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A plasma processing device is typically used in
the case where the surface of a subject material such
as a semiconductor wafer or the like is processed in a
processing chamber by a plasma process such as plasma
CVD, plasma etching, or the like to form a device such
as a highly integrated circuit or the like on the
surface of the subject material. The plasma processing
device generally produces plasma of process gas.for
etching, formation of a thin film, or the like by a
plasma. source in a highly vacuumed process chamber to
provide the subject material with etching or to form a
thin film on the surface of the subject material. The
plasma generating source is provided with, for example,
an electrode to which a high frequency voltage is
applied and an earth electrode pairing with the above

electrode and produces glow discharge between the pair

of electrodes in process gas as a medium to produce

plasma.
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25 & electrode and produces gl ow di scharge between the pair ' of

el ectrodes in process gas as a nediumto produce pl asma.

- 2 - Conventionally, particles are renoved froma

process chanber to an extrene to prevent adhesi on -of the particles
to a fine integrated circuit since = nﬂltrple Integrated circuits
fornmed by a plasma process 5 are fornmed on one wafer in a high density
(highly integrated circuit). O her than electric conductivity,

the characteristics rQ@&ﬁ@éﬂt%&ﬁalhg{gh%g%%ngsuﬁfg £g§oved fromt §€ Pl asma

source include high purity and resi _ asnma corrosion to
restrain the gen%]%dfégb Cﬁhérﬁﬁelrlgo an EREYEMP%S | SF&¥ent AAdREESEA ofaAN

el ectrode conposed o “glass-like carbon is thought to be useful for
the el ectirslepakt Ldn sat t6f hesihbeshRt6hPaB6d eEiBEhEE . since

Various trials for developing a material used as the gl ass-1i ke
carbon el ectrode nofitaip e cintegrated ¢hecuilbs formedetnta oplasmexprecesy
fine particles have been nade and various gl ass-1ike carbon

el ectrodes Shave ramn formed opropesealfer in a high démsiexa(ipighlyari ous

el ectrodes, in which the properties such as a purity, porosity,

pore dianeter, 2ntegratgdtaireuitptur@thendthar ¢leetnie copdueveivitye
the characteristics required for the electrode used for
the plasma source include high purity and resistance to
plasma corrosion to restrain the generation of the
10 above particles. At piesent, an electrode composed of
glass-like carbon is thought to be useful for the
electrode which satisfies these characteristics.
Various trials for developing a material used as the
glass-like carbon electrode capable of limiting the
15 generation of extremely fine particles have been made
and various glass-like carbon electrodes have been
proposed. | |
For example, various electrodes, ;n which the
properties such as a purity, porosity, bore diameter,
20 crystal structure, and the like are improved, are
proposed in the following official reports. Disclosed
in Jpn. Pat. Appln. KOKOKU Publication No. 7-115853 is
a carbon material used for a plasma apparatus compris-
ing a glass-like carbon material characterized in that
25 the glass-like cérbon material prepared by carbonized
baking has a pordsity of from 0.02. to 0.2%, the crystal

lattice of the glass-like carbon material is not



fpropesed in the followi ng official reports. Disclosed in Jpn. Pat.

Appl n. KOKOKU Publication No. 7-115853 is a carbon material used
for a plasna apparatus conpris- ing a glass-like carbon nateria
characterized in that 25 the gl ass-like carbon material prepared by
car boni zed baki ng has a porosity of Brom0.02 to 0.2% the crystal

| attice of the glass-like carbon nmaterial is not

- 3 - detected by X-ray diffraction, and the content of

inpurities is 5 I Ngs Spblication:
No. 7-114198, di p&%é;%%écf?gai%éf dlfﬁf ‘%Af)od’e datteh? or plasna etch| ng
conprising a glas I g | C t he
struct ural ﬁnpli{la%%?serjfésr?c@ﬁ §1a ?argllﬁ r]imypE(,)ar\é; f]?er of

1 [err]mor less x@mmqrmcmffoﬁlwtﬂlméb 7df§éj6§éﬁ is an _ |ess,
and a porosity of 1%or less. Jpn. Pat. Appl OKU Publlcatlon
No. 8-14033 di sclgrsstidie! frdt®dfor Plasma Féiﬁilﬁ_rf rcdiﬁ@ﬁi@u@q?%'@ﬂass-
characterized in that the el ectrode plate 1s fornmed a plate
material wih a like catborknfdsigh purigw), which hds cthe sstouposesll of

gl ass- | i ke carbon of high purity, there is substantially no

grai n- boundary orchamacheristei esmdin neh idsh téhenastimurt pexe dfametexnolf maxi num
pore dianmeter is 1 [err]mor |less. Jpn. Pat. Appl n. KOKAI

Publicati on No. 5l 32@9%% diess o$ds awerage pore diameter of 0.7 pm or

less, and a porosity of 1% or less. Jpn. Pat. Appln.
KOKOKU Publication No. 8-14033 discloses an electrode
10 plate for plasma etching characterized in that the
electrode plate is formed of a plate material with a
thickness of 2 mm or more, which is composed of glass-
like carbon of high purity, there is substantially no
grain boundary on the surface and inside the structure,
15 and maximum pore diameter is 1 um or less. Jpn. Pat.
Appln. KOKAI Publication No. 5-320955 discloses an
electrode plate for plasma etching comprising a glass-
like carbon having the characteristics including purity
characteristics in which the total ash content is 5 ppm
20 or less, the content.of metal impurities is 2 ppm or
less, and the content of total sulfur is 30 ppm or
less; crystal characteristics in which the spacing of
crystal planes (002) is 0.375 nm or less and the size
of the unit lattice is 1.3 nmm or ﬁore; and the material
25 characteristics in which the specific gravity is 1.50
or more and the flexural strength is 1,100 Kgf/cm2 or

more.



el ectirode plate for plasma etching conprising a glass- ~ like carbon

havi ng the characteristics including purity characteristics in which
the total ash content is 5 ppm 20 or less, the content of netal
impurities is 2 ppmor | ess, and the contéent of total sulfur is 30
ppm or | ess; crystal characteristits4 n-which the spacing of

crystal planes (002) is 0.375 nmor |ess and the size of the unit
lattice is 1.3 nmor nore; and the nmaterial 25 characteristics in
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for the glass-like car are proposed,

follow ng of ficialpd ?ffggfioivirfd‘ &ffféié’gerg)@iﬁsf Ofan electr8H&S a@écﬁgf'g

conprising a glass-1i carbon produce using a phenol resin an
pol ycarbodi i m de gRfdnh @cching compeis fng "Rt §1asS1iRe dbaebofcHrbAudea.
Pat . Appl n. KOKAI Publication No. 5-347276. Al so, an el ectrode

plate for g asme Wity g pHERU] SESYin ﬂﬂi@sé-ﬂr)]ékﬁcﬁﬁbtb@ﬂimide resint asi al

produced using a polycarbodiimde resin as the 10 raw material is

di scl osed in Jpn.thatravi\nptrer ¥ I\ is discloded| ixalpon Ret.5ABAYAYS.
'KOKAI Publication No. 5-347276. Also, an electrode
plate for plasma etchihg comprising a glass-like carbon
material produced using a polycarbodiimide resin as the

10 raw material is disclosed in Jpn. Pat..Appln. KOKAI

Publicaéion No. 5-347278.

