- 11 D NAR 2006 SPECIEICATION [11TTEEITEEEI T et
*166166* DEVI CE AND METHOD FOR M CROMVE PLASMA PROCESSI NG . AND M CROMVE
POVNER SUPPLY DEVI CE S TECHNI CAL FI ELD The present invention relates to

pl asma processi ng apparatuses and nore pa{ticularly_to a 10 pqpﬁggaaﬁs
pl asma processi ng apparatus that generates  plasma by a microwave an
~conducts plasma processing on a sem conductor wafer, and the like

BACKGROUND ART 15 Pl asna processi ng apparatuses are used in these days in
the fabrication process of sem conductor devices, in view ofii n
integration density and increased degpeelpifcaevirce niniaturmwmmmmwmmmwm
filmformation, etching, ashing, 20 and the like. Particularly, aQi&rowave
pl asma processi ng apparatus that induces plasma by using mcrowave has an

advant age of genepat PP AABMETHORFOR MHEROWAVEP HASHEL PROGESHRGDT
relatively 1ow pressurgnpsuierdw v PORIYRSBRPEATBRVIER Because of 25
at

this, a mcrowave plasna processing apparatus t uses a mcrowave such
as 2.45GHz now draws attention. |In the mcrowave plasma-processing

appar at us, there is provided a dielectric plate transparent to ncrowave
on-a ceiling part of a 30 processing vessel, while the processing vessel
is connected to a general evacuation system Further, a flat, disk-1ike
ant enna nenber - ( i ng

The present invention relates to plasma

vprocessing apparatuses ahd more particularly to a
10 microwave plasma processing apparatus that generates
plasma by a microwave and conducts plaSma_processing

on a semiconductor wafer, and the like.

BACKGROUND ART

15 . Plasma processing apparatuses are used in
these days in the fabrication process of
semiconductor devices, in view of increase of
integration density and increased degree of device
miniaturization, for film formation, etching, ashing,

20 and the like. Particularly, a microwave plasma
processing apparatus that induces plasma by using
microwave has an advantage of generating stable
-plasma even in a high vacuum state of relatively low
pressure, such as 0.1 - several 10mTorrs. Because of

25 this, a microwave plasma processing apparatus that
uses a microwave such as 2.45GHz now draws attention.

In the microwave plasma-processing
apparatus, there is provided a dielectric plate
transparent to microwave on a ceiling part of a

30 processing vessel, while the processing vessel is
connected to a general evacuation system.'Further, a
flat, disk-like antenna member (microwave—cmitting'

menmber) is provided on the dielectric plate;
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nmenber) is provided on the dielectric plate. [HITETIITTIETETETETTTT
*@0002* - 2 10 MAR 2006 Further, a retardation plate is provided on the
antenna nenber. The retardation plate is forfred of a diel eqtgiugl I@}_
having a predeterm ned dielectric constant and conpresses th 'wa‘yéﬁ gth
of 5 the mcrowave supplied thereto froma m crowave generator with a
predeterm ned ratio. The antenna nenber is formed wth a nunber of

penetrating holes (slots) angdtdHe ML rowaes S irgrpag@ Hmp{s:f;e%é% opart

of the antenna nember is introduced into the 10 processing ve ~through
the slots after prt8pagationga Mesiagsr « Hhamermadateirerplate hiss ruhimedd

direction thereo As I | t. ofc.t nression of, the. vel engt h of
the m crowave sup%ffi gddggl%%grtérﬁ?éfnlnlgr? h%eanﬁ%{e(f %fﬁ%ée)etreelfr%ﬁrﬁea\l&i on plate, the
size of the 15 sl diislkotmed id@dsh:@r@ta&f&&d?ﬁfﬂ:ﬁsé§dﬁ}gedu&ﬁﬁb1%&f§t}ﬁsofla
result, the unjformty.of plasma density is inprove y providing a large
nunber of sl ot oﬁwﬁhé‘lcﬁﬁg’éﬂﬁas .dyltr?ec’?‘?é:omfc‘r%/aa\/émpﬂra%‘ﬁd{%rocesm ng
20 apparatus of syeheaa®oRsSiwitet iaOTbretdé@céEn&rrfB’é@\&eati!dﬁ_t r%%%r{}{é) fthe
processing vessel fromthe antenna member via the dielectric place induces
pl asma of a proce®§MR§Tgas, faraecthe iddmac avastoro £ \weefrert i tsipus éb ligs t he

ProceSSing yessel(Eio%gplgﬁhthez%fé}Jwéygn%JH&¥§§§Hggﬁﬂiy%égé¥awave
i ntroduced into the
part of the antenna member is introduced into the
10 processing vessel through the slots after propagating
inside the antenna member in the radial direction
thereof. As a result of the compression of the
wavelength of the microwave supplied to the antenna

member by the retardation plate, the size of the

15 slots formed in the antenna member is reduced, and as

a result, the uniformity of plasma density is
improved by providing a large number of slots on the
antenna member.
In the microwave plasma processing
20 apparatus of such a construction, the microwave
introduced into the processing vessel frdm the
antenna member via the dielectric place induces
plasma of a processing gas, and the semiconductor
wafer disposed in the processing vessel is subjected
25 to plasma processing. |
The microwave introduced into the
processing vessel via the retardation plate and the
antenna member is supplied from a microwave generator
such as a magnetron, or tﬁe like. The microwave
30 generated by the microwave generator is supplied to
the retardation plate or to the antenna membef via a
waveguide. The microwave thus guided through the

waveguide is emitted as it is propagated through the



processi ng vessel via the retardation plate and the antenna nmenber is
supplired froma m crowave generator such as a magnetron, or the like. The
m crowave 30 generated by the microwave genetator is supplied LZ’ t he .
retardation plate or to the antenna nenber via a waveguide. T MR- Zifav e
t hus gui ded through the waveguide is emtted as it is propagated through
the 1 0 MAR 2006 antenna nmenber in the radial direction thereof from the

central part. UtLmRERLY, mbh® P GrOWREE vadyi AMdit.ed U Oaﬂgryecif‘g@ccﬁn
e has been

process space inside the processing vessel. 5 A coaxial wavegui
used general |y fohesappityiragpelre .nilditowsate o, tiie ceintredavparits of  the
retardation plat eer%rit%%. antenna nenber. Thus the m cro.vvav.edregg ergbfgr by

the microwave gen&Farérli $PEGHPYed S & MVERTUSHRGA g

cross 10 section prdcessphopaeatsed .t herethrough to the part generally at
the center of the retardation plate _or the antenna nenber. There, the
mcrowave i s supplied intoPtKe&eRtr M2VEHULASF hate hasmarnd GeR TR Yor

the antenna menbeb vigpbligicaathal MRS dPMHRI B a1 dAnae
conductor and an outrer g%ngﬁct%gr. Trr1ne coaxl al wavegui e that %supplei{es t he
m crowave to the tbatraktapdetioh pheteetoar ddtd @mtepingt enamberhe Tintssnna

menber is forned tcpl[e %{%WBL,G of _an |%geg{o%o§ uct ar and an outer conductor,

S T i T B T2 T dret er

wherein 20 the inner Conductor
of about 17mm Theappitetiheéocas@alvaiogd del eclving RoOWRIctahgulabe sgplied to
the antenna nﬁybegegkgo%hgngoﬁél%&opagated therethrough to the part
generally at the center of the retardation plate or
the antenna member. There, the microwave is supplied
into the central part of the retardétion plate or the
antenna member via the coaxial waveguide formed of an

15 inner conductor and an outer conductor.

The coaxial waveguide that supplies the
microwave to the central part of the retardation
plate or the antenna member is formed for example of
an inner conductor and an outer conductor, wherein

20 the inner conductor is formed of a thin tube having a
diameter of about 17mm.

‘Thus, in the case large electric power is
to be supplied to the antenna member vié the coaxial
waveguide, there is induced a very strong electric

25 field in the vicinity of the inner conductor of the
coaxial waveguide, and the temperature of the inner
conductor is raised as a result of heating; There, a
part of the microwave energy is converted to heét,
while such conversion of microwave energy to heat

30 increases the loss (conductor loss) of the supplied.
microwave. Thereby, the efficiency of electric power
feeding is deteriorated. Further, there arises the

need of cooling the coaxial waveguide by covering the



wavegui de, there is induced a very strong electric 25 field in the vicinity
of, the - i nner conductor of the coaxial wavegui de, and the tenperature of
the inner conductor is raised as a result”of heating. ThereI[PMARaﬁM50f
the m crowave energy is converted to heat, while such conversion o

m crowave energy to heat 30 increases the |oss (conductor |oss) of the
supplied mcrowave. Thereby, the efficiency of electric power feeding is

deteriorated. Furishek byher e @iisks ddig cdieash of e COMH NG ddies €08 Bdn
wavegui de by covering the - 4 - 1 0 MAR 2005 sane by a cooling device,

whil e such a constPGEEIRGES ithE sdsds antk arsle dhdthosapwiraties appar aLus.
Furt her, because of the exi f v r ectri Leld-in the
0 sl s e e

vicinity of the inner 5 conductor, ere 1S a possi _
el ectric di schargetmeygheleaised ifiidlte in cihe tyicofnithe f nttes oonshtict or .

When such abnormal electric ischarge is caused, the retardation plate may
be danaged ingthSOBgHCttoﬁeré:gﬁe a‘rsgtahé)? 1onaudtat 2P L exanpl e,

there is a need okleernget idigchahieyd Mgy KON of e wnaxady wawegui de
to the antenna nmenber in the state that the coaxial wavegui de nmakes an

inti mate contact W€h1PRETc&AMGACtoFar e tichhmsmanate et el because
f this, it 15 i iced ;to t I ant enna
of this, i | S aREREL6RA L0 LORRRET dNe VIR LONMGIALd GudNGhe

menber by screwing a scréwinto a thr'e ( e provi I nsi e inner
conduct or t hroughdehegedetiar ddtei i athedavf heeast atres tihmendauifaoer makes
a contact w tpot_he ant enna 'i‘%r}b%&-am‘{.!"feh, scuncehrea .lZSO <_iconneneedctolfoncotnhnaetctuisneg's a
screw, however, it is

the inner conductor of the coaxial waveguide to the

antenna member in the state that the coaxial

waveguide makes an intimate contact with the central

part of the antenna member, and because of this, it

15 is practiced to connect the inner conductor to the

antenna member by screwing a screw into a threaded
hole provided inside the inner conductor through the
retardation plate in the state the end surface makes
a contact with the antenna member. With such a

20 connection that uses a screw, however, it is
difficult to achieve complete and intimate contact of
the inner conductor end surface to the surface of the
antenna member. When there is a minute gap, on the
other hand, there tends to occur abnormal electric

25 discharge in such a part.

Further, in the screwed connection
explained above, there exists a screw head at the
junction part where the dielectric plate and the
antenna member (slot antenna) are joined. Thus, there

30 is a need of forming a depression in the dielectric
plate at the central part thereof for accommodating
therein the screw head projecting from the surface of

the slot antenna. Thus, it is difficult to achieve an



difficult to achieve conplete and intimate contact of the inner conductor
end surface to the surface of the antenna nenber. Wien there is a mnute
gap, on the other hand, there tends to occuP a@bnormal electrit MAR 2005

di scharge in such a part. Further, in the screwed connection explained
above, there exists a screw head at the junction part where the dielectric
pl ate and the antenna nenber (slot antenna) are joined. Thus, there 30 is

a need of forningiatdepresydithddtidic sheleshrike Phairadtidhecepirahqgpart
t hereof for accommpdating therein the screw head projecting fromthe
surface of the sitbe afteéma "ERRer jat isheli¢enteral parbchirndetlaers 0 MAR

2006 intimate co i0 e j p nd .the antenna
menber at the cen??g%telpsa&h% g)\rlﬁq{lhetre?:u{agttf ?gs%gé%rﬁ%l p%%%?%ﬁ]l? h% S(grtl)arllf)??ral
el ectric di schar géakeaked quieade itthd hel virci ty tyf ofucucd destepsesshon. 5
Further, there_can be a cas:aﬁ,é{lir which. it is desired to confine a helium

(He) gas betwegn the anten or GIETheEIRRT datFHie phat g A thelt op

plate formed of addisaleet i JMmifaala Horiud agid) tedd NG thesMBine
conduction. In such a case, 10 there is provided a seal ring at the outer
periphery of thea%8&nacRRRETorr T st i 1eitd Tip tien dadalandwtteguiete for

achi eving seal i ng W-tR rreshRe Jt0 ”}ﬁeldéceéﬁfé rrjlaﬁtéroipa plate. In such a
case, however, there arises a préabl emin that the seal’ ring nay be damaged
15 as a result of fdeglddattiiog ddesed lbycdriiiexiposurin toict ke stgong
m crowave. Thyé, %ﬁ%&% Eh % o%%%%%wat§%4¥w¥Qé§E§¥ the outer periphery
of the inner conductor constituting the coaxial
waveguide for achieving sealing with respect to the
dielectric top plate. In such a case, however, there
arises a problem in that the seal ring may be damaged

15 as a result of degradation caused by the exposure to

the strong microwave.

