1 DESCRIPTION GAS SHOWER PLATE FOR PLASMA PROCESSING
APPARATUS 5 Technical Field The present invention relates to a gas
shower plate for use with plasma processing apparatuses, which is
included in a plasma processing apparatus for performing plasma
processing to a processing object such as a wafer or 10 the like.
Background Art As apparatuses for perfoﬂning surface treatment of
processing objects such as wafers or the like, there 15 have been known
plasma processing apparatuses. A plasma processing apparatus operates
to produce plasma under a reducetEpEssrre@atmosphere to allow a
surface of a processing object to be subjected to etching processing or
the like by physical and chemical actions of the plasma. 20 Plasma is

generated B eppiyid B igkATEUERc) WVoRgeRB QG ESSINCofddtidida TS
lower electrode while the internal pressure within a sealed processing
chamber of the plasma processing apparatus is reduced to a specified
pressure with a plasma-generation gas (hereinafter, referred to 25 simply
Sas 'ga8yied thérdtdée WO 2006/107113 PCT/IP2006/307521 2 For such
plasma processmlgdét I%Jggglergglei?lvention relates to a gas shower
plate for use with plasma processing apparatuses, which is
included in a plasma processing apparatus for performing
plasma processing to a processing object such as a wafer or

10 the like.

Background Art

As apparatuses for performing surface treatment
of processing objects such as wafers or the like, there
15 have been known plasma processing apparatuses. A plasma
processing apparatus operates to produce plasma under a
reduced-pressure atmosphere to allow a surface of a
processing object to be subjected to etching processing or
the like by physical and chemical actions of the plasma.
20 Plasma is generated by applying a high-frequency voltage to
an upper electrode or lower electrode while the internal
pressure within a sealed processing chamber of the plasma
processing apparatus is reduced to a specified pressure
with a plasma-generation gas (hereinafter, referred to

25 simply as 'gas') fed thereto.



some cases to generate high-density plasma depending on the aim of
processing. For example, in plasma etching targeted for silicon substrates
such as wafers or the like, a 5 process of uniformly spraying and feeding a
WK/ 1Righ-pressure gas to a surface of a silicon waf8f TSR3 At a

view to improving the processing efficigncy. Known gas shower plates
which are parallel-plate electrode members suited for such plasma
processing include 10 a gas shower plate formed of a gas-permeable
porous plate which is a sintered body of ceramic particles (see, e.g.,
Japanese uneXamirfatFpateht P licate Rl p002131638 desjpable in

2%%%7%855‘\5&”903Pe%%(%%azé%f‘ﬁ?{aé\é- With the use ofa 1al%as hower
plate formed as Such a porous plate, It become 18 < e tfrHniyhe

gensrage highdensityplasma se.thab & stable Plasma RIASeESING S-geteq
carried out with high etching efficiency. Disclosure of Invention 20 With a
préeessirig bbfect satbert thde éewesuelectrode wdthim sheqarodgssingike, a
chamber, as plasma processing is started by applying a high-frequency

> vAIERRES tifuppRt g?é&ﬂé’destﬁ"tléwé?%le%ﬁ%deﬁetﬁ%% shoWwér Pately
fowsﬁ-@sr@g%%@ysd%@t%eroavidqug@@eo%de C'Ogggzé%g%%%p%f used

electrode, which i1s & counter electrode to the \a/V(;S)l
PGTLIP 2006807452 1 mp lawek gleghi®de: sapilly hicreasesiisdepperature.

Whereas

Known gas shower plates which are parallel-plate

electrode members suited for such plasma processing include

10 a gas shower plate formed of a gas-permeable porous plate
which is a sintered body of ceramic particles (see, e.g.,
Japanese unexamined patent publication No. 2002-231638 A,

JP 2003-7682 A and JP 2003-282462 A). = With the use of a

gas shower plate formed as such a porous plate, it becomes

15 possible to uniformly generate high~density plasma so that

a stable plasma processing is carried out with high etching

efficiency.

Disclosure of Invention

20 With a processing object set on the lower
electrode within the ' processing chamber, as plasma
processing is started by applying a high-frequency voltage
to the upper electrode or lower electrode, the gas shower
platg formed as a porous plate provided on one side closer

25 to the upper electrode, which is a counter electrode to the
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a porous plate typically has a diameter of about 220 mm or 320 mm and
a thickness of about 2 to 10 mm, the gas shower plate does not increase
in temperature uniformly as a whole, 5 but does increase in temperature
YIRS0ReHIEMAin vicinities of a central portion of a counter sRFFEEROYH Ay,
lower surface) confronting the lower electrode (typically, rapidly increases
from normal temperature to approxim?.—xtely 200C for about 30 seconds),
and then 10 increases in temperature gently at an outer edge portion of
the gas shower plate more slowly than in the vicinities of the central
parsien: AS adesotie strabpade o inemaaiferm itempeaissuiecincteasdbereas
occurs to the gas shower plate, so that cracks might occur at the outer

edg@portion Biafie 15VFas 3hblerplare (OPBREMDIE Trathaltracks dBBUPT
to_quter. peripheral edge portions because the showet plate is
3%% aW faéc‘?‘s%ﬁ&%‘?%s or%.gﬁ ou%J S Qo gﬁ?%w%'ﬁg Igtaést shower

gener Is might cause the gas erp o be

fragtyred andthis damaged disadvaniageoushe Ascargindly, 88 abjasbok,

the present invention, 20 lying in solving the above problem, is to provide
apas shower platefergse with plasmagratessing Bppsiratusesidhych in
gas shower plate can be prevented from damage due to occurrence of

CréRETHART by thePmaf EXpEmSioR AERS raBid tempEPaRtir&tincradddse
" pigsma precessig. s 22 Alowind & slale plasia RIDRESSINGLIA PBae
carried out. WO 2006/107113 PCT/3P2006/367521 4
{typically, rapidly increases from normal temperature to
approximately 200°C for -about 30 seconds), and then
increases in temperature gently at an outer edge portion of
the gas shower plate more slowly than in the vicinities of
the central portion. As a result, strain due to nonuniform
temperature increases occurs to ‘the gas shower plate, so
that cracks might occur at the outer edge portion of the
gas shower plate (for example, radial cracks occur to outer .
peripheral edge portions because the gas shower plate is
generally a disc-shaped). This might cause the gas shower
plate to be fractured and thus damaged, disadvantageously.
Accordingly, an object of the present invention,
lying in sclving the above problem, is to brovide a gas
shower plate for use with plasma processing apparatuses
which gas shower plate can be prevented from damage due to
occurrence of cracks caused by thermal expansion due to
rapid temperature' increases in plasma processing, thus

