WO 01/48791 PCT/ NLOO/ 00951 METHOD OF MANUFACTURI NG AN ELECTRODE FOR A
PLASVMA REACTOR AND SUCH AN ELECTRCDE The invention relates to a method of
nanufact%; CTORS el ectrode for a plasma reactor, conprisiR b ﬁtep of
i nt er connec ng a support ring and an el ectrode plate prOV|de3 F

t hrough holes nechanically and electrically by nmeans of a shrink
connection. A nethod and an el ectrode of this kind are known from US

patent no. 5,674,367. 10 Wth the prior art 1he cSMPRAr trEdrRgpEANd
t he ehﬂcmr@ﬂempvﬁﬂﬁU&P§5ﬁﬂcﬁéﬁ?@ﬁﬁﬁ§O$ﬁ1§F%onng%%&%ﬁby means of a shrink

connection. The electrical contact between the electrode and the el ectrode
plate is thereby provided by the abutting parts thereof at the joining
interface between these parts. 15 In particular the electrical contact

resi stance betmeen1%he P$Eﬁ§%§32 d the %bﬁééﬁgﬂ€0pl@5ﬁﬁggﬂﬁnﬁﬁp5bo[oart

el ectrode is capable of "th

| rprovekherdlel esr aargmmt kreglc @d @dmﬁgﬂ@e the® swghoani@¥kedHnetbigly khi s
will result in an el ectrode exhlbltlng a considerably reduced

el ect risgapordonraed raedi sétrancbectmgd@\e@ﬁatme p@bwieudodwtm atéreusd thelesupport

ring. In order obj ecti.ve, i nventi.on provides a
nethod"BFhTHéa]f%dm e?ggFé ]quH’Pﬁrﬁ HfﬂbéﬂéiﬁbﬁO”%Hﬁéﬁ is characterized
in that the connecty R@tREERrgULE NETEMFEIC YRR PESKHRCarS 1BRRNhT Eak] @] of an
el ectrically conductive layer to the joining interface between the

el ect r pdéemt ave %ﬁﬂ4tﬁ§ .support ring. Carrying out the shrink connecting
step in conbination the use of the electrlcallg%conductlve I%yer

ntkes it possible tdWL edlgePrite ¥tedlerbHAder d8esSHRRR hef WSertndhe
el ectraqg plake 3 L smm‘amcaﬂ?rg §h 0 BYnét thBCHYT m@hnslO0P- 5 | BhAGgor dance

with the Tnvention the electric
connection. The electrical contact bhetween the electrode and the

electrode plate is thereby provided by the abutting parts thereof at the
joining interface between these parts.

15 In particular the electrical contact resistance between the
electrode and the electrode plate of the prior art electrode is capable
of improvement.

The object of the invention is to improve the prior art
method and electrode to such an extent that this will result in an

20 electrode exhibiting a considerably reduced electrical contact resistance
between the electrode plate and the support ring.

In order to accomplish that objective, the invention
provides a method of the kind referred to in the introduction, which is
characterized 1in that the connecting step furthermore comprises the

25 application of an electrically conductive layer to the joining interface
between the electrode plate and the support ring.

Carrying out the shrink connecting step in combination with
the use of the electrically conductive layer makes it possible to reduce
the electrical resistance between the electrode plate and the support

30 ring by a factor of 1000.

In accordance with the invention the electrically



WO 01/48791 PCT/ NLOO/ 00951 2 conductive |ayer can be applied to at | east
one of the support ring and the el ectrode before the two are

i nt erconggsoe@791l N yet anot her enbodi nent of the inventiopct/Reomdoesat rically
conductive layer can be applied after the el ectrode plate and the support

5 ring have been interconnected. The Zonductive |ayer may preferably
consi st of a conductive paste, such as a silver paste, carbon paste or

ni ckel doeagtetivenldyee paefler aepl i@dbodi aerntaof dneeof ntentsupporttheing and
electrically conductive layer is forned of a heat resistant conposition,

10 suchhenhatectreds dpéorenthe twet atfed BHR CQBIIREd, form particles or peel off

