; 1234e3eF XXYt \\_6_TF r SPECI FI CATI ON DEVI CE AND METHOD FOR M CROMAVE
PLASMA PROCESSI NG AND M CROMVE POWER SUPPLY DEVICE 5 TE
y.rn.rna The present invention relates to {)I asma processi %mmmgmmm% and
nore particularly to a 10 m crowave plasnma*processi ng appar at US,ohonat
generates plasma by a mcrowave and conducts plasma processing on a

sem conduct or wafer, and the |ike. BACKGROUND ART 15 Pl asma processi ng
apparatuses are used in these days in the fabrication process of

sem conduct or devices, in view of ingseaser@irtsmiegrati on density and

i ncreased degree of device mniaturization, for filmformtion, etching,
asking, 20 and the like. Particularly, a m crowave plasma processing
apparatus that i p i !

Gener ating. ot abl DEVAE vgﬂﬁd‘f%@%%“gﬁg@ A REREHING oo
pressure, such as 0.1 - g*‘h‘?ﬁﬁ . E%’? olﬁ Fhi S, a mcrowave
pl asma processing apparatus that uses a m crowave such as 2. 45Gdz..now dr aws
attention. Inm the m crowave pl asma- processi ng apparatus, there is provided

a dielectric plate transparent to m crowave on a ceiling pjmw m
processi ng vessel, while the processing vessel is connecte Iﬂw miml
evacuati on syst Mﬂfk&dﬂ%&il at, disk-1ike antenna menber  ..an
(mcrowave-en tting menberqyy i s, provided,onthe, digl gaddic plals, r- 2
Further, a retardation plate |S% pr ov?d)gnd on {kﬁne ant enna r?e#%er. “he
retardation pl aterécedormpdparadistecind ondid rpdratvd mgl & jyr edetaer m ned

dielectric Cl%nStn?‘lnérgvpa(ljvecopnpés?ﬁgegrécpeesé’@r\{gela(tapn;%[rhai%cs 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—emitting

member) is provided on the dielectric plate.



5 the mcrowave supplied thereto froma mcrowave generator with a
predeterm ned ratio. The antenna nenber is forned with a nunber of
penetrating holes (slots) and the nmicrowave“supplied to the central part of
the antenna nmenber is introduced into the to processing vessel through the
slots after propagating inside the antenna nenber in the radial direction
thereof. As a result of the conpression of the wavel ength of the m crowave
supplied to the antenna nenberthyri he retardation plate, ishprsvieed@fotrhe 15
slots formed in the antenna nenber is reduced, and as a result, the

uniformty of plaSha YRFETRy FeTPRBr obRA PSLRFOIFEPRgPLETar B FoRBed of

sl ots on the antegpa; N@IDLLC Dt ALIM BEPYRYCa PhASHBLOERERSS! NG 20
apparatus of such a construction, the mcrowave introduced into the

processi ng vessel diebarthec aptesnanedber conprepecdi thecvavel phatk dhduces

plasma of a processing, dasy. andstle: sem conductor, yaf er, dispoged in the
processi ng vessel "i§ su jec?ed 25PFG plrasia processi ng. e m Crowave
i ntroduced into thenpratesswirghvessetdytarmhbredetatilat i Dhe phatenaand t he

antenna nenber is supplied froma nl crowave generator such as netron,
or the Iike. The FEErShabs SOTHRACY B LYUFREE P br BYRS 6 GENEY ABLET <

supplied to the retas€aji AaPLRtemPErdRat8esappeNEa BBMDRE ¥bARrAaYavegui de.
The m crowave thus guided through the waveguide is enmtted as it is

propagat ed through@theof Ehe anBenpatBemBcfehbetnFRO¢hecdadmbP EHReection
thereof fromifhe g?&&éééiﬁ r&esé&i!%@%?ﬁéh Lhe §18E9“Q¥€e£Spﬁgbééggin?al

uniformy into a process space I nsi processi ng vessel coax
wavegui de has beeinsiséde geamezmatéynd oneshippl ynnghé headi el odvavect oot he

central part of the retardation_ pl 0 e antenna nenber. Thus, the
ni crowave generatgﬁeﬁﬁoﬁhegﬁi%rﬁgﬁgigg%ﬁeﬁg?o?°$8r§ﬁib??eﬂ£tBh% wavegui de
havi ng a rect angukaie C&R§Eh 16f SERS | McBBRavs phepRgad etot biee edhtongh to the

part generally at the center of the retardation plate or the_antenna
nenber. There, thBeHPRF oNAVERE sT_tppiRrBHORNPL2ERe ERAtFRTECpRFtERE the

retardation plsatespsef o ANLENDNR PRODSK + ¥hRa tREMGOAXL @l r¥RYEgYI dendogged of
an 15 i nner conductor and an outer conductor. The coaxial wavegui de that
supplies the 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 from 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 the like. The microwave

30 generated by the microwave generator is supplied to
the retardation plate or to the antenna member via a
waveguide. The microwave thus guided through the

waveguide is emitted as it is propagated through the



_mcrowave to the central part of the retardation plate or the antenna
menber is formed for exanple of an inner conductor and an outer conductor,
wherein 20 the inner conductor is formed of “a”thin tube having a dianeter
of about | 7mm Thus, in the case large electric power is to be supplied to
t he antenna nenber via the coaxial waveguide, there is induced a very
strong electric 25 field in the vicinity of the inner conductor of the
coaxi al wavegui deanadfink hgehiBapeint Hhe 054LHE HDPEE+EONTUBEBECESFFAISed as
a result of heating. There, a part of the microwave energy is converted to
heat, while such EBAVePBTFHAl oP2HT cr BlhvaiBaEALY gyth® REGEOBBVEnEPeases the

| oss (conductor | gaedeoh bhCSHRRYT efle8l £ 0PBYEs s THELEDY1nl NG CLfibCl ency of
el ectric power feeding Is deteriorated. Further, there arises the need of
cool i ng the coaximtosesegugdeebyetovering the _ sane by a cooling device,
whi |l e such a construction ipcreases.the size ang cogt of thg aggaraiﬁs.
Further, becalse of the exi3t&Red ot Va¥§ILrPEng2al ReePi S PHePanPRLhE
vicinity of the ippersGpsdpdigt Ohe hberéwhseatposhebibhtyal hphrabser mal

el ectric discharge may be caused in the vicinity of the inner conductor.
Wien such abnor maFhe| EeE2FEabi SR hatgkei SFchlig @R tERRA (REWPELL | BAUPI at e nmay

be damaged in thecparh;LheLeot HERErADE BREEnEORINELREve 19 FOF BXANRLE,

there is a need of connecting the inner conductor of the coaX|a? wavegui de
to the antenna nesbtppliedthe stwrecghidet havindxsareobyegulde ankes an

intimte contact with.the ntra t n e an ecause
of this, it f@ isg%%g%%gc%ﬁgt%gcéﬁﬁéééa?%% ?ﬁﬁgg£§5§§%§?g$ %%et%%rgntenna
menber by screw ngeaesslEw attoha téneadedfhohe pevoxrdedionspietéheri nner

conductor through the retardationeglate in the state the epd surffce makes

a contact with t hEP@nPRRAR AeRHBEPST W TReEGChTRe 2B CHARREE| bR FRBPI48Es a

SCrew, however, iint§s €héfienttalopashi e¥etrOMpéeledandohnpl dvteogonhact of
the i nner conductor end surface to the surface of the antenna menber. Wen

there is a niputeagbﬁ??énm@%@eétﬁé@ hbﬁd?oﬁﬁé@é_W@ﬁ@@u%@eoé@ﬁme@bﬂﬁrﬁﬁl
electric 25 dh§Ch?ﬁ98r'EOEHﬁgtérpéﬁﬁ-aEgé%QSE’c%ﬂdﬁ@@o?cremed connection

expl ai ned above, ere exists a screw at the junction part where the
dielectric plate and the anTeanecari®erwiseégtidat that)sapeliesnede Thus,
there 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 via 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 heat,
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 i1s deteriorated. Further, there arises the

need of cooling the coaxial waveguide by covering the



3D is a need of forming a depression in the dielectric plate at the central
part thereof for accommobdating therein the screw head projecting fromthe
surface of the slot antenna. Thus, it is difficult to achieve an -5
intimate connecti on between the retardation plate and the antenna nmenber at
the central part, and there arises the problemthat abnormal electric

di scharge takes place in the vicinity of such a depression. 5 Further,

there can be a casgmknoyhhCBoblihg desiteqd wRitenkiuBE a bBehkumatkEepngas
bet ween the antenna nenber or the retardation plate and the top plate

formed of a di el etRfFreapabernal S1¢6randcFPPtaFnghehePraragBhduction. In
such a case, 1o there is preubded 2 sealubbngsatnlne pULeh-BeREPELY OF the
i nner conductor constituti ng thnhe cbaxi a wavegul Ee or acni evi ng se i ng
W th respect to therdngl etecitecitopipldt én thesuthiaitpsef hbeevenert here

arises a problemin that the _seal ring may be.damaged 15 as a result of
degr adat i on céhseaoﬁéufﬁgrexﬁagﬁ?el?ogtH%ggfpbﬂbggiEEB%@@@?Ofﬂﬁ . there is
a proposal to proyidetaicadib¥hhe§enaborobetuwesadt bg vaveguidg;apdokhe

ant enna nenber and introduce the mcrowave into the 20 Erocessing vessel
fromthe cavity rE88ndPBPr FARIPEERRt WBED0IYCHI 3bresBalt AEeEEERROl ogy of

provi ding such a gaythyr§eseRatenska, t BRe WeNEgLhEe: bR p gL fiy{nget he
m crowave. In this technology, the mcrowave thus anplified 1s introduced

into the 25 procedsnagedessethehpaughthenaabencat thet snhernedndnctbe.

bottom surface, of the cavity resonator. Thus, the_cavity resonator.
di sclosed in i s patent pu%?Fc%??%%9Fs Fggﬁ%dlﬁﬁ?hngeéu%%e?og?eS%%Pg on
the entire bottontserianert beneattse bhathéheoexnetuwavegusdeotoothkhe 30
m crowave fromthe entire bottom surface facing the processing vessel.