allowing a stable plasma processing to be carried out.
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According to a first aspect of the present invention, there is provided a
gas shower plate for use with a plasma processing apparatus, for feeding
out a plasma-generation gas supplied from a gas supply portionto 5 a
Wil2aemadprdcessing space defined between an upper eleB§HERWH0E21
lower electrode of the plasma processiglg apparatus, the shower plate
comprising: a porous plate having gas permeability, which is formed of a
sintered body of ceramic particles, the plate 10 having a plurality of cutout
portions which are formed in an outer edge portion of the plate so as to
extend throug®ahenslaterin adhickneSswise disgetion thefeoftard witiehent
serve for absorption of thermal expansion of the plate. According to a

setdREPaSSEet of BRE PresenP % iirdhtion, dhBreSEPrevidBdake gher use -
shower plate for yse with the pla; ing apparatus as.defined,in
the first as:gct, Whergn the poro%l:%g%%%%a%ii a 'dis%%ﬁe S eaef)%,n e BFa%e @
havirgmesuppettdegion ghichisanannuasregioglecatas 20 Hban:Her o
edge portion of the disc-like shape and on which the plate is supported by
thé plaSrEroc@3sifgs apparatBaand agas padsade tegiom which iseper
circijlar region Ioca‘ated Inside the outer edge portion of the disc- like

e t e and a ﬁg

shape and surfoundad by TRe stpportEdiors and itf 25 WAHilR Ry ocessing

plagha-densation gaadaalloyied 1o pass QA 2906/107113
PCT/JP2006/307521
a porous plate having gas permeability, which is

formed of a sintered body of ceramic particles, the plate
having a plurality of cutout portions which are formed in
an outer edge portion of the plate so as to extend through
fhe plate in a thicknesswise direction thereof and which
serve for absorption of thermal expansion of the plate.

According to a second aspect of the present
invention, there is provided the gas showér plate for use
with the plasma processing apparatus as defined in the
first aspect, wherein

the porous plate has a disc-like shape, the plate
having a support region which is an annular region located
in an outer edge portion of the disc-like shape and on
which the plate 1is supported by the plasma processing
apparatus, and a gas passage region which is a circular
region located inside the outer edge portion of the disc-
like_ shape and surrounded by the support region and in

which the plasma-generation gas is allowed to pass
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5 therethrough, and each of the cutout portions is formed in the support
region so as to be in close proximity to a boundary with the gas passage
region.. 5 According to a third aspect of the present invention, there is

WSraUeltti ke gas shower plate for use with the plasma pP&d&83ig307521
apparatus as defined in the first aspect, wherein the porous plate has a
disc-like shape, and the individual cutout portions are formed at an 10
equal pitch in an outer peripheral edge portion of the disk-like shape.
According to a fourth aspect of the present invention, there is provided
thergas shewesmlatator use with the plasma processing apparatus as
defined in the 15 third aspect, wherein the cutout portions have identical
sizes and shagéshAcedrdify to® fifthtaspetdme pkesehp Heentibn, the
there isgrovided the gas showigé)late far use with the Ia%ma plg)geggin

irst

apPERIGS abSdefiied th Be D0 it ARp&ct SWhEFSTA i eath Sr the QUidU

portiens. AL Igast gadange cireydmigrential surface on one side closer to a
center of the porous plate is formed into a curved surface. According to a

sixth aspect ofribecpreisent 26 inwentidn rithere speravidetl thehgas shewert

plate for use
invention, there 1s provided the gas shower plate for use
with the plasma processing apparatus as defined in the
first aspect, wherein the porous plate has a disc-like
shape, and the individual cutout portions are formed at an
equal pitch in an outer peripheral edge portion of the
disk~like sﬁape.

According to a fourth aspect of the present
invention, there is provided the gas shower plate for use
with the plasma processing apparatus as defined in the
third aspect, wherein the cutout portions have identical
sizes and shapes.

According to a fifth aspect of the present
invention, there is provided the gas shower plate for use
with the plasma processing apparatus as defined in the
first aspect, wherein in each of the cutout portions, at
least an inner circumferential surface on one side closer
to a center of the porous plate is formed into a curved
surface.

According to a sixth aspect of the present

invention, there is provided the gas shower plate for use
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WO 2006/107113 PCT/JP2006/307521. 6 with the plasma processing
apparatus as defined in the fifth aspect, wherein each of the cutout
portions is formed so that an entirety of its inner circumferential surface
VHeeumediddcurved surface. 5 According to a seventh asptct/iAe39788ent
invention, there is provided the gas shower plate for use with the plasma
processing apparatus as defined in thé first aspect, wherein each of the
cutout portions has a slit-like shape. 10 According to the present
invention, when plasma processing is started, the gas shower plate
ingreases iz tempseraturerapidlyifirgt iaphcindiassof its caatrahgortion, the
causing large temperature differences between its outer edge portion and
vidihfites ebtirctentbe poitos a2 sofihabstreit duk ekt formed
increases occurs, in particular, to the outer edgg,e portion. Since such

o urred Strafh HH bEHsorBed by redpctive tLtSTESSavVidéd af Hhé3ce

oyler.edge portion, the gas-shawer plate can be prevented from being
damaged due to occurrence of cracks at 20 the outer edge portion of the

gas shower plaiecor-dather reasoms. Briefibescaptiontof Dfawihgs Hresent

and other aspects and features of the 25 present invention will become
dé&WﬁBﬁfﬂﬂ!ﬂﬂEﬁﬁﬁgis provided the gas shower plate for use

with the plasma processing apparatus as defined in the
first aspect, wherein each of the cutout portions has a
slit-like shape.

According to the present invention, when plasma
processing is started, the gas shower plate increases in
temperature rapidly first in vicinities of its central
portion, causing large temperature differences between its
outer.edge portion and vicinities of the central portion,
so that strain due to temperature increases occurs, in
particular, to the outer edge portion. Since such occurred
strain can be absorbed by respective cutouts provided at
the outer edge portion, the gas shower plate can be
prevented from being damaged due to occurrence of cracks at
the outer edge portion of the gaé shower plate or other

reasons.