Thus, there is a proposal to provide a
cavity resonator between the waveguide and the
antenna member and introduce the microwave into the

20 = processing vessel from the cavity resonator. The
Patent 2569019 discloses the technology of providing
such a cavity resonator in the waveguide for
amplifying the microwave. In this technology, the
microwave thus amplified is introdﬁced into the

.25 -processing vessel through a number of slots formed on
the bottom surface of the cavity resonator. Thus, the
cavity resonator disclosed- in this patent publication_
is formed with a number of slots on the entire bottom
surface thereof so that there occurs emission of the

30 microwave from the entire bottom surface facing the
processing vessel. Therefore, the foregoing prior art
does not have the construction of causing radial

prcpagation of the microwave from the central part



cavity resonator between the wavegui de and the antenna nenber and
i'ntroduce the mcrowave into the 20. processing vessel fromthe cavity
resonator. The Patent 2569019 discl oses the®technol ogy of pr v ¢HAR92005uch
a cavity resonator in the waveguide for anplifying the mcrowave. In this
technol ogy, the mcrowave thus anplified is introduced into the .25
processi ng vessel through a nunber of slots formed on the bottom surface

of the cavity resamainOlemitiihg the nt@vdwatesoned ofndised asedrid 4 se
patent publication is formed with a nunber of slots on the entite bottom

surface thereof s@fthde PHO@TdOF &e5aski ofipthehe B0 sherbhdve fooedt he
entire bottom suriage faE Neddi ¥ QRSP N vessele  dhierelons, Lhe
foregoing prior art does not "have the construction of causin radr al
propagati on of thwavedengnre offf drhe el cemaed . par ttife -cdsd MARILDOS twden

emtting the nicrowave into t pr SSi space . of, the processing vessel.
Further, it shngoul Hllﬁéoﬁ’@tvgdogt]%atél‘ct e 1 eﬂgef héj]d:rt é%%?flﬁl?)]tﬁpi}?%eﬁ}éﬁ" m ned by
the wavel ength of 1thgthi efOWMvE: o rid¥e Gasefrdigidiidiies & Mud aynave of

2.45GHz, the slot desi rabl¥] has the |ength of 60nmor nore in
correspondence t oWBNELRAGED Wfvdihengtiic isvavyre Mhdrowmasns THiaE mdmns t hat

the constructioncgf stheefer ence does Vi t jrable effect
of the m crowave SroSagatced oi n the 10 rafﬁaﬁrg(ﬁorde%esl oArplbq;f rp%%sétlhogebctgnn% ral
part is enmitted desfioabily ieftfeccthe fpridee ssiampweass gl r dgaaya taeduirberh of

Techani am (1 ki g b ehadiesr IR it g e P o Ry s S HREl osed i n
t he uniformly into the processing vessel from a number of
minute slots. Thus, it is not possible to apply the
microwave supplying mechanism (feeding mechanism)
having a cavity resonator as is disclosed in the

15 foregoing Patent 2569019 to the antenna member (slot

antenna) that supplied the microwave uniformly to the

processing vessel from a number of minute slots.

DISCLOSURE OF THE INVENTION

20 Accordingly, it is a general object of the
present invention to provide a novel and useful '
microwave plasma processing apparatus and processing
method wherein the foregoing problems are eliminated.

Another and more specific object of the

25 present invention is to provide a microwave plaéma
processing apparatus and microwave plasma procéssing
method as well as a microwave feeding mechanism
wherein the microwave supplied from a microwave
generator is supplied efficiently to an antenna

30 member from a waveguide.

Another object of the present invention is
to provide a microwave plasma processing apparatus

for applying plasma processing on a substrate,



15 foregoi ng Patent 2569019 to the antenna menber (slot antenna) that
supplied the mcrowave uniformy to the processing vessel froma nunber of
mnute slots. - DI SCLOSURE OF THE | NVENTI ON-20 Accordingly, i{ [ #AR 8gpger al
obj ect of the present invention to provide a novel and useful nicrowave
pl asma processi ng apparatus and processing nethod wherein the foregoing
probl ens are elimnated. Another and nore specific object of the 25

present inventioncng daQHIQULE 1R, M crowave plasma processing apparatus
and m crowave plasma processing ‘nethod as well as a m crowave feed! ng
mechani sm wherein the m cr AW FPINTEIVESDM aAardonoydeingeresador & s

supplied efficien 0 30 nber from.a wavegui de. Another
obj ect of the pre%léc)r%fgle‘l r@er}n?sﬁ%%&lr}?l%}%%g}eovﬁu eStara_rﬁ%'r owave plasm
processing apparatus for appmiin@wiwesrgen#aessj ng on a substrate, - 7 -
1 0 MA{; 2005 _characterized by: a processing vessel accommpdating therein
a stage for supporting the3ilEMGHEIEe £LIRGOVRY - eTrekhitiorCrIvay svavegui de

connected to sai doEheraware GaReRatgu sl Guyaya fe, guiding a ncrovave
generated by the m crowave generator; and a m crowave emtting nenber

emtting the m cEeRa¥e tiest dya tdeace duendwe weovessiony wessel after 10
vavel ength compression by arghardation lale.d hevaveayide has g single
m crowave outlet opening in a location correspondi g 1o o et
microwave into a space in the processing vessel after
10 wavelength compression by a retardation plate,
the waveguide has a single microwave outlet
opening in a location corresponding to a center of
the microwave emitting member.
Another object of the present invention is
15 to provide a microwave plasma processing method for
applying'plasma processing on a substrate, compris;ng
the steps of:
placing the substrate to be processed on a
stage inside a processing vessel;
20 generating a microwave by a microwave
generator;
guiding the microwave generated by the
microwave generator by a waveguide connected to the
microwave generator;
25 | outputting the microwave supplied from the
waveguide connected to the microwave generator, from
a single microwave outlet opening; _
emitting the microwave outputted from the
aneguide_connected to the microwave generator into a
30 space inside the processing vessel by a microwave-
emitting member; and
applying plasma processing on the substrate

by forming plasma by the emitted microwave.



the mcrowave em tting nenber. Another object of the present invention is
15 to provide a mcrowave plasnma processing nethod for applylﬁgeglasna

processing on a substrate, conprising the s8eps of: placing t
stage inside a processing vessel; 20 generating a

to be processed on a
m crowave by a m crowave generator; guiding the m crowave generated by the
m crowave generator by
25 outputting the m crovvaveA%LboCm% JIom the wavegul de. connect ed to_the
m crowave generator, f e m

m crowave out putt éd Promitdee a wamagmaiee cﬁxm:em@dapma:tmgn fmowave

WS 12098 e

a wavegui de connected to the mcrowave generator;

rom a sin cromave outlet opening; ‘em ng t he

generator into a 30 space inside the rocess vessel ni cr owave-
enitting menber; Py ﬁﬁﬁb"ﬁiéﬁﬁﬁi ?ﬁ??*ﬁgs 9%ﬁe by
form ng plasma bycbh@ra@uhkﬁd nlcromave 8 - 0 t4AR 2006 Anot her

obj ect of the

resent

invention is to provide a m crowave feedi ng apparat us

for supplying’a mcrowave @oW@WﬂQﬂﬁQﬁHQRfQﬁﬁﬁﬂﬁﬂto Qxﬁﬁﬁi@ﬂ&KFdS a
wavegui de connect Cr v d e uiding a
g 8enk@a? oA, tQMRNE v FE éHldMﬁfﬁ%Q§H%§%u|Jg :

m crowave generated by the m crowave generator

havi ng a

m crowave outl et gpseriradgeldobyoudthruttiompwahee grrcrmanave, w@ng waveguide

having a microwave outlet opening for cutputting the
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wave; and

a microwave-emitting member causing the
wave supplied to a central part thereof to
gate in a direction perpendicular to a direction
ich the microwave is supplied,-the microwave-
ing member introducing the microwave into the
ssing chamber via a number of slots.

According to the present invention, the
wave 1s supplied to the central part of the
wave—emitting mémber via the single microwave
t opening provided in the waveguide, which is
cted to the microwave generator, and the
wave thus suppliéd is caused to propagate
gh the microwave-emitting member in the radial
tion thereof from the central part. As a result,
icrowave is emitted efficiently and uniformly
thé processing vessel from the number of slots
d in the microwave-emitting member, and there
s uniform plasma formation. Thus, according to
resent invention, it becomes possible to supply’

icrowave to the microwave-emitting member

without using a coaxial waveguide, and the problem of

elect
by th

effic

ric power loss caused in the coaxial waveguide
e inner conductor is eliminated. Thereby, the

iency of power feeding is improved. Further, the



10 a mcrowave-em tting nmenber causing the mcrowave supplied to a central
part thereof to propagate in a direction perpendicular to a direction in
whi ch the microwave is supplied, the nmicrowa¥e= enitting nenbpm &Bbrﬂﬂgcing
the mcrowave into the 15 processing chanber via a nunmber of slots.
According to the present invention, the mcrowave is supplied to the
central part of the mcrowave-emtting nenber via the single m crowave

out put openi ng pravigded ¥ e wavequide i d s 20 sonnected to the
m crowave generator, and the mcrowave thus suppli edCIS caused to

propagat e througkonkenfiretdway e-ferfiltet inrigerrereoer i tduucetlii adnd di recti on

thereof fromthe ral rt.. As a result the mcrowave is emtted
efficiently and u%??hrrﬁffll %5 At S NHE o 5 Vs SES AT i idbber of
slots forned in fhedingr peave-iamishigprgsmiteras and-ddiere, 0cBESonEd f orm
pl asma formation. Thus, _according to the present invention, it becones
possi bl e to suppl POSEAELAI EPORRPR Y0 & He TS roVRSe-ishiRav &y rRerided 30

Wi thout using a cpaxi-aliaVavesisden ARk Praflem.of el aclrd,s pover |oss
caused in the coaxial waveguide by the inner conductor 1s elimnated.

Thereby, the effrenereyion pewdr fosedianaatingrideed.nrfar tdwerdudter Hf 10

e Eonoe 2o btk EgRhe WSS LIRS Scaued s soneeniral o of Ll
the feeding partshapsupfir ehsethichovaveesutlilss iidn peoames % ipgsisidilei t o
tsﬁgp!s%:/r Zwl ar g160 el %SECEI %hgg\/’\eritt %etc%%esmp%rs%\,\l%vl%_ (%‘:rg tctolnn 1nrgergbehréat|:urt her.
conducting gas such as helium, and the like, easily.
Further, by constructing a cavity resonator
by providing another waveguide between the waveguide
connected to the microwave generator and the
15 microwave-emitting member, reflection of the
microwave supplied to the cavity resonator is
prevented, and substantially the entirety of the
microwave energy is introduced into the microwave-
emitting membef from the microwave outlet opening
20 formed in the foregoing another waveguide. As a
result, the risk of electric discharge at the
connection part, as'in the case of feeding electric
power by a coaxial waveguide, is eliminated, and it
becomes possible to supply a large electric power

25 efficiently, without causing electric power loss by

heating.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.l is a cross sectional diagram showing
30 the general construction of a microwave plasma
processing apparatus according to a first embodiment
of the present invention;

FIG.2 is an oblique view showing the cross



connection part for connecting the inner conductor of the coaxi al
wavegui de is no |longer used, and the shape of the m crowave em ssion p
is sinplified. 10 Wth this, it becones postPbte to confine ﬁmﬁm‘ 2005
conducting gas such as helium and the like, easily. Further,
constructing a cavity resonator by providing anot her wavegui de bet ween t he
wavegui de connected to the mcrowave generator and the 15

i crowave-em tting, PRIPRT o £1 &f lﬁ%&g@,@v%f ey @ %E)%\é@\é%ussu%ns%qﬁtt% ltn*ae

caV|ty resonat or

RS prevent ed, ‘and substanti al he entirety o

art

m crowave energy &spantrofiutke mnt:@romlae'en1pdlaemve>roe:mstswm@g almaixezrtufsr omthe

m crowave outl et

d i.n the faregoin er wavegui.de.

ogegi[g 2? f or. %t h
result, the risk 9 trf@=dird ﬁgldblglgtg HE P88 e A1 Gn HECCES I ¢t
case of feeding elegetel¢ povver by a coaxial waveguide, is elimnated,
it becomes possible to sup&é% : | arge electric power 25 efficiently,

o] o]

