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DESCRI PTI ON STRAI N RELI EF CUTQUTS | N SHOAER PLATE MADE
FROM POROUS CERAM C Techni cal Field The present

WO penvilen relates to a gas shower plate for uBerIw2o6/307521

pl asma - processi ng apparatuses, which is included in a
pl asma processi ng apparatus forl perform ng plasma
processing to a processing object such as a wafer or
the |ike. Background Art A s apparatuses for
perform ng surface treatnment of processing objects
such as wafers or the |ikBEsChepeIbrve been known

pl asma processi ng apparatuses. A plasma processing
apparatus operates to produce plasnma under a

reduced- pressure atnosphere to allow a surface of a
processing object to be subjected to etching
processing or the |ike physi cal- and chem ca

act i on%?%ﬁgNtﬁﬁélﬁfzﬁ?ﬁﬁUT%ngs$ﬁ9WF§ RARR M HROEITRY! BPRAUPI FRRAMIC
a high-frequency voltage to an upper el ectrode or
I@@@ﬁnggggtpgg@dmhlle the internal pressure within a
seal ed processing chanber of the plasma processing

D ponert f MRS Sa3BRELhoC AL oA L s | shower

pl asma- gener at i ererna

S f t t Q.,FQr__such asima_ process
?él%ggiﬁé ganqgo%E%g§§§§tprg§) %ﬁﬂ%&?ﬁ%ﬁf?ﬁﬁé&?y which is
piﬁéf@de endlngp‘iasma processing apparatus for performing

plasma processing to a processing object such as a wafer or

the like.

Background Art

As apparatuses for performing surface treatment
of processing objects such as wafers or the like, there
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.
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

simply as 'gas') fed thereto.
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ai m of processing. For exanple, in plasma etching
targeted for silicon substrates such as wafers or the

wo pdoes10A1Process of uniformy sprayi ng and feePTgP2006/307521

relatively high-pressure gas to a surface of a silicon

wafer is used with a view to i@proving the processing

ef ficiency. Known gas shower plates which are

paral |l el -pl ate el ectrode nenbers suited for such

pl asma processing include a gas shower plate fornmed of

a gas- per meBbte spahousl pémd e pebicell siifiga Sitht esedidibable in
of ceramc particles (see, e.g., Japanese unexam ned

psdret cpubhi eat foneNote 2009n 233638t A p1dEn2088pé682n4 on the
and JP 2003-282462 A) . Wth the use of a gas shower

Pa @l €of Op FBEe 851 84Ch PoPOEQASPPEAL 8n bl aBREOBBShing targeted
0

possible to uniformy generate high-density plasma™s

thet assiade Rl AEE HLCEISIRY | | it ,
hi gh etching efficiency. D??gposh§ecgéf%ﬁ€eg#%oﬁhV$tﬁlke’ a

?%968§§§3ic99 %Wi%tggg?’[ ggrépgg ovﬁdelﬁcetc{i%dfs\g tJ[.JieTatively

e processing cha processi ng

3%%%&38f9¥s&98'¥599t% %ﬁqg%%équegfyexgkggg%gagﬁ%eS: is used

el ectrode”or | ower rode,

I t i ded .sid
rELE & PHTRH B3 P Rer Hie ok TR To LCEbRE eV
el ectrode tﬁnthelomer Electro e, rapidly increases_in
t enper at ur & " WWHer 838 5PBBFOUS HITESe #15 Phagaplel-plate

di anet er .of about 220, 0
ef%ctrode members SUl{gg %or such plasma processing include

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
possible to uniformly generate high-density plasma so that
a stable plasma processing is carried out with high etching

efficiency.

Disclosure of Invention

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

to the upper electrode, which is a counter electrode to the
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320 mm and a thickness of about 2 to 10 mm the gas
shower plate does not increase in tenperature

wamobaeriyy as a whol e, but does increase in tenrpBIRDUDTS21

first rapidly in vicinities of a central portion of a

counter surface (normally, |ower surface) confronting

the lower electrode (typically, rapidly increases from

normal tenperature to approxi mately 200C for about 30

seconds) , and then increases in tenperature gently at

5 Q498 ROT 149N Ly L A% hawer . Wh

213%%;%{]1?% in the a\%iqci r¥| tll g:s of the cetne?[{rar%pﬂ(g}{efon. ereas

re t tyal t onupk eppRer. e

A R Blats PR Te LAy B LA AL B PBRCRRHES 220 mn o
cks m ght_ occur, at_the.o r.edge portion Qf t

9%21220 o pt at el(f]frg?s‘%x%%p‘?%(?% agi gP grbac S gcélceu%%tso shower

out er peripheral, edge por.tiqns because the gas .shower

B [0S a1 A b R & PR ST i da e 2 Whole,

t he gas shower plate to, be fractured and thus damage

d?%dv‘éﬂ?%ge&ﬁé%‘?a.semcﬂ? di ﬁ&W,erﬁEuEﬁj ectoit ¢ hgaglgly

present invention, |yi ngéi n sol vi ng t he above probl em

6.0 idriRa d@fa GasCEREWEL pPAFELPBr e % tFP YR Surface

processi ng agg{srat uses whi ch gas shower gl ate can be

preia@rldd/ f r bpwerameyes fage) t s teinte Bheclowrs electrode

caused by thermal expansion due to rapid tenperature

| Hormlaspdlsl Yon peRéAdYpricvesssises £hOBR d19WWd hgtampesptere to

pl asma processing to be carried out.According to a

fapstoxigpdrtl wf 20@° Gr efent -about 30 seconds), and then

in

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 solving the above problem, is to provide 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 1in plasma processing, thus