Brief Description of Drawings
These and other aspects and features of the

present invention will become clear from the following



WO 2006/107113 PCT/JP2006/307521 7 description taken in conjunction
with the preferred embodiments thereof with reference to the
accompanying drawings, in which: Fig. 1 is a sectional view of a plasma

WHaesssing? 5 apparatus including a gas shower plate ac@6idRYte3arH21
embodiment of the present invention; Fig. 2 is a perspective view of the
gas shower plate of the embodiment; Fig. 3 is a perspective view
(including a partly 10 cut-out cross section) of a support member in which
the gas shower plate is housed in the embodiment; Fig. 4 is a partly

enlesgedsectionatk viewy of an  upperielectroge postien in theembosgimentd
Fig. 5A is a schematic plan view of a 15 conventional gas shower plate;
FryusBlisiarscherphsie sseltionidiviewabkeargliongt the ke A2&dARARYing
conventional gas shower plate of Fig. 5A; Fig. 6A is a schematic plan
VISOPBEIES gas™ 2B er plate according to the embodiment; Fig. 6B is

a schematic seefional yigw taken-along thedine 3-8 i 1he0as,30eweting

plate of Fig. 6A; Fig. 7 is a partial schematic plan view showing a

caitigiration of acdlitdifraygas shewersplateracedraling toccording to an
embodiment of the present invention;

Fig. 2 is a perspective view of the gas shower
plate of the embodiment:;

Fig. 3 1s a perspective view (including a partly
cut-out cross section) of a support member in which the gas
shower plate is housed in the embodiment;

Fig. 4 1is a partly enlarged sectional view of an
upper electrode portion in the embodiment;

Fig. B5A 1s a schematic plan view of a
conventional gas shower plate;

Fig. 5B is a schematic sectional view taken along
the line A-A in the conventional gas shower plate of Fig.
5A;

Fig. 6A 1is a schematic plan view of the gas
shower plate according to the embodiment;

Fig. 6B is a schematic sectional view taken along
the line B-B in the gas shower plate of Fig. 6A;

Fig. 7 is a partial schematic plan view showing a
conf%guration of a slit of a gas shower plate according to

a modification example of the embodiment;
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25 a modification example of the embodiment; WO 2006/107113
PCT/JP2006/307521 8 Fig. 8 is a schematic explanatory view for
explaining the formation method for the slit of Fig. 7; Fig. 9 is a partial

VR PEATIELDlan view showing a configuration of a cutout BEHEAHFH §ak
shower plate 5 according to another modification example of the
embodiment; Fig. 10 is a schematic e>?p|anatory view for explaining the
formation method for the cutout portion of Fig. 9. 10 Best Mode for
Carrying Out the Invention Before the description of the present invention
proceeds, it istode néted thatdikesparsareaesignatet: tyrike veterencer
numerals throughout the accompanying 15 drawings. Hereinbelow, one

erfbRtiHRHE Bf e pFeSBAL 1AVeMfdH S dE-EDEE if tietal il Fefefénce

to the accompan in d.rawcj1n $- F@{g& plasma proc ssing.aepAparatus
i i : t ! . SK
including a 20 égé s%o%/\:/ser p%té: accor%lnget%a%%e Sodiment is e @

explainagd. with sefetence tefigult Refetring tofigal, gevacinieehambet
1 internally has a processing chamber 2 for performing plasma
pracessitigiand edowangieeabde Bahidication  example of  the

embodiment;
Fig. 10 1is a schematic explanatory view for
explaining the formation method for the cutout portion of

Fig. 9.

Best Mode for Carrying Out the Invention

Before the description of the present invention
proceeds, 1t is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.

Hereinbelow; one embodiment of the ©present
invention is described in detail with reference to the
accompanying drawings.

First, a plasma processing apparatus including a
gas shower plate according to this embodiment is explained
with reference fo Fig, 1. Referring to Fig. 1, a vacuum
chamber 1 internally has a processing chamber 2 for
performing plasma processing, and a lower electrode 3 and
an upper electrode 4 are placed in up-and-down opposition

to each other inside the processing chamber 2, by which a
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an upper electrode 4 are placed in up-and-down opposition 25 to each
other inside the processing chamber 2, by which a WO 2006/107113
PCT/3P20061307521 9 parallel-plate type plasma processing apparatus
Wi #eAde7413. The lower electrode 3, which includes a sta8eTAP24¢fiTglas
a high-frequency electrode and a protryding portion 32 that protrudes
downward from a central portion 5 of the stage 31, is fitted inside the
vacuum chamber 1 via an insulating member 33 provided around the
outer edge portion of the stage 31. A high-frequency power supply unit 5

is BRIANd&ly BoAhBCIEPR e prGBARCFESARM BPettiatovier made up.
electrode 3. A h as 6 is 10.formed at a side portion of the
r'l’g)e( %%%e@ esla%%roge 03 ”}1 c% lﬁ?’lleul ‘?éri(‘f‘r &ftm%e 31

. . W.
insulating member 33, serving for vacuurn suction 6

preeessing clhamber R iyhamexdadiat pnik YeuchHas a Yaguum prmp.Qn, -
the stage 31, a processing object W such as a wafer is to be mounted. 15
THePtpperelzétrobietd, Rutsichudeise dounter @letirodes inchndes B flasrtion
Iategg-sha ed  body portion 41, an annular support

|

late (disc lik , Ortic
PR It%o% arbunttd 6ite BB ite petipRerRFmSeoNl0fVa

membeér 455pr d

thebody, Rardien41, aaga gas §h%%t§79@%i%_r%&5§§d jcrfaseide the %0 edge

support member 45 below the body portion e upper elegtl%(t)ae 47s

fitieeirtoithie aCutiecheimber Bvia a praiiging poftien 42 thalprotuidss: y

upward from a central
unit 5 is electrically connected to the protruding portion
32 of the lower electrode 3. An exhaust passage 6 is
formed at a side portion of the insulating member 33,
serving for wvacuum suction of the interior of the
processing chamber 2 by an exhaust unit 7 such as a vacuum
pump. On the stage 31, a processing object W such as a
wafer is to be mounted.

The upper electrode 4, which is the counter
electrode, includes a flat plate (disc like plate)-shaped
body portion 41, an annular support member 45 provided
around a lower-surface outer peripheral portion of the body
portion 41, and a gas shower plate 43 housed inside the
support member 45 below the body portion 41. The upper
electrode 4 is fitted to the vacuum chamber 1 via a
protruding portion 42 that protrudes upward from a central
portion of the body portion 41.

The gas shower plate 43 is a ceramic porous plate

formed into a disc-like shape from a porous material which
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portion of the body portion 41. The gas shower plate 43 is a ceramic
porous plate 25 formed into a disc-like shape from a porous material
which WO 2006/107113 PCT/JP2006,307521 10 is formed from a
VrepEd7BbEdy of ceramic particles and which has gas petfiiTéBBMsERAd e
specifically, the gas shower plate 43, i.e. ceramic porous plate, has a
three- dimensional mesh-like structureli?aving ceramic skeletal 5 portions
formed continuously into a three-dimensional mesh and having a
multiplicity of void portions (gaps) inside. Then, the individual void
portior®ohts thres- dimensienaldnésiiike strucinsmare pammunicatesnd
with one another, and a multiplicity of irr(ﬁadg?ular passages are 10 formed

s0"Bd 8 alfdi g8 FePETBRERUHAe of (MO FRs STIRSAEL pRké U3 tBlifassas
to g, hersuface forihis ceramig porgus Mareldl, ceramic foamis, oo
A :

preferably used. The ceramic foam can be o tained y e(fovenngat‘he

sutfacenet Baxible ngethane épobtrathane) 15 feany freywhich celte1etal
membranes have been removed, with ceramic slurry and thereafter firing

thedrebdisresureraee foamtiSiesthie devbenie fdameigtighdn sindaatioesh
and |(§)V\{1;n ressure loss even with its pore size very small, plasma can

be" Aispafsed thote TiHifotRity CSh¥h ReramitroRRT I ftte HPBRdferdhiy e -
malgsial whase chemical gempongiits includs 93, wiv%r mese of ATZ03

component and 2 wt% or less of Si02
‘dimensional mesh-like structure are communicated with one
another, and a multiplicity of irregular passages are
formed so as to allow gas fed to one surface of the gas
shower plate 43 to pass to the other surface.