Wi t hout causirmg electric p

DRAWNGS FIG 1 iszg gﬁgéﬁngeﬁghgggl sdioagr am shewong 30 the general

construction of a microwave plasma processing apparatus according to a

first enbodi ment

showi ng the cross_:

of the prEZént uﬁventlllag;raﬁl Gh2wiinganhebldogse: reicendion
on of a m crowave feeding

apparatus consti tUFI%QSlg%pB?%r Fhﬂ'{& ﬁrPc%E@a e pl asma processi ng appar
of FIG 1 for introducing mErGWavesi At diagReACessSWigg taeS@lropagation
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mode of microwave in the microwave-emitting member;
FIGS.6A —- 6C are diagrams showing the
propagation mode of microwave in a rectangular
waveguide;
FIG.7 is a diagram showing the magnetic

field caused by the microwave propagating in the

rectangular waveguide;

FIGS.8A and 8B are diagrams showing the
result of calculation of optimum size for each of the
rectangular waveguide and the microwave outlet
opening;

FIG.9 is a graph showing the result of
simulation of microwave reflectance at the microwave
outlet opening;

FIG.10 is a graph showing the electric
field strength of the micfbwave outlet opening in the
circumferential direction thereof;

FIG.1l1l is an oblique view showing the cross
section of a microwave feeding apparatus of a
microwave plasma processing apparatus according to a
second embodiment;

FIG.12 is an oblique view showing the cross
section of a microwave feeding apparatus of a

microwave plasma processing apparatus according to a

As a
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5 FIG3 is a plan \)i ew showi ng an exanple of an antenna nmember shown in

FIG2;, 'FIG 4 is a diagram show ng the construction of a slot ﬁflcq B@gozﬁhﬁl n

FIG3; FIG5 is a diagram show ng the propaddtion 10 node of % n

the mcrowave-emtting nenber; FIGS 6A - 6C are diagranms show ng the

propagation node of microwave in a rectangular waveguide; FIG7 is a

di agram showi ng the magnetic 15 field caused by the m crowave propagating

in the rectangul %miww'dﬁm&i@ﬁﬁﬁ@%ﬁ%]@ﬂf Pﬂh@%@i%?ho"“ ng the

result of calculation of optinumsize for 'each of the rectangular

wavegui de and the m crowave FAIES -ei3RRropehiBigg ré-| G & rana @:Ia.pdnixsimgv: ng the

result of sinulatigon of mcrowave reflectance at the m crowave outl et

openi ng; FIG 10 i;tlh% (r}é)ﬁ)fzggs‘—"htolvﬁnngﬁTI e e ect ¥ it BT ¢t Mgt FU b3 t he

m crowave outlet epewrignddet the circunferential direction thereof; FIG 11

is an oblique view show ng the cross section of a mcrowave feeding

appar at us of a> mcrowave pIFaTégi‘?a lp%@éé%i]f@a%ﬁ%r%lt%%radﬁ%o?féﬂwq otla‘? 30

second enbodi ment rekh @13 f LAk AR QUE I VSO NG Jder of 0855 Sgct i on of

a mcrowave feeding apparatus of a mcrowave plasma processing apparatus

according to a - Paris]o® MAR 20@8 owahiea of esbiotd repma i tuhe Pregent 2

I nvention; for the case a circular waveguide is used for the
cavity resonator; and

10 FIG.15 is a graph showing the electric
field strength distribution at the microwave outlet
opening of the third embodiment of the present

invention in the circumferential direction.

15 BEST MODE FOR IMPLEMENTING THE INVENTION

Next, various mode of implementing the
present invention will be explained with reference to

the drawings.

20 (FIRST EMBODIMENT)

FIG.1 is a éross sectional view showing the
general cohsfruction of a microwave plasma processing
apparatus according to a first embodiment of the
present invention.

25 As represented in FIG.1l, the microwave
plasma processing apparatus according to the first
embodiment of the present invention'is a plasma CVD
apparatus 10 that applies plasma CVD processing on a
semiconductor wafer W in a processing vessel 12. It

30 should be noted that the.present invention is not
limited to such a plasma processing apparatus but is
applicable also to the apparatus that applies a

plasma process such as plasma ashing, plasma etching,



FI GS. 13A and 13B are diagrans explaining the propagati on node of the
m.crowave in a circular waveguide; 5 FIGS.14A and 14B are di agrans show ng
the result of calculation of optinum size f8r -vari ous parts]df MAReZi08

m crowave feeding apparatus of FIG 12 for the case a circular waveguide is
used for the cavity resonator; and 10 FIG 15 is a graph show ng the
electric field strength distribution at the mcrowave outlet opening of

the third enbodi ng@tas&fa (e RGN r ITAEN 0N 4 & £ f uinf el e al
direction. 15 BEST MODE FOR | MPLEMENTI NG THE | NVENTI ON Next, vari ous node
of inplenenting the presentThensemicomdydtiobhevaigr & ned e tdroedsseahce to

the draw ngs. 20 .I;I R§T E'XBG?J I\a/IEI\SI'l;) A, crgss sectional view s]hovm' ng

ace

F|§élis
the general construfiiGT of a hicrfave piashs prioc st S Hiharai iz

according to a fingt amdodi marismef drhieedy@serdad MEHipiliedd A the
represented in FIG 1, the m crowaveslezgl asma processi ng apparatus accordi ng
to the first TnbBIPFEFSIFO (5S SSledentt 54 éntITh SVULEED & Ha Syn)

apparatus 10 that ,apphi e3iRh13S PRHEVR PF REESHNG Qb2 nARIT capductar wafer W
in a processing vessel 127 It 30 should be noted that the present Invention

is not limted tproyéhes gnasveqwadcessinwy mpis attustiritbatstompplittabf e

al so to the appar s _that applies _a .pl.asna process .such as plasm ashing,
pl asma et chi ng, _%%% pr%%ﬁSQ%Rg §F356?61ﬁ§ in 'connection to a 'vacuum

pump (not shown), and the pressure inside the
10 processing vessel is maintained at a predetermined
evacuated pressure.
Next, the construction of a microwave
feeding apparatus used for introducing a microwave
into the processing vessel 12 will be explained with

15 reference to FIG.1l and also FIG.2.

FIG.2 is an oblique view showing the cross
section of a microwave feeding apparatus 20 used in
the plasma CVD apparatus 10 of FIG.l1l for introducing.
the microwave into the processing vessel 12,

20 | It should bé noted that the ceiling part of
the processing vessel 12 is opened, and a microwave
emitting member 19, formed of an antenna member (slot
plate) 17 functioning as the microwave-emitting
member and a retardation plate 18, is mounted on the

25 foregoing opening via a dielectric plate 15 in an air
tight state. The retardation plate 18 is the member
for compressing the wavelength of the microwave
supplied to the antenna member 17 and is provided for
reducing the.length and also the interval of the

30 slots formed on the antenna member 17.

Above the retardation plate 18, there is
provided a rectangular wavegulde (first waveguide) 22

having a rectangular cross section, and a microwave



pl asma oxi dation or oxynitridation or nitridation. The sem conductor wafer
W_to be processed is placed on a stage 14 inside the processing vessel

12, and a plasma processing gas is suppliedlt3othe 5 processtggAy sgﬁh 12
froma gas source (not shown) via a supply tube 16. On the h%ﬁ‘h ,
there is provided an evacuation port 12a at the bottompart of the
processi ng vessel 12 in connection to a vacuum punp (not shown), and the

pressure inside thenlQ ppcessingyvessel |5 B pdai ned ale ajfﬂggde{ggr m ned

evacuat ed pressure. Next, the construction of a mcrowave Teedin
appar at us used fopriovtideducithgra aridcrowaites Textvandnel r ocessyuide ezsel 12

i1l b | ai ned,wi th f. to FIL.G dalso FIG2 FIG2 is an
o 6 viow showlistnans SUE R ¢ o%'é%ipzcr%%veex? nPHPE s 20

obl i que vi ew show ng t’he Cr 0SS QEHT S T
used in the plaswy €YR afpardidiee Herfrdtd G A4 f ofs i g Rouct & K FSugh
m crowave into the processing vessel 12. 20 It should be noted that the
ceiling part of (e FECCEIIHG N &SI IWNS 2 HAgHbdl s aFiPRL 8 & ronaiee

em tting member 191’icfr%m—(gmiatrti% G r@frfzéo% of mipélgﬁv@vel%lft et
functioning as the mcrowave-emtti'ng -nenmber and a retardation plate 18,
i's mounted on t heo2&nfioded@iangopardaty ati actee ddHectend qf atle= 15 in an air

tight state. The retardation plate 18 i %h mer%er f or conpressing the

wavel engt h of ther%ic%raoﬁélvléar swl?ﬁrpelgluégetosz 'thré_rﬁ %r?ar%%tere}%o%ﬁ‘be’?%'
provided for reddai Bgoune lengidteancthalsatdienidid@imad Qftide Hesings
formed on the_ ant «Egna;rrenber, 17.. Above the retardation plate 18, there is

: _ 10 a 1s a circular opening provided in a wall 22b of

the rectangular waveguide 22 constituting a longer

edge in the cross section and is disposed at the

central part of the antenna member 18 located

underneath thereof.

15 FIG.3 is a plan view showing an example of

the antenna member 17. The antenna member 17 of FIG.3
is forméd with a number of slot pairs 30 formed of a
slot 30A and a slot 30B. In the example illustrated
in FIG.3, the slot pairs 30 are disposed along a

20 plurality of concentric circles, while it is possible
that the slot pairs are arranged in a spiral pattern
or non-concentric pattern.

FIG.4 shows the construction of a slot pair

shown in FIG.3. Each of the slots 30A and 30B has an

25 elongated elliptical shape having a bulging central
part, wherein the slot 30B is arranged such that the
longitudinal direction thereof form a 90 degree angle
with regard to the elongating direction of the slot
30A and the slots 30A and 30B are disposed in a T-

30 shaped form such that an end of the slot 30B is
located close to the central part of the slot 30A.
The line connecting the center of the slot 30B and

the center O of the antenna member 17 forms an angle



provi ded a rectangul ar wavegui de (first waveguide) 22 having a rectangul ar
cross section, and a mcrowave - 13 - 1 0 POLAR 2005 generator 24 such as
a magnetron, or the like, is provided at -ad4end of the rectah@ubAR 2005
wavegui de 22. Thus, the mcrowave of 2.45GHz for exanple, generated by
the m crowave generator 24, is propagated through 5 the rectangul ar

wavegui de 22 and is supplied to the mcrowave-emtting nenber 19 from a

m crowave out | et - %g@esorvplm&ge[q?ﬁré h@o {%fdeg&g%g{_l%gt%l%&% §U| ar

wavegui de 22. In the pres nmbodi it sho
m crowave outl et ogerihey sl®2238 s Rurcihe) au:h@p@mtmché ONA deflorh ntlaewal I

22b of the rectan ular e UId 22 constit t|n onger _ edge in the
cross section andS | sV\% Shte 3%&’(? ‘?‘fn%‘?r e hntharen hewber 18

| ocated under neawamnd&r epif anl:ﬁ ﬂeﬁc&.stﬁ‘ar@c@'m VSN SHOVE S &R @faﬁpée of
t he antenna nmenber 17. The antenna nenber 17 of FIG3 is forned with a

number of sl ot paiSft® 33 Fortredhs Ce‘?nfsﬂ%tOQOW%m@’eﬁlsIP@tmmrIthee
exanpl e i1l ustrateddhifdd %uém%}ﬁ@ta R £ Fo 2 egﬂfxﬁé))s @]E‘,Q a. 20

plurality of concentric circles eIt 1I's possi Jt palrs
are arranged i n aospgi-calagiat erin they micne@oncentavel gagtier . cEﬂnﬁrésshdws

the construction of sl aot__.pai shown in F| G Each c the sl ots 30A and
30B has an 25 el g’ﬁ’ga &d r&%ﬁ%ﬁt&éﬂn \sg}'fp 3 hJaQ/l ﬁ&%‘%‘{}m?r{é central part,
wherein the slot 30Bis ar ramge;daesufahaé hatm i dvowd g 4 uei adg dig ecti on

t hereof forma 90 degree angce with regard to the elongating direction of.
t he sl ot 10 propagate through the "antenna member 17 having the

slot pairs 30 explained above in the radial direction
from the central part, there is caused an electric
field of circular polarization by the slot pairs 30
and the microwave is emitted efficienﬁly into the

15 process space inside the processing vessel 12
uniformly. _

It should be noted that the slots forming

the antenna member 17 are not limited to the one that
forms the slot pairs. Further, each of the slots is

