; €3e+3$%0 VR(+6P+T+v - 1 SPECI F I CAT | ON PLASMA PROCESSI NG DEVI CE
5: TECHNI CAL FI ELD The present invention relates to plasna processing
apparatuses and nore particularly to a merbwave plasma processing .
apparatus. 10 BACKGROUND ART The art of plasma process and plasm

processi ng app '\m&he t echnol ogy i ndi spensabl e for | ion
of recent uItr%‘\\ﬁ&M\m\w duct or devices call ed deep subﬂl'ﬂmmwlmmmm& 15
or deep sub-qu r o@309r0n devi ces hag{,g‘?lﬁgﬁf?ll!ength of ?rr m or

less or for the fabfication of high-résolution Tlrat display deVPegds
including a liquid crystal display device. Various plasma excitation

nmet hods have been 20 enployed in the m crowave pl asna-processi ng appar at us
for use in the fabricati on ofLASMA BROACESINGeBEEECKr | i quid crystal

di spl ay devices. Particularly, a plasm processing apparatus of

paral |l el -pl ate tyge t hat uses hi gh-frequency plasnma excitation or a 25

pl asma processi ng nducti on- coupl ed type has been used

comonly. However, these copygentiofaht Pl AsaR: P5OCLSHL ik aPaial s have a
drawback of nonuniform plasma formation 1n that the region of high electron

density is |imtedropesaingsapparétusss 3ondindrewarticwhmdyctta amiform
processi ng over mﬁcg%‘%gé%;{%g ché%]gig%b%%aa} etusTh' s probl em becones
en %g a lTarge-dianete

particularly serious ocessi r  substrate. Further,
such a conventional plasma L - 2 processing apparatus has inherent

probl ens, associ at eg with its_high electron tenperature, in that danages
are caused in'4 heB i devi ces fornmed on the substrate. Further,
severe nmetal 5 contan nati ofh88YrHes £ RPELEMASp Pod &S dndPfp1dustd ering of the
chanber wall. Thus, it is becomng difficult with conventional plasna

processing appar aPH3€SSEHNSaPRIYALHECT 1+ nEfent CRAMAEP B further
i ni aturi zation andaf Usdhesn i SPEGN CERD! <8 £ 0 IOHLSE | ¥dan Ofy 560 Ganduct or

[
devices or flat display devices. ere has been a proposal of a
m crowave pl asma pewviessingtappdeatoss t tat led ededrn gulanisitgn pesimesexci t ed,

not by D.C.mRgnej}callel dyy 13, bulo Yy 2 mLeTOURNE Elethid e Il For
exanpl e, ther€ is a proposa a pl asma processing appargat uddMat excites
pl asma by emttingeagthCsdOWAVE LMo A eifs0@aS Fdlg thes Falbrficamianpb@nar

antenna (radial |]jnpe slot antenna%l havi ng a nupber of slots arranged so as

20 to produce a uRTPRTRFFPErBIRN el 1dh FHTRLIGY [Apices including a
liquid crystal display device. .

Various plasma excitation methods have been
20 employed in the microwave plasma-processing apparatus
for use in the fabrication of semiconductor devices
or liquid crystal display devices. Particularly, a
plasma processing apparatus of parallel-plate type
that uses high-frequency plasma excitation or a
25 plasma processing apparatus of induction-coupled type
has been used commonly. However, these conventional
plasma processing apparatuses have a drawback of non-
uniform plasma formation in that the region of high
electron density is limited. As a result, it is
30 difficult to conduct a uniform processing over the
entire surface of the substrate. This problem becomes
particularly serious when processing a large-diameter

substrate. Further, such a conventional plasma



. processing apparatus, the mcrowave electric field induces plasm by
causing ionization in the gas in the vacuum vessel. Reference should be
made to Japanese Lai d- Open Patent Applicati an-9-63793. By 25 using the
m crowave plasma excited according to such a process, it becones possible
to realize a high plasma density over a wide area right underneath the
antenna, and uniform plasnma processi ng becones possible with short tinme
period. Further, t Ecégsnhcromave IangStQH eéglted ?s an advant ageous
feature of |ow el BCEron %eﬁpe?g? as a resu £°Bf BXRPtEPFon of the pl asma
by using a m crowagepcandett whenotres paghi bllectooaveefipthatpiebl em of
damages or - 3 netal contam nation caused in the substrate. Further, it
becomes possi bl e £B2ExEPPEIRAI FERNFAPESARIBYERCaSENBSPRIRETEE AV §ECES ea,

and thus, the p'a%B?mQBOSES%hBQsﬁBQ%E@EHS @ﬁ?tﬁé§'|¥e0é9Q|ﬁeEQ§ 5
fabrlcatlon of sem conductor devices on a |arge di'anet er sem conduct or

waf er or fabrizatcontefiipatgenfnay panehudegphayadeescés OBASKEROKDNART 10
FIGS.| A and 1B shoy %ge o ns E%C%I % such oga%gnghgsggl ? eSS|ng
apparatus 100 t hat "uses Such~a raalal ng- sﬁ fn rein

represents the nlwﬁmhawenpbasmananopeasmagpappasaﬁue apparatﬂsssSE6t|onal
view, while FIG 1B shows the 15 construction of the radial |ine slot

antenna. Referrin§2tdSEVGEPR, sfﬁénﬁFBFoﬂﬁvénﬁl8§n£u5F88§55|ng appar at us 100

includes a procesgingat¢ianbaridfdlag¥acyatadrat mgrebemnahit yrof evacuation
ports 116, and there is provided a stage 115 inside 20 the Eroce55|ng

chanber 101 &t sDppErEtAyisYysabscpateondyctorpdepieessesdflph diaptayo

achi eve uni form devices.

