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DESCRI PTI ON+ M CROMAVE PLASMA PROCESSI NG APPARATUS, A PLASVA PROCESS| NG
VET CROMVE RADI ATI ON MEMBER 5 TECHNI CAL FI ELD The present

i nvention |“a|mw asma processi ng apparatuses and, nore particularly,
toa mecr Mﬂm processi ng apparatus and a plasna 10 processing
met hod for actingspl asma generated by a _qdcrowave onto an object to be

processed such as a wafer, etc. BACKGROUND ART 15 In recent years, wth

densification and niniaturization of sem conductor products, plasm
processi ng appar atuses have been usedhdsgrriarpscess such as film
deposition, etching, ashing, etc. in a manufacturing process of a
sem conduct or product. 20 Especially, a mcrowave plasma processing

apparatus that generat eg1¢HR@R BSASE SPHUESOWRECAPSAIGARAD| & ofagiably
generating plasma even in a high-vacuumstate of a relatively |ow pressure

such as 0.1 - FHORFBSING ngrTf‘Lorl?i SNDy b MHROWRAVE RRBIATE D MEEBERpr ocessi ng
apparatus uging 2.45 25 GHz mcrowave, for exanple, has attracted
attention. Generally, in a mcrowave plasma processing apparatus, a
dielectric platlECHNAEARANELANSnit a mnicrowave is provided to a ceiling
part of a process contaj 6l | soomdet ¢heevacyatalle, and a
disc-1ike, 30 flat antenn}g@r%rrbeertE n?%romave Faglatlon%S er) is attached
to the diel ect mrocpbatey Qﬂparamhseaghn¢mﬂm§;e pskdisylarly .f soned in the
ant enna member 50,8324 pl JUlORHGEE S HAYE L LNLER d Sr3upp! ed at the

10 processing method for acting plasma generated by a

microwave onto an object to be processed such as a wafer,

etc.

BACKGROUND ART

15 In recent years, with densification and
miniaturization of semiconductor products, plasma
processing apparatuses have been used for a process such
as film deposition, etching, ashing, etc. in a
manufacturing process of a semiconductor product.

20 Especially, a microwave plasma processing apparatus that
generates plasma using a microwave is capable of stably
generating plasma even in a high-vacuum state of a
relatively low pressure such as 0.1 - 10 mToor. For this
reason, a microwave plasma processing apparatus using 2.45

25 GHz microwave, for example, has attracted attentidn.

Generally, in a microwave plasma processing
apparatus, a dielectric plate that can transmit a
microwave is provided to a ceiling part of a process
container which is made to be evacuatable, and a disc-like,

30 flat antenna member (microwave radiation member) is
attached to the dielectric plate. Many through holes
(slots) are formed in the antenna member so as to

introduce a microwave, which is supplied at the center
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t hereof and propagates in radial directions, into the process container
through the slots. Plasma of a process gas i-s generated by the m crowave
introduced into the process container, and plasma processing is applied to
the .5 sem conductor wafer placed in the process container. Japanese

Pat ent Publications No. 2722070 and No. 2928577 disclose a mcrowave

pl asma processi ng apparatus having an antenna nenber for introducing a

m crowave into a process container. The antenna nenber disclosed  in .10
these patent pubhikeabf aitsd haspagetésUdrrashapedi soek 1YY, i8kot enor sl ot
pairs are forned along a pluralitg of concentric circles. Al so disclosed
is an antenna MBABEFSS HERATGRANYIEPHIS B SI8FSpaiF ' sher gAgedPETA |y, A
m crowave suppl k8d 19 ddifiGeRbr Bl PAE tnidfrdiGe iRtflduidRingptapna menber
propagates in a radial direction, and the direction is changed by the
slots and is | REPBEER PTItRLOCE heaPd drlEsHac PR PRENGfitseAPpASSd nep thier ough
the dielectrdc dindey; { t:1..0 ' ropagati ng
in radial. d?regkﬁ%ﬁgn(thrghgﬁggﬁgpgo |éﬁe§P??%rp £%§§%B£?¥§%ﬁ“the ant enna
menber and the plasnma i Jarafkeeet Batdyt Avbdiceripes iNghe2dR28U¢ fame Nof. t he

“dielectric plat : o_the a . re,...Ln case where
the slots of thgggﬁgéﬁﬁﬁ%ﬁg% %raaﬁéFﬁggéghgéggé%&%gFﬁﬁﬁﬁﬁga?sgﬁfgﬁus
concentric circhesing hen 25 teunavenveay € orefiheco@dc g sheiendwaes pertdopher al
surface of the.d ectric plate is concentrated into the ceqéral part of

t he antenna nenbe & ace wave is

iel :

PSO ot store; "the elSctric Freldust RS eT
| arge at thk0 cenhese¢ peirdntopubhécaanirenmas andidecraasesaptowatdl mdis

peri pheral parts 0 FIG,. .1 is an illustration show.n ropagation of the
surface wave in°tR Séﬁ?éﬂﬁ%‘ﬁ%ﬁﬁ%raﬂﬁdg’ echg@@%ffﬁgggﬁgl $r ged slots
and a distribut conceitmic celreteson xiensidiyciloséd plasinaspases denberl(a)

shows - 3- : : .
~having many slots or slot pairs arranged spirally.

o A microwave supplied to the central part of thé
15 circular antenna member propagates in a radial direction,
and the direction is changed by the slots and is
introduced into the process container after passing
through the dielectric plate. Under.such a condition, a
surface wave propagating in radial directions (through the
20 dielectric plate) between the antenna member and the
plasma is reflected by an outer pefipheral surface of the
dielectric plate and returns to the central part. Here,
in a'case_where the slots of the antenna member are
arranged along a plurality of concentric circles, the .
25 surface wave reflected by the entire peripheral surface of
the dielectric plate is concentrated into the central part
- of the antenna member. Therefore; the electric field of
the surface wave is large at the central part of the
antenna, and decreases toward the peripheral parts. -
.30 ' FIG. 1 is an illustration showing propagation of
the surface wave in the antenna member having
concentrically arranged slots and a distribution of an -

electron. density in a plasma space. FIG. 1(a) shows



»

surface wave propagation of the dielectric plate in correspondence to the
antenna nenber, and FIG 1(b) is a graph show ng a distribution of

el ectron density.of a plasma density in a radial direction of the antenna
menber. 5 As shown in FIG 1(b), the electron density ne of the plasm "
space is maxi num at the central part of the antenna nenber., and the

el ectron density ne decreases toward the. periphery of the antenna nenber.
Therefore, in the antenna nmenber having concentrically arranged slots,
there 10 i s a peabfese ivavdharobhgapl@srexr deastiyléstnireyentsi nge the

~plasma density corresponding to the central part of the antenna nenber is

hi gher than t heCBFRSTHRPUEISTt (Oi hRe t3-9eA PREPST - PRDEFSEL OsURE o @

I NVENTI ON |t lsgaa?sr@r@in@bheaisefisJ&oar 8geBi cMANHAR It o PrPVi de an
i nproved and useful mcrowave plasma_  processing apparatus and a pl asma
processi ng met hBY2FFR AIERYt AB abbydlaetitesEdopr obl Bt andeana| neAbRit ed.
20 A nore speci hkCsRIeGh @fct Ne Py eSe 1B¥eRLA UkndiS i RePEPViE a

m crowave plasma processing apparatus, a plasna processing nethod and an
ant enna nenber BAREMA cERCEMAReMAX PSP ddssFeytemi fogr PA bhe radicana

di rection of anqoaglenng,drepber:o2idd ALdeLy 0. aghi.euectheoaboysypent i oned
objects, there I's provided according to one aspect of the presen

i'nvention a m crewenee afmihpr aceswiaggeappar at Tisengfiocke, appthes pl asma
processing to a t cess . rising: ocess ,cant ai ner
provi ded therei ﬁﬁymgr?r%ar Z&e&?e%l g%‘é%é s C%g%%‘%g% c%rrta%gegug{s??sa’t e 10 be
processed i) phacesprdolEnciowahat gare rdhenawhiendi gerner ahesem stircieowave
and supplies to %he Process cont ai ner ; ang.a n\'}]cro%/ave. rj‘;\di ation menber
provi ded bet weel 't he HiEr SRS Y eRerarsr "4 9 aky Yie S5PSERS LT t4i ner so
as to radiate theemctamayeember is higher than the plasma density in :

the periphery.