200 not limited to have the elongated elliptical shape.
For example, the slots may have a circular form,
'triangular form, square form, rectangular form, or
any other polygonal form. It is desirable, however,
to provide a rounded smooth corner, in the case the

25 slots are formed in a polygonal shape, for avoiding
occurrence of abnormal discharge caused by
concentration of electric field.
| As noted above, the microwave is propagated
in TEM mode in the antenna member 17, in which the

300 microwave propagates in the radial direction, wherein
TEM mode has a concentric magnetic field distribution
within a radial line as represented in FIG.5. Thus,

it is preferable that the microwave supplied from the



30A and the slots 30A and 30B are disposed in a T 30 shaped form such t hat
an end of the slot 30Bis l|ocated close to the central part of ,the sl ot
30A. The line connecting the center of theldl ot 30B and the cérlt MAROZRI
the antenna nmenber 17 fornms an angle - 14 - 1 0 MA? 2006 of 45 degrees
with regard to the elongating direction of the slot 30B. Further, the

di stance LA fromthe center of the slot 30A to the center 0 of the antenna

h i : tpsth
menber 17 and t he (di-staRca B Jd gt he oentes eﬁ{% L{kﬁaeﬁhﬂ qgeré,?% p;the

center of the antenna nenber 17 are determn at erence
(LA-LB) is equal tlaetemeaduart erladgfe tHY riay owanegveviet efigthd X conpr essed

by the retardation.plat. Q ((LA-LB)=2../4). In the case a m.crowave is
caused to 10 propgégfcé:l?)ﬁr%&l?&h Ct%ﬁ)eS anten gr%%ce n%rf%a%%lt%%tl%q dtS pairs

30 expl ai ned abovewich ke poadiiallelirection fromthe central part, there is
caused an electric field of circular polarization by the slot pairs 30

and the microwave is enitted ®ffi diferittsy RIREhEMIPHiREss Ehaks nsi de
the processing vegsgknkd ondNicfOrHey rdde aRAM A Be nQhedid fﬁa“}t;@ slots

formng the antenna nmenber 17 are not limted to the one “forms the
sl ot pairs. Furthed]jueiehl sfuchhahsitottdhd snizrwatvd ipridpsya ol avieh tdegh

el ongated el lipti %gle §Q%|%%.n uli r. exal gleuezidé t'he sS|aO]EmSa . t.hcavtejh{a,l(gl rcul ar
form triangular Torm ‘square form Tectangular _or% a t her
pol ygonal form |tiksrdesitiahl @s kawserto d cipra\y des pdsuinsgded snoot h
rner, in the case the 25 slots are forned in a pol ygonal, shape, for
cor ner, the FIGS.6A - 6C are diagéémgwéhowing é%e
avoi di ng
propagation mode of the microwave in the rectangular
waveguide 22. Here, it should be noted that FIG.6A
shows the electric flux lines in the cross section
perpendicular to the propagating direction of the
15 microwave in the rectangular waveguide 22, while

FIG.6B shows the electric flux lines in the cross _
section parallel to the propagating direction of the
microwave in the rectangular waveguide 22. Further,
FIG.6C shows the magnetic lines occurring in the

-20 plane perpendicular to the electric flux line. In the
cross section of FIG.SA, it should be noted that the
longer edge has a length a while the shorter edge has
a length b. '

It should be noted that the propagation

25 mode of the microwave in the rectangular waveguide is
TElOImode, in which the magnetic field formed in the
region defined by the longér edge a in the cross
section of the rectangular wayeguide and 1/2 of the
wavelength Ag inside the waveguide propagates in the

30 propagating direction (x direction) of the microwave.
In order to modify the magnetic field distribution
shown in FIG.6C to be close to the magnetic field
distribution of FIG.5, it will be noted that



occurrence of abnormal discharge caused by concentration of electric
field.-As noted above, the mcrowave is propagated in TEM node in the
antenna nenber 17, in which the 30 nmicrowavéépropagates in t € £ﬁﬂggmm
direction, wherein TEM node has a concentric magnetic field dq i on
within a radial line as represented in FIGS5. Thus, it is preferable that -
the m crowave supplied fromthe - 15 - 1 U MAR 20106 rect angul ar wavegui de

22 to the antennasapRleLoh’ o HAARIRIAN P A dl8) NASHAJMINAL &0 18

distribution close to the concentric distribution as c as possi
Thus, in the preséh?wénbadfﬁﬁnﬂ woarlidolpe  edfi fregrisiivens kof Sdﬁxrmmtangular

wavegui de 22 are lggggﬁ ;yc@ot gtetgg crgh? ?88 gaggtlng Qyough t he
rstr o

rectangul ar wavegul nagne ic d-°d e€to a
circle as possibl g=240.FI GS. 6A - 6C are dlagrans showi ng the propagation
node of the m crowave in the rectan ular vegui de 22. Here, it should be
noted that FIG 6A shows th&N&l &y @W9§B< FneRsifet hBecragsoyedei san

per pendi cul ar to bgerggggggaggagb rectlon of the 15 microwave in the

rect angul ar wavegui de 22, whi l | G 6B shows the electric flux lines in

the cross section parallel to the propagating direction of the mcrowave

in the rectangul ar WBVGQUIdgL% dF rt 8722 hGﬁ@C shows the nmagnetic Iines
occurring in the 20 pl ane per ul ar ‘t6’the electric flux line. In the

cross section of FIG 6A, it should be noted that the |onger edge has a

length a MMilﬁ)the shorter %ggg,h%i substituting the relationship 24
g=2a, it becomes possible to obtain the optimum
length of the longer edge a. For the case of the
microwave of 2.45GHz wavelength, the optimum length
of the edge a is calculated as a=86.6mm.

15 FIGS.8A and 8B are diagrams showing the
result of calculation of various optimgm values of
the rectangular waveguide 22 and the microwave outlet
opening 22a. Here, it is assumed that the longer edge
a of the cross section of the waveguide 22 has the

20 length of 86.6mm as noted above, while the length of
the shorter edge b is set to 40mm. Further, the
diameter D of the microwave outlet opening 22a is set
to 64mm.

Further, it was assumed that the distance h

25 between the retardation plate 18 and the waveguide 22
is 6mm and a part of the retardation plate 18
projects into the microwave outlet opening 22a. The
diameter of the retardation plate 18 is set to 180mm
and the thickness is set to 4mm. Further, it should

30 be noted that the results shown below does not change
even when the diameter of the retardation plate 18 is

180mm or more. Further, the dielectric constant €r

of the retardation plate 18 is set to 10.1. Here, the



a length b. It should be noted that the propagation 25 node of the _
m.crowave in the rectangul ar waveguide is TE10 node, in mhicp t@ﬁ gﬁﬁgetlc
field formed in the region defined by the Rdnger edge a in t LS

section of the rectangul ar wavegui de and 1/2 of the wavelength 2.9 inside
t he wavegui de propagates in the 30 propagating direction (x direction) of

the mcrowave. In order to nodify the magnetic field distribution shown
in FIG6C to be Clr@?@e’i:@:bbﬁo@&@l%t infi fd Sbre dSd T AW %é)fm:f': rﬁvﬁa vt Wil
be noted that - 16 - 2D06 formation of the magnetic In a

square regi on as Ogﬁéﬂﬁ p@epu6973&aﬂx$tﬁyaﬁdeﬂﬁd\mhlﬂg/Qnangqutﬁne Iength
;.0/2 to be equal .t | on e a 5.The wavel engt h i nsi de
9 ) d&%t%g%e NGeHre cé% %[qf(ﬁgehpﬁcg?ﬁav gyéié%-

t he wavegui de can € repreéesented hus,
substituting the bpleﬁtlhgnamapandg%?h&, eldgéDG’:Qﬂ.)P(ﬁﬁe pessidd g tor Rt quide
opti nmum Iength of .the | onger edge a. For the case of the m crowave of
2.45GHz wavel e gtﬂ ‘the optimumlength of the edge ais calculated as

a=86. 6mm 15 FI GS. 8A and 8Brage odisaghAams rshQ %wd'rﬁiz%ﬁfng%ﬁgﬂtc%@“ on

of various optinumvalues of the rectangular wavegui
m crowave outl et SemeﬁaﬁgozzgonHwQ§edtonsﬂe%suﬁﬂ@dﬂ&ncatufrMnger edge a

of the cross secthgg 5ge€§§ve%%|de 22 Ei cﬁg ggo Iepq%gtq%%éﬁ.ﬁnn1as

not ed above, while th eng t K& °Shdi (
Further, the di aﬁebmr tBeofyribd wIfCFQG\Ye did lein ererideh A2ad et

10 reflectance becomes minimum in the case the distance
1 is 49mm when the microwave has the frequency of
2.45GHz . |

As explained above, the reflectance of the
feeding part becomes —20dB or less in the case the

- 15 frequency of the microwave is set to 2.45GHz and

various parts of the waveguide 22 are set such that
the longer edge of the cross section is 86.6mm, the
shorter edge b is 40mm, the diameter D of the
microwave outlet opening 22a is 64mm and the

20 thickness (length) h of the microwave outlet opening
22a is é6mm. In this case, the reflection of the
microwave at the feeding part is suppressed to 1% or
less, and efficient introduetion of the microwave
becomes possible from the rectangular waveguide 22 to

25 the microwave emission part 19.

In the plasma CVD apparatus 10 of the
construction noted above,.the microwave generated by
fhe microwave generator 24 propagates through the
waveguide 22 and is introduced into the retardation

30 plate 18 via the microwave outlet opening 22a. The
microwave thus introduced to the central pert of the
retardation plate 18 propagates in the radial

direction while experiencing wavelength compression



to 64mm Further, it was assuned that the distance h 25 between the
retardation plate 18 and the waveguide 22 is 6mmand a part of the
retardation plate 18 projects into the m crdRave outl et openi mg%% Z!Tﬂﬁe
di anmeter of the retardation plate 18 is set to 180mm and the thickness is
set to 4mm Further, it should 30 be noted that the results shown bel ow
does not change even when the dianeter of the retardation plate 18 is

180nm or nore. FuehBens the tdil aGidd ccronstasds Erspale tgs 188 angat i on
plate 18 is set to 10.1. Here, the - 17 - 1 0 MAR 2006 reflection of the

m crowave fend fr BFCCHESHIEr sw@sel A I'eta openi N R iss eiﬁhllfjm\eieﬂ%i | e
changi ng the distan 1. fr. t.h r,of 1 1 wave gutl et.. openi ng
grng rl?x tRet AU ?ne(?rﬁfgre 1P%m54nz§£10?ff é}lgnof% %V\BTI;[I%Ge

22a and the edge of the rectangular waveqgui aph
showi ng t he resul indfforsi milaatmaon sc ot di ot Hh g rrefd ectaxe: aind he

m crowave for the case the distance 1 is changed. ~_Fromthe graph of FIG 9,
it can be seen5th&fll%|’?§ml@lta§‘fqae&ré’rﬁ,eessdé%rfe% TRndYRRRG PR FFg“?:ase t he

di stance 1 is 49gemwkendile oA eza@wavey has the frequency of 2.45GHz. As
expl ai ned above, the reflectance of the feeding part becones -20dB or |ess

in the case the 15 frequendy &Ptk hfixatedanre i ssheetpltasmm 480Hz and
various parts of tag%a\p_@\é%guil@eo%z 3£ p%%tséﬁgmr&ﬂ}gjtimetrﬁ]e Aagpgfeer fpdge of the
cross section is 86.6mm the shorter "edge S mm e di ameter” D of the
m crowave outl et dpegiengl2Zaris @bwaran tthe microwave-emitting member
10 19 directly from the rectangular waveguide 22 via the
microwave outlet opening 22a, without using a coaxial
waveguide. In such a construction, there cccurs no
microwave loss (conductor loss) caused by the inner
conductor of the coaxial waveguide, and deterioration
15 of efficiency of electric power feeding does not take
place. Thereby, it becomes possible to reduce the
manufacturing cost of the apparatus without
increasing the size of the apparatus.
Further, because of the elimination of the
20 inner conductor of the coaxial waveguide, the present
invention can eliminate the abnormal.electric
discharge, which tends to take place in the vicinity
of the inner conductor. Thus, the problem of damaging
of the retardation plate caused by the shock of
25 abnormal electric dischargé, which tends to occur
when the microwave is supplied to the antenna member
via the retardation plate, is prevented.
Further, because the screw connection used
for connecting the inner conductor of the coaxial
30 waveguide is no longer necessary, it becomes possible
to eliminate the gap formed between the inner
conductor and the antenna member. Thereby, the

