| - 1 SPECI FI CATI ON 1' 0 MAR 2006 DEVI CE AND METHOD FOR M CROMAVE PLASNVA
PROCESSI NG AND M CROMAVE POAER SUPPLY DEVI CE 5 TECHNI CAL ‘FI ELD The
present invention relates to plasma processing apparatuses and nore
particularly to a to 'm crowave plasma progessi ng appar at us t hall MaEn2aogt es

pl asma by a.m crowave and conducts pl asnma processing

on a semn conduct or

wafer, and the |ike. BACKGROUND ART 15 Pl asma processing apparatuses are

used in these days in the fabrication process of sem conductor devi ces,

in view of increase of integration % nsity and increased degree of device
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Particularly, a mcrowave plasnma processing apparatus that induces plasna
by using mcrowave has an advantage of generating stable | asma _even in a
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10nTorrs. Because of 253\NBMICROWAYBRONWER AR Y PEMEL ng appar at us t hat

uses a nm crowave such as 2.45GHz now draws attention.

Ih 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 fl atgeddingkall kg Eamt enna nenber (m crowave-c: uittiny

The 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 1is

connected to a general evacuation system. Further, a

flat, digk-like anltenna member (microwa

ve-cinltilng

member) 1s provided on the dielectric plate.



menber) is provided on the dielectric plate. -2 1 0 MAR 2006 Further, a
retardation plate is provided on the anterma nenber. The e[L dati on plate
is formed of a dielectric filmhaving a predeterm ned di ZI %Ri &il6onst ant
and conpresses the wavelength of 5 the m crowave supplied thereto froma
m crowave generator with a predeterm ned ratio. The antenna nenber is

formed with a nunber of penetrating haol es |.0ots) .and t.he m cr.owave
supplied to the central pﬁ’irt%‘fert'hé—‘ arft Scnleorﬁ)é)rlq © il PERYEEFS 0 t he
10 processing vesgsel ddvcrgh ndid e Otmhafiala iopagatgng e i13sifdande

antenna nenber in the radial direction thereof. As a result of the
conpressi on of t R i &t Off e HFEmehved P19 EH 1SS t he ant enna

menber by the retgrds afe}glcpl rddie ﬁ&ﬁc?&p%{g%ééﬂeot@‘ﬁeqr W R he

ant enna nenber is reduc and as a res e unitormty of plasma
density is i Aproved ngyeprwaraisnwpra dead ghianatiyerf im o otisrowattse ant enna

menber. In the m crowave pla rocessi ng .20 appar.at us..of such _a
construction, t heq%ﬂecﬁaoﬁleéqlsqr]ﬁtafé)&ueccge}%Iﬁ?]&lﬁcﬁelp%looc'ezrsnengan eets%sneal fromthe

antenna nenber Vingenbwr dielfindd WiltAce imauses o Plmsie eft imgpmeadessi ng
gas, and the sem conductor _wafer disposed in the cFr ocessing vessel is

subjected 25 to PR Bty MECTAEYR THRRVET e dditfc TR t he
processi ng vesselpbha dhedetAdaHd DhdisL 2Nt diheaddEnad|imRer is

supplied froma ncrowave generator such as a nagnetron, or the like. The
m cr owave 10 processing vessel through the slots after propagating
inside the antenna member in the radial direction
thereof. As a result of the compression of the
wavelength of the microwave supplied to the antenna
member by the retardation plate, the size of the
15 slots formed in the antenna member is reduced, and as
a result, the uniformity of plasma density is
improved by providing a large number of slots on the
antenna member.

In the microwave plasma processing

20 apparatus of such a construction, the microwave
introduced into the processing vessel 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



30 generated by the m crowave generator is supplied to the retardation
plate or to the antenna nenber via a waveguide. The m crowave thus gui ded
through the waveguide is enitted as it is propagated througH OreAR 2805 1 O
MAR 2006 antenna menber in the radial direction thereof 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

general ly for s@Ieindg MePes dfowdife 86l itHe damGtdiorpdhersrt frem
retardation plateyy Jheant ?&’ﬁl._’“ﬁg?%natgl‘&s,’ cHN G iPhQAWRV 6 sgener at ed by
upplie

the m crowave generator 1s to a wavegui de having a rectangul ar
cross 10 secti on earid-tiesl profagatiad iter et rougs s erdre pastidegaher al |y at
the center of the retardation plate or the antenna nenber. There, the

i crowave is supﬁﬁoé:(fssilrﬂgo‘ﬁerf’%e entral part of the retardation plate or

the antenna senber via the ceadiall waweguiide Tersmededf ward Heneraeny
conductor and an outer caonductor. The coaxi al wavegui de that supplies the
ni crowave to the fTNtSURAPIIEMI dhe e TR Eatio RS Icrd 6l PRE tartenna

menber is formed iRl @RIE n ARLIS (GHRNUW L ARRLBR OUER; sconduct or,
wherein 20 the inner conductor 1S forned of a thin tube having a dianeter

of about 17nm THine niendwevisageneaadede e titiec ngowavwave gegelye toupplsi ed to
the antenna ”?”b%_lpﬁl etéi]?coc%ﬁﬁa%!e u eegl%if‘gﬁ%tapqeecéa%% dyced g very
strong electric e in thevicinity o I nner ¢ ict or of the
coaxi al wavegui desecarnichrd lend enperm@ipdga tafd thedatitarough 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



conductor is raised as a result of heating. There, a part of the m crowave

energy is converted to heat, while such conversion of mcrowﬁmégy to
heat 30 increases the |oss (conductor |oss) of the suppli eo1 e.

Thereby, the efficiency of electric power feeding is deteriorated.
Further, there arises the need of cooling the coaxial wavegui de by
covering the - 4 1 0 MAR 2006 sane ‘y a coal ing device, while such a

construction inctERdY the QLA TR it S&Eﬁhraatci?éwtﬁ}’rcttﬁé’rn

because of the eximhNci Ofeerdl zsStIRNER Q1 iad Igghddrdde vicinity of
the inner 5 conductor, there is a possibility that abnormal electric

di scharge may be caused mﬁlﬁéihﬁlbl Hasausge Q éhmr@?lsd'{ﬁimﬁ:ﬂfr Vam¥en such

abnormal electricg ttlcgrﬁ%r . near C?Jhuesfiij 4 he,d et ]t ﬂ}p%oﬂolﬁ-% £ lrmye]%)

damaged in the par € 1 nner con uc exanpl e, there
is a need of eonrce:mdung:ozthethmrm:mctmﬁsﬁbﬂfltmetrmamtaiomﬂegui de to
t he antenna nenber |n f he st te that t coaxi al . e UI de

inti mate contact SMIH-THe q:’e?tﬁ H9° pur THEHhtEhn ﬁ%%gcause

of this, it 15 i sty acid&eddieaitectnidie $inerawoieuct cglécshtlme ant enna
menber by screwm ng, a screw into a threaded hole provided inside the inner

conduct or t hr ougfl¥$fea5ER FH[FBED aihe | Fetdvedatiane Rt emps RS ace makes
a contact with theantenng, MBDeN, Wi SUch 220 Ganngatd.ondial-wses a

screw, however, it 1s difficult to achieve conplete and i ntimte contact
of the innert0conductor endFasurdxmw i, ttesuriace ofed ef cortregiaineenber .

