i 110 MAR 2006 SPECILICATICN DEVI CE AND METHOD FOR M CROMAVE PLASNA
PROCESSI NG AND M CROMVE PONER SUPPLY DEVI CE 5 TECHNI CAL ‘FI ELD The
present invention relates to plasma processing apparatuses and nore
particularly to a 10 'mi crowave plasma progessi ng appar at us tﬁdlﬁmﬁnanﬁtes
pl asma by a.m crowave and conducts plasma processing on a sem conductor
wafer, and the |ike. BACKGROUND ART 15 Pl asma processi ng apparatuses are
used in these days in the fabrication process of sem conductor devices,
in view of increase of integrationsgﬁ?iit% and increased degree of device
m niaturization, for filmformtion, “Chit A,ﬂ%hing, 20 and the I|ike.
Particularly, a mcrowave plasnma processing apparatus that induces plasna
by using mcrowave has an advantage of generating stable (glasna even in a
hl gh vacuum st at BYIGEAND Y THOBFORMERIOWA GuEKASM S PROCESHING o

| OnTorrs. Because of 25\NBMICROWAYBRONWER SR Y PEMEL ng appar at us t hat
uses a mcrowave such as 2.45GH#z now draws attention. |In the m crowave

pl asma- processi ng apparatus, there is provided a dielectric plate
transparent to mcrowave on a ceiling part of a 30 processing vessel,
whil e the processing vessel is connected to a general evacuation system
Further, a flatgrditggal/ AIEL® ant enna nenber (znic :own ,;it:ting nenber)

is provided on the dieIecHric plate. . ,
he present invention relates to plasma

processing apparatuses and 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 1in
these days 1n 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, digk—-like antenna member (mic:owave—emitting

member) 1s provided on the dielectric plate.



- 2 10 MAR 2006 Further, a retardation plate is provided on the antenna
menber. The retardation plate is forned -of2 adielectric f?éﬂbaaw n
predetermned dielectric constant and conpresses the wave 05 t he
m crowave supplied thereto froma mcrowave generator with a predeterm ned
rati o. The antenna nenber is for med with a nunber of penetrating hol es

(slots) and the m crowave l.Lied tot t.ral t .0f the.antenna
nmenber is introduced into t SFU Ipr&erseg%é{ea&ésog}alpjt Sudgh FERE 1SIS6t $Paf t er

propagating insiwdg tazrﬁceaﬁaemr@mrrque rdtherdadical fidtectisoForiher eof . As
a result of the conpression of the wavelength of the m crowave supplied to
the antenna mentsdr Sy iHeGtetid dEtliMbiayidie 2 reddRFmnache 15 sl ots

formed in the antgy rglaeé@g@rc?rﬁsygagfyo\%@gi‘ 2 ASsgdk I Lv{avetl N fgrmty

of plasma density Is Inprove | arge nu slots on the
ant enna nenbef. Ithe helgroreowaveegr lasath ’qj‘remlﬂ@nzca arpma:mtatw of such a
construction, the mcr vvave |ntroduc |nto t e proce %vessel fromthe
ant enna nenber Vig tHe Iecttl—l’lac ppﬁ EB asTTH ef 4 Processi ng

gas, and the semm&mmtﬁ fonafery vdl‘dstS&dJm.HEﬁ hef ptessitigqigvessels i s
subjected 25 to plasma processing. The m crowave introduced intq the
processi ng vessel (SAGPhE et TP SURRL I tamih et er i s

supplied froma morowyeens@iia miHeAs 4 RGN td had i ke. The
m crowave 30 generated by the mcrowave generator is supplied to
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 7
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



the retardation plate or to the antenna nenber via a wavegui de. The

m crowave thus guided through the waveguide_is emtted as it is propagated
through the 3 1 0 MAR 2006 antenna menber in the radial diredt(dimR Qﬁ{]geof
from the central part. Utimtely, the mcrowave is emtted uniformy
into a process space inside the processing vessel. 5 A coaxial wavegui de
has been used generally for supplying the mcrowave to the central part of

the retardation FIPdSRTEr MFPetien R edmserl PHEECticRe thietFoka¥s oFener at ed
by the m crowave {genefaliQls 1l $a3UPRIIEGhIR 18 Wateay:de ayieng sa rectangul ar

cross 10 section and Is propagated therethrough to the part generally at
the center of themisttaddatiidompliyt éndio & e carftsenm@arentasidehahe, t he
m crowave is supplied i.nto_the Clentral part of the retardation plate or
the antenna nentér A2 tife 6% al wavegui de forned of an 15 inner

conduct or andsan outer condueicRixialheracRapiidle WalE Pdede ushatl gsupeplailey t he
m crowave to the central part of the retardation_ plate or the antenna
nmember is formed fr sSemPli@DbrtheymichtervConduditr vdm@d &dér °donduct or,

wherein 20 the inngr (QndUEillond $UHERA: Ahed dlidhrid bR Ngnays di amet er

of about 17mm Thus, in the cas€ large electric power is to be supplied
to the antenna nédfisemivirpwae @sDarstedidpreglicdaiatmseys genedaded dsvery

strong el ectri ¢ 25.‘1_313 .l ! q:ki tap%va\(zi L{ycfey fvitrn%e a{ N Cl Gt r.o%fs t_he
coaxi al wavegui de, éjn?f'ei e%t enper éeta.lre ofhoat he d nner co(r)?glu::ét or is raised as
a result of heatiswgtibtheramd ds propagated therethrough to the part

generally at the center of the retardation plate or

the antenna member. There, the microwave 1s supplied

into the central part of the retardation 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, 1n the case large electric power is
to be supplied to the antenna member wvia 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 1s 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 is deteriorated. Further, there arises the

need of cooling the coaxial waveguide by covering the



part of the m crowave energy is converted to heat, while such conversion
of m crowave energy to heat 30 increases ihe 4o0ss (conductg\r/vglﬁif) t he
supplied mcrowave. Thereby, the efficiency of electric p r e?e[,’ ng i s
deteriorated. Further, there arises the need of cooling the coaxi al

wavegui de by covering the - 4 1 0 MAR 2006 sane by a cooling device, while
such a construction increases the size and cost of the apparatus. Further,

because of the exd¥erdte dICRIANI TG e 'BEHS U1 SHTHESH ity of

the inner 5 conduydasddalir: isSiA RASPIdId tor thd Alaiamis el ectric
di scharge may be caused in the vicinity of the inner conductor. Wen such
abnormal electric discharduithepudmtausfe elettdralaii@tgice ¢ hwene

dammged in the pasrélic}%r&f 8 406 d "}?rtﬁé)gfi%[c%girtgo;o% Rl gl e, there

is a need of connec e I'nner conduct or Xi al wavegui de to
the antenna sentminductdre, stretmee tiwmta tgves odai aty weheatg ko meddes an
i nti mate contact %ﬂ%ﬁ t.hqe ent.ral of the apten menber,, and because

t
of this, it 15 i %P@%ﬁ%& R ECIHIRA ThndifetorC e whé fant enna

nenber by screw nghél SHEW ddHduedhr eadad sl eapioidedlidisdde: t he i nner
conductor through the retardation plate in the state the end surface makes

a contact with tHESFHRBTER Herfts W tHS RH-ar - IhRIG oMt &t uses a
screw, however, sgedi {f 1GH 1od.0: aGll LY GO elies and d NtdJmREecant act

i dan et )
of the inner condauct or end surface to the surface% the antenna nenber.
When there i$0a mnute gap,Faon axwnplot herthdwand s thereed enfdssdaroasticing

abnor mal eIeCtrICthe 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 prcjecting from the surface of

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



25 discharge in such a part. Further, in the screwed connection explai ned
above, there exists a screw head at the junction part where tﬁ%ah tric
pl ate and the antenna nenber (slot antenna) are joined. Thusl, t ¢ is
a need of formng a depression in the dielectric plate at the central part
t hereof for accommodating therein the screw head projecting fromthe

surface of the slot, antenna. Thus, it is difficult to achieve an - 5 1 0

MAR 2005 i nti mat e-THoME@ iSOt edh ke dittarsedr ppladtieramd 2 tthé™ht enna
menber at the centjalamaning auddiers @ld seshdha -0kl endhat, ghnor nal

el ectric discharge takes place in the vicinity of 'such a depression. 5
Further, there catriFes WesenablMm dhdt dhnonssli redgata isonflisthaz deel i um