problem of electric discharge, which takes place in



20 thickness (length) h of the mcrowave outlet opening 22ais 6mm In
this case, the reflection of the mcrowave at the feeding part is
suppressed to 1% or less, and efficient inttfoduction of the n@grﬂg\p@%
beconmes possible fromthe rectangul ar waveguide 22 to 25 the m crO\N?;l

em ssion part 19. In the plasma CVD apparatus .10 of the construction
not ed above, the m crowave generated by the m crowave generator 24

propagat es t hroughulche a waysguide ek sly T ofucedednto the retardation
30 plate 18 via the mcrowave outlet opening 22a. The microwave thus
introduced to the central partridreiheln ridiareris oh Peren i pmbpegaxbslin

the radial directi,QRhidee -@(Qgé@nq_i@giélvqy@lfg!g% sion. - 18 - 10
MAR 2006 and is eﬁit?gdl i ntlo the process space i %égé?%sgssa olcrés%l?%g
vessel 12 via thesslrew painnecadoqr @pmetch rexpie e nisovrenter fdom Wwid a

| ar.ge nunber. JTher t he process space and a

by, ~unifarmplasnma is forned i
5 uni form pl asha Sr%g)égssssilﬁél i é%r?dt‘fcetrbtcfaoln Rt %“grﬁ% T2 BIRRE IV As
noted heretofore, athehpl FametG¥a papRArAt Usd O ofa e 1Y LS8N+ £ g ment
can feed a large electric power to the mcrowave-enmtting nenber 10 19

directly from t he3PEERARYMEHP FaViéduiaRe ZIadat ihe the crowrivehend | eThus,
opening 22a, w theHk W$eitRGqa GeaXiAls em%\fﬁglﬁk%e'arlﬂkrﬁ%cqbeﬁﬁ%n%feucu on,

there occurs no nicrowave |oss (conductor |oss) caused e 1 nner
conduct or of the éodtimaltedayeyuitde teand adettdrd arsatiimnm p_]a‘i:toftrfﬁ‘ﬂeo:ﬂ,erm%lof
i i | e
el ectric powey, f e%ﬂ'en%rg%(:i%mn%tf thC':kC%r e-ln%cee'ofﬂ}a%n%b al telbeecctorrriecs poss
to reduce the .
discharge between the retardation plate and the
antenna member is eliminated.
Further, there are cases in which it is
desirable to confine a helium (He) gas between the

15 antenna member or the retardation plate and the top

plate formed of a dielectric material for enhancing

thermal conduction. In this case, it is no longer

‘necessary to achieve sealing by providing a seal ring

around the periphery of the€ inner conductor, and the
20 problem of deterioration of the seal ring by the

microwave no longer occurs.

(SECOND EMBODIMENT)
Next, a second embodiment Qf the present
25 invention will be described. The microwave plasma
processing appératus according to the second
embodiment of the present invention has a fundamental
structure identical with that of the plasma CVD
apparatus shown in FIG.1l. Thus, only the microwave
30 feeding apparatus will be explained hereinafter.
First, explanation will be méde on the
symmetry of the microwave introduced into the

microwave emitting member from the microwave feeding



manuf acturing cost of the apparatus without increasing the size of the
apparatus. Further, because of the elimnation of the 20 inner conductor

of the coaxial waveguide, the present inve®d on can elimnate thg ﬁﬁﬁoﬁﬂﬁl
electric discharge, which tends to take place in the vicinity of g ¢
i nner conductor. Thus, the problem of damaging of the retardation plate
caused by the shock of 25 abnormal electric discharge, which tends to occur

when the mi crovavags supnl il 40 the Nt epnacEnDeD. i as the g argat] on

plate, is prevented. Further, because the screw connection use
connecting the inide dorfctambaiingret ookl abe 3&xmbveged de i s no | onger

necessary, it becomes possible ,to elimnate the gap formed betyween the
i hner conductor and the an'?ﬂennntaherrem Cerrc?wallﬁeer%%?/dﬂf(ﬁeap%‘?{)%Péﬁ‘n %? efRRtric

di scharge, which tdkeswalvac@rdbagading If fbiPAdR 2008 SHCMA BBProwSve
successfully elimnated. Further, in the case a conventional coaxi al

wavegui de i s usedCYtlSts RSN e hetelawiies P tFRANGR rely ROMrRE § ben
approach expl ai nediakeva drd HoriRd he & SERFESS Ok %%ﬁﬁ%é't&a{%‘e of

the antenna nenber at the junction part of the retar ate and the
ant enna nenber foPedpeodisddta g itter siorevarbaics Sintsted tthmvamed arldat i on

Pher cof, and. 10 RE APERTER SF 0B et o aorier o Gbdts Mo schar ge
bet ween the ret ar dakitonhpl atleand d I e lantennehgEiher dise e dddadwg.
Fur t her, therﬁlar%e%%%%% g%ggyég}ifhiéie microwave outlet opening 22a
at the side of the propagating direction of the
microwave as compared with the electric field
strength at the opposite side, and there appears non-
uniform distribution of the microwave power.

15 FIG.10 is a graph showing the electric
field strength distribution at the microwave outlet
opening 22a in the circumferential direction thereof,
wherein the vertical axis represents the electric
field strength while the horizontal axis represents

20. the azimuth angle. In the graph of FIG.10, it should
be noted that the edge part (incident side) of the

'microwave.outlet opening 22a at the azimuth angle of
0.57 coincides with the microwave propagating
direction and is located closest to the microwave

25 generator 24. Further, the edge part (terminal side)
of the microwave outlet opening 22a at the azimuth
angle 1.5« coincides with the microwave propagating
direction and is located farthest from the microwave
generator 24. As can be seen from FIG.10, the

30 electric field strength becomes larger at the
incident side edge part of the microwave outlet
opening 22a corresponding to the azimuth angle of 0.5

n, while the electric field strength becomes smaller



desirable to confine a helium (He) gas between the 15 antenna nenber or
the retardation plate and the top plate forned of a dielectric nhibbﬂﬂlﬂMGr
enhancing thermal conduction. In this case?lit is no | onger necessary to
achi eve sealing by providing a seal ring around the periphery of the inner
conductor, and the 20 problem of deterioration of the seal ring by the

m crowave no | onger occurs. (SECOND EMBODI MENT) Next, a second enbodi nent

of the present 254 ReNticmmidl deidesegd hede+ THE MLETRNAVE, Rl ASTR
processing apparatus according to the secon enbodi nent of the present

i nvention has a f@¥ddfenteRen NG Flare s tryrérdingi th thatasimetle phaken
CVD apparatus shawnqin £1GIl. Thus, only the mcrowave 30 feeding

apparatus will be explalned her ei naf t er . First, explanation will be made
on the symetry of the m cm\mve:heﬁeoxhjomhémomdfﬁe dew Laov@yve emtting
menber fromth nlcromav edln MAR 2006 apparatus 20 of the

pl asma CVD appar at'Gs YAR& ngmt 0 et I‘i‘:elefcffrrs]tc ot niERESRF R B ©%I ai ned.

In the microwave fr@@.&lda@v%przﬁf@é@ Abnidie 229 croyave P oppgating 4 om one
side of the mcrowave_ 5 outlet opening 22a under goes a change” of

propagati on dir ecSigd1lar ey iftdragnaie i Imcwm@f&aﬁa@@tim in thli3
di I dir i t.ed 1.0 r et ati e
perpenai cul ar SekQAR 2 g'% L4 e ﬁhél\ﬁquj : ecil iree 1 ﬁﬂb%)r%%,

Thereby, it should be not at t He ectric reng
m crowave 10 becombgs smrt@lmgse-rtyl o f I‘téle'nnuraxsm«eare)mrduertt@pexmm @Z2a at the
side of the pfgpa%a%%%%sqkkﬁ%lé%%ég becomes no longer uniform.
Thus, in the present embodiment, in order
to eliminate such asymmetry of the microwave, the
rectangular waveguide is formed in a symmetric shape
with respect to the microwave outlet opening. Further,

15 the present embodiment supplies the microwave from

both sides of the microwave outlet opening.

FIG.1l1l is an oblique view showing the cross
section of the microwave feeding apparatus 40 of the
plasma CVD apparatus according to the second

20 embodiment.

As represented in FIG.11l, the rectangular
waveguide 42 of the microwave feeding apparatus 40 is
formed with a single microwave outlet opening 42a on
a wall 42b thereof, and the microwave is supplied to

25 the microwave-emitting member 19 from the microwave
outlet opening 42a. Thereby, it should be noted that
the rectangular waveguide 42 extends in the both
directions of the microwave outlet opening 42a and
there is formed a symmetrical structure with respect

30 to the microwave outlet opening 42a.

In the microwave feeding apparatus 40 of
such a construction, the microwave is supplied from

both sides of the rectangular waveguide 42 and is



m crowave as conpared with the electric field strength at the opposite
side, and there appears non- uniformdistribution of the mcrowave EOV\BI’.
15 FIG 10 is a graph showi ng the el ectric— i2erd strength di stk iCbMAR 02008t
the m crowave outlet opening 22a in the circunferential direction thereof,
wherein the vertical axis represents the electric field strength while the
hori zontal axis represents 20 the azimuth angle. In the graph of FIG 10, it

should be noted that,tthe 498 P He (hNCt I e SLGE) o Pf i ndl £5 Qvaye
~outlet opening 22a aiput he azimuth aengljre Oc?? 0. 5 ‘%@c%?n%ﬁg%glsn% %ﬁ_the usy

m crowave propagattineg migincestiereawhes tioz at etk otosestut et hepan tigwave 25
generator 24. Further, the edqge part (term nal. side of the mcrowave

out| et openi ng 22515(% ErR é’zoﬁ%uﬁ%d’easngqé 1_rlp?eﬁiﬁmcciﬁ %Fesc’%]t%tt%erﬁﬁrég owave
propagating direaRiaan Tard dy | atad gthd sy tdestnd o Advead ciowave

generator 24. As can be seen fromFI G 10, the 30 electric field strength

becomes | arger at SCRETHlRGUEMCTsi e Teddie grirqrBfavidre M epasmvedut e
openi ng 22a corregpenpdisNg o Hhe %N&J?nléagggaise?f é’gb%l“ﬁicﬁu%‘ﬁ%t he

electric field strength beconmes smaller _ _ t erm nal
si de edge part of ouhideri opewdvg 4A#t.| dtompEperEmg 224 tcary esponidiIng t® t he

azinmuth angle of t ..\Wen there is ¢ ed such deviation 5 (asymetry)
: Sépgigt FoSath FO NS S fgu%ﬁa\fea”l?utq SQpshi T 22a; there

in the electric fi rength-at” the _ _ _
is al so caused a micmbwaredevitdietOddh e 4PCrfaway Sdopagadddig 4 imddhe

10 by constructing the waveguide such that the microwave
emitted from the same microwave generator is divided
by a branched waveguide and reach the microwavé
outlet opening 42a with symmetrical paths.

Thus, in FIG.l1l1l, the electric field

15 strength of the microwave propagated from the right
side at the incident side of the microwave outlet
opening 42a and the electric field strength of the
microwave propagated from the left side at the
terminal side of the microwave outlet opening 42a

20 cancel out with each other. Similarly, the electric
field'strength of.the.microwave propagated from the
right side at the terminal side of the microwave
outlet opening 42a and the electric field strength of
the microwave propagated from the left side at the

25 incident side of the microwave outlet opening 42a
cancel out with each other. With this, the electric
field strength of the microwave emitted from the
microwave outlet opening 42a becomes uniform
irrespective of the azimuth angle, and it becomes

30 possible to emit a microwave of symmetric electric
field to the microwave-emitting member 19.