2t the termer at ur e LB Ah e HoBhddingy £bsR (EAGLIL, T pHaRgL i N and

the el ectrode plate y inc I nterlocki hg par wher el

el ectricoatibot iventieli ¥a bay&ipliisd aFRbr ethe ém&rbdrwmm&e afl sl dumﬁ)rrlts or
to both, preferably in the corner areas 15 of the interlocking parts. If a

gr%phlUéngﬂﬁgel@Hﬂsédﬂa§0mwwtgépport ring, a graphlte haV|ng a hlgh
coefficient of ther

el ectrode plate m sefng?Fﬁég o 5%§Prﬁﬁaﬁ5iﬁﬁ% P o?‘FWgugﬂéétrode

the SURRQEE, B dsngl ¢dger Rtan dél?Bbrg"ﬂ)Tasﬁé‘er RiciR9ridsqee, and the el ectrode
plate includes an upright <central portion, wherein the upright central

portion of the eledmrodée|spmﬂhun&¢xiamboﬂmﬁnmprpghttannuhwﬁnpnnmldmeof t he
SUPPOL LS ALY GoBhOBEh, ) e 1"l B P L SRR Lo ol et ode
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enbodlrminthéltempﬂnmmecés ngasteep cyEipin seplasma reactor.
The support ring and the electrode plate may include
interlocking parts, wherein the electrically conductive Tayer is applied
to either one of said parts, or to both, preferably in the corner areas
15 of the interlocking parts.
If a graphite ring is used as the support ring, a graphite
having a high coefficient of thermal expansion is used for the graphite
ring. The electrode plate may be a silicon plate.
In an embodiment of the electrode the support ring includes
20 an upright annular portion, and the electrode plate includes an upright
central portion, wherein the upright central portion of the electrode is
mounted in the upright annular portion of the support ring with a proper
fit.
In yet another embodiment of the electrode according to the
25 invention the support ring includes an upright annular portion and the
electrode plate is made in the form of a disc, which rests on the upright
annular portion of the support ring.
In the preferred embodiment the connecting step comprises a
mechanical Tlocking step, wherein a flange and a recess interlock. The
30 shrink connecting step and the locking step are preferably carried out

simultaneously.



mechani cal | ocking step, wherein a flange and a recess interlock. The 30
shrink connecting step and the | ocking step are preferably carried out

si mul t ane@ugsl4g791VVO 01/ 48791 PCT/ NLOO/ 00951 3 In an enbodpaeNLowdeesishri nk
connecting step conprises the steps of heating the support ring, placing
the electrode plate in or on the support ring and cooling the support
ring. In enbodinents of the electrode according to the invention 5 the

el ectrode pl ate hadnaahl emgeihertredeoshitine osirecttng cuep ec@npeesed haeeof
and the upright annular portion of the support ring has a recess forned in
t he i nridePeiticigpEIEhdBet HEwest | ridg. t acips i st ehpduode platei oh oroPnt he

support, ri I r 0 outer circunference thereof and
t he eIé@?r%%@%gféﬁgghggpgoégggggw?g?@%ﬁtiﬁ”ﬁhe i nner 10 circunference

thereof, wherein the ewberimehts i ereertec floangeccandiddeo thehvention
circunference recess are in engagenent wi th each other. The electrically
cdnducttihge glageiodes pJrée ehapl ¢ fosnad ofreded a@paddat loyiten €hecunhaeance

circunference re s and e guter circunference flange. 15 The invention
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wher ei Forfié@Uhetre lifinér <6 ReIFFerences ehdric@nal oV itBW Bfri ghff lahRli1arephedioAent  of
an el ectrode according to the invention. Figure 2 is a schematic, sectional
vi ew ofofa thecondpor20 wimgodiasert fofanghefpmedernn itheemuiten. cRiqguferaices a

schematic, sectional view.of ;a third K enbodinent of th resent jnvention.
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sem conduct or
inner circumference recess are in engagement with each other.

