elastomeric bonding material to one or more mating surfaces of
a support member and an RF driven electrode;

forming an assembly of the support member and electrode such that the -
elastomeric bonding material joins the mating surfaces of the support member and
electrode; and

curing the elastomeric bonding material so as to form an elastomeric joint
between the electrode and the support member, the elastomeric joint allowing
movement of the electrode relative to the support member during temperature

cycling thereof.

11. The method of Claim 10, further comprising preparing the elastomeric
bonding material by mixing at least two components of an elastomer with an
optional electrically conductive filler and densifying the elastomeric bonding
material in a vacuum environment at ambient or a temperature above or below

ambient.



conprises an electrically conductive -elastonmeric material in an interface
between the electrode and the support nenber, the el astoneric materi al

i ncl udi ctrically conductive filler which provid rical
"Wofofiep P et

current ween the electrode and the support nenber.

el ectrode assenbly of Claim4, wherein a recess is provided in the
interface and the filler conprises eleggrically and/or thermally conductive
particles, the particles having an average size at least 5 tines snaller

than a depth of 13 hepe W@fRsSof Mlall Q0! fhtrﬁfef%ﬂpriﬁngﬁbﬂgﬁgﬁﬁh%nﬁﬁ&ﬁ@' y of
Claim5, wherein the recess has a uniform depth in the support nenber, the

recess: being |ocated, betwee | 1 s of the support, nepher,.. Ll s having
a thi cknestg%affgﬁ?seqqu]ﬁﬁt?c?ﬁ(ge %@pﬁuﬁp%tft niuwgbelr g@ggéo fsare essanﬁlgﬁ}l@gé times
the depth of the recess. 7. The el ectrode assenbly of Caim4, wherein the
recess extexpdsed anshoptiomalls cyating sypesedmordenspyithe masking materéalavilear ode bei ng
bonded to the support nenber only by the elastoneric joint. WO 00/ 00999

PCT/ US99/ 14#fé mafbiaBwhidherefo®s 6xe68 assani®lio/vb@iding materibl sqdeerad suttdfe
el astonmeric joint conprises a catalyst-cured elastoner resin. 9. The

e ectrode 43 3RMRINerR jof 3ith tue M{gaaﬁ%ﬂlamgl & 6o B8 Fro R didiba apl! | con
el ectrode and the squort menber  conprises a graphite support ring. 10. A
met hod of manufacturing an el ectrode assenbly for use in a plasma reaction
chanber, cORBPIIRGBPETappl ying an el ast oneri ¢ bonding material to one or
nore mating surfaces of

;o
13. The method of Claim 10, wherein the support member comprises a

support ring having an annular recess which extends completely around the support
ring, the elastomeric bonding material being applied in an amount such that the
elastomeric joint fills the recess and is thin enough to conduct heat from the

electrode to the support ring.

14. The method of Claim 10, wherein the elastomeric bonding material
includes an electrically conductive filler, the elastomeric bonding material being
applied to the mating surfaces so as to provide substantially direct electrical contact

between the electrode and the support member.

15. The method of Claim 10, wherein the electrode consists essentially of
single crystal or polycrystalline silicon and the support member consists essentially
of graphite, the silicon electrode being bonded to the graphite support member

solely by the elastomeric joint.




a support nenber and an RF driven el ectrode; formng an assenbly of the
support menber and el ectrode such that the elastomeric bonding naterial
j oi ns t hewdggageosur faces of the support nenber and el ectr @dgy3h4s64'r i NY
the el astoneric bonding material so as to forman elastoneric joint

bet ween the el ectrode and the support nenber, the el astoneric joint _

al lowing novenent of the electrode rel a4d4-ve to the support menber during
tenperature cycling thereof. 11. The method of C aim 10, further

conpri sing prepaiéndtiehmetzddisf Claini 10, Wisstdinnte BRcebd@toRYrisesd fiflcdt dispeast
two conponents of an elastonmer with an optional electrically conductive