15 DISCLOSURE OF INVENTION

It is a general object of the present invention
to provide an improved and useful microwave plasma -
processing apparatus and a plasma processing method in
.which the above-mentioned problems are eliminated. |

20 A more specific object of the present invention
is to provide a microwave plasma processing apparatus, a
plasma processing method and an antenna membér which can
make a plasma density uniform in a radial direction of an
antenna member.

25 In order to achieve the above-mentioned objects,
there ié provided according to one aspect of the present
invention a microwave plasma processing apparatus'which.
applies plasma processing to a substrate to be processed,
comprising: a process container provided therein with a

30 placement stage on which fhe substrate to be processed is
places; a microwave generator which generates a microwave
and supplies to the process container; and a microwave

radiation member provided between the microwave generator
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to a space of the process container, wherein the m crowave radiation
menber has a plurality of slots arranged along a plurality of
circunferences, and the plurality of 5 circunferences are non-concentric to
each other. In the above-nentioned. invention, the centers of the
plurality of circunferences may be eccentrjc in different directions to
each other with respect to the center of the m crowave radi ati on nenber.
Additionally, 10 the centers of the plurality of circunferences may be

eccentric in thengapge %fcﬁ',%ts'soeoﬁﬁ)aﬁ?&.h <4 her +ui Jt:aﬁfaec%o%ﬁg ml@rdv&?vecent er

of the m crowave radi ation nenber, and an anount of eccentricity of the
centers of the pPupafPage off té?r@ﬁ%@%ﬁ%ﬂﬂ9@§aﬁayrlrRhQﬁﬁy@ ﬁbaamtbzpwama phery

of the 15 m crovaye.fadi ald@R - MEyDes o flri%%eof‘ 1 Qs RALL g@% ng qr med

by one of the slots and an adj acent one o ots arran
T-shape, and a pﬂur@llthQﬁ:Cuheumf@menqﬁﬁ rgndayhbaibnﬁangedoalong t he

prurality ofs CEEFUBLeLAnces. .20 Addiddonally. LoeLe,] s Rrovided according:

to anot her aspect present nvention: a processi ng met hod
using a m croowave plasnaimrdmessbomp mqnnmombdswmMemmuﬁppkheSc@Masmaof _
processing to a _substrate rocessed, conp rocess contai ner
provi ded 25 thngl { ltyppgc%hikﬁm %ﬁ%ﬁ?eSnmﬁﬁlQﬁ1%%%?ngﬁggtyate to be
processed is p|dﬁéﬁeréhﬂﬂdﬂh@wayenQGMEkﬁkﬁrowhéﬁhmugB&%@@E@S aonmﬁiowﬁ%e
and supplies to the process container;.and.a m crowave _radi ati on nenber
provi ded bet we&R" F%g‘Hféjﬁvﬂ§8rﬂ@ﬂ§?aﬁgﬁaaﬁanﬂﬁﬂﬂﬁ?bceég chhta e 30 so
as to radi at® thRenteronRVert eha SRaca iofy bliecpracesTencopt@iyele Wherein
the mcrowave radiati on menber has a_ plurality of slots arranged along a

plurality of CFFE%%?%VbH€b§heaﬁQW?Pﬂ%ﬁﬂCGﬂSPlF? FAT i LERT €1 EhEsPEcE -5
non-concentric to e@élteoitker oft fige MdIRHaGOMPAUSA iGN member, and an

amount of eccentricity of the centers of the plurality of
circumferences may increase toward a periphery_of the

15 microwave-radiation meﬁber. Further, a slot pair may be
formed by one of the slots and an adjacent_one‘of the
slots arranged in a T-shape, and a plurality of the slot
pairs may be arranged along the plurality of
circumferences. '

20 Additionally, there is provided according to
another aspect of the present invention a plasma .
processing method using a microwave plasma processing
apparatus which applies plasma processing to a substrate
to be-processed, comprising: a process contaiher provided

25 therein with a plaéement stage on which the substrate to
be processed is places; a miérowave generator which
generates a microwave and supplies to the process
container; and a microwave radiation member provided
between the microwave generator and the process container

30 'so as to radiate the microwave to a space of the process
contalner wherein the microwave radiation member has a
plurality of slots arranged along a plurality of

circumferences, and the plurality of circumferences are



pl aci ng the substrate to be processed on the placenent stage so that a
processi ng surface of the substrate faces the mcrowave radiation nenber;
supplying the mcrowave to 5 the m crowave radi ati on menber so as to
introduce the mcrowave into the process container through the non-
concentrically arranged slots; and generatdng plasma in the process
container by the introduced mcrowave so as to apply a plasma process to
the substrate by the generated 10 plasma. Additionally, there is provided

according to anehhesnasRect @b bhen RI@ReNt thBVRMHRN Rnpkcs ongve
radi ati on nmenber used for a mcrowave plasma processi g%ﬁ aEparat us
conprising a prBE_SENE IitaiSHEE LhATR itafs PEscasas fita Btee¥entand a

m crowave gener gtgge WH G genenabess & ndlisti-puRY & ANg S UpBLL £sed ordhe
process contai ner, wherein the mcrowave radi ati on nenber is attached to

‘the process cofbaiReFraieye $a6onhet EEmoert hauppkriowaréegeheratare, tand
the morovaus radeapl AL IRADGLANAS; &h Rt LY &1 &) s 8,8t rgnged along a
ch other so as to

plurality of circunterences non- concentric to ea
i ht roduce the nindcoweves inipothaerpraces socbaiaénearhromgbughethenpl ural ity

‘of slots. In th ve-.nention i nvent.ion, the centers of .the plurality
of circunfer encggsg’%ﬁ/trblg:%gégeﬁ?rg?%gﬁaﬁ szlg ai t %’%‘?e ‘?necﬁar%(r:-lgi 8%1‘35s"t1a0 Tach ot her
W th respect tothbeprammserootaliier mcrwavetradlictd anicrenbes .so as to