Meanwhile, there has been a proposal of a
microwave plasma processing apparatus that uses high-
density plasma excited, not by D.C. magnetic field,

15 but by a microwave electric field. For example, there
is a proposal of a plasma processing apparatus that
excites plasma by emitting a microwave into a
processing vessel from a planar antenna (radial line
slot antenna) having a number of slots arranged so as

20 to produce a uniform microwave. In this plasma
processing apparatus, the microwave electric field
induces plasma by causing ionization in the gas in
the vacuum vessel. Reference should be made to
Japanese Laid-Open Patent Application 9-63793. By

25 using the microwave plasma excited according to such
a process, it becomes possible to realize a high-
plasma density over a wide area right underneath the
antenna, and uniform plasma processing becomes
possible with short time period. Further, the

30 microwave plasma thus excited has an advantageous
feature of low electron temperature as a result of
excitation of the plasma by using a microwave, and it

becomes possible to avoid the problem of damages or



evacuation of the processing chanber 101, there is provided a ring-shaped
space '101A around the stage 115, and the processing chanber 101 is
evacuated 25 uniformy via the space 101A-aAd-further via the evacuation
ports 116 by arranging the evacuation ports 116 communicating with the
space 101A wth an equi di stance, and hence in axial symetry with respect
to the substrate. 30 On the processing chanber 101, there is provided a
pl ate-1i ke shower e f i tr] el ect | oss
as a part of the ngsaoFégﬁé%gﬁggggguﬁgug Sngﬁ Ehglgngg%%ggatEBHEhgr
correspondi ng to thebsubstsapesiislbetd erctihe shaferhlplawhereverthe

shower plate 103 is, provided _via a seal ring 109 and jncludes a nunber of
apertures 107. Fu?PHgFraﬁec85e apP&t 8r$02 aggotBFsa HF@IE BF'e of 5 | ow

dielectric loss iprprexsdag abpahgtegteanSbQ§19§ hBRgsBowge plate 103 via
another seal ring 108, The shower plate 103 is provided with a gas passage
104 at a top surf#iebripatéen, odngdemaehngpcthe dpeéicapesnif7lareeprovi ded so
as to communi catey g u S i ded a
gas supply passage%%%gt %Eglgﬁ g??g§§o§ %% E05é$§£Fa%28§08%i%928¥
conmmuni cati on mnthlatgpansmpphypmaytdéﬁBchOVlded at an wall of the
processi ng vessel 101. Thus, the plasna-excitation gas such as Ar or Kr 15
supplied to the gas supply port 105 is forwarded to the apertures 107 via

t he supply passagegatf8ravsinf prirher via the passage 104 and is released to
the process space 101B right underneath the shower plate 103 inside the
processi ng vesSel 101 from FRES26Af 8RdgbBnghapethar esnspyuGrian of
substantial ly uni o] o] t i reis
further provided %gggh?aﬁgg?%gggbo gﬁﬁénﬁgog%ggﬁgguﬁgpégég %a%?%ntégﬁface
shown in FI G 1B atisehes@Bhoat endsadlel bhet héotowrtephat ewh®2enwnt ATE. 1A
separation of 4 - 5nn1fron1thﬁ cover glate iOZ. The radial |ine slgt
antenna 110 i s coRRBEPEEREE hHCeRtEFREPVH BF 8RN0 ePEBGFERL P HotPPRFA5 P at ed)
via a coaxi al waveguhderdiBAsandieadsesiexci WaLlenrot. 1hespbasMm@h80 gas

rel eased into the process space 101B by the m crowave fromthe m crowave
source. It shbul d°BBSHEPEGIPRaPIghPeERREBA LhBECEYRE PREEBN202 and the
radi ati on surface of the raﬁb@grkhﬁg §gog1gn§gnn@hélglcrgwgve ?lagﬁafllled
with the air. The radial“line slot antenna 110 is forned

di sk- shaped antennaODaaylmQOApp@nﬁegsea0901aqlodeeramavegasdengube of the
coaxi al wavegui de

c%%géér 101 evacuated at a plurality of evacuation

ports 116, and there is provided a stage 115 inside

20 the processing chamber 101 for supporting a substrate
114 to be processed. In order to achieve uniform
evacuation of the processing chamber 101, there is
provided a ring-shaped space 101A around the stage
115, and the processing chamber 101 is evacuated

25 uniformly via the space 101lA and further via the
evacuation ports 116 by arranging the evacuation
ports 116 communicating with the space 101A with an
equidistance, and hence in axial symmetry with
respect to the substrate.

30 On the processing chamber 101, there 1is

provided a plate-like shower plate 103 formed of a

dielectric of low dielectric loss as a part of the

wall of the processing chamber 101 at a location



5 and a radiation plate 110C provi ded at the opening of the antenna body
110B, ‘wherein the radiation plate 110Cis forned with a nunber of slots
110a and 110b with respective orientations éressing perpendicularly with
each other as shown in FIG 1B. Further, a 1o retardation plate 110D of a
di el ectric having a constant thickness is interposed between the antenna
body 110B and the radiation plate 110C. In the radial line slot antenna 110
havi ng such a construction,.the, m ¢croway ed.th t rrom 15, t he _coaxi al
navegui de 110 propasacebearshd” 1o bR BireER bniiE B2 B ahearanbERAE body
110B and the radi atbonwpkatenltl€ sholbe padical 1dBr eet pobyvivbareia ahe
m crowave thus propaﬁathg under gges conpression of wavel ength as a result
e

of the function ofSfher289r &P3r a8Fi ORCHHEEE #1BBMPFRUSE BYSFEFRFRAgLPRe

slots 110a and llg@régacentrbeakkypiBte0ibespendengeat githecwayel spgth of
the m crowave thus propagatlng in F d by formng the
6