allowing a stable plasma processing to be carried out.
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invention, there is provided a gas shower plate for
use with a plasnma processing apparatus, for feeding

wo@aicaohasma- generati on gas supplied from a gecT/srepm/3n7521

portion to a plasnma processing space defined between

an upper electrode and a | ower 4el ectrode of the plasmm
processi ng apparatus, the shower plate conprising: a

porous plate having gas perneability, which is forned

of a sintered body of ceramc particles, the plate

having a placabrdyngf edtoat porstonsspbibeh gee tREMEHresent
in an outer edge portion of the plate so as to extend

thnoeghiohe plhalre i DsapiridhvakRessav gasdidirald Onptheeedlor yse
and which serve for absorption of thermal expansion of

thetpl & e.p1AGHR dbRgckRs3ngeCoPPapsPest Ofof herdy, tout a

i nvention, there is providéed the gas shower plate for

?%Ea@ﬁéh?éﬂgerﬁé Q§O§§§§ifgdaPP§ﬁa£ug?gsﬁgégnggokgion to

e first aspect, erein the porous pl

\(ji\%lsg- |l:Ld§§laShgﬁﬁ,l‘ﬁet%n?g?g%?%ééiatng8§iﬁg8po%tetrw%%inon an upper

IS an ar r I n an outer edge

' j se=1] d ich .the pl .
POTLLEDAL GHA 4 DEobEe ARG AT OF PO bidiind AtSqessing

i S suppor _ rasma processing i
O83cRETERES 168 Ml cyboe s Shiepl ot e on | ocal ec
and surroungego? ugh%lgggp%%%i%%gg%;zggiéégbility, 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
the 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 shower 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 is 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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whi ch the pl asma-generation gas is allowed to
passt her et hrough, and each of the cutout portions is

wo zoear’1in t he support region so as to be in clhOBE2006/307521

proximty to a boundary with the gas passage region.
According to a third aspect ofgthe present invention,
there is provided the gas shower plate for use with
the plasnma processi ng apparatus as defined in the
first aspect, wherein the porous plate has a disc-Iike
t qﬂgtl,p,e ajrﬁndi vidual cutout portions are forned
at an equal” pitch in an outer peripheral edge portion

of the disk-]ike_gh in : 0 h :
of the pr els(,Gean% iﬁ\%en |%nl,%%tcc(t€%u$e ?ggg%g\l}%dg{détﬁgﬁgg in the
shower_plate for_use with the plasma processin

asﬁﬁ’arfoa?ﬁsr S eiheéd ;%r? the ]trhicrlg)saes et in gclon 3 Reundary
Cu'ttg‘]l.“ ortions have identical sizes and shapes.

AESS diftfy 9%° 2FTFIE dPER  of the present invention,

there is provided the gas shower plate for us it h
the pl asma AFtesdthg Bhpdt at'ds = RIS ichgt \r%’e present

first aspect, wherein in each of the cutout portions,
AANVRHSOTan FRER ¢ DERMEFERt itHe IR aBBOBARL oREAFYSOT USe
closer to a center of the porous plate is fornmed into.
ik véesuptasea 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 shape.

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 1is 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



10

15

20

25

According to a sixth aspect of the present invention,
there is provided the gas shower plate for usewith the

w@t@sneripy ocessi ng appar atus as defined i n thepdT/§#2006/307521

aspect, wherein each of the cutout portions is forned
so that an entirety of its inngr circunferentia
surface becones a curved surface. According to a
seventh aspect of the present invention, there is
provi ded the gas shower plate for use with the plasm

%ioc%e.s’%hggéﬁf@%@‘t W3- 2% sdah 'gnegprrEEﬁsf 'JsSt d%sfﬁ%%td in the

erein ea t hé cut out portlons as a slit-11

shang, a%ﬁowétd' ggagr%egh HESEN e VG AN s RSN, r@, alsgmformed

prOCGSSI e gas snower p atp I NCr eases

ature rap dIy i rgl |n|t|es
cse%tglgg S‘Pt %rhtl leSI n% Iarsgel ré%r%elgétrﬁ %EF#lerigr%cessurface
et ween |ts outh ed ortlon and vicinities of the
QWﬁS;ﬁNQQQﬁ? el ©-strain due to temperature
i ncreases occurs in gartlcular to the ouyter edge
portion. SARGTHM oflur PedSRYTRFR EiP%HE aBfor bBE Hresent
respectijive cutouts provided at the outer_ ed rtion
tHy sl dhovkhept at e PERVBESHY é?fhﬁwt%sf%ﬁ’ﬂgéi Egate for use
damaged due to occurrence of cracks at the outer edge
POkl ofthef Pheshas RIRGRSS ifi%t ePBRTatHEr 3eadiffsdned in the

Bri ef Description of Draw ngs
first aspect, wherein each of the cutout portions has a

slit-1like 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 gas 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
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These and ot her aspects and features of the present
invention wll beconme clear fromthe

wo dobaedingydescri pti on taken in conjunction w tPCT/iR006/307521

preferred enbodi nents thereof with reference to the
acconpanying drawings, in which: Fig. 1 is a sectional
view of a plasnma processi ng apparatus including a gas
shower pl ate according to an enbodi ment of the present
invention; Fig. 2 is a perspective view of the gas