Additionally, the centers of the plurality of circunferences may be :
eccentric in thePEahe d)ﬁrag’@ﬁ Bh°tD Segcc%t 8PP HS «?é’p&g? g?rberiar)j?@dcent er
of the m crowavplasmiation nmenber, and an 30 ampunt of eccentricity of the
conters of the plural Lty ol BLASHY ereness Ty L pelepse Loterd @ per phery
one of the sl otanéatiteBaspadjcacenth®nfre@lenthenvéntidotasmarrangad in a
T-Shape’.and_a Eég{gﬂigﬁlﬂg&bg?euggénfor a microwave plasma processing
apparatus comprising a process container which applies a
15 plasma process and.a microwave genefator which genefates a
microwave and supplies to the prbcess container, wherein
the microwave radiation mémber is attached to the process
container and is connected to the microwave generator, and
the microwave radiation member has a plurélity of slots
20 arranged along a plurality of circumferences non-
concentric to each other so as to introduce the microwave
into the process container through the plurality of slots..
~In thé above-mentioned invention, the centeré of
the plurality of circumferences may be eccentric in
25 different directions to each other with respect to the-
center of the microwave .radiation member. Additionally,
- the centers of the pluralify of circumferences may be
eccentric in the same direction to each other with respect
to the center of the microwave radiation member, and an
301 amount of eccentricity of the centefs of the plurality of
circumferences may increase toward a periphery of the

microwave radiation member. Further, a slot pailr may be

formed by one of the slots and an. adjacent one of the



pairs may be arranged along the plurality of circunferences. According to
t he above-nmentioned invention, the 5 density of plasma to generate can be
uni form zed by arranging the plurality of slots of the nicrowave

radi ati on nmenber along the plurality of non-concentric circunferences. By
maki ng the plurality of non-concentric cigcunferences eccentric in
different directions, the 10 el ectron.density, which tends to increase at
the central part of the mcrowave radiati on nenber, can be decreased so

as to uniform zeibhe phasddenss ty-sHEPCOURH, a thBirdnliagnyr densidiwcan be
uniform zed by intentionally generating a variation in the distribution of
el ectron 15 denBfiyS BPMEE AGLEREEDI AT theoPl Woh-idoneént ri c
circunferences geseRtfderncBst he sane direction and correcting by
synthesizing with a variation of the plasma density due to other causes.
O her objects, features &Ff¢oadVaGt tyyedicorbpie oWt innese ANVERVETti Giew | |

becorme nore AppaLent+f I M Nen. fol | g cdetal | W)y ien read in
conjunction w t% tJIﬁeJ acconparrq?/igg CJg_:\rlﬂawi r%gs. BR%#%E%%EF%’%% THE
DRAW NGS 25 FI Gariangingh the| ndurakiton ofhewphy ¢f opegaticonwave a surface
wave in an ante . lenhe I.n t Y, . ar e ot.s .and a
~di stribution of Pg %%rmg]nqnggﬁélkt%lfrpréjg%%p%g%i%?agoeg %E%Ggoééelnstralc :
Cross-secti onal cvrewShenicag . anBy 3fakiutgl ithe slunltitye o6f nanre@raanavecpl asma
processing apparatu rovi.d wﬁﬁ_?garner%ntenna menber ccordi ng

|

s.which.is ed a
Lo a first enbod HENL OF°CHE BYESEMd ve EFESEELSIE LI Vi ew of
t he ant ennalOrenbeectron sleasiityn wHileh ZenBbGro 4increasgr aphtishawinmgatihe
diStrijtion Ofpart of fhe microwave radiation member, can be decreased -
éo_as to uniformize the plasma density. Moreover, the
plasma density can be uniformized by iﬁtentionally
generating a variation in the distribution of electron
15 density by making the plurality of n0n4concentric
circumferences eccentric in' the same direction and
~correcting by synthesizing with a variation of the plasma
density due to other causes.
_ cher objects, features and advantages of the
20 present invention will become more apparent from the
following detailed description when read in conjunction

with the accompanying drawings.

'BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is an illustration showing propagation of
a surface wave in an antenna member having concentrically
- arranged slots and a distribution of electron density in a
plasma space. | | -
FIG. 2 is a cross-sectional view showing an
30 outline structure of a microwave plasma processing
apparafus which is provided with an antenna member
according to a first embodiment of the present invention.

"FIG. 3 is a plan view of the antenna member



el ectron density when using the flat antenna nenber. according to the -
first enbodi ment of the present invention. 5 FIGS. 5A-5F are illustrations
showi ng plane configurations of the slot. FIG 6 is a plan view of a flat
ant enna nenber, using-T-shaped slot pairs. FIG 7 is a plan view of a flat
antenna nenber 10 according to a second epbodi nent of the present
invention. FIG 8 is a graph showing a distribution of electron density
generated by the flat antenna nmenber shown in FIG"7. FIG 9 is a graph
for explaining ansfhuct W te 15 correct a variation in electron density
by the flat antenna nmenber shown in FIG 7. BEST MODE FOR CARRYI NG OQUT THE
| N\VENI TON A description ild- Bel§i ¥esiradl GROWMEhtro defttaibreéon ook he

drawi ngs, of enpodipRy SHARAR AT QL £nr 85281l el hfbed { shoul d be
noted that the same parts 1nthe figures are give the sane. reference
nuneral s. FI G 2cterding dss-tbectiontl enbadymshowcAgtiae prradnitnéngentteny e of
a mcrowave plasnma proce g 2 r.at d th an

ant enna menbgr accordi nafsﬂtd(% a |$§?£lgeaﬁbl§ lﬁ%tw]cg&% he B"(ri}e[1 eﬁ? Iiﬁd:ﬁventl on. _
It should be notedfitnatatil@snp€romavelqd.asma processing apparatus shown in

FIG 2 i | CVD pr i ¢ t | |
OUD apparatub 20 Shown | Co 2UACTH Jiatelt Roral AeF BB IR s

formed in a cyl uethgcrishaghdpelon patisrsenti rety. The process container 22 is

constituted by a conductaqr. such.as al um nym and rms a_-8- closed process
space S therein. A pl ace(r)FEIr?[ gt age® 2 Ph Wi c AL a2 tc@r‘?&ﬁﬁ?%rmera%ﬂrer Was

an ObjeCt tﬂ)beaﬁé@ﬁﬂﬁﬁﬁdxi& Qb@@ﬁ&iéMbodlment of the present invention.
_ FIG. 8 is a graph showing a distribution of
electron density generated by the flat antenna member
shown in FIG. 7. | |
FIG. 9 is a graph\for explaining a structure to
15 ~ correct.a variation in electron density by the flat

antenna member shown in FIG. 7.

BEST MODE FOR CARRYING OUT THE INVENITON

A descrlptlon will be given below, with
20 reference to the drawings, of embodiments according to the
present invention. It should be noted that the same parts
in the figures are give the same reference numerals.
FIG. 2 is a cross—sectional view showing an
outline structure of a microwave plasma processing
25 apparatus which is provided with an antenna member
according to a first embodiment of the present invention.
It should be noted that the microwave plasma processing
apparatus shown in FIG. 2 is a plaema CVD processing
apparatus as an example.
30 The plasma CVD apparatus 20 shown in FIG. 2 has
"a process container 22 which is formed-in a cylindrical
shape in its entirety. The process container 22 is

constituted by a conductor such as aluminum, and forms a



acconmpdated in the process container 22. The placenent 5 stage 24 is
formed in a generally cylindrical shape with a protruding central part by,
for exanple, an anodized. alum num The |ower part of the placenent stage
24 is supported by a support base 26 which is also forned in a

cylindrical shape by alum numetc. The support base 26 is 10 installed on a
bottom of the process container 22 through an insulating material 28. The
upper surface of the placenment stage 24 is provided with an electrostatic

chuck or a cIanglgggqu&QQ%j(gggaquwgkﬂ%gg_holding t he sem conduct or wafer
[

W The 15 pl acenent stage connected to a matching box 32 'and a
hi gh-frequency power sourk@l3d4ehent bsesye Brooghwlaigowersemgoppiyctame 30.