For this ceramic porous material, ceramic foam is
preferably used. The ceramic foam can be obtained by
cpvering' the surface of flexible urethane (polyurethane)
foam, from which cell membranes have been removed, with
ceramic slurry and thereafter firing the flexible urethane
foam. Since the ceramic foam is high in void ratio and low
in pressure loss even with its pore size very small, plasma
can be dispersed more uniformly. Such ceramic foam is more
preferably a material whose chemical components include 95
wt% or more of Al;03; component and 2 wt$% or less of S$SiQ,
component. Making a trace of Si0O; contained in Al,0;
provides the ceramic foam optimized as electrode members
excellent in thermal shock resistance. Then, the ceramic

foam preferably has a bulk density of, preferably, 1.0 to
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component. Making a trace of Si02 contained in A1203 provides the
ceramic foam optimized as electrode members excellent in thermal shock
resistance. Then, the ceramic 25 foam preferably has a bulk density of,
VSrepeedply131.0 to WO 2006/107113 PCT/JP2006/30752 1PCIP20pg3e T3
and, more preferably, 1.2 to 1.6 g/cm3 as well as a bending strength of 5
to 15 MPa. Less than 1.0 g/cm3 bulk densities cause the skeleton
portions to be so thin that the strength and the thermal shock resistance
become 5 insufficient, while more than 2.0 g/cm3 bulk densities cause the
présdure/os3 tersbcone higherf aisd less than SoMPasbernding stsengihs 1
cause the strength and the thermal shock resistance to become

inéUfiGieRt WhTIE MibRERHR 185 MP 4 Behdif strendthsscailaptnle © 9/ cm’
plrgﬁwe_dgﬁé 1o hecome, 10 higher, fesulting i%&f&%fndsispc%“&g{ dhehin

plasma. it is noted that the terms 'bulk density” refers to a density

exphessechas smassi{@h/ limenEemd)Asametheo fore measining the-ome
volume, a test piece obtained by cutting the ceramic foam into a cubic or

redfafigtifacpardiielopiied 1566t isprapafed, atddm’ odtel limesrsidrig es
(Iecné;ﬁg,ewlfqlth, helg%{?raere ‘rggasure%) bé’ caliper square or other measuring

T 5 BE HRUIAEHEY restitfify vafRs dpan

. e Rr 3 Q
Instruments, where the volume can

the measweneent The-suppay rgmber4n has suchian anaulalshang a1

20 so as to allow the gas shower plate 43 to be placed inside
shock resistance to become insufficient, while more than 15
MPa bending strengths cause the pressure loss to become
higher, resulting in a poor dispersion of the plasma. It
is noted that the terms 'bulk density' refers to a density
expressed as mass (g) / volume {(cm®). As a method for
measuring the volume, a test piece obtained by cutting the
ceramic foam into a cubic or rectangular-parallelopiped
form is prepared, and its outer dimensions (length, width,
height) are measured by caliper square or other measuring
instruments, where the volume can be calculated by
resulting values of the measurement.

The support member 45 has such an annular shape
so as to allow the gas shower plate 43 to be placed inside
thereof and supported. Further, the support member'45 is
further provided with a protruding portion (or annular
support end portion) 45" that annularly protrudes inward
(tow;rd the central portion) from its inner wall lower

portion. The gas shower plate 43 is housed in an internal
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thereof and supported. Further, the support member 45 is further
provided with a protruding portion (or annular support end portion) 45'
that annularly protrudes inward (toward the central portion) from its inner

WRMGWEK25 portion. The gas shower plate 43 is housed T dFH6EHTEAL

WO 2006/107113 PCT/JP2006/307521_12 space defined by the body
portion 41 and the support member 45%with the outer edge portion (outer
peripheral edge portion because the gas shower plate 43 of this
embodiment is disc-shaped) entirely rested on the protruding portion 5
45phrfigs 2 aad Bythengadbstipwergilate 431 providedornsthpoppeatenber
electrode 4 side is disc-shaped, and slits S, which are an example of the

cutout’pdriionsh &reC Fiifed S Epe BIREE iRt VAR A%t BRtdPpErBhergioe
dge 10 porti t d thi ise (vertically) th t
:ﬁg%@loﬁlorb'g na%%%st ee?;%?aa% dsltﬁ'gxb.g Sg#‘ﬂ%% VES '?ﬁ% y%hlrou%{ggg%%%sc

wer plate 43 wit rection of the gas shower pla
alighegh with shedengituginal-dirgctien tefthe:slitshe. bebexamlg, ipdheion
case where the gas shower plate 43 has a diameter of about 220 mm or
323 m, 15 each slit S desirably has a length L1 of about 3 to 10 mm as
well as a width L2 of about 0.5 mm to_1.0 mm, and moreover, desirably,

the slits S are FOrm&d%t an fte®Vdl pitch £3%f 150 mm5PiREs. RidHoted”
that Sela CUiPULHROTNcan AlSg PERAIY tQ Pg.a [eCesSpOdINRAS g

as

gslits S, which are an example of the cutout portions, are
formed at specified intervals on its outer peripheral edge
portion so as to extend thicknesswise (vertically) through
the gas shower plate 43 with the radial direction of the
gas shower plate 43 aligned with the longitudinal direction
of the slits S. For example, in the case where the gas
shower plate 43 has a diameter of about 220 mm or 320 mm,
each slit S desirably has a length L1 of about 3 to 10 mm
as well as a width L2 of about 0.5 mm to 1.0 mm, and
moreovér, desirably, the slits S are formed at an interval
pitch L3 of 120 mm or less. It is noted that such a cutout
portion can also be said to be a recess portion, as the gas
shower plate 43 is seen along its radial direction.

Fig. 4 shows a desirable connecting structure
among the body portion 41, the support member 45 and the
gas shower plate 43. The support member 45 is coupled to
the pody portion 41 by fittings such as bolts 10 or nuts 11.