Therefore, the fofREBFRG PFTBFrath HBBsShtenEDREt FRecOARK+ALti on of

causing radial propagghi@a Rhkbheafl chovmNeel EOALABE (EPhM BheP8BAtral 6
when emtting the mcrowave into the processing space of the processing

vessel . Further, P&rthefil theeanbeedathedbehe frAghPhcafseach &hos, i st
det erm ned bygihe%ﬁgﬁﬁéﬁEQE d°£otQSnH%§£°ﬁﬁ¥eiﬁ£Qrt98n8§é€09ft85£H8 the 5
m crowave of 2.45 , the slot desirably has 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



,Iéngih'of 60mm or nore in correspondence to the half wavel ength of the

m crowave. This neans that the construction_of the reference does not
provi de the desirable effect of the nicroﬂaée_propagated in the lo radial
direction fromthe central part is emtted uniformy into the processing
vessel froma nunber of mnute slots. Thus, it is not possible to apply the
m crowave supplying nmechani sm (feedi ng nechani sm having a cavity resonator

as is disclosed i inthRaté tehnagetngnPBtente’d5e0819etartineiant pnaaenenber
(sl ot antenna) that supglied the m crowave uniformy to the processing
vessel from a nunbBf BPRLATAAt BEBPEEsatDEBELESBREALFPTHE | RVENThEere20

Accordingly, it i§r§38§”€EQ|FQQb§Eﬁ Qﬁa¥h9b96§ﬁS@teh@&%PEEOHiEBhBE8¥ide a

novel and useful mcrowave plrasma processing apparatus and processrng
met hod wherei n théeakesepgbang pnobhensiaieigli afnated. aAdephessand.nore

specific object of the 25 present _inyention_is, to_provide a p.crowave
pl asma process%ng apparatusggﬁgHﬁFCr%&§58 pPas ﬁrSéégs?ﬂgwﬁ%FhoggagsmelI
as a mcrowave feadsngectecbasbamnbenehslilin niey oyayebsuppkhednkrom a

m crowave generator is supplied efficiently to an antenna 3Q nenber from a
wavegui de. Anot heRR6B]B&t MBPPEReCpr E8BnECFAVEAELBA P32E6 pREviAe &OP

m crowave plasma pi9eesshPfeaPRar at Hseh QL+ APR! YL PG PLRSMR,Pr OCESSI NG ON a
substrat e, i r “characterized by: a processing vessel acconmobdati ng

therein a stage féecsluppatinagthhemalbsonduetianm noauek genasator; 5 a

wavegui de confiect ed 10 gai g, gl ¢haaye generatgr, said wgyeguide. gyidino a
m crowave generat éd by the"m crowave generaftor; and a m crowave €m ¥|ng
menber emtting tbé ther bnage cohduatspacensnitheipgotksscogxiaessel after

10 wavel ength conpression by a refardation ate, the waveguide has a
Singl e m crovave BETFEELOBoRP RGP GV BEaFFBALESY FELpol AP RECE0cE LBRter of
the mcrowave em ftbngcoenbetopApoLher ©hj 8GEnOE ERSePr 8SRBLeLNVERLLEN IS
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 introduced 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

prepagation of the microwave from the central part



15 to brovide a mcrowave plasma processing method for applying plasma
processing on a substrate, conprising the steps of: placing the substrate
to be processed on a stage inside a processﬁng vessel ; 20 generating a

m crowave by a m crowave generator; guiding the m crowave generated by the
m crowave generator by a wavegui de connected to the m crowave generator; 25
outputting the m crowave supplied fromthe wavegui de connected to the

m crowave generat@renf emitaiagnghe nickowave autbethepprbagssenyt kpaget he
m crowave outputted fromthe wavegui de connected to the m crowave generator

into a 30 space ifAsi & Eetﬁé°5?§§é§§| H§svesseFupyRgTri éforboEl8nPEL PRGET
menber; and app|y£HQtp£H§”§eH5eﬁeé§'BQcHnsiﬁ% §EbaEEéEﬁlﬁ¥de?”kHQ pl asma
by the emtted m crowave. r Anot her object of the preseni invention is
to provide a nlcrwameéehQEUlné sppamarusvwhye - slippkthengaaenpér orang tbea
processi ng chqybericr 5e55392 §58H§av%gg|d§o%ognect§g to,a nlﬁromave
generator, the maveQU| de gui M &r owave generat e %y PRE §&r onave
generator, the maweggtﬁeohaeomg arninocrewareconikepoapencagtborheuhplit i ng
the mcrowave; and | 0_a m crowave- enlttlnggnenber causi ng. t he nlcromave

supplied to a centP¥PLBAFERt Rér EBR POCPPEPpYGat ANEA BeAPFetPpEnth

perpendi cul ar to godkEeGEt@8ni BrWRhehrbR8rBhEEOWBYS hétS?EBbhég thBe
m crowaveem tting menber |ntrodu0|n% the m crowave into the 15 processing
d

chanber via a nunBepishbifoeéfepscordihg mécrhvageenenPafavent tonthehe
m crowave is ﬁ#ppkéﬁgaiodﬁggcﬁﬁghr?koBaEEeOEeth Ing%g%ﬂxs SHEEEEBQ menber

via the single mcrowave output opening provi € wavegui which is
20 connected to tbalﬁbcmmyayatgenheapnoceaadngheeBﬁenoﬁmum ahUSmbsppbfed is

caused to propaga%gnt rou gtgheTﬂhgrol vgsegk gsgggbe£olapp Egdlal
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 plasma
processing apparatus and microwave plasma processing
method as well as a microwave feeding mechanism
wherein the microwave supplied from a microwave
generator is supplied efficiently to an antenna

300 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,



,direption thereof fromthe central part. As a result, the mcrowave is
emtted efficiently and uniformy 25 into the processing vessel fromthe
nunber of slots fornmed in the mcrowave-em t'ting nenber, and there occurs
uni form plasma formation. Thus, according to the present invention, it
beconmes possible to supply the mcrowave to the m crowave-emtting nenber
30 without using a coaxial wavegui de, and the problem of electric power

| o0ss caused in thengeaxstakivadepyt:de by the inner conductor is elimnated.
Thereby, the efficiency of power feeding is inproved. Further, the - 9
number of the sites where tfAePECF§SEaNdecEBREcACFATIBAAELNThERRTELBWAVE S

reduced, and occugggggefgg HH??8§§§E yigkeehbkerdischarge at the feeding
part is suppressed. aresult, it becomes 5 possible to supply a |arge

el ectric power to the mcrodamécenvavengenmenbepr;Further, the screw

connection part for connecting 5@3 k negoggndﬁéto% of tBe goaxial wavegui de
is no |l onger used, and the %ha%e g the“RIErS ge &nt &3t ol 5§Pva¥§

simplified. 1o Wgbnthasorit sheaowesepgasdebbeitiongoaf nnerawheat conducti ng
gas such as helium and the like, easily. Further, by constructing a cavity
resonator by provPaPR§25AGt REr thaveyGrakaret deRRTEReTwa?Bgui de connected to

the mcrowave generator andatfRec1gwAVEN eMaYe1 8F hbhBErMBRAReL i nfethection of
the m crowave supplied to the cavity resonator "is prevented, and

substantial |y themgarprevg dhtehe aberewaletbpepgycessingrvdased RAtert he
. y 1 : . ; di
m crowave e”1£&'”QﬁOETBSQtBr?§g§9§3E28§g§gY§ 98E5§&a928§;89338 ornmed in

t he foregoi ng anot her wavegu , therrs electric
di scharge at the connectiontparwavaguidet hescaseinfléemdcngwel-ecbnictepower

b i al i de, i [im d dit b i bl t |
Large ol ectric polBFRSBIeEP: 81 BRCFYIOW CROGESRANSING LPoat PPRERBWRE | ost by

heati ng. DESCRI PTLER RkcFblkaPRAVWNNGSing member.

Another object of the present invention is
15 to provide a microwave plasma processing method for
applying plasma processing on a substrate, comprising
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 wavegulde 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
waveguide 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.



,FIG 1 is a cross sectional diagramshowi ng 30 the general construction of a
m crowave pl asma processi ng appar at us accorging to a first enbodi nent of
the present invention; FIG 2 is an oblique Vi éw show ng the cross - 10
section of a mcrowave feeding apparatus constituting a part of the

m crowave plasma processing apparatus of FIG 1 for introducing m crowave
into a processing vessel; 5 FIG3 is a plan view show ng an exanple of an

antenna nenber shown in Fl Gagothk6 4piscd dFaghanpsBevhRgihbeneopst Lyction
of a slot pair shown in FIG3; FIG5 Is a diagram show ng the propagation
1o node of m crowh9ePravife @& BienavavenfeefdhgIneRBaratpFGEoBA - 6C are

di agrans show ng gatj,0 €0 LCcLQ Lp.a gul ar
wavegui de; FIG 7 %EggEg?ggran1sﬁga?%get&8nﬁagn§?¥§s%ggfFé?@gggﬂsed by the
m crowave propagatpmgriaitfe rectangul ar wavegui de; FIGS. 8A and 8B are

di agrans showing the result _of galculation of ogt%nun1slze for each of the
rectangul ar wavegui de and t Rie" Y EPBnAGeCOUPFEFS20 8panThGF CERFES9 i s a graph

showi ng the resul §enbrstsul athenwalegucaevauedi gl echaseewatret he m crowave
outl et opening; FIG 10 is a graph showing the electric 25 field strength of
the nicrowave outP8ReBRERANGYi RREhBlErPYaNfePEREFaF i r EBEI BAVEHBLESES ;

having a microwave outlet opening for outputting the
microwave; and

10 a microwave-emitting member causing the
microwave supplied to a central part thereof to
propagate in a direction perpendicular to a direction
in which the microwave is supplied, the microwave-
emitting member introducing the microwave into the

15 processing chamber via a number of slots.