(He) gas between e t enna mqﬁper or. the retardation plate .and the top
pl ate forned of agag?eeﬁ gic]tarecl%c ateri ai - Iblrhty foaéci%ct%atal r?lgelo el
conduction. I\ such a case,Fulfxtder echesrprann ded -a seal in ndiadh tite ieut er

peri phery of the_ inner conductqol,(ri1 constituting the coaxial waveguide for

achi evi ng seal i ngSA 1T eHER TS 1fe e B ctis)c 85p Bataeen IHSuch a

case, however, tha{end ifkfbhar RO i d it 1die Sedle TR0 ¢HRY e damaged
15 as a result of degradation caused by the exposure to the strong

m crowave. Thus, R¥vk®e farmedradposdiale gl deatericdv tipr esonat or bet ween
the wavegui de andfatgglel-@é)giq{%acﬂgg%r andsd ir&g_u%t Jncr ve into the
20. processing vesse From the cavi ty resonator. e at ent 9019
di scl oses t haot ectimdteogys gfrrigldadlismmgseal ring at 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 rescnator. The
Patent 2569019 discloses the techneology ¢f 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



such a cavity resonator in the waveguide for anplifying the nlcromave- In
this technol ogy, the mcrowave thus anplifged is |ntroduced% @gggﬂm
processi ng vessel through a nunber of slots forned on the Db Jh 5ace
of the cavity resonator. Thus, the <cavity resonator disclosed-in this
patent publication is formed with a nunber of slots on the entire bottom
surface thereof sq that there occurs, em ssion of the 30 mcrowave fromthe

entire bottom surfife §HG NS He'e e Hy MR dite BRASETHET tIRace

foregoing prior ait t1l0&s- Qs Maue +dies £ONSHL MG 0N qu SRUSINGd afi@lg
propagation of the mcrowave fromthe central part 1 0 MAR 2006 when

em tting the m cridvayehatlendtd oot nglepaee d&ﬁel‘tﬂﬁé’-e}ﬂr duesdieng vessel .
Further, it shoul t n ch i dete ned by
t he wavel engt h of ‘E i&g\/\%’%g@{? rpj{#ﬁ“&%&% (ﬁn %eng%ﬁgée 01_553 m crc‘;O\r/T\t]/a{'lve of
2.45GHz, the sl otmitesiwald yohas. 43wz etigt hsbdt Gl abInpriead rthe

correspondence to, t he haI wavel ength of the m crowave. This m&lns éhat
the constructi or}%rfgttl'heo I e YT s ST P RR e Hesihe ffect
of the m crowave 44 €& di the dlcreekdhed . dinestiamnd ramd hencentral

part is emtted uniformy into the processing vessel froma nunber of
m nute slots. ThuEniiryatimm poshiel eeforenyn ylagfe nak d?rcﬁﬂsa]\ﬁ@ s"&l‘rﬁpl yi ng

mechani sm (f eedi ng. DBChan! (P aVd NG e GRVLL YA S BN 5] osed in
t he 15 foregoi ng Patent 256901e9 fo the antenna nmember (s ot antenna) t hat

suppl i ed t he 1§ craesl uhifarimgn tﬁrcnrmeth@rwetsmlngaaﬂes%d efmdnh@d nunber of

mnute slots. Dl%%h_of%i§}1JE¥1hNy%E%é%%51ng 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 foregolng 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

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,



20 Accordingly, it is a general object of the present invention to provide

a'novel and useful mcrowave plasma procesging apparatus afura @%@cﬁﬁfl ng
nmet hod wherein the foregoing problens are elimnated. Anothe e

specific object of the 25 present invention is to provide a m crowave
pl asma processi ng apparatus and m crowave plasma processing nethod as
well as a mcrowave feedi ng nechanism wherein the m crowave supplied from
a mcrowave geneéfmGIChexrisAgshiiyed efficiently to an antenna 30 menber from

a wavegui de. Another object, r&é&ﬁrﬁ%séﬁv%éo% .Ci%titn% Rpyide @

m crowave plasma processing apparatus - for applying plasma processing on a
substrate, 7 1 0 sWaR006r chanaotteimg ethdysukss tpradecessi ng vessel
accommodating therein a stage for supporting the substrate; a m crowave
generator; 5 a wavegui de coeh&ré]c YT SHF 1 owave generator, said

wavegui de gui ding a m crovwayeragRASIEA etbriedthal NNy & iganei=ator; and a
m crowave emtting nmenber emtting the mcrowave into a space in the
processi ng vessel9HIAFHLCT0 Siehfe R hreiskingh hylfranagiedat i on pl at e,

the wavegui de hagy@,sSiiyd e 159 CrHaYsE QAR g RER g r}‘}{@ | ocati on _
corresponding to a center of" the mcrowave emtting nenber. Another object
of the present invention i miEno/gire\amlictEing qrawesate guigdsrmogrideessi ng
method for appl ying Ql AR Qrocessing o), a oSl A& SR S rror
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, 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 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 ocutputted 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.



the steps of: placing the substrate to be processed on a stage inside a
processing vessel; 20 generating a mcrowavwe by a m crowave gthﬂﬁtEUﬂﬁ

gui ding the m crowave generated by the mcrowave generator by a wavegui de
connected to the mcrowave generator; 25 outputting the m crowave supplied
fromthe waveguide connected to the m crowave generator, from a single

m crowave outl et opening; emtting the m crowave outputted fromthe

wavegui de connected to the Ao SRR Iferalt dihe mresen 3 ngjgadd omdisde t he

processi ng vesseltgoy%%vqid%r %wgn;l &S if‘lﬁ%cﬁ% %r : ta%%%u%!o@o\? ng pl asma

processing on the sdbstrate orm ng plas e emtted mcrowave. 8
510 1 0 MAR 2006Guwapdtyhierg ebjreictr wofatehet preegentcdawdent ichanser,t 0 provi de a
m crowave feedi nqi apparatus for supplying a microwave to a processing

chanber, conpri SiIHGT'E W/egui de connected to a microwave generator, the

wavegui de gui @i ng a m croway e a@RNEIR! etblieddiel MLOWAE-gaRRr ator, the
wavegui de having a mcrowave outlet opening for outputting the m crowave;
and a ni crovave- ftanaf® e e ERRTHE ] KBIIHING AWdiE M9 ed to a

central part thenngefé{ed by the microwave generator, the waveguide

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 mémber 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 uniformliy

25 into thé 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 waveguide, 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



propagate in a direction perpendicular to a direction in which the

m crowave i s supplied, the mcrowave em tfighg menber introd cbgg tgﬁl&

m crowave into the 15 processing chanber via a nunber of slio ARa di ng
to the present invention, the mcrowave is supplied to the central part of
the mcrowave-emtting nenber via the single mcrowave output opening
provi ded in the wavegui de, which is 20 connected to the mnicrowave
generator, and tHembgrecdndine tsHuess st dhercdds€dusedpr opagat e  t hr ough

the m crowave-emft]| roidE radi.al | nection thereofy fromthe
central part. AsCt:ftnrcreésq‘tﬁni{%fm%tnhé3 mpégl%omng\c/gﬁwg‘%ml%t ed e felr&gl ently and
uni formy 25 i nt @dde erecessi ngineessaa fyr ehdadie inuntierchefrosd etts thieor med i n

t he m'crovvave-em'tlti 1%hgrrenber,. and t here Legurs uni farm nl asna f ormati on.
Thus, according (THE prese RIS | £ ec e us SitbRE CBSuppl y
the mcrowavest 0 ddies iGN QAR td NG iRTRAre 30 1W iawddr 4sl Rfed coaxi al
wavegui de, and the problemof electric power |oss caused in the coaxial
wavegui de by t hdiGHasavEofiicttorng deaeah ndtved-hetherélsy SQU% ef fi ci ency
of power feedi g dohddBIiQUL o fuIrddter Ll MAR 2006 ke, bt g sites
where there is cause clonccebnatratf'lt on C!oo t he rﬁ%crowav(e}gll S reduéle ,O and
occurrence of unrideessaxiad ectyagnidiesclramge latngdare usfegbdiang gdet i s
suppressed. As a nesul tolf :ﬁtk} becomes 5 possibl.e to su‘__ppllsy Sa__.m{palr.l%ee ectric

power to the nicrowaveem tithy nermber .~ Furt her Pdhe Screwr connect i on
part for connectiwigt hehiisnert it Orpafsidiie woadralinmmvwedidate i s no
| onger used, and éor}l%ucsthi%%e go;s tshuechmacsr (%1\/\’:_/;alvieume’n‘iasnsdil otr}’1 alritkei’s esaisr}'p_)Llyi .fi ed.
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.