. he radial direction, an .
slots 110a and® 110bvwsdigsecsriior Araspespendvédedr adnghe avthAreaéde2sfot her,

it becones possib t i n hayi pLreu p rization in
the direction substantralPy BRsanaraurar ehobhe®, Sablr FahoRtale 100 ey
usi ng such a radial |ine sl O®heashenra Blakt#0l0Bhéseprsvidededithi hogas

hi gh-density plasma in th rocess space 101B rjight underneath the shower
bl ate 103 The b BRoa8AS: L9 pRkern CERSFBAREACEE SRty eanfr B20R Powtie

el ectron tenperatyperandesh®07 arf peecyneanse at danBepsunichhe substrate
114 to be processed is avoided. Further, there occurs no netal

cont ani nat i onltau$Bg Bpsspaseaprnglst FRETERAmbERCRAI AFSoPrPHédpFogedsPng
vessel 101. 5 In Eﬂggﬁgﬁéggsgﬁgc?§§'@9 @Q%i&g%@§iégoo ftEEGEﬂowEPere

further provided a tive structure etween the shower plate and
the substrate 1l4platier @08 tthecoomdudtavéost withuregihs Boppég worh a0Aunber

of 1oZ7l es 113 suppliedon Lh 3,P[95558 938 10,b00T.2g°4LELNR! (Byocess gas

Thus, the plasma-excitation gas such as Ar or Kr

15 supplied to the gas supply port 105 is forwarded to
the apertures 107 via the supply passage 108 and
further via the passage 104 and is released to the
process space 101B right underneath the shower plate
103 inside the processing vessel 101 from the

20 foregoing apertures 107 with substantially uniform
concentration.

On the processing vessel 101, there is

further provided a radial line slot antenna 110
having a radiation surface shown in FIG.1B at the

25 outer side of the cover plate 102 with a separation
of 4 — 5mm from the cover plate 102. The radial line
slot antenna 110 is connected to an external
microwave source (not illustrated) via a coaxial
waveguide 110A and causes excitation of the plasma

30 gas released into the process space 101B by the
microwave from the microwave source. It should be
noted that gap between the cover plate 102 and the

radiation surface of the radial line slot antenna 110



via a process gas passage 112 forned inside the processing vessel 101,
wherei'n each of the nozzles 113 rel eases the process gas thus supplied to a
space 101C forned between the conductive stbueture 111 and 15 the substrate
114 to be processed. In the conductive structure 113, it should be noted
that there are formed openi ngs between adj acent nozzles 113 and 113 with a
size such that the plasma forned in the space 101B causes diffusion from

t he space 101B to.the. p 1 passi ng through the openings. Thus,
in the case the p%%cg§§98§sag§hrgﬁ§;§é ‘into the space 101C fromthe

conductive structure 111 vi @htheatitatgoting Boazl entésdnat heOpLecessmgas
under goes excitatiqgn by_the high-density 25 pl as formed in the space 101B
and a uni form pl a8 ap¥6é§ssBﬁgﬁr§h38ﬁpeéﬁaegﬁatEgdguﬁggﬁaF8nT?ﬁteg to

efficiently at high speed wabBavhedaiBai Bg the sHBRLEA! §aPEgHSMECE10A
structures formed on the substrate, and w thout contam nating the

substrate. 30 Furehéra redéhsubd béanet é40Ehrrovhdedi etokhgecrhusnendft ed
fromthe radial Ii t i | o jyve cture
111 and there occEBg %hgégﬁégﬁﬁggi%§PEé gﬁgg?gétgnglgggggg%%ﬁ 5§%$§romave.
In the plasm procassi hg appaedt wsth08 ohimbeGSofAsands1Bl0oat asouldbbe

noted that the separ tion between the shower plate 103 and thﬁ,su strate
114 is set small, "ahtt HEERGSETSF PRSP 8L LRBFeCFSSFOPHel APEBAL FHUBESY and

stabl e plasma flowiikR thenspaserlQ4iBsasdni Ant hegspacertPifern Lhe radial
direction of the shower plate 103. As a result, a very uniformplasma
processi ng betbnesepdsdrbienepPéatrnlifB edse €helsgbstiFabavitg fs a

| ar ge- di amet er 10cBHQ%EE%t%Pi§EREES QEh%ﬁtgéﬁgﬁeh“béﬁﬁegﬁs%hEhSngéﬁﬁéure

i nside the processing vesse I's reduce ere appears a tendency that
t he pl asnma densitpodgciléf@Beandt thherpdinphenablpart 1dDCt he shower plate
103. In the exanple in whic

Q t he pressu elingidf he 15 [og s'ng,vessel
101 has been reduced to 300 HWBEF of F@is th€an ﬁ% ﬁﬂ%ﬁﬁﬁ?, ?ﬁeb@ oB8urs a
large drop of plasgendensbhytatcthignpethphaiakopatt ekdtBBereto from
15 the coaxial waveguide 110 propagates along a path
between the disk-shaped antenna body 110B and the
radiation plate 110C in the radial direction, wherein
the microwave thus propagating undergoes compression
of wavelength as a result of the function of the
20 retardation plate 110D. Thus, by forming the slots
110a and 110b concentrically in correspondence to the
wavelength of the microwave thus propagating in the
radial direction, and by forming the slots 110a and
110b so as to form a perpendicular angle with each
25 other, it becomes possible toc emit a plane wave
having a circular polarization in the direction
substantially perpendicular to the radiation plate
110cC.
By using such a radial line slot antenna
30 110, there is formed uniform high-density plasma in
the process space 101B right underneath the shower
plate 103. The high-density plasma thus formed has a