According to the present invention, the
microwave is supplied to the central part of the
microwave-emitting member via the single microwave
output opening provided in the waveguide, which is

20 connected to the microwave generator, and the
microwave thus supplied is caused to propagate
through the microwave-emitting member in the radial
direction thereof from the central part. As a result,
the microwave is emitted efficiently and uniformly

25 into the processing vessel from the number of slots
formed in the microwave-emitting member, and there
occurs uniform plasma formation. Thus, according to
the present invention, it becomes possible to supply
the microwave to the microwave-emitting member

30 without using a coaxial wavegulde, and the problem of
electric power loss caused in the coaxial waveguide
by the inner conductor is eliminated. Thereby, the

efficiency of power feeding is improved. Further, the



FIG11 is an obl i que vi ew showi ng the cross section of a mcrowave feeding
apparatus of a mcrowave plasma processing apparatus according to a 30
second enbodi nent; FIG 12 is an oblique view Showi ng the cross section of a
m crowave feeding apparatus of a microwave plasma processing apparatus
according toa 1 11 third enbodi nent of the present invention; FIGS. 13A
and 13B are diagrans explaining the propagati on node of the mcrowave in a

circul ar wavegui daumbefl 68. 144 andci4Bnare dhageans shawiag the result of
cal cul ation of optimmsize for various parts of the mcrowave feeding

apparatus of FI G £2nfentrhéieasefatbpr Birapwadeedsi dedisedseantor the
cavity resonator;: ogRd:kanELCtouhficBedbanl SHAMDGCL BEBLAFHE! Gel LRk
| e g o thir

strength distribution at the mcrowave ou openin

enbodi ment of thefpedirgt pemtenti enppretbedci Asuaf erentlical idi beebines. 15
BEST MODE FOR | MPLENMENTIL NG, THE IN¥ENTI Next, various node_ of jnplenenting
the present invenPPSRREFI tBeSBRBLEi AedeWPEN L EFEF&RCBOIETt F8 &F&wi ngs. 20

(FI RST EMBODI MENThiEkGwdveSeni€t08g membeenakuykawrshewengcthg general
construction of a m crowave plasnma processing apparatus according to a

first enbodi nent 6PPRRELHPBSEAFTI APENEPBRECEENESsthepinBent 6ANAKRCEPG 2f t he

m crowave plasma engceéékmglﬁwgeés%%aeaEQOEQimgn%griﬁgeéira géfpadi ment of

the present invention is a plasm D appar at us at applres plasma CVD

processing on a sehfpendlctbe mafepwivenemiprooaspang vessémpl2fikt.30
should be noUES, kel DR BLCTETLOLAMBR £RSLE; D0Lel LERESEtR fkED 2Pl ve,
pl asma process sucbnédscpiagngaaskiby, apl Bamaumt CAhAgthe likel2eaphagna
oxidation or oxynitridation_or nitridation. ) ,

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 member 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 wavegulde, 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.1 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



The seni conductor wafer Wto be processed is placed on a stage 14 inside
the processing vessel 12, and a plasna proceSS|ng gas is supplied to the 5
processi ng vessel 12 froma gas source (not %homm) via a supply tube 16. On
the other hand, there is provided an evacuation port 12a at the bottom part
of the processing vessel 12 in connection to a vacuum punp (not shown), and
the pressure inside the 1o processing vessel is maintained at a
predeternined evagdatednpbessUnecrbRite EBBAEARSLPPELEONsOECASHEELOAYE

f eedi ng apparatus used for introducing a mcrowave into the processing
vessel 12 will beaeRerélhédthﬁthlqsoweVerEhéem@opFPeﬁisaﬁﬁ APBarfLGs2.

FIG 2 is an obliq S S n,c di ng
apparatus 20 usedgf‘?n]\'j!t[ﬁw'L F§2L39E£§§u8£9 a?%§§§880? E?gil f%?$?%§r%§§cing

t he m crowave |ntmeshelprocessing vessel 12. 20 It should be noted that the
ceiling part cg the processgﬁg essel 12 is 0 eneg m cr om?ve
enitting member f or med ant 8nR aﬂeﬁﬁ ngnglﬁPe?xiWP Gnefi oni ng
as the m crowave- eﬂtaﬁtggngembﬁbeangh@wﬁetﬁrgg@|gn plate 18, is nmounted on
the 25 foregoing opening via a dielectric plate 15 in an air tight state.
The retardation plate 18 |SFFﬁe4n%ﬁberd%égréﬁnﬁ?@@épﬁgtbﬁecﬂa§eFEﬁ§tﬁnof
the m crowave suppki ed t n 7 and is provided for
reduci ng the Ieng?% gnaigfsggtﬁeéﬁﬁﬁgrggr?gé %he 30 slots forned on the
antenna nenber 17. Above thBIGebaidati dhapramesi8yitbietbei prppagatdédna

rect angul ar vegui irst_wave u1de 22 havin [ec ul ar ross
secti on, and\,\g)mcrgwac\gfIE micr O%§Vg she lEEOW%Xﬁ emlg%hgane?w ﬁr’or t he

li ke, is provided at an endrost br Feetaﬂgulata@ﬁamgusﬂew2ﬂg thes, the

m crowave of 2.45GHz for exa ener at ed b t he m crowave_gener at or

i s propagated t hrBGGREEAEHE" EgﬁngEIEFCRBV%ﬁ 48 ?ZrﬁﬁHanu§%ﬁplled to the
m crowave- em tti ngaiBghede19 froma m crowave outlet openi ng 22a provided
at the other end of the rectangular wavegui de 22. In the present

enmbodi ment, it should be noF&d-{has @hdlagravwalewsnyl eheopeanagico 22a is

a circul ar Opﬁﬁ'”918i8V%QSQe ”?ﬁe%ﬁé'mEZPOQ%v&hSrégﬁééggHéain ¥ggui de 22

constituting a |onger e cross seciion an pose at the
central part of thecaan@uharneabeguiaetocated underneath thereof. 15 FIG 3

is a plan view showi ng an e | e_of the_antenna nenber 17. ., The_antenna
nmenber 17 of FIG3 is forneﬁ?aﬁtﬁAaah%nggraB? t%?riﬁFrﬁg%ﬁl?grhﬁa of a
slot 30A and a sl pésd0B. oFNcdheuexaipheot| bysimaheditd FbE Sachherstne
pairs 30 are disposed along a 20 plurality of concentric circles, while it
i s possible that Fﬁ%téP%FlﬁélW%V%9%l§?réﬁéeHthmbC§%W?3? PAEL8EN or
non-concent rig pattes dn ?FIGi4 shows the construction of a slot pair shown

in FIG 3. Each of the slTots 30A and 30B has an 25 el ongated el liptical
shape having a bulging centF&E. pai s, amﬂé@@hnShQElBgoth30E5$Bl§r@énged such

that the Iongltudéggé {ggtéfnT%ggg oYeB %g%%ggg eetﬁ%gé?%n'&gﬁregard

to the elongating |on 0 ots B are
disposed in a T 3@ushapedpémtngsuch that an end of the slot 30B is |ocated

close to the central part of %hgoslot 30A. The line conneciln t he center
of the slot 30B and the cenf& ot St ReIEAPRNARCHEABeF 8 724 BF FEGn angl e

25 field strength of the microwave 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
30 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



,-'14, of 45 degrees with regard to the elongating direction of the sl ot
30B. Further, the distance LA fromthe center of the slot 30A to the center
O of the antenna member 17 and the distance'LB fromthe center of the 5
slot 30B to the center of the antenna nenber 17 are determ ned such that a
difference (LA-LB) is equal to one-quarter of the m crowave wavel ength
[err] conpressed by the retardation plate 20 ((LA-LB)=~./4). In the case a
m crowave i s causedit@ émbpdopagsteftbheughekbatanhesnaiormber 17 havi ng
the slot pairs 30 explained _above in the radial direction fromthe central
part, there is caused an el BEEP; £34i 8PA bPBcRFRUFARIPBNAr PERLRSRLIBY t he
slot pairs 30 andifbe,phEsQueysnifo88l bEednef hicbenphl ¥ LAt9 Ehe | baprocess
space inside the processing vessel 12 uniformy. It should be notea t hat
the slots form ngvahegahdenna nenber 17 are not limted to the one that
forns the slot, pairs. Furth e of .t slots.,is 20 not. limted to have
the el ongated el lipti cal shgégs' %? %&%n%?%,afﬁedé?%f%mﬁa§hﬂ5§%gag%?rcuIar
form triangul ar fesw tsgflacel 0l atiorcdbangpt amuhosive OfoaNya ot Bak

pol ygonal form It is desirable, however tg_ﬁrovide a rounded_snpot h
corner, in the caRerthe®b5tRE JAECHPEATSr HBAiRIa2BBRYYBREI OShBRE: [for
avoi di ng occurrenggrofhabposarl €i sehpsgewsadgRlqalyisonseat gkl PReOf
electric field. As noted above, the mcrowave is propagated in TEM node in
t he antenna menbefav¥tyi ReswiReko¥ heaBd ni crowave propagates in the radial
di rection, rein TEM node S nce ' Lc.fLe ' i bution
wthin a ragpgl line as rep?ggé%$eggi% Q%é?g.Qﬁ%ﬂgﬁbi%ﬁ%ség?g#giéble t hat
the m crowave suppiekrd $toenghle distriddtioecéanguéanivaveguedeulleto t he
antenna nenber 17 (retardation plate. 18). has a efic field distribution
close to the conc ??f%gd?étF?%u%?bﬁdaE%R%gﬁmﬁgggggsﬁﬁ?epr%S?ﬂEs, in the

present enbodi mentipve@Ei®WSin the circumferential direction.

