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sem conductor circuits have becone the prinmary
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the semiconductor crystal lattice using a process called doping. The doped silicon
wafer may then be uniformly coated with a thin layer of photosensitive, or radiation
sensitive material, called a "resist." Small geometric patterns defining the electron
paths in the circuit may then be transferred onto the resist using a process known as
25  lithography. During the lithographic process, the integrated circuit pattern may be
drawn on a glass plate called a "mask" and then optically reduced, projected, and
transferred onto the photosensitive coating.
The lithographed resist pattern is then transferred onto the underlying
crystalline surface of the semiconductor material through a process known as
30 etching. Vacuum processing chambers are generally used for etching and chemical

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



crystalline surface of the sem conductor materia
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vapor deposition (CVD) of materials on substrates by
suppl ying an etching ordeposition gas to the vacuum
chanber and application of a radio frequency (RF)
field to the gas to energize the gas into a plasnma
state. A reactive ion etching systemtypically
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of the bond |ine or |ayer
systems (ESC) where the active ESC component is bonded to a supporting base, or
multiple bond layers incorporating an electrode and/or heating element or assembly,
the bond line or layer can be exposed to reaction chamber conditions, and is subject
to etch out. Accordingly, there is a need to prevent erosion of the bond line or layer,
or at least slow the raté sufficiently, such that an extended and acceptable
operational lifetime is obtained for the electrode and its associated bond layer during

use in semiconductor etching processes without noticeable degradation to the

performance or operational availability of the plasma processing system.
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In accordance with a further embodiment, a method of protecting a bond
layer, the method includes the steps of: bonding an upper member to a lower
member; expanding an inner diameter of a protective ring to a diameter greater than
an outer diameter of the upper member; and shrink fitting the protective ring around

25  the bond line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a processing chamber suitable for

plasma etching semiconductor substrates.
30 FIG. 2 shows a perspective view of an upper member and lower member of

an electrode assembly.



the bond line. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1 shows a cross-sectional view of a processing chanber
weubi7abniasf or pl asma et chi ng sem conduct or subBCTASE®6/027090

FIG 2 shows a perspective view of an upper nenber and

| oner nmenber of an el ectrode assenbly.FIG 3 shows a
perspective view of the upper nenber bonded to the

| ower nmenber. FIG 4 shows a cross sectional view of a
portion of the upper nenber bonded to the | ower nenber
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15 FIG. 9 shows a cross sectional view of a portion of the electrode assembly as
shown in FIG. 8 including the groove within the ring.
FIG. 10 shows a perspective view of a portion of the electrode assembly after

machining to a final dimension.

20 DETAILED DESCRIPTION

FIG. 1 shows a cross-sectional view of a plasma reactor 10 for etching
substrates. As shown in FIG. 1, the reactor 10 includes a plasma processing
chamber 12, an antenna disposed above the chamber 12 to generate plasma, which is
implemented by a planar coil 16. The RF coil 16 is typically energized by an RF

25  generator 18 via a matching network (not shown). Within chamber 12, there is
provided a gas distribution plate or showerhead 14, which preferably includes a
plurality of holes for releasing gaseous source materials, e.g., the etchant source
gases, into the RF-induced plasma region between the showerhead 14 and a
semiconductor substrate or wafer 30. It can be appreciated that the top of the

30  chamber 12 can be designed to replace the showerhead 14 with various types of

plasma generating sources such as capacitive coupled, , inductive coupled,



i npl enented by a planar coil 16. The RF coil 16 is
typically energized by an RF generator 18 via a
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is provided a gas distribution plate or showerhead 14,
whi ch preferably includes a plurality of holes for

rel easi ng gaseous source materials, e.g., the etchant
source gases, into the RF-induced plasna region
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ACCE ead only memories (ROMs). When the RF power is applied, reactive species

(formed from the source gas) etch exposed surfaces of the wafer 30. The by-
products, which may be volatile, are then exhausted through an exit port 26. After
processing is complete, the wafer 30 can be diced to separate the ICs into individual
chips.