%%Wig‘{l%tne of 2 g i eE'HOd'c%%BttmcFﬁ'l%n WPt} the preferred

perspective view (I ncluding a partly cut out cross
L f. a er t S :

B, 0 UREREL TEURCLp B, 1O Sitepanying

e | ar. ed secti h vi ew of an upper eI ectrode portion

i9T A'He gesrfb&cﬂ ‘Fig. 5A is a schematic plan view of

a convent i as shower o] at ‘
schemati ¢ éc?tl nal® Wi &G Vdf?g’ ﬂ%B% ipr}éas,&laAP,rﬁceSSlng

t he convent| onal as shower Iate of Fi 5A; Fig. 6A
2P L shat PE Bpgﬂgwaewgéls tﬁléoﬁﬁg é?ﬂo’?‘%eer Blcgloé%mg to an
according to the enbodi nent .. 6B is a schematic

SaRqEmEn v iadw thek &F eS8y %W@‘%’Wél"B- Bin the gas

shower plate of Fig. 6A;
Fig. 2 is a perspective view of the gas shower

plate of the embodiment;

Fig. 3 is 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 is a partly enlarged sectional view of an
upper electrode portion in the embodiment;

Fig. 54 1is 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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Fig. 7 is a partial schematic plan view show ng a
configuration of a slit of a gas shower plate

wa@ewenaiing to a nodification exanpl e of the enmpodirmeot/307521

Fig. 8 is a schematic explanatory view for explaining
the formation nethod for the sgit of Fig. 7 ; Fig. 9
is a partial schematic plan view show ng a
configuration of a cutout portion of a gas shower

pl ate according to another nodification exanple of the

embodi ment ;g 9. 60 i a Schamid e XA oM EWiew for
for explaining the formati on nethod for the cutout

@[ﬁl‘a‘irhlq{gsgdflrge 5 rndien MpadadoredRrind ng Qutcfhei g, 7;

I nvention ore the description of the present

i nvention pfo 'e?;/siisl Ikate ﬂra?rttloalbescﬁ‘%n%jcltz{w?lt%]ﬂ Kes o[él’?owing a

are designate ef erence nunera roug

L0 ACHAIAIN NG eI AVLROS, e FRIGINRG! Ou ane, SR IRAt 114 ce

prese I'nventron I'S descri

AEHE T bcodd ng “HOSPL LS TACE GBPRGCH ot ehBhey of  the

pl gt e .according to this enbodinent is explained wth
r%§h94ﬁW§qu Fig. 1. Referring to Fig. 1, a vacuum

chanmber 1 internally has a processing chanber 2 for |
Fig. 107" 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 1is 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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perform ng plasma processing, and a | ower el ectrode 3
and an upper electrode 4 are placed in up-and-down

we@ppedotiidn to each other inside the processi NECTMR0W®ZIN7521

2 , by which aparallel-plate type plasnma processing
apparatus is made up. The | ower?el ectrode 3 which

i ncludes a stage 31 serving as a hi gh-frequency

el ectrode and a protruding portion 32 that protrudes
downward froma central portion of the stage 31, is

f PPEéd liedsPda teh s Ypac pdmshapeces sing apparsthat iiBgmade up.
nmenber 33 provided around the outer edge portion of

the stage 3TheA lowgh- foleptercde phwevrh selppiycladés5al stage 31
electrically connected to the protruding portion 32 of

t Bervawer ebedt r ddgh3 frefuesxdyausl epassdge Sndés 4 oRE ruding
at a side portion of the insulating nenber 33, serving

f por¥acnumsudidonpodt thees ndewnaaralf fifigh P4 06888LAY portion
chanmber 2 by an exhaust unit 7 such as a vacuum punp.

oft hibestsagge3 B1,a iy ORS00 @St WY SYshL a5 éh%% 1 via
is to be nounted. The upper electrode 4 , which Is the

caunt 2isel £cif@deembrel udes grdidled! abeubdl SERLT K& ter edge
pl ate) -shaped body portion 41, an annul ar support

npobeioAS q ovhded talpeung a | oyey; gHC r
peri pheral portion ofﬁfhe body po%?ﬁo%g%%P%§%§ éxa§§: supply

LRSS SPASL SHIUSAL), DG YOTELL JEIDELfRs poreon
fpt &gk t enkhe yacuum ghaghar 3 via g exhaust passage 6 is
formed at a side portion of the insulating member 33,
serving for vacuum 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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protrudi ng portion 42 that protrudes upward from a
central portion of the body portion 41. The gas shower

w@b@ba0AB i s a ceram c porous plate formed i nt BCERIP2006/307521

di sc-1i ke shape froma porous material whichis forned
froma sintered body of ceram goparticles and which
has gas perneability. Mre specifically, the gas
shower plate 43, i.e. ceram c porous plate, has a

t hr eedi nensi onal nesh-1like structure having ceramc

skel etoaimepior £ &S af of IRt £t LBUQUSY Y EBLAm@c particles and
t hr ee-di nensi onal nesh and having a nultiplicity of