Other than the ébove technologies, the technolo-
gies in which the configuration or surface shape of an
electrode is improved have been proposed. For example,

15 Jpn. Pat. Appln. KOKAI Publication No. 6-128762
discloses an electrode plate for plasma etching
comprising a glass-like carbon in which Rmax indicatiﬁg
the surface rougpness of the portion consumed by plasma
is 6 um or less. Also, disclosed in Jpn. Pat. Appln.

20 KOKAI Publication No. 7-22385 is an electrode plate for
RIE made from glass-like carbon having a plurality of
gas through holes formed by processing, wherein the
inner wall of the gas through holes is formed of a
material with a baked surface.

25 Aé above-mentioned, various material progresses in
glass-like carbon used for plasma processors have been

made and are conventionally proposed. However, the



™ her= than the above technol ogi es, the technol o- gies in which the

configuration or surface shape of an el ectrode is inproved have
been proposed. For exanple, 15 Jpn. Pat. Appln. KOKAI Publication No.
6- 128762 di scl oses an el ectrode plate for plasm etching

conprising a glass-1like carbon in which R¥ax 5 neéicating t he surface
roughness of the portion consuned by plasnma Is 6 [err]mor |ess.

Al so, disclosed in Jpn. Pat. Appln. 20 KOKAI Publication No. 7-22385
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Wi th recents progr@ssch NexRLISOE hd Oprob1éR in convehPiSSARI SPahaCUI t. Even
extrenely fine particles, 5 whi ch exhibit no problemin conventi onal

pl asma PIRERSSEESr s £ atkdes é I DobheEes Nifi CESEEn ©| PEABMA! PL668EHIng
devi ce. The cause and pl ace enabling such extrenely
device. The cause and place enabling such extremely
fine particles to generate are not clear so that there
is the problem that it is difficult to prevent the
llO generation of thé extremely fine particles only by the
. conventional material progress.
BRIEF SUMMARY OF THE INVENTION
An object of the invention is to provide a method
for manufacturing an electrode plate for a plasma
15 processing device, which can outstandingly limit
generation of extremely fine particles‘even in a plasma
process for forming a wiring structure of a quarter
micron level.
The present inventors studied the relation between
20 '~ a glass-like carbon electrode and extremely fine
particles from different angles. As a result, the
present inventors elucidated that the glass-like
carbon electrode was only slightly consumed during
plasma processing, the electrode itself was not
25 consumed enough to show that it was a source of the
extremely fine particles, and the extremely fine |

particles were decomposed products in plasma. It was



fine<particles to generate are not clear so that there s the

problemthat it is difficult to prevent the 10 generation of the
extrenely fine particles only by the conventional materi al

pr ogr ess. BRI EF SUMVARY OF THE | NVENTI ON

An object of the invention is to provide a méthod for manufacturing
an electrode plate for a plasma 15 processi ng device, which can
outstandingly limt generation of extrenely fine particles even in
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particles fromdi rent angl es. resu present inventors
el ucidated that the-hgssed i ffoducts inCHiReMa St&td redlCad@Im@NaYe Shh@ht!y

consuned during pl asma processing, the electrode itself was not 25
consuned enough tenh&Ooyrimatily YRE desShpSSed@iptducts accukXlaesgl gnfine
particles, and the extrenely fine particles were deconposed
products irs pl asnthe |éleetrode fell down on the subject material as the

al so confirmed that the gl ass-1ike carbon el ectrode possesses a

structure of the extferselpnfivecpatrticles. 1In this situation, the
present inventors have undertaken extensive studies and,
as a résult, obtained the knowledge in which a surface
structure having a resistance to the accumulation of
10 the decomposed products in plasma on the electrode
surface was obtained by applying specific treatment to
the surface of the glass-like carbon when manufacturing
the electrode from the glass-like carbon.
Accordingly, the above object can be attained in
15 the present invention by a provision of a method.for
manufacturing an electrode plate for a plasma process-
ing device, comprising:
a curing step of heat-curing a liquid thermoset-
ting resin to prepare a resin forming material;
20 a baking step of carbonizing the heat-cured
resin forming material by heating under a non-acidic
atmosphere to prepare a baking material composed of
glass-like carbon; and
a step of polishing at least one face of the
25 baking material, which is exposed to plasma, to a depth
of at least 20 punm.

Also, the above object can be attained in the



‘deconposed products in plasma tend to accunul ate and that primarily
t he deconposed products accunul ated on 5 the el ectrode fell down on
the subject material as the extrenely fine particles. In this
situation, the present inventors have undertaken extensive studies
and, as a result, obtained the know édge in which a surface
structure having a resistance to the accunul ation of 10 t he deconposed
products in plasna on the el ectrode surface was obtained by
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plate for a pl asngPIqRASYE, comprisidyk device, conprising:
curing step of heat™curing ‘a 11 qui'd t Her noset - ting resin to

prepare a resin formng cﬂﬁtifi{t% Atep ¥ heat-curﬁu_ﬁa&mﬁ;&i&ptﬁérrﬁ@é@@ﬂl zing
t he heat-cured ' resin formng materi al eating under a non-acidic

at nospher e 5t 0 pr. ajiaiee resiakite) pliprela Qfﬁmseﬁbrﬁfhng materiabss-1i ke

carbon; and a step of polishing at |east one face of the 25
baki ng material, whicla istegpxpfaeblispleg el least dapt hface of thé mésimast
20 [err]m Al so, the above object can be attained in the

forming material, which is-exposed to plasma, to a
depth of at least 25 pm; and
.a baking step of carbonizing the polished
10 resin forming material by heatihg under a non-oxidizing
atmosphere to prepare a baking material cbmposed of
glass-like carbon.
Additional object and advantages of the invention
will be set forth in the description which follows, and
15 in part will be obvious from the description, or may be
learned by practice of the invention. The bbject and
advantages of the invention may be realized and
obtained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.
20 BRIEF DESCRIPTION OF THE SEVERAL VIEV\_TS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
25 and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of

the invention.