The plasma exposed surfaces of any plasma confinement apparatus (not
shown), chamber wall 32, chamber liner (not shown) and/or showerhead 14 can be

provided with a plasma sprayed coating 20 with surface roughness characteristics

30 that promote polymer adhesion. In addition, plasma exposed surfaces of the

substrate support 28 can also be provided with a plasma sprayed coating (not

shown). In this manner, substantially all surfaces that confine the plasma will have

-5.
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source gas) etch exposed surfaces of the wafer 30. The
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the reactor. Further, eS|rab e materi al
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6,090,304, which is hereby incorporated by reference in its entirety). In such

reactors, etching gas can be supplied to a showerhead electrode 14 from a gas supply
and plasma can be generated in the reactor by supplying RF energy at different
25  frequencies from two RF sources to the showerhead electrode and/or a bottom
electrode. Alternatively, the showerhead electrode 14 can be electrically grounded
and RF energy at two different frequencies can be supplied to the bottom electrode.
FIG. 2 shows a perspective view of a substrate support comprising an
electrode assembly 100 according to one embodiment. The electrode assembly 100
30  comprises an upper member 110 attached to a lower member 120. The electrode

assembly 100 is adapted to be situated within a process chamber of a semiconductor
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which a temperature controlled liquid can be circulated) to the electrode assembly

100. In an electrode assembly 100, the lower member 120 is typically a substrate

base plate, of metallic material, and serves as a substrate, a mechanical support, a

vacuum seal, isolating the chamber interior from the environment surrounding the
25  chamber, thermal heat sink, RF conductor or combination thereof.

In another embodiment, the upper surface 126 of the lower member 120

further comprises a raised plate in the form of a pedestal 124. The pedestal 124 has

a uniform thickness and is configured to support the lower surface 116 of the upper

member 110. The pedestal 124 is preferably machined or otherwise formed into an
30  upper surface 125 of the lower member 120. However, other suitable methods of

manufacturing can be implemented.
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FIG. 3 shows a perspective view of the upper member 110 bonded to the

lower member 120. As shown in FIG. 3, a bond layer 130 bonds the upper member
110 to the lower member 120. The bond layer 130 is preferably formed from a low

25  modulus material such as an elastomer silicone or silicone rubber material.
However, any suitable bonding material can be used. It can be appreciated that the
thickness of the bond layer 130 can vary depending on the desired heat transfer
coefficient. Thus, the thickness thereof is adapted to provide a desired heat transfer
coefficient based on manufacturing tolerances of the bond layer. Typically, the

30  bond layer 130 will vary over its applied area by plus or minus a specified variable.

Typically, if the bond layer is at most 1.5 percent plus or minus the thickness
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properties over a wide temperature range including resistance to corrosive gases in a

plasma environment such as Kapton® or other suitable polyimide films. The
heating layer 136 preferably consists of a high strength alloy such as Inconel® or
other suitable alloy or anti-corrosion and resistive heating materials.

25 In one embodiment, the upper member 110 comprises a heating element 132
in the form of a thin laminate comprising a first insulation layer 134 of Kapton®,
patterned together and a heating element 136 of Inconel®, and a second insulation
layer 138 of Kapton bonded to the lower surface 116 of the upper member 110.
Typically, the heating element 132 in the form of a laminate of Kapton, Inconel and

30 Kapton will be between about .005 to about .009 of an inch and more preferably
about .007 of an inch thick.
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processing reactors and nust, therefore, be protected
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The protective ring 150 preferably is constructed of a polymer such as a

fluorocarbon polymer material such as Teflon® (PTFE -PolyTetraFluoroEthylene,
manufactured by DuPont®). However, any suitable material including plastic or
polymeric materials, Perfluoroalkoxy (PFA), fluorinated polymers, and polyimides
can be used. The protective ring 150 is preferably comprised of a material having a
high chemical resistance, low and high temperature capability, resistance to plasma
erosion in plasma reactor, low friction, and electrical and thermal insulation
properties.