VRh e ROMaEsONga § I@RTeasinde y . The'ﬂdortehesl%vggiﬂgé@i voildie gas
portions of this threedlnen5|onal nesh I ke struc ure

agﬁoﬁgm%%@t% Wi { he Ong.c30a% R ?%ﬂyﬁg' PhiGl Y three-

i rregul ar passages are forned so as ow gas

f&ﬁm%ﬁ’s? a BuUrf l(e)Jf %zh%&%%ﬂl%w%a%%? égrtaﬁ)\leasgkeletal

to t er surfac or this ceram

f
LS GRS S e B

e
f reth urarm e am_fr.omwhjch cell
Lﬁ%rangég ave éi#% gnLﬁ ge?ﬁﬁﬁ& Qﬁﬂigﬁgﬁ? inside.
ereaft ring. th eX|bI ur et hane foam. Since

I&'era o]é}f?%sl‘ﬁfagi] |F{°\’/ d B35 Hhd Pow ithis three-
pressure Io S _even its pore size very snal
pPHEHRS 3R maﬁépémé S S oFRF y COBBER AR ¢ith one
foamis nore referably a material whose chem ca
C%ﬂ%%%%ﬁts anft| fdeMyd tiplicity 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
covering 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 SiO,
component. Making a trace of Si0O, contained in Al,0;
provides the ceramic foam optimized as electrode members
excel}ent in thermal shock resistance. Then, the ceramic

foam preferably has a bulk density of, preferably, 1.0 to
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wt % or nore of A 12 O 3 conponent and 2 wmt % or |ess of
Si Q2 conponent. Making a trace of SIQ2 contained in A

wo 2006807110Vi des the ceram c foam opti m zed as ECBEIR2000A®7521

menbers excellent in thermal shock resistance. Then,
the ceram c foam preferably hasia bul k density of,
preferably, 1.0 to2.0 g¢/cm 3 and, nore preferably, 1.2
to 1.8 g/cm 3, as well as a bending strength of 5 to
15 MPa. Less than 1.0 g/cm 3 bul k densities cause the

skebeggrmporhiipnmore herefeddbiny that2t ke StrengtdnBnths well
the thernmal shock resistance becone insufficient,

wWail @ BehaihhaBt2eBg@hc@3 oWk denspd | esp688Senkhe1 . 0 g/cm?
pressure | oss to becone higher. Also, less than 5 MPa

beadk N@esish @Rakh echbe h the ther pal :
eplsiengkhfLausechd s%%ﬂ%@%h_ﬁ%?%aéﬁ%egﬁngg so thin

shock resi stance to becone insufficient,

tbﬁﬂt1§hyp%ﬂ¥@%yﬂﬁléﬁ#eEHéhﬁhg§M§§ L d¥%¥%%q§iiéég become

to becone higher, resulting in a poor dispersion o

tPESRERSARentt ivhiNgl eg Jhat 5&93 tergs (' )&'?*Vgﬁg%je Wensities

refers to a density expressed as ness

(EABLe o8, BEBERIPS, (BEaeRollIa PR ARATe a B S¥less chen
408 bt BEDEIOML AL GBAL " HLELAPURRY, LA, PLSPEL chmen
TERSUE Lo M S, RS, O SLDELLIZALID yore than 15
R P S Sttt o STt TS SUPPOLE o pecome
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

(toward the central portion) from its inner wall lower

portion. The gas shower plate 43 is housed in an internal
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so as to allow the gas shower plate 43 to be placed
i nsi de thereof and supported. Further, the support

woreovbao7145 i s further provided with a protrudi PQI/JP2006/307521

portion (or annular support end portion) 45 that
annul arly protrudes inward (toward the centra
portion) fromits inner wall |ower portion. The gas
shower plate 43 is housed in an internal space defined
by the body portion 41 and the support nmenber 45 with

tdien QUt RS £ BO9E PPTEHOHLIRHISIr eI PEr ld 8498 HASEdON member

because the gas shower plate 43 of this embodinent is
di scrghape Leenghfsgysé&g% ﬁ%oqrtitdhe %%%Fg' DO RBRELRT edge

45" . In Figs. an ,~ the gas shower t
u r e e -S .

B L DA ERE Lo 2 CEhEREE BAREE® 42 &8 L "Bfbdinent
ort] N r . i £ i nt al i{. .
oot o RS PBREe A B T s i of Sk hddihy portion

thi cknesswi se (vertically) through the gas shower
piate 43 with the radial direction of the gas shower

plate 43 aljgned with the |ongitudinal direction_ of

Phe o1 vs 9 Boidanl €79 nor he CBoeffier SIPRET gaRlate 43
showg%3§£ate 43 has a di aneter of about 220 nm or 320

i © sPR ¢ tle dEEP?’ébP@eﬁ%OQeI EnFieL Il prdtputhaped, and
to 10 nmas well as a width L2 of about 0.5 mmto 1.0
nf1&hdS no"BaGBr 3rGe iy 3P theC S| the SUdCSt iardd oS, are

an interval pitch L3 of 120 nmor less. It is noted
tFtned cat aspaebfiied 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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portion can also be said to be a recess portion, as
the gas shower plate 43 is seen along its radia

waleooeaviion. Fig. 4 shows a desirabl e connecti NBCT/JP2006/307521

structure anong the body portion 41, the support

menber 45 and the gas shower pllate 43. The support

nmenber 45 is coupled to the body portion 41 by

fittings such as bolts 10 or nuts 11. An upper surface

"a" of the protruding portion 45 is ainwardly

déswendl ng cdsapadiimpesedpadr feser &dd st dfawRr, SahdaGe 1ower
"b" of the outer peripheral edge portion of the gas

shawescel abe 48 tﬁea@u@éfmﬁéﬂiyhéﬁﬁﬁnghgg %@P@E@ﬂ of the gas
surface, where the upper surface "a" an | ower