Al t hough t he high=frequenc wer. source faor bias. generat.es and supplied a
hi gh- frequency &ﬁgérg?émﬁ§15§ VEES ¥9 5% PASFe3 ﬁ%j?gﬁggggga%§ to provide.
20 The support basemifijatwhi ¢th shppordsdsheonphatemed®. stragepldcenemtpr ovi ded

wth a cooling jacket, 36 through, which a. ol i ng. wateer flows for cooling
t he waf er du ?ﬁ%ep%zgs‘ﬁ‘a fBFES‘?:‘gs‘sr? r?g.gelnterglrcllgﬁl Cc‘lyn]%élvd\%d't‘:@ai Eh3Re &+ Hest er
for heating maypbetiweaipaeatedl iph e g Foacers@ile 2anskag@izeh i f needed.
Provided on the side wall of the process contajner are a quartz nade

pl asma gas suppPy Rtz¥te 38° WAFEh Rifdplifeds BLRCTE TpPA8HR SUCHF as, for

exanpl e, ©  ar gonsggso el dyqHAEhZpPdHAH008SEhIas SHRALY  POZZLL 140 230
i ntroduces a process gas such as, for éxanple, a deposition gas. -The
nozzl es.38 and Pt WEFISHINERERE B 2HWEIHMasHE- gad S SHPRRr 54031 28 pPocess

gas source Mja ;AEESTidPWnCanbeetdkrist 46 eapdod8sandenente! psemalyygs 50
-9- and 52, respectively. SiH4, 02, N2 gas etc. are used for a deposition

gas as a proces3tgiRsulaidingi BaReTiAL £8ate val ve 58, which opens and

The upper surface of the placement stage 24 is
provided with an electrostatic chuck or a clamp mechanism
(not .shown) for holding'the semiconductorlwafer W. The
15 placement stage 24 is connected to a matching box 32 and a
high-frequency power source 34 for bias through a power
supply line 30. Although the high—freqﬁency.powér source
.for bias geﬁerafes and supplied a high-frequency wave of
13.56 MHz, it is notlalways necessary to provide.
20 The support base 26, which supports the
placement stage 24, is provided with a cooling jacket 36
'through which a cooling water flows for cooling the wafer

W during plasma processing. It should be noted that a

heater for heating may be incorporated into the placement
25 stage 24 if needed. | _
- Provided on the side wall of the process
container aﬁe a quartz made plasma gas supply nozzle 38
which supplies a gas fbr plasma such as, for example,
argonlgas and a quartz made process gas supply nozzle 40
30 introduces a process gas such as, for example, a |
deposition gas. The nozzles.38 énd 40 are connected ﬁo
the plasma gas source 54 and a process gas source via

mass—flow controllers 46 and 48 and open/close valves 50



cl oses when carrying in and taking out the wafer Wto the 5 inside, is
provi ded on the outer periphery of the sidewall of the process container

22. Moreover, an exhaust port 60 connected to a vacuum punp (not shown) is
provided on the bottom of the process container 22 so that the inside of

t he process container 22 can be evacuated_gg a 1.0 predeterm ned pressure

i f needed. Then, the ceiling part of the process container 22 is open, and
~a dielectric plate 62'is airtightly provided thereto via a seal nenber

64, the diel ectrdng bat geedrairaymade; of @, caraghs ot ehial,ssdch,as,
alum numnitride ALN or égﬁiinun1gxidelfg A1203 g% §?Iiconeoxfde %fOZ. The
t hi ckness of thé&ler@Eéréer rgas pisaBePBRCEss IRS-nin, for exanpl e, and has

pernmeabi lity to m crowavegyyRroy.ded on the UNRGL §grf&yﬁQ§8%PEHg %&;Iedtric
me adratio _

plate 62 is a disc-like flat antenn: er (m crowabe. n
menber) 66. Specdilbiseal Vyen tdprriviag ant @mhaakempeputbtiies wadiest Wt tib echeas a

bott om pl at ecof . egui 68, i ch..faor a _hollo l.indric
cont ai ner ana iéﬁsﬁﬁgég#%ﬁﬁﬁ) §?ﬁe§nw¥@%<$H§3p§§55%ge€%ﬁﬁgﬁﬁgrSﬁ%ﬁw. e flat
~antenna nenber 66 itbeppowated cootasnén Iace Moleopéacearerixhahsstaget 20D i n

.the process container. 22.. At the center o n_.upper, part of the vegui de
box 68; an outef%gggﬁﬁ%iJF)beaCBPmap%H%xéﬁﬁ'ﬁ&?gghiﬁgF¥€VF§e§dﬁﬁg§Féd, and
“an inner condutbatomO&S i tisd eokcessonnectiett a2t e et rdle pasidofor t he
ant enna nenber gﬁ? Then th%ﬁ&paxial yide 70 is 30 connected to a 2.45
r

GHz ni crowave g RFRTeS% T ahRT a2 ﬁ%ﬁg CofiVartared 7 and a wavegui de 74
S0 as.to propagatredatefhiricvavrestarés her fladideant ennen Meileebing Thet
. frequency of th jcrowave is not limted to 2.45 G4z, and, for exanple,
-10- 8.35 GHz nfly bB°URERfCSAs CPBFAHIF vigd éGuPBED - PVRe GUFAECtREYI ng a
circular cross geatbofR Ofs @ ir@EHAODYI o BlRSS the8Etd AN DOk el Pader
wavegui de can b%4gsggé'J¥giég%%ééa£late.62 being made of a ceramic |
material such as aluminum nitride AIN or aluminum oxide
15 Alﬁb or siliéon oxide Si0O;. The thickness of the
dielectric plate 62 is- 20. mm, for example, and has
permeability to microwaves. | _
Provided on the upper surface of the dielectric
plate 62 is a disc-like flat antenna member (microwave .

20 radiation member) 66. Specifically, the flat anténna
member 66 is constituted as a bottom plate of a waveguide
box 68, which forms a hollow cylindrical container and is
integrally formed with the process container'22. The flat
antenna member 66 is provided_so as to face the placement

25 stage 24 in the process container 22. At the center of an
upper part of the waveguide box 68, an outer conductor 70A
of a coaxial waveguide 70 is connected, and an inner
conductor 70B inside is connected to the central pért of
the antenné member 66. Then, the coaxial wéveguide 70 ié

30 connected to a 2.45 GHz microwave generator 76 through a
mode converter 72 and a.waveguide 74 so0 as to propagate a

microwave to the flat antenna member 66. .The frequency of

the microwave is notllimited to 2.45 GHz, and, for example,



wavegui de is used in the mcrowave plasnma processing 5 apparatus shown in
FIG 2. Additionally, a wave retardation nenber 82, which is nmade of, for
exanpl e, Al1203 and has a predeternined pernittivity and a predeterm ned
t hi ckness, is provided on the upper surface of the flat antenna nenber 66
so as to reduce a wavel ength 10 of the mcrpwave in the wavegui de due to a
wavel ength reducing effect thereof. It should be noted that the wave
retardati on nmenber 82 nay be provided if needed. Next, a description.wll

be given in detaibs cidtdhy efeligBge 14 HE tde Rhvddie dd ak artenpadrenber
66 as 15 a m crowave radiation. nmenber according to the first enbodi nent
of the present PAV&R¥|idEIFVEGAr3cresy i onypewd ofeqtivadiilar ereshna nenber