7~ present invention by a provision of a nethod for

manuf acturing an el ectrode plate for a plasnma process- I ng devi ce,
conpri si ng: a curing step of heat-curing a liquid thernoset-

5 ting resin to prepare a resin formng material; a step
of polishing at |east one face of the resin 8 - formng material, which
I s exposed to plasma, to a depth of at least 25 [err]m and

a baki ng step of carbonizing the polished 10 resin formng material by
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obj ect and advant ages of the invention may be realized and
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particularly pointed out in the appended clains. 20 BRI EF DESCRI PTI ON
~OF THE SEVBRAL VI EWS GHGHR RAVdiNenlarged sectidiel actewpafiythg a@ppedngs,
whi ch are incorporated in and constitute a part of the
specification, ildlestrode of thatpl gsmes gmtdgesyigierdedierishbwenis of t he
i nventi on, and together with the general description given above
25 and the d@¥&d b dd¥kription of the preferred enbodi-
FIGS. 3A to 3E are typical views for explaining
the curing processes when a primary polycondensation of
10 a thérmosetting resin is heat-cured. |
DETAILED DESCRiPTION OF THE INVENTION
The present'invention will now be explained in
detail based on the embodiméntS'shown in FIGS. 1, 2,
and 3A to 3E.
5 . First, alplasma processing device 10 is explained.
The plasma processor 10, as shown in FIG. 1, includes a
process chamber 11 provided with an airtight structure
capable of keeping a prescribed vacuum; a lower
electrode 12 which is installed on a susceptor disposed
20 on the bottom of the process chamber 11 and which
supports a semiconductor wdfer W as a subject material
thereon; and an upper eléctrode 13 with -a hollow disk
shape. The upper electrode 13 is disposed at the upper
portion of the process chamber 11 so as to face the
25 lower electrode 12 and thus the wafer W. A high

frequency power supply 15 is connected with the lower

electrode 12 via a matching circuit 14. The upper



tments given below, serve to explain the principles of 7 the

I nventi on. - 8 - FIG 1
is a view schematically showing a structure of a plasma processing
devi ce possessing a glass-like. car bon, el ectrode. pl at e manuf act ured
by a nethod of an enbodi nent accorﬁlﬁb t™o the present invention; 5
FIG 2 is an enlarged sectional view of the upper el ectrode of the
pl asma processi ng device shown in FIG 1; and FI GS. 3A

to 3E are typi caleywwﬁoa@rwxnaéual Dewer wall bPepLatbNItRRLCESSES when a
primary pol ycondensation of 10 a thernDsettlng resin is heaf-cured.

DETAI LED DESCRI PTafNeL&citbdé NYEAEEOfacing the lowedheleeegeak,i Aveqhieh
wi |l now be explained in det ai | based on the embodi ments shown in

FIGS. 1, 2, a phufaBityooBEthrdbgh-holes 1FArate fophedun Phecapperg
devi ce 10 is expl ai ned. The plasma processor 10, as shown in FIG

1, includes a electpodectd ibvagbeundédpr okndeshanst nozalet ight is
structure capabl e of keeping a prescribed vacuum a | ower

el ectrode B whi cattachedt b | thieohowesuporpion df spexépheal waldnofhshe
bottom of the process chanber 11 and which supports a sem conduct or
wafer Was a Subjmgch@§e¢hgmber 11. A vacuum pump, though not shown,

is connected with the exhaust nozzle 11A through an
exhaust pipe. Air of the process chamber 11 is
evacuated by the vacuum pump to maintain a prescribed

10 degree of vacuum in the process chamber 11. A gas
source (not shown) for supplying process gas for plasma
processing is connected to the internal space of the
upper electrode 13 through.a pipe. As shown by the
arrow, process gas is introduced into the internal

15 space of the upper electrode i3 and supplied to the
inside of the process chamber 11.

The above upper electrode 13, as shown in FIG. 2,
includes a support electrode 131 made of a metallic
cylinder with a large diameter and an opening at the

20 bottom thereof; and an electrode plate 132 with a
circular plate shape, the electrode plate 132 being
attached to the lower end of the peripheral wall of the
support electrode 131 so as to close the bottom opening
and facing the_lower electrode 12. The electrode plaﬁe

25 - 132 is formed from glass-like carbon described below.

A port connected with the gas source is provided in the

center of the upper wall of the support electrode 131



‘t hereon; and an upper electrode 13 with a hol |l ow di sk shape. The

upper electrode 13 is disposed at the upper portion of the process
chanmber 11 so as to face the 25 | ower el ectrode 12 and thus the wafer
W A high frequency power supply 15 is connected with the | ower
electrode 12 via a matching circuit 14. The &Bper

- 9 - el ectrode 13 has a lower wall or plate, that is, an
el ectrode plate facing the | ower el ectrode, in which a plurality of
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i's connected with tﬁe exhaust nozz rou haust
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mai ntain a prescribed 10 degreé of vacuumin the process chanber 11.
A gas souteedénts sAevnthéopresessytnembepCcess gpeciigichhaga
processing is connected to the internal space of the upper

el ectrode 18 throabbva pheewafersWownAbyléhet one bafileoplapeomaysbegas i S
I ntroduced into the internal 15 space of the upper electrode 13 and
supplied to the preferabhyiprovidedeiprthesspphrnbbecitode 13 to The

above upper electrode 13, as shown in FIG 2,
unlformly distribute the process gas in the electrode.

Next, a method for manufacturing an electrode
plate for plasma processing device of the present
10 embodiment will be explained.
A liquid thérmosetting resin is used to manufac-
ture the electrode plate 132 for the plasma processor.
As the raw material for the thermosetting resin, for
example, an initial condensation resin of a phenol type
15 . and a furan type or of a polyimide type and polycar-
bodiimide type, which is refined in advance and has a
carbon yield of 40% or more (75% or less), is used.
Compounds which are appropriately selected from these
raw materials and mixed are used as the liquid thermo-
20 setting resin eithér-singly or in combinations of two
or more. As required, a hardener or curing agent such
as hexamine, p-toluene sulphonic acid, or the like is
added to the liquid thermosetting resin. The liquid
thermosetting resin prepared in this manner is uni-
25 formly mixed and is then formed into a flat plate
(circular plate) with a uniform wall thickness by means

of injection molding, cast molding, centrifugal molding,



includes a support electrode 131 made of a netallic cylinder with a
| arge di aneter and an opening at the 20 bottom t hereof; and an

el ectrode plate 132 with a circul ar plate shape, the el ectrode

pl ate 132 being attached to the I ower end of the peripheral wall of
t he support el ectrode 131 so as to clése-the bottom opening

and facing the |l ower electrode 12." The el ectrode plate " 25 132 is
formed from gl ass-1i ke carbon described bel ow. A port connected

ith th ' | d hRs .t h
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of through holes or gas 1 njection ho g process gas

supplied in to theyse@etofhEay materialtr(edeiﬂg EﬂéﬁgtheNE&chiﬁeCB%ﬁer
11, specifically, 5 abové the wafer 'W ~Af |east one baffle plate may

be . preferaphyedro¥i €Rilsi ek RPEH €bemih§dRatérifl of a unifornly
distribute the process gas in the el ectrode. Next, a met hod