When there is a nlnute é@¥)cégh&c or of the coaxial wavegulde 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



ot her hand, there tends to occur abnormal electric 25 discharge in such a
part. Further, in the screwed connection - expl ai ned above, tgeg%@izﬁﬁﬁs a
screw head at the junction part where the dielectric plate an

antenna nenber (slot antenna) are joined. Thus, there 30 is a need of
form ng a depression in the dielectric plate at the central part thereof
for accommopdating therein the screw head projecting fromthe surface of

the slot antenna. i@ tS CcardiefiFiQgn Retisemdhe e @idatsom id aikr Hsbe

intimate connectia Raiveen hewst ardation-Ml@ta it t hqankgna menber
at the central part, and there arises the problemthat abnormal electric

di scharge takes §tigss ithe hwolilsimithabfabnmimad dédmadgsiconiisshandeher ,

there can be a catsaqcégﬁ i.ch .t 1_Jh desi r.e%to confii hel i umn( He) gas
R .

e
between the antenna NMeHber of the retart oonf p uacthe%ar?gept%eesstloop pl ate

formed of a disel ectric mat enirlhed orthdmeidadt ald g dadsey nal Wwdrducid ds |1 n
such a case, 10 there i rovided a seal_ring at the qQuter periphery of

t he inner conductHr® 5% HIMG- 1heé ddH HRy 8fF FEFGEadi%vi ng

seal ing with respagterdr @bt @l LGHHd CrdoPrdt Bildh JIbtUGh Waseohovever,
there arises a problemin that the seal ring my be damaged 15 as a result

of degradation cdisdd Hpanes dpcs iHekertt e matagtg i ddwave. Thus, there
Is a proposal to fﬁi&"ﬂﬂ% negc %éﬁfua{lesé)&?é@étit%ﬁ{.v‘ﬁ%{‘zsﬁlﬁ vwaveal de and the
antenna nenber and introduce the mcrowave i1 nto the 20, processing vessel
fromthe cavilty rgsomaticy prihweided a seal 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



Pat ent 2569019 di scl oses the technol ogy of providing such a cavity
resonator in the waveguide for anplifying ¢ he m crowave. In, {ﬂhgﬁ 006
technol ogy, the mcrowave thus anplified is introduced into th %52
processi ng vessel through a nunber of slots forned on the bottom surface
of the cavity resonator. Thus, the <cavity resonator disclosed-in this
patent publication is fornmed with a nunber of slots on the entire bottom

surface thereof SHEhAMHHAM dMa M SHRERT DN 11 RF RSV SRIS t he

entire bottom surd@cend geidikddihg RFOQEESE! NLMERSE] -1 tThAIRIIY &e Iifteq
foregoing prior art does not have the construction of causing radial

propagation of tHeal citvahandttomt rracdemial jrdetempined WARIED06 when
emtting the mecr i essin p of e processi vessel .
Further, it shoul%fenoﬁ%g g?ﬁtakfé ﬁleéﬁ%e‘ﬁa(g}‘f% gjf%?etahc ésa{go% Cl'tg K ejf'{e(#]%hneed by

the wavel engtsh ofiiddmevane raiva i SaHE | hehe asl ofdatsi rap Ihends Moy owave of
2.45GHz, the slot. desi.rab y6 as the Iengr'gh of 60mm or nore |

correspondence t o-FHEhal S MRTE of? t FRF AR VRRES 14 str}f?’ed'f‘?slq hat

the constructi onefeldigyt &fereds antoesH0d . Provd deddie tidesidabl e ef fect
of -the m crowave propagated in the 10 radial direction fromthe central

part is enitted CANTEFHFSLIQS tHe prokesener) deasdlot mumdldruride  of
Tochani sm (1 eedi ng FEChE S havi neLh CRot Ty T St A S5 9% Yeed in
the 15 foregdiong Rediont R5SEIOIN of tdve e erwrat meEntEr i sl otemiantahna) t hat
suppl i ed the mi croneye wy LM Y Lo the.  Locesslig vesasl [ fuiper 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,



DI SCLOSURE OF THE | NVENTI ON 20 Accordingly, it is a general object of the
present invention to provide a novel and useful mcrowave pl a

processi ng apparatus and processing method wherein the forego &g 2;gpﬁ)bl ens
are elimnated. Another and nore specific object of the 25 present
invention is to provide a mcrowave plasma processing apparatus and

m crowave plasma processing nmethod as well as a mcrowave feeding

mechani sm wher eifatRC R ZRMY 'suppl i ed from a microwave generator is

lied efficientl ' f ife. h
supplied efficiently to an @%m&t%%e eraclf@o@mr\’é?d’ae&‘ﬁgdetheé%qtn &

obj ect of the present invention is a m crowave plasna

processi ng appar attusye fiorr appipemoiny asna gulodtessiayy on a substrate, - 7 1
0 MAR 2006 characterized by: a processing vessel accomnmpbdating therein a
stage for supporting the stbstrdt®®'E rﬁ%}edﬁ%ver'gener ator; 5 a wavegui de

connected to said m crowave, Genefaldy ol ch vy el e D id @ a8,dM cronave
generated by the m crowave generator; and a nmicrowave em tting nenber

enitting the ni FVREAITM GH-SPRETHINSPrHEEEA MY GHRIGeIe after 10
wavel engt h conpr easion, vy aDn}; el datd QR @tfend N yRvegy de has a single

m crowave outlet “opening in a location corresponding to a center of the

m crowave enmtting nenber. Amuidreawahg el vfindenguteseramithion itdre is 15
to provide a m Crrr?:iygbi}lo%apx;easinr‘latcpraocsepsascien 'nneEI{]eOdpJooéessing vessel after
10 wavelength compression by a retardation plate,
the waveguide has a single microwave outlet
opening in a location corresponding to a center of
the microwave emitting member.
Another object of the present invention is
15 to provide a microwave plasma processing method for
applying plasma processing on a substrate, 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.



appl yi ng plasma processing on a substrate, conprising the steps of:
placing the substrate to be processed on agstage inside a prbdbﬁlﬂﬁnmgﬁ
vessel ; 20 generating a mcrowave by a m crowave generator; 25 guiding the
m crowave generated by the mcrowave generator by a wavegui de connected to
the mcrowave generator; outputting the m crowave supplied fromthe
wavegui de connected to the m crowave generator, froma single mcrowave
outl et opening; enmitting tA@oRhETOWRIeButqfutthed Pmegatthd nedga dé

connected to the g 3%%\1‘\@6% glepnglrcer%) agéqt%negiiélgﬁg’?%%%t:‘ﬂ?if%% t he processing

vessel by a mcrowave-" emttin ; pl'asma processi ng on

the substrate bydmrlving @ asiterdmavdeccen tdredassimapwaambed ,1 0 MAR 2006
Anot her object of the present inventionis to provide a mcrowave feeding

apparatus for sUpPRAMG™ ‘i crowave to a processing chanber, conprising:

5 a wavegui desconnect ed t 0 ;A WEHRRME cHENIRIDo Eheiwavsauicde guiding a
m crowave generated by the m crowave generator, the waveguide having a
m crowave outl et BPERATPF-orthsutRHATHE e HI1GHNTG QWIS T oAy el0 a

rrihcr ow?ve- emtti Q;Qed@%:@%f‘efd %%JJSJH%Q T Mol g QU a%léﬁpJ =108 tw%vaegqﬁrger al part
thereot to 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 uniformly

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 is supplied, the mcrowave- enmitg ng nenmber introdu inAgkAt he
m crowave into the 15 processing chanber via a nunber of slat MARAZBH qi 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 feeding dahJdBiULGa FUTddielooddirind ched MR 2000 qiwmer (¢f the

sites where there i s caused concentration o he m crowave i s reduced, and
occurrence of unrideessaxiad ectyagnidiesclramge latngdare usfegbdiang gdet i s

suppressed. As a result itk}bec.omes 5 possibl.e to supply a r. el ectric
power to the ni crowave ety ity rHbar SRR IE ,patrﬁ"g ls%rselvql{palcl%ﬁr?edti on
part for connect iwigt kehiisnert candigdOrpdfs idie woadradinsavegidate is no

| onger used, and the . . ) .
conducting gas such as helium, and the like, easily.
Further, by constructing a cavity resonator

by providing another waveguide between the waveguide
connected to the microwave generator and the

15 microwave-emitting member, reflection of the
microwave supplied to the cavity resonator is
prevented, and substantially the entirety of the
microwave energy is introduced into the microwave-
emitting membef from the microwave outlet opening

20 formed in the foregoing another waveguide. As a
result, the risk of electric discharge at the
connection part, as in the case of feeding electric
power by a coaxial waveguide, is eliminated, and it
becomes possible to supply a large electric power

25 efficiently, without causing electric power loss by

heating.

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



shape of the m crowave em ssion part is sinplified. 10 Wth this, it
becones possible to confine a heat conductphng gas such as Eng] @ d the
|i ke, easily. Further, by constructing a cavity resonator ég 0v¥ ng
anot her wavegui de between the wavegui de connected to the m crowave
generator and the 15 m crowave-em tting nmenber, reflection of the

m crowave supplied to the cavity resonator is prevented, and substantially
the entirety of tHETIRTErDNR SEHEWRV S LIt RREREFRE (988 Shididwde-

eri tting menber 11 MmO A LLo0eN 1L JAIPLR MRS ge

f or egoi ng anot her wavegul de. resu el ect

at the connecti @f garg@.1 a1 rinthdasaomifesdiawy clest i eropessingy a
coaxi al wavegui deVesiSs elimnated, and it becones possible to supply a

| arge el ectric power % efficiently, w thout causing electric power |oss by
heating. BRI EF DESCRI PTI ON e .THE DRAWINGS Hldw |sHdvithof 1205 Sxsagilicond

di agram showi ng 30 the general construction of a m crowave plasma

processi ng appar fUSLTHEBAIMRY SHPstiedfidtidvent  of the present

invention, FIG 2 is an obligue #iew ShoWNhd e SF33F thel Conk i3 VAR 2006

section of a mcrowave feeding apparatus constituting a part of the
m crowave pl asma @ ccesithgaippataus 1rofF .G/ for introduci ng mcrowave

1o o processing vessel IS 12 AR URNSIPHD ALEETIS o o0
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



FIG 4 is a diagram showi ng the construction of a slot pair shown in FIG 3;
FIG5 is a diagram showi ng the propagation;;10 node of nicrowdv® MAR 2685

m crowave-em tting nmenber; FIGS.6A - 6C are di agranms show ng the
propagation node of m crowave in a rectangular waveguide;, FIG7 is a

di agram showi ng the magnetic 15 field caused by the m crowave propagating
in the rectangul ar wavegui de; FIGS. 8A and 8B are dia%ﬁans show ng the
result of cal cul &iigK meih Sifz&hroP resem tofi ke tiP86t angul ar
wavegui de and the m crovave @i I8t 20, 0ReMH e HiGeFakd 2xP1aRRA19HOW ng the
result of. sinulation of mcrowave refl ectance at tthe m crowave outl et
openi ng; FI G 10 ithea pyomelyvadhion mpdehe feltdot micrdyavieelith st cemgtlagf t he

m crowave outlet opening in the circunferential direction thereof; FIG 11
is an oblique viéﬁ?@%%ﬁgﬁb the cross section of a mcrowave feeding
apparatus of a mcrowave [FTESTE 4N GERE SI4IR) ARPAiAlgHmC Ghlothing tthea 30
second enbodi nent; FI.G 12 is._an oblique view show ng the cross section of
a nicrowave feedifffHip&tatadd 3f-adion QloRRE LS S teCe YSTAG Y Sppar at us

according 10 a - phhteb ok0 thed MARAAM thidet emhofi-raitsob # heganesent

i nventi on;

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,



FI GS. 13A and 13B are di agrans expl ai ning the propagati on node of the
mcrowave in a circular waveguide; FIGS_.144A and 14B are di i ng
the result of calculation of optinumsize for various parﬁgbg@;% ;@EGM
m crowave feeding apparatus of FIG 12 for the case a circular waveguide is
used for the cavity resonator; and FIG 15 is a graph showi ng the electric
field strength distribution at the mcrowave outlet opening of the third
enbodi ment of t hé@lgrs@%e MXidahian iadh dsy e idatden eremiitalidgiti®dt-i on. 15
BEST MODE FOR | MPLEMVENTI NGJHE J I t, P nRde af Jplsement i ng
. X - T a-.
the present invention wll |_ele sg%%ﬁfea}evﬁh arf\é{a?(rar et\%e to%r?)ﬁ:ees raw ngs.
20 (FI RST EMBODI NENPLd€e@ brni s steargrsd Ssaotdigiealthe ewslemsing tvessegener al

construction of i crowave .pl asma _processin appar at us .accqrding to a
first enbodiment i CHE pRIAHE HSRITNS 280 S EHEIdRCedd 1P G 1. ¢ he
m crowave pl 8SMpiYRERSFIGG RRRAr AU rGE & Harg donirddie (ddtStshommhodi ment

of the present invention is a plasma CVD apparatus 10 that applies plasm

CVD processing oY@ SEMRRGNIdRs Maf &0 Wi ofhsmodedsi nghressés 12. 1t 30
shoul d be not ed haf, ey RISl JWEN oIk 5 200lar Ll Rt Jich B0l asma

processi ng apparatus but is applica so to the apparatus that applies
a plasma process-hsuctrore giiagnwesstaing, 2 plrasmamretaghiong,to alZachu;m MAR 2006

pump (not shown), and the pressure inside the

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



pl asma oxi dation or oxynitridation or nitridation. The sem conductor wafer
Wto be processed is placed on a stage 14 hRside the processing vessel 12,
and a plasnma processing gas is supplied to the 5 processind Ud*%fs%lmw from
a gas source (not shown) via a supply tube 16. On the other hand, there is
provi 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