An upper surface "a" of the protruding portion 45' is a
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20 shower plate 43 is seen along its radial direction. Fig. 4 shows a
desirable connecting structure among the body portion 41, the support
member 45 and the gas shower plate 43. The support member 45 is
weouwptad a3 the body portion 41 by fittings such as bolts F&BIR048/3015225
An upper surface "a" of the protrudingé)ortion 45'is a WO 2006/107113
PCT/JP2006/307521 13 inwardly des gnding sloped tapered surface,
and a lower surface "b" of the outer peripheral edge portion of the gas
shower plate 43 is an outwardly ascending tapered surface, where the
upperasyiaceda eantitheyloweesenfate bt ate Sjoimeddpgeiher ia closeer
contact so as not to form an{gap. Also, the protruding portion 45'

extERA8 fiwald (fwdrFitR CehtRAPEHIBRT AP aRPeiSits S, $othates
the,slits S 2yg closed @g'%eroﬂqgat@853(22{%%%5%‘%%%9)%%'Oer e,

As a result of this, a gas supply port T e Tower

side of she hodymartior ddrisdepta hernatia o thahergas supplied 1o the o
“gas supply port T is prevented from leaking to a plasma generation space
A Jtoegh thesies 5. in aeltitien chp tas arrengement that flreowery gap.

peripheral edge portion of the gas shower plate 15 43 and the protrudin
p%h(s)ﬁﬂ 5t g’&rp%%lr?%é}r% Bt A )!a\éacheﬁﬁ\%l%staﬁ?e"i’é‘a%uﬁé’&%rtﬂe%he

lower, spriaGs ok thengagcsRowrk plate43 andithe lovensiface of the o <
support member 45 can be made generally flush with each other in height
are closed at lower side thereof by the protruding portion
45'., As a result of this, a gas supply port T (described
later) on the lower side of the body portion 41 is kept
hermetic, so that a gas supplied to the gas supply port f
is prevented from leaking to a plasma generation space A
through the slits S. 1In addition, by the arrangement that
the outer peripheral edge portion of the gas shower plate
43 and the protruding portion -45' of the support member 45
each have a tapered surface, the lower surface of the gas
shower plate 43 and the lower surface of the support member
45 can be made generally flush with each other in height
position in the state that the gas shower plate 43 is
supported by the protruding portion 45', so that the
discharge stability in plasma processing can be improved,
compared with cases where no tapered surfaces are provided.
The upper surface of the gas shower plate 43 near

the .outer peripheral edge ©portion is an outwardly

descending tapered surface "c", and a cushioning member 12
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position in the state that the gas shower plate 43 is 20 supported by the
protruding portion 45', so that the discharge stability in plasma processing
can be improved, compared with cases where no tapered surfaces are
WaraUeldti1Phe upper surface of the gas shower plate 43 REARAHECEITEH
peripheral edge portion is an outwardly, 625 descending tapered surface
"c", and a cushioning member 12 WO & 06/107113 PCT/JP20061307521
14 is provided between the tapered surface "c" and a portion of the body .
portion 41 near the outer peripheral edge portion of the gas shower plate
A3t Therevsiefinkeferabercie tenel ést nadetirom dr'elastit materialion
suocp agr{gsinDS rubber, is ring-shaped as viewed in plan view, ensuring

th8 "hermeticity of the ‘gasSupply Pt for HEpadter sudiyiresrlgaryae
T ouhielion aaaiow 4as flonsRace newep Negushigoing Mamber 2. .
of the

and a portion of the gas shower plate 43 on the lower surtace sid

bokk, 1@rgartion st imdridigtrhrin e body postian 4d-and thegrotigdings in
portion 42, a gas supply passage 46 is formed so as to vertically extend
thidtRRE frode nfdmBef8aPRe IRty ten UL rlakciicly groumdewtdhe

AL e TR R o

insigehei gas shawefplaterd3, sRiahtoke supplieddd thess £10w space
between the cuéhioning member 12 and a portion of the gas
shower plate 43 on the lower surface side of the body
portion 41.

In Fig. 1, in the body portion 41 and the
protruding portion 42, a gas supply passage 46 is formed so
as to vertically extend through those members. The body
portion 41vis electrically grounded to a ground portion 44.
The gas at the gas supply portion 13 is supplied through
the gas supply passage 46 to the gas supply port T, passing
inside the gas shower plate 43, so as to be supplied to the
blasma generation space (plasma processing space) A between
the lower electrode 3 and the upper electrode 4. Although
the upper electrode 4 is electrically grounded in this
embodiment, it is also possible that the lower electrode 3
is grounded while the upper electrode 4 is electrically
connected to the high-frequency power supply.

This plasma processing apparatus having a

structure described above, its operation is now explained.
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plasma generation space (plasma processing space) A between the
lower electrode 3 and the upper electrode 4. Although 20 the upper
electrode 4 is electrically grounded in this embodiment, it is also possible
it atakeofower electrode 3 is grounded while the upper em:tr.m_zeoasnsvszl
electrically connected to the high-frequency power supply. Th|§ plasma
processing apparatus having a 25 struttlre described above, its
operation is now explained. WO 2006/1V113 PCTIJP2006/307521 15 In
a state that a processing object W such as a wafer is mounted on the
stabe 31, Héexhblust uait Friscrstivated toreduce thainteenal preastee of s
the proces I%% chamber 2. Now that the interior of the processing
h

chamBEr Beth B\ickt to- R S pRtikiits bradsiiie] tHe gagtisvated to
suppligd from the gas supply.partiop 13 tp the gas supply.port T. and let '
to pglé%%érogﬂéﬁ within the glags sho§ver plate 56 a8%6 gemf%d %}héflxi%‘?ﬁe 2
plagma generatien spaceid bedweendhp ive: Sieeliodes Ry dr I8 this Statgan
as a high-frequency 10 voltage is applied to the lower electrode 3, p_Iasma :
is RAEFERdh the PESHEL§ENSREIDRGISace Aewhese fise propessingfrom
objec IS subjected to surface treatment such as plasma etching
pré%éss g, Xgéﬁ%%lggr%%lﬁr%ﬁe%sgﬁ i%gs%a?t%a éj’élﬁgéé'ri%d’ t15 apfefbelet
the-plasiea genesalianepacerATRRIN INAIRASES IN 1 tgpgratyre, so that,

the gas shower plate 43 increases in
fed out to the plasma generation sSpace A between the two
electrodes 3, 4. In this state, as a high-frequency
voltage is applied to the lower electrode 3, plasma is
generated in the plasma generation space A, where the
processing object W'is subjected to surface treatment such
as plasma etching processing.