for manuf acg uri ngciiicel&et pbdte shape apkahellowiphagfaphieeepintgsdeache
of the present 10 enbodi nent wi || be expl ai ned. Aliquid
t hernosetting reshavisgusesmoothnautfiace and thet nesihheuekdcfoondngl ate
132 for the plasma processor. As the raw material for the .
t hernosetting reshatetbal is carbonized by heating at from 800 to
| 2,000°C in‘the condition, in which it is embedded in
carbonaceous powder of in a non-oxidizing atmosphere
10 using ﬁon-acidic gas such.as nitrogen, argon, or thé
like, to prepare a primary bakipg material (primary
baking step). The primary baking material is further
heated at from 1,500 to 2,500°C in the presence of |
purifying gas such as hydrogen chloride gas or the like
15 to carry out highly purifying treatment so that the
content of impurities in a glass-like carbon material
is 5 ppm or less to prepare a secondary baking material
(secondary baking step). Then, the face of the
secondary baking material, which faces the lower
20 electrode 12, is polished to a depth of at least 20 unmn,
preferably 30 gm, and more preferably 50 pgm using hard
abrasives such as diamond, alumina, ox’ the like to
remove the surface layer thereof (polishing step).
This polishing step may be applied to the cured forming
25 material, primary baking material, and/or secondary

baking material. As illustrated below, in the case of

polishing the cured forming material, it is preferable



-exanple, an initial condensation resin of a phenol type 15 and a furan
type or of a polyimde type and pol ycar- bodii m de type, which is
refined in advance and has a carbon yield of 40% or nore (75% or

| ess), is used. Conpounds whi ch are aggropriately selected from

t hese raw materials and m xed are TUset“as"the liquid therno- 20
setting resin either singly or in conbinations of two or nore. As
required, a hardener or curing agent such as hexam ne, p-tol uene

sul phoni ¢ acid, Oofo 181 {14KCitSto a de tﬁdgﬁguEOStEQn'%ﬁ&éﬁkt{ﬁ%ﬁ“§ﬁ%ti”9

resin. The |iquid thernosettihg resin prepared 1m this manner is
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(circular plate) with a uniformwall thickness by neans

i nj ection mol di ngin Coshs Tl FaBPon COAt hi VRAgEDOEli ddresin caused b or
the like (nolding step). This formng material is t hen heal - cured

at from 150 to 3QtHleinidg G otlpd epacCeddinGi $itep. cured formng materi al
(curing step). Next, the both faces of this resin cured formng

material ofSa 5 cIncthar hphtteushageraaetbehdini thegabhphetdeptatibed
each havi ng a snmooth surface and the resin cured form ng
material is carbomzing bstepata ngross+limkBY9 soructure i goafeally in the
condition, in which it _ is enbedded in ) '
formed by a polymerization of the initial condensation
of the liquid thermosetting resin. In this reaction,
the thermosetting resin is gradually heated from the
10 surface to the inside thereof by heat conduction and
hence the polymerization gradually proceeds from the
surface to the inside of the forming material. Because
the forming material shrinks in this polymerization
step, it is important to advance the hardening reaction
15 uniformly so that a glass-like carbon having uniform
properties is prepared. However, the structures of the
surface and the inside of the forming material have
different organization properties since, as above-
mentioned, the polymerization proceeds from the
20 surface of the thermosetting resin of the liquid
forming material and hence shrinking force acts on the
polycondensation of the surface.
Specifically, the surface portion of the initial
polycondensation of the thermosetting resin.is first
25 heated and a hardening reaction of the surface portion

proceeds. The polycondensation of the surface'portion

shrinks, which causes a plurality of extremely



~cdr benaceous powder or in a non-oxidizing atnosphere 10 usi ng
non-aci di ¢ gas such as nitrogen, argon, or the like, to prepare a
primary baking material (primry - baki ng step). The primary baking
material is further heated at from 1,500 to 2,500[err]Cin the
presence of purifying gas such as'hya ogén chloride gas or the |ike
15 to carry out highly purifying treatnent so that the cont ent
of inmpurities in a glass-like carbon materi al is 5 ppmor less to

prepare a SeCO”dahicPBKEBQcHBtébiabnérate on( 8860802k¥cB2KkbAA ahep) . Then,
the face of the secondary "baking material, which faces the | ower

20  electrode jigterfiaRPohhgBadtbd dhdembBettiny kessh 28 bRtekfally
preferably 30 [err]m and nore preferably 50 [err] musing hard

abrasi ves such aseflipegseddframughsacrackkhe hAi k@r@éning reackioBvef! the

surface |ayer thereof (polishing step). . This polishing step may be

applied to the cuergotednpogtidn of thet eheahpspttimgyrbaskinngroetetdsal , A

and/ or secondary " baking material. As illustrated below, in the case

of Pol i shbagndaeycisefioktmedi hgtweesar the, portienppéf hebkbermo~

- 12 - to polish it to a depth about 5 [err]m deeper than the

above defined depsAtténgt KesincdnduhjchaRi hgrdanéngareaction figst

consi deration of shrinkage of a resin caused b{ baking in the |

succeedi ng step. Proceeded and the portion of the thermosetting resin in
the crack in which a hardening reaction proceeded, to
cause, that is, hardening unevenness. When the surface

10 portion is cured, the initial polycondensation of the
thermosetting resin is then gradually heated to the
inside to link and thereby to form a uniform cross-
linking structure, whereby an entirely heat-cured resin
forming material is formed.

15 A hardening phenomenon of the above thermosetting
resin is now concretely explained with reference to
typical views of FIGS. 3A to 3E. When a plate shape
liquid forming material 4 (FIG. 3A shows part of the
forming material) with a smooth surface, which is made

- 20 from the initial polycondensation of the thermosetting
resin is heated, the initial polycondensation of the
thermosetting resin is, as shown in FIG. 3B, gradually
heated from the surface and a surface portion 4A starts
to heat-cure gradually. A hardening reaction advances

25 to form a first cross-linking structure portion 4B. As

shown in FIG. 3C, the cross-linking structure portion

4B gradually éhrinks, thereby causing a crack 4C to



-5 = In the heat-curing reaction in the above-descri bed curing
step, a cross-linking structure is gradually formed by a

pol ymeri zation of the initial condensation of the liquid

t hernmosetting resin. In this reaction, the thernosetting resinis
gradually heated fromthe 10 surface to %he‘inside t hereof by heat
conduction and hence the pol ynerization gradually proceeds fromthe
surface to the inside of the formng material. Because _ t he formng
materi al shrinks odchhi onpohyBarfateon Further,Shfipintbrnali Hpenraed to
advance the hardening reaction 15 uniformy so that a glass-1ike carbon
havi ng uni form initiglopelycesdessatépar éd. ofiotheetherhosettiagures inf

t he surface and the inside of the form ng nmaterial have

di fferent organi zaisesn PropetheéesrackcéC hy abvface tensionensi shewn time
pol ymeri zati on proceeds fromthe 20 surface of the thernosetting resin
of the liquid FIG. 4@rh¢n§0nmtérraﬁlagdphﬁhc@nsﬁﬁlnkﬁﬁ@etotbésact eon

t he pol ycondensati on of the surfa Speci ficall t he
surface por?ion ofurfeceperion of thﬁo#?ééhéénBQ@YSﬁnéﬁnFﬁ§lPﬁeP#D i ng
resinis first 25 heat ed and a hardeping reaction of th surface
portion p?%%%ﬁﬁ%et§h%gpEF?anHEnEB%Foﬁlﬁ+n9hE°§EFPHc Endfti on

?h;gnks, whi ch Ca&fﬁéc ylﬁégéeéytgfhgé gH§e¥ whereby a second cross-

linking structure portion 4F is formed as shown in
FIG. 4E. As a result, a boundary 4G is formed between
10 the original first cross-linking structure portion 4B
and thé second cross-linking structure portion 4F of
the surface of the rising portion 4E, causing hardening
unevennéss with a boundary 4G to occur on the surface
portion of the resin forming material. Then, an entife
15 internal initial polycondensation of the thermosetting
resin is gradually heated to cross-link uniformly and
thereby to form a resin forming material. When the
resin forming material is baked as it is, the boundary
4G remains as hardeniné unevenness on the surface of
20 the baking material as it stands.