i nside the 10 pr S AP WSS UGE FihtaTRI;EAn a P dded eriihed S evacuat ed

pressure. Next, i, cONS It o0l d Thid QMend e - ARRAIAS 4 used for
rowave

introducing a m into the processing vessel 12 w | e explained

wth i5 referencdiiws Flthd mnoraise MG 2.4THHE Xas el e queEnamgeshow ng

the cross sectiqgn of a mcrowave feedi a rat us 20 used | thehpl asnma
TR e

CVD apparatus 10 of PG T SR DP” the mTriveRAda

processi ng vesseltH.r &6 ddgwshotlvwh-bheyumided 1 hald tihe aaiding pay terf the
processi ng vessel 12 is opened, and a microwave emtting nenber 19, forned
of an antenna neMYeEF-PEE oMt 6t )T FEIRATt DI TR & R MTowald-Sdni tti ng

menber and a ret aidation At IBads IOUWHED G L hey @R £ 0ggoi ng openi ng
via a dielectric plate 15 inan air tight state. The retardation plate 18
is the nenber forecomprelsst mpreauige ol 2ngih Wie threesdnct embadinsuppl i ed to

the antenna marrbe.rt gh@ﬁige%ogégeﬂlgé)r hd %u&l@ é@eﬁ}lteln tho a%}}c]&n% so the

interval of the 30 s1.0ts 1ofmed oh t & ant Shna Henber. 17 ovd the

retardation plat e2:8,id hereitculyr apaeithg preotadgllar avawegui b (41 r st

wavegui de) 22 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 therecof 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



havi ng a rectangul ar cross section, and a mcrowave - 13 1 0 MAR 2096
generator 24 such as a magnetron, or the_l hke. is provi ded,etﬂ‘!vg‘\?e ZQ@ of
t he rectangul ar wavegui de 22. Thus, the m crowave of 2.45GHz npl e,
generated by the mcrowave generator 24, is propagated through 5 the
rectangul ar waveguide 22 and is supplied to the mcrowave-emtting nmenber
19 froma mcrowave outlet opening 22a provided at the other end of the
rectangul ar wave@fi de ZEgnges kel iy exrgar e isodinteglongatigito fig dsdiivst ed

that the mcrowave quid eh APORNO fld 328 | S+ Gy GUlal. aperg RiQvi ded in
a wall 22b of the rect angul ar "wavegui de 22 const| Ut i ng a longer ~ edge in
the cross sectiorcantr oAlitdpEoscdbtat3 theto g raadnyear 0 off tihe aritemna

menber 18 | ocated nderneath thereof. 15 FIL.G 3 is a plan view showi ng an
exampl e of the é‘?ﬂ“ﬁ’rﬁ?a et 1F Uit bt e FHREH 613 thss

formed with asnurert ofossQd Ml et d Yt ofarR ertlDindAANG & & ot 30B.
In the exanple illustrated in FIG 3, the slot pairs 30 are di sposed al ong

a 20 plurality ofdsiaeimed cudh cieat awdiffanenap pddsiliile 1 IRgualhéosi ot
pairs are arr ang"cqmé—'lﬂ?ao arr :c{f Patd &b, aﬁomaq,%lg-@{}t% p@&rﬁmﬁ% 15 & G 4

shows the constructio ot pair shown in ach o e slots
30A and 30B has & 26 eteornmateriel InlEtied0 shidge- IR Ad4a .bul gi ng central

part, wherein the slot SOBO{ S rranagef?d such that the | on%}%chi nal
direction thereof forma 90 Megtes iy e " WiH T Eyary B S ongati ng

direction of bhe ldiagadRA EHbidie tHOtsn Bhandkrdd3 are whiwspasathd n a T
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



30 shaped form such that an end of the slot 30Bis |ocated close to the
central part of the slot 30A. The line copgecting the center 1] &ﬂﬁ a%gt
30B and the center O of the antenna nmenber 17 forns an angle - 1 1 MAR
2006 of 45 degrees with regard to the elongating direction of the slot

30B. Further, the distance LA fromthe center of the slot 30A to the
center 0 of the antenna nenber 17 and the distance LB fromthe center of

the 5 sl ot 30B tFRHEBHET V6TV aHE. dhtehn igifhen tenngy @emhererlmi ned such
that a difference - i t - fot j Crowave
(ﬁéﬁé%ﬁgﬁiﬁﬁ;?ﬁgﬂe 1% QQEsQ¥§%§§H%Z %(ﬁ%%qﬁB

wavel ength | conpresse e retardation plate = .t/4). In
the case a m cr owhiee: 1 isowdEiuse at o €l Gt ridpagatire drirmoiug bl itshe- idnttemoma asenber
17 having the slot .pairs 30 explained above in the radial direction from
the central part ,m‘i‘ﬂgraés iBEUEST an electric field of circular

pol ari zation By the slot paiHgs 30in aik thes S8r0H QRS dnferfdTi tiad afdiciently
into the 15 process space inside the processing vessel 12 wuniformy. It
shoul d be noted tHAMERHELTT s Fst i S 2ndel AhtERRE Wb er? Brare not

limted to the ongifhateq QI 4hif UL Pl dSiya £3GY U ddigyrs! ot's
is 20 not limted tjz) haeve t he el ongat ed nglac}rir ptaiL calﬁé%ge. or exarrpqse, t he

slots may have a Wie ciearararlar wavenyidarhdoranmametries figrehd rect angul ar
e o RSN, JE00edd U L3800 S NRNRR Fo provice o
shape, for awoi ding occurremce. ¢ aBoramd dispdaigesoadiserd 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



concentration of electric field. As noted above, the m crowave is
propagated in TEM node in the antenna nenher_17, in which Qﬁ 30 m crowave
propagates in the radial direction, wherein TEM node has a N&Rn2006
magnetic field distribution wthin a radial Iine as represented in FIG 5.
Thus, it is preferable that the mcrowave supplied fromthe - 15 1 0 MAR
2006 rectangul ar wavegui de 22 to the antenna nmenber 17 (retardation plate
18) has a magnet ifeTMadiPn A tHHRIBIEE D 18 tife & SRS iTEWiost ASbut i on

as rmuch as possidyfn 5nlhus . 7 HWdis iﬁwe@m%di fﬂ%”tesgtgcﬁlgiﬁoﬁlaet ‘he

di rensi ons of the rectangul ar wavegui 22 ‘are  adj ust

m crowave propagatémgEht bt gdghtot he eguaangal shewdvegardedgasaalagnetic
field distributior as close to a circle as possible. 10 FIGS. 6A - 6C are
di agr ans shomﬁngg% 3 ‘propagati on node of the m crowave in the rectangul ar
wavegui de 22. sHere, it shoultk hexveiieathtithal gFlifis6Ae 8hewsatvbgueliectanc fl ux
lines in the cross section perpendicular to the propagating direction of
the 15 nicrowave 3% FSRF SR EHR%Ar wavegui de 22, while FIG 6B shows the
electric flux lines in the cross section parallel to the propagating
direction of the mcrowave_ in the rectangglg& wavegui de 22. Further,
FI G 6C shows the nagnetic |}mest 6Etuf hi/&p)id the ~20 pl ane perpendicul ar to
the electric flux line. In the cross section of FIG6A, it should be noted
that the |onger edge has a length a while the shorter edge has a length
b. 10 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