FIG. 5 shows a perspective view of the protective ring 150 prior to

30 installation or positioning of the ring 150 around the outer periphery 142 of the

upper member 110 and the upper periphery 144 of the lower member 120. The

protective ring 150 preferably consists of a fluorocarbon polymer material ring,

-10 -



which is slightly I ess than the outer diameter of the

upper surface 126 of the | ower nenber 120 or pedestal
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el ectrode assenbly 100 can include a bond | ayer 130 of

silicone between the upper nmenber 110 and the | ower

menber 120 of between about 0.001 to about 0.050 of an

inch thick and nore preferably about 0.003 to about

0.030 of an inch thick. In addition, as shown in FIG
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and/or condition the plasma exposed surfaces to improve adhesion to polymer by-
product build-up thereon during use thereof in a plasma reactor.
FIG. 6 shows a perspective view of the protective ring 150 of FIG. 5
positioned around the outer periphery 142 of the upper member 110. As shown in
25  FIG. 5, the protective ring 150 is positioned around the bottom vertical periphery
142 of the upper member 110 and to the upper periphery 144 of the lower member
120. The curing or shrink fitting of the protective ring 150 shrinks the ring 150
towards its original shape and secures the ring 150 via a compression (shrink) fit to
the upper and lower members 110, 120.
30 In one embodiment, a fluorocarbon-based polymer protective ring 150, such
as Teflon is preferably heated to a temperature of at less than 60° C. The protective
Teflon ring 150 is preferably heated to approximately 50 to 60° C and more
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protective ring 150 preferably consists of a

fluorocarbon polyner material ring,which is heat
wexpErded3prior to installation. A PCT/US2006/027090

tenperature-controll ed oven, hot plate or other

suitabl e nmethod can performthe heating of the

protective ring 150. The heating of the protective

ring 150 expands the protective ring 150 for ease of

installation, to inprove the adhesive properties of
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menber 120. The curing or shrink fitting of the
pr ategtoi siteflushog theDwehmentbsr 12k InjadditibBOthe inner chamfered surface
151 provides a volume or area for epoxy to help secure the protective ring 150 to the
outer periphery 142 of the upper member 110 and the upper periphery 144 of the
lower member 120. The outer chamfered lower surface 152 enables machining of
25  the protective ring 150 without interruption of the integrity of the lower member
120.

FIG. 8 shows a perspective view of a portion of the electrode assembly 100
of FIG. 7 after machining of the heating element 110, the lower member 120 and the
protective ring 150. As shown in FIG. 8, the upper member 110, the lower member

30 120 and the protective ring 150 are preferably machined to a uniform diameter.

Optionally, in a further embodiment as shown in FIG. 8, the protective ring

150 can include a groove 160 machined or otherwise formed into an upper or top
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towards its original shape and secures the ring 150
via a conpression (shrink) fit to the upper and | ower
woroyans1310, 120. I n one enbodi nent, a PCT/US2006/027090

fl uorocar bon-based pol ynmer protective ring 150, such

as Teflon is preferably heated to a tenperature of at

| ess than 60 C. The protective Teflon ring 150 is
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| oA i SR . B fElo ettty 1 el 0%
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per i pheFIG-10xhgivs pipsrsppgsivie visnbEr partion #f thet dectipdp agsembly 100
20 PeLi@NRihintg ] fibdlSvidth dimension. As shown in FIG. 10, a wafer or

substrate support member 190 is bonded to the upper surface 118 of the upper

member 110. The wafer support member 190 preferably consists of a ceramic or an

electrically conductive material such as a planar silicon (e.g., single crystal silicon),

graphite or silicon carbide electrode disc having uniform thickness from the center
25  to the outer edge thereof,

As shown in FIG. 10, the support member 190 can also include a chamfered
outer edge 192. The support member 190 (plastic) is preferably bonded to the upper
surface 118 of the heating element 110 with another bond layer 180. The bond layer
180 is preferably a low modulus material such as silicone or silicone rubber. The