feature of low electron temperature and the



shower plate 103. It is believed that such a drop of plasma density is
caused as a result of facilitated 20 diffusion of dissociated el ectrons,
whi ch takes place in the processing vessel 80% in the case the pressure
therein is reduced. As a result of such facilitated diffusion of the
electrons, it is believed that the el ectrons undergo anni hilation at the
i nner surface 25 of the processing vessel 101. Because the cutoff density

of plasma is 7.5 x 10lcm 3 lLagma_i.s no_| er intain if the plasna
Genti 1y has: been HSEPELEBACHT oN BaERe A BuLBF SHBRSFEY® FE5hBUPE be not ed
t hereby that suchpacdespeaf ipl asBradansrhiytabr3othBeepetpberab patkiof the

shower plate 103 not only invites degradation of the processing speed but
al so invites the SPR&EM*BATEARWARERCEhBY nPEPEREYERPeaEnERCdFREBPEY to t he

substrate 114. Wighithig @GEURSocessifly YBEEE1MYy1be caused the probl em of
damaging in the substrate 114. DISCLCS%RE OF THE | NVENTI ON 5 Accordi ngly,

it is a general object of the phesphésinavenbreastogpeppadatasndOel oénd
useful plasnma pro si,ng ar at.us, wherein.t.he foreqgqing.problens, are

el i minated. Anoth&rC1d’ prOSeAt *PAVBREI BROXPREHaF uSS TABaBE 8oy EF LERE Bnt i re
s processed even iinlpbessuea. the Anekber paadenana speckhibetobiectief the is
to provide a plasnma processing of conducting unifornlprocessing urface of
the substrate to BBSrRéNch8e 6PNHEFRGVE PERIEFBEEBsSsSobPEREdoV1ERedpr esent

invention is to ppayLde éfphéégﬁeﬁr?§§5§5591§983&§EH5a pPBRELSI Bgs @

processing vessel defined by an wall and provided with a stage for hol ding
a substrate to0 befppocessedte2nad nrerenaveasr angnrssiloatwihdoatparoedded on

sal d processing vessel, E?oégsgo B§C§F§§5§F5H9§tEéEﬁeEOiQSiBEOQEQSGd on said
stage, said mcrowave transm ssron ndow being provided as a part of said
wal | of said processcrgsiegsekbssel 101, wherein each of the nozzles
113 releases the process gas thus supplied to a space
101C formed between the conductive structure 111 and
15 the substrate 114 to be processed. In the conductive
structure 113, it should be noted that there are
formed openings between adjacent nozzles 113 and 113
with a size such that the plasma formed in the space
101B causes diffusion from the space 101B to the
20 space 101C by passing through the openings.

Thus, in the case the process gas is
released into the space 101C from the conductive
structure 111 via the foregoing nozzle 113, the
process gas undergoes excitation by the high-density

25 plasma formed in the space 101B and a uniform plasma
processing is achieved on the substrate 114
efficiently at high speed, without damaging the
substrate or device structures formed on the
substrate, and without contaminating the substrate.

30 Further, it should be noted that the microwave thus
emitted from the radial line slot antenna is blocked
by the conductive structure 111 and there occurs no

damaging in the substrate 114 by such a microwave.



25 a plasma gas supplying part supplying a plasma gas into said processing
vessel; and a m crowave antenna provi ded on said processing vessel in
correspondence to said mcrowave, said merowave transm ssion wi ndow havi ng
a 30 concaved inner surface at a side facing said substrate to be
processed, such that a separation between said inner surface and a pl ane
coincident to a surface of said substrate to be processed decreases g _
in aradially outward direc&ion of said _m crowave transm s ionlbjndgw
§mt9dr Pace of

According to the present inv@nFPSnPiFﬁ@aggﬁoﬁgFﬁégﬁ FREA56Y

the shower plate andsh ikhansunbace tokhbledswlshbatka taake tpeocessed, in
whi ch the high-density plasma is forned, is decreased at the peripheral

part of the subst F&PETBF1PHr RELYCERe tEENERPEE s BAPAEe 187 ERE $h6wer plate

at the side facinguble a¥RstnaAl €<t Qehe PRIGESEEE HARaRsEERY knil0 the drop
of plasma density at the peripheral part of the shower plate Is conpensated

for, and stabl® afdtegeri fisr fopmedma iconfranmpoaisnedd steheéevipdiarimay fopwt he

substrate surface.ev i l.ow_pressur I process _such.as an
et ching process iéﬁlgﬂgoﬁgéggegaﬁéugp e%? §§%h%g%€§n§??§cﬁpo%% a&r fﬁétes
ignition of the pkhaseetibur blierthel theheul gplheenabed hbat seehla, a

stabilization of the plasnma by using a concaved surface is applicable not

only to the const VG&¥i REATHhPLRSEpPELEESSIRY SEFPMGEnEOFa P es eYED

provi ded between thesdbghiat @nanduble BkasHa 1938 supRkYeDdiRALL Ut al so
to the case in which such a process gas supplying construction is omtted.