The removal of the boundary 4G is difficult only
by mirror-finishing the baking material prepared in the
above manner by such a method as described iﬁ the

| above-described Jpn. Pat. Appln. KOKAIL Publication
25 No. 6-128762 and hence the boundary 4G still remains.
When plasma treatment is carried out using an electrode

plate composed of a glass-like carbon in which the



‘micro-cracks to generate on the surface, and an i nternal unreacted
thernosetting resin is externally exposed fromthe cracks. A

har deni ng reaction of the exposed portion of the thernosetting resin
proceeds. A 5 boundary is formed betmee? t he portion of the therno-
setting resin in which a hardening reaction ?rst proceeded and the
portion of the thernosetting resin in the crack in which a

har deni ng reacti on proceeded, to cause, that is, hardening

unevenness. Wen boendariese4Glfemaifoihi €Lk Sway] eBhetboundatiek 4G are
pol ycondensati on of the t hernmosetting resin is then gradually
heated to the primaihbydeohsumedk anmiéberebyckogfowsn fnuthé oboundasg-

| i nki ng structure, whereby an entirely heat-cured resin form ng
material is forneporticn; the decdmpasddnpngdptesogenenabtédt he thevetep

t hernosetting resin is new concretely explained wwth reference to
t ypi cal V|em5 of ¢tGEla%matbregtmehbnaacpmaletehapethe crack}igl$sd £ornm ng
materi al éFIG 3A shows part_of th - formng material) with a
snmoot h sur face M%hsi;%pnaﬁepleéma trF?E’ﬂ?{‘he Fhﬁ’—t@%‘l’mﬂm%‘énﬂéﬁ‘éaﬂﬁn of
t he thernosetting sinis heatg t he |n|t|3. condensati pn of

t he thern%'é%‘t’ﬁ‘hg“i‘%s?‘ﬁc?@“lage ha%tmnmﬂl EQYR figposit
et -cur e o adual 1. RS HAR RAF nEPBAERPoRL €5%@%§6f%e marfsl%iargyf st
Crose-1inking striie rEefBfoqgnptéee 62 a%egvgaﬁéf‘%“%m%ﬁ?t HEpkyon
causing a crack 4nd Qvafer as micro-particles.
10 It ﬁas confirmed in experiﬁents carried out by the
| present inventors that the cured resin may be polished
to a depth of at least 20 pum, éreferably 30 gm, and
more preferably 50';Lm to remo&e the surface portion,
thereby eliminatiﬁg the influence of the boundaries 4G.
15 The greater the polishing depth'is, the more eliminated
the influence of the boundaries 4G is. However, if the
depth is too much, it causes drawbacks such as loss of
the polishing time, loss of materials. Therefore, the
maximum limit of the polishing depth in practical use
20 is about 1.00 mm. Also, it was confirmed that such a
polishing effect can be obtained in the polishing of
the primary baking material and the cured fbrming
material in the similar manner as in the polishing of
the secondary baking material.
25 If the electrodé plate composed of the glass-like
carbon manufactured in the present embodiment, charac-

terized in that the surface portion in which the



w-: 14 - occur on the surface. Further, an internal uncured
initial polycondensation 4D of the thernosetting resin rises from
the crack 4C by surface tension as shown in FIG 4D to forma rising
portion 4E. After this, the 5 surface tion of the initial
pol ycondensati on of the _ thernDsethngﬁ{e§in in this rising portion
4E i s directly heated to heat-cure, whereby a second cross-
| i nking structure portion 4F is forned as shown in FIG 4E. .As a

result, a boundarynffadSidSr4i@dedifd e Ns Eemovéd P rpdl iehinhgrthe resin
cross-linking structure portion 4B and the second cross-1inking

structure portionfhmidg materidbheosutlieidsaloing eatérsial, pohe i surféce of
“causi ng hardeni ng unevenness with a boundary 4G to occur on the

surface .pathié asl et ¥ dide rpbate f bs Mmif owmky i cdnsdied, innacplaswa 15
internal initial polycondensation of the thernosetting resinis
gradual | y heat ed process svithduuni¢oumtlatien of decompeseyd produehs aardsin
form ng material. Wen the resin formng material is baked as it is,
t he boundars hences exteemel v snborerepid ¥l GRS iR ssubitankiallyace of
20 the baking material as it stands. The renoval of the
boundary 4G is dip¥eventednfyom fallipg R 3 Jf2%$%i shing t he baking .

M the ¢ P bove- et pheReTBAREEAPSa AL nENR RS b FRAPHERenE Ehe®
surface layer of the baking material, which faces the
lower electrode, is removed by polishing the surface to

10 a depth of at least 20 um or the surface of the resin
forming material is removed to a depth of at least
30 zm after the curing step, féllowed.by baking and
polishing. Hence, ﬁhe boundaries 4G férmed on the
surface of the resin forming material in the curing

15 step can be removed. Therefore, when the electrode
plate composed of the glass-like carbon is consumed in
a plasma process, the surface of the electrode plate is
slightly consumed uniformly. Also, the surface of the
electrode is always maintained in a flat condition and

20 decomposed products generated in a plasma process are
accumulated only with difficulty. Further, the
generation of particles derived from the electrode is
efficiently avoided. The present embodiment has not
only the above advantages but aiso the'advantage that