30  bond layer 180 preferably has a chemical structure that can withstand a wide range
of temperature extremes, and can include polymeric materials compatible with a

vacuum environment and resistant to thermal degradation at high temperatures.
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| ower menber 120. The outer chanfered | ower surface
152 enabl es nmachi ning of the protective ring 150

weizodtmate1dnt errupti on of the integrity of the POWIS2006/027090

menber 120. FIG 8 shows a perspective view of a
portion of the electrode assenbly 100 of FIG 7 after
machi ni ng of the heating elenent 110, the | ower nenber
120 and the protective ring 150. As shown in FIG 8,

t he upper nmenber 110, the | ower nmenber 120 and the
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s pediFk BB arseiih forcHPRIE FURSateR B P SPIGOD

pr i ' ' dRtor fabrication,

portf Ry der i yiiREpRe RSB Ry To \éGhaRtor fbricaion
e.g., a plasma reactor such as a plasma etch reactor. The ESC can be a mono-polar

géclcgf wafers during

or a bi-polar design. The electrode assembly 100, however, can be used for other
purposes such as clamping substrates during chemical vapor deposition, sputtering,
ion implantation, resist stripping, etc.

It can be appreciated that the electrode assembly 100 can be installed in any
new processing chamber suitable for plasma processing semiconductor substrates or
used to retrofit existing processing chambers. It should be appreciated thatin a
specific system, the specific shape of the upper member 110, the lower member 120

and the support plate 190 may vary depending on the arrangement of chuck,

30  substrate and/or others. Therefore, the exact shape of the upper member 110, the

lower member 120 and the support plate 190 as shown in FIGS. 2-10 are shown for

illustration purposes only and are not limiting in any way.
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after machining to a final width dinension. As shown

in FIG 10, a wafer or substrate support nenber 190 is
woandadidi® t he upper surface 118 of the upper REMS2006/027090

110. The wafer support nenber 190 preferably consists

of a ceramc or an electrically conductive materia

such as a planar silicon (e.g., single crystal

silicon), graphite or silicon carbide el ectrode disc

havi ng uni formthickness fromthe center to the outer

edge th N th

190 canggll%g{%h i CP% e\f\gh\)g é#lgsgg%g%%ﬁbﬁgg%%%@%

s uppfekled RBIbbimeh@Othéneb sitwit bei apprecietest tybthgseodldrgdn tlee art that

G PERAR SRS AR T R
Pr & Bh @ Yh Gyt dR¥ATRE HoHSthEBYieE kit scBHE bf B8 ibienti6R BEdefined in

sill1cone rubber. Thé bond l'ayer 180 preferably has a
5 chéhaiappdndsd claohsir e that can withstand a wi de range of
tenperature extrenes, and can include polyneric
materials conpatible with a vacuum envi ronnent and
resistant to thermal degradation at high
tenperatures.|t can be appreciated that the nethods
and apparatus described herein can be applied to
various el ectrode assenblies 100 including both 200 mm
(7.87402 inches) and 300 mm ( 11.81 1 inches) dianeter
el ectrode assenblies 100. For exanple, the protective
ring 150 for a 200 mm el ectrode assenbly 100 w | |
conprise an original protective ring 150 having an
i nner dianeter at room tenperature of approximtely
193.802 mm (7. 63 inches), an expanded ring inner
di aneter (at 60 C) of approximately 194.818 mm (7. 67
inches) and a shrink ring fit dianmeter at room
tenperature of approximtely 194.564 nm (7.66 inches).
For a 300 mm di aneter el ectrode assenbly 100, the
original protective ring 150 inner dianmeter at room
tenperature will be approximtely 292. 608 nm (11.52
i nches), an expanded ring inner dianmeter (at 60 C) of
approxi mately 293.878 ( 11.57 inches ) and a shrink
ring fit dianmeter at roomtenperature of approxi mately
293.624 mm ( 11.56 inches). For exanple, a
fl uorocar bon-based pol yner protective ring 150 for a
200 nmm el ectrode assenbly 100 wi || expand
approximately 0.889 mm (0. 035 inches) when heated to
60 C, wth a fluorocarbon-based pol ynmer protective
ring 150 for