filler and b : : L I i in.a vacuum

envi ronmont o ot SondisiEhAThERRS: Gl o %J\}ﬁi’oatf%@%ri‘é:rﬁai%ﬁeaﬁtsra e
00/ 00999 PCT/ US99/ 14790 -43 .12. The nethod of aim 10, further conprising
appl yi ng ma3iOPRY rHJ&t’ég? method dndyding alignig the glestrade ARABIRARAL HORPORt menber
so as to |eave the mating surfaces exposed and optionally coating exposed
portions of fixMee, paBlingpressuse sefficidnt to forcpekemss bomdting mafteridlioulw ardhypyes
excess el astoneric bonding material squeezed out of the elastoneric joint

when the meakintgfacaberwezh the eleedueshd theSupPért ?ings:héé?ﬁg tﬁ@%%seﬁwm in
menber. 13. The nethod of O aim 10, wherein the Support nenber conprises a

support - ri [ r.r s which extends conpletely around the

support r ﬁ%’g?ai}’hg%@g@g%@cenggg@?%ac%qgﬁelcgrmg@?ﬁlée ggffpl'“@ Cibendng apunt
h the . .

such that mz?terlal but low enough to minimize thermal expansion of the electrode or support

ring.

17. The method of Claim 10, wherein the elastomeric bonding material is
filled into a recess sized to provide a cured elastomeric joint which allows sufficient
movement between the electrode and support member to prevent tearing of the joint
as a result of differential thermal expansion or contraction of the electrode and

support member during use of the electrode assembly in a plasma reactor.

/.—-\—

18. The method of Claim 10, wherein the elastomeric bonding material has
a viscosity sufficient to achieve self-leveling and spreading of the bonding material
on the mating surfaces, the method further comprising degassing the bonding

material by placing the assembly in a vacuum environment.

19. The method of Claim 10, further comprising applying a primer material

to the mating surfaces or plasma treating the mating surfaces.



el astoneric joint fills the recess and is thin enough to conduct heat from
the electrode to the support ring. 14. The nethod of Caim 10, wherein the
el astomeric bonding material includes an electrically con i il ler,

t he el as¥V@R®P¥%% bondi ng material being applied to the natﬂggbgéﬁ?é@es so
as to provide substantially direct electrical contact between the

el ectrode and the support nenber. 15. Jge nethod of O aim 10, wherein the
el ectrode consists essentially of single crystal or polycrystalline

silicon and thesu LSERi@RAAbE ltsratdf DpRRR Hactshe
silicon el ect rgzé)z ggﬁzﬁéog‘égﬁg&eﬁgﬂgh%@g@ﬁ?e gtpsprgrt nrreérber sgllel y by
the el astoneric joint. WO 00/00999 PCT/ US99/ 14 .-44 16. The hod of
C ai m 10, chwabey whenein & elesiredroassembly wgludss an ﬁ%g%fd"%n %‘ﬁc"‘eﬁer[l?ﬁfq?‘t'f’m or
nonuni f orm t hi ckness and the support nmenber conprises a graphite support
ring, the awippod memberciynan elastbmeriegoinhecampisingsde and support ring in a
fixture, applying pressure sufficient to force excess bonding nateri al

outwardly of asfaggp&rf‘gr { 3GRicBRINESNsUt BaR! Bahé ?ﬂ@mﬁﬁéad{m cGhe@pert ring,
heati ng the assenbl’y i n an oven at a tenperature high enough to accel erate

curing of the elastoneric bonding .nateri b mnimze

t hermal expansi¥hP fngtWé’Cﬁﬁse%?tsrt%gB lﬁ%rl ﬂng}etp%sﬁxag}é%'a%%gg%@eﬁbt hod of
Claim 10, wherein the elastonmeric bonding nmaterial is filled into a recess
sized to provi depplying RE powesite seg electredesuchphatthe RFopawer passes fiom the
novenent between the el ectrode and support nenber to prevent tearing of the

joint  as pps widmiek, Girdig @etelakorhbiee joiht andtanbé elecrode;aht REqiowen of t he
el ectrode and -

causing the process gas to form a plasma in contact with an exposed surface of the
semiconductor substrate, the elastomeric joint allowing the electrode to move
relative to the support member during temperature cycling of the electrode

assembly.