BRTIEF DESCRIPTION OF THE DRAWINGS

FIG.l1 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



10 Wth this, it beconmes possible to confine a heat conducting gas such as

helium and the like, easily. Further, hyjgonstructing a Cﬁ;ﬁ' @X (r)f@ﬁnator
by providi ng anot her wavegui de between the wavegui de connett’ 5 e

m crowave generator and the 15 m crowave-em tting menber, reflection of the
m crowave supplied to the cavity resonator is prevented, and substantially
the entirety of the mcrowave energy is introduced into the m crowave-

em tting menber fIVHAIMHe I G SHLRACGMY tePeH RPREF FOr TSt itd1ng
foregoi ng anot hery WawegW Ae:h Mo r i (ch]acl%% _rﬂx%%efgsi‘ﬂge%tprﬁaq:acylﬁcgagge

at the connection’part, as 1 n the case eeding electric "power b
coaxi al wavegui def iBI@|] nMioratigdirahd-ing nhisoones’ pdssidle e cagFing a
| arge electric power 25 efficiently, w thout causing electric power |oss by
heating. BRI EF DESCRIPTION OF THE DRAWNGS FIG 1 is a cross sectional

di agram showi Bg 30 the germral3 Genst rplcin Qe shdWiGiPwaY & RS o f
processi ng apparatus according to a _first, enbodi ment of the present
i nvention; FlG 2 3% aH9Ha RERARGREHBW Y BYe Tross - 10 ? Q MAR 2006

section of a microwave feeding ApRArAt4S HORSIdHMINY 1 RHsYfuddi®n
m crowave plasma processing apparatus of FIG 1 for 1ntroducing m crowave

into a processi ngPf vessldt HmIY GIYWs Io @HEh i ew showi ng an exanple of an
antenna nenber shown in FIGg; £1.G4 idsiaagégn?g&%uﬁlﬂbo‘@ﬂbq I;%%a%ncs}ornucti on
10 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

15 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

20 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

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 obligque view showing the cross

section of a microwave feeding apparatus of a

microwave plasma processing apparatus according to a



of a slot pair shown in FIG3; FIGS5 is a diagramshow ng the propagation
10 node of nicrowave in the nicrowave-enitiing menber; FI GS. dA0-MEC 2806

di agranms showi ng the propagati on node of mcrowave in a rectangul ar

wavegui de; FIG 7 is a diagram showi ng the magnetic 15 field caused by the
m crowave propagating in the rectangular wavegui de; FIGS.8A and 8B are

di agranms showing the result of calculation of optinmmsize for each of the
rectangul ar waveddildé &feodHasmitc tdndie ARIsEN26oFe#iRG; FIG 9 is a graph

showing the result of simg@Rdd qR0f, 41 Granaue, rafdeotaneg Ak ikhggm crovave
outl et opening; FIG 10 is a graph show ng the electric 25 1pi el d strength of
t he m crowave outthet roperigsdiom tiedle @ifr dindf erdenowalvediineet icdm culereof ;

FIG 11 is an obli que vi.ew showi ng the cross section of a m crowave feeding
apparatus of a M CroWaE ‘pl asma processi ng apparatus according to a 30

second enbodi gent; FIG 12 irscan 168 iagide MR W :sh@MiaRg ahle stloaShg 8@t i on of
a mcrowave feeding apparatus of a m crowave plasma processing apparatus
according to a - TPPUE A £od R B@e6 iRt @b GilmentE OF Ve OrSesent

invention; Fl G l3Aant 3R afie dhadfd e KRR atus of FIG.12
for the case a circular waveguide is used for the
cavity resonator; and
10 FIG.1l5 is a graph showing the electric
field strength distributicn 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, variocus mode of implementing the _
present invention will be explained with reference to

the drawings.

20 (FIRST EMBODIMENT)

FIG.1 is a cross sectional view showing the
general consfruction of a microwave plasma processing
apparatus according to a first embediment 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 therpresent 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,



t he propagation node of the mcrowave in a circular waveguide; FIGS. 14A
and 14B are diagrans showing the result_ofocalculation of o,pplwr@b e for
various parts of the m crowave feedi ng apparatus of FIG 12 0 ase a
circular waveguide is used for the cavity resonator; and FIG 15 is a graph
showi ng the electric field strength distribution at the m crowave outl et
opening of the third enbodi ment of the present invention in the
circunferential dlee@d GxidpsIBEST IMORE THOX YAFRIPVEITH KRG tHEHESHINGENTI ON

Next, various node of inpleygntd in ty el 5Xpl ai ned
with reference to the draw ngs.eagoéo?ﬁuﬁg{fﬁéﬁg%l Néﬁl% %%G\ﬂfoics? aecr 0SS
sectional view shewpgddre crgenertalgec driistimscitdeorihef paraviessdway & gslsasma

processi ng appar,atus cording to a first enbodi.nent of .the resent
Pnvention. 25 As TepPaShit & AT RECES TG R ovd & VR itk 151 0¥Essi ng

appar at us accer digi»de iRy hidssel arbadidient Rfs thifeserit isiemhi on is a
pl asma CVD apparatus 10 that applies plasm CVD processing on a .
sem conduct or waf%eér® W istPRlt dedssilfy Wisddle prhen hg@dshddereésnot ed t hat

the present invenliQndey M edddidi@dd gamflzaa gtasewe @fo‘{lct%?rﬁniéﬁgc@wr atus

but is applicabl’'e also to the apparatus that applies a plas process
such as pl asna asthien@roiessymetudrigsy, 12 I conr@EdVARM 006 plvasvaimoxi dat i on
or Oxynitridatio%dﬁﬁIvﬂgg(gﬁgﬁﬁ}, éﬁgaéﬁgﬁﬁﬁﬁﬂHﬁ%Pﬁdgﬁ J Qﬁéo be
processed

10 processing vessel is maintained at a predetermined
evacuated pressure.

Next, the construction of a microwave
féeding apparatus used for introducing a microwave
into the processing vessel 12 will be explained with

15 reference to FIG.1 and also FIG.Z2.

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.1 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



is placed on a stage 14 inside the processing vessel 12, and a plasma
processing gas is supplied to the 5 processhng vessel 12 from a gas source
(not shown) via a supply tube 16. On the ofher hand, therd DMARrBAG ded 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 10
processi ng vessel is maintained at a predeterm ned evacuated pressure.

Next, the constr ZRROMRIHT 2 i hTnefe @ M S Hppaatde sided f oS
introducing a m é{fB’\Pchf—‘ed it o cprcggz?gg qgeéé;%gﬁﬁ_[la]g vy%}églﬁ%ee&@ ai ned

with i5  reference to FIG 1 and al so Fl . FI 1S an oblique view showi ng
the cross sectidihwd, ahe orowewefeadh . s afaus 2Gnsler, igenardstgul asma

CVD apparatus 10 .of EIG 1 for introduci t m crowave int he
ot 0coner ng. vess el ABS gt rll (FTETINE Trarss I SBATTORE (PO ¢ he
processing vesseltHe reéctfienethr andegulidd @@ \end el tdigidl ey £Hy  formed

of an antenna nenber (slot plate) 17 functioning as the m crowave-emtting
nenber and a ret ARG DIt B9 iReBRRMt S OrP™ He BIF 38 Goi Y 16Feni ng

via a dielectric AétEd 23 Fowded tdONK SRS r ThE '&f andation plate 18
is the nenber for conpressing the wavel ength of the m crowave supplied to
t he ant enna nenberedtangilas prowaduiete f43. Freduw mredent emgiddigmntal so t he

eerval of Lhe S e d SO HR AATIN IR Yy e lg
wavegui de) 220 haadagisa & ecimngld Aromsmigsy geodvioded aid ;A waldr dgve £ 13

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 7
30A and the slots 30A and 30B are disposed in a T-

30 shaped form such that an end of the slect 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



1 0 MAR 2006 generator 24 such as a magnetron, or the like, is provided at

an end of the rectangul ar wavegui de 22. _Thys, the m crowav fig 1> for
exanpl e, generated by the m crowave generator 24, is propagaq)mﬁt ﬁmh 5

t he rectangul ar wavegui de 22 and is supplied to the mcrowave-emtting
menber 19 froma mcrowave outlet opening 22a provided at the other end of
the rectangul ar waveguide 22. In the present enbodinent, it should be
noted that the maf ddaviEwifdetvwidgediauprd 2 4hs ed qaigeduing Gy@atign

provided in a velle 230 of o4 Nyl eGLANGUIAr AV eaUIS 22 GO Yhidnd &
| onger edge in the cross Section and 1% ‘di spose(f at  the central part of
t he ant enna nmenbeterit®d ccfattece sinderitFatdo tidrer esfntekd FldE Ihes amtpinma vi ew

showi ng an exanpl en%];ie t.he ant etg{laéz[r,enber 17. The antenna nmenber_17 of
FIG3 is formed WHfa Wufddt i€ Si6ita3us LBE 56t el 9%t ¥6a and a

slot 308. In the xAMms idd uHd aldfted B ERS adit@ind Herditid S BRI €

di sposed along a 20 plurality of concentric circles, while it is possible

that the slot paidetemungd i theta asplifdfeganaser LA TR INdE cshtdntta ¢

pattern. FIG 4 shgus ertﬁiqp ' [ o, J &4 Each
of the slots 30A andcg%B as%aﬂ;\uﬁ{z%%eﬁl%\ogvgatv;édq}eal‘%aipehgca sh%%rgp%t% ncglz; a
bul gi ng central parttherertsindathieors|motat30BRJ s( Eix-dljedd gd¢h t hat the

| ongi tudi nal direction thereof forma 90 degree an with regard to the

| e
el ongating direction of thesI'® 0K dhdIHS GG glessd:ﬁ“hSnecfi are
di sposed in aoT Frahapak e schidain temmntheibdhea Blnividp e | ocat ed

close to the central part of_ the slot 30A . ) , )
slot pairs 30 explained above in the radial directien
from the central part, there 1is caused an electric
field of circular polarization by the slot pairs 30
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,