Wth regard t&0theubhéwmeiepl &re thaviohesubhnd, cdncahedcosgrf &be, it is
possible to use ag@%@%%r%5i%§3@@?%hgﬁ ?BE%EsE%&”@Qs%F?le@eigl?éﬁﬁfgﬁﬁs

passage and the apertures comuni cati hg therew'th rnative
possi bl e to use atpereuspperans e nmehdenaly ithapl ate ofiache densetgeram c

material. While such a shower ghate IS %rovided i n int'natg 30 contact with
the dense cover pCACESRSFRI A &DFaPErIPIEREIWRPE LoP Tt FBSpFEOYESI R VEssel

and constituting the . phasihet LaBmENSSHANWWIBHOWhel briegsake0ipaggkbkaei n the
present invention to provide such _a concaved - 10 surface to the
m crowave trahsnm PFCERSRLRGoweEESsd| £01] hasubrea &gsducedh&opBAdnmaTgas is

|ntroduced nto the ReAcess! Ag ghahel ia ankbylencBh Lhe hhkge Wbout
usi ng a shower plate. In the shower plate or mcrowave transn ssion
wi ndow of the presénplasmentiensitiyt aits taedvaertragbeuslt patrar mft hbeout er

surface, opposi g LacLAe L9LeR0RY, Coneaet L SUELEC, 1) 3 U, e

plasma density is caused as a result of facilitated

20 diffusion of dissociated electrons, which takes place
in the processing vessel 101 in the case the pressure
therein is reduced. As a result of such facilitated
diffusion of the electrons, it is believed that the
electrons undergo annihilation at the inner surface

25 of the processing vessel 101. Because the cutoff
density of plasma is 7.5 x 10%%em™3, plasma is no
longer maintained if the plasma density has been
decreased below such a cutoff density. It should be
noted thereby that such a drop of plasma density at

30 the peripheral part of the shower plate 103 not only
invites degradation of the processing speed but also

invites the situation in which the microwave reaches

directly to the substrate 114. When this occurs,



| 0 antenna by way of causing intimte contact between the outer surface and
the m'crowave antenna. BRI EF EXPLANATI ON OF THE DRAW NGS FI GS. 1A and 1B are
di agrams showi ng the 15 construction of a-cénwventional m crowave pl asna
processi ng apparatus that uses a radial |ine slot antenna; FIGS.2A and 2B
are diagrans show ng the construction of a plasnma processi ng apparatus 20
according to a first enbodi nent of the present invention; FIG3 is a

di agram showi ng a e g | yi spructure us d in.the
processing apparaFﬁsggf%EVG§§2§3§%8¥2ggezgrﬁﬁ o7 |s aﬁﬁglngn%ghgmnng
various nodificat sapbstebtehelpl asma processi ng apparatus of FIGS. 2A and 2B;
FIG5 is a diagram show ng the construction of a plasnma processing
apparatus according to a 30 second enbodi ment of the present invention;
FIG6 is a diagraprshewsndrt Be eapstivekireanof a pl asma processing
apparatus according to a third enbodi nent of the present invention; 1 -
11 FIG 7 is & di agram showhagordéngorst Lticison gﬁnarpﬂaghmeptoeésthﬁg
apparatus accord:,\pgegg g ER%@'EiS[P%Q' §§8§i8é }1“80%?539& ,gxepyion. FIG8
is a diagram show ng Re constructi on Of “a plasma procéssing appar at us
according to a fiplhsmabpdbpenting hbpapaeaenWhenuenttbe f&k&gbihg a

di agram showi ng t he gnstructio of a _plasma processing apparatus according
to a sixth enbodlﬁﬁﬁg SPStﬁéengégﬁPaFggentlon 10 FIG 10 is a di agram

showi ng the Another and more specific object of the

10 present invention is to provide a plasma processing
apparatus capable of conducting uniform processing
over the entire surface of the substrate to be
processed even in the case of using a low process
pressure.

15 Another object of the present invention is
to provide a plasma processing apparatus, comprising:

a processing vessel defined by an wall and
provided with a stage for holding a substrate to be
processed;

20 a microwave transmission window provided on
said processing vessel so as to face said substrate
to be processed on said stage, said microwave
transmission window being provided as a part of said
wall of said processing vessel;

25 a plasma gas supplying part supplying a
plasma gas into said processing vessel; and

a microwave antenna provided on said
processing vessel in correspondence to said microwave,
said microwave transmission window having a

30 concaved inner surface at a side facing said
substrate to be processed, such that a separation
between said inner surface and a plane coincident to

a surface of said substrate to be processed decreases



construction of a plasma processing apparatus according to a seventh
enbodi'nent of the present invention; and FIG 11 is a diagramshowing the i5
construction of a plasma processing apparatgs-according to an eighth

enbodi ment of the present invention. BEST MODE FOR | MPLEMENTI NG THE

| NVENTI ON 20 Hereinafter, the present invention will be described in detai
with reference to the draw ngs. [FIRST EMBCDI MENT] FI GS. 2A and 2B show the

construction of a.25 mc¢ pr.oces arat.us,10 according to
S e ebodt meniheR EREA e R Ar e R T aB e e RE P OB R S e

m crowave pl asma @&ghgﬁggggoapgahabus 10 includes a processing vessel 11
and a stage 13 provided in the processing vessel 30 for holding a substrate
12 to be processed by way ofC&RTELEEt £8sthEi PrERERk, lﬁﬁéﬁéﬂﬁ“bhéhgtggé 13

may preferably beb@%@%egftﬁéNbBEté%ZgﬁrEQEgegfb¥h@ QHBwb%OFiQ?bC d o are

pressurizing (H P) nethod. processi ng vesse
provi ded at IeastthﬂosugfeﬁeraﬁlyhehBQBSEVa¢aatpohepprDse$$adunla space 11A

surroundi ng the stage, 1 equi. di st nce rela ons ._and t hus

i o oymat ry w EREEny SoBubiafooBHY  Eio bR s’ 15 o hRd,r decliatctnerhe
stage 13. The proaesshagpvespakril barevaeuah@dsandt@aﬁéeg§UEbzmdngla such
evacuation ports 1lla by neans of a gradational |ead screw punp, and the
like. The processith§ ¢e58sared1sngfpref erabhg cBoVernedase ak &0St 8hfee

stainl ess steel C?QE@hB'QQeAéubgﬂgaEQeEg bs bHeree s?ﬁpa§§'¥akbgﬂli"”‘°f

al um num oxi de fornmed on the inner wall surface o e processing vessel by
an oxi di zi ng p@ocebglngPFufthéasmandehelparBtotheheemabhe@altherproée55|ng
vessel 11 15 corr%ﬁgonﬁ g,.tQ the substrate 1