It should be noted that the propagation 25 node of the m crowave in the

rect angul ar wavegui de is

the region defined by the Ionger edge a in the cross section of
rect angul ar wavegui de and 1/2 of the wavelength ;,g inside the wavegui de
propagates in the 30 propagating direction (x direction) of the m crowave.
In order to nodify the magnetic field distribution shown in FIG

close to the magf&ilEFHON o &t MATVR VG Tor€ Sram the MYSEFWSGEd that -

16 1 0 MAR 2006 Janmat irind hedragheldL Jd@ld Wil 12 SHeia e dinen as
shown in FIG 7 would be effective, by setting the Ilength g/2 to be equal

to the longer edgdstance d=Zgpm ShFheanhed] efgtthexgiiorsvwde e inatd@fegui de
can_ be repr esent s ip XAl L HAAAN 2 A T ik IS L

relationship Z g

econes possi et I mum

t he | onger edge &2 .For the case of the mcrowave of 2.45GH#z wave
the optimumlength of the ed a.s calculated as a=86.6 15 F
Geds ot S S

8B are di agrans show ng thél

val ues of
22a. Here,

| engt h of

the m crowave outl et openin

owst g @f
the reGiaNGHidn WMREIHIR] 2 alth ther 18 Oy & fOUlH Lt

O riisu S ot

TE10 node, in whigh—t he magnetic fli BINAR @B6ed in

t he

6C to be

t he
SRGth of
| engt h,

| GS. 8A and
itm%rh

openi ng

it is assuned that the |longer edge a of the cross section of
t he wavegui de 22 THe aWay 2 dleridith TS BaemfdEsaisteed dfovdangsid-e t he

the SW&Frtheed%erébijZ%iseEtIé% A0 AU N &eerd N2 diB2

als se

ter D of

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 beccmes -20dB or less in the 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

retardation plate 18 propagates in the radial

the

direction while experiencing wavelength compression



to 64mm Further, it was assuned that the distance h 25 between the
retardation plate 18 and the waveguide 22 ;gs_6mmand a part, of the
retardation plate 18 projects into the mcrowave outl et openl rﬂgMéﬁaZUUtI'he
dianeter of the retardation plate 18 is set to 180mm and the thickness is
set to 4mm Further, it should 30 be noted that the results shown bel ow
does not change even when the diameter of the retardation plate 18 is
180nmm or nore. F@hers i tdk|ieqa it misicans BEnacefingide &hgr dat i on

p! ate 18 is set 3 SJS'inlaerveessteqe 12 jv7ia jth% I\é&%tz%%qgse%loegﬁio%d fd t.he
m crowave fend fromthe mTcrowave "outlet opening a is evaluated while
changi ng the di sitrande karftreomea heemtent &r7 ofittthea iacrgwaventerrt | dthe repani ng

22a and the edge of, t he rectangul ar_ wavegui d 5 22. FIG 9 shows the graph
Showi g t ho 1 esulPridio Ty FRASH it AR o s IR 4% PRSe “0F Fhe
m crowave for st hewrGasant i dind Pk Jdin Rangehdudtendrhana aph of FIG 9,
it can be seen that the 10 reflectance becones mninumin the case the

di stance 1 is AGFRRIARKUHC @ GF e has the frequency of 2.45GHz. As
expl ai ned above, the reflecgsaq?pc Héleetcfﬁﬁ‘@,_”%ﬁéa{ptla%&o -20dB or less

in the case the 15 frequency of the mcrowave is set to 2.45 and
various parts of arive ngetsy Ui e 2 X ey ersterdusnidibmenthedrorfgerd edge of the
cross section is .86. GGlet e . shorteratﬁoggc[ef,hete) i.S 40 thetdcl.amater D of the

microwave—emitting mémber

mi crowave outlet SHEEN ng 24 1% BATTH
10 1% directly from the rectangular waveguide 22 wvia 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



20 thickness (length) h of the m crowave outlet opening 22a is 6mm In
this case, the reflection of the mcrowavegat the feeding p?mm
suppressed to 1% or |less, and efficient introduction of the W8
becones possible fromthe rectangul ar wavegui de 22 to 25 the m crowave

em ssion part 19. In the plasma CVD apparatus 10 of the construction noted
above, the m crowave generated by the m_crowave generator 24 propagates

through the waveiifilde #2Pand S $YRSShdedy iSiid §det ardation 30 plate

18 via the microwave outl etr QRGN 122a&helhe s dMaClRMRNG thiuS 11 Rbheduged to
the central part of the retardation plate 18 propagates in the radial

direction whil e &g@EdwEds g waes erigt Hscafpriesyiesh necegsaryo IMARNM2006 and
is emtted intot e i nsi t I i Vess ia the
Siot pai 1S 50 pr o Iod Lo A SIS e R R R Sertp st

Ther eby, uni Bor Miqum@symi drs ifrorghed demtirad praocess spac enartina membiefror m

pl asma processing s _.conducted on the i conduct or. wafer, W As noted
Rer ot of or o, the HaHE GUBCsTaBaTs ofo GIe (HF ThBSRR BlEcH AR B f eed
a large el ectri GriQiia tedte Md QEEmRIAdtidty tRITheireld nkd di reatd y

fromthe rectangul ar wavegui de 22 via the  m crowave outlet opening 22a,
wi t hout using a do¥kixdtantitedgul dd.atien ansehe AR Meswen féie occurs no

Coaxi a1 vavegui de Gn Qo e By A oot 1 o 1ot (o ared o TSErrIC Bover
f eedi ng does 1Aot thekerqitlace.ofThereiyrernide et aes pessicddlestiraa educe the
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



manuf acturing cost of the apparatus without increasing the size of the
apparatus. Further, because of the elimnappon of the 20 inneﬁ ﬁgﬂ@ﬁ&@fr
of the coaxial wavegui de, the present invention can elimnate’t omal
electric discharge, which tends to take place in the vicinity of the

i nner conductor. Thus, the problem of damaging of the retardation plate
caused by the shock of 25 abnormal electric discharge, which tends to occur

when the mi cr onaPPREE EHHI4E P T 0-1eh @ 187H% f TrsRRAT 2 G % a3 59 F&t i on

plate, is prevented Audhemplecause Jihe %H%é%ﬁ%’l@%' on used for
connecting the inner conductor of the coaxial 30 waveguide is no | onger

necessary, it becomes possilyl echa gnigtiaviatst f eavd ngn @ rirermeat shetOnedrinet he

i nner conduct or n?i d t he antenn E{'re.rrber ereby,. 1t he pcrobl em of Q/J ectric
a T 2 ave

di scharge, which reoswapleagerolpna 19 g9 1fr(? S glegén&cﬁosw

successful |y el i mutaiesd.offatridier? 2d nuddwer@ase aa i td O rado et iain
waveguide is used,, it is no |longer necessary in the screw connection

d
appr oach expl ai nél ZHHE G itk (HE BT UGG IPTHET T dI° gt of

the antenna nembgfergindit@iidncdiedaid £iq tihe dftdrdati A alre and the
antenna nenber for accommodating the screw head. Thus, the retardation

plate and the ant@&iferdaiissy Riraets ntd metha seluontidetdp st eheradird re part
thereof, and 10 f pérﬁz.b'eelfaﬁr%&Cﬁéﬂ%%nﬁp%ﬁ%eﬂnﬁﬁ{dv&v&' scharge
t'he e

between the retardation plate an ant enn er 1s el mnated.