1t is preferable that the microwave supplied from the



The Iine connecting the center of the slot 30B and the center 0 of the
antenna nenber 17 forns an angle - 14 1_.0;N§AR 2005 of 45 degrpgsM@Qt@
regard to the elongating direction of the slot 30B. Further, the dis gﬁ]ce
LA fromthe center of the slot 30A to the center O of the antenna nenber
17 and the distance LB fromthe center of the 5 slot 30B to the center of
the antenna nmenber 17 are determ ned such that a difference (LA-LB) is

equal to one- quaftErRELIGe YRGB R ddavidd At RItavipmesed by the

retardation plate d4dEA 1L B) =k 44) -1 dyn acqt?‘aec;rrr?e d.crowgye is caused to
10 propagate thr o(ulé% t2§1e alnter%ia rrerg’oe)r f[}:'ehaw ] ttIhEeCC % ot pairs 30
expl ai ned above idigtheilradical digsctionhd ramddre cientdiat pdnttiadrherse i s

caused an el ectriccfield of jgzifrcul ar polarization by the slot pairs 30
and the microwavé 1 & REP B Sciently into the 15 process space inside

the processing vessel 12 urid®y nry.tHd shesdce heawnat e tthaty ddiens ot s
formng the antenna nenber 17 are not limted to the one that forns the

slot pairs. Furt e dPoOh H'S|RS-GIPFMAtAY§HHIIR 30 Hfve the
el ongat ed ol || bt |8y SAPE il XAl Gy DSOS P aYE BBl ar

form triangular form square form rectangul ar any ot her
pol ygonal form Ithe salswmnablay; weoweneide has @ ovdatetdia durmded snoot h

corner, in the case tfig, 25 ol ofs are d qried dn & polygonal, shae, for
avoi ding occurrernice of abnorna |séﬁarge caused by *concentrtati on of
electric fielid. As noted alMEs.dzde- BCrav@vdldgropagatiedsy the
propagation mede 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
microwavé 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.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 méde, 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 A g 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



in TEM node in the antenna nmenber 17, in which the 30 m crowave propagates
in the radial direction, wherein TEM nodejhas a concentric netic field
distribution within a radial line as represented in Fl GS.’EE%M 2006 is
preferable that the m crowave supplied fromthe - 15 1 0 MAR 200 6
rectangul ar wavegui de 22 to the antenna nenber 17 (retardation plate 18)
has a magnetic field distribution close to_the concentric distribution as

nuch as possi bl e THMARION 9 (e &t eridsdicerit 2 vadiss Tedim@nsgions of
the rectangul ar vgugglide % af 60 Yl G‘ékf_%é:ﬁﬂhx;&atbﬁ et G PURLe
propagating through the rectangul ar wavegui de has a“magnetic field

di stribution as dleysg:tt ol @/8i kol beasgpsdstbl ehelDoRpyEs. 6dge 8C(4dre di agrans

showi ng t he propa___gzaa:t)i on node of the mcrowave in the rectangul ar

wavegui de 22. HerE,”4’t” shoul d be noted that FIG 6A shows the electric
flux lines insthe cross sectid®drvaveriefthi cubaink@dehehpr vpagghidg danecti on
of the 15 mcrowave in the rectangul ar wavegui de 22, while FIG 6B shows
the electric fluPd iTRRFSIENIRI Bbss section parallel to the propagating
direction of the mcrowave in the rectangul ar wavegui de 22. Furt her,

FI G 6C shows the magnetic |jnes occurring iznl}zhe 20 pl ane perpendicular to
the electric flux line. In 4E fibséAse®)idn of FIG 6A, it should be noted
that the |onger edge has a length a while the shorter edge has a length
b. I't should be noted that the propagation 25 node of the m crowave in the
rectangul ar waveguide is Thus, by substituting the relationship 4

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 optimum values of
the rectangular waveguide 22 and the microwave ocutlet
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 cor more. Further, the dielectric constant £r

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



TE10 node, in which the magnetic field fornmed in the region defined by the
| onger edge a in the cross section of theipectangul ar wavedul déARadBlb1/ 2 of
the wavelength ;.g inside the 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 close to the magnetic field
distribution of FIGS5, it will be noted that - 16 _1 0 MAR 2006 formati on
of the magnetic FAAFTHR Sfudie MFarare SrdwfLor Fhe PLRFRYE e

effective, by setd@d RperdioNPiddX 14 240 ke LOYA: 110 driadioRgeheedge a
g=2a). 5 The wavelength ' g i'nside the waveguide can be represented by
Xg=/ [I|-(X 2a)21HiztE@mcEhds froyn dilisstdanteh@h Hder aligriosiestsi putlet g=2a, it

b i bl t ain, t ' I f .t I o
'he cgse of the REPQMn/ZoR st dad s Aot e bR s e

t he edge a isscalzul ated as a=86. 6nm 15 FI GS. 8A and 8B are di agrans

showi ng the result of calculation of various optinmm values of _the

rectangul ar wavegui de 22 afdG-He SH¥% B Sh¥EE A ZesWdr &f it is

assuned that the d;6R0eit edgeorRiitdd&Cass Satldaarfe td¥e tvvegui de 22
has the 20 |l ength of 86.6nmm as noted above, while the | ength of the

shorter edge b i SisovayAdan Tha tdrs ke diditanacerl Dofchanged crovave
outl et opening 238 dps 3! glaprPHIFIAId ey ddn ¥RS R8sl hale the

di stance h
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 cor less in thé case the

15 frequency of the microwave is set to 2.45GHz and
various parts of the waveguilde 22 are set such that
the longer edge of the cross section is 86.6mm, the
shorter edge b is 40mm, the diameter D cof the
microwave outlet opening 22a is 64mm and the

20 thickness (length) h of the microwave outlet opening
22a is 6mm. 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

300 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



25 between the retardation plate 18 and the waveguide 22 is 6nmmand a part
of the retardation plate 18 projects into §{ge_m crowave outl gt ogeni ng 22a.
The dianeter of the retardation plate 18 Is set to 180mm ahd WMAR 2006

t hi ckness 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 180mmor nore. Further, the dielectric constant Er of the
retardation plat@neB 4ss egpitthesl fgitp Yhe @raaess space] g saR X066

reflection of th ] QA qggfr e JhLCr, ve, _ .qut let i 22a is
eval uated while gﬁ%r?;e.r ng ;éﬁevfe [ slt a:tt(r?(r:ne lr% feﬁc?mst e eanl;}leér 3?;f p;}%gl%@gr owave
outl et opening 22a tdre arheeredgenanfbdhd 7 ectt@ngullarrgeaveguiade Thed2byRl G 9

shows the graph showi ng the result of sjnulation conducted on the
reflectance of tHJéll\q'érﬁrg‘f cR%e?\Fé“afo’Ts tfot‘f’&“heésemt DiRCATEE FRAESCRATgEd. From
the graph of Bl Guhifidrnt @ danas @8 ddwdi ddha s1Q orefd@cd@ange tiecomes i ni mum

in the case the distance 1 is 49mm when the m crowave has the frequency of
2.45GHz. As expl HFFEEABRECT AR faF Mect ance of the feeding part becones

-20dB or less in the case the Jadd He the M Growayesips set to

2.45GHz and various parts of the waveguide 27 are set such that the
| onger edge of tlePramEsmisdd igh e g8 rant tdrbodimgmitercaeddedd ias 40nm
the diameter D of, the m crawave out | et opcler\lni ng 22a is 64m@ and the.20

t hi ckness (I éngt M1 of e riSuEVe Suth st Tbdm iy < 224 5 6hfie™Ps 5 hi s
case, the refibectiooriidfedtisy from the rectangular waveguide 22 via the
microwave outlet opening 22a, without using a coaxial
wavegulde. In such a construction, there occurs 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 wvicinity
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

preoblem of electric discharge, which takes place in



m crowave at the feeding part is suppressed to 1% or less, and efficient
i ntroduction of the mcrowave becones possbble fromthe reciz&%&/@
wavegui de 22 to 25 the mcrowave em ssion part 19. In the pl 08
apparatus 10 of the construction noted above, the m crowave generated by
the m crowave generator 24 propagates through the waveguide 22 and is
introduced into the retardati,on 30 plate 18 via the m crowave outl et

openi ng 22a. The SYfilcroW@Fe tHuSHIHSSShdey 83 HeadSttral part of the
retardation plate 18 propaga8sdi tike tirdidlse di rRekion iWaiahe cexrariienci ng
wavel ength conpression - 18 1 0 MAR 2006 and is emtted into the process
space inside the wjrasidsis g wesshl 12 18 &9 Hengest Negiassagy giovihged in
the antenna membefe hf, Widdh J:A 08 MM JTAGLARKG MAEORD B3RS
formed in the process space and a uni'torm plasma processing’is conduct ed
on‘the sem conduidroressafeer W thse netreddieretrdf arfe,tHehanpleasnn mMevber

apparatus 10 of the present enbodi nent c feed a _large electric, power to
the m cr owave- emid il HESET.OF0 PFS witedtly 14 e FoBtSmburst wFogui de
22 via the m cr QMM nledib P &Y N G MY {4 NEr@WCoRE@Al Thus,
wavegui de. I n such a construction, there occurs no mcrowave | o0sSs