21. The method of Claim 20, wherein the semiconductor substrate
comprises a silicon wafer and the method includes etching a dielectric or conductive

layer of material on the wafer.

22. The method of Claim 20, wherein the method includes depositing a

layer of material on the semiconductor substrate.

23. The method of Claim 20, wherein the electrode comprises a silicon
showerhead electrode and the support member comprises a graphite ring, the
graphite ring being clamped to a temperature-controlled member through which the

process gas is supplied to the showerhead electrode.



support nenber during use of the electrode assenbly in a plasma reactor.
18. The nmethod of C aim 10, wherein the elastoneric bonding nmaterial has a

vi scositywwbdhdbent to achieve self-leveling and spreadi ngpphnish Hendi nd
material on the mating surfaces, the nethod further conprising degassing

the bonding material by placing the assenbly in a vacuum environnment. 19.
The nethod of C aim 10, further conprisi4fg applying a primer material to
thr mating surfaces or plasma treating the nmating surfaces. WO 00/ 00999
PCT/ US99/ 147890 Anr dast3fherid joiit hostnily pr Oplasfiia pgiceos eidndsyadided iy substrate in
a plasma reaction chanber wherein an el ectrode assenbly includes an RF '

driven el ecggn%gglrm;&eﬁbggaw?g%%g@ggc ! %g.by an el astoneric joint,

conprising: supplying a sem strate to the plasnma reaction
chanber; supplyi rocess gas tq.an interior of the plasma reaction
chamber; suppl yPEﬁS&arBEMPEP}WﬁH’g&“ ¢t%ode such that the RF power passes
fromthe support nenber, through the elastoneric joint and to the

el ectrode, the REspuwerparthardingg bondingsorfasesengaging ehd bonding glréesowf ithre
contact with an exposed surface of the sem conductor substrate, the

el ast omeri cfijs@hft; ahd oW ng the el ectrode to nove relative to the support
menber during tenperature cycling of the electrode assenbly. 21. The

i1 i con wat or andl” PRECRSs bR ieBLBER bRl B¢ RIS PR conduct  ve

| ayer of material on the wafer. 22. The nethod of C aim 20, wherein the
net hod i ncl¢lademerp deint resifiently attaching the first part to the second part so as to allow

movement between the first part and the second part during temperature cycling

thereof.

25. The elastomeric joint assembly of Claim 24, wherein the elastomeric
joint comprises a polymeric material compatible with a vacuum environment and
resistant to thermal gradation at temperatures of up to and including 200°C, the -
polymeric material comprising polyimide, polyketone, polyetherketone, polyether
sulfone, polyethylene terephthalate, fluoroethylene propylene copolymers, cellulose,

triacetates or silicone.

26. The elastomeric joint assembly of Claim 24, wherein the elastomeric

Jjoint includes a filler of electrically and/or thermally conductive particles.