In the foregoing embodiment, the

rectangular waveguide 42 extends straight in right



antenna nenber 17 in the radial direction. Thereby, the intensity of the
m crowave emtted into the 10 processi ng chanber becones no Ig %u%ﬂform
Thus, in the present enbodinment, in order- 28 elimnate such 38 t 0007
the m crowave, the rectangular waveguide is forned in a symetric shape
Wi th respect to the mcrowave outl et opening. Further, 15 the present
enbodi nent supplies the mcrowave from both sides of the m crowave outl et

opening. FIG 11 i n [ i how the cross sectiaon of the
mpcr O\Agve f eedi nggggpégta%tt ugﬁ%&\éécﬁ Vc\!tnﬁse%v}:‘pIncglsemarf[1 TS Sparat U acEsTHIRG to

t he second 20 enbddanenh. tAe pepeasenined] it AlGalko tdws giastangul ar

wavegui de 42 of the m _crowave feedi \%%I apparatus 40 is formed with a single
mi crowave outl et GRBACAYCE2E G OSE WP §HE SO 2 Tarfth Bl id & ridhave i s

supplied to 25 thgiRhCravavaveRuliten @ JrRHEY 19 Aromhlig, d1iGf owave outl et
openi ng 42a. Thereby, it should be noted that the rectangular wavegui de 42

extends in the boPRTPENA&EVILaAs dGfr et ofisc rigweav eho util aatovwapeniawt 42a and
there is forned a ret.ri,cal Lyeture .w t.h respect. 30 to the m.crowave
out| et opening 428.%' i Phé%%'cr%ﬁ)l\’/\r;vee freédi nlrgg éjﬁﬁés‘rlg}l_ﬁsqcfonb i dihe
construction, themitepeasee ingeaspplyi ed sfturdmutienh isitdes iofnding nget angul ar
wavegui de 42 and is -.2.2 - # 0 MAR 2006 outputted fromthe m crowave.
outl et opening 42§"PRAYLNT [ EXAVEVERaVE (e S TOME ViR QUivdite AR IOT
openi ng 42a from hothrsbeleplatatihaimeerqwaywe outlet opening 42a. Thereby,
the phase of the mcrowave is _ :
10 In the present embodiment, the asymmetry of

the microwave electric field emitted from the

microwave outlet opening is compensated for, by

supplying the microwaves from plural directions to

the microwave outlet opening. On the other hand, the

15 deviation of the microwave is eliminated also in the

construction in which the microwave is supplied only
from one direction as in the case of the microwave
feeding apparatus 20 of the first embodiment
explained before, by modifying the shape of the

20 microwave outlet opening from the circular shape to

elliptical shape such as ellipse shape or oval shape.

(THIRD EMBODIMENT)
Next, a third embodiment of the present
25 invention will be explained. The microwave plasma
processing appératus according to the third
embodiment has a fundamental construction identical
with that of the plasma CVD apparatus of FIG.l except
for the microwave feeding apparatus. Thus, only the
30 microwave feeding apparatus will be explained
hereinafter. _
In the foregoing second embodiment, the

deviation of microwave intensity distribution is



5 controll ed such that the m crowaves propagating from both sides have the
sane phase at the mcrowave outlet opening 42a. For exanpl e, int"’qéévamﬁ
possible to supply the mcrowaves of the-s@de-phase to the lm crY Q‘«g

outl et opening 42a fromboth lateral sides 10 by constructing the wavegui de
such that the mcrowave emtted fromthe sanme m crowave generator is
divided by a branched wavegui de and reach the m crowave outlet opening

42a with symretri ¢al; hus, .d 1 t he i ield.1l5 strength
of the m crowave %?35123%? %51 }yg%uﬁtﬁel Jr:lln géh Si ecxgét&atq%ere if:rn%%' déelnqﬁLJ(:Si%Inecrl of
the m crowave out Lefft dpewicigosda amd ttHwe ptescint cirfvealti ot r esrgttheof the

m cr onwave propagatggﬁifrr mthe left side at the term nal side of the

|
m crowave outlet 8 n§h5a 2FEENERY D iruRA TP Yot&e SR larly, the

electric field steengthonf oifhe1RcGGWAE QIPRAGA B ITIYA the tid ght side
at the termnal side of the m crowave outlet opening 42a and the electric

field strength® of MFREVAVErGRAFE Hido Fegiesy fomadwidiefs sideanlahe 25
i nci dent side of &Q‘%egh%%“@é%ﬁpit Iea]e&ima&g 42a.. cangel oyt with e c%

other. Wth this, the electric strengtﬁ:of the m'crowave emtte
fromthe m crowavectanbetlagperiviegudie ecormesxathitfoorthe inmircespecta ve of the

T b R e R BB e B o et
enbodi ment, the rectangul arrsaveguisderd 2mXierds, it amdMidd tHOMros 3 -
9 O MAR 200& and left directions of the m crowave outl et openin
10 section of a microwave feeding apparatus 50 of a
microwave plasma processing apparafus according to a
third embodiment of the present invention. '
As represented in FIG.12, the microwave
feeding apparatus 50 includes a circular waveguide 54
15 provided between the rectangular waveguide 52 and the
microwave—emitting member 19. Further, there is
provided a microwave outlet opening 52a on a wall 52
of the rectangular waveguide 52, and the microwave
propagated through the rectangular waveguide 52
20 enters into the circular waveguide 54 through the
microwave outlet opening 52a. The microwave thus
introduced is emitted into the microwave-emitting
member 19 from a microwave outlet opening 54a formed
on a bottom part 54b of the circular wéveguide. Thus,
25 in the present embodiment, the axial direction
(propagating direction of the microwave) of the
rectangular waveguide 52 is perpendicular to the
axial direction (propagating direction of the
microwave) of the circular waveguide 54. _
30 Here, it should be noted that the microwave
propagation mode in the circular waveguide is a TMO1
mode in which the shape of the magnetic flux lines is

similar to the one in the rectangular waveguide as



42a. On the other hand, it is also possible to construct a cross-shaped
rectangul ar waveguide in wth the wavegui de extends in four putual lﬁ §
per pendi cul ar directions fromeh mcrowave 8Gttet opening 4240 MAR: o, it
is possible to nodify the mcrowave intensity distribution intentionally
by supplying mcrowaves to the mcrowave outl et opening 42a from plural
directions. 10 In the present enbodi nent, the asymmetry of the m crowave

electric field embhbed hromrhe 8 chonavs oubliel opening i, cogpensat ed
for, by supplying the mcrowaves fromplural directions to *thée mcrowave
out | et openi ng. Omaghetdchdrl uxandneshearkb dewiattimir afind hel gaertonastes | S

elimnated al so i he constr.ucti.on in which the m crowave i s suppl]ed
only from one di EE%& 84 %as withrJfthfhé‘scé@ee &lqwarﬁecr%&ﬂfegatflégﬂi“?@fgpﬁér at us
20 of the first eabedir@enbr eaRlciuielk el b py Modidyigg dhe, shape of the
20 m crowave outl et openi n& fromthe circular shape to elliptical shape

such as el lipst shi&f&CoiSodarmskaFe un ifPMROIEVBADIWENT Nexthe a third
enbodi ment of the_pt t. 234N Is 14 1 1he [ The m crowave
pl asma processi nggagggrgat Ss%asgc\é% I nl%rht\(l)&ét hte}gt hﬁ?ﬁi%r%gg‘{ar}’e%ﬁa% a
fundanment al const Fbesi, obyi deppilydng w i ddvatavef firdven phes el KD appar at us
of FIG 1 except or the feedicg%ﬁgagpar at.us.. Thus, only the 30

f m ¢r.owav
ni crowave feedi ngwﬁﬁﬁg}légﬁs%\ﬁi 5 é’ee_)?B‘I : SR SRSt the via
foregoi ng second erbodimentart ke crédemval ict 1t MEEmwWRy & 4t aRsiddcomes
distribution is , _ , ,
10 possible to supply the microwave with uniform

electric field distribution, and it becomes possible
to emit the microwave to the processing chamber
uniformly from the microwave-emitting member 19.

Here, it should be noted that the circular
15 waveguide 54 functions as a cavity resonator by

setting the length of the circular waveguide 54, in
other words the distance from the outlet part of the
microwave outlet opening 52a to the microwave outlet
opening S54a, to.be'equal to n/2 times the microwave

20 wavelength Ag in the waveguide. Considering the
effect of the size of.the plasma processing apparatus
or propagation loss, it is preferable to set the
distance from the outlet part of the microwave outlet
opening 52a to the microwave outlet opening 54a to be

25 1/2 times the microwave wavelength Ag in the
waveguide. In this case, the reflection from the
circular waveguide 54 is reduced, and efficient
supplying of the microwave to the antenna member 19
becomes possible.

30 | FIGS.14A and 14B are diagrams showing the
result of calculation of optimum size for various
parts of the microwave feeding apparatus 50 of FIG.12

for the case the circular waveguide 52 forms a cavity



24 - 10 MAR 2006 elimnated by supplying the mcrowave fromright and
| eft directions. In the present invention, on the other hand, a m crowave
substantially free from deviation of electRiéc—field distribut{dnhMiQ 208§ 5
m crowave-em tting nmenber, by providing a circular wavegui de having a
circular cross section between the rectangul ar wavegui de connected to the
m crowave generator and the m crowave emtting nenber. FIG 12 is an

obli que view showi-agohie oG 0%%erkd et | b P g BN 10 V@J@esdfcg‘gl&?paf atus
gtoa third

50 of a mcrowave plasna processi ng apparatus accordin )
enbodi nent of thespreserhe mearttangul sAs waaprasieid e iin A G &, tier

m crowave feeding,appa u 0 includes a circular vegui de 54 15

provi ded between gﬁéege%?§naé%arsr\ﬁé‘fe &S AR & h%éae‘%i RRRAFEEHT ti ng
menber 19. Furthesp there siisiepravwded a m crowave outl et opening 52a on a
wal | 52 of the rectangul ar wavegui de 52, and the m crowave propagated

t hrough the rettangul.ar wavéguitde® Prexerantstodiment hethe raanaar edagui de

54 th h th ' I j The mer Y
roug e Nber QWRVE eULlngh, 1GREN G P28 - N, rgfrg)gg r%gé%%o%laar

introduced is enmitted into the mcrowave-emtting ne _
m crowave outl et Vp¥RONGdB422f dsnmeedt e & dhdnmomipartatidb tof tHee Thirscul ar

wavegui de. Thus, ?{i .t he. present .enbadi nent.,, t axi.al direction .
(propagating di re(%: |b8§16“ ntthélo?rclec%r (?v?/a}?er)e’ofwr}}lﬁee EctHrffuldr Wivegui de 52
i's perpendicul ar shother axigal idi lseat iton AFuropaFgatiHey didRCtd Qnddfed N
m crowave) of the circular waveguide 54. 30 Here, it should be noted that
the m crowavet of the microwave outlet opening 52a is set to 84mm. :
Further, the size of the retardation plate 18 is set
similarly to the size of the retardation plate 18 of
the first embodiment such that the retardation plate
18 has a thickness of 4mm and an outer size of 180mm.

15 It should be noted that the results shown below does

not change even when the outer size is set to 180mm
or more. Fﬁrther, the size of the connection part
betweeﬁ the circular waveguide 54 and the retardation
plate 18 is set similarly to the case of the

20 connection part of the rectangular waveguide 22 and
the retardation plate 18 in the first embodiment.
Thus, the diameter D1 of the microwave outlet opening
54a of the circular waveguide 54 is set to 64mm and
the height (length) hl of the microwave outlet

25 opening 54a is set to 6mm.

From the calculation based on the foregoing
dimensions, it became possible to achieve efficient
microwave feeding with low reflectance for the case
the diameter of the circular waveguide 54 is set to.

30 150mm, the length of the circular waveguide is set to
78.4mm and the length 1 from the center of the
microwave outlet opening 52a of the rectangular

waveguide 52 is set to 57mm.



propagation node in the circular waveguide is a TM01 node in which the
shape of the magnetic flux lines is simlar to the one in the rectan uI ar
wavegui de as -25- 10MAR2n1)0 shown in FI GS. 83A-and 13B. Thus, iTn0 AAR

the magnetic flux lines are concentric and close to the TEM node, whi ch
is the m crowave propagation node in a circular wavegui de. Thereby, it can
be seen that 5 there is forned a uniformdistribution in the «circular
cross section of the circul grrgrgwegul de.gr TISsHAY; & ptgll(yllqagsr%%\l{noc owave
fromthe circular waveguide 54 to the crowave-em1iting ne via the
circular mcr owav@ad\mlll@tti@;memfng:l“@allqnovtaaca)r@&bcﬂaﬂlqgofsjssi:]gj e tg supply
the m crowave wth.unif tric field stribution, and it_becones
possible to enit gtl &5 cr@olv?/ave %n 5H0C 62 N THAHD &2 thitors from

t he m crowave- em mﬁbmgwqa@bereebﬁndﬁr@aﬂattlﬁdﬁ@ﬂéi fex e eghd hedrddieing
circular 15 wavequide 54 functions as a cavity resonator by setting the

l ength of the Tir &F‘&Psﬂv&\?égw de 54, in other words the di stance fromthe
outlet part of the microvayggutdyet ARG N 5243 1105 t he L q,ﬂt | et
opening 54a, to be equal to n/2 tinmes the m—crowave 20 wave eng gin

t he wavegui de. Coﬁbﬁdeﬁhﬁgmtlmowaﬁffee@tle@f‘tltm Sidael ofttdreytpl assma pr ocessi ng

apparatus or pro i | 0ss, .S Ry f rable to set the .distance from
the outlet part Oggg%&aﬁﬁ rbl\f\lléL\/fé)r(I)nuﬁ elopenl r’i:’gZ%Srl SHHRE HiTrovave