(conduct or | oss) dBugFEFHFatHOT fHéte @t Ut randienie NEFRErald iRavegui de,
and deteriof at i on o fe & IR ALod R Juaadida. dogs nely ! ake
pl ace. Thereby, it becones possible to reduce the nuf acturi ng cost of
the apparat ugow ttisutpraereasi myduheresicze of dbine apgardtegdric
discharge between the retardation plate and the
antenna member is eliminated.
Further, there are casés 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 cof 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 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



Further, because of the elimnation of the 20 inner conductor of the

coaxi al wavegui de, the present invention gan—elimnate the abqogm

el ectric discharge, which tends to take place in the vicinity f H’@UUB

i nner conductor. Thus, the problem of danmaging 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 nenber via the ret ardatl on

plate, is prevent®P2IRITher) Hecdtl @ FRES GRS 0 R WEEF L o0

connecting the inggs ﬁgrgdycénqgocgjmér{p Wwioaxivd 3 1avegui de is no | onger
necessary, it becones possible to elimnate the gap formed between the

i nner conductor and the antrerii= mmwa%ehﬁwnq h?@pamadbiserﬁoof tdleectric

di scharge, which kes ace in 2006 s 1S, SuC ssfully
el i m nat ed. Furtﬁ&elrac am aq'lehéfD st tln ven%i ona Scloaemgﬁgépﬁa\fnelcw equ%‘s used,

it is no |onger n&nﬂmrqpamd@@Z&mmmmedlmnﬁg@rﬁa@rc@mjamm above
to formthe 5 depc{esm on in the central part of. the antennﬁ menbertheat t he

junction part of PHET N dilt i P 1L e RFTE %
accommodat i ng t hg,sgawNaahr husect idie 4 ardatian 4 atkyard dihe antenna

menber are intimately contacted for the entire part thereof, and 10 the
probl em of occur rreﬁi’@éfdﬁtleﬂihdﬂrﬁa’qe ell&}ct?h%retm scﬁar%j@tﬂéi e matiest

retardation plate. écﬁbe ﬂ{# epjtr)cg tth_% nFLHrtdgﬁJ there are
cases in which |t esirabl e to confline a |um( gas tween the
15 ant enna rramberbemomelrae Ftetargkat 1 10n {Hatel amvave duwoplet 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 2Za 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)
cf 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

., while the electric field strength becomes smaller



plate fornmed of a dielectric material for enhancing thernal anﬁi% ?Qﬂﬁ In
this case, it is no |longer necessary to-aghieve sealing by provi g

seal ring around the periphery of the inner conductor, and the 20 problem
of deterioration of the seal ring by the mcrowave no |onger occurs.

( SECOND EMBODI MENT) Next, a second enbodi nent of the present 25 invention
w || be described-The m crowave pl asna processicrr}%g:;l apparatus according to

the second emboditerte e HE Y St SR MITN Hasthe MirkavEveal
structure identi cale My fbﬁéﬁn&béﬁ%o@%r@@;q latRpa\flﬁat ‘észﬁd”'u%‘gf‘ arfild G 1.

Thus, only the m crowave 30 feedi ng apparatus w be expl ai ne

hereinafter. Firsit,l1expl-anation will be made on the synmetry of the

m crowave i ntroduced into t e rrtihcrroevvave CerU'1 t t%n Jenher. fri%rlq the m crowave
feeding - 20 1 0 MAR 2006 appar atus 20 of ih plas (Vi8] appar at us
accordi ng to sthe(ddynsietarpodinretie w lldctrel exmi«ld et rdry e trittieowave
feedi ng apparatus 20, the m crowave propagating from one side of the

nicrowave 5 out BYCIHPEN P Y2E URRGHRE ZThd DL HroEHAFGTUIF ect i on

at the m crowave i Bir QRAM NG A2ad & H6ni PSR sl g disreetironand is
emtted toward the retardation plate 18. Thereby, it should be noted that
the electric fielahmeEndegdr the i ditvwasadildl rbigsatst ot r Jigerebin t he

T e o L AL e U S Ao S R0 gl et on of
opposi te sidep anmkddeysimppegwmbamwrbecomes 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 cutlet opening. Further,

15 the present embodiment supplies the microwave from
both sides of the microwave outlet opening.

FIG.11 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.1l1l, 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 bhe noted that
the rectangular waveguide 42 extends in the both
directions of the microwave outlet opeéening 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



uniformdistribution of the m crowave power. 15 FIG 10 is a graph show ng
the electric field strength distribution ap the mcrowave odt ) AR @pBoni ng
22a in the circunferential direction thereof, wherein the vertical axis
represents the electric field strength while the horizontal axis
represents 20 the azinmuth angle. In the graph of FIG 10, it should be

noted that the edge part (incident side) of the mcrowave out] et eni ng
22a at the azinut t(fﬁﬂ:lteeaf)fpr%? StE}ée cf‘b}r%%‘?"_ﬂae‘ée vﬁ"ttﬁecthéDFfﬁW\/a% ‘prjg'ghsgati ng
direction and is dcaliRtdlAaesleddhd NEHE GOWBIRRD GANIAYerdhg Furt her,
the edge part (termnal side) of the mcrowave outlet opening 22a at the

azinmuth angle 1.%A Tdemhdaids siidas e the My aycopagdiath@rediimgct i on

dis | ted f t : . b
and I's 1ocated fagfiestnduam LN ILALNRNE: GRNGHALARAA f can be seen

fromFI G 10, the 30 electric fie [ conmes |arger at the
i nci dent si deSedgeorpardllefd tshechritraoweties owitd miwavaze g aZet iowy riespondi ng

to the azinmuth angle of. 0.5 1C ile the electric.field strength becones
smaller - 21 1 8%\}&? ﬁa“’t%éc\?{]eersfﬁr?%lp}?}sc?eaécd SAHCETH AN e i cr owave
out |l et openi ng 22autdort esRANHNRAD, ther aztanplle and s Poskimie .tdMen

there is caused such deviation 5 (asymretry) in the electric field strength
at the microwaves BRI ettHaHiGTPWEs tHerld's sas PP £2%ini | ar

deviation in the i GreWAME JRIORAIATILN dd 4he £ 8, RiRe 11 Gided he
radi al direction. Thereby, the intensity of the mcrowave emtted into the

10 processi ngochadmberorsdenimsing trongevagiifds much that the microwave

emitted from the same microwave generator is divided
by a branched waveguide and reach the microwave
outlet opening 42a with symmetrical paths.
Thus, in FIG.1l1l, 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



Thus, in the present enbodinent, in order to elimnate such, asymetry of
the m crowave, the rectangular waveguide pg forned in a syn’lmgt AR @ﬂépe
with respect to the m crowave outl et opening. Further, 15 the present
enbodi ment supplies the mcrowave from both sides of the m crowave outl et
opening. FIG 11 is an oblique view showi ng the cross section of the

m cr.owave feedi ng apparatus 40 of the plasm CVD apparatus according to
t he second 20 enﬁf@orﬁﬁt dag Redioh MHCECYRV S R e SRGHIRC

wavegui de 42 of tfig M MRV fiRedING,APRA alu$14Q i sfiedom th a single
m crowave outlet opening 42a on a wall 42b thereof, and the m crowave is
supplied to 25 thendtgnewave carfistst-isig peshb@cteg dudem meyagugidewdve out | et

openi ng 42a. There it shoul d.. Qf.ed f hat he rect ul ar wavegui de 42
extends in the bov'{J*rtiéH c]flhree('fqialvéa q]l%fe %ﬁ{éﬁerrnl ¢t ovave outle uaagg‘é(ni ng 42a and
there is fornmed peypamtirdudar stirmeettiron Wi fidont espedicr3vave tdiltcr owave

outl et opening 42a. I.n the m crowave feeding apparatus 40 of, such a
construction, t hé’HﬁW\é\%@ id 5 ed ¥ FomP B S s rrtS’_I“:htfl?(e t&’@ct angul ar
wavegui de 42 and hi&rowddre LG N 1AQP 61 0t Dt iathd NQIRdma JHLangwame out | et

openi ng 42a_ Thus, the mcrowave reaches the mcrowave outlet opening 42a
from both sides GfURFHe IAT MAGHRAYHAY o dPEniMHFrazy e TErlaly cndid nghase of

the mcrowave is 5 caontypl :Leifjrasl“%%&aéiotr@e. m crowaves propagating from
bot h si des have the sane ase at the mcrowave outlet opening 42a. For
exanple, it i1 possible toIn 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 alsoc in the
construction in which the microwave is supplied only
from cne 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.1l 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



supply the m crowaves of the same phase to the mcrowave oytlet opening
42a fromboth lateral sides 10 by construcbiyng the wavegui dg AR B8 the
m crowave enmtted fromthe sane mcrowave generator is divi ded by a
branched wavegui de and reach the mcrowave outlet opening 42a with
symetrical paths. Thus, in FIG 11, the electric field 15 strength of the

m crowave propagated from the right side at the incident side_of the
ni crowave out | et SIGFEMAEUIY SHPRE T ddte i 5y & thsify i Bt aRet

m crowave propagatsd f{iamdhedef tisige Jrdded sl g d&PftHe |
m crowave outl et opening 42a 20 cancel out with each other. Simlarl y, the

electric field sft‘qrf@‘tgtliﬁrtﬁ tahénlmwmesl{h&j@agmaéldyr rigree Hecomr i ght  si de
at the term nal sdeQFihanf e, M orowave, fouetldleﬂg e]ir#bn 42a t%n the electric

field strength of &M crowave propaga e fat the 25
i nci dent si desof niiher gwzoresveavie: ilttd edentqzani ngy @@vﬁﬂm@ela Q:UIrdN]Iah: each

other. Wth this, the el ctrlc field strength of the m crowave em tted
fromthe nicrovvd‘(iae‘fecﬁ}’cll hyemhd %%&ﬁ%&r%ﬁ fstf'r‘:rﬁlan(r)t&tb@&"i “f the
azimuth angle, andddaRfOUES3LR0SE Mohd1@E trR tHL O Rfe SymMetric
electric field to the mcrowave-emtting nenber 19. In the foregoing

enbodi ment, the SQATRTRA anmmww@tmmqm@menn rlght - 23 1
0 MAR 2006 and left directi loj téﬂ'ear{“cﬁ{ﬁ Ve ,Vpng‘J &l s t he

other hand, it is also possible to construct a cross-s d rect angu ar
wavegui de i nlow t&edﬂﬁ@mﬁéguumh&:mﬂ@nﬂiéeﬁifmrappﬂnﬂdsy 50 of a