As the plasma processing is started as described
above, the plasma generation space A rapidly increases in
temperature, so that the gas shower plate 43 increases in
temperature first rapidly in vicinities of the central
portion of the counter surface (lower surface) of the gas
shower plate 43 confronting the lower electrode 3. Because
of thermal expansion due to this temperature increase,
there occurs strain to the gas shower plate 43 especially
at its outer peripheral edge portion. However, since the
strain is absorbed by the slits S, no cracks, which may
cause gas leakage, occur to the outer peripheral edge

portion, so that a uniform, stable plasma processing is
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temperature first rapidly in vicinities of the central portion of the counter
surface (lower surface) of the gas shower plate 43 confronting the lower
electrode 3. Because 20 of thermal expansion due to this temperature
Wc@sder11ithere occurs strain to the gas shower plate 43 RGHERHRIBOF RIS
outer peripheral edge portion. However, since the strain is absorbed by
the slits S, no cracks, which may causé gas leakage, occur to the outer
peripheral edge 25 portion, so that a uniform, stable plasma processing is
WO 2006/107113 PCT/JP2006/307521 16 carried out. Now the principle
of-aksarption@f strain due to thermal expansion by the gas shower plate
43 of this embodiment is concretely explained with reference to the 5
accompanyingdidravtimgsp fri sohjtrctioh witlhehist explarfativhy aischbmatie
plan view of a conventional gas  shower plate 543 having a structure that

nd LEtRF Do RIS St aB%Iit5 e RPheFIOURGWIPIPER). SR, aRt ath*S
schgmatic sectiqual view taken plong.the ling A:A i the. 10.conventignalye

gas shower plate 543 of Fig. 5A is shown in Fig. 5B. Also, a schematic
plaBadewseftheggasshovier plate 43 with thesslifsu:farened thergin  this
according to this embodiment of the present invention is shown in Fig.
6/&RxRhPa Skplomaic Sl ie ke 8N @ thedlineP BB 1% the s
Shs Vg%[églag?aélgeogﬁgg'h%%i%ghgws ilnulé;lg.iz:BeB'that no cutout portions
such as slits are formed is shown in Fig. 5A, and a
schematic sectional view taken along the line A-A in the
conventional gas shower plate 543 of Fig. 5A is shown in
Fig. B5B. Also, a schematic plan view of the gas shower
plate 43 with the slits S formed therein according to this
embodiment of the present invention is shown in Fig. 6A,
and a schematic sectional view taken along the line B-B in
the gas shower plate 43 of Fig. 6A is shown in Fig. 6B.
First, as shown 1in Figs. 5A and 5B, the gas
shower plate 543 having a disc-like shape is supported at
the entire lower surface of its annular outer peripheral
edge portion by a protruding portion 545' of a support
member 545, where the supported portion serves as a support
region R1l, which is an annular region (or an planar annular
region), with which the lower surface of the gas shower
plate 543 is covered without being exposed to the plasma

generation space A. Meanwhile, inside this outer

peripheral edge portion, the lower surface of the gas
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First, as shown in Figs. 5A and 5B, the gas shower plate 543 having a
disc-like shape is supported at the entire lower surface of its annular
outer peripheral edge portion by a protruding portion 545' of a support 20
WM BA5, where the supported portion serves as a sBppeFEPediaiRI,
which is an annular region (or an planar annular region), with which the
lower surface of the gas shower platé%43 is covered without being
exposed to the plasma generation space A. Meanwhile, inside this outer
25 peripheral edge portion, the lower surface of the gas WO 2006/107113
PERAJP20064387528 15 shewesplater5484s piposed fetlee ptasmaspace
generation space A and serves as a gas passage region R2 that allows
tHe pREsnFRGERratforfustgaaapped fethHegafsughly poft o pdde

:)hﬁggnhawit@i?etha%%ﬁ S@Qﬁ#‘%ﬁéﬁé@ Sagot%e 5 supplisdito he . ¢

asma generation space er state of the plasma processing, with
the,plassaa gengigtionspace Avapidly IBERasethin tempeyaliyes dirstinpe
the gas shower plate 543, its portion corresponding to the gas passage
region R2ds tapiche 10linersaseh a1 tdrhperakaseMeanwhile, the support
region R1, which is a region surrounding the gas passage resgsion R2 an
i s &

which is covefedF&fith tRE pfotAiding bo fithobt I5&ing Esosaa "
to&ﬂ?‘“ §gyﬁgenggﬂg¥h%ﬁgﬁeA%ﬁ%gg“eAgeQ%$HH¥9as@%g}eased in

temperature, compared with the gas
temperature, first in the gas shower plate 543, its portion
corresponding to the gas passage region R2 is rapidly
increased in temperature. Meanwhile, the support region RI1,
which is a region surrounding the gas passage region R2 and
which is covered with the protruding portion 545" without
being exposed to the plasma generation space A, is more
gently increased in temperature, compared with the gas
passage region R2. Therefore, the portion corresponding to
the gas passage region R2 becomes high in temperature while
the portion corresponding to the support region Rl becomes
relatively low in temperature, so that a large temperature
difference (e.g., about 50°C) occurs therebetween,
resulting in a difference in the amount of thermal
expansion. As a result of this, as shown in Figs. 5A and
5B, radial stresses Fl directed from the gas passage region
R2 of the gas shower plate 543 toward its surrounding
support region R1 occur radially. Particularly in the

support region R1l, the stresses become a maximum at its
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15 passage region R2. Therefore, the portion corresponding to the gas
passage region R2 becomes high in temperature while the portion
corresponding to the support region R1 becomes relatively low in

wempereituce, so that a large temperature difference (e.gPaFERBOOF21
occurs therebetween, 2C resulting in a difference in the amount of thermal
expansion. As a result of this, as show# in Figs. 5A and SB, radial
stresses F1 directed from the gas passage region R2 of the gas shower
plate 543 toward its surrounding support region Rl occur radially.

Paficiagy inthe 20 Suppofdegien Ric e sHESses DECOME Staedasiny?
at its WO 2006/107113 PCTJJP2006/307521 18 outer peripheral end

podicr;causitigresthancstressds F tdckyr alding thiekireunifevastialy.
In such a situation, at the outer peripheral edgg[r})ortion of the %as shower

pl%f.fe 528, CPHERE oMRERASERE 11851850 BRENGlie foF 5 ThE stPESsed Y ST
agfing cirgymferentially. Qp the otherhand.dn thegas showstplatesd3 of o

this embodiment shown in Figs. 6A and 6B, in which a plurality of slits S
arentorsted i Hie spppottiregien Rim tvesit tadiay stresses Fl act in the
gas passage region R2 10 similarly, stresses (tensile stress) F3 occurring

at the outer peRiphBPalEHE pohii of iie EBBpORTeghAYRYL Bdfltise 43 ©f

e e e e kS5l S
plurality of slits S are formed in the support region RI1,
even if radial stresses Fl1 act in the gas passage region R2
similarly, stresses (tensile stress) F3 occurring at the
outer peripheral end portion of the support region Rl can
be divided by intervals between the individual slits S,
respectively, so that the stresses F3 can be reduced in
magnitude thereof. That 1is, at the individual slits S,
which are subjected to minute elastic deformation so as to
be expanded in their gap distances, it becomes achievable
to reduce the magnitude of the stresses F3.