66. | a case obecEpbh esPONUoAQile Raldiilldel ean il Qlsed Nerhbatoapianna

menber 66 is made of a metal disc having a dianeter of 30 cmand a
thi ckness of 1 tgvegyidalisriusefnit efe misrevwazperlddrpalprpceshing | at ant enna

menber 66 isc M a such sl ver. pl.at ed copper plate or
an alum nun? pl gﬁggiﬁ'ﬁdes ﬁ%ﬁa%#eﬁrﬁlﬁ% Ln%nb%r%dggﬂlnjéa prydviadg YWith a 25 .
plurality of sl oesagdatin ciempened? atvehiioh tihemade exfl,i dorobxamhiekness

t hereof and has Mrve | ane_configuration. As shown in FIG 3, each of
the slot 84s haé@%ﬁye %%g%sea DL BT S HaBE ™A i YaPPdnged al ong t hree

different circprééeencesndd] thPekmexk Pis biroshaed corbeheotipfet hairi3Qe

al t hough the slots_84 are provided along the entire length of each of the
ci rcunf erences B%, the %ﬁ% %?e??tm ofe SBnty &P ;ffth%Sfat‘ﬁ%VE‘slled%hM f or
the sake of1Gi npki theaticapwavbeie, thidaatenteas @fe te aCwbcadgg@nces P1, P2

and P3 are -11- shifted from (eccentric_to) the center of the quter shape
of the flat anté&f ‘écmrt?éjrfe%.?h%ﬁ?f’ dilteERPBHA dte IRitee that ridtd sy eof

eccentricity) okeeafdutionCwehpeenge mlyf ber provided if needed.
' Next, a description will be given in detail,
with reference to FIG. 3, of the flat antenna member 66 as
15 a microwave radiatidn.member according to the first
embodiment of the present invention. FIG. 3 is a plan
view'of the flat antenna member 66. In a case of _
corresponding to 8-inch size wéfér, the flat antenna
member 66 is made of a metal disc having a diameter bf'30—
20 40 cm and a thickness of 1 to several millimeters. More
specifically, the fiat antenna.member 66 is made of a
metal plate such as a silver plated copper plate or an
aluminum plate. |
‘ The flat antenna member 66 is provided with a
25 plurality of slots 84, which penetrate in_the_directidn of
‘thickness thereof and.has a curved plane configuration. .
As shown in FIG. 3f each of the slot 84s has an.elongated
elliptic shape, and is arranged along three different
'cifcumferenceé Pl, P2 and P3. It should be noted that
30 although the slots 84 are provided along the entire length
of each of the circumferences P1l, P2 and P3, FIG. 3 shows
only a part of the slots 84 for the sake of simplificaﬁion.

Heré, the centers of the circumferences P1l, P2 and P3 are



to each other. 5 That is, the direction of shift. of the mddle
circunference P2 fromthe center of the outer configuration of the flat
antenna nenber 66 is different by 120. degrees fromthe direction of shift
of the inner circunference P1 fromthe center of the outer 10
configuration of the flat antenna nenber_qq; Additionally, the direction
of shift of the outer circunference P3 from the center of the outer
configuration of the flat antenna menber 66 is different by 120 degrees

fromthe direct on-Qfy Skt _(Qécéx?@rihre ol AL T cMH ol @RCenB2oframdhigecent er

of 15 the outer configuration of the flat antenna nenber 66. Thus, the
centers of the ef rcunffdegneatsema mRabend6P3, ared askiiffeetdiom @f fehddant

(directions to eagh other. oFus.cNAN WG9 SkobecRld Alk20Ed-2l AN¢ e

plurality of non-concentric Crrcunfere S, e surface 20 waves, which
propagate in theossadracehetr.the dielectric plate 62 and refl ected by the

outer periphery, return the central rt_of .the fla nt enna..menber 66,
but they aEg not concen%ﬁﬁ?eﬁsihﬁgaéﬁgfﬁgﬁgnp%$ﬁ%ug%"P%e%%%n %é%%% the
fl at ant enna. neabesufi®rehltat P StrdmhechsUrbacer wa/ ech2b onekurns to a range

having a certain area in.accordance_ with the amount of shifi_of the '
‘ci rcunf erences BPREEBITATAonpal rierdr é‘,ntﬁﬁ%%r%“ﬁfrt 6t ﬁ%"gja?f?eéﬁé%nent of

the slots in the fiAtdcanrtennard®iey Bbcaecon BMNGHiTLt be fHeseter
enbodi nment , unifronipg of electron density is inproved as' 30 conpared to
the convent i onaf ¥FEtEeFRPERnal nrierthien SRAEEH Curd\FefHESE occurs in the

- el ectron densit ¥oh#iQuidltashBor Spaeer dite sheaaRCREHBE igen ohdgut{ace Maves
into a single £0|nt‘when the circunference P1, P2 and P3 are concentric
-12 and the di §8¢iBurgEhopf opl Wredd@dsithy edrebeiFePérRF2eR B f3%%er t ai n

extent. FIG 4 {fea-dftahhoghemb sl dicthh BUti@bh1@ Okhe flat antenna
' member 66 is different by 120 degrees from the directiop
of shift of the middle circumference P2 from the center'oﬁ
15 the oufer configuration of the flat antenna member 66.
Thus, the centers of the circumferences Pl; P2 and P3 are
-sHifted in different directidns to each other.
Thus, when the slots are arranged along a
plurality of non-concentric circumferences, the surface
20 waves, whiéh propagate in the surface of tﬁe dielectric
plate 62 and reflected by the outer périphery, return to'.
the central part of the flat antenna member 66, but they
are hot concentrated into a single point'bf the center of
the flat antenna member 66. That is, . the surface wave
25 returns to a range having a certain_area in accordance
' with the amount of shift of the circumferences P1, P2Z.and
P3. Therefore, according to the arrangement of the slots
in the flat antenna member 66 according to the present
embodiment, unifromity of electron density is improved as’
30 compared to the conventional flat antenna member in which
unevénness occurs in the electron density in a plasma
space due to concentration.of surface waves into a single -

point when the circumference Pl, P2 and P3 are concentric



el ectron density in a case where the flat antenna nenber 5 66 according to
the first enbodi nent of the present invention is used, and the distribution
of electron density shown corresponds to a case where the slots are
conventional [y arranged al ong concentric -circunferences. As shown in FIG
"4, according to the flat antenna nenber 1{,66 according to the first
enbodi nent of the present invention-which has the slots |located in a
non-concentric arrangenent, the electron density in an area correspondi ng

to the central part16f, tdiei fthat qast enna iaber p&sis deduepdcand,an area
corresponding to a perjpheral part is 15 increased as conpared to the
di stribution of UBLERTPAFD déndi EGTFRIR Ift€BiRvent i onal case where the slots

are located in the concentyiq ag5r angRMNtsnolRRE S U trideeQbsi MY Jo the
flat antenna nenber 66 of the first -~ enbodi nent "of the present rnvention,

the plasma densPL§crFrRolansisyi &0 @i ¢asst MoRref thaef fdtapnanneanenatber 66
(that is, a5r§@ba+c£%£&¥ﬂd Qg 9§%tf¥%é¥3% Pﬁ!m&§tLHEféNé 760.2s compared

to the conventional case, “and, us, a. uniform plasma pfocess can be
applied to the watvertign Alst hsagh amd tleané stohbugipmatiforletteach sl ot 84