The electrically conductive layer is preferably positioned
adjacently to the inner circumference recess and the outer circumference
flange.

15 The invention will now be explained in more detail with
reference to the drawings, wherein:

Figure 1 1is a schematic, sectional view of a first
embodiment of an electrode according to the invention.

Figure 2 1is a schematic, sectional view of a second

20 embodiment of the present invention.

Figure 3 1is a schematic, sectional view of a third
embodiment of the present invention.

Figure 4 is a larger-scale schematic view of a part of the
third embodiment of Figure 3.

25 In a plasma reactor of for example certain semiconductor
production apparatus an electrode that is called a "shower head" in the
English-speaking regions is used. The electrode consists of a graphite
ring, on which a silicon plate provided with a hole pattern is disposed.
The whole is clamped down in the plasma reactor and functions as an

30 electrode in the plasma process to be carried out. A gas is passed over

an underlying silicon wafer via the hole pattern, and the ionized gas
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el ectrode in the plasm process to be4carried out. A gas is passed over an
underlying silicon wafer via the hole pattern, and the ionized gas WO
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el ectrode has to neet a nunber of requirenments. Besides being resistant to
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el ectrical contact resistance and to prevent the silicon plate becom ng
def achesbnheotmonher gadipitete beitween Ithe agwphidemos nd aid tthe pi Eigent piateent i on
t he nechanlcal 10 connection is effecte so-cal l.ed shrink
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pl at e haV|ng e adapted thereto can runk fit therei'n.” The

graphi tenging is thereby heated to a high tenperature (for exanple 450 C -
550 C), the 15 silicon plate is placed into the graphite ring and the whol e
is cooled, which pIr’b\ﬁC&éédad‘C@eWt%dE'ﬁﬁJa@‘éqsﬁﬂth?\‘@@ttéﬁ‘ effctiesdaniqal s
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the graphite ring leads to a further inproved nmechani cal connection as a
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regloru% shape adapted thereto can be shrunk fit therein. The graphite ring is

thereby heated to a high temperature (for example 450 °C - 550 °C), the

15 silicon plate is placed into the graphite ring and the whole is cooled,
which provides a very adequately connected electrode. It is also possible
to shrink fit the graphite ring in the silicon plate.

A further improvement can be achieved by adapting the
graphite ring and by further adapting the silicon plate. Adaptation of

20 the silicon plate and the graphite ring leads to a further improved
mechanical connection as a result of what 1is called "mechanical
interlocking" in the English-speaking regions.

In both cases the shrink fit temperature is well above the
application temperatures, so that the silicon plate and the graphite ring

25 will not become detached from each other in use.

The dimensions of the graphite ring are such that after the
shrink fit has been effected, the underside of the graphite ring will be
parallel to the surface of the silicon plate.

In addition to the mechanical «connection, also an

30 electrical connection 1is effected by means of the shrink fit. In

accordance with the invention, a further improvement is realised by



In both cases the shrink fit tenperature is well above the application
tenperatures, so that the silicon plate and the graphite ring 25 will not
becone dgbaghg®ifrom each other in use. The di nensi ons ofpdimeL@ragshi te ring
are such that after the shrink fit has been effected, the underside of the
graphite ring will be parallel to the surface of the silicon plate. In
addition to the nechani cal connection, also an 30 electrical connection is
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| ayer y be a conductive paste, such as a | ver paste, a carbon paste or
a ni ckebpgidet eof Theesdppingatthen afplti betmoondemptam@urfeayerthatust]st akeéhpl ace in
such a manner that the adhesion of _the conductive |ayer will not ?e at
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system or i Fbrush 'sys ref erence
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respectively. El ect r ode plate 2 is provided with throuq] hol es 3. Support
ring 1camtucdlieetryge pust dakegplace in such a manner that the adhesion of

the conductive layer will not be at risk, with the conductive layer
becoming detached, forming particles or peeling off. The application may

15 take place by means of an injection system or an airbrush system, for
example.