Furt her, thene arcases stroMgeh in tilss microwave outlet opening 22a
at the side of the propagating direction of the
microwave as compared with the electric field
strength at the opposite side, and there appears non-
uniform distribution of the microwave power.

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



desirable to confine a helium (He) gas between the 15 antennamg% ﬁﬁ
the retardation plate and the top plate fopped of a dielectric nat :Z Efor
enhancing thermal conduction. In this case, it is no |longer necessary to
achi eve sealing by providing a seal ring around the periphery of the inner
conductor, and the 20 problem of deterioration of the seal ring by the

m crowave no | onger occurs. (SECOND EMBODI MENT) Next, a second enbodi nent
of the present ZF itRRMSTHIRAY IS5 &5 it ohdif dHGRAEYS asna

processing appar %&@1@@0&5&{1&% to 4 he secandhagfipadi et ofi kg %rn%ii%qt

invention has a fundanental ructure identical"wth that of the plasma

CVD apparatus shownl im®FI G |. Thus, only the mcrowave 30 feeding

apparatus will be expl ai n_eqﬂhheenr etihnafter. Fi rst ,Sue(%iﬁlcgnati an Wl be made
€

on the symetry of the m crowave St reduced Thto S Rave emitti ng

menber fromthe njayaveaterfleed nthe Aot VAR 12006 mppagmatats tHe of the
pl asma CVD appar atus accordi ng t the first enbodinent will be expl ai ned.

0 _ .
In the nicrowave MY QiR UL Ih e 25m CHRRR e Hrofy £39FES rrom one
side of the m cry@yelamd Al APEH N2 2 MR BO8S, 2&;}?5!9\%119& the '

propagation direction at the mcrowave outlet opening 22a to the
per pendi cul ar di radeisomR diriisr ém tiredheoviggdi aheliregtbiaiat iThegabat.e 18.

e Lo houth Sl Y e Bl Ul gl the
si de of the propagaidcersidhag ettdndreofbddmenes 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



m crowave as conpared with the electric field strength at the opposite
side, and there appears non- uniform distribution of the m crlodd¥iR 2088er .
15 FIG 10 is a graph showing the electric field strength distribution at
the m crowave outlet opening 22a in the circunferential direction thereof,
wherein the vertical axis represents the electric field strength while the

hori zontal axis represent Ot azimuth angle. In the graph of FI.G 10, it
Choul a be ot od THHU RS RS darE TR QI RO e ovbies
outl et opening 22matmildi@waAidtdn ey v mibhla ve0idiaildas JMddi dde

m crowave propagating direction and is |ocated closest to the m crowave 25
generator 24. Furtdrerfrathdcddysisas qf &hf malcoawge)e ooftlise arsdrid\ave

outl et opening 22g at {he 445 ML eeo'lﬁ]t'm&l]e IG5 465 Wid h the mcrowave
' art

propagating direction and 1's | ocated est fromthe mcrowave
generator 24. 5As gartiye IsgkrsdatomAG I nimrSGvelse ginopadatelndy sincengt h
becones | arger at_the .incident side edge ﬁart of the m.crowave outl et

openi ng 22a corr éspohditg &4ife Mt 5§ G ¢ LIRS ¢ he

electric field staqedigith dpRGORS &8l IRSr -exddmplle 0 iIMAR s sAtb the:4 er mi nal
side edge part of the m crowave outlet opening 22a corresponding to the
azi muth angle ofSUWPHH theyE i es CLadheFaicPdan &9 dhs (asymetry)

inthe electric figldwivenaih &t ddg i 44 A oNeMePWdE QRN A2fs there

is also caused a simlar deviation in r{%e m crowave propagating in the
ant enna nenbéf 1y rranatrudiialg directdwaguideeralnh 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



the intensity of the mcrowave emtted into the 10 processing chanber
beconmes no | onger uniform Thus, in the prgsent enbodi nent, "glﬂ MAR 006t o
elimnate such asymmetry of the m crowave, the rectangular waveguide is
formed in a symmetric shape wth respect to the m crowave outl et opening.
Further, 15 the present enbodi ment supplies the m crowave from both sides
of the m crowave outlet opening. FIG 11 is an oblique view show ng the
cross section ofarl%el‘?ﬁtcrddvﬁfgilfoé’esdiorfg A IEERTNE Suthd omeRdmd cvD

apparat us accordigig t @ he Seagd 23 RiTbadi MaNt, As JrResIeNted in FIG 11,
t he rectangul ar wavegui de 42 of the mcrowave feeding apparatus 40 is

formed with a si myins trugrtowa v castisdzrsseriarfaszaller  wavisaiuide2int her eof
and the m crovvavsﬁltz_t %%'da%%gﬁ§e5ﬁ%cqee@scriﬁ %‘re%altttﬁz'arlq menber 19 from

the mcrowave o openi ng ereby shoul €1dted that the
rect angul ar waveqsendd eXtands dactin dddtom G edidravaved ddid «d cr owave

outl et opening 42a and there is fornmed a symetr,ical structure \{\;11 th
edi ng

respect 30 to t h&HRA -oft et e i thg %4 225 s e & iy

apparatus 40 of §UGH WA ONSHHdHE AN, d e IBRINAUEG, deh 1SRl 1118d yr om  bot h
sides of the rectangul ar waveguide 42 and is - 22 - 1 0 MAR 2006 outputted
fromthe m cr onwaEIRRMYIAT FPEHI AR Za. toTHlE MUTTOWAE Wdie T €Emdad he

m cr owave outl et er}_llr}grh 4 aflr gq,{]ﬂoq{'sdes of the m crowave outl et
thé p Rl

opening 42a. Thereby, ase e mcrowave is 5 controlled such that

the m crowaves propagating Tr drhe [potdseitdesntivaiianetrite, sdre geyasetaly tife

m crowave 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



outl et opening 42a. For exanple, it is possible to supply th& m crowaves
of the sane phase to the mcrowave outl et z@peni ng 42a fromlbBtMAR 206k al
sides 10 by constructing the wavegui de such that the m crowave entted
fromthe sanme mcrowave generator is divided by a branched wavegui de and
reach the mcrowave outlet opening 42a with symmetrical paths. Thus, in
FIG 11, the electric field 15 strength of the m crowave propagated fromthe
right side at tHe-iHaadGt B RRRHHY HhG USROS diromFenitiy ash and

the electric fi ellcj:__.f_sg rﬁrggg\:icgng_hqn P QYYaE: 3 oppgated,f rom the left side

at the termnal side of the mcrowave outl et opening 42a 20 cancel out
wi th each ot her. ®ihad drdnd, tehanigmptave suyisslahsitaldnigtiresf fdesm nmi cr owave

propagated fromt . right sid t, t.he t.erm nal_,si.de .af the m.crowave
outl et opening 4 a%alnaolt th%le % ee?t(%tclt 5 efitlae lrsq rcgnsgttrnlq)&tlotrhe orrirgélreomave
propagat ed frem tniecdefdvesiahe tattirtdenstfbd Mcitdersiida ref 4 ha rsudraawave
outl et opening 42a cancel out, wwth each other. Wth this, the electric