Sner

h
fornod a di ok.shapd BRatE 14 BphRbRsataiosBt Da0a 8 Et e BREC

wherein the di sk uniform plasma is maintained in the v1cinity of the
substrate surface even in the case a low pressure
plasma process such as an etching process is
15 conducted. Further, such a construction facilitates
ignition of the plasma. Further, it should be noted
that such a stabilization of the plasma by using a
concaved surface is applicable not only to the
construction in which a process gas supplying part is
20 provided between the substrate and the plasma gas
supplying part but also to the case in which such a
process gas supplying construction is omitted.
With regard to the shower plate having such
a concaved surface, it is possible to use a dense
25 ceramic material formed with the plasma gas passage
and the apertures communicating therewith.
Alternatively, it 1is possible to use a porous ceramic
material in place of the dense ceramic material.
While such a shower plate is provided in intimate
30 contact with the dense cover plate forming a part of
the wall of the processing vessel and constituting
the plasma transmission window, it is also possible

in the present invention to provide such a concaved



shaped shower plate 14 may be fornmed by a H P nethod and includes a nunber
of nozzle apertures 14A. The 20 A1203 shower plate 14 thus forned by a H P
process is fornmed by using Y203 as a sinterithg-aid and is characterized by
the porosity of 0.030 or less. This nmeans that the A1203 shower plate 14 is
substantially free from pores or pinholes. Further, the A1203 25 shower
plate 14 has a thermal conductivity reaching the value of 30WnK. It shoul d
be noted that thiguE?eEna% c%ggu%tivitx valuenisig very Large vglug for a
ceramc. The showSF pFSfe 24 1S TASFREZYR tha"30 pFoBsEirRY YesseF i1 via a
seal ring 1ll1ls, andnasce¥ern phate theopldemnseghd2@8 fiarpedubydaisisi the H P
process is nounted on the shower plate 14 via a seal ring 11t. The shower
plate 14 is forneBFAFEASART chamBerg¥ppedsithRe14BrathehéispdevébhPHEL i ng
with the cover plgggn%SaighgggguPhgggion wi th each of the nozzle apertures
14A, wherein the depreéssion 14B thus formed functions as a plasma gas
passage. It should be notedIB that shheefopégbengrdepreewava is fornmed

i nsi de the shower 14,10 ication with another plasma,gas_passage
t hat connunicatest§%ﬁﬁgéégﬁggngggggai% e?gi18r8F8§Fdé8V8H@%88'mé?|le t he
processi ng vessel atitanthgeshewen pbaimethd batbel dubfaaepoppeetihggtd0 part
11b forned on the hgpgr wal | of the erocessing vessel 11, wherein_there is

formed a rounded & EECHRIPHePAFEVEF LRBCPr 8PEERFRgIBaft £18b BARREI ng

the shower plate iérf@acim@eg%§ﬁbngpgmmagnak ehecghb@egi§gae&geia1§h$hus,
e e

the plasma gas of Ar, Kr, an i ke, Supplied to the plasm gas inlet

11p travel s thtoughtensaf bywwpit h§ taCsand 1aBimaspdeonhacthbeerephate 14
and is supplied t%hgh8u§B§C§u}%§cg|QHE the microwave antenna.

BRIEF EXPLANATION OF THE DRAWINGS

FIGS.1A and 1B are diagrams showing the

15 construction of a conventional microwave plasma
processing apparatus that uses a radial line slot
antenna,;

FIGS.2A and 2B are diagrams showing the
construction of a plasma processing apparatus

20 according to a first embodiment of the present
invention;

FIG.3 is a diagram showing a process gas
supplying structure used in the plasma processing
apparatus of FIGS.2A and 2B;

25 FIG.4 is a diagram showing various
modifications of the plasma processing apparatus of
FIGS.2A and 2B;

FIG.5 is a diagram showing the construction
of a plasma processing apparatus according to a

30 second embodiment of the present invention;

FIG.6 is a diagram showing the construction
of a plasma processing apparatus according to a third

embodiment of the present invention;



r underneath the shower plate 14 via the apertures 14A. 20 On the cover plate
15, there is provided a radial line slot antenna 20, wherein the radial
line slot antenna 20 is fornmed of: a disk-shiaped slot plate 16 provided in
intimate contact with the cover plate 15 and fornmed with a nunber of slots
16a and 25 16b shown in FI G 3B; a di sk-shaped antenna body 17 hol ding the
slot plate 16; and a retardation plate 18 of a low |l oss dielectric nateri al
such as A1203, Si3N4, Si ON, EO%,.and t.he Iikes iQterp?ﬁed betﬁeen t he sl ot
plate 16 and the antenna boﬁ? 17. 1¥hd PAAPEF™ PRRY309sFBE SREERARCELCTs
mount ed on the pregesspngsmessebcdisvhg appeahttkngcddudiagdta gi crowave of
2.45GHz or 8.3GHz in frequency is supplied to the radial |ine slot antenna
20 from an ext er nAPUALEr 6RAPEIEBDECcRE the1preppBt 4R¥RAFLIOPa a coaxi al
wavegui de 21 having a rectapgdl grsQrachighkah Sh83E8°EhboBonIBLuBLELAVAYE
thus supplied is radiated into the processing vessep 11 fromthe slots 16a
or 16b on the %l obfpharéasBasprhreaghnpgheppevecupl atect8ingdtohe shower
plate 14 and causesbeégktakigg ?% plasma_in,the ﬁlasna gas supplied from
the foregoi ng apeftires™i4A | 8 BpSEE"T1B"YFhAt lnder neath the shower
plate 14. Thereby, it shoul dibeongted thayrbhesanowehgpthtecdhstouandohhe
shower plate 14, forned_of A1203, functions as an efficient m crowave
transmi ssi on wi nd8f. 2| R18Fd8r PFEC8F8LRTeREPRARIEA BFCPFEsRE FR &h81HFasma