SHUh6REE phat érQBJanQ§1tdﬁﬁﬁégﬁlyrhé%éﬁ&ﬁﬁ@”féﬁéré@ d8rface,

not to forn1any gap. Also, the protruding portion 45

e%hseQSthBW@b%dE<§M¥f&ééﬁh§€n£ﬁé'tH%ftderfgﬁfﬁéég”hb" are

the slits S so that the slits S are osed at ower

Sﬁgfnéaefggét9¥rtb§ PigLLu 6R9a89r%bo§e4§otb 9 F W FnY gap.

result of a gas supply SCF I

oﬂlgge £H¥B% ?Eg§d9ﬂa §8r999¥ g%r:%gpﬁéés %ngﬁggl(toward the

hermetic supp

kA iat pBEELE Ao oTbRtTTRE e s gsgh fﬂlalaahmﬁ slits s
he h h t

hrt EhORP A AR TRkt aust st o Mhd o St vatRsgeor tion

45' of t port nmenber 45 each have a

pgég;ggA§uFféE§5qﬁhé° ohRtSsuRf JBE SUPRHY R shbwéfescribed

p{ate 43 and the_l ower surface of the support menber
ter) on the lower side of the body portion 41 is kept

hermetic, so that a gas supplied to the gas supply port T
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 1is
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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45 can be nade generally flush wth each other in
hei ght position in the state that the gas shower plate

W@ 3006a0RHupport ed by the protrudi ng portion 45 PCEIPDNEI07521

the discharge stability in plasma processing can be

i nproved, conpared wth 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

cushpopividenebetwebi sty ovagetedetweenckhe dapi{®da portion
surface "c" and a portion of the body portion 41 near

toe oiier bpelyi pheralordgel pakehirontRE tdhe Has p@i@.‘fﬁreral edge
pl ate 43. The cushi oni ng nenber 12, which is made from

apoet ashi efmeher yak %%%Qe%sﬁw%¥é1Jjﬂﬂ“ﬁhe'éusﬁlonlng member
ring-shaped as viewed in plan view, ensuring t

hep et chy 1f ﬁiﬁbg§§oﬁu@%3@f5§61é0ﬁa9e§9§§esdyh as resin
supplying the gas) T , whi Is a narrow gas f

SP@BﬁePetY‘@elefs ﬁ%‘%oﬁgr‘ghgﬁﬁ@e{ &élgﬁd e&%orénguring the

of the gas shower sur acé Si

8%?%@%%P§gy%ggéﬁhgﬂggé %%lﬁg&%%f¥ o%oﬁ égggg asuppfge  for
PRI3A00 40, thel SFEF 50 010y VL) SRS D, 1o space
e% téegaghé g 5nded %o a rou porélon 44, The asthe as

heYa BB el PREGIGR 9
pgri%w%lgplﬁi Q__assgge oAf16 E:get hfo g]? Sslillggfla%epoglde 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 4l'is 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
plasma 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 1is 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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inside the gas shower plate 43, so as to be supplied
to the plasnma generation space (plasm processing

wGEpaea)71483 bet ween the | ower el ectrode 3 and t hECT/HIRE06/307521

electrode 4 . Although the upper electrode 4 is

electrically grounded in this enbodinent, it is also
possible that the | ower electrode 3 is grounded while

the upper electrode 4 is electrically connected to the

hi gh-frequency power supply. This plasma processing

apparat ssabavihgtaastpnmtarseimescbidetd abeieh id$ a wafer is
operation is now explained.ln a state that a

proceseidngnolihects tdgeuch ,asha wahefisits uUNted OB & ated to
stage 31, the exhaust unit 7 is activated to reduce

t heduceerttal piessnde phebbarpr @@&%@%E@@@P@In‘% chamber 2.
Now that the interior of the processing chanber as

baiew reduceathd G it SRRy fded- i eﬁ?&&@ssiﬁ? Qﬂambér 2 has been
supplied fromthe gas supply portion 13 to the gas

SRRl eROfdo To a8det£EitQ Egé?SEQE9UQE§ﬂ4gEr#éhgug8§ied from

shower plate 43 so as to out e plasma

gener %isoréu?)gﬁ%/e ﬁ%rq:%.to\’l\ﬁ?@» the {yo %é%f%{l ?2 gta)ﬁ]:i“'gaand let

In thi's sta as a hig frequency_ 0 tod PRt be

oPeL ARG i IR 0% co oo
oPECl o SHELSBARR AL SRR UL, ehe o
| BAELRLRLCS o0 Dogyabpe, (18, PLASTR USRI, e
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 1is 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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tenperature, so that the gas shower plate 43 increases
in tenperature first rapidly in vicinities of the

weanbnediiporti on of the counter surface (| owerPGLIH20@2)7521

of the gas shower plate 43 confronting the |ower

el ectrode 3 . Because of thermp$ expansion due to this
tenperature increase, there occurs strain to the gas
shower plate 43 especially at its outer periphera

edge portion. However, since the strain is absorbed by
the sldd S+ No cracks, which may cause gas | eakage,
occur to the outer peripheral edge portion, so that a

uni form _staby &l @iorpffﬁ’fﬁ?f”gbéé? EibAToRUIL MM que to

the principle I'on strail ue to't
ansi.on by the gas,sho P e 43 of thi
%ry}f‘georé‘}ar}ent &0ES re?gl yy\%(pl a?%e F rgfléancéBtoOf this