field strength of*3fEMiME RV LR (TFFHTMIIRES MG ORIy L FHISR ni ng

42a becones uni f ordBrdddiBsRecidwanffad hemzddadd @ndlies mdnd-duaecones 30
possible to emt a mcrowave of symmetric electric field to the

m crowave- em tti FEETRIAAIET ERd |the Fe eyt mipidiibow manker-he rectangul ar
wavegui de 42 extends strai ghte iy ri ghl, o ij%fﬁ%loo‘%ﬁ'ﬂ?afﬁhé G‘Jdéoss .
directions of the m crowave outlet opehing a. the other hand, 1t is
al so possi bl @0t 0o sesonisinr ueff aa noirossrastr Pk disnt apd mtwavdguidea i n
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



wi th the wavegui de extends in four nutually 5 perpendicular directions from
eh mcrowave outlet opening 42a. Further, 25t-i s possible tol foMARy208he

m crowave intensity distribution intentionally by supplying mcrowaves to

the m crowave outl et opening 42a fromplural directions. 10 In the present
enbodi nent, the asymretry of the mcrowave electric field emtted fromthe

m crowave outl et ening i s compensat for, Db suppl._yi t he _.m crowaves
fromplural di recstqf%ﬁ‘s % _Fj}q?er%ptﬁ&ﬁgaé%utqﬁsk'odéﬁim&'q%f"t H&%t her hand,
the 15 devi ati on fgriddie dritingnavieidss £1d Mdiieat Bls add) dife aensdrect i on
in which the mcrowave is supplied only fromone direction as in the case

of the nicrowave THedafidey apbatatis the fiqrrvaie fropasedilisenmodex ginai ned
before, by nodifyj £ the 1 t et ni romthe
circular shape to r%l%@%taﬁgea&% s%&ﬁ%s’uc%&l%sﬁg’mﬁvte AR i

| i'pse shape or oval shape.
(TH RD EMBODI WENT)heNextis af drmeadd sendyddioventdicfit tilentproesent tH25 i nventi on

w Il be explained,. The m crowave plasm rqcessi ng .apparat us .according to
the third  enbodi S Hils @ 31 CHRRCH Yoretd Gt Aami N A% t h { hat
of the plasma CVITappamat us:pifl g b excepiwadOreddie dHeC rcawaia freedi ng

apparatus. Thus, only the 30 .m crowave feeding apparatus w_l |l be explai ned
herei nafter. |n tH¥98Heoidfy e Wi aEsmen e N sAmRe ol ofvia

m crowave intensidye diStad it inﬁrb#o%afvdez%ué-lé)c MR AQQP Rl minatRddie

supplying the m crowave fromright an
10 possible to supply the microwave with uniform

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



|l eft directions. In the present invention, on the other hand, a m crowave
substantially free from deviation of elechgic field distribufi oa\%% Ugge 5
m crowave-enm tting nmenber, by providing a circular waveguide IQa I 3
circular cross section between the rectangul ar wavegui de connected to the
m crowave generator and the mcrowave emtting nenber. FIG 12 is an
obl i que view showi ng the cross 10 section of a m crowave feedi ng apparat us

50 of a m crowaiEFIESHRE proessithg et dPLacrad idato TG 14k d
enbodi nent of thepr.asent i&v%' aSed BSED ted Jn F wrilddf
m crowave feeding appar aef us 50 |g(r?1{:ﬂlaudes ‘gé{’jci:l rcular Wwave %aé-i B4 15
provi ded bet ween whiel g dthGriiH arhavesy g del Seowak tieed ima rapysaretBra t ti ng
menber 19. Furthe5r0 itnhere |c§ pr.ovv; ded a m crowave outl et opening 52a on a
wal | 52 of the rectdndulir®aleyli de 52, and the microwave propagat ed

t hrough the rectangul ar waveguire e h€ndmedindte | RheCiIdar aweegui de
54 through the mcrowave outl et. opening 52a. The microwave thus
introduced is enitk e MY I SRS Ty ©hdfiserr ek ar

m crowave outl et ,ppenhitheo4® O B4 QD @ bald Ampard - Bk Hfedder Gidcul ar
wavegui de. Thus, 25 in the present enbodinent, the axial direction
(propagati ng diremdashingnt morad loaavey, ofhihe theci@guWarthwavegui de 52

i s perpendicular t.0 e i al. di tio opfqg_gt'n i,y ect. of .t

m crowave) of t heéhccl)érégeu ar- v vlesguslre e 1?4&%%5Her e, %?Q’sgdol{ﬁ d}Jbagpento%rec}ﬂfhat
the m crowaveao prapagst inbincrmderd rodtile€idmel arg ViR gild deet st §Avidd.  node
in which the shape of the rﬁegne.tic f u>&llines i simlar to the one in the
rect angul ar Waveg]{}il:ﬁfeh%%’ t size of the retardation plate 18 is set

similarly to the size of the retardation plate 18 of
the first embodiment such that the retardation plate
18 has a thickness of 4mm and an outer size of 180mm.

15 It should be noted that the results shown below does
not change even when the outer size is set to 180mm
or more. Fﬁrther, the size of the connection part
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.



- 25 - 10 MAR 2006 shown in FIGS. 13A and 13B. Thus, in FIG 13A, the
magnetic flux lines are concentric and cI_o§$ to the TEM m)de,] 'A(ha%@ t he
m crowave propagation node in a circular wavegui de. Thereby, it can

seen that 5 there is fornmed 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 19 via the
circular mcrowave outl et dféhildg B4a Jrafiecdrwsint) Yosgsidsivd t @fsupply t he

m orovave wi th unifor. 8l setid o4l eld distyd butdqn. and ity becones
possible to emt e mcrowave 10 the processing chanber ~uniformy from

t he m crowave- emdid g omiker £ ey esadd tHwulatlemsnglact o et thlee
circular 15 wavequi de 54 functions as a cavity resonator by setting the

|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 wavelength I.g in

t he wavegui de. Consi deri ng Bem tdfd emamdt athd I .46 ofitt memlhes s g ocessi ng

apparatus or pr t te,d'hoen di%SSywdde iﬁsle{ggieg %e%%%aéf%g{%g isdi stance from

the outlet part o m crowave ou openi ng m cr owave
out| et openi ng S54gertardid 2 5urli/i>1tn nigs dle thee rapvianecwaldetestigitdnsag i n t he
waveguide. In this case, t reflection fromthe circular \rfﬁave uide 54 is

reduced, and efficient suppt¥ingFCTHE NG oy & 4T T S Senber 19

beconmes possiibl e.apik Fltes WA and phdddare divagiamn shawigidrhes result of

cal cul ation of optinmumsize for various . .
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

15 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

20 waveguide is eliminated at the time of supplying the
microwave to the microwave-emitting member 19, it
becomes possible to achieve efficient microwave
supplying with small electric power loss, similarly
to the first and second embodiments.