15 BEST MODE FOR TMPLEMENTING THE INVENTION

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

the drawings.

20 (FIRST EMBODIMENT)

FIG.1l is a cross sectional view showing the
general construction 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,



Idinensions of the rectangul ar wavegui de 22 are adjusted such that the

m crowave propagating through the rectangul ar wavegui de has a magnetic
field distribution as close to a circle as %%s&ible. |0 FIGS.6A - 6C are

di agranms showi ng the propagati on node of the m crowave in the rectangul ar
wavegui de 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 pnathe sRCcHaNGVhabrWayeguicdedd2iowhbkenkk&iEBrshaws the
electric flux lines in the cross section parallel to the propagating
direction of the mcrowave ThetRemieerdugiaPar wadeeglii 46 Re. praceRerd FI G 6C
shows the nmagnetic¢.l] ceurei i e;20:RLa p Leyla he
electric flux Iing§ F£§§ g g#oésgggégigﬁ 869#Pé.g§? ?%Bgﬁgh?gbbgeﬁgﬁgd t hat
the | onger edge hag, aahéngthlasmhi peothesshgrges édgeupmadiadl engtheb. It
shoul d be noted that the.géoga%%tio? 2? node of the nicrgma¥e bn tpe
rectangul ar wavegtf A8ST 8 FE18 88, 1FnthRcA PRE RBYAEEI {PPrefBOFBY med in
the region definedibyat bephbdpgetivedge. achnthBecenessnsaat i @0k the
rectangul ar wavegui de and 1/2 of the wavelength ~.g inside the wavegui de
propagat es in t hePB38VhEBPadat FHGCHREEERI BATEX 1dRr 8€t FBA) POELPRePATFEr Bfave.
In order to nodif h i L di st & L buti : KN, F to be
close to the nagng?%cﬁfggggg%Pgt?%ghg%o%éo?hFFéPQ?C??8§FFF %eb%%?e t hat

- 16 formation opumbe (nagnehoenii ebhddi hha pgeasvreeghondastshown in FIG 7
woul d be effegctiv by_s in he Length_ ~.g/2.to. b ugl .to the .l onger
edge a (~. g=2Za) Srgc¥ﬁ%$§évg aéaﬁhlg.%gfﬁgﬁ gegh%tmgv gﬁﬁﬁéeéﬁﬁnﬁg
represented by ~.geatbdtéd/ gapasuPe.lo Thus, by substituting the

rel ati onship g=2a, it becongs possjble to obtain the optimum]length of the
| onger edge a. For the caseMBF thEhﬁiEPBR&5BCBF°§.ﬂ%cﬁtmﬁﬁ€8W@H§th, t he
opti mum I ength of r£88iRg98pPatat6al GHEAt €drasnar88ubify alriEkGRa84 and 8B
are diagrans showing the result of calculation of various optinum val ues of
the rectangul ar wabegurlde PPoapdsing WeeFdhalé Bullebeopshiagnedavwitbre, it
is assuned t t g f e S egtion of the wavegui de 22
has the 20 Igﬁétthfgggggén?gsﬁﬁgfgdag o%gggmﬁfﬁégfhe | ength of the shorter
edge b is set to 40mm Furthe6, 2t he dnaokléqub otewhehowtngwae oubkst
opening 22a i's sef Lo, oAmy Further, |l ¥83.235UMBg.thelst 06 digkange

the plasma CVD apparatus 10 of FIG.l1l for introducing
the microwave into the processing vessel 12,

20 It should be 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 waveguide (first waveguide) 22

having a rectangular cross section, and a microwave



25 betMeen the retardation plate 18 and the waveguide 22 is 6nm and a part
of the retardation plate 18 projects into the m crowave outl et opening 22a.
The diameter of the retardation plate 18 Tsl¥et to 180mm and the thickness
is set to 4nm 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 180mm
or nore. Further, the dielectric constant Er of the retardation plate 18 is

set to 10.1. HeregehBfator 24 shiéh! 86t hoRaghethen srova¥e1fgad from the
m crowave outl et oOpening 22a is evaluated while changing the distance 1

fromthe center obrewddeficabwaveendt pét thpentagaraunlandvwaregudde @£.t he
rect angul ar waveguyj 5 . ho h aph _show the resul f
?éggbntgé mféf%ga govE % $§ﬁﬁz ?or gxaﬁg%gr 9ﬁnera eg

si mul ati on conduc ereée c?ance f e "m Crowave e case 't he
distance 1 is chabgethe Fmborbhevgraphepbtbbt8, it padphgaseanthbatighhe 10

refl ectance becones mnimumin the case,the gistance 1 is_49mm when t he
mi crowave has X hetRFfefBehd)oBtas Uaveguide 2xpfAfined aBBRELIeHh&Cr EPPect ance

of the feeding_paﬁic?@&@ﬂESemggéﬁngrméﬁﬁéri@9th@oﬁa§em55§o%§vér89H§@%y of
the mcrowave is set to 2.45GHz and various parts of the wavegui de 22 are

set such that thecPenged edgerbvpvidedcpbsshgeethen pBdgefewhe the shorter
d b is 40 t I ! j s 64
edge b 1s abmm P@cgéﬁgﬁggﬁ)Q%Q%?E?ﬁenbﬁfOfﬁvﬁhQ“g%?é?ﬂgeghﬂgdgégnk§ mm

and the 2o thickness € m crowave o openi ng ais 6mnm
In this case, theitefhecidobeohotbe tthetowaeematrodhevéeedihgtpapenisg

Fuppr essed {0, 01% 05 ol B8 AL8Sl Lt chohab i RS he! PRTISERIRS,
em ssion part 19.th8 tbetphasiar G/byagnanat B3 46netitheing 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 formed 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 i1s 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



_construction noted above, the microwave generated by the microwave

gener ator 24 propagates through the waveguide 22 and is introduced into the
retardation 30 plate 18 via the microwave otft et opening 22a. The nicrowave
thus introduced to the central part of the retardation plate 18 propagates
in the radial direction while experiencing wavel ength conpression - 18
and is emtted into the process space inside the processing vessel 12 via

the slot pairs 3009r@3iQegrgestwﬁtﬁnksﬁaedngeb%ﬁelzlwhgatanbaaggee%EEﬁr-
Thereby, uniformplasma i§ fornmed in the process space and a 5 uniform
pl asma processi ngofsthendbeted0Bn Fhetbem cbhdudistanatebAWram fbeed

heretofore, the PLasye- QYD gpeacabusadQ of, Lhe BLesent oephodimEay gan.f eed

a large electric power to crowave-emt drrec from
t he rectangul ar wageperde722ndi ahthdistaenowalB oOumbhethepernngr2ad, thiet hout
usi ng a coaxi al maxegubgg. In_such a construction, there occuri no

ni crowave | oss’ (cdnBhc FBSggecﬁﬁgéarb9ftﬁBeiﬁHE?nEGnHEBPSF f eré

coaxi al wavegui dege8B8mggtar QEARt LRAt18 Qf rebtbabengy a0t ¢l egt EhGaROWSS
feedi ng does not take place. Thereby, it becones possible to reduce the
manuf act uri ng cosenefavastappafaths WieheWaVENYABAIEAGLhNE Siome nsfs sete

appar at us. F“rtheﬁydgﬁgﬁﬁéﬁaQQaEESn? EQEQQEBOQ(BR—F? ;ag/ipner conduct or of

t he coaxi al wavegu e present inhvention can e nat € t he abnor nal
el ectric discharge, which t&ndshtoctakeaphmiiceowavehésvreunetlytof the inner

conductor. Thus, the problemof d in f the retardation_pl ate. caused by
Che shook of U’ JBRepRaRCer BherraR aEdkndreEn b AnrERbEEnad L8vDRELE Ehen t ho
m crowave i s suppkied paitbesantgphaineabgboveaihheneetandati anrpkaten is

prevented. Further, because the screw connection used for connecting the
i nner conduct or of TPRetRBa%FAFra3d RATEguFBBTPsiAOCRBAGEr 2ReBASSAFYC it

becomes possi bl e EQef&iHEnéi?cﬁbérgﬂBlQPEHEQigﬁtg?eﬁhéhglbﬂnﬁﬁiEQngUCtOr

and the antenna nenber. Thereby, the problem of ectric discharge, which
t akes place in and the microwave is emitted efficiently 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