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 1%. 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 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



5 perpendi cul ar directions fromeh mcrowave outlet opening 42a. Further,
it is possible to nodify the microwave inpensity distributibf MAR 2006
intentionally by supplying mcrowaves to the mcrowave outl et opening 42a
fromplural directions. 10 In the present enbodi nent, the asymetry of the
m crowave electric field emtted fromthe mcrowave outlet opening is

conpensated for, suppl yvi ng the mcraowaves from plural directions to
the microwave oytﬁ%wrbp’éﬁi%&g&ﬁ i‘?éldgtll‘?é?f' er}Hf t Fﬁ'&éﬁ'aﬁ n of the
mcrowave is eli Mdpiad AlEad N ike LAYt d Bashighddhegnigionave is
supplied only fromone direction as in the case of the m crowave feeding

apparatus 20 of tHe! mMqada, PG rentthee bl i Ty Hareragahil R diodd @ t he
shape of the 20 nj qI;oma) i t 'rcﬁlelir a 0

el liptical shape such a\g%eﬁoﬁgggeéug%g'qu}g%%’ rslﬁza(|c§'jea.n ISIS%'%E%E‘&%I VENT)
Next, a thirdSenbdidments oforniesl pr egeinform® 54 stwelihitdronmild e expl ai ned.
The m crowave pl asima__processi ng apparatu ccording to the third

enbodi ment has a FUHHRENGE ComaT U G | QeI 4k (HCRRS t he

pl asma CVD appar atiiss OfbFldaphiexerpta ofiafr dvhsr & ifgmate: feedivagiappar at us.

Thus, only the 30 m crowave f.eeding apparatus wil|l be expl ai ned .
herei nafter. |n tH¥98Heoidfy e Wit aEsmen e N aAmRe ol ofvia

m crowave intensidye diStad it in&fbﬂoﬁna{vez%lutllé)c MR 2006 fld minatRd I s

supplying the m crowave fromright and eft directions. I'n the present
i nvention, 0d% heossible 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 cilrcular
15 waveguide 54 functicons as a cavity resonator by
setting the length of the circular waveguide 54, in
other words the distance from the ocutlet part of the
microwave outlet oﬁening 52a to the microwave outlet
opening 54a, 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, 1t 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.1l4A 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



ot her hand, a m crowave substantially free from deviation of electric
field distribution to the 5 m crowave-enitbigng nmenber, by prom@d”gg 706
circular waveguide having a circular cross section between t

rect angul ar wavegui de connected to the m crowave generator and the

m crowave emtting nmenber. FIG 12 is an oblique view show ng the cross 10
section of a mcrowave feeding apparatus 50 of a nicromaveéplasna

processi ng appar ALLHLIT divp it 1t Hherkhikplinatiad dhathd 15 -d<s@nt
i ti . As t i , i f i t 50
I nvention r eRNERAN TG 'rgeefésacﬁg]@laﬁ %Jgaggldl(%%"?z if gﬂ%na%%ma us

i ncl udes a circul ar wavegui 4~ 15 provi tween t rectangul ar
wavegui de 52 and wihiele It Owel eshami g tihgy mierhsravid . £ fagditerapddrertaig s
provided a m crog?q/e. out | et. opening 52a on a wall 52 of the rectangul ar
wavegui de 52, and’thé it cHowave S"pr opagat ed through the rectangul ar

wavegui de 52 30 enters intard heheigrdd it Wanegline 54 dHy quglydhedge
m crowave outl et \/%Epeni ng 52a. The mcrowave thus introduced is emtted
into the nicrowawrt eia tisiFandhier PIT o E R Ghovidie TRRTRIWFEhi ng 54a

formed on a bot tm&%ﬁdé%@ of s ther Cid Cal AV RO Ley W%h@%ﬂfht{}he
present enbodi ment, the axial direction (propagating direction of the

m crovave) of theembadinanulirotadhvegidoe 5thike pdrpenidicwfartheo the axial
CLyect o0 (AT oPsa e 85L)  fL F AThATVEREIEL S8 RN pr o,
node in the aior cudrthvaveigirdeies cutliMdi]l opemidey i FRavhichsdthec s egren of t he
megnetic THux 11nes {fer S1HE & 10 P00 0 L I5 {SFSNAE A'g VAV EQY de as
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
between the circular waveguide 54 and the retardatiocn
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 cutlet copening
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, 1t 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.



1 0 MAR 2006 shown in FIGS.13A and 13B. Thus, in FIG 13A, the nagnetic

flux lines are concentric and close to tne27TEM node, which iq QWR

m crowave propagation node in a circular wavegui de. Thereby, i canz%ﬂg

seen that 5 there is forned a uniformdistribution in the circular cross

section of the circular wavegui de. Thus, by supplying a m crowave fromthe

circular waveguide 54 to the mcrowave-emtting nenber

m cr owave outl et

m crowave w th unif.or el ectrdc fi
possible to em tcatj‘nceu rﬁtclr owavf:lectthoe t'he processing chanber

openi ng 548G i1t5 e onepraph) siogsing &heo mamply athe
el.d distri bu_Lti Qn.. ar}d i.t, becones
electrnic fTield

on o Crowave e

t he mcrowave- emditdtg brriher fH ey esadd houlatibmangiact o ket tHee

circular 15 wavequi de 54 functions as a cavity resonator by setting the

19 via the circul ar

uniformy from

|l ength of the ci RIS fRAHESAPRAF2 B h&T Sworads thehd R i%m t he

outlet part of thendAGdwave outl et opening 52a to the m crowave outl et

opening 54a, to be equal to n/2 times the mcrowave 20 wavel ength 2.g in

t he wavegui de. Consi deri ng Bt t@fd emtardf athd' 16546 oflt mamplhes de s ocessi ng

apparatus or pr

the outlet part o
out| et openi ng S54gertardid 2 5unli/ 1t nigs dlile thee rapvianeciwaldetestigitdnsl. g in the
waveguide. In this case, t reflection fromthe circular \rfﬁave uide 54 is

reduced, and efficient suppt¥ingFCTHE NG oy & 4T T S
becones possiibl e.apihfRtes WA @ e Hwao @i S hoMgg-dnss

m crowave ou openi ng m cr owave

cal cul ation of optinmum size for various

15

20

25

30

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 inte the processing vessel 12. With this, a
uniform plasma processing becomes possible over the
entire surface of the wafer W in the processing
vessel, and a high-gquality plasma processing is
achieved.

Further, because the use of coaxial
waveguide 1s 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.

It should be noted that there is provided a
compartment plate 56 inside the rectangular waveguide
52 shown in FIG.12. It should be noted that this
compartment plate 56 is provided for reflecting back
the reflection wave returned from the microwave
outlet opéning 52a again to the microwave outlet
opening 52a.