25 is nade as'?BeﬁéPﬂgﬁﬁﬁﬁm¢£%LP§§b$Ah§'%% gaégs FWHg}i thlgiotS’lkﬁe
present invention is not limted 10 such a configuration, anhd, For
exanpl e, a circobavestiapaldy shoamged mllenG. cbAcemyrive cdisedmberancead.l i ptic

shape having .different. e ntricit shown_.i n. Fl 5B may be used. 30
Addi tional |y, agﬁaf¢o¥ﬂ 3 %ﬁ?'s%dé%c%%gaéngeg?aHﬁ?éﬁﬁg;aﬁgen?%rWﬁﬂ?egé arcs
as shown i nL®Fl G665&; cardieac iocehaefi:84B eabodamént ad)ltbe prosg@t e or a

rectangle may be formed in.a, curved shape as sho in FIG 5D, FIG 5E and
Fra aE ©. 15 NEPESYEh A ABUGRE iHe Hrne: [arerd Sdeh BBFHETATE ol ygon
havi ng nor e t haarfavgenrsindgs thgye becti@nrednkdt@ i€ WV e@deshaperesponding

to the central part of the flat antenna member 66 is
reduced and an area éorresponding to a peripheral part is
15 increased as compared fo the distribution of electron
density in the conventidnai case where the slots are
locgted in the concentriélarrangement. Therefore,
according to the flat antenna member 66 of the first
embodiment of the present invention, the plasma density in
20 . a radial direction of the flat antenna member 66 (that is,
a radial direction of the wafer W) is uniformized as
compared to the conventional case, and, thus, a uniform
plasma procéss'can be applied to the wafer W.
Aithough the plané configuration of each slot 84
25 is made as an elongated ellipse in the case shown in FIG.
3, the present invention is not limited to such a
configuration, and, for example, a circular shape as shown
in FIG. 5A méy be used or an elliptic shape having
.different eccentricity as shown in FIG. SB may be used;
30 Additionally, a pair of short sides of a rectangle may be
formed as arcs as shown in FIG. 5C, or.each corner 84B of
a triangle, a square or a rectangle may be formed in a

curved shape as shown in FIG. 5D, FIG. 5E and FIG. 5F.



Since the plane configuration of each slot 84 5 does not contain an angle
part which tends to generate an electric-field concentration in the
above-nentioned cases, there is an effect in that an abnormal discharge is
prevented which permts supply of a |large electric power. Moreover,

al though the slot 84 shown-in FIG 3 10 ifgarranged so as. to extend in a
tangential direction of a circunference, It may be arranged with a
predeterm ned angle such as, for exanple, 45 degrees with respect to the

tangenti al diresbireBve MrLAHRUghPALE Si Ofust@tsdar £an9ed mkd Jrshape may be
arranged al ong non-concentric (1;5 circunferences. In a flat antenna nenber

66A shown i n Fl 801Ygon d1astingampse eliedh ofivghiséAes oray fiss fermsfoirs M2A and
92B located incarfaghaieare arranged along four pairs of circunferences
(i ndicated by single-dashed chain.lines in the figure). It should be noted
“that, in FIG 6, the 20 adjrs€eihetmbaRs reanfilersatesn iqfdiceghedl oy 84

Si ngI e-dashegl ghakn, i i qgkgnaa@(ﬁr], s%d hhghcg%ﬁ#gft%; §€8g§ﬁtbrgal% ng a

pair are concentric to each other ot parr
sl ots 92A and skéecOpB:-fisilch caneent ratriged lnatbﬁgaltm@—p@intiotled cases,

-circunferences. ﬁér%_ﬁfse anta%fffgr tﬂeghucr RaLp ﬁgm?f el erences the

direction of shi Irection o eccen r|C| ers g@o %egrees to
each ot her. Thapresentdie wt:lenhepenﬁlttshesuppﬂlyebﬁostlaxa;er eotectrtmpsﬁvaxences is

shifted dowmmward from t center O f the ute ur at i, on_of the flat
30 antenna menber 66A, aEF TERECEent BT ol %? é;é 8t ‘ltlhI"eP

~circunferencks is shidrieed |sef hwatd e>{tetnhie 1h| gutenddrainalt Rereepi@r JF af the
outer configuration { the flat antenna merrbﬁ HG A. Moreover, the center
[

of the outer -14*TPHMESEir r&%n‘f‘%‘t ST S TPRIE UPRERETFFBIRShe cent er
0 of the outerangnéigigmtisonret dtendlegt 4ana@@ﬂ@e§mmtar ré8fect RW tper nore,

the center of the out er nost pair of
tangentia dlrectlon Moreover, pairs of slots arranged
in T—shape may be arranged along non-concentric
15 circumferences. .In a flat antenna member 66A shown in FIG.
6, slot pairs each of which consists of slots 92A and 92B
located in a T-shape are arranged along four pairs of
circumferences'(indicated by siﬁgle—dashed chain lines in
the figure). It should be noted that, in FIG. 6, the
_20 adjacent two circumferences'indicated by single-dashed
chain. lines make a pair, and the circumferences making a
pair are concentric to each other. Each slot pair 92 is
formed by the slots 92A and slot 92B, which are arranged
' aloné the pair of circumferences. ' |
25 Here, as for the four pairs of circumferences,
| the_direction of shift (direction of eccentricity) differs
" by 90 degrees to each other. That ts, the center of the
~ innermost pair of circumferences is- shifted downward from
the center O of the outer configuration of the flat |
30 antenna member 66A, and the center of.the outer paif of .
the circumferences is shifted leftward in the figure from
the center O of the outer configuration of the flat

antenna member 66A. Moreover, the center of the outer



circunferences is shifted rightward fromthe center 0 of 5 the outer
configuration of the flat antenna nenber 66A. Therefore, sinmlar to the
flat antenna nmenber 66 shown in FIG 3, surface waves reflected by the
side surface of the flat antenna nenber are not concentrated into a single
point, and the plasma density is preventedifrom being 10 increased at the
central part. Here, the longitudinal direction of the slot 92A and the

| ongi tudi nal direction of the slot 92B are' perpendicular to each other,
and an end of tmeigl of émﬁkdmfenehoee i9 sthigfteentiprand fitven shet c&2eed 1 t he

| ongi tudi nal 15 [ t|on over,. the | it directio

slot 92A incli negJ bjﬁ/ga% * Aﬁ?n SgHEaEeD & for{lgﬁeggxﬁpc?‘flt &5}%8‘8‘?"5 ‘Yh%éptent er
section of the §hmth92ﬁ0fﬂujﬂﬂheceEﬁéerofcﬂmihﬁtérm@ymﬁﬁﬁﬁﬂ©e al ong whi ch.
the slot 92A is arran and, mlarly, .inclines by about 45 degrees to
a line 20 whi chC(thfﬁHI&g‘?Eérfcr?? &énPLn%%%c‘%éi%‘r’fwanl ?ﬁ%“ Sttt c§2B°ard the
center of the citheustiesenas flgorgtibh chr the shet 2B mahbapgesh .
According to such a T-sha ed slot pair, a mcrowave propagating in a

radi al directi of€aRTBES: e?lF‘}l&@énFPytké%nﬁ/l@rtt SHLPAR® BEESTc QP aPloEt |8kt ed

electric 25 fielpdg.and sufiem.alasnpe catder 99n€ﬁ@t§ﬂjeefsﬁﬁ%h€@téﬁ' th\ext,
a description will be given, with reference to FIG of "a second

embodi ment of t féapr @3ERRNA IMEPRRE| BRE rm*acomcegtaamchmn%w aingld | at
ant enna menber p@@gtaQﬁgiQHEQEleﬁgedéﬁﬁﬁﬂﬂ1@”99?6@@%%1QﬂohhﬁepﬂfsenF 30

invention. Here, as shown in gas asma IS pplied
fromthe si#e t dNEReaSRE @it \Ahlencﬁhér@l &\ - processing apparatus, a

deflection as shown in FiG.d ifier 15d5regenehabede Lo dihe eLest son densi ty

~of the plasma space. That is, the ctron enS|ty on the upstreamsi:de in
t he d|rectlon,@ﬂdsﬁ@®l%OngiﬁuﬁenghsdimﬂCQﬂoasnﬁ the delcrte&88dare

perpendicular to each other, and an end of the slot 92B is
close to the center of the slot 92a in the longitudinal