In Figures 1 and 2, reference numerals 1 and 2 indicate a
support ring and an electrode plate, respectively. Electrode plate 2 is
provided with through holes 3. Support ring 1 and electrode plate 2 are

20 mechanically and electrically connected so as to form an electrode for a
plasma reactor. Support ring 1 and electrode plate 2 of Figures 1 and 2
are mechanically and electrically connected by means of a shrink
connection (shrink fit). In Figure 2 a mechanical Tocking engagement 1is
moreover used, which can be effected at the same time as the shrink

25 connection.

Advantageously, an electrically conductive layer 9 can be
applied in the corner 12 between electrode plate 2 and support ring 1.

The shrink connecting step may comprise the steps of
heating the support ring 1, placing the electrode plate 2 into the

30 support ring 1 and cooling the support ring 1.

A material having a high coefficient of thermal expansion



20 mechanically and electrically connected so as to forman electrode for a
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are nmechgpiggagley and el ectrically connected by neans of @cawiolo9s:
connection (shrink fit). In Figure 2 a nmechanical |ocking engagenent is

nor eover used, which can be effectedéat the sane tinme as the shrink 25
connection. Advantageously, an electrically conductive |ayer 9 can be

appl i edsi psddheogotesudpbriernren . efRctma@dei Al af etz angpeuppond naynge 1. The
shrink connecting step may conprise the steps of heating the support ring
1, placraghithe asidethe cmaéerplaét@ ahp rﬂ1@Ctth@de Bbatsugpean beiwid itomnd cool i ng

the support ring 1. eri al avi ng ffici nt of .t her.mal
expansi on WO 01/ 48%1 ﬁDCSTtFPWLdB’ gﬂ)%lgf gs:egﬁ? oer] °t rodeu&‘)o?tphsn% 1. The
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el ectrode plate 2 may be silicon. As is shown in Figures 1 and 2, the

elsect r vboeough ahopkeasia vmeamtorecmﬂﬁmmseéﬂa guwpdﬂwctrn@1Zyamdnmﬁieﬂectrode
plate 2 praovided with 5t h hol e are mec i

bl ot r FEBT SGMABE: B WhbIQEES dpBp EnEE R RCTdCe™ o 0B thnEMannul ar
porti Oeoﬁlvenle%mﬁ ﬁ@@croﬁ@,”‘éﬁ’@%ﬁr%@' p1%lt@02 rm@heﬁios%@tmd@d@g aheugri ght
furthernore incl udes an upright central portion 5, and this upright

cent r akeptoratl i pcmrti oof 5 glandt tloide uptighe céhtirg] npmn’anerd i mfuptegimbdaniatar
portion 4 of support ring 1 with a proper it. As is furthernore shown
in FlgﬁrEE"@Uﬁ on QmﬁggFé@”wbﬁéPorgﬁﬁf%ég'6“W¥”ﬁp?V§hﬂ Withuf ATOBBF t i on 4
qf SUppRoJ t ring 1 is parallel to the surface 7 of an annular portion 8 of
electrode pl ate 8 surrounding wupright central portion 5. 15 Preferably,
the surface 7 of appuiarfuptidrinore 8hodn eheciguds 1pdmt €, 2tisurfresingpsg

uer! ghtsur(":fgarg:ter 2l Ourptrii (g)r?t 5an$131ae}r‘ ip%r%inoncgnggcstup\{)\{)rt‘th rtitlwg 1 is parallel to
the surface 7 of an annular portion 8 of electrode plate 8 surrounding
upright central portion 5.

15 Preferably, the surface 7 of annular portion 8 of electrode
plate 2 surrounding upright central portion 5 that is in contact with the
free surface 6 of upright annular portion 4 of support ring 1 is provided
with an electrically conductive layer 9.

In the embodiment that is shown in Figure 2, a flange 10 is

20 formed on the outer circumference of upright central portion 5 of
electrode plate 2, and a recess 11 is formed in the inner circumference
of upright annular portion 4 of support ring 1, with the flange 10 and
the recess 11 being in engagement with each other.