&r% a corlr_@%\nyl n% dr awi n Spl%’ﬁpgo u(g;:twg%:g]o ﬂ‘?lfeorh%‘? o the

gas shower, pl ate 543 haV|ng a structure th t no cut ut
PO RS adT@witgSar e forzﬁd i SORHBRA ?ﬂnFl .%A this
and a schematic sectional view taken along the |

AR AN HEbond e AENEHAT 1 FaP KHowkE oI &fe %4§°8f’eput@°nal gas
5A is shown in Flgi 5B. Also, a schematic plan view of

thovias BovierS4 dtay 4w i (HE W WIS tha i eifout portions

therein according to this enbodi nrent of the present
iswant issn s3ismownre n fampedbAlsanghawschebmtfilg. SA, and a

sectional view taken along the line B-Bin
schematic sectional view taken along the line A-A in the

conventional gas shower plate 543 of Fig. 5A is shown in
Fig. 5B. 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. 64,
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
gene;ation space A. Meanwhile, inside this outer

peripheral edge portion, the 1lower surface of the gas
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the gas shower plate 43 of Fig. 6A is shown in Fig.
6B. First, as shown in Figs. 5A and 5B, the gas shower

wpbabeoA48 having a disc-1ike shape is suppor tBdr/at2066d897521

entire | ower surface of its annular outer periphera
edge portion by a protruding poftion 545" of a support
menber 545, where the supported portion serves as a
support region R, which is an annular region (or an
pl anar annul ar region) , with which the [ ower surface

ShoWRe G %%r%%ﬁ i%fgﬁbéééd'§009M§rEQa@h%h%§ eQ%kﬁ%n space

exposed ‘to asma generation space A

L8 ggﬁgguta%r &’ﬁg%@h%{aﬁé Bf0°L 001 Oka ! &ows the

sur ace 0 e gass S expose t
asim _generati.on ac A a
&assﬂﬁ %fnt%t 3 SREHS TR R, usﬁ%}aﬂﬁ port T
plled 0 u por t to ass thr
LS s i%«&%@enﬁpﬂﬁ -87s b B RIS Sppiceds o be
to t p asna ratlon sp . After the state of
%%An? %ﬂ? \ﬂqﬂ?ﬁéiiﬂ& SEREgdher at i on
space A rapldly increased in erature first in h
gas shower Afitdtte 528, Stedepdtti cd?lraeg‘ﬁ?onBFﬂﬁef‘BlPﬁe wit
as passage region R2 is rapldly increased._in

erRtaFRa MBGRRRAF&EODt hEPSGSport rEFPOALR, IRFFERSS  in

|s a region surrounding the gas passage region R2 and
Vitimpre ias uweverfdd s tim %ﬁr@ wWRY poratieorsus'its portion

wi t hout bei ng exposed to the plasna gener ation space A
carregapanding to the gas passage region R2 is rapidly

increased in temperature. Meanwhile, the support region R1,
which is a region surrounding the gas passage region R2Z and
which is covered with the protruding portion 545' without
being exposed to the plasma generation space A, 1is 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.qg., 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 F1 directed from the gas passage region
R2 of the gas shower plate 543 toward its surrounding
support region Rl occur radially. Particularly in the

support region R1l, the stresses become a maximum at its
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gently increased in tenperature, conpared with the gas
passage region R2 . Therefore, the portion

weoseepondi ng to the gas passage regi on R2 beRonmER006/307521

high in tenperature while the portion corresponding to
the support region R becones yelatively lowin
tenperature, so that a large tenperature difference
(e.g., about 500C ) occurs therebetween, resulting in
a difference in the anount of thermal expansion. As a

IRt Qb ﬂHWé%ala%n%hQWch%nF'%%us@ﬁga@@§ﬂ§tdﬁghéﬂresses F2

stresses Fl directed fromthe gas passage regi on

e 923 13henes Plate add te W@Lraq.l' S SW. d'angsl uatlon,
%V\%hl .

support regio occur ra articularly int

%Ppgﬁé 5ﬁ%é¥1 po#%§%§ B%?quna 3PX' HW?LS shower

Fsou periph Fal causi ng resu an

str 210 opcur aI cLpcu ti n

%§% ua??%ﬁ aPrtﬁ {r# p%%%pﬁé%%ﬁ% ge %%??%ogue to
of t he gas l.at e 543 cks .or, .t he I|ke are
|GhhISE 1 %?ECS&F Y He é%%%é?ﬁgiléhtlng
circunferentially. e ot her han int S
shower pl af® 4 é'l%f"ttc‘)}qﬁ %‘?‘Fb%dlhrén?hgh%ﬁ £ oﬁ%§spl§/§e 43 of
and 6B, in which a plurality of slits S are forned in
ttli’blssuﬁﬁépfilméﬁltonswwne\ﬂéh Figpadi &P AMdsHE FRngcyhich a
in the gas passage region R2 simlarly, stresses .
Rlensilid wtaess}iFg Sceger ifmymad the b eFUPBPFFhéraon R1,

end portion of the support region R I can be divided
v emtidt veelds setstems sase Findiak dualthy idas 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 is, 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 is
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 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 Dbecomes more deeper. By such

formation of the slits S, the amount of elastic deformation
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respectively, so that the stresses F3 can be reduced
in magni tude thereof. That is, at the individual slits

waE2006/miich are subjected to mnute el astic defBtmE2@B07521

SO as to be expanded in their gap distances, it
beconmes achi evable to reduce the¢ nagnitude of the
stresses F3 . For nore effective obtai nnent of such a
t hermal expansi on absorption function of the slits S,
it is preferable that end portions of the slits S are