15 direction:' Moreover}-the longitudinal direction of the
slot 92A inclines by about 45 degrees to a line which
connects the center section of the slot 92A apd.the center
of the circumference along which the slot 92A is arranged,
and, similarly, inclines by about 45 degrees to a line

20 which connects the central section of the slot 92B and.fhe
center of the circumfefénce along which the slot 92B is-

: arranged. According to such a T-shaped slot pair, a’
microwave propagafing in a radial direction can be
efficiently converted into a circular—deflected electric

25 field, and uniform plasma can be .generated efficiently.

"Next, a description Will be given, with

reference to FIG. 7, of a second embodiment df the present
invention. FIG. 7 is a plan view of a flat antenna member
66B abcordiﬁg té the second embodiment of the present

30 ° invention.

Here, as shown in FIG. 2, when a gas for plasma

is supplied from the side to the wafer Wfin the plasma

processing apparatus, a deflection as shown in FIG. 8 is



and the electron density on the downstream side is 5 increased. Therefore,
the plasnma density tends to be nonuniform The flat antenna nenber 66B '
according to the second enbodi ment of the present invention solves the
above-nenti oned problem by taking the arrangenent of the 10 slots into
consideration. That is, a deflection is +¥gentionally given to the
distribution of mcrowave radiation by giving a deflection to the
arrangenent of the slots so as to correct the deflection in the

di stribution offeptagted dendheyeteettan aemstibpdobf tisupdlapimagspagms for 15

pl asma by the deflection.of radiation of. 1.C ve the . fl at .antenna
menber. The fIa?kggt%%hgj%%ﬁéggkg%g(%ﬁgﬁﬁ§ighF%§¥@¥xH§%a 5 %bgbtgﬁot _

pairs 92 siml aditectimn fdfatsuapliennf tteroes £66A>Bdwwen iisndetfeadfisd,and t he
center of the pahr gﬁ Zq: %ircugferenceS'%hong whi ch the.ﬁair of slots are
arranged are sfAifted fTeMTRE CENTEYY S "FhEYTH" St 8AHS hBnber 66B.
However, in 3 heihtatasgaed enmherenbes, 668 plhemseddmyicy aknakl| td asr pairs of
circunferences are shifted in the sane direction. In FIG 7, although the

center of the 25°FAPETMO5t pair of circunferences aligns with the center of

the flat antenna nenber 6G6R rihe &erdel=s mefvak! 6emItLiconBahlStOfthe
circunferences are shifted | eftward, and the anount of shift is increased
t oward out si de. STRPLIFRLAYRNE n_f e PISEERAaI MEHIEP6681E¥RDWH€ 30 in FI G

- 7, the density ghotdens!tbnRal pEodPen HyNHARI A tKE argRtnshde 584 ON, and
“is lowon the left side section. Thus, the mcrowave field intensity of
the radi atetd nPePbhaltd sossiderieoron Thatrighta slefdeseéen oks (where - 16

the slot densitynisntdfih19f ot ben fiatrantenna: PRrRel 36Ricraidd,d s set small
on the left-side section (whére the slot density is low of the flat
ant enna nenber. B8BiLation by giving a deflection to the arrangement of the

slots so as to correct the deflection in the distribution
of plasma density due to a method of supplying a gas for
15 plasma by the deflection of radiation of a microwave by
the flat antenna member. , )
The flat antenna member 66B shown in FIG. 7 has
T-shaped slot pairs 92 similar to the flat antenna member
66A shown iﬁ FIG. 6, and the_cenfer of the pair of
20. circumferences along which the pair of slots are arranged
are shifted from the center O of the flat antenna member
66B. However, in the flat antenna member 66B, the centers
of all four pairs of circumferences are shifted in the
same difection. In FIG. 7, although the center of thé
25 innermost pair of circumferences aligns with the center of
the flat antenna mémber 66B, the éenters of all outer
pairs Qf circumferences are shifted leftward, and the
amount of shift is increased toward outside.
Therefore,'in the flat antenna member 66B shown
30 in FIG. 7, the density of the slot péirs 92 is higﬁ on the
right side section, and is low on the left side sectioh.
Thus, the microwave field intensity of the radiated

microwave is set large on the right side section (where



Thus, in a case where the antenna nmenber having 5 slots of non-concentric
arrangenent as shown in FIG 9, the deflection in-the electron density due
to the arrangenent of the slots of the flat antenna nenber can be
corrected by correspondi ng a section where the intensity of radiation of a
m crowave is larger to a section where 10-1ée el ectron density is snaller
due to a nethod of .supplying a gas for plasma. As nentioned above, also
in the present enbodinent, in the flat antenna nmenber of-a structure in
whi ch the sl ot stheeshot alvged tal doaghiolpl waltheyf bt B tEnneuntrpen s,

non- concentric Logeach. gt Ngra 2 deflegtion .o Lhe eleclron. densidy,
generated by ot her causes can bé correcte -8y TRt ent 1 ona Fy generating a
defl ection of dkestitpnsdénsityfbyharefilchi agtehea diengetrd é6Bof shift of each

ci rcunference, and, thus,.uniformplasma. can QF-ZO achieved, |t should be
noted that, also in the setdnd™ efbsti TeRErsf (PR pradenfSIRee e ohd
simlar to the Eloss oferhedicorbéntBiSidaidaageheht ey winsel Frst egd of the

slot pair, and _the slot may have-various plane confjgurations 25 as shown
in FIGS. 5A-5F. t‘t’i’ﬁed%%]eefécﬁrf’}/‘i A0S - SeE ZRY deppd B @Ueo tPnghe

above- ment i onedaspgsddnicial by @hscinsed Anbadi Feat an@nda Makbat | QRS pand
nodi f.i cati ons may be nade within the scope of the present invention. 30
-17- CLAIMB 1. EORFRFRBY FPRSAEPPITCEsSi REChpPardtars thAi Ehterppitives
pl asma processi Bg LB SWRSHEAL eniOrRfved iR 0§R§SEGho GOBREL ShNGindtePr OCeSS
container provided therein with a placenent stage on which the.substrate
to be'procégéedthg electron density is smaller due to a method of
_supplying a gas for plasma.
' As mentioned above, also in the'present
embodiment, in the flat anteﬁna member of -a structure in
which the slote are arranged along a plurality of
15 circumferences non-concentric to each other, a deflection
in the electron density generated by other causes can be
corrected by intentionally generating a deflection of
electron density by matching the direction of shift of
each circumference, and, thus, uniform plasma can be
20 achieved. | » |
It should.be noted thét, also in the second
embodiment of the present invention, similar to the first
_ embodiment, a single slot may be used instead ef the slot
pair, and the slot may have various plane configurations
25 as shown in FIGS. 5A-5F. _