-15-
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300 nm di aneter el ectrode assenbly 100 expandi ng
approximately 1.3462 mm (0. 053 i nches) when heated to
6Qo@n1ic3a preferred enbodi nent, the el ectrodeCT/US2006/027090
assenbly 100 is an electrostatic chuck (ESC) useful
for clanping substrates such as sem conductor wafers
during processing thereof in a vacuum processi ng
chanber for seniconductor fabrication, e.g., a plasna
reactor such as a plasnma etch reactor. The ESC can be
a N0+ I\ 11f, i -pol ar design. The el ectrode
as@m )gtfgél&?pwleéser can be used for other purposes
such as clanping substrates during chem cal vapor

deposition, sputtering, ion inplantation,, resist
strippihg, efdvethed %féﬁo@%tl%p%%@ialﬁ}t’eédn f ﬁgl?Strtaﬁeesupport adapted
el 0 ﬁ%]o St | ed in any new
pr%gggsesﬁﬁagﬁg a e?esélglgtsgﬁﬁg’ forﬁplr?sma processi ng

sem congttiching asuppérateberaf agslsiratecsuppent &7 ¢ tovesk nsambeg of a
processi ng chanbers. It should be appreciated that in

a YPeEHF FPRYist em the specific shape of the upper

menber A Mvink bR alIRRE OB BEEr detdhendofitheuspippeenibepbad & an
190 may vary dependi ng on the arrangenment of chuck,

s utystter pewphendpbihe bavwesmeembriier ef ore, the exact shape of

t he upper .menber 110,. the | .

suppor t PETHGHENE @ Bmi%c’ug R 51\%% a?o\rﬁlﬁﬁ ltl@ﬁ‘@fpf 81 5%;@%2 ﬁ% bF E)Irnember
i|bﬂtﬁﬁléﬁbbé}fbeﬁﬁh&?%@&lquWyrr&aﬂbat endhot limting in any
way. Al t hough the present invention has, been described

in connwechipingthe Progacaverirg i tHBYAIREMNY t her eof , it

will be appreciated by those skilled in the art that

addi ti ons, deletions, nodifications, and substitutions

not spegjfi cahé yneteslarfitisich tarhepen thedenten nehiphery of the upper
departin fromtge spirit and scope of the invention

as MEBTICHBEF 3 I9WMeR8a%nended cl ai ms. WHAT |'S CLAIMED | S:

1. A nethod of protecting a bond layer in a substrate
support adapted for use in a plasma processing system )
conpri sBng: dht acthadpfHainppanrtherdoaprisingpositiogingdheprotective
support tq a | ower .nenber .of a bstrate support;
apﬁ‘l"ﬁiaﬁ{:}mér‘imé’b‘%gwg ngeém’%rﬁfyaﬁé?'i phery of the

upper nenber and to an upper periphery of the | ower

rTe rTb e r ; 3 . . . .
4. The method of Claim 2, further comprising machining the protective

ring, and the upper member to a final dimension.

5. The method of Claim 1, wherein the upper member and the lower
member are cylindrical, and the lower member has an outer diameter greater than an

outer diameter of the upper member.
6. The method of Claim 1, wherein the adhesive is an epoxy.

7. The method of Claim 1, further comprising heating the ring before

positioning the ring around the outer periphery of the upper member.

30

8. The method of Claim 1, wherein the ring is made of a fluorocarbon

polymer material.
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positioning a protective ring around the outer

peri phery of the upper nenber and the upper periphery
wofhod7leidiswer nenber; and machi ni ng t he prot ecPCYAIS2I06/G27090

to a final dinension. 2. The nethod of Claim1l,

wherein the outer periphery of the upper nenber has a

| oner flange. 3. The nethod of Caim2, further

conprising positioning the protective ring around an

outer periphery of the |lower flange. 4. The method of

dai m 2,9.f ur tigy meMBROE Sl TRl 8 ubP&: rﬁélﬁﬁé%g}f)?ises an

rlnq, and the upper nmenber to a final dinmension. 5.