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

30 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



parts of the mcrowave feeding apparatus 50 of FIG 12 for the case the
circul ar waveguide 52 forns a cavity - 26 ,3 0 MAR 2006 resonator, wherein
it should be noted that FIG 14A shows the“rectangul ar wavelli &R 52408 n 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 rectangular
cross section of the rectangular waveguide 52 is set to 86.6mmsimlarly
to the first enbodimerte norathtpflore wansdwidehetsitde gfinddashort er edge
is set to 25mm Further. . the di ter DO 10 of the mcr ve .outl e
opening 52a is se a‘%ecge{'hlzfjrrem @ uﬁqﬁeerp,r"at%een%ilzngreol*tlt%ne lrse?l\goﬁdgﬁm&ﬁcep ate 18
is set simlarlytd ccHdwe dmerdimdriss reefmldatéddmyjdwate 18 of the first
enbodi ment such that the retardation plate 18 has a thickness of 4nm and
an outer size of 180mm 15 It should be noted that the results shown bel ow
does not charge myasWeED, Ao SiEe 1S 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 qggﬁl %/vqy j.de rdation plate
18 in the first gln%o |crr%%§ ul{é}?l heoe%uéﬁjtérzd %i&dco%év{%eé (ranéograowave 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 ati on based BIFSHE o BUH ng MBS 4. koo BOH D81 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 78.4nm_ d_the length 1 from¢t ter
of the mcrowave outl et opening 52a of thggrectangular mavébﬂ}ﬂgﬁé@ﬁgs
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, FLAEHA be seen that the mcrowave
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 enmbodi nents., 25 It shoul d be thed tq%} there is
: 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

m crowave - 28 1 0 MAR 2006 fromthe rectangul ar wavegui de to the circular

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 processgpg_apparatus for ,apﬁE)ll yi ng

pl asnma processing to a substrate, characterized by: a procesbilhiARc2}gB!
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 20 25 8. A nicrowave pl asma ptocessing apparatus1 ﬁﬁ%@égmmfd
inclaim7, characterized in that said another waveguide is a clr
wavegui de having a circular cross section. 9. A mcrowave 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 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



25 13. A mcrowave plasma processing apparatus as clained in claim 12,
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 plasnma processing nethod for applying plasm
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 g sdt duidmawatesy & I arakdas igw dethiosk @émave
generator by a wauegylde Gonnecled 4o sald A0 mafamevg generaiors
out putting said mcrowave suppalle rTom ‘sai dewavegw de connécted to said
m crowave gener atwavegulide aaimgteedntey aeaive midtetawperantgaten tHasng sai d
m crowave outputted froqmsaid 15 vegui de connected to said m crowave
generator into & SEacES r?all%aéied G T MRV IS GRIVECSTEE tti ng

menber; and appl WG £ O ndSTRwRC RS ¥ 18 SAlh1 S Sdd 8] & id-JvivE Ng
plasma by said emtted mcrowave, 20 wherein said wavegui de connected to
sai d nmicrowave geiferstict QAR S PP iftalorRriawd i formn dsdt siskEsd 9f cr owave

outlet opening, and MErEIRSA o WA S Luired s ¢ T Jauave
out | et opening
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



fromsaid plural directions with an identical phase. 25 30 - 34 1 0 MAR
2006 16. A microwave plasma processing nethed_as claimed in claiml5,
characterized in that said waveguide connécCted to said m cropdvMARepfat or
has a straight shape, and wherein said wavegui de connected 5 to said

m crowave generator supplies said mcrowave to said mcrowave outl et
opening fromboth sides of said mcrowave outlet opening with an identical
same phase. 10 Wheyein crrovienetyples et geessivay eretutarl ol fofca reedid n
claim 14, char actme{érzoeda‘;irngqgafetanootehlg.r 150 LV € i de Gi3 S_.provi dede et ween
sai d wavegui de donnected to said W crowave geher ators Ghd sdid ™ cionave
emtting nmenber wtd hsaid axi@towlvecdddira fer pehdicid@iude amaxiadid
direction of said waveguide connected to said m crowave generator, 20
wherein said m croVEIRYEE Gippt et MOHReS af TPheRAekfi T dhim bt TP S ai d
m crowave generatQitid §fhianot her waveguide via said mcrowave outl et
openi ng, said mcrowave being 1ntroduced into said mcrowave emtting
menber via another single 25 m crowave outl et opening provided on a bottom
part of said another waveguide. 30 18. A m crowave plasma processing
method as clainmed in claim 14, characterized in that said another

wavegui de 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, saild 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 of said
cross section has a length of 1/2 of a

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



5 wavel ength of said mcrowave in said rectangular waveguide. 10 22. A
m crowave feedi ng apparatus as cl ai ned inPglginlzo, characterized in that
a

said nicrowave outlet opening of said rectangul ar wavegui del iJsMpR AB08led

on a surface that forns a 15 | onger edge in a cross section of said
rectangul ar wavegui de. 20 23. The m crowave feedi ng apparatus as cl ai ned
in claim19, characterized in that said waveguide connected to said
m crowave gener atior saiektmehoowavelar@letdioptirgns about said m crowave 25
outl et opening. 30 24. The m crowave feeding apparatus as clained in claim
23, characterized in that said wavegui de connected to said m crowave
generator has a strai ght shape and extends symretrically with respect - 37
to said mcrowave outlet opening. 5 1 0 MAR 2006 25. The m crowave feedi ng
apparatus as clainmed in claim 19, characterized in that another waveguide
is provided bgtween said wavegui de connected to said mcrowave generator
and said 10 mcrowave emtting nmenber with an axial direction
per pendi cul ar to an axi al d¥ecthioamibireas e vilnmatindiepromtast etb t o sai d
m crowave generator,, whergln.sal g {d crguave.d s SHopld ed [ 10M o iher
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



sai d wavegui de connected to said m crowave generator 15 to said another
wavegui de via said mcrowave outlet openin said m crowave bei

introduced into said mcrowave emtti ng_mgﬁbér vi a anot her si?n@ﬁl@R 2008

m crowave outl et opening provided on a bottom part of said another

wavegui de. 20 26. A m crowave feeding apparatus as 25 clained in claim 25,
characterized in that said another waveguide is a circular wavegui de havi ng
a circular crosssissoilan.wB@iidaA hdsrovereyfreesiueyl appar/#t usimes (gl ai ned
in claim26, characterized in that said -- 38 1 0. MAR 2006 circul ar

wavegui de has a IRgth Ut qaET) 2 LTl SHP b g T EeA o 1

wavel engt h of saighiA GfOMeNeidd csaidh @y egdli i & annecdwl/d G&ad ih tuEr onave
generator, said circular waveguide formng a cylindrical cavity 5
‘resonator. 10 15 B4 L SR TBEHIdR) Eppaind v @l indmided Gavidvai m 19,
characterizedsin that sald mcrowave emtting nenber includes said
retardation plate. . A mcrowave feeding apparatus as clained in claim
19, characterized in that said 20 mcrowave emtting nenber includes a
nunber of slots penetrating therethrough in a thickness direction. 25

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



30. A microwave feeding apparatus as clainmed in claim?29, characterized in
that said slots of said mcrowave emtting,menber are arranged in a
spiral formor nultiple circunferenti al fogr% 730 - 39 1 0 MAR)298P 2805 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

31. A microwave feeding apparatus as

claimed in claim 29, characterized in that said slots
of said microwave emitting member form slot pairs
each formed of two slots arranged to in a T-shaped

5 form.