27. The elastomeric joint assembly of Claim 24, wherein the elastomeric

joint includes a filler of wire mesh, woven or non-woven fabric.



| ayer of material on the sem conductor substrate. 23. The nethod of C aim
20, wherein the electrode conprises a silicon showerhead el ectrode and the
support nenber conprises a graphite ring, the graphite ri i | anped
to a teﬂﬁ@ﬁ&@ﬁpg-controlled menber through which the pro£@§§3§%@9P§
supplied to the showerhead el ectrode. WO 00/ 00999 PCT/ US99/ 14790 -46 24.
An el astoneric joint assenbly in a plagma reaction chanber used in

sem conductor substrate processing, conprising: a first part having a

bondi ng surfaceyg aTREERBGMRALCoiBYsEHbR HOORIM 24 SWhERKLHRNIAMUME S he
bondi ng surface of the first “part; and an elastoneric joint between the

first part._and the second ,part, th el astoneric joint resiliently
attachi ngJ?‘HE"’F#LI"gf a;f;lﬁ)etr fd“ettﬂé”agécgﬁsn'd part so as to allow novenent
between the first part and the second part during tenperature cycling

thereof. 25. The elastoneric joint assenbly of Cl aim 24, wherein the
el astoneric joint conprises a polyneric material conpatible with a vacuum

envi ronnent and9. r ehé slagidinerie jbiReAEBMbY GGk RS AvhEriDekahetabpartitlesp t 0
and including 200C, the polyneric material conprising polyimnmde,

pol yket 0”%@9@?%&5@{}&% R el BYs Frz(%é sul fone, polyethyl ene

t er epht hal uor oet hyl ene propy copol yners, cellulose, triacetates
or silicone. 26. The elastoneric joint assenbly of C aim 24, wherein the
el astoneric joint includes a filler of electrically and/or thermally
conductive particles.

30. The elastomeric joint assembly of Claim 29, wherein the metal filler

o
comprises an aluminum silicon alloy.

31. The elastomeric joint assembly of Claim 30, wherein the aluminum

silicon alloy includes 5 to 20 weight % silicon.

32. The elastomeric joint assembly of Claim 24, wherein the elastomeric

joint is located in a recess in the first part.

33. The elastomeric joint assembly of Claim 24, wherein the elastomeric

joint includes a filler having a particle size of 0.7 to 2 um.

34. The elastomeric joint assembly of Claim 24, wherein the elastomeric
joint includes an electrically and/or thermally conductive filler in an amount of 45

to 55 volume %.




27. The elastoneric joint assenbly of Caim 24, wherein the el astoneric
joint includes a filler of wire nmesh, woven or non-woven fabric. WO .
00/ 00999 /14790 -47 28. The el astoneric joint ass im
24, wher eﬁ&/#@ggl astoneric joint includes a filler of neta /gaﬁ/l“c Ogs 29.
The el astoneric joint assenbly of Claim28, wherein the netal particles
conprise alum numor an alum num all oy-480. The el astoneric joint assenbly
of Claim?29, wherein the netal filler conprises an alum numsilicon alloy.

31. The el ast Om?:"S' thé)élﬂ.@.toﬁéﬁgﬁmhﬁ/as@ém@'yadfr@l%gn ZWhWh@i'é?n iReeiadifeigm
silicon alloy includes 5t wei ght % 'si | icon. 32. The el astoneric joint

assenbly o rein the e sto (o] ted in a recess
inthe fi rg@lnbgrp[rpv@gd\ghwéze&nﬁpgﬁgf AEE5 gﬁh? ?ﬁé %F@O%ff *ai m 24, wherein
the elastoneric joint includes a filler having a particle size of 0.7 to 2
gm 34. The el astoneric joint assenbly of Caim24, wherein the elastoneric
joint includes an electrically and/or thermally conductive filler in an

amount of 45 t 3655T DI IBMBPic JEhtOREEBIY DIFTRI/IFOWhemap the #dtiBd. The
el astonmeric joint assenbly of Claim24, wherein the elastoneric joint is

provided b I r } s ol - The
o 04, cex PSR APEL RGBS BRGuPln LT a0t SRR EG!Sngelen:
37. The elastomeric joint assembly of Claim 24, wherein the first part is
removably attached to a temperature-controlled member in an interior of a plasma

reaction chamber.

38. The elastomeric joint assembly of Claim 24, wherein second part

comprises a showerhead electrode.