20 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

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

it is preferable that the microwave supplied from the



- 19 such a gap, is successfully elininated. Further, in the case a
conventional coaxial waveguide is used, it is no |onger necessary in the
screw connecti on approach expl ai ned above ti® formthe 5 depression in the
central part of the antenna nenber at the junction part of the retardation
pl ate and the antenna nmenber for accommodating the screw head. Thus, the
retardation plate and the antenna nenber are intimtely contacted for the

entire part therepéctanguilorthevegabhennof tocener gAcenph AbMBERBY 7€l ectric
di scharge between the retardation plate and the antenna nenber is

el i i nat ed. Furt héFetapéaelepreptateslfh hadch pagnstéesfiabfie to confine a
hel ium (He) gas b&i&@f?bﬁ@fo&5c98£8n98 Qﬁgb8§n?%n£9§ rSE@EQ?%hQEoH:QEe and

the top plate forned of a dielectric materia r “enhanci ng er ma
conduction. In thnscicase,possilsla@o | onger necessary to achi eve sealing by
providing a seal ring arounggthe erggher¥ of the %n er conductor, and the
20 probl em of “deteri oration® 0F°t he"s ﬁﬁeﬁé tHRC M BFBlavE2hdCHdnger

occurs. (SECOND EAVBREWAENT3 dexthearsecongueabodiveghigb bheapeesent 25
invention will be described. The m crowave plasma processing aggaratus

according to the 3@ceREC@nboEh nEhe toFNENBLBFRYRTE PRORAGRBANBaShEOUGD
f undanent al StrUCEHéer%@@@ﬁé&fér“&é@e&??&ePﬁaéh§ ﬁé&ﬁg@igwf?gggaratus shown

in FIG 1. Thus, only the mtcCrowave 30 feedi ng apparatus w e expl ai ned
herei nafter. Firsdisexpbanbenonsweldsbetondecbnciteasypnesilylef the

m crowave introduced into t 1 CL owa emtting nenber fromithe n crowave
f eedi ng .20 appar at us Z%f%$1§%e—p gs%ﬁedét?gﬁﬁﬁ?a?%%wé%%oﬁg?ng to the

first enbodi nent ptbpadetexpl mbdedof| théheiotewavwavent erdi ngcagpguaktus 20,
the m crowave propagating fromone side of the mcrowave 5 outl et opening
22a under goes a cHANYEIHFE pfopaddatfFont bi FREEIBnPat PP hedntR2bwatE- Bht | et

openi ng 22a to thenpes pendi sybafrdirectkonifpd 18 epbtiedsiovardithe
retardation plate 18. Thereby, it should be noted that the electric field
strength of the nPeFrReRIECIbAbetontle sPropgeartingt Aereartionave dbhel et

opening 22a afs thes 514008 1heRLopagalhg9: dbreebboni 8L 55 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 ;he
20 plane perpendicular to the electric flux line. In the
cross section of FIG.6A, 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
TE10 mode, in which the magnetic field formed in the
region defined by the longer edge a in the cross
section of the rectangular waveguide 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



Inicromhve as conpared with the electric field strength at the opposite
side, and there appears nonuniformdistribution of the m crowave power. 15
FIG 10 is a graph showing the electric fiel® strength distribution at the
m crowave outl et 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

shoul d be noted thaimkbeogdge pREtmbhRetdenticideln0h bhEaPECEEYANE Qutl et
opening 22a at the azimuth angle of 0.5~ coincides with the m crowave

propagating direcsiofirapd FEGI dcupvddcPesesfecbivie RYcFeRAkBIZENgener at or
24. Further, th nal . sj f ) t] et i
urther e ﬁggﬁgﬁqgﬁ?/&ieﬁﬂﬂﬁa.e@ﬂs\haﬁ %}f]$%JHg%PW§e qut] gt opening

22a at the azi nut coi nci des e m cfowave propagating
direction and is ¢e2ated farthest fromthe m crowave generator 24. As can

be seen fronlglG.lo, the 30 electrig figkdlstnen t cones | arger at the
i nci dent side %edge part of THg FREFORR ouﬁiéfm%ﬁghi 22 B Ss 56t ng

to the azinmuth angberehrOsbnwbll Byt he electric field strength becones

smal | er - 21 at the termnal side edge part of the m crowave outl et
openi ng 22a corresponding to the azinuth angle of 1.5~ . Wen there is
caused such deviation 5 (asymgepryhim yhg)efeetric field strength at the
m crowave outl et opening 22a,” there is also caused a sinmlar deviation in
the m crowave propagating in the antenna nenber 17 in the radial direction.

Thereby, the jntensity of t m crowayv mited | h 0 _processi ng
chanber becoﬁ%@ no | onger u?ﬁ?%rn#y¥%ﬁ§?g?%u%hggpgége%??%%%8gPﬁ%§t? in
order to elim natg=3achiasyateney pbsthplel coovhyeint brer eptangul ar

waveguide is forned in a synmetric shape with respect to the_n crowave
outl et opening. FUFEHER, C45thRelPRESENEIBRLBI ARRt LREPHPPESOEhELRI cr owave

fromboth sides of;thewavEroyayesotiikehaPRe8hAgn , FLie1dpt Sman QQh?GHe vi ew
showi ng the cross section of the m crowave feeding apparatus 40 of the

pl asma CVD appar affistheceddeng 19 cabcuéedbad as a=86.6mm.
15 FIGS.8A and 8B are diagrams showing the

result of calculation of various optimum 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



20 enbodi ment. As represented in FIG 11, the rectangul ar wavegui de 42 of
the m crowave feeding apparatus 40 is forned with a single m crowave outl et
opening 42a on a wall 42b thereof, and the M cfowave is supplied to 25 the
m crowave-em tting nenber 19 fromthe m crowave outl et opening 42a.

Thereby, it should be noted that the rectangul ar wavegui de 42 extends in
the both directions of the m crowave outl et opening 42a and there is forned

a symetrical strygtueetibhhoresnechid@ol@vibNeeAHCERWAYehaUkkekoRReRI NY
42a. In the mcrowave feeding apgaratus 40 of such a construction, the

m crowave i s suppPiédetreoRthont dPdedsofvehuaitedt HhghrarhaBvéyai 88242 and
i's - 22 output h ] C I nj k T 1k he

m cr owave reaches&?gggﬁggl%mgﬁghoggﬁgggggg%iﬁg ggg ??gﬁﬁégy g#gégkof t he
m crowave outl et opening 22a. afiietbbyeduheofhébe obcthegnierowavegusde
controlled suc tgz: the m crowaves propagating from both sides have the
sane phase at the“fii crowave outl et opening 42a. For exanple, it is possible

to supply the microwaves of rtheossanBwphase LRaphesAbaiawavaeOwkkal topgni ng
42a fromboth | ateral _sides 1o by constructing the wavegui de such that the
m crowave enittedStPBhrthersafBdRrerenwatetienérat6Ftracai ofdéleby a

branched “ﬁVGgUidﬁiéPQwé@é¢Po£“€hQ‘Eéﬁ$ﬁ¥ﬁe°HEE€E BBegiEQ 4RgnYklN
symmetrical paths. Thus, In FIG 11, the electric Plel 15 strength of the
m crowave propagafFednftben ghephi ght F§Gd8,attt heni hei derh shdé thet he

m cr owave out &t oggfing éZa gnd th ehggtaicigigbd strenghh gt %he
m cr onwave propagaf Frofithe Ferl©g; Ga"at" 'ne"t & arSsi-de 8f SthRECE
m crowave outl et Dpesi ngmA2ehefl chacrbcoulvawet haeacheoffhetuebicty barly, the

electric field strength of the m crowave propagated fromthe right side at
the terninal side?of ¥R&: nicrowave outl et opening 42a and the electric

field strength of the m crowavexpliapagat 88o{eo0mhherbefibcshfgeabrt RRe25
i ncident side of the mcrowave outl et ogenlng 42a cancel out with each

other. Wth this, fepdirgepericberendssre@Agt ArofesReini chowarecesheted from
t he "‘Cro“aveuP“tE?E98§§9g”8f4§ﬁebﬁ?B?gﬁaQQ'Egrgkkr5859?ﬁgbﬁﬁ QPdthe
| econmes 3o | f

azinuth angl e, an poss e toemt a mcrowave of symetric
electric field tovhhtonscpewaseoEnthei ngvagntde 29. aka the torckgohag

enbodi ment, the recta gular veguide 42 extends straight _in_righ - 23
and L eft i rect | ohEeof SLHEE it G¥ovelbe Bt PP oBpERFRGCH240 B BMB"oTREr hand,
it is also possibkBot@er 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 1s émm. In this case, the reflection of the
microwave at the feeding part is suppressed to 1% or
less, and efficient introduction 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
the 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 part of the
retardation plate 18 propagates in the radial

direction while experiencing wavelength compression



~construct a cross-shaped rectangul ar waveguide in with the wavegui de
extends in four nutually 5 perpendicular directions fromeh m crowave

outl et opening 42a. Further, it is possibTel%d'nDdify the m crowave
intensity distribution intentionally by supplying mcrowaves to the

m crowave outl et opening 42a fromplural directions. 10 In the present
enbodi nent, the asymmetry of the m crowave electric field emtted fromthe
m crowave outlet gpeniBgemsteedpensat edef procbysseppbyi AgsiAe Kher onaves
fromplural directions to the mcrowave outl|et opening. On the other hand,
the 15 devi ation BFOFRESHEr BRATELI $2eVitfi RBRedlalsBainst B8 BEA¥EAGELi on in

whi ch the mcrovayg tfeSHRRLhRY RBhY¥eL @M RendLr egl %”n%&bb&.tﬁ%e%%%§,0f
the m crowave feedi ng apparatus 20 o? the first enbodi ment expl ai ne
before, by nodifyungfohe phapwaofist hermednior shaveroaeket spperi rgdf rom t he
circul ar shap%Eto gk%ég%icgl %Qagg suchigs glligsgusha e or  gval shape.