outl et opening 54a to be 25Thu2 tlamrtdh@lg’ﬂ‘dﬂ QMY en Vsl BRgtteddi gy the
waveguide. In this case, the reflection fromthe circular waveguide 54 is
reduced, and g%flépgﬁfatus of the present invention, it becomes

possible to supply a microwave of uniform electric

field strength to the microwave-emitting member 19,

and as a result, a microwave of uniform intensity is

emitted into the processing vessel 12. With this, a

15 uniform plasma processing becomes possible over the

entire surface of the wafer W in the processing
vessel, and a high-quality plasma processing is
achieved.
Further, because the use of coaxial
20 waveguide is eliminated at the time of supplying the
microwave to the microwave—emitting member 19, it
becomes possible to achieve efficient microwave
supplying with small electric power loss, similarly
to the first and second embodiments.
25 It should be noted that there is provided a
compartment plate 56 inside the rectahgular waveguide
52 shown in FIG.1l2. It should be noted that this
compartment plate 56 is provided for reflecting back
~ the reflection wave returned from the microwave
30 outlet opening 52a again to the microwave outlet
opening 52a.
Further, it is possible to use any known

converter or construction for introducing a microwave



supplying of the mcrowave to the antenna nmenber 19 becones possible. 30

FI GS. 14A and 14B are di agrans showing the result of calculation of optinmum
size for various parts.of the m crowave feédi ng apparat us 5? [ﬁ&“lgl G 12

for the case the circular waveguide 52 fornms a cavity - 2 6 - B NVARU2006
resonator, wherein it should be noted that FIG 14A .shows the rectangul ar
waveguide 52 in a plan view while FIG 14B shows the m crowave feeding

apparatus 50 in g, $hdepd %céﬂég,}ltit]rﬁ ﬂ@éﬁﬁd@@@d{ﬁ@n&r&? _Longer edge

of the rectangul ar cross section e rectangul ar “wavegui de 52 is set to
86.6mm sini | arly wevielga ifder,stande nijodi prdemot iedy dyef Dore, i svhnde Ttheiséeae of

the shorter edge is t to 2 . Further, the dianmeter DO 10 of the
m crowave outl et 58e%’%ﬁ§’e5f§%|@38]§§n§so BRI UrAIFC - the size of the

retardation plate 18 is set simlarly to the size of the retardation plate
18 of the first enbodi nent such that the retardation plate 18 has a
t hi ckness of 4tm ZNRUSFRIM APELACAHTI LN M 15 |t shoul d be noted that the

results shown bel ow does nat, change. Sygn phen é@ﬁ%&{néhﬁ’}%&fﬁet o

180mm or nore. quther, the si Ze of the connectio r wWeen
circul ar wavegui dats5hegometsheosstidrldaticorsugplat & I8l droveete stdridarly to the

e e 20, SoREGL A BT AL B Ao AN e 22 A0 e
m crowave outlet eperignddebdahafs,theiCigreiam way egud dter 24 dsweset1 44 64mm
and the h6i99§ (Eggg%g)bglt%g E%%é?(ggﬁgag%é¥ngéna coaxial waveguid
g e
is eliminated and the efficiency of electric power
feeding is improved. Further, the number of lécations
that tend to invite concentration of microwave is
reduced, and unwanted electric discharge in the péwer
15 feeding part is reduced. Thereby, it becomes possible
to supply a large electric power to the microwave-
emitting member. Further, the screw connection part
for connecting the inner conductor of a coaxial
‘waveguide is no longer used. Thereby, the shape of
20 the microwave-emitting member is simplified, and
manufacturing thereof is facilitated._Further, as a
result of simplification of shape of the microwave-
emitting member, it becomes possible to provide a

construction that confines helium conducting gas

25 easily.



25 opening 54a is set to 6mm Fromthe cal cul ati on based on the foregoing
di.nensions, it becane possible to achieve efficient mcrowave feeding with
low reflectance for the case the dianeter 8P the circul ar wavpquMdR FW5i S
set to 30 150mm the length of the circular waveguide is set to 78.4nm and
the length 1 fromthe center of the mcrowave outlet opening 52a of the
rectangul ar waveguide 52 is set to 57mm - 2 7 - 7 0 PEAR 2006 FIG 15 is
a graph showi ng the result of cal cul ati oncpffge m crowave electric field
di stribution for the case the various parts of the mcrowave feeding
apparatus are set to the foregoing 5 dinensions. Fromthe graph of FIG 15,
it can be seen that the mcrowave electric field strength is generally
uniformin all the azinmuth directions. Thus, according to the m crowave
feeding 10 apparatus of the present invention, it becones possible to
supply a mcrowave of uniformelectric field strength to the
nicromave-enit?ing menber 19, and as a result, a mcrowave of uniform

intensity is enmtted into ﬁheApH¥E¥Sﬂdu$\ﬁ¥§§Ha:H%oéggglﬁé“%? A s
uni form pl asma processi ng becones possible over the entire s ftace of the
waf err Win the prée&ssbrdyivngspdlasmaneredsisghirguald tay spltessimmtpr,ocessing i s
achi eved. Further ., because,the yuse of coaxial 20 wavegui@e is elimnated at
the tine of supplying the mcrowave to the mcrowave-emtting nenber 19,
it - & processing vessel accommodating therein a

10 stage for supporting said substrate;
a microwave generator;
a waveguide connected to said microwave
generator, said waveguide guiding a microwave
generated by said microwave generator; and

15 _ a microwave emitting member emitting said

microwave into a space in said processing vessel

after wavelength compression by a retardation plate,
said waveguide has a single microwave

outlet opening in a location corresponding to a

20 center of said microwave emitting member.

25 ' 2. A microwave plasma processihg apparatus
as claimed in claim 1, characterized in that said
waveguide 1is a rectangular waveguide having a

rectangular cross section.

30

3. A microwave plasma processing apparatus



becones possible to achieve efficient mcrowave supplying wth smal
el.ectric power loss, simlarly to the first and second enbodi nents. 25 It
shoul d be noted that there is provided a —c@fpartnent plate 564i #ﬁﬁr@ﬁe
rect angul ar wavegui de 52 shown in FIG 12. It should be noted JHE?”‘h# g
conpartment plate 56 is provided for reflecting back the reflection wave
returned fromthe m crowave 30 outl et opening 52a again to the m crowave

outl et opening 52a. I i (=1i-S Si Y2 erter or
construction for ?%t Fggt}ﬁéﬁig lél %l(?rslgpv\gz\s'e %{%{J %E%s@ll{% F&Q{‘ romthe
rect angul ar waveguiedé&anguillae eciaveguadendesyd desosandsadiel qor esertt thaiend i on
isnot [imted t e _enbodinent.s, expl ai ned above. 5 | NDUSTRI AL

APPL| CABI LI TY Thug?k%%oreﬁﬂ?g %o Serid pcrlgossesnts‘?%‘i/‘e?ﬂ ﬁﬁ? a jhenEdomt 1/2
'possible to suppl g aaredeawane otfo s i dVinGIOMBYR-E Mt tdd10 NRImam i thout
using a coaxial waveguide. Thus, the problemof electric power |oss 10
caused by the ?nn@PVEngGEtor of a coaxial waveguide is elinminated and the
efficiency of electric power feeding is inproved. Further, the nunber of

| ocations that tend to invite concentration of mcrowave is reduced, and
unwanted electric discharge in the power 15 feeding part is reduced.
Thereby, it becones possible to supply a large electric power to the

m crowave- emtting nenber. Further, the screw connection part for
connecting the inner conductor of a coaxi al

10 4. A microwave plasma processing apparatus
as claimed in claim 2, characterized in that said
microwave outlet opening of said rectangular
waveguide is provided on a surface corresponding to a
longer edge in a cross section of said rectangular

15 waveguide.

20 5. A microwave plasma processing apparatus
as claimed in claim 1, characterized in that said
waveguide extends in plural directions about said

microwave outlet opening.

25

6. A microwave plasma processing apparatus
as claimed in claim 5, characterized in that said
30 waveguides have a straight shape are arranged

symmetrically about said microwave outlet opening.



.wavegui de is no |onger used. Thereby, the shape of 20 the _

m crowave-emtting nmenber is sinplified, and manufacturing thereof is
facilitated. Further, as a result of sinpliflication of shape if t(ﬁe}'} i

m crowave- emtting nenber, it becones possible to provide a o&£"-‘u@g fon
that confines heliumconducting gas 25 easily. 2 9 - 1 0 MAR 2006 CLAIMS 5
1. A mcrowave plasma processing apparatus for applying plasm processing

to a substrate, characteri zed by;; ' qmqgg'
therein a 10 stage for supggrtAi #g%%a%%git%%%?‘i&rﬁ%% Y gefn%?%?or; a
wavegui de connect @8 cdadaied rinc rdweEve l,gecmaarlai@treris@%cﬂ fivarx/tekgu:rdeygui ding a
m cr owave ener a sai.d m crowave generator: and .15 a mcropwave
enmitting me?rber e%ﬁgfc?%é gjgtlv(?@urﬁ cr V\l;éjv‘%ci[1en4 (;abeat"%epee{tesai SHEPHo ees%‘?%g_
vessel after waveheérgih cromanes smit tihda Maissdalian o ale.asai d wavegui de
has a single microwave  outlet opening in a |location corresponding to a 20
center of saidm 996\?/&\‘?&%‘%@@&%&’3@% B5 an A o rbvisRAEL Him said

processi ng appar altgeqdidel iR dee LR Baka GAARKAR 28dhd fL {dat said
wavegui de is a rectangul ar wavegui de having a rectangulQar cross ‘section.

30 3. A nmicrowave plasma pr6eéssimigrappareatiss supplied from said

waveguide connected to said microwave generator to
said another waveguide via said microwave outlet

10 opening, said microwave being introduced into said
microwave emitting member_via another single
microwave outlet opening provided on a bottom part of

said another waveguide.

15

8. A microwave plasma processing apparatus
as claimed in claim 7, characterized in that said
20 another waveguide is a circular waveguide having a

circular cross section.

25
9. A microwave plasma processing apparatus
as claimed in claim 8, characterized in that said.
circular waveguide has a length equal to n/2 times (n
being an integer) a wavelength of said microwave in
30 said waveguide connected to said microwave generator,
said circular waveguide forming a cylindrical cavity

resonator.



- 30-10KARZ2005 as clained in claim2, characterized in that said
rect angul ar wavegui de has a cross section such that a |onger edge of said
cross section has a length of 1/2 a waveleRgth of said nicrowdvg HAR 981%
rectangul ar 5 waveguide. 10 4. A mcrowave plasnma processing apparatus as
claimed in claim?2, characterized in that said m crowave outlet opening of
sai d rectangul ar waveguide is provided on a surface corresponding to a

| onger edge in a cross sectijgn Qf i vequi A
190 9 AR é}ﬁ@&ﬁ |pglrl%c<%@s|Srenlg({iJj qagﬂjaarzrgac eti zed

m crowave pl asnma processing apparatus as claine a
in that said wavegurdeimedenas cileipl dr,alchdiraartd minsedabiouttisei dsaid cr onave

outl et opening. 25.6. A_m.crowaye plas I ocessi appar at us s clai med
in claimb5, charagﬁgffgggeiﬁ wﬁéﬁngéﬂégﬁéﬁMﬁﬁéiﬁiggs%%iéa%?%ﬁﬁé%%ﬂﬁnshape

~are arranged synpetariecal ly about said m crowave outlet opening. 31 - 1 0
MAR 20P6 7. A m crowave plasma processing apparatus as clainmed in claim1,
characterized Further by anot her wavegui de provi ded between sai d wavegui de
and said mcrowave emtting nenber with an axial 5 direction perpendicul ar
to an axial direction of said wavegui de connected to said m crowave
generator, said mcrowave is supplied fromsaid waveguide connected to
said m crowave generator to said another wavegui de via said m crowave
out | et '

11. A microwave plasma processing apparatus

10 as claimed in claim 1, characterized in that said
microwave emitting member includes a number of slots

penetrating therethrough in a thickness direction.

15

12. A microwave plasma processing apparatus
as claimed in claim 11, characterized in that said
slots of said microwave emitting member are arranged

20 in a spiral form or multiple circumferential form.

25 _ 13. A microwave plasma processing apparatus
as claimed in claim 12, characterized in that said
slots of said microwave emitting member form slot
pairs each formed of two slots arranged to in a T-
shaped form.