Thelwatwgyplate laviigm lowenfengsion wikich thepater periplery arldcated.

the | ower nenber are cylindrical, and the | ower nenber

has an outer dianeter greater than an outer dianeter

of the uliper Terethod 6f CHha 1r,rmrth@ﬂc@ﬁpz€3i@%' PorkingMRERINB
t he adhesivg is an epoxy. 7. The nethod of Claiml,

> urirfRegen tvegen dhererner mymberand the layerr srembsssi t i oni ng
the ring around the outer periphery of the upper

menber. 8. The nethod of Claiml, wherein the ring is
made of H.f| Ulreomethbdnf Gl oy whert@rth@hefing Biendi® tbh@rises a

of .Cl ai erein the upper, penber conprises an )
o) iR et FuReg Kt Birioh pagnecavRhFts sdend insulation
outlggerperi phery is located. 10. The nethod of Caiml,

further conprising bonding a heating arrangenent
10pet ween the upper nenber and the |ower nenber. 11. The

met hod qf, A ai,m 1 in.the heating el enent ,
conpris gléz "a ?%hr% %%P%Mgfégnf‘ il Wheredthe Hg%eﬂ ) comprises an
natetsctratic ad the dwadnémy@lcomphses t%ﬁlﬁ%ﬂlré Bt el q’)gs;e plate

| ayer. 12. The method of Caim 1, erein the upp

e MBEINE AdMeEestalen anppricRartionheraod anchauppoutiag antewbeportion of the

co ] tenperature controll ed base plate having a
pe%@%@ﬁ&gﬁﬁan upper portion thereof and supporting a

151 oner portion of the upper nenber.

13. The method of Claim 1, wherein the ring has an outer diameter larger
than a diameter of the outer periphery of the lower member, the method further
comprising machining the ring such that the outer diameter thereof corresponds to
the outer diameter of the outer periphery of the lower member.

20
14.  The method of Claim 1, further comprising chamfering the ring prior

to attaching the ring to the upper and lower members.

15. The method of Claim 1, further comprising machining a groove into

25 anupper surface of the ring.

16.  The method of Claim 1, further comprising bonding a substrate

support member to an upper surface of the upper member.
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13. The nethod of Claim1, wherein the ring has an

outer dianmeter larger than a dianeter of the outer
weoeni7pherty of the | ower nmenber, the nethod fur POBMUS2006/027090

conprising machining the ring such that the outer

di aneter thereof corresponds to the outer dianeter of

the outer periphery of the | ower nenber. 14. The

nmet hod of Claim11, further conprising chanfering the

ring prior to attaching the ring to the upper and

| ower nemberA mettod diheoteetingadbafd 16yaiine plasharpréesssing system,

conprising machining a groove into an upper surface of

t FOTHIEEE- 16. The nmethod of Caim1, further

conpr i Sétfé?hlkﬂg QH?B?%ﬁnéﬁlpe?tté Qtlcﬁwecrliﬂé?ﬁ’&ér t'H@ rlﬁ&n@d’ﬂ having a

upper surtac e upper nenber. 17. od

prindacing amm@ntmnmnhmy@:t toi arﬂowepma‘é:na 0@&!@6@9@1 mgmbfs}rst em

conprising: atta an u 0. a

5 rerber crPanE ARG RO PR TBoRash e ptsr b ang toan
axgg ‘E&‘fipﬂe B G¢ theYWRlerswrhiee of the upper rrenber
appl'yi ng ‘an "adhesive to an out er eri phery of the

upper neesitémizgwifluerogarbempelymseriaiskial §nHArOPRG the(g%qr periphery

GG BRR e siP o (o RERLAAR POHEERLE b,

and t hepdpRgigied flphecarbaf pélhmet mariahemdiers firgerh (dlmensmn
machi ni ng t he f| uor ocarbon polynmer material ring to a
10 final dimension. 18. The nethod of CI aim 17, further

copri sy 90 MREALRINA JreGaifd HOTAARE ﬁahm%mfﬁﬁ%ﬁhé al

ring and ‘upper rto a dlne si on
mefliedcabofhelymed ihatendabrieg and m‘;peu pretbentrdinal alfrdensk.