( TH RD EMBODI hﬁ? xt™ BRI aPeRbodrmert ~8f “rh 5F8 eRP 589 nventi on
wi Il be expl ai nedsebeoriticeowaveapkaswa processi ng apparatus according to

the third enbodi ment has a fundanental construction identical wth that of
the plasma CVD apparatus of AR BPECExBBPELPEPTPhethifcPofEVR F¥RBdI ng _
apparatus. Thus, gppyrkB8s300nber enavgrbeedingmaBRandhs Wh! keba gxpl ai ned
hereinafter. In the foregoi ng second enmbodi nent, the deviation of mcrowave
intensity distribbdren gsectrigqpoepirnthatbe bycsappreragithéng veohave

fromright a |l e i b gn n e Lav . .an,the. gt her
hand, a nicrgﬁhveigugg%gg%?§I §O%r5égfFgéﬁaggﬁéégoﬁggk8gﬁg§t??cg%?epge
distribution to thecbowatceowarkeenbpennggnefber wiblioptousdhggaacorkdular
wavegui de having a_circular cross section between the rectangul ar wavegui de
connected to the W?X?%ﬂbgg'giﬂeFHF rafi@"thE" &PBmagge§ﬁiPFgH§Snﬁﬁber.

FIG 12 is an obliguerykeweshewsngcbhauetessidesyeehio8dobyatAkchanaye

f eedi ng apparatus 50 of a microwave plasma processi ng apparatus according
to a third enbodi ARREUEECOEhefptk8efiParhdentrbATUALes epPREesdaAtegirrarionl2,
the mi crowave,  eedkngr APPRALALYS B0 i BELHIESLBwELT BHLAK nYRUEEYI HE+54akB
provi ded between the rectangul ar wavegui de %2 and the nrcrowave-emtti ng
menber 19. Furtheplather8hesebyovitdedeaomieer ppasébdat ket regenengh62a on a
wal | 52 of the rectangul ar_waveguide 52 nd_the_mcro e _propagat ed

t hrough t he rectaﬁ%ﬁ?g$c§%5%%%igésgzo otggt%PgaFﬁE%gtﬁg%gPP ul ar wavegui de
54 through the m criovaxeingttké spesai 8§ bRa. apperatasowave thus introduced
is emtted into the mcrowave-emtting nenber 19 froma,m crowave outl et
openi ng 54a formed on a bot YORFP&Ft BgBaBFetHE Ehechtaminatéghi a8, RhRus, 25
in the presenty embdipeltnahbeoaxbal +HLr 6Lk 981 (REORgELENIHLr getken+Of
the m crowave) of the rectangul ar wavegui de 52 is perpendicular to the
axi al direction (propRAGAPNNG2Wi FeenibATEf thAcahnerBddvelestrifie circul ar
wavegui de 54. 30 j.f.sh b ed t t 1.C ion
node in the circu§§§8ﬂ%5§80i§§i?§ geﬂﬁéngﬁn %L?nB&ﬂ?%hiﬁﬁgﬂghg%29§?@%he
magnetic flux |inef§ teesimméarcondtubeooneThust heheeptahjahaofwdamggidg as

of the retardation plate caused by the shock of

25 abnormal electric discharge, 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



- 25 shown in FIGS. 13A and 13B. Thus, in FIG 13A, the magnetic flux |ines
are concentric and close to the TEM nodeu_gﬁth is the m crowave
propagation nmode in a circular wavegui de. ereby, it can be seen that 5
there is formed a uniformdistribution in the circular cross section of the
circul ar wavegui de. Thus, by supplying a mcrowave fromthe circul ar
wavegui de 54 to the mcrowave-em tting nenber 19 via the circular m crowave
outl et openi ng 54guchtabggpness louposssbliel{yoesupphyteéle m crowave with
uniformelectric field distribution, and it becones possible to emt the
nicrowave to the processi ngF eRERA®Er #hi FBENFFSEr BnFPRECHT EPBAAVECRKTREI ng
member 19. Here, {i,85Qubd bs noLted thaisths Qbﬁ&@kaﬁeéésﬁ@Yﬁgyhd€Pé4
functions as a cavity resonator by setting the Iength of the circular
wavegui de 54, in ®thev @ordscthendaspansehfesplahredusberveptot fofmt hbe

m crowave outl_et ning. 52a.to._the mcr v utle pening 54a, 1o _be
equal to n/2 fﬁneggﬁﬁégg%%%ohévgﬁﬁocﬁ%§5$£ﬁ8$ﬁ9~gé %%gtﬁgkﬁggégﬂ?ﬁ%?r

Consi dering the eifetheojunhbeishzpant dthethbaseBapliacessi plagppandt uBeor
propagation loss, it is preferable to set the distance fromthe out|et part

d
of the microwave dUtFRE2OPEAPRY 525 FECPHRORFEIBHavBColFFEY BEBAI ng"83a to

be 25 1/2 times thge M-6£¥QYEiINAVELLDOt Ana. BnkNahPENNRVREMbER. a8 this
case, the reflection fromthe circular wavegui de 54 is reduced, and

ef ficient supplyihgtdrataby nferbagvedt forhehanerhhneneaber thorgetonesnd

possi bl e. 30&§Igﬁ%&ﬁﬁ%ggglgﬁﬁaerchhégéﬁgé ?go%%ﬂgﬁ%gf.éféHkiiQf

cal cul ation Srze for various par e m crowave feeding
apparatus 50 of HiGsdRafge bbeweasetbberetacdbaionapidgtiedend2therns a
cavity - 26 resopator, mhgrein it shoulg ge noted that FI G 14A shows the
rectangul ar wavegdi ge"%2 THRSHI 4% 1 EW-WAFFS FI G 14B shows the nicrowave

feeding apparatus 50 in a srdecNeéeW. thetd £he paeseninerhodhnedt ist he
| onger edge of the rectangul ar cross section of the rectangular wavegui de
52 is set to 86. 6RASETAPIarty eonfheefdrielewBodiiabnganobP@EWBRR0ERS whil e

the size of the shorier,efgmnls setcho 250maEUIthen: .tbeaghappteropO 10 of

the m crowave outlet opening 52a is set to 84mm Further, the size of the
retardati on pl at epli8t¢sigenedi of | ardijetecthecshatenial héoretahadacing pl ate

18 of the first eg@ggkgyné sgch t hat ihe etardation_plate 18 has_a

t hi ckness of 4nm and an ou?%ru%F%%nbf 385%%% 55Tt %Roﬁfdn%e RO¥ed that the
results shown bel pecdoesryoto changevevesaibhry bheppotedisgze ssabetihg
180mm or nore. Further, the size of the_connection arégbetmeen

¢ he
circul ar wavegui deF®AAnENE MRS F HPRF H%t P HnthF at RREE FQR ft%Fni?%él§h?o t he

case of the 20 copnssiémnopanétofibhecisst anguharsvayeguhgepg2tnad the
retardation plate 18 in the first enbodi nent. Thus, the dianmeter Dl of the

m crowave outl et BPRPHYSIRC ot ORGRY cPFEUFar waveguide 54 is set to 64mm
and the height (length) hl of the m crowave outl et

(SECOND EMBODIMENT)
Next, a second embodiment of the present
25 invention will be described. The microwave plasma
processing apparatus 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 made on the
symmetry of the microwave introduced into the

microwave emitting member from the microwave feeding



.25 opening 54a is set to 6mm Fromthe cal cul ation based on the foregoing
di nensions, it becane possible to achievq_g%{[pient m crowave feeding with
| ow refl ectance for the case the dianeter the circular waveguide 54 is
set to 30 150mm the length of the circular waveguide is set to 78.4mm and
the length 1 fromthe center of the m crowave outlet opening 52a of the
rect angul ar waveguide 52 is set to 57 mm - 27 FIG 15 is a graph show ng
the result of calsppatéonsof0tbe gherphasrael®dt appatbelid dbsbrtbuti @ for

t he case the various Earts of  the m crowave feedln apparatus are set to
the foregoing 5 dFiBnStERS. e@?%ﬁi?ﬁﬁthgﬁﬁ Bf BrBLE5PeHt can be seen that

the mcrowave electric f'el@ns£ﬁ§nﬁi@rbﬁa@@”?é@ﬁhﬁguQP&QEHkhQ abl the
azinuth directions. Thus, according to the m crowave feeding 10 appar at us

of the present invéarewavei propeaabsngosspl eneossdppby ahai Biowavevef

uni form el ect i c Lieldotrenghh b.t gt orataxesROLtLI 09 IEABSE 190 and as

a result, a microwave of m 1 At ens rs em proceSsi ng
vessel 12. Wth t i secaidb uﬁltnénmpbaswavprOQE$5tngpbﬂ¢ﬁq9229035|bhe over

the entire surface of the fer Win the cessing. v and
i ohequal §ty bl aoREBPBACEETAE FLrERt Bocardrar: RBLE RA Ehka AhEREse of

coaxi al 20 waveguideat8a€hibl ngaaee aB .t hRekkp®, Of tSHABLYENBet ABLRHCT OWavVe
to the m crowave-emtting it becones possible to achi eve

ef ficient n1croma§€a§ubbﬁyﬁh@CﬁF%ﬁ Eialf scsepgt Béméhelwé§r0§ﬁﬁﬁlarly to
the first a”duﬁecﬂggoﬁgpogkﬁggéér gﬁ £Eesﬂ98kgw99e” E@geEhBB ﬁ@e

provided a conpartnent I nside the rectangul ar wave shomn
in FIG 12. It shoatdthe amdedofhahetprepagapangnﬂmteptabe 66 theprOV|ded

for reflecting back the reflection ma gﬁ g t he nlfromave 30
outl et opening 528" %ﬁ%YﬁV?anhEOWPEFS %F ﬁﬁ 55819 urther, it

i's possible to usetasigknows eaevgppeél@é @@aétruﬁal@Hei@rappéaQQUQbﬂg a
merovave 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 1.57 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