gas passages 14A znbd@imbhe BFasAR gassBheS$HyEnkSoRet to about 6666Pa -
13332Pa (about 50 - 100 Torr) in the 15 fl ow passages 14A - 14C. | n order

to inprove th&dintimacy of FRE.18dial al Fhegshbt shAvéndatle and the cover
plate 15, there 'EoBQ%gﬁgFﬁghgggbﬁggﬁggmgr?988e%§9nb“a£§§r9¥§éOmﬁve pl asma

processi ng appar atus esen nventron~in part of the upper
surface of the pracessdhggvessel sétehhat emhgdagmenwi bfi the pkeseptate 16. By
evacuating the groove 1lg thus forned, the gap forned between the sl ot
plate 16 and the &BV@PtbgﬁfeaT§ is depressurized and the radial |ine

FIG.11l is a diagram showing the
15 construction of a plasma processing apparatus
according to an eighth embodiment of the present

invention.

BEST MODE FOR IMPLEMENTINGI THE INVENTION

20 Hereinafter, the present invention will be

described in detail with reference to the drawings.

[FIRST EMBODIMENT]
FIGS.2A and 2B show the construction of a
25 microwave plasma processing apparatus 10 according to
a first embodiment of the present invention.
Referring to FIG.2A, the microwave plasma
professing apparatus 10 includes a processing vessel
11 and a stage 13 provided in the processing vessel
30 for holding a substrate 12 to be processed by way of
an electrostatic chuck, wherein the stage 13 may
preferably be made of AIN or Al;03 formed by a hot

isotropic pressurizing (HIP) method. In the



25 slot antenna 20 is urged tightly to the cover plate 15 by the

at nospheric pressure. It should be noted that such a gap is fornmed by the
slots 16a and 16b formed in the slot plate 15,-while the gap nay be al so
formed by various mnute depressions and 30 projections. Such a gap is
sealed by the seal ring 11u between the radial |ine slot antenna 20 and the
processing vessel 11. By filling an inert gas of small nol ecul ar - 15

wei ght between the sl ot plate 16 gn th% cover plate 1 froqlﬁhe %Y cuation
port 11G and the §FOS7ESIEY, VEESFE desitBrE S 8 FabrOVEsee Aranspstt & Pon of
heat fromthe covekefleahu®1yS theekhevakakthbat polés ko 3nSdCBpabel nent gas,

it is preferable to use He having a large thernmal conductivity and al so a
| arge ionization PYEERVPERNT| fhehetegse 1ef Viithl PRy SANS IS 2RCEh He, it i s

preferably to userte_h%t%%%ﬁg@e ahgakaut 048 akARsPReNGethd LBgncONStruction

of FIG3, to there is provided a valve 11V in fhe evacuation port 11G for
t he evacuati ons of relspegrtodvee theg sabdtiretet B fol bengrotesksedgroorbel5g with

the inert gas. FUEEE%%’lﬁn quter waye gkdevt%g% Z%A cgnggi%ugkng a, oaxi al
wavegui de 21A is connected to i 5 Che isﬁ-sﬁape& a%ténna SoHy I7, “8hd the
central conductor d2pBeissucareectéd tachhevakahtpbat pot@st hnauph asaapeni ng
formed in the retardation plate 18. Thus, the m crowave supplied to the

coaxi al wavegui de®F1A& OFra¢eitdopatndeadt RETEMt BHAR hEAY Theaddkehe sl ot 20

plate 16 in the radial direq%go%r%@gsggngnbgggglfqqn&gh?rgkgggbl a and 16b.
FI G 2B shows the slots 16a and 16b formed in the slot plate 16. Referring

to FIG 2B, itl¢hodlodmed odt ed 2Bsttkatiteheteliotlest6atere tonpadning Al,
concentrically, andhe $l.oyg %QQQE%a%h Qg!&g%t§%n°%$%Rﬁ%§iQﬁuR%BB%“d‘CU'af
(0] al so

to the orientation of a Ccorrésponding s a, are fornme
concentrically. Thaislotfsriea andthebiaherf eatedswrifhcanoifntaeval

corresponding to theC%OSwave%en%tq g; theontcnowave col e%eised b rtthe
retardation pl at ePT8SERSERE MESPET &¥r 68t P8 967 1P Fe P Sae FEIHGE ras a