| ower nmenber are cylindrical, and the | ower nenber has
an outer dianeter greater than an outer dianeter of

the uppgy NMERFREMmetifld:of Tﬁﬁn’ffﬁ Q\ﬂﬁréi‘xfl tHel \ipBR thémb¥h@idahdlower

t he adhesive Is an epoxy. . The nmethod of Claiml7,
15 f untehder eercgtindricaly and &lta lng/et hnembﬁmhﬂs(a@a}utﬁli ﬁlwt‘;‘fr%?atef than an

rraterlﬁ,l rlnl%g]fore tlonlngthefluorocarbon
poPYiediamstes Pf he yop ?fnd the outer periphery of
t he upper nenber.

20.  The method of Claim 17, wherein the adhesive is an epoxy.

20 21.  The method of Claim 17, further comprising heating the fluorocarbon
polymer material ring before positioning the fluorocarbon polymer material ring

around the outer periphery of the upper member.

22.  The method of Claim 17, wherein the upper member comprises an

25  aluminum plate having a lower flange on which the outer periphery is located.

23.  The method of Claim 17, wherein the heating arrangement comprises

a laminate of a first insulation layer, a heating layer and a second insulation layer.

30 24.  The method of Claim 17, wherein the upper member comprises an
electrode and the lower member further includes a pedestal on an upper portion

thereof and supporting a lower portion of the upper member.
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22. The nethod of Caim 17, wherein the upper nenber

conprises an alum num plate having a | ower flange on
wohowviidie outer periphery is |ocated. 23. Thepraetiseme/027090

of Claim 17, wherein the heating arrangenent conprises

a lamnate of a first insulation |ayer, a heating

| ayer and a second insulation |ayer. 24. The nethod of

Claim17, wherein the upper nmenber conprises an

el ectrode and the | ower nenber further includes a

pedestal on an upper portion thereof and supporting a

| ower rti of the u 5. The net hod, of
Caim 1% fur fr‘?é?etg?%&f r%éﬂ%&hﬁe@w@swgrc@m&rmg a lower
surshaE® fthd A8

upSer and tI ovve% f)h&gtoggtg&ﬁ%@e?'ﬁgq%%eh BEIE%J({F s ﬁl%?%g%
further conprising nmachining a groove into an upper

surface,pf t od of Jaim1l7, )
Sfurt her gonplrﬁlse i egﬂ%do%@ﬁ’d“ 27 ﬁﬁg‘? c&flﬁ’r@ﬁ’ﬁﬁ%ar#“%g’roove into
toaampp@mffamffta@ﬁngf t he upper nenber. 28. A nethod

of protecting a bond | ayer conprising: attaching an
upper nenber to a | ower nenber; expanding a

f1 uor ocarbon I to a dianeter

greater 9:7 han Tglg I%eq? %lglm ?Jéﬁgﬁgtcﬁ@pﬁﬁ]ﬁgi’oﬂé%é‘rs}lbsmm
andupsprori membéertth ian @ppdreuthed @ahé Mishek inftghta.ound the bond

| ayer. 29. The nmethod of Claim?2 further conprising

appl yi ng an adhesive to an outer periphery of the
upper megber xapdi3n e | ower
menber prior to s rroggkﬁ‘fxctutﬂga%ronﬁwy%fuor cséllr%

pol ymer aﬁaﬂmgaiupprenglembemmda lbh/erbxemﬂeﬂ i ne. 30. The

met hod of Cl.ai m 28, ere t he expandi ng step
conpri s &EPFEHS Rudrpgar DOQ WpeRigateyiplging to a diameter greater than an

outer diameter of the upper member; and

10

15 shrink fitting the protective ring around the bond layer.

209. The method of Claim 28, further comprising applying an adhesive to
an outer periphery of the upper member and an outer upper surface of the lower

member prior to shrink fitting the fluorocarbon polymer material ring around the
20 bond line.

30.  The method of Claim 28, wherein the expanding step comprises

heating the protective ring.
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