7, while the electric field strength becomes smaller



'-'28l'fron1the rectangul ar wavegui de to the circular wavegui de, and the
present invention is not limted to those odi mrents expl ai ned above. 5

| NDUSTRI AL APPLI CABI LI TY Thus, according t he present invention, it
beconmes possible to supply a microwave to a mcrowave-enitting nenber

wi t hout using a coaxial waveguide. Thus, the problemof electric power |oss
1lo caused by the inner conductor of a coaxial waveguide is elimnated and

the efficiency ofael entrterponer &eeadi aggespappro¥edheFuithewavehe nunber

of locations that tend to invite_concentration ,of mcrowave, is reduced, and
unwant ed el ect ri cOdF$8haPBBRIATt Aed pbREFSEBOTEERPNGCpaRE RE1MBERCERILE

Thereby, it becongs possi ble to supply a large electric power to the

m crowaveem tting nenber. Further, the screw connection part for connecting

the inner conductor of a coWkenl thavegiibdeahsedosbhghgdeviisedonTher eby, the

shape of 20 thﬁllégggﬁﬁ¥ﬁr§PL££ Qe "ETREL | 8 %ﬁgﬁhiE%%gFgg da%agﬁéaCt“ring

thereof is faci as aresiu srnpli i on Of shape of
the m crowave en1micngwavebentlet bpentreg pPasi hhertoipr alsdecaused a

construction that confines helium conductin as 25 easily. . - 29 CLAI M5
5°1. A nicrovave BIALHAT pHBEREING APphFat HACHOFERpPyPRAYAFARHa pr 5EESsI ng

to a substrate, cQﬁEaﬁﬁgrméﬁgeby17alﬁreﬁes§aagayea§eécegeanﬂ@ﬁe&bag t herein
aio st age f or suggortl ng Ssal d substrate a mcrowave agnerat or;

wavegui de connect &det dnsandinycebuhle BeAsPuavr, eBarde VééalébegU|d|ng a
m crowave gengy at 09¥s§§h§ gh§$8$@vﬁe88ﬁgéa58rloﬁ@gr;§n§f?%ﬁr0“ave

em tting nenber e tfting s m crowave into a space in salrd processing
vessel after wavel ength conphessi bn bleapretandatimbndpiabe, $ai drdavegui de

has a single nlcrggagfiminate 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.1ll 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.l11l, 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 wavegulide 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



‘outlet opening in a location corresponding to a 20 center of said mcrowave
emtting nenber. 25 2. A mcrowave plasma p gcessing appar atus as cl ai ned
inclaiml, characterized in that said maveé ide is a rectangul ar wavegui de
havi ng a rectangul ar cross section. 30 3. A microwave plasma processing
appar at us - 30 as clained in claim?2, characterized in that said

rect angul ar wavegui de has a cross section such that a | onger edge of said

cross section hasoatbemnged @rod/ Zha wialoarglch it 183 dperamyers | mmai d
rectangul ar 5 mave%U|de 10 4. A mcrowave plasma processing apparatus as
clained in claim 2! ecW&Fé@WéV@zé&aFﬁthépes§P&rﬁW@W@WQWél@GtP@Pndﬁéhlng of

sai d rectangul ar yauegubferhinPravkdedoRne RiikiAge EOCeIRNG Ko &

| onger edge in a cross section of said rectangul ar 15 wavegu
m crowave pl asma pBrécedbengbappihet phass clfaitimednmicrowaiven 1s characteri zed

in that said vegui n n r di rections about sa
out | et openlngg Zggbg%ﬂsé%grgaﬁbetg gs%gepP&€5§¥9353a858P§93§l§§ %Fgfhed in
claim5, charactebbzidsiiieshatveaitle3ganayphuisdesthave aistoaaght shape are

arranged synnetrlcalhé about ,sai d_m crowave outl et opening - 31 7. A
m crowave pl asma BR&¢ESsPREP&PPar4fus FRE @FﬁpﬁéﬁflﬁtcPélﬁPfSlPHSrééterlzed

further by anOtheéuﬁ@nggHh@em@EQEWQQQSb%EW%ﬁ@ sahd paueguirdeapd said
m crowave emtting nmenber with an axial 5 direction perpendicular to an

axi al direction oRisapHargveyhilas evRrAéaded 2eo fsamdbaitbr dndesagesddasor,
o crovaves | pguBBhLedubtomsahd wavedlide sanneshad Lacoaud igtanave

generator to sal d not er wavegudl de via S I m crowave out
said m crowave beemgttadrﬁdumedhbnsameamdcmbwaowagenewatbmngsnﬁﬁbeﬂeﬂla
another single m gronaye, oupLgt . 20e0LRgPLOY d8d Q. A POt Lom pact of
outlet opening 42a with symmetrical paths.
Thus, in FIG.1ll, 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



sai d another waveguide. 15 8. A microwave pl asma processing apparatus as
claimed in claim?7, characterized in that ggid 20 anot her waveguide is a
circul ar wavegui de having a circular cross ction. 25 9. A m crowave

pl asma processing apparatus as claimed in claim8, characterized in that
said circul ar wavegui de has a length equal to n/2 tinmes (n being an
integer) a wavelength of said mcrowave in 30 said wavegui de connected to

said m crowave geaﬁaaueft aakdcﬁhbﬁ5|af wacegcdewhorenbnglatcybendhigcal
cavity resonator. . A mcrowave plasma proceSS|ngﬁapparatus as
claimed in claln1izachQPaEpgrPEEBrlHaﬂﬁatl§aﬁé ALEPoRAVE LBAPL tPng menber

includes said reté&ﬁéEkQBtPEaEﬁos§ %ﬁapéd”k%&%ﬁ@éﬁlQE3§€%eBEQQ%Sihng
apparatus |10 as clainmed in claim1, characterized in that said m crowave

em tting nenber |wcthdébeawnuﬁbEldefest@n§3peneiparlmgtuhédythrough ina

t hi ckness directign A_m.cr oce55|n apparat us as
clainmed in clgfn1gf pe %%58 3Flgé 8mﬁlPﬁat ggpdg | 8¢S 8nggi§u§?ggomave
em tting nenber abﬁeﬁiﬁ@nged 2puirfharspirtatsf poeseblaukbi pbaify the
circunferential form 25 13, A m ¢rowave pl asma processi ng apparatus as

clained in claln1T?crEHéVﬁcEEFFEEthndEﬁ&FlQHFHOEI6P§eBFl§8? ¥i B¥owave

enitting menber fgﬁmﬁg% pﬁhE%oﬁé@st ebMRHeOhi EPBwakat %%Ii@%ngg@n&a gna
Tshaped form 30 % asma processi ng nethod for applying plasna

processi ng on a séBsat £ape, péﬁaﬁgcﬂérﬁﬁééoby the steps of: placing a
substrate on g stage in a 5proaessing.%esifbog9RBaLat LA dsPhaLMRvVELY 2

m cr owave generator
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 apparatus 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



,ghidjnb said m crowave generated by said m crowave generator by a wavegui de
connected to said |0 m crowave generatort_gg%putting said m crowave
supplied from sai d wavegui de connected to d nmicrowave generator, via a
single mcrowave outlet opening; emtting said mcrowave outputted from
said 15 wavegui de connected to said m crowave generator into a space in
sai d processing vessel by a mcrowave emtting nenber; and applying a

pl asma processi ngeDbm$AhdegUbgt s8bpLPYnGOLAENYipkagaReby romi dighit had

m crowave. 20 15._ A mcrowave plasnma processing nethod as 25 clained in

cl ai m 14, characté?fEe@lFﬁthaPssaFH gﬁ@e@ﬁ?é@“&ohﬁ%@?ﬁaopm SRi &"Ri cr onave

generat or extendsyiRepl HERY, dhrﬁQEkQQévébQHEsEQh@1H&§90%@¥§ eublet opening,
and wherein said mcrowave is guided to said m crowave outl et openi ng from

said plural 30 dideciabhenwpfheaactdent Fégldpfaseributign to6thA mi crowave

pl asma proces§§n?egg%gggvgse8£g£g§ %nggng%%Spﬁéggdggéerlz g that sai d

wavegui de connec 0 Sard nmicrowave gene ralg 3 ape and
wherein said wavegaidgut@aneevedgdat oisaullapi crosaveegenenabetwesnpkhes
said mcrowave to said mcrowave outl et openin fron1both si des of said

m crowave out | et Bﬁ%F?HQU%FFhWQHeQHéHFlﬁa ngg pﬁSSEhelﬁlf7°WﬂYﬁ1cromave

pl asma processi NggEREPRE-ASakblatABImi Brelvalv e ditehagambAbezed i n that
another 15 waveguide is provided between sai d wavegui de connected to said

m crowave generator and sai BIGi ¢Z2ohaveneablifng weavesharWingafhaxrFapss
direction perpendigcul a5, t9rag %§gg£wgbéeﬁéé§9ﬁgcr%éaga%@¥695'Q?ISonneCtEd

to said m crowave generat or, ereln sal ve IS supp ed from
microwave plasma processing apparatus 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 waveguide. 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 wavegulde 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 wavegulde as