25 an electrode contributing to improvement in yield can

be manufactured._

Also, as other embodiment of the present invention,



25 ~» No. 6-128762 and hence the boundary 4G still renmins. When

pl asma treatnent is carried out using an el ectrode pl at e conposed of
a glass-like carbon in which the - 15
- boundaries 4G remain in this way, the boundaries 4G are
primarily consumed; a mcro-crack grows in yhe boundary portion

t he deconposed products generated in the step of plasnma treatnent
accurrul ate in the crack; also in 5 the step of plasma treatnent, the
deconposed products w. in the accunul ated portion; and the grown
deposi t l'ée’b%é%dao‘f‘?th?emif‘h@héFBcf—P%dﬁuﬁfﬁ?g Phaft reamn y

the el ectrode plate of the u el ectrode) .to fall e wafer as
m cro-particl es. El oprng mategfgi ﬁﬁsPEBHFh?ﬂeﬂn@nrﬁﬂﬁg?ﬁngﬁ?QrEa?r|ed out

by the sent inventors % the cured resin O|IShed

to ? deB}h of at $% ?@t?ﬁ+?;nﬁ fFﬁﬁFﬁ g%ITé?g] éﬁ ) nor e
50 {

Gl i m nati ng the FATETRRLe of ntﬁélﬁoéﬁéa%%&pﬁéf Sgrace of thPCERRI™: he

POl o N9 S1enth dSkmifle HRESCELATIO%ET sheg ro 4'Geblh UBNGE PLalbe

boundari es 4G i _ nmuch, causes
vk v o B, Satersily 7,840 WP Al ool
use 20 IS P L0 15 hSOr 1dsdPSed PUNSVE GRS duSEde Aayer.
Next, the'polished resin forming material is primarily
and secondarily baked in the same manner as in the
10 previous embodiment to prepare a baking material, which
is then polished for mirror-finishing. Also, the
polishing depth in the present embodiment is greater
than that in the previous embodiment. , However, when
the polished resin forming material is baked, the resin
15 forming ‘'material shrinks due to the baking process so
that the substantially same condition as in the case of
polishing the baking material to a depth of about 20 pm,
about 30 um, and about 50 um is obtained.
Incidentally, the present invention is not limited
20 to the above embodiments at all. Any invention is
involved in- the present invention if it includes a
process in.which, in steps of producing an electrode
plate composed of glass-like cérbon, boundéries in the
surface portion, which is formed in a step of curing a
25 thermosetting résin as a raw matexial is rémoved from

the surface of a resin forming material or a baking

‘material by polishing.



potishing effect can be obtained in the polishing of the primary
baki ng material and the cured form ng material in the simlar
manner as in the polishing of t he secondary baking material. 25

If the el ectrode plate conposed of the glas ﬂ I ke car bon

manuf actured in the present enbodi nent, dhaﬁac-' terized in that the
surface portion in which the - 16 -
boundaries 4G remain, is renoved by polishing the resin form ng
material or the IpxamMpyEsaterial, the surface of the el ectrode plate
is uniformy consuned in a plasm process w thout accumnul ati on of
deconposed products amprocess lehatheepiremaity imvemtimat tfoxdt eammrfactur-
substantial ly prevented fromfalling on a wafer. - As
above- nenti oned, ing tame gleetamde iflatieormunpddes of glassstlrflkec edibar  of

t he baking material, which faces the | ower el ectrode, is renoved by
pol i shing the sumfidde beoexplained idemdrerfdettailedyt way [af rg#amplashe
surface of the resin formng material is renoved to a depth of at

| east 5 30Exempl® diter the curing step, followed by baking and

pol i-shi ng. Hence, the baoundaries 4G forned on the surface of the
resin formng materi aThi§ @¥ampie fplages to & gethad for SRR at

Therefore, when &2%5% 3%tu?%?thickness of the surface layer of a resin

forming material after a curing step. Specifically, a
iﬁitial polycondensation of a furan resin which was

10 purified was used as a raw material. To 100 parts by
weight of this raw material was added 0.6 parts by
weight of a hardener (p-tolueneéulfonic acid) and mixed
to prepare a raw resin liquid. The raw resin liquid

- was poured into a vat made of polyethylene and foam-

15 removing treatment was carried out under reduced
pressure (10 Torr or less) for 3 hours. The raw resin
liquid was then placed in an electric furnace and was
allowed to stand at 80°C day and night. Next, a forming
material was taken out from the vat and was heated in

20 atmosphere at 200T:fbr 24 hours, thereby providing the
initial polycondensation of the thermosetting resin
with cure-treatment to prepare a resin forming material
with a circular shape of 5 mm thickness and 350 mm
diameter. This resin forming material.waé prepared

25 plurally.

Then, the surface of each of the above resin.

forming material was polished using alumina abrasives



plrate conposed of the glass-like carbon is consuned in a plasma
process, the surface of the electrode plate is slightly consuned
uniformy. Also, the surface of the el ectrode is always nmaintai ned
ina flat condition and 20 deconposed p¥?dqgts generated in a plasm
process are accurmul ated only with ditticulty. Further; the
generation of particles derived fromthe electrode is efficiently
avoi ded. The present enbodi nent. has. not only the above advant ages
but al so the advatd agemdhatth@Ssurfaes bapet ) ofier caampbelfiof to

| nprovenent in yield can be rmanuf act ur ed. Al so, as
ot-her enbodi ment afthickpessenf 2Hvemi orBach of the resin forming

- 17 - there is a method in which the surface -of a resin

forning material hatpsiabheasapubseguentlyecheld in a graphpbki phatet efi al
of the resin formng material is repared. In this process, the
surface of the re%%%h PBIltY f oFR® nEefdle %WlW% matesial vasapdaged dp at
| east errL Erabl 37.5 %n] and nore preferably

62.5 [err]rﬁ(l.z m? ?CFEE% ppnagapie b és FitRe ¥agpmbedded inpeyt

th i shed f t d
baﬁegolhstﬁe ;:ﬁ%nﬂﬁﬁégéc%gggng?ﬂéerioa W%ﬁéag%ﬂ%deﬁ%obfﬂﬂﬂﬁ? n a;La¥e a

Eﬁg' ng material, Whieh: rate of'§ AAL R 3089 £O% Tabbnib i HaidngY SO
treatment and thereby to prepare each primary baking
material composed of glass-like carbon. The thickness

10 of the primary baking material was about 4 mm.

Next, plurality of through-holes with a diameter
of 0.5 mm was provided by electfic discharge processing
in the substantially entire face of the primary baking
material at equal intervals of 2 mm. The primary

15 baking material was transferred to an electric furnace,
in which it was heated at Z;OOGC while supplying
purified chlorine gas (mol ratio of chlorine gas/argon
gas = 5/95) at a rate of 5L/min to carry out high
purification treatment and thereby to prepare a

20 secondary baking material. A glass-like carboﬁ
electrode plate, which had a diameter of 280 mm, a
thickness of about 4 mm, a plurality of through;holes,
a total ash content of 2 ppm, a mirror face, and a high
quality, was manufactured in ﬁhis manner.