30



10 openi ng, s'ai d m crowave being introduced into said mcrowave emtting
menber via another single mcrowave outlet3zopeni ng provided on.,a bottom
-part of said another waveguide. 15 8. A mcrowave plasm proce§sﬁ AR 2006
apparatus. as claimed in claim?7, characterized in that said 20 anot her
wavegui de is a circul ar wavegui de having a circular cross section. 25 9. A

~m crowave plasma processing apparatus as clainmed in claim8, characterized
in that said. circular vvaaé;guipdé’lf?fsf“%l PGt hS Hodiane £ bR/ 5oF i aRR1Y#Ybei ng

an integer) a waéqla%mt e SA thdn & omaé/@owrg@e:sa&ﬁawxe;gym@dcg?hect ed
to said m crowave generator, said circular waveguide formng a cylindrical
cavity resonatorthe s3eps df 0 MAR 2006 10. A nmicrowave pl asma processing
apparatus as clainmed in claiiml, ¢ ara\%eri zed in thﬁlﬁasai Qn m crowave

em tting nmenber includes sé)llcf‘crler%gar dat | osntr?o ate 9A 1 cfowave pl asma

processi ng appar plrdzeskdms wdsdded in claim 1, characterized in that said
m crowave em tting nmenber includes a nunber of slots penetrating
therethrough in a thi cknesINGEctith. @ 54ROV ¢ RY ol 2CPPERYE processi ng
apparatus as cl aihedJdy,claimll, characterized in that said slots of

said mcrowave emtting nember are arranged
guiding said microwave generated by said

microwave generator by a waveguide connected to said
10 microwave generator;
outputting said microwave supplied from
said waveguide connected to said microwave generator,
via a single microwave outlet opening;
emitting said microwave outputted from said
15 waveguide connected to said microwave generator into
a space in said pro.cessing vessel by a microwave
emitting member; and
applying a plasma processing on said
substrate by forming plasma by said emitted microwave,
20 wherein said waveguide connected to said
microwave generator extends in plural directions about
said microwave outlet opening, and wherein said
microwave is guided to said microwave outlet opening

from said plural directions with an identical phase.

25

30



20 in a spiral formor nultiple circunferential form 25 13. A m crowave
pl asma processing apparatus as clainmed in claim12, characterized in that
said slots of said mcrowave emtting nenber' formslot pairs each forned
of two slots arranged to in a T- shaped form 30 - 3 3 1,4 . A plasma
processi ng nethod for applying plasnma processing on a sul?)sq rf‘@t?e%ﬂﬁ
characterized by the steps of: placing a substrate on a stage ina 5

processing vessel; generati i a Aimioyeweydyp Bashe OV6YEs s GeNelatiyd as
guiding said mcr og(av.e ner at ed, by14sai d mcrowave generator by a
wavegui de connect 60 PShiT TR crona A FReEe B 274 butHhat isRidai d

m crowave suppl i ed«é«él%ﬁi&@'ébﬂ&?é’@@éﬂ%@é‘f‘&%f@r&?a@ 'c?er{‘%ﬁi? Mfas a
generator, via a single mcrowave outlet opening; emiting said m Crowave
out putted from saiskraimhinadippele auohrdteeein osshd dvaveyoldy ecaarss tddr

into a .space kn [ r SS| vessel by, a m.crowave enittjng nenber;
and appl y?ng'alspl ngngs%&oggﬁé%%%% %%I?%IXE%SW%? 163 $3rHiMF IR by

said enitted mcrawawsid 20 wheieid GatTetaysanise cannasses d sl g

m crowave generator extends in plural directions about said mcrowave
out| et opening, - artPMheM TP ot ke bveRenirg gul tledan ol den ticd kraswe e
outlet opening phase.

10

16 .'A-miorowave plasma prooessing method as -
claimed in claim 14, characterized in that another -

15 waveguide 'is provided between said waveguide
connected to said microwave generator and said
microwave emitting member with an axial direction
perpendicular to an axial direCtion of said waveguide
conneCted to 'said microwave generator,

20 : wherein said microwave ie supplied from
said_waveguide connected to eaid microwave generator -
to Said another.waveguide via said microwave outlet
opening, said microwave being intfoduced into said
microwave emitting member via another single

25 microwave outlet opening provided on a bottom part of

said another waveguide.

30

17 . A microwave plasma processing method as
claimed in claim 14, characterized in that said

another waveguide is used for a cavity resonator, and



fromsaid plural directions with an identical phase. 25 30 34 i a MAR
2606 15 . A mcrowave plasma processing nethod as clained in claim 14,
characterized in that said wavegui de conne d to said m crowave generator
has a straight shape, and wherein said wavegui de connected 5 to said

m crowave generator supplies said microwave to said m cqojadys o8gpl et
opening fromboth sides of said mcrowave outlet opening with an identical
same phase. 10 1.6 . A microwave plasma processing nethod as clained in
cl ai m 14, - char act e/R9eRin nerharetrorfiesaidlfinaveguedeupplirdvifdes batween

sai d wavegui de co i 1 crowave nerat.or and said m crowave
enitting genber mﬂ?ﬁggﬁg%i?aﬁgggFgL?PSﬁlngeggeﬁﬁ?guVSVePBl f §eorRected

direction of said waveglddeiceonaeet gdnk@atairdifi ¢hHeWAME BENENHAKLOL, 140
wherein said mcrowave is sug |lied from said wavegui de connected to said
m crowave generat dfCIYVR%Rd ghBFHEE,mﬁ@@éguf@@mvBéléaadoﬁﬁerowaweouavbet
openi ng, said micr@M@ygtbg'@gihatroduced into said mcrowave enitting
menber via another single 25 m Crowave outl et opening provided on a bottom
part of said another waveguide. 30 17. A m crowave plasma processing
method as clainmed in claim 14, characterized in that said

10 18 ; A microwave feeding'apparatus for
feeding a microwave into a prdcessing chambef,.'
characterized by: .

a'waveguide connected to a microwave
generator, said waveguide guiding é microwave:

15 generated by said'miCrowavé generator, said waveguide
having a microwave outlet opening for outputting said
microwave; and ' |

a microwave emitting member causing to
propagate said microwéVe supplied at a central part

20 thereof in a direction perpendicular to a direction
in which said microwave is suppliéd, said microwave-
emitting member further introducing said microwave

into said procéssing-chamber via a plurality of slots.

25

19 . A microwave feeding apparatus as
claimed in claim 18, wherein said waveguide connected
30 to said microwave generator is a rectangular

waveguide having a rectangular cross section.



anot her waveguide is used for a cavity resonator, and 35 1 0 &R 2006
wherein entirety of said mcrowave supplied fromsaid mcrowave outl et
openi ng of said wavegui de connected to sai gncromave generator is
introduced into said mcrowave emtting nenber from said another nicrowave
5 outlet opening. 10 18 . A microwave feeding apparatus fd} MAReslgng a

m crowave into a processi ng chanber, characterized by: a wavegui de.
connected to a.m crowave generator, “said wavegui de gui ding a m crowave 15
generated by said nicromavezgenehambcrosan teedgugdepphastng asni crowave

outl et opening for t wave: and.a m roma e emtting
nenber cgu5|ng to(i%#gggga*ﬁgsgg %%o 95e§ﬁp6Pngr§F angBnefFal part 20

thereof in a d|HMMaV§g¢mm@emdscularo§Q aedtiéﬁtbﬁehlﬂh&@'ﬁhl§ﬁb€r”baﬁgwave
is supplied, said n%crqﬁg emtting nmenber further introducing said
m crowave into saf eS5PRY Eﬁﬁﬁﬁ@P bra a progshi of &72spéts. 25 19 .

A i crovave feedi n@a@@p&s@wsoassaeaawe@ouavg' 3hriddy Yerehsatd

wavegui de connected 30 t0 said mcrowave geneéerato rec
wavegui de havi ng avaeegahd@l ar cross section. - 36 9 0 MAP, 2006 26 . A

m crowave feeding apparatus as clainmed in claim19, wherein said
rectangul ar

10
21 . A mic:bwéve feeding apparatus as’
claimed in claim 19, characterized in that said
microwave outlet opening'of.said_rectangular-
waveguide is provided on a surféce thét.forms a

15 longer edge in a cross section of said rectangular

waveguide.

20

'22 . The microwave feeding apparatus as
claimed in cléim 18, characterized in that said
waveguide connected to said microwave geherator

{extends in plural directions about said microwave

25 outlet opening.

30 23 . The microwave feeding apparatus .as
claimed in claim 22, characterized in that said
waveguide connected to said microwave generator has a

straight shape and extends symmetrically with respect



wavegui de has a cross section such that a | onger edge of said cross
section has alength of 1/2 of a 5 wavel ength of said m crowave in said
rectangul ar wavegui de. 10 21 A m crowave [agqigg apparatus as clainmed in
claim 19, characterized in that said mcrowave outl et opening of

sai d.rectangul ar. waveguide is provided on a surface thqtgg@ﬂpgw% 15

| onger edge in a cross section of said rectangular wavegui de. . 22 The
m crowave feeding apparatus as clainmed in claimcharacterized in that said
wavegui de connect edot sasal ahim myvenay eoelet adpeniext ends in plural
directions about said mcrowave 25 outlet opening. 30 23 . The m crowave
feeding apparatus as <clained in claim?22, characterized in that said
wavegui de connected to said m crowave generator has a strai ght shape and
extends symetrically with respect - 37 9 MAR 2006 to said mcrowave
outlet opening. 5 24 . The m crowave feeding apparatus as clainmed in claim
18, characterized in that another waveguide is provided between said.
wavegui de connected to said mcrowave generator and said 10 nicrowave

emitting member with an axi @4 di rEes imicr@eipenEiddd @y 49k 8% als
direction of said %ﬁ%%%gék%n claim 18, characterized in that another
Waveguide is provided between said waveguide
connected to said microwave generator and said
10 microwave emitting member with an axial direction
perpendicular to an axial direction of saidIWavegﬁide
connected to said microwave generétor, .
wherein said microwave is supplied from
said waveguide connected to said microwave generator
15 to said another waveguide via éaid microwave outlet |
opening, said microwave being introduced into said
microwave emitting member via another single ™ |
microwave outlet opening'provided on a bottom part of
said another waveguide. | L
20 ' |

- 25 A-hicrowave feeding apparatus as
25 claimed in claim 24, characterized in that said .

another waveguide is a circular waveguide having a

circular cross section.

30

26 . A microwave feeding apparatus as

claimed in claim 25, characterized in that said



connected to said mcrowave generator, wherein said mcrowave i s supplied
from said wavegui de connected to said m crowave generator 15 to said
anot her wavegui de via said nicrowave outletng ening, said mcrowave being
introduced into said nicrowave emtting ne r via anot her single

m crowave outl et opening provided on a bottom part of sai o[]amg}

wavegui de. 20 25 . A microwave feeding apparatus as 25 clained in claim
24, characterized in that said another waveguide is a circular wavegui de

having a circul ar cérosd agestavayuidlk 2Hes A IEFanaseud eedi ng Appasal u
clained in claim?25 characterized in that sald - 38 1 0 MAR 2006 circu ar

wavegui de has a | eRGtR%gial TEIF2 4 M ey r@fa'iﬁid\t@?g%trqwaife in

wavel engt h of sai dsHiier QMR iNe S:%rﬂué’é’ﬁ:‘é"cgbﬂcﬂ o ovvave
generator, said circular waveguide formng a es | ca&gc‘gevlqaeneq?

resonator. 10 27 . SAlf &lgwmlaxn e@dmmua:}:qoaﬁmusngas @Bir[fﬁdlctam Cda&tlnﬂle
characterized ig tl’,}@% %% %r m crowave emtting nmenber includes said

| retardation plate 5 é: ‘A mcrowave feeding apparatus as clained in

. claim18 , characterized in that said 20 microwave em tting nenber includes
a nunber of slots _

}0 27 A microwave feeding apparatus as
claimed in claim 18°, characterized in that said
microwave émitting member includes said.retardation

prlate.

15

28 . A microwave feeding apparatus as
claimed in clalm18 , characterlzed in that said
20 mlcrowave emitting member includes a number of slots

penetrating therethrough in a thickneSS-direction.

25
| 29 . A microwave feeding apparatus as
claimed in claim 28, characterized in that said slots
of sald microwave emitting member are arranged in a |

. spiral form or multlple c1rcumferent1al form.
30



penetrating therethrough in a thickness direction. 25 29 . A mcrowave
feeding apparatus as clained in claim28, characterized in that said slots
of said mcrowave emtting nenber are arranged in a spiral formor
nultiple circunferential form 30 - 39 1 0 RRR™2006 30 . A nicrowave
feeding apparatus as claimed in claim28, characterizedli Mpat2pspi d slots
of said mcrowave emtting nenber formslot pairs each forned of two slots
arranged toin a T-shaped 5 form

30 A microwave feeding apparatus as

claimed in claim 28, characterized in that said slots

of said microwave emitting member form slot pairs

each formed of two slots arranged to in a T-shaped
5 form.