Rasidikened | R d he ngURPOIdhaRIl @Al 1RO asde e d! Osa%d the

to 1ts boundary with the gas passage region R2, i.e

tug)tpSAteLstsao are%ffeg&neéoggp ﬁ@ sygggg; ge%%?%ecow ‘thermal

radi al cut-in of |ts mes

eer B ufgt] I g the slits S, the
urlﬁelo?1 st fg%nrgﬁltﬂgnattrlbuted to the|r shape

can be mcr,l%ased and etn lsr%)‘%esgéon Efﬁfse% Bodhesll“arlbed on
a

stresses causeaeng)y lh Xpansi on C urt

d.. Th di h b h b
(fescgg‘%’/%eﬁhsﬁg %gtéo I §t%£ﬁés%°t%\é‘%§ gafse E?rgr %amgéeaﬁf the

exarrpl e of the cuto portions in the gas sho a

AL RPWRAHE L Rhe e SRS Mo e%?anp %{ff other
be applied. For instance, as shown in Fi , Which
|‘éara1%1a‘3rtn}%ﬂ RGP SEIRIUGT TYarP S iaRR eda'n out er

peri pheral edge portion of a gas shower plate_ 143 of )
Fig. 7, rd®ghl ynetanaped &t i 6508 Fay FEg f of nedhigh is a
the case of such a Ushaped .

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 S' 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 is noted that the curved surface to be
formed in such a slit S' is preferably formed into a gently
curved surface from the viewpoint of suppressing stress
concgntration.

Accordingly, for instance, a generally
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slit S, since a central side inner circunferentia
surface of the gas shower plate 143 is forned of a

wa@enveearisr f ace, an effect of suppressing streBGI/JP2006/307521

concentration can be obtained, so that occurrence of

cracks or the like to the innergcircunferentia

surface of the slit S 1 can be prevented. Such a slit

S ' can be forned by, for exanple, cutting process

with the use of a disc-shaped cutting tool 150 having
%'énﬁ‘étl%rcxﬂ%rr'—%@l%'b@d endiRAft | Pofrded Of RaG¥h¥edan inner

surface, as shown in the schenatic explanatory vi ew of
ﬁ%c%%feﬂéhﬂ ﬂ“%??f&@@tfbgﬁeQUQ¥@d lﬁ%fvgatgupface alone
ormed 1A Such S1is prefera y orned Into a
3 | $eCuryBfogudacerliam Lhe ¥igang nt

pr8Ssi ng STT ess concent rati on. > Accdr di ngly %S
SO CaOPREECh T LR SIS v i
oA g T Lpieen ©
o a”w“'%Wﬁév%°g#sagpia; P 0 RO 2B Bceon

having a cut-in depth Al in the radlal direction of

e tHs %ﬁlfoﬁ\o"fﬂratpelaet@ﬁq%a& tite R GUFdeprdeRth ff of the
the slit S' of Fig. 7, yet has an opening size B2,

viHiidh §'s afh&id r Junfr@te MESalami QRN L HDSHAE (BRgethkdnris the
an opening size Bl of the slit S 1 because of the
clirmanfarmantigl swidiglee formed larger than an openlng size

a partly

Bl of the slit S' because of the circumferential 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, so 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
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fornmed entirely of a curved surface. By the
arrangenent that the inner circunferential surface of

wa bwegemtiout portion Cis forned of a curved supdELR006/307521

al one (or formed of a curved surface in nost part) ,
it becones possible to dispersgithe stresses to nore
extent, so that occurrence of cracks or the |like can
be prevented nore reliably. It is noted that such
cutout portions C can be formed by, for exanple,

Qlittd NG Y PRSS Wddy d i userdlo 2 hat -ghapadwd tdintte .

tool 250 having a circul ar-shaped cross section as

shown in aRehemli ¢ roohl aRakor ¥iX,eWi At sFi gr 1ohe | apacity
t he above-described individual aspects of this

SRR 147 S LA BOEL Ol b Mcenger
ISR, A5 U7, S TIRAA B Aty avse
CSEHA ShatLESHESRY" SAIES IR DB e 1 88° rormes
SRR ST S0 SARATLIEI S o he ges
SR hal S BB SE BELAPTS ESR HLL tacge an
peri pheral edge portion of the gas shower plate (that .
j2malbd @ttt aPQERERRS ohaY hBe| aPR&IEAY - smalN St case, it
portions may be applied) . In such a case, it is, _

pkef Prafies, ¥>ﬂ|eom gﬁ@nvi%oWﬁﬁwBPiﬁﬁe ohi fidyan ppigprmity 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 1s inhibited. Further, the inner
circumferential surfaces of the cutout portions may be
subjected to surface finishing or the 1like in order to
suppress 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 is
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stress relaxation, that the arrangenent of the
i ndi vi dual cutout portions is nade symetrical. Al so,

wo mosheriabove enbodi nent, ot her nmenbers may bePGE/SRNEEY7521

wi thin 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
circunferential surfaces of the cutout portions may be

subjected to rface finishing or the like _in. order to
aeed ol THecdEOUN | ROSAIRREn ¢ ahbBker (Ras Shower
gas passage through the inner circunferential surfaces