Further, it is possible tc use any known

converter or construction for introducing a microwave

Yrenber

result of

QLION 0880 o 1 IUELEL AN A 4 0 sl e s i stance from

19



parts of the m crowave feeding apparatus 50 of FIG 12 for the case the
circul ar wavegui de 52 fornms a cavity -- 2 1 0 MAR 2006 resonator,
wherein it should be noted that FI G 14A shows the rectangul 8rMaRVAE86i de 52
in a plan view while FIG 14B shows the m crowave feeding apparatus 50 in
a side view 5 In the present enbodi nent, the |onger edge of the

rectangul ar cross section of the rectangular waveguide 52 is set to 86.6nmm
simlarly to the fiamstthenriiangitl aotway dmfigle  tahilie adihrewliaze of the
shorter edge is t to .25mm_ Furt.her, . the dianmeter. DO, 1 f t.he m crowave
outl et opening 5 5 1S Set 1 oargéljlrr%\le pﬁ?usretrhterl?}“ﬁnglscfnzelsmglot ellrme ta‘z"rdglation
plate 18 is set i3 Miayd jerihdiesiyefldihed efaydati on plate 18 of the
first enmbodi nent 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
bel ow does na@t changereven e dher ouger size is set to 180mm  or nore.
Further, the size of the connection part between the circul ar wavegui de 54
and the retardation plate T81§ s axgordimd drd yrhe RYRS &S elvfettHe R0

connection part of,t qgﬁﬁyl %/]vqy j.de rdation plate
18 in the first gln%o |crr%%§ usi,%]t eog%ur%lég%?&gﬁr% S’Jm%cofoawave out | et
openi ng 54a of tohiecwiwatud -emnatviegy i ngentselr ivsl igetutt aaidnmeaantaxikd hei ght
(length) hl of the m crowave outlet 25 openin 4a is set to 6 From t he
Calcul ali on based BIFLHES o BYH neh IS Shet 131 dracinte BSOS B o

achi eve effi qipgentcauded awaviend eatidrg ddidudw ref |ecdaneea f araddpuicase

is eliminated and the efficiency of electric power

feeding is improved. Further, the number of locations
that tend to invite concentration of microwave is
reduced, and unwanted electric discharge in the power

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.



the dianmeter of the circul ar waveguide 54 is set to 30 150mm the |ength of
the circular waveguide is set to 78.4mmapgd the length 1 fronhtﬁgRggﬁéer
of the mcrowave outl et opening 52a of the rectangul ar wavég i S
set to 57mm - 27 1 0 MAR 2006 FIG 15 is a graph showing the result of

cal culation of the mcrowave electric field distribution for the case the
various parts of the mcrowave feeding apparatus are set to the foregoing
5 di nensions. Fromthe graph of FIG 15, CLAIM&n be seen that the m crowave
electric field strength is generally uniformin all the azinuth
directions. Thus, according to the mcrowave feeding 10 apparatus of the
present invention, it beconmes possible to supply a m crowave of uniform
electric field strength to the m crowave-enmtting nmenber 19, and as a
result, a mcrowave of uniformintensity is emtted into the processing
vessel 12. Wgh this, a 15 uniform plasnma processi ng becones possi bl e over
the entire surface of the wafer Win the processing vessel, and a

hi gh-qual ity plasma processhind M Crates aula g thacedsddalsenadi@tuse of

coaxial 20 waveguide a{ﬁpl ﬂr{g‘gﬁtﬁ% gtm{ he. dd e af sa“QRHQ ng {he ncrowave
to the mcrowave-emttin er , 1 ecores possi bl e to dchieve
efficient m crowavmrastpptiyiady bwith small electric power loss, simlarly
to the first and second enbodi nents 25 It shoul d be ng}ed thqﬁlthere S
: a preocessing vessel accommodating erein a
provi ded a
10 stage for supporting sald substrate;
a microwave generator;
a wavegulide 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 wvessel
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 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



conpartment plate 56 inside the rectangul ar waveguide 52 shown in FIG 12.
It should be noted that this conpartnment ghate 56 is provided for
reflecting back the reflection wave returned fromthe nicrowadeMsR® 40| et
opening 52a again to the m crowave outlet opening 52a. Further, it is
possi ble to use any known converter or construction for introducing a

mcrowave - 28 1 0 MAR 2006 fromthe rectangul ar wavegui de to the circul ar
wavegui de, and t i srlesaed ity ed@ion 4.5 dHeradtenieed da thede séibodi nent s
expl ained: above. 5 ARUSHRLAL ARBLCABHLITY, T e 266anUNG ) Ui present
invention, it becones possible to supply a mcrowave to a

m crowave-em tti NgrmeEnbedgs tdfotaidsicng s ceaxtiiain hasy egUiethert il tofs |1 /2he

. problem of electric power |l oss 10 caused by the.inner. condyctor .of a

Coaxi ol wavegu & 1S AnR aedd SAHd THETAHAYS ity 0 dReteras Boner
feeding is inpgroved:eduirdeher, the nunber of locations that tend to invite
concentration of mcrowave is reduced, and unwanted el ectric discharge in
the power 15 feeding part is reduced. Thereby, it becones possible to
supply a large electric power to the mcrowave- emtting nmenber. Further,
the screw connection part for connecting the inner conductor of a coaxi al
.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 sinplification of shape of the
m crowave- embtting menber 4. A beicoree WoOISId¥nes (prqufe®@sidry aapparatus

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.



construction that confines heliumconducting gas 25 easily. 29 CLAIMS 5 1
0 MAR 2006 1. A microwave plasma processingjapparatus for apgldi:i ng plasm
processing to a substrate, characterized by: a processing vesdeMAR 2005
accomodating therein a 10 stage for supporting said substrate; a

m crowave generator; a wavegui de connected to said m crowave generator,

sai d wavegui de guiding a m crowave generated by said m crowave generator;
and 15 a microwave emtting -nEnECEEHAHS MY SSHU PHASESSWa\E AR 3 U$pace i n

sai d processing \ées_sggla#npef& e ‘r’;‘:‘?ilvaelln‘?ﬁg,t pYeTelqnelg Q0 A&t g;};jati on

pl ate, said wavegul as a single mcrowave outlet opening in a |location
correspondi ng t o anot2@ rcervergwifdes g xb v dgd weeisresm tgdinh weerdmpride2mmd3d 2. A

m crowave pl asnma pr.ocessing apparatus. as clainmed.in claim1l, characterized
in that said vva\fgag\ﬂccﬁ%cirs z?v%gcet“ﬁ:g ng TERSfuiddthan r?d‘le?]l rect angul ar

cross sections 3.diAdBtGIoaasar g st O Ces S G aRpardtitsctici) ofl hiMAR
2006 as clained in claim?2, characterized in that said rectangul ar
wavegui de has a CPFSINER iGHRRLPE Het %pid microwave generator,

salid microwave 1is supplied from said
waveguide connected to said microwave generator to
sald another waveguide via said microwave outlet
10 opening, said microwave belng introduced into said
microwave emitting member via another single
microwave outlet opening provided on a bottom part of

saild 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

cilrcular 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.



| onger edge of said cross section has a length of 1/2 a wavelength of said
m crowave in said rectangular 5 wavegui de. 330_4. A m crowave llﬂw
processi ng apparatus as clained in claim2, characterized in't sggﬂ(ﬁ
m crowave outl et opening of said rectangular waveguide is provided on a
surface corresponding to a |onger edge in a cross section of said
rectangul ar 15 wavegui de. 20 25 5. A microwave plasnma processi ng appar at us
as claimed in claim1, charldtt &y imdetydwaieharl asgial pm&aﬁﬁm appasreddls n
plural —directions, about; nfead d 5 rE%[f?&"’al"e cq'1Ut1'_l Rl d %52‘4&% £ mgipwave
pl asma processi ng apparatu as ‘clai ned ai m5, charac erized in that
sai d 30 wavegui desidrawenvee simiditgihty mtmrp&:ar:mcalmdmgeihlc‘symmdacﬁldry about
said mcrowave outlet opening. - 31 1 0 MAR 2006 7. A microwave plasma
processi ng appar at Le-as claimed in claiml, characterized further by
anot her waveggi de provi ded between said wavegui de and said m crowave
emtting nenber with an axial 5 direction perpendicular to an axi al
direction of said waveguide connected to said m crowave generator, said
m crowave i s supplied from said wavegui de connected to said m crowave
generator to said another waveguide via said m crowave outlet 10 opening,
said m crowave being introduced into said mcrowave emtting nenber via
anot her single 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

200 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



i
m crowave outl et opening provided on a bottompart of said another
~wavegui de. 15 8. A microwave plasnma process? g apparatus as cwapgﬁﬁshmuﬁ
claim7, characterized in that said 20 anot her waveguide is a ci r
wavegui de having a circular cross section. 25 9. A m crowave plasma
processing apparatus as clained in claim@8, characterized in that said
cireular wavegui de has a | eagtR gausha! prBLEsLiRES nenobeirly appiyLager) a
wavel ength of said mcrowave in 30 said wavegui dé connected to said
m crowave gener aPéfsmasprdceEfetdaPninway EYbisdeater nichgracéyriipgdi bal cavity
resonator. - 32 .p. 1.0 MAR 2006 10. A mi crowave plasma processing apparatus
as clainmed in claln1i, aracterized in that said mcrowave emtting
menber includes said retargabcang pl aubsttiteAon ar ewage phaanma processi ng
apparatus 10 as_clainmed in claim1, characterized in that said mcrowave
em tting nenber PREFGEES™Y NGRSELof slots penetrating therethrough in a
thickness direction. 15 12gefiehéhayauemp-2sWBvVRI BGCSS G raRpakcat us as
claimed in claim1l, characterized in that said slots of said mcrowave
emi tting nenber @pBeRAEARged 20 in a spiral formor nultiple

circunferential form 25 guiding said microwave generated by said

microwave generator by a waveguide connected to said

e

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 prdcessing vessel by a microwave
emitting member; and
applying a plasma preocessing 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



13. A microwave plasma processing apparatus as clainmed in claim12,
characterized in that said slots of said gucrowave emtting ne o}

slot pairs each formed of two slots arranggd toina T- shaped%ﬁ&k %@E
33 - 1 0 MAR 2006 14. A plasma processing nethod for applying plasna
processing on a substrate, characterized by the steps of: placing a
substrate on a stage in a 5 processing vessel; generating a mcrowave by a
m crowave generator; guidi N sdt duidmavatesy e I ek dss igw datihecoway e

generator by a waweqyide i%onc'lecitn?cdil 0 §ald .91 &f anavs, generaf or; .
out putting said mcrowave suppaI i'ed TTom- said wavegui de connécted to said
m crowave gener atwavegulide aaimgteedntey aeaive midtetawperantgaten tHasng sai d
m crowave outputted froqmsaid 15 v%vegui de connected to said m crowave

generator into 26 F5igELHANPRGy MY PV SREY SEEEIBYS 90

em tting menber; @NdARPINA bRl AR RIS SAIN 18k S SiURSdAle Dy
form ng plasma by said emtted mcrowave, wherein said wavegui de connected
to said m crowaveQaEferhtiBrCRORBRILUYH G ReNIdIT dotqi Ebautdess fifd

m crowave OUtlets (Hﬂﬂ¥%r6ugbgwgﬂf¥ékS%ﬂéking with an identical same

phase.