39. The elastomeric joint assembly of Claim 24, wherein the elastomeric
joint comprises a thermally conductive elastomeric material in an interface between
the first part and the second part, the elastomeric material including an electrically
conductive filler which provides a thermally conductive path between the first part

and the second part.

40. The elastomeric joint assembly of Claim 39, wherein a recess is
provided in the interface and the filler comprises electrically and/or thermally
conductive particles, the particles having an average size at least 5 times smaller

than a depth of the recess in the interface.



surfaces are contoured to provide an interlocking and/or self-aligning
arrangenent. 37. The elastoneric joint assenbly of Caim24, wherein the

first pew% 5/2099§ enovably attached to a tenperature-controlgegus®ilegs i n an
interior 9f plasma reaction chanber. 38. The el astoneric joint assenbly

of Claim 24, wherein second part conprises a showerhead el ectrode. 39. The
el astoneric joint assenbly of C aim2449wherein the el astoneric joint
conprises a thermally conductive elastonmeric material in an interface

between the fi rIStTHéaél%st&ﬂE'n& heinSRSeMBIPSS Claith 2@, YlhesdinmRy fisst padcer i al
including an electrica r]1duct| ve filler which provides a thermally

duct th bet t d th 40. Th
o1 ast oer FEMPHF &Mﬂfﬂ&t@%@ e Grlsdf o SEPRAE ater. 00 100 1

the interface and the filler conprises electrically and/or thermally
conductive particles, the particles having an average size at least 5 tines
smaller than a depth of the recess in the interface. WO 00/ 00999

PCT/ US99/ 14790 4249- Adplastid predessing systera ysefuh forgmeesssing sefmicndietop4, wher ei n
the first part conprises an el ectrode and the second part conprises a

support ”UA sma processi ng systemuseful for processing
sem condlr]g ‘?Iratesfj%) E}léz conpri si ng a pI asma processi ng chanber havi ng an

interior space bounded b

X tra uppert, on which
a substrate is 3RieTRARKYS Wr%%q}?"l éhlaﬁ‘tnérﬁndl‘“e“or space Doué By BRRambe:

sidewall;_

a substrate support on which a substrate is processed within the interior
space, the chamber sidewall being spaced outwardly of a periphery of the substrate
support;

a gas supply through which process gas can be supplied to the interior space
during processing of the substrate,

an energy source which can energize the process gas in the interior space
into a plasma state during processing of the substrate;

a liner supported between the chamber sidewall and the periphery of the
substrate support, the liner comprising a ceramic member supported by a resilient

support member.

43.  The plasma processing system of Claim 42, wherein the resilient

support member comprises an elastomeric joint or a bendable metal frame.

44,  The plasma processing system of Claim 42, wherein the ceramic

member comprises a one-piece ceramic liner or an assembly of ceramic tiles.




space, the chanber sidewall being spaced outwardly of a periphery of the
substrate support; a gas supply through which process gas can be supplied
to the inkgpigPhoespace during processing of the substrate; aprRIZSSs HfecOUr Ce
whi ch can energi ze the process gas in the interior space into a plasm
state during processing of the substrate; a liner supported between the
chanmber sidewall and the periphery of th8- substrate support, the liner
conprising a ceram c nenber supported by a resilient support nenber. 43.
The pl asma processing systemof Caim42, wherein the resilient support
menber conprises an elastoneric joint or a bendable netal frame. 44. The
plasma_pr ocessi ngssy s egyplndd fh@Rsdte YERDTILALAE N ATLh mgReRtic copri ses
a one-pi ece ceramc IlneP or dan asseﬁb y of ceramc tiles. W 00/00999