The present invention is not limited to the
above-mentioned specifically disclosed embodiments, and
variations and medifications maylbe made within the scope
of'the present invention. '

30



pl aces; a mcrowave generator which generates a 10 mi crowave and supplies
to said process container; and a m crowave radi ati on nenber provided
between the mcrowave generator and said process container so as to
radiate the mcrowave to a space of said process container, 15 wherein
said m crowave' radi ati on nenber has a plrality of slots arranged along a
plurality of circunferences, and the plurality of circunferences are
non-concentric to each other. 20 2. The m crowave pl asma processing
apparatus as clained in claim1, wherei nCLA&Mgenters of said plurality of
circunferences are eccentric in-different directions to each other with
respect to the center of said mcrowave radiration nenber. 25 3. The
m'crowave pl asna processnng apmacamwawexplaemaiptdbéssﬂﬂgahpparatmmerein the
.centers of said p of .circunferences gre ec entrlc i n the sane

| ity
direction to eacﬁLﬁB?eng?’lyj\ﬁst RIFHIP SO SLRE E_rt e &ftfsa?dt%%ﬁ- owave 30

radi ation meStheproedskead) awnppisdigeccentricity of the centers of said
plurality of circunferences increases toward a, $er| phery of said m crowave

radi ati on nenber. -18- 4.2 PRECRTEr CUMAFTFaBREY B ot dS6TRG abpat &t us as.

claimed in one plagdmid® stabe 3n WRNEitheastbotrdal fed Be HobE@ELLY 1@ne of
said slots and an adj acent one of said . slots arranged in a T-shape, and a

plurality of thBl8F®t: 5 pairs are arranged along said plurality of

circunferences. 5. A p'%ﬁHﬁc@&@&@@S%éﬂbﬂﬂ%bbodhkéﬂf&bd@rﬁk€£0¥ﬁVe pl asma
proce55|ng:§gparatus whi ch applies asma  processing to.a substrate to be

processed npP+ ST P Ven ang EPBP,@S%S déntaiiAeProgrBvicoadaipeFeigndhith a

placenent stage a microwave radiation member provided between
the microwave generator and said process container so as
to radiate the microWavé to a space of said procesé
container, _
15 wherein said microwave‘radiatién member has a
plurality of slots arranged along a plurality of
circumfefences, and the plurality of circumferences are

non—-concentric to each other.

20 2. The microwave plasma processing apparatus as
claimed in claim 1, wherein the centers of said plurality
of circumferences are eccentric in-differént directions to
each other with respect to the center of said microwave
radiation member.

25

3. The microwave plasma processing apparatus as
clalmed in claim 1, wherein the centers of said plurality
of circumferences are eccentric in the same direction to
each other with respect to the center of said microwave

30 radiation member, and an amount of eccentricity of the
centers of said plurality of circumferences increases

toward a periphery of said microwave radiation member.



on which the substrate to be processed is places; a mcrowave generator

whi ch generates a microwave and supplies to said process container; and a
m crowave radiation nmenber provi ded between the m crowave generator 15 and
sai d process container so as to radiate the microwave to a space of said
process contai ner, wherein said mcrowavelgadi ati on nenber has a plurality
of slots arranged along a plurality of circunferences, and the plurality
of circunferences are non-concentric to each 20 other, the nethod
conprisi-ng: placing said Substeanectovdves prlecesspdooss siaiad apphagenerds st age

so that a processit u f Ld uhstrate, faces sai.d-n crowave
radiationlnenbeﬁiégﬁﬁgl%{ﬁggaﬁg %?%%%ﬁszI%3'sgpﬁr%¥%f5ﬁ%95 B8 T adi ation
menber so as toforahedducerthetfnsatowaerd rind asabd PreaatesfeCoOnt sdier

t hrough sai d non-concentrically - ranged slats; and generatin | asma in
sai d process coﬁ%S?ﬁe?r%VKﬁi éxiﬁfiﬁgﬁggﬂ R rﬁmﬁagf s © otﬁgﬁgvﬁé pl asma
process 30 $0 paidssabstarateghy dhengenaapedrpl BsPRf GirbulfFaee '

radi ati on menber used for a mcrowave plasma processing apparatus
conprising a process -19- container which applies a plasnma process and a

microwave generator whi o ganglates SrdBeysAWaVReasH SURY 8SmiOrSalvd
.process container, wherein the mcrowave radi ati on nenber ~ is attached to

sai d process coRtaPRRrPEATESSINIcoppRt ety tbishsaprl iicPd®ave generator, and

the mcrowave radbatéoihg MTResubasra Pl dki b¥olds Ot SoRpEaRaRs: al ong a
plurality of circunferences non-concentric to each other so as 1o '
i ntroduce tHe nPEPERRY CANTRANSEH] BrPYstass $hesatni weth & Pledgherhestlagral ity

of slots. 10 7. oIhgn IicTMANELE B AL 1 Q) BPRBEeSeE! A PBACLE; o
' microwave generator which generates a microwave and
supplies to said process container; and a microwave
radiation member provided betwéen the microwave generator
15 and said process coﬁtéiner so as to radiate the microwave
to a space of said process container, wherein said
microwave radiation member has a plurality of slots
arranged along a plurality of circumferences, and the
plhrality of circumferences are non-concentric to each
20 other, the method comprising: -

. 'placing said substrate to be processed on said
placement stage so that a processing surface of said
substrate faces sald microwave radiation member;

supplying the microwave to said microwave
25 radiation member so as to introduce the microwave inﬁo
" said process container through said non-concentrically
arranged slots; and -
' generating plasma in said process container by
the introduced microwave so as to apply a plasma pfocess

30 to said substrate by the generated plasma.

6. A microwave radiation member used for a

microwave plasma processing apparatus comprising a process



claim6, wherein the centers of said plurality of circunferences are
eccentric in different directions to each other with respect to the center
of said mcrowave 15 radiation nenber. 8.- The microwave radiation nenber
as claimed in claim®6, wherein the centers-of said plurality of
circunferences are eccentric in the sane digection to each 20 other with
respect to the center of said mcrowave radiation menber, and an amount of
eccentricity of the centers of said plurality of circunferences increases
toward a peri pheoyptainenivhivicropaives r@dﬂaisirr@npneuém .arkb a9miThewader owave

3 o med by ongeRErELE TG gefF Bl S ATEeRa 2 g RS2 558 Hiebngec
in a T-shape, amdoaeps ucr:caitletlyle@f tvhersirottr@amlieraw&ve arddaagedn ahengersai d
p{urality of Ci&%”%%%é&ﬂ&?%b %gid process container and is connected to
5 sald microwave generator, and the microwave radiation
member has a plurality of élots arranged along a plurality
of circumferenees non—-concentric to each other so as to
introduce the microwave 1nto saild process contalner
through the plurality of slots.
10 _
7. The microwave radiation member as claimed in-
claim 6, wherein the centers of said plurality of
circumferences are eccentric in different directions to

each other with respect to the center of said microwave

15 radlatlon member

8. The microwave radiation member as claimed in
claim 6, wherein the eenterS'of said plurality of '
circumferences are eccentric in the same direction to each

20 other with respect to the center of saild microwave
radiation member, and an amount of eccentricity of the
centers of said plurality of circumferences increases

toward a periphery of said microwave radiation member.

25 | 9. The microwave radiation member as claimed in
one of claims 6 to 8, wherein a slot pair is formed by one
of said slots and an adjacent one of said slots arranged
in a T-shape, and a plurality of the slot pairs are
erranged along seid plurality of circumferences.
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