Figure 3 shows a third embodiment of an electrode according

25 to the invention, comprising an approximately disc-shaped electrode plate
15 provided with through holes 3, and a support ring 16 provided with an
upright annular portion 4, wherein the electrode plate 15 rests on the
annular portion 4.

In the embodiment that is shown in Figure 3, the upright

30 annular portion 4 of annular support 16 has a flange 17 formed on the

outer circumference thereof, and the disc-shaped electrode plate 15 has a



free surface 6 of upright annular portion 4 of support ring 1 is provided
with an electrically conductive layer 9. In the enbodinent that is shown in
Fi gure 2waotidsange 10 is 20 formed on the outer circunfepenseomndossipri ght
central portion 5 of electrode plate 2, and a recess 11 is forned in the

i nner circunference of upright annul & portion 4 of support ring 1, with
the flange 10 and the recess 11 being in engagenent with each other.
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30 annul ar portion Higateafnif as Sagpeoricalé hasw aof | @rgahtdnk oromedctyd t he
outer circunference thereof, and the disc-shaped el ectrode plate 15 has a
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I'n

circunférence recess agenent with each other by neans of a
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t he el efitveere thieaPPRes ishoRdT tisn OFi ghacérale phate|ldcend cainuyaeondaert Vie | ayer

can LS E eI, EREEN A1, PRRSRLAD A 4oPLc LSSl E Mgy o o

ci cunf grienge 1fnhé1f“lq rédnfePerdtd reB&sd NBErasCh AEiat 84 BYCRUMEAESS2 18orms
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A person who is skilled in the art will understand that the
electrode plate 15 may be provided with a flange-shaped recess, which
15 engages in an annular recess in the upright annular portion 4 of support
ring 16, as is indicated in broken lines 19 and 20, respectively, in
Figure 4. The same applies, in a similar manner, to the embodiment of
Figure 2, wherein the upright annular portion 4 may include an outer
circumference flange 10 and the electrode plate may include an associated
20 inner circumference recess 10.
The operation of the electrode of Figures 1 and 2 in a
plasma reactor is the same as that of the conventional electrode, and
also the method of fitting the electrode of Figures 1 and 2 may be a

conventional method.



el ectrode plate 15 may be provided with a fl ange-shaped recess, which 15
engages in an annul ar recess in the upright annular portion 4 of support

ring 16, wa%il4g791ndi cated in broken lines 19 and 20, respeaati/NEdoy0951N
Figure 4. The sane applies, in a simlar manner, to the enbodi nent of

Figure 2, wherein the upright annulargportion 4 may include an outer
circunference flange 10 and the el ectrode plate may include an associ ated
20 i nnef aglg cunference recess 10. The operation of the electrode of Figures
1 and 2 in a plasma reactor is the same as that of the conventional
el ectrode, and also the nethod of fitting the electrode of Figures 1 and 2
may be a conventio aI t ho 01/48791 PCT/ NLO 95 IMS 1. A
met hod of manuf act agg)lq e‘?fecf“? é‘cftlbrmﬁ pqrhsﬁtecqlrgg%t klpr caonBﬁ?Sﬂang t he
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wi th through holes nechanically and electrically by nmeans of a shrink
cofinectdlentradeap deteepiradded m1tthathrs>agkﬂ rodnewchagi cadd pmniduet ¢mriold y
conprises the application of an electrlcalhxée nduct.i ve
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conductl v ayer 1s a to at ast one of sal suppor ring and said
el ectrq@@ebeftere.-héhqoﬁMgarmuenfaa:recotmaemedthee e Featebdwdp Brteoratidngthieo ¢l ai m
1 or 2, characterized in that said electrically conductive layer is