. said maveQU|de connected to said mcrowave generator to said another
wavegui de via said mcrowave outl et openi n sai d m crowave being
introduced into said mcrowave em tting nerfber via another single 25

m crowave outl et opening provided on a bottom part of said another
wavegui de. 30 18. A m crowave plasma processing nethod as clainmed in claim
14, characterized in that sa=d another waveguide is used for a cavity
resonator, and sh3®n WHEFEGA. EBAiaedyleB s@hdsm enowage1sappkhed from
said m crowave outl et oEeninggof sai d maveSU|de connected_to said m crowave

generator is intrBAgR8HIFnfo"&al dPRF RO

DERPELERAg2REnBEPSEr 6f $8Fd

anot her m crowaverhmonbhel RREBhNYs tHe1%1c@0ﬂh950$@8§a§§%§ngméﬁgaEﬁtUS
for feeding a nmicrowave into a processi ng chanber, characterized by: a

wavegui de connectédC%écalﬁch@“ﬁqélé@neFB?GebYsa#@ ¢alelhai deeguitliang a
mcrovave 15 generaled by saLafl o Qua¥e-geReLaLon, $adspayggui de having a

m crowave outlet openrng fof oufpu g sai

m cr owave

em tting nmenber caistnyatocpoepagateisai dfntbeovaveusdappaedgatda.central
part 20 thereof ipn a di ectionéggagendicular to direction in_which said

m crowave is suppfi'B8: B%i §URP

said mcrowave inkQvegutdper 94essi BHeCRABRBIaVEAcAIREYA
20. A m crowave feeding pgaratus as claimed in claim

wavegui de connectéHGBGlﬁﬁu

7

vé BAFEPFAYSnEnBer *Rar EAEFYT AT T oduci ng

| nbmbet §b0b§a 25
9, wherein said

ar dnaFEPBAMFeCYEhBEAPBPREBTa et ARghPEPTES

wavegui de hthﬁg Egfﬁﬁgggga5u559§stﬁgcﬁhggowave §§th2&nl@B§hnEd in cl

wavegui de has of sald cross

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

20

25

30

microwave outlet opening 52a to the microwave outlet
opening 54a, to be equal to n/2 times the microwave
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
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.

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



5 wavel ength of waveguide. io A microwave feeding apparatus as ai m 20,
"wherein said rectangul ar a cross section_§qgg_ghat a | onger edge section
has a length of 1/2 of a said mcrowave in id rectangular 22. A m crowave
feedi ng apparatus as claimed in claim?20, characterized in that said
m crowave outl et opening of said rectangul ar waveguide is provided on a
surface that forns a 15 longer edge in a cross section of said rectangul ar
wavegui de. 20 23.rdbensdterowaneréerdingshppadabdsnasedl ahaedriia. thai m 19,
characterized in that sajd wavegui de connected to_said m crowave -generat or
extends in pIuralSH?V%CFF%n§e8B%H9u§éFdwﬂV€98%89e5QSlBuFIE%aBpghPHg. 30 24.

The m crowave feeglnge appar 8EHSsRSwS! BhBeM: EPofhebMEdddifhanpphehtg8d I N
t hat sai d wavegui de connected to said m crowave generator has a straight

shape and extendsSQyimearstde| yiawth respect - 37 to said mcrowave

outlet opening 5 25. The n}grgﬁgv§5£g89£ngmgggg&gﬁgsegﬁ%gkaéggg gggglaim

19, characterized in that anhot vegurdé rs provid sal
wavegui de connectefl thesacdtangnbmavergeaesatotoandfsahd tectthngahave
emtting menber with an_&xig# direc%ion ggggendicu[ir ﬁo an axial .,direction
of said wavegui de"¥BRARELBd>f o 8af Bt niCr BgEnBLatbrY WReFBPnTs4Pg

m crowave is suppémsédihent sabteapegyide GaONectrd s0z8abd fherowave
generator 15 to said another wavegui de via said mcrowave outl et opening,

sai d mcrowave befhgriarreddecdsi ped 5ai d>mner Buateetn thendiavaber DPa
ot hor vevege e 20 e A o e Sadoo T Sedl ng Aparat e Be 2Eoe aried i n
cl aim 25, charactBuriedri nthhatisgai dfapbeheetamdegiodepista tBrial apt
wavegui de havi ng giﬁi gg ?thrgﬁg gg%gigg'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. Further, the size of the connection part
between 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.



30 27.'A m crowave feeding apparatus as clained in claim26, characterized
in that said - 38 circular wavegui de has%aalength equal to n/2 tinmes (n

being an integer) a wavel ength of said mcr ve in said wavegui de

connected to said mcrowave generator, said circular waveguide formng a
cylindrical cavity 5 resonator. |10 28. A m crowave feedi ng apparatus as
claimed in claim 19, characterized in that said mcrowave emtting nenber
includes said retardation pFagel515s29. ghaphCcsbvaiagl eddi mgsappandt us as
clainmed in claim19, characterized in that said_20 m crowave emtting

menber incl udes aCRURBERtEPIsPEt SNEeREFFIMANG EREFELRFoGER1Pn a t hi ckness

direction. 25 30. gAsH-¢HAvRY¥E feediRg aae@r%hgsva§ighgi?§ tsN ol @ 29,
characterized in that said slots of said mcrowave emtiing nenber are

arranged in a spimakrpwareofesdingpbereirptust erentsiesl thotive 30regoidg 31.
A m crowave fggdiggmgggggggus as claimed in claim?29, characterized in that
said slots of said mcrowave emtting nenber formslot pairs each fornmed of
two slots arranged to in a Frshaped Graphnof. ATG.AG). At can be seen

h. A{ . AU. AU. Af U. Ayh AU.AﬁU.Ath.AfU.ASU AU.Aiy.Ah.A . A, A AU. A. A. AU. Ah. Ah. Ah. A
h. AU, . Ah. Ah .Ahr.Eh?R;F f microwave electric field strength is

- Ag. A3h. AU. AA3f hxgBha£hi ) ¢( uny kel £b] gahcaheahealdién directions.
aJ ca] ca] ca]ca] ca] ca]ca] ca caLca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]ca]caLﬂc
a] c”a] call ca] ca] cRa] ¢ a! ! #Kfhugy according to the microwave feeding

b L v Ypabgeleabectral colsslceicalpphonlcakoakenbel ol ool el

aJ ca] ca] ca] ca] ca
S} %&P! } xsni d_Z] capbealbadpcapcahpalyakcalicapwayeapfajcafoaincalleakealca]l cal ca
LF| 17n8d] 231 p\

ani d 71 cal ] oal 2l 1P CaT ERPERPcRPc a6 A LATCAT <A Ay c&F LH] BEFBEFcAPea] ca] ca
] ca] ca] ca] ca] ca] cahaaheahcatksaleq] 8ahicrowave of uniform intensity is
ylhppppmmmmmmnn fUAHSS* U-00&M&&2' D EE N y' ' ' "' ' | wmhe” ca&gagcagqafca]ca]ca]
ca] ca] ca] ca] ca] cafRafeaficinfealbg) PAPESFEAgayEaF 4] 4] cHER] Bl €a] a] ca] ca
Jca]cal " " (] (b{£((GhE¥BH) ¥ hSha 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 rectangular 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
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1. A microwave plasma processing apparatus

for applying plasma processing to a substrate,
characterized by:

a processing vessel accommodating therein a

10 stage for supporting sald substrate;

a microwave generator;

a waveguide connected to said microwave
generator, sald 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,

sald 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 processing apparatus
as claimed in claim 1, characterized in that said
waveguide is a rectangular waveguide having a

rectangular cross section.

30

3. A microwave plasma processing apparatus
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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.
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waveguide connected to said microwave generator,

said microwave 1is 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 wavequide is a circular waveguide having a

clrcular 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.
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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 sald 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
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sald 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 saild processing vessel by a microwave
emitting member; and
applying a plasma processing on said
substrate by forming plasma by said emitted microwave.

20

15. A microwave plasma processing method as
25 claimed in claim 14, characterized in that 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

30 directions with an identical phase.
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17. A microwave plasma processing 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 waveguilde
connected to said microwave generator,

20 wherein said microwave is supplied from
sald waveguide connected to said microwave generator
to said another waveguide via said microwave outlet
opening, said microwave being introduced into said
microwave emitting member via another single

25 microwave outlet opening provided on a bottom part of

said another waveguide.

30
18. A microwave plasma processing method as
claimed in claim 14, characterized in that said

another waveguide is used for a cavity resonator, and
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10 19. A microwave feeding apparatus for
feeding a microwave into a processing chamber,
characterized by:

a waveguide connected to a microwave
generator, saild waveguide guiding a microwave

15 generated by said microwave generator, saild waveguilde
having a microwave outlet opening for outputting said
microwave; and

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

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

into said processing chamber via a plurality of slots.

25

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

waveguide having a rectangular cross section.
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waveguide is provided on a surface that forms a

15 longer edge in a cross section of saild rectangular

waveguide.

20
23. The microwave feeding apparatus as
claimed in claim 19, characterized in that said
waveguide connected to said microwave generator
extends in plural directions about said microwave

25 outlet opening.

30 24, The microwave feeding apparatus as
claimed in claim 23, characterized in that said
waveguide connected to said microwave generator has a

straight shape and extends symmetrically with respect
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connected to said microwave generator,
wherein sald microwave is supplied from
said waveguilde connected to saild microwave generator
15 to said another waveguide via said 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.

20

26. A microwave feeding apparatus as
25 claimed in claim 25, characterized in that said
another waveguide 1s a circular waveguide having a

circular cross section.

30

27. A microwave feeding apparatus as

claimed in claim 26, characterized in that said
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10 28. A microwave feeding apparatus as
claimed in claim 19, characterized in that said
microwave emitting member includes said retardation

prlate.

15

29. A microwave feeding apparatus as
claimed in claim 19, characterized in that said
20 microwave emitting member includes a number of slots

penetrating therethrough in a thickness direction.

25
30. A microwave feeding apparatus as
claimed in claim 29, characterized in that said slots
of said microwave emitting member are arranged in a
spiral form or multiple circumferential form.

30



31. A microwave feeding apparatus as
claimed in claim 29, 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.