25 .After the above glass-like carbon electrode plate
was mounted as an electrode plate of an upper electrode

in a plasma etching apparatus, an oxide film on



pofishing depth in the present enbodi nment is greater than that in
t he previous enbodi nent. However, when the polished resin forning
material is baked, the resin 15 formng material shrinks due to the
baki ng process so that the substantially same condition as in the
case of pol i shing the baking materi to a-depth of about 20
[err]m about 30 [err]m and about 50 [err]n1|s obt ai ned.
Incidentally, the present invention is not limted 20 to the above
enbodi mrents.at all. Any invention is i nvol ved in the present
invention if it damaighes imch silicn orefesr iwasMprdcessedtlepspbismaoduci ng
an el ectrode - plate conposed of glass-like carbon, boundaries in the
surface portion,etwlioly ivs ity Ry igas &t grosfessurgasy and Z5r gas as a '
thernosetting resin as a raw material is removed from t he surface
of a resin forncarmieedad wrder bzedunaed pressuneat(gl iBorby ol a spower
EXAMPLES A process of the present invention for nmanufactur-
ing an el ect r odgfaancyofosiiP diHglima IHHO@&,S@ tsdramber. AWQHF bie
explained in nore detail by way-.of exanples. Exanpl e

This exanpl e relerftcékl"c%v’a'lsrrﬁ%EF%ro‘%‘brﬁRﬁ 59 é&rs, the Mumber of

particles having a size of from 0.02 to 0.03 4 m or more,
which were dropped on the wafer, was measured using a
particle counter manufactured by KLA Co., Ltd. As a
result, the number of particles was 30 or less,

10 indicating that the glass-like carbon electrode plate
could be sqfficiently applied to fine processing
requiring an accuracy of the or&er of quarter micron.
Example 2

This example relates to a process: in which the

15 surface layer of a baking material was removed to a
depth of at least 20 um. Specifically, each of the
resin forming materials prepared in Example 1 wés
processed by baking and high-purification treatments in
the same Conditions as in Example 1 as it is without

20 '_ polishing to prepare a secondary baking material, the
surface of which was removed.to a depth of 20 gm. In
this manner, a'glass—like carbon electrode plate, which
had a diametei of 280 mm, a thickness of about 4 mm, a
plurality of through-holes, a total ash content of

25 . 2 ppm, and a high quality, was manufactured. As a
result, an electrode plate with the same thickness as

the electrode plate prepared in Example 1 was obtained.



| @ast 25 [err]mthickness of the surface |ayer of a resin form ng
material after a curing step. Specifically, a initial

pol ycondensati on of a furan resin which was 10 purified was used as a
raw material. To 100 parts by meigh% of this raw material was
added 0.6 parts by wei ght of a harde %r (p-toluenesul fonic acid)
and m xed to prepare a rawresin liquid. The raw resin |liquid

was poured into a vat nmade of polyethylene and foam 15 renovi ng

treatment was carfieepraparedicsldCeits@s plate waprapplied (46 doplasmal ess)
for 3 hours. The raw resin liquid was then placed in an electric
furnace and was process appawsti® simblanttE80fkeat |WsedyinnExanpbe. 1Nend, a
form ng material was taken out fromthe vat and was heated in 20
at nosphere at 200flex munber &£ paxkicléesewadhymeaswied npntbiee same manneti al
pol ycondensation of the thernosetting resin wWith cure-treatnment to
prepare a resin fag im@Exanpke al, showingvihat sthe reumber shfppantiglam

t hi ckness and 350 mm diameter. This resin formng material was
prepared 25 Wasraingst the same as imcfxampke shiyface of each of the
above resin formng material was polished using alum na abrasives

- 19 - to r"g‘rﬂ)\}%?‘{hﬂ;s%ﬁf‘é‘é% PESEROL fiRVeRGipR els grot limite

thickness of 25 Lefrlid fBse YnbdSimdats, '8 "fh the method of the

present invention, the secondary baking material may be
surface-treated, for example, by lapping, mirror-

10 finishing, or the like. Also, the sort of a thermoset-

o ting resin, a cdring process, and baking process, which
are utilized in the above embodiments, each shows just
one example, and the present invention is not limited
to this example. |

15 Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the
specific details and representative embodiments shown
and described herein. Accordingly, various modifica-

20 tions may be made without departing from the spirit or
scope of the general inventive concept as defined by

the appended claims and their equivalent.



smat exl al was subsequently held in a graphite plate of hi gh purity.
The reqgi ) jal was placed in 5 an electric furnace in this
st at e, ﬂ"mmﬂmﬂm“m car bonaceous powder, and was heated to
1,000[err]C at a* 5 * rising rate of 2 [err]C/ hr to carry out

car boni zi ng- baki ng treat ment and t-her2dby -t o prepare each prinmary
-baki ng mat eri al conposed of gl ass-like carbon. The thickness 10

of the primary baking material was about 4 nmm . Next, plurality
of through-holes with a dianeter of 9951 was provided by electric
di scharge processing in the subst arftd entire face of the

pri mary_baking 2t of bl eipla SR nd AL AT o WhooTRRIPTAIREY

I
15 baki ng materi al ransferred to an el ec rnace, -

which it was heat ggaty %11%%2%6?:]&4@:& HRRAlIE ,"Gomprisingluri fied

~chlorine gas (nmol ratio of rine gas/argon gas = 5/95) at a rate

of 5L/mn to carry out {lidlring step ¥ IHdSAIIDid QRUNRHLAhdARSSIY- 1 0
prepare a 20 secondary baking material. A gllass-like carbon

el ectrode plsate, Wi deadm b PRiRIredfa 3B iMfodming matedilaakness of
about 4 mm a plurality of through-holes, a total ash content of 2

ppm a mrror face, anc ddkighy step of qieatbhdniziwes swilfledisadred this
manner. 25 After the above gl ass-1ike carbon el ectrode plate
was nount ed as an nslsdat rfodmipion @ ttdrial dppdreadiong nader a non-dxidi zilragna
etching apparatus, an oxide filmon
atmosphere to prepare a baking material composed of
glass-like carbon; and
10 ' a-polishing step of polishing at least one face of
said baking material, which is exposed to plasma, to a
depth of at léast 20 pm. '
2. A method for manufacturing an electrode plate
for a plasma processing device according to Claim 1,
15 wherein said polishing step includes a step of polish-
ing one face of said baking material to a depth of.from
20 ym to 1.00 mm.
3. A method for manufacturing an electrode plate
for a plasma processing device, comprising:
20 a curing step of heat-curing a liquid thermoset-
ting resin to prepare a resin forming material;
| a step of polishing at least one face of said
resin forming material, which is exposéd to plasma, to
a depth of at least 25 pm; and
25 a baking step of carbonizing said polished

resin forming material by heating under a non-oxidizing

atmosphere to prepare a baking material composed of



£ 20 - an el ght inch silicon wafer was processed by plasna

et chi ng ﬁﬂnmmwmg process gas and Ar gas as a carrier gas
under m‘fﬂ,ﬂm Torr) at a power frequency of 380 kHz in
a process “chanbler .M After the etching was carried out for 50 hrs,

t he nunber of particles having a size3of-fromO0.02 to 0.03 [err]m
or nore, whi ch were dropped on the wafer, was neasured using a
particle counter nanufactured by KLA Co Ltd. As a result, the
nunber of partlclei S, Q 6 i ndi cating that the glass-Iike
carbon el ectrode Brapa-‘ixe car 88 d be sufficiently applied to fine

processi ng reqyi ring yrac of .t ord f r r
Exanpl e 2 HThlg @%g#ﬁﬁ rel 5fe nuf g%grﬁpgcggsei%% % i Fﬁa%%

surface layer of gobaki g aeﬁkaéﬁ%;ngeaemet BcBozding 0ROk at

least 20 [err]m orm’ng Madérial s

prepared in Exa”p%ﬁeﬂefﬂssald p011959685§€gpb¥n9§5389 ang+B8pboBrPPbfilshat i on
treatnents in he sanme conditions as in Exanple 1 as it Ts wthout