appl i ecuapeel "ing- el ectrode plate 15 and the support ring have been

ecomnected < A BHABSBEERTY) 08 4 ATy, hathecaiperd Qe
paste, eﬂ@@ﬁrﬁ%]@ysédn\dﬁttmsﬂdercaﬁbamﬂﬁ)@@tt% at Tdaskebngast said support
ring and said electrode before the two are interconnected.
3. A method according to claim 1 or 2, characterized in that
said electrically conductive layer is applied after the electrode plate
15 and the support ring have been interconnected.
4, A method according to any of the preceding claims,
characterized in that said conductive layer consists of a conductive
paste, such as a silver paste, carbon paste or nickel paste.
5. A method according to any of the preceding claims,
20 characterized in that said conductive layer is applied by means of an
injection system or an airbrush system.
6. A method according to any of the preceding claims,
characterized in that said electrically conductive layer is formed of a
heat resistant composition, such that said Tlayer will not become
25 detached, form particles or peel off at temperatures that are used in a
plasma reactor.
7. A method according to any of the preceding claims,
characterized in that said support ring and said electrode plate include
interlocking parts, wherein said electrically conductive layer is applied
30 to either one of said parts, or to both.

8. A method according to claim 7, characterized in that said



5. A nethod according to any of the preceding clains, 20 characterized in
that said conductive layer is applied by neans of an injection system or
an airbrygpmaysiem 6. A nethod according to any of the preogediongssil ai s,
characterized in that said electrically conductive layer is formed of a
heat resistant conposition, such thatgsaid |layer will not becone 25
detached, formparticles or peel off at tenperatures that are used in a
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characterized in that said support ring and said el ectrode plate include
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30 to ejther one of, sai arts 9 o.,both. 8 _A nethod agcordiig.to claim
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t hat sé?%;%%rﬂﬁﬁgﬁoﬂﬂec??ﬁg g?g% gnJQQEF% Iockﬂng ste aréﬁiérr?ed gut
si nul t amgevRIckind f A fimhbedineiceoredeny. to claim9, 10 or 11, characterized

in that said shrink connecting step conprises the steps of heating the
suppor tllring, placimgethed ed@Or Ak 9 &'81Mh I S UPporctardghgrafd ddol i ng

1?bt he €H59p95$d'ghQ9nk connecting step and said locking step are carried out
simultaneously.
12. A method according to claim 9, 10 or 11, characterized in
that said shrink connecting step comprises the steps of heating the
support ring, placing the electrode plate in the support ring and cooling

15 the support ring.
13. A method according to any of the preceding claims,
characterized in that the support ring is a graphite ring and the
electrode plate is a silicon plate, wherein a graphite having a high
coefficient of thermal expansion is used for said graphite ring.

20 14, An electrode for a plasma reactor manufactured in
accordance with a method according to any of the preceding claims.
15. An electrode according to claim 14, characterized in that
the support ring includes an upright annular portion, and the electrode
plate includes an upright central portion, wherein the upright central

25 portion of the electrode plate is mounted in the upright annular portion
of the support ring with a proper fit.
16. An electrode according to claim 15, characterized in that
the free surface of the upright annular portion of the support ring is
parallel to the surface of the annular portion of the electrode plate

30 that surrounds the surface of the upright central portion.

17. An electrode according to claim 15 or 16, characterized in



13. A method according to any of the preceding clains, characterized in
that the support ring is a graphite ring and the electrode plate is a

silicon plebeagovherein a graphite having a high coefficieot/nNeboddosr mal
expansion is used for said graphite ring. 20 14. An electrode for a plasm
reactor manufactured in accordance wi@h a nethod according to any of the
preceding clainms. 15. An electrode according to claim 14, characterized in
that tHetsupEaer teTdcreidaldyudeadadtiver ilghér ansulaaplpat t ton.thandot hing

el ectrode plate includes an upright central portion, wherein the upright
cent r al imt®rpate betwesh the upriéwittr ety lgrape tian mfusibe FupPpotthei i rnghtheannul ar

portion f _the support rin ith a,proper fit. 16. An el ectrode according
to c!aiﬁ?@gé{dﬁﬁfggfgﬁiE%ﬁe?ﬁﬁ$ﬁ§?Fﬂgﬁg'free surface of the upright annul ar
portiomgf the suppgfte16ét1@dbSaccRdald €b 1QihMs,su6 fracer ofchhRectarnzldar
portion of the electrode plate 30 that surrounds the surface of the