For more effective obtainment of such a thermal
expansion absorption function of the slits S, it 1is
preferable that end portions of the slits S are positioned
in the support region Rl so as to be close to its boundary
with the g¢gas passage region R2, 1i.e., the slits S are
formed in the support region Rl so that the radial cut-in
depth. of the slits S becomes more deeper. By such

formation of the slits S, the amount of elastic deformation
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magnitude thereof. That is, at the individual slits S, 15 which are subjected
to minute elastic deformation so as to be expanded in their gap distances,
it becomes achievable to reduce the magnitude of the stresses F3. For
Wigpacaffdddive obtainment of such a thermal expansion Z63@R3ies$07521
function of the slits S, itis 20 preferable that end portions of the slits S are
positioned in the support region R1 s0'ds to be close to its boundary with
the gas passage region R2, i.e., the slits S are formed in the support
region RI so that the radial cut-in depth of the slits S becomes more
deepeniBtsdch2b famedtion ehilpe slitsb, the amoeisiteef@lasticand the
deformation WO 2006/107113 PC'P/3P2006/307521 19 attributed to their
sHap® Eapehcrebseet arfPthe tHfpprEssisit effectiorgie shésseiermal

caelg(se%w tgerrggl b%x%anrscigg Cargnbg fugger improved. The embodiment
sISWRED Ve RS been described on b acase where the slits S are

formed as an exampi® o4 the neuteHb RArtaNs/ID the0assROWeE PRABASB.on
However, other various modification examples may be applied. For

instanese agistosvtimeFigl ¥t svhicheisea frantlydenderged sekempdtec planthe
view of an outer peripheral 10 edge portion of a gas shower plate 143 of

FigH 7o YSugRF T fapad St 82maPBEFdrReath fie cal8iicn 8HheT
SNARSA R Ro 116 & a8 akas DneL sy cHmferentials
For instance, as shown in Fig. 7, which is a
partly enlarged schematic plan view of an outer peripheral
edge portion of a gas shower plate 143 of Fig. 7, roughly
U-shaped slits S"may be formed. In the case of such a U-
shaped slit S', since a central side inner circumferential
surface of the gas shower plate 143 is formed of a curved
surface, an effect of suppressing stress concentration can
be obtained, so that occurrence of cracks or the like to
the inner circumferential surface of the slit S' can be
prevented. Such a slit $8' can be formed by, for example,
cutting process with the use of a disc-shaped cutting tool
150 having an outer peripheral end portion formed of a
curved surface, as shown in the schematic explanatory view
of Fig. 8. It 1s noted that the curved surface to be
formed in such a slit S8' is preferably formed into a gently
curved surface from the viewpoint of suppressing stress
concgntration.

Accordingly, for instance, a generally
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surface of the gas shower plate 143 is formed of a curved surface, an
effect of suppressing stress concentration can 15 be obtained, so that
occurrence of cracks or the like to the inner circumferential surface of the
“ie@otdiibe prevented. Such a slit S’ can be formed by PP/ E2anpias21
cutting process with the use of a disc-shaped cutting tool 150 having an
outer peripheral end portion formed of% 20 curved surface, as shown in
the schematic explanatory view of Fig. B. It is noted that the curved
surface to be formed in such a slit S' is preferably formed into a gently
caedsurdace frarndpediewpesiiof spppressingstrassy cagcentiatiannde
Accordingly, for instance, a generally WO 2006/107113
PCiyIrr0e63072521 DOrferhcirEormeshapld uinrsttichiCiRaeing sere
inner circumferential surface'forme(qu ofEa curved surface algne may be

foPied 28 sHOWRSR FRS 9 SRATEh is B p&it: erlarg¥8 schermiSticlarvien
of.an opierperipheral £498 R ROTOR,Of 3:gas shawer PIgte 248 ThiS edge

cutout portion C, although having a cut-in depth Al in the radial direction
ofdhetgas. shower qlateseguwaltopheteutdan depthtAlofdheoslit $oaftkign 7¢C,
yet has an opening size B2, which is the circumferential width, formed
lafdé P ar 8Pt sicB G B1HHAR dhit SibediGser gttt direction

circprpfereqtal suface 3R SQUISY-f RRUNRA 1AL BY 1P of e

arrangement
slit 8' of Fig. 7, vet has an opening size B2, which is the
circumferential width, formed larger than an opening size
Bl of the slit S8' because of the Circumferentiai surface
formed entirely of a curved surface. By the arrangement
that the inner circumferential surface of the cutout
portion C is formed of a curved surface alone (or formed of
a curved surface in most part), it becomes possible to
disperse the stresses to more extent, sc that occurrence of
cracks or the like can be prevented more reliably. It is
noted that such cutout portions C can be formed by, for
example, cutting process with the use of a bar-shaped
cutting tool 250 having a circular-shaped cross section as
shown in a schematic explanatory view of Fig. 10.

In the above-described individual aspects of this
embodiment, the individual cutout portions (including
slits) are preferably made identical in configuration and
size and, besides, arranged at. an equidistant pitch in

order to more uniformly relax stresses that occurs at the



10

15

20

25

that the inner circumferential surface of the cutout portion C is formed of a
curved surface alone (or formed of a curved surface in most part), it
becomes possible to 15 disperse the stresses to more extent, so that

WeC@HEYiEB of cracks or the like can be prevented more PETTABRPOHIES21

noted that such cutout portions C can be formed by, for example, cutting
process with the use of a bar-shaped 2c]utting tool 250 having a
circular-shaped cross section as 20 shown in a schematic explanatory
view of Fig. 10. In the above-described individual aspects of this
erpbogimest i thesindividage cotatt jportiofs t{inclddingsstits) anelpregerably
made identical in configuration and size and, besides, arranged at an
equidistant pitERYAEF orddE R mdreSunifo KPR steSsedPhat GRAFE LY
at the W_ot%oog/lm%%g PCT/tTI‘Di_gIO%ISQZSZl 21 gg’ger pgﬂghersa ggggth

pottioir o the g shower pfate” owdver, from the viewpoints of the

capagity; aeeupied By theneutqul porignsanddhesirength sustainment faje
the gas shower plate, relatively large 5 cutout portions and small cutout
partibostmayp beifonm edod mpusitelydn the buterpdripheraleadgespoftismed
of the gas shower plate (that is, mixed-arrangement of the large and

srhigieedtepdrichd iy BE Hp Rt PReSacn 39959t lid Prefdrabie 925
frognomgrvigwggént qhibe ”Pé?”ﬂ&%@&—%@%@ﬁé&ﬁ%l%ag‘é“'ttﬂ‘é‘t e ge and

arrangement of the individua
small cutout portions may be applied). In such a case, it
is preferable, from the viewpoint of the uniformity of
stress relaxation, that the arrangement of the individual
cutout portions is made symmetrical.

Also, in the above embodiment, other members may
be arranged within the individual cutout portions of the
gas shower plate unless elastic deformation of the cutout
portions serving for the absorption of any strain due to
thermal expansion is inhibited. Further, the inner
circumferential surfaces of the cutout portions may be
subjected to surface finishing or the 1like in order to
suppress g¢gas passage. With such an arrangement, the gas
passage through the inner circumferential surfaces of the
cutout portions in the gas shower plate may be suppressed.