20 pol i hi ng iﬁgpbﬁeafaca secsaslar vebaki perm®hgindterib® to a depth
surface of which was renoved to a depth of 20 [err[m In this

manner, a gl ass-|okefeanbdp @lmctoole2plmhe, which had a di aneter
of 280 mm a thickness of about" 4 nm a plurality of through-holes,
a total ash content of5.25A metBodpfiprandnafbcghrdugl anyeleas noaeufpdetter ed.
hs. @ | for a plasma processing device, comprising:
a curing step of heat-curing a liquid thermoset-
10 ting resin to prepare a resin forming material;
a primary baking étep of carbonizing said heat-
cured resin forming material by heating under é
non-oxidizing atmosphere to prepare a primary baking
material composed of glass-~like carbon; and
15 ‘a secondary baking step of heating said primary
baking material under a non-oxidizing atmosphere at a
temperature higher than in the primary baking step to
prepare a secondary baking material; and
a polishing step of polishing at least one face of
20 said resin forming material, said primarj baking
material, and/or said secondary baking matérial, the
face being exposed to plasma, to remove curing uneven
portions formed on said one face in said curing step.
6. A methdd for manufacturing an electrode plate
25 for a plasma processing device according to Claim 5,

wherein said polishing step includes a step of polish-

ing one face of said resin forming material to a depth



resukt, an el ectrode ate with the sane thickness as t he el ectrode
pl ate pr eﬁ“]“ﬂ"llmmﬂﬁgl 1 was obt ai ned.

- 21 - ed el ectrode plate was applled to a plasm
process apparatus Simlar to that used in Exanpl e 1 and t he nunber
of particles was neasured in the same manner - as in Exanple 1,
showi ng that the nunber of particles 5 - @4s alnost the sane as in
Exanpl e 1. The nethod of the present invention is not |[imted
to the above enbodi nents, and, in the nethod of the - present

for oxanpl e, by ISbprReR for '#”19 €815 28" mfl e O spee oot RALIAEERSSRACT |

sort of a thernos S rLRg9.p Shed akhn
process, which Bhce of gaﬁ i ?gééa'hgt Elg%o&é gnggg?ﬁeﬁ Egggczb %%ms
just one gga@pbg m@nd the present invention is not limted

to this exanple. "Addi ti onal advantages and nodifications wll
read- ily occuv t oat hetBoskiforehand fhbeuaihg Shecekoue pihte for
invention in its broader aspects is not limted to the : specific
details andsrepreptasmai yeoeé‘sedngeaéslebpm@ubstantlaamyl dssherbefibgbeen.
Accordi ngly, various nodifica- 20 tions may be nmade wi t hout departing
fromthe spirit odescribed wibhereferbacgeher thei aveamnpanyingcdpawangs.
defi ned by

he



thé appended cl ains and their equival ent.

- 22 - s CLAI M5 _ 1. A nethod
for manufacturing an el ectrode plate for a plasna processing

devi ce, conpri sing: ~acuring step of heat-curing a liquid

t her noset - 5 ting resin to prepare a r&informng materi al

a baking step of carbonizing said heat-cured ~resin formng materi al
by heating under a non-oxidi zi ng at nosphere to prepare a baking

mat eri al conposed of I =1 r

pol i shi ng s?gp of polishing a? ?éggkkgﬁegfaeggo?ﬁggLogaREséFaGba%?ng

material, which is exposed to plasma, to a depth _of _at |east 20

[err]m > *MRTHOD) EQR; NANYEAGEURING FLELTROPEC EFBUE BORi e

for a pl asga processi ng RN PERCHPRING PRVEFRIm 1, 15 wherein said
te

pol i shi ng p includes a step of polish- ing one face of said

baking material to a depidvidafh factures 2 ?%péégrgdgo?ggie for a

3. A nethod for manufacturing an electrode pla _ a plasma
processi ng.devi C§1 &M Prdd¥lisi®d device in IR ¥ SARMHAINERr G a

liquid thernoset- ting resin to prepare a resin formng materi al
a step of polishiirg prlodeRasdd ane foe® HThEMIYy integrated circuit. The
| method includes a curipg step of heat-curing a liquid
10 - thermosetting resin to prepare a resin formihg material,
one 6r two backing steps of carbonizing the heat-cured
resin forming material by heating ﬁnder a non-oxidizing'
atmosphere to prepare a baking material composed of
glass-like carbon and a polishing step of polishing one

15 face of the baking material, which is éxposed'to plasma,

to a depth of '20 pm to 1.25 mm.



- ¥esin formng material, which is exposed to plasma, to a dept h of

at least 25 [err]m and 25 a baking step of carbonizing said

pol i shed resin form ng material by heating under a non-oxidizing -
at nosphere .to prepare a baking material conposed of. - .23

- gl ass-11i ke carbon. - 4. A nethod for manufacturing an
el ect r ode pl at e . for a plasma processing device according to Claiml,
wherein said polishing step includes a stigp of polish- 5 i ng one face
of said resin formng material to a depth of from25 [errlmto 1.25
nmm 5. A nmethod for manufacturing an el ectrode plate

for a plasma processi ng device, conprising: a curing step of
heat-curing a liquid thernoset- 10 ting resin to prepare a resin
formng material; pr i mar% baki ng step of _carbonizing said
heat - cured resin forqﬁ;g-Tateri | by heating under a -

non- oxi di zi ng at nosphere to prepa' mary baki ng ~materi al
conposed of glass-like cay ary baki ng step of
heating said primary . oxi di zi ng

at nosphere.at a t effper afpra=rgs ‘“‘"““'-@}t i mry baking step
to prepare a secondgry DIRI NG Nprettal, gn

r77;c=zﬂ”~{2 % T
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@ "poli shing step of polishing at |east one face of 20 said resin

" formng material, said primary baking material, and/or said
secondary baking material, the face bei ng exposed to plasma, to
rempve curing uneven portions formed on said one face in said curing
st ep. 6. A nethod for manufacturing an electrode plate 25
for a plasma processing device according to C aimb, wherein said
polishing step includes a step of pollsQ72 ' |ng one face of said resin
formng material to a depth - 24 -
of from25 [errlmto 1.25 mmor a step of polishing one face of said
baking material to a depth of from20 [err]m to 1.00 mm

processi ng
erence to

7. A nethod for manufacturing elypetrpde—ptagpe—tp z et
devi ce, substantially as herei Wﬁ
t he acconpang ngramA
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