PCT/ US99/ 14790 ,-50 45., The pl as ocessi system of Claim42, erein
the cer am ¢ MANGH EPTBEISET s SSCBANA AT (e W AsALoAcK g EREC Foihs)
backi ng nmenbers, the resilient support conprises an elastoneric joint, and
t he el ast onegsilienf supporhcommptises anedastornéria joentcandatie elasiansyia joim attechpect i ve
one of the netal backing nenbers. 46. The plasma processing systemof Caim
45, wher ei neidheof1TRé @krantla ¢ikdsne anmREHLriSe aﬁ@osm@wmﬁcﬁﬂﬁanéaﬁé&@bl e netal
frame and the bendable netal frame is supported by a thermally controlled
menber such that heat can be w thdrawn fromthe ceramic tiles via a

t hermal path which extends through the elastoneric joint, the netal

backi ng nenbers and the bendable netal frane to the .
46.  The plasma processing system of Claim 45, wherein the metal

backing r;'lembers are supported on a bendable metal frame and the bendable metal
frame is supported by a thermally controlled member such that heat can be
withdrawn from the ceramic tiles via a thermal path which extends through the
elastomeric joint, the metal backing members and the bendable metal frame to the

thermally controlled member.

47. The plasma processing system of Claim 42, wherein the ceramic
member comprises an assembly of ceramic tiles and the resilient support comprises

an elastomeric joint between each of the ceramic tiles and the chamber sidewall.

48.  The plasma processing system of Claim 42, wherein the resilient
support comprises a bendable metal frame, the bendable metal frame being
supported by a thermally controlled member such that heat can be removed from the
ceramic member through a thermal path extending through the bendable metal

frame to the thermally controlled member.



thermally controlled nmenber. 47. The plasma processing systemof C aim42,
wherein the ceram ¢ nenber conprises an assenbly of ceramc tiles and the

resilient support conprises an elastoneric joint between e f e
ceram ¢ MO MDA t he chanber sidewall. 48. The plasma pr &@Q?ﬁé‘“i{%tem of

Claim42, wherein the resilient support conprises a bendable netal frane,
the bendable nmetal frame being supportsgd by a thernmally controlled nenber
such that heat can be renoved fromthe ceram c nenber through a thernal

Cont ol | cd monter . vibtoBe SUP Bt Bl a1 GARTHS, 4R colottRle

processi ng systemof C aim48, further conprising a heater supported by

t he bendabicalersupporfadabiethe endalig meaid dragassuch tﬁﬁﬁh%g%ﬁtert%é hegiefigni ¢ nenber .
50. The plasnma processing systemof C aim42, wherein the resilient

support nmagbahicansmberses a bendabl e netal franme which includes an inner
frame nenber and an outer franme nenber, the resilient support nenber
further conprising an elastoneric joint between the ceram c nenber and the
inner franme nmenber, the inner frame nmenber being supported by the outer

frame nmenber, apnd the outer frame nmenber I n pRor.t.ed by the chanber.
51. The pl asma PFoces PGsTe Proqesyine aséﬁr‘?noﬁgl,la'&f@?é\’ r?lﬂghecéelsgwtc nmenber
conprises a plurality of interlocking ceramc tiles. 52. The pl asma

pr ocessi nguppert emnoer@oaprises a bghdabls metah Fameruick inchidep ap ignsiframees a
one-piece SiCliner or a plurality of SiCtiles.

member and an outer frame member, the resilient support member further

comprising an elastomeric joint between the ceramic member and the inner frame

member, the inner frame member being supported by the outer frame member, and

the outer frame member being supported by the chamber.

51. The plasma processing system of Claim 42, wherein the ceramic

member comprises a plurality of interlocking ceramic tiles.

52.  The plasma processing system of Claim 42, wherein the ceramic

member comprises a one-piece SiC liner or a plurality of SiC tiles.

53.  The plasma processing system of Claim 42, wherein resilient support
member comprises inner and outer metal frame members configured to allow
differential thermal stresses on the ceramic member and the frame members to be

accommodated during operation of the plasma processing system.