& afHFe AR S@ pﬁ@r"%n&ﬁg it & SGAS PI%t% Gy i rence
s%pgggssed. According to the present inventi.an,

&Lt

GGk Sstataith o OMHES e @giHIOn edgdhsorltiiksn offherefore,

the gas shower plate because of thermal expansion due
20 Std i tRIPErRtRIFRCS Tk ehsean | et Rarpigdngut, and the gas
processing, yet the strain isabsorbed by the cutout o
pdomiegns pledet has theefnd savpwethesat eokarplpsma processing
prevented from bei ng damaged due to occurrence of '
argeks tatsashef out eseedde por tpart bruldme, | pkeface etching of
Therefore, a stable plasma processing can be carried
ouiferand tthe daskeshower plate is useful as those of
pl asma processi ng apparatuses for use of, in
parti cul ar,1tsurd aee ket cldtegl afhatgf éry grrdgeer Iy keamldiining the
is to be noted that, by properly conbining 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 connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvarious 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 April 5, 2005 including

specification, drawing and claims are incorporated herein

by reference in its entirety.
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arbitrary enbodi nents of the aforenentioned vari ous
enbodi nents, the effects possessed by them can be

weemdneads Al t hough the present invention has BEBIP2006/307521

fully described in connection with the preferred
enbodi ments thereof with refergnce to the acconpanying
drawings, it is to be noted that various changes and
nodi fications are apparent to those skilled in the
art. Such changes and nodifications are to be
understood as included wthifntfe scope of the present
i nvention as defined by the appended clai ns unl ess
they depart therefrom The disclosure of Japanese
Pat ent Application No. 2005-108330 filed on April 5
2005 i.ncl udin ecificatio ,a§gam%g and cl ai. are

S

i ncor gor at ei IR Fef diehce | nOFtstSe Wit
entirety. CLAIMS 1 . A gas shower, plate for use with a :
PEQSER S AR HE Hhpar abfs L SO Peatit hg ool dgna-generation
pl asma- generation gas supplied frqoqma gas .supp

B6 | GHOR 16 bl AR proc &8st ng UBace EGIAT béwedn Plasma
an upper. el ectrode and a | ower el ectrode of the plasna
ProcesSing agiacat 98T 1ned BREWEFNpId RRMDr PSPRETOGe and a
porous plate having gas perneability, which is forned
dowersi alecbroBedy lof ther anasiar Piroicessinge ppRgeatus, the

having a plurality of cutout portions which are forned
ishower plate comprising:

plasma

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
the plate in a thicknesswise direction thereof and which

serve for absorption of thermal expansion of the plate.

2. The gas shower plate for use with the plasma
processing appératus as defined in Claim 1, 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 1s allowed to ©pass
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an outer edge portion of the plate so as to extend
through the plate in a thicknessw se direction thereof

waoemriich serve for absorption of thernal expetBirRN06F07521

the plate. 2 . The gas shower plate for use with the
pl asma processing apparatus aspglefined in daim1 ,
wherein the porous plate has a disc-1ike shape, the
pl ate having a support region which is an annul ar
region |located in an outer edge portion of the

q%§§f%ﬂﬂg%t&ﬁgp%uﬁpd on which the plate is supported by
t he

pl asma processi ng apparatus, and a gas passage
regi on which i.s ci I regio - d jnsi .
out er edge‘%%#}igﬁ 01%¥h§%§95%|iégkg%§%§ é%g Bkl in the
surrounded hy the support regqio d.in whi.gh the
pﬁuéjﬁ?a&g eneratt o gaasgpclos ba‘ﬁ Ie‘%lvve %%gé [.}JD argos Heret h$oo uag I%J’oundary
and .each of the cutout partions is formed in the
§Ugﬁbr § FORETEE 'FDENn close proxinity to a

boundary with the gas passage region. 3 . The gas

shower plate for use with the plasma processing

apparatus as defined in aim1 , wherein the porous

pl at e has &hh sg2Fi kehLfRpe PLat® t heTi Nt dddh chpButPlasma
portions are fornmed at an equal pitch in an outer i
A9 edgBapaERforrof dERéNAAsKLY | kéadRaple. yherein the
The gas shower plate for use with the plasm o
rocessi Rdaspparas us adidefrlhkd i sharew madd Hher eindividual
t he

cutout portions are formed at an equal pitch in an outer

peripheral edge portion of the disk-like shape.

4, The gas shower plate for use with the plasma
processing 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 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.

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 circumferential surface becomes a curved surface.



cutout portions have identical sizes and shapes. 5 .
The gas shower plate for use with the plasm
w@EemweredInNg apparatus as defined in aim1l , REBIRIG/307521
in each of the cutout portions, at |east an inner
circunferential surface on oneside closer to a center
of the porous plate is forned into a curved surface. 6
The gas shower plate for use with the plasm
processi ng apparatus as defined in Claim5 , wherein
each of the cutout portions is forned so that an
entirety of its inner circunferential surface becones

a curved sypface.g . sﬁmelgagl%ft%w bl A, T of eserhbt b1 asma

t he plasna processi ng appar atus as defimned in
g;r%r\gogc:e sesI 1@1ge aac]:_orf)aorf attuhse aCSUt&)eLglr%Qf 4 OQiahl%? 1a %Héré r{( cach of

the cutout portions has a slit-like shape.