upbi ghtircemat athepowpri @it. anrulasnpertsonr otiethec ebeatirage t pl adeahan B5 fdanges,
charactfriz din vmn31/48791 g?T/NLQ%YOOQ 1 %% t hat. %gid e ectrigally
conduct TQ/&ef e the OULSH ¢ dGUPETERES j1ORRFHg AN NS HRITENbeAMMLAT PRECTRYY i ght
annul arofpofrfe' O pPbrt NBi SHPRAS ta T +IBs8NGobRA  GENERR! i BRI QR RifelBifce

el ectrode plate. 18. An el ectrode according to claim15, 16 or 17,

char act greirzefl, heneirhatsaite awper ghti ranmidranceorfilieoge ofantthesaldect node pl at e

has a flange formed on the outer circuntekenc tqfreof and t he upright
annul arCiFEERTIRNCRFTECRES ABpUt ENBIFFGERR AN r8AEs8t e rmed i n the i nner

chpeuntgrence  ther ol UIBHE! dcBPhthaOtd €1aTh EUMEGNEF, Ichapagantkdal d

i nher <C¢ircunference recess are iIn eﬁgagenent w't h each other. fo 19. An
el ect r ofe thgeotith n@rightclcantnalSpordifoar ofl hecbde@cvee i Pade has tahabcédse
upright central portion of the electrode plate has a recess fornmed in the
i nner clfar@gdf dnerfde tHBesofcirayferenceupiegre’ anand aghe upright annular

portion of the support ring has a flange formed on the outer
circumference thereof, wherein said outer circumference flange and said

15 inner circumference recess are in engagement with each other.

20. An electrode according to claim 14, characterized in that
the support ring includes an upright annular portion and the electrode
plate is substantially disc-shaped, wherein the electrode plate rests on
the upright annular portion of the support ring.

20 21. An electrode according to claim 20, characterized in that
the upright annular portion of the support ring has a flange formed on
the outer circumference thereof, and the disc-shaped electrode plate has
a recess formed in the inner circumference thereof, wherein said outer
circumference flange and said inner circumference recess are in

25 engagement with each other.

22. An electrode according to claim 20, characterized in that
the upright annular portion of the support ring has a recess formed in
the inner circumference thereof, and the disc-shaped electrode plate has
a recess formed in the inner circumference thereof, wherein said inner
30 circumference recess and said outer circumference flange are in

engagement with each other.



portion of the support ring has a flange forned on the outer circunference
t hereof, wherein said outer circunference flange and said 15 inner

ci rcunf epxgy@igiacess are i n engagenent with each other. 2BcT/Anoedoesit r ode
according to claim 14, characterized in that the support ring includes an
upright annular portion and the electtbde plate is substantially

di sc-shaped, wherein the electrode plate rests on the upright annul ar
portion2df the suppait eleogrod20 atordimgel ect rcddem adgor ding 2@ drai 2120,
characterized in that the upright annular portion of the support ring has
a flangeharachenized it ﬁéabmaéﬁ eliecttiFad i ériesdutidveotayesnts tavesefts @0 staped

el ectro h ce or I nner rc er e of ,
wher ei n‘(’j@éﬁ%ﬁ%@ o c?sraégnf zrﬁréeﬁﬂcemﬁ?%urﬁ]fewﬁc ngé elénne%m{:l r%ﬂﬁf eﬁogﬁécre
recess af@umlﬁemﬁ@eeﬂgag@rrent wi th each other. 22. An el ectrode according to
claim 20, characterized in that the upright annular portion of the support
rihg has a recess forned in the inner circunference thereof, and the

di sc-shaped el ectrode plate has a recess forned in the inner circunference
t hereof, wherein said inner 30 circunference recess and said outer
circunference flange are in engagenent with each other. WO 01/48791

PCT/ NLOO/ 00951 11 23. An el ectrode according to claim18, 19, 20 or 21,
characterized in that said electrically conductive |ayer is present on or
adjacently to said inner circunference recess and said outer circunference
flange. 5