10

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 waveguide
connected to said microwave generator,

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

25 microwave outlet opening provided on a bottom part of

sald 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



m crowave i s guided to said m crowave outlet opening

.fromsaid plura

directions with an identical phase. 30 - _3 1 0 MAR 2006 16. A m crowave
pl asma processing method as clained in claim 15, characterizgéd MARt PGIG
said wavegui de connected to said m crowave generator has a straight
shape, and wherein said wavegui de connected 5 to said m crowave generator
supplies said mcrowave to said mcrowave outlet opening from both sides
of said m crowawdhengireteropiers iy off tdeiah nidemvaed el igrhdsemn i, A

i crovave pl asi g QeSesIG EIOG sl cl alped L0 LAl A, character | zed

in that another wavegui e n sa

connect ed

to said m crowavetgesEidimi cedhsai gbndit £t onave et tddungedrerber wid an
axial direction pergfndiculaJ to an axial direction of said wavegui de

connected to sai d*¥f

HHER ETyererR gremRr whet®i $R ki A Mg oM Qv e

supplied froms saig mayeqidg,ponnected to said mcrowave generator to
sai d anot her wavegui de via said mcrowave outlet opening, said mcrowave
being introduced into said mcrowave emtting nenber via another single 25

m crowave outl et opening provided on a bottom part of

sai d anot her

wavegui de. 30 18. A m crowave plasma processing nethod as clainmed in claim
14, characterized in that said another waveguide is used for a cavity

resonator, and

10 19. A microwave feeding apparatus for

feeding a microwave into a processing chamber,

characterized by:

a waveguide connected to a microwave

generator, said waveguide guiding a microwave

15 generated by said microwave generator, said waveguide

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,

sald 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

30 to saild microwave generator is a rectangular

waveguide having a rectangular cross section.



- 35 1 0 MAR 2006 wherein entirety of said m crowave supplied fromsaid

m crowave outlet opening of said wavegui desgonnected to said crowave
generator is introduced into said mcrowave emtting nenber f1r rN%i?ﬂUB
anot her mcrowave 5 outlet opening. 10 19. A mcrowave feedi ng apparatus
for feeding a mcrowave into a processing chanber, characterized by: a
wavegui de connected to a mcrowave generator, said wavegui de guiding a
m crowave 15 generated by <di.d Arimcraweseygermading app@indtwsvegui de  havi ng
a mcrowave outl et Ol%%réf ng chplr .Qut tt‘,h_lnegr sai dsairg crré% ve: .and a m crowave

e
. . cla aifm P in angula
em tting nenber SR ng to TPropagat’e sai d T cowave supﬁ i"€d at a central

part 20 thereof Wwavetyudideetiasom prqEndi edtd isgn tahch dibgctd Arigewidefe sai d
mcrowave is supplied, said mcrowave emtting nenber further introducing

said mcrowave Gft ¢34 FERTC ST P Mibar WA Bfurkdd 3F & slots. 25

20. A mcrovaye fieediing ARPY RIS Ai &l AdLRI i i Mekbhantharsi n said
wavegui de connected 30 to said m crowave generator is a rectangular
wavegui de havi ng wavegatigiegul ar cross section. - 36 1 0 MAR 2006 21. A
m crowave feeding apparatus as clainmed in claim?20, wherein said
rectangul ar wavegui de has a cross section such that a | onger edge

10
22. A microwave feeding apparatus as
claimed in claim 20, characterized in that said
microwave outlet opening of said rectangular
waveguide is provided on a surface that forms a
15 longer edge in a cross section of said rectangular

waveguide.

20
23. The microwave feeding apparatus as
claimed in c¢laim 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 sald microwave generator has a

straight shape and extends symmetrically with respect



of said cross section has alength of 1/2 of a 5 wavel ength of said

m crowave in said rectangular waveguide_ 19 22. A mcrowave feeding
apparatus as claimed in claim20, charactérized in that said (ni&R A58 e
outl et opening of said rectangular waveguide is provided on a surface that
forms a 15 longer edge in a cross section of said rectangular wavegui de.
20 23. The m crowave feeding apparatus as clainmed in claiml19,

characteri zed i n tdhataighind c wasesrii det loonmapdreichd .0 sai d i crowave gener at or
,extends in plural directions about said mcrowave 25 outlet opening. 30
24. The m crowave feeding apparatus as clained in claim23, characterized
in that said wavegui de connected to said mcrowave generator has a

strai ght shape and extends symetrically with respect - 37 to said

m crowave outlet opening. 5 1 0 MAR 2006 25. The m crowave feeding
apparatus as sclained in claim19, characterized in that another waveguide
is provided between said wavegui de connected to said m crowave generator
and said 10 m crowave em tt3ng Thenhbericxivdvaniesdiaig diprxtdtors as

per pendi cul ar to an axial, directl oy of ,5ald wavequl dg, gonnegled, to said
m cr owave gener ator,
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 said waveguide
connected to said microwave generator,
wherein said microwave is supplied from
said waveguide connected to said microwave generator
15 to saild another waveguide via sald microwave outlet
opening, said microwave being introduced into said
microwave emitting member wvia 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



wherein said mcrowave is supplied from said wavegui de connected to said
m crowave generator 15 to said another Waﬁ?ggi de via said m i:ﬁ\lﬁive ﬁ)utlet
openi ng, said mcrowave being introduced into said ncrowave ARné 06
menber via another single mcrowave outl et opening provided on a bottom
part of said another wavegui de. 20 26. A mcrowave feedi ng apparatus as
25 clained in claim?25, characterized in that said another waveguide is a
circul ar wavegui dei tavliaw veaveguicid drascraoslsersydt i @ual3tc@h/ 2A ninersoway e

f eedi ng apparatusqa,s claimed in claim?26, characferized ., in that said - 3 8
- 1 0 MAR 2006 ci?THAAWSEGFAT tad" s it eclq{uaﬁajt ™HF e (h bei ng

an integer) a waved 2N0fdveiusdd s OVRY erd Nsa SR th vekegH dRannested to
sai d m crowave generator, said circular waveguide formng a cylindrical
-cavity 5 resonat®tid 19i0%bEr RYEEHRVE TReT iy Appdrditiftlasavelitdl ned in
claim19, chagact%gg{@tgﬂ that said mcrowave em tting nmenber includes
said retardation plate. 29. A mcrowave feeding apparatus as clainmed in
claim19, characterized in that said 20 m crowave enmtting nmenber includes
a nunber of slots penetrating therethrough in a thickness direction.

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

plate.

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 sleois
of said microwave emitting member are arranged in a
spiral form or multiple circumferential form.

30



25 30. A mcrowave feeding apparatus as clained in claim?29, characterized
in that said slots of said mcrowave emt IE‘ir%ng menber are arranged in a
spiral formor nultiple circunferential fo 30 - 39 1 0 MARDZ9L0 7805 A
m crowave feeding apparatus as clainmed in claim?29, characterized in that
said slots of said mcrowave emtting nenber formslot pairs each fornmed
of two slots arranged to in a T-shaped 5 form ABSTRACT A m crowave

pl asma processi ng appar at ussl. ricmidesvea o otsssinmg apgssedtusa a4 cr owave

generator, a wavegui de guj di a m.crowave fornmed by th m cr.opave
generator, and a ac:]r“b‘?/é\/’r:\n e#lgélltr? %9 : SCTTR 135 gt Hfg"a}ﬁ v%l_%'ist h
wavel engt h conpr essi it dinidedvivd dati o iy ahdnbaher@ind dihe: Waviegdli de has a

single mcrowave output opening in a location corresponding to a central
par of the mcrowd@ amngd Rf feibeylots arranged to in a T-shaped

5 form.
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- 40 - 10 MAR 2008

ABSTRACT

A microwave plasma processing apparatus
includes a processing vessel, a microwave generator,
a waveguide guiding a microwave formed by the
microwave generator, and a microwave emitting member
emitting the microwave with wavelength compression by
a retardation plate, wherein the waveguide has a
single microwave output opening in a locatiocon
corresponding to a central par of the microwave

emitting member.