According to the present invention, although
strain occurs to the outer edge portion of the gas shower
plate because of thermal expansion due to rapid temperature

increases in the plasma processing, yet the strain 1is
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cutout portions is made symmetrical. Also, in the above embodiment,
other members may be arranged within the individual cutout portions of
the gas shower plate unless elastic deformation of the cutout 15 portions
veepoagofuithe absorption of any strain due to thermal expanBiznne307521
inhibited. Further, the inner circumferential surfaces of the cutout portions
may be subjected to surface finishing2xr the like in order to suppress gas
passage. With such an arrangement, the gas 20 passage through the
inner circumferential surfaces of the cutout portions in the gas shower

plaje . Be sypRigssed, agcording fodbe pé%se%ér%ve@ﬂ%ga%%hogﬁ e

strain occurs to the outer edge portion of the gas shower p ecause 0

therangd expansion duederapid temnpasaiyed2adgereanes incthe-plasreace
processing, yet the strain is WO 2006/107113 PCT/JP2006/307521 22

alsorpeaiclyy thad ctiteuopdrivnlge trX theyasshidwer iHate cdhdxefore,
prevented from being dama%ed due to o%;urrence, of cracks at the outer

edyé bBPisn B HETKBETHersrord, H&tabfe HREME ProléssiAftarfe 92

caffiedqut, @nd the gas 3 sheyver plate ig yseful as tHAse.f PIasMle ssing
processing apparatuses for use of, in particular, surface etching of wafer
orahyealiker Ub tsstoffee nated ey, by propericodmbinisg tiiecarbittaning of
embodiments of the aforementioned various

wafer or the like.

It is to be noted that, by properly combining the
arbitrary embodiments of the aforementioned various
embodiments, the effects possessed by them can be produced.

Although the present invention has been £fully
described in connectien with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvaricus changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

The disclosure of Japanese Patent Application
No.2005-108330 filed on RApril 5, 2005 including

specification, drawing and claims are incorporated herein

by reference in its entirety.
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30

10 embodiments, the effects possessed by them can be produced.
Although the present invention has been fully described in connection

with the preferred embodiments thereof with reference to the MCSLLP

accompanying drawings, it is to be noted that various changes and
modifications are 15 apparent to thosezskilled in the art. Such changes

and modifications are to be understood as included within the scope of

the present invention as defined by thenapended claims unless they

depart therefrom. The disclosure of Japanese Patent Application 20
N0.2005-108330 filed on April 5, 2005 including specification, drawing

and claims are inegrporatécbherein darederericerin itssentiretyt MCSLLRp Lasma

23 CLAIMS 1. Agas shcovger p%%tre forreuesg.vr\llith a l[:‘l)lcas[ana glrggﬁg i

=10d t]
%ﬁ%%?a%ﬁ%,“f%r feB fﬁaaoul% a’plasma—gener%ttlgnggas sup? ied fro angea{:sa ron

supplyporidn. tala pfasma  processing space defimpémeentem uppeflasma
glestiode.and a. Jawer elagtiofs,offhe plasia,progasaing anparalisaleang o

ower p prising: a porous plate having gas permeability, which is
1ovfermeellofetsintiredody bF cepdmitigartiiexs & plate RRWAgACUS, the

Djurality oﬁgfgrtogt ggﬁmscih%z;cterized in that

a porous plate having gas permeability, which is
formed of a sintered body of ceramic particles, the plate
having a plurality of cutout portions

characterized in that

the cutout portions are formed 1in the outer
peripheral edge portion of the plate so as to extend
through the plate in a thicknesswise direction thereof and

serve for absorption of thermal expansion of the plate.

2. The gas shower plate for use with the plasma
processing apparatus as defined in Claim 1, wherein
the porous plate has a disc-like shape, the plate
having a support region for supporting the plate in a
plasma processing apparatus, the support region being an
annular region located in an outer edge portion of the
disc-like shape, and a gas passage region which 1is a
circular region located inside the support region and in
which the plasma~generation gas 1s allowed to pass
therethrough, and
cach of the cutout portions 1s formed in the
support region so as to be in close proximity to a boundary

between the support region and the gas passage region.
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the cutout portions are formed in the outer peripheral edge portion of the
plate so as to extend 15 through the plate in a thicknesswise direction

thereof and serve for absorption of thermal expansion of the plate. 2. The  ycsLLP

gas shower plate for use with the plasma processing apparatus as

defined in Claim 1, wherein 20 the poraus plate has a disc-like shape, the

plate having a support region for supporting the plate in a plasma

processing appasatusa the shppert regiontkeingoan arrular regiondneated asma
in an outer edge portion of the disc:-like shape, and a gas passage region
KRS S8 L BIER IRated 08 e Miptort bion and i Ean  tne
whichithe plasma-generation gas és- dlldweddbqpass therethroogh, andividual
each of the cutout portions isformed in the _support region so,as tg be in
B R oy F b Tl AR oo s ute
passagecregiore MNCBLUIR 24 R LTHdgasishbwet pkate fornse with the
plasma processing apparatus as defined in Claim 1, wherein the porous

plate has a disc-'like shape, and the individual cutout portions are formed

at an efual pitdhan &% suteh Svseriptidralédgé portivh of thé disk-fike plasma
shape. 4; The 9as shower,platefordise; with the plasma; Rrogessifge rein the
apparatus as defined in Claim 3, wherein the

cutout portions have identical sizes and shapes.

5. The gas shower plate for use with the plasma
processing apparatus as defined in Claim 1, wherein each of
the cutout portions has a slit-like shape, and at least the
inner circumferential surface of the side of the slit that
is close to the center of the porous plate is formed into a

curved surface.

6. The gas shower plate for use with the plasma
processing apparatus as defined in Claim 5, wherein each of
the cutout portions is formed so that an entirety of its

inner clrcumferential surface becomes a curved surface.



cutout portions have identical sizes and shapes. 10 5. The gas shower
plate for use with the plasma processing apparatus as defined in Claim 1, MCSLLP
wherein each of the cutout portions has a slit-like shape, and at least the
widrepincurhferential surface of the side of the slit that 15&susHywe @ ihe
center of the porous plate is formed into a curved surface. 6. The gas
shower plate for use with the plasma pRocessing apparatus as defined in
Claim 5, wherein each of 20 the cutout portions is formed so that an
entirety of its inner circumferential surface becomes a curved surface.
MCSLLP WO 2006/107113 PC1Y02006/307521 25 7. The gas shower
plate for use with the plasma processing apparatus as defined in Claim 1,
wherein tach Gh¢hegestosttportionphasea sfictikeusizapeish the plasma

processing apparatus as defined in Claim 1, wherein each of

the cutout portions has a slit-like shape.