result, the ”iCrOW@VthSp%$Etb@dthéoﬁhhheo$|Qhepbﬁb%eggﬂﬂﬁabbﬁsbm tthe form
of 15 corresponding to the substrate 12 to be processed,
there is formed a disk-shaped shower plate 14 of
dense Al,0; as a part of the wall, wherein the disk-
shaped shower plate 14 may be formed by a HIP method
and includes a number of nozzle apertures 14A. The
20 Al;03 shower plate 14 thus formed by a HIP process is
formed by using Y;03; as a sintering aid and is
characterized by the porosity of 0.03% or less. This
means that the Al,03 shower plate 14 is substantially
free from pores or pinholes. Further, the Al,03
25 shower plate 14 has a thermal conductivity reaching
the value of 30W/mK. It should be noted that this
thermal conductivity value is a very large value for
a ceramic.
The shower plate 14 is seated on the
30 processing vessel 11 via a seal ring lls, and a cover
plate 15 of dense Al,0; formed by a similar HIP
process is mounted on the shower plate 14 via a seal

ring 11t. The shower plate 14 is formed with a



+ - 16 a plane wave. Because the slots 16a and 16b are fornmed in the
nmut ual’l y per pendi cul ar orientations, the mcrowave thus emtted constitutes
a circular polarization wave containi ng twolper pendi cul ar 5 pol ari zati on
conponents. In the plasna processing apparatus 10 of the present
enbodi ment, it should be noted that the shower plate 14 has a concaved
surface at the side facing the substrate 12 to be processed. As a result,

|0 the separationD higtueen thg shover Dlakechd. and:aqplans sel cgingi dent

to the surface of strate to be processe reases gradually in
the radially outwaldtdi i6ctihonommhnscathencencavedcauntackei sodefiened by an

axially symmetric surface 15 and the separation D is decreased at the
peri pheral part onFﬁ§u§SBs?#§tew&?ernbEEﬁr888§§§8?°?h FBOYMUENECEPEEI em

of decrease of pl &snetdensi by kNpihsmRephBhehakaBart 1@f shBa1gubsat hateqi s
elimnated. Thus, in the plasma processing apparatus 10 20 noted above, the

pl asma densitysisthet dberéasedobepodepresedpof fsdéasmeg énendentbRe case
pl asma process'“9shEWQQ“BEQESd1H“Qﬁgcém&EQHESQigéegﬁgﬁg ﬁ8¥h59nﬁﬁggmgs I n

the case of conducting a dry etching process, a asma I s” mal ntai ned
stably. 25 Therebgast hesprgbl ehmof coamushcageof withe pl aspamandaassoteat ed

pr obl em of danagi of the . substrate taking_place_at the,peripheral part of
the substrate is 338c8§8F69F5 890?58dwaégrgﬁngeiﬁr9ﬁ855F§§n§g5F82e§ ing
apparatus 30 10 of FIG 2A, rThesbauvlkdrbpinektedat hat hkharsyi 8 preyededng

cooling block 19 having a cooling water passage 19A on the antenna body 17.
Thus, by cooi by t Rér&odilPngosmeekonrothe tRBeEoBRLAgORatBE PHOERESiING 17

vessel 11, wherein there is formed a rounded surface
on the part of the projecting part 1llb carrying the
shower plate 14 for suppressing abnormal electric
discharge.

15 Thus, the plasma gas of Ar, Kr, and the
like, supplied to the plasma gas inlet 1llp travels
through the flow paths 14C and 14B inside the shower
plate 14 and is supplied to the space 11B right
underneath the shower plate 14 via the apertures 14A.

20 On the cover plate 15, there is provided a
radial line slot antenna 20, wherein the radial line
slot antenna 20 is formed of: a disk-shaped slot
plate 16 provided in intimate contact with the cover
plate 15 and formed with a number of slots 1l6a and

25 16b shown in FIG.3B; a disk-shaped antenna body 17
holding the slot plate 16; and a retardation plate 18
of a low loss dielectric material such as Al;0;, Sij3Ng,
SiON, Si0O;, and the like, interposed between the slot
plate 16 and the antenna body 17. The radial line

30 slot antenna 20 is mounted on the processing vessel
11 via a seal ring 1llu, and a microwave of 2.45GHz or
8.3GHz in frequency is supplied to the radial line

slot antenna 20 from an external microwave source



cool ing water passage 19A, the heat accumulated in the shower plate 14 is
successfully absorbed via the radial |ine slot antenna 20. It should be
noted that the cooling water passage 19A has4a-spiral formand 5 is
preferably supplied with the cooling water having an adjusted

oxi dation-reduction potential. Such cooling water having adjusted

oxi dati on-reduction potential may be obtained by conducting a bubbling of
an H2 gas for expellin di ssol_.v xygen. l.n t i_crowave pl asma
processi ng apparasbgklgh%pﬁﬁléﬁéA? ?gag §§|gagégﬁéﬁgd5?h§%Vﬁﬁgrg IS

provi ded a processegaangupplryomrgcitrcuttur erdtsi Bekcheopr.ocagsmigrveasel

bet ween t he shower glate 1i,a§?,the sybstrate 12 on the stage 13, wherein
the process s5 gaSP8SpFiyPridest Fictafeaded dBitQuédel REPFEESEBPNEESFRocess
gas passages 31A nel gashngnd BNe¢es3cdasrsupBl badthkommatppegesesigas inl et
11r provided on the wall of the processing vessel 11, wherein the process
gas is rel eased fichacaghuiber covepr péess dasandzthe 2bouper phpss 34B (see
FI G 3). Thereby, ni_form.s . rocessi i§.C u i_n_the space
11C beiveen the pebbesate R Sy s BBt ardaa T ottt Patiupcerate 12 11
shoul d be noted tbappsied &rsubsheatterpyodessiapegritneksdegapiacesses such as
25 pl asma oxi dati on, plaﬁna nitridation, Qkasna oxynitridation, and plasm
CVD. Further, it PE3FEssSiBl B8 cBRAGET e PedbEi F8OFE6R BLeffndito t he
substrate 