53. The plasma processing systemof Caim42, wherein resilient support
menber conprises inner and outer nmetal franme nenbers configured to allow |
di fferentiglydohgdgel stresses on the ceram c nmenber and the fERBodiRARET S

to be accompbdated during operation of the plasm processing system

00/ 00999 PCT/ US99/ 14790 -52 54. The plasma processing system of C aim53,
wherein an upper portion of the outer f$Znme nenber is supported by a
thermally controlled part of the chanber, a | ower portion of the outer
frame nenber is a4t ached pland ﬂr@&@%inﬁ%fy!étb@xrbf @fairhb@,Wh@ﬂ{infahaigpeﬂ;ﬁcﬁﬁ)@h, and
the ceramic nmenber is supported by the inner franme nenber. 55. e plasm

Compr i ses a akaRbhci R areptes JETHARL A S5 (PR POy SRR ofRELE

continuous upper portion and a segnented | ower portion 56. The pl aspa
processi ng $§i3Mbeh BlOEERPERLS of WopwrhnTame MERbELP altachetdp a loMige ppgion
cylindrical and the segnented | ower portion conprises axially extending
segnent s sepdnix @derf frame edahben] et theycesrmialrhembectie seppoyted ot the iber The

pl asma processing systemof Caimb53, wherein the inner and outer netal
frame nenbers, @ Gempbd ndrical and include continuous upper portions and
segnented | ower portions, the segnented | ower portions conprising axially
extendi ng segnents separated from each other by axially extending slots.
58. The pl asma processi ng systemof C aim42, wherein the liner further
includes a ceram c plasma screen extending inwardly froma | ower portion of

the ceramc nmenBér, The plasmarprecessiag ﬁﬁStS@rﬁéﬁlaMéﬁuWhﬁ@ipﬁ%@gé'@ﬂt hr ough
whi ch - (™)
support member comprises a bendable metal frame, the bendable metal frame -

including a continuous upper portion and a segmented lower portion

56.  The plasma processing system of Claim 55, wherein the bendable
metal frame is cylindrical and the segmented lower portion comprises axially

extending segments separated from each other by axially extending slots.

57.  The plasma processing system of Claim 53, wherein the inner and
outer metal frame members are cylindrical and include continuous upper portions
and segmented lower portions, the segmented lower portions comprising axially

extending segments separated from each other by axially extending slots.

58.  The plasma processing system of Claim 42, wherein the liner further
includes a ceramic plasma screen extending inwardly from a lower portion of the

ceramic member, the ceramic plasma screen including passages through which



WO 00/ 00999 PCT/ US99/ 14790 -53 process gas and.reaction byproducts are
renoved fromthe interior of the chanmber during processing of a substrate.
59. The pJAsRedsr 0cessing system of C aim 58, wherein the geqays47p asma
screen conprises a plurality of segnents supported in an annul ar space

bet ween the chanber sidewall and the substrate support, the passages
conprising slots extending radially i-6%ardly fromthe chanber sidewall.
60. The plasma processing systemof Caim58, wherein the ceramic plasm

screen i s pbieas Beflaidreabor BFpirbd @K aelpRRVEd fMDETE iRterian of ltie thdanstsdr | y
conductive el astoneric joint, the resilient support nenber conprising a

bendabl e t al ’ : asma screen being electrically grounded to
t he bendab uemgeotré‘lge%%gg’?rg Sggﬁf%’e‘ el astoneric joint.

- 59.  The plasma processing system of Claim 58, wherein the ceramic
plasma screen comprises é plurality of segments supported in an annular space
between the chamber sidewall and the substrate support, the passages comprising

slots extending radially inwardly from the chamber sidewall.

60. The plasma processing system of Claim 58, wherein the ceramic
plasma screen is attached to the resilient support member by an electrically
conductive elastomeric joint, the resilient support member comprising a bendable
metal frame and the plasma screen being electrically grounded to the bendable metal

frame by the elastomeric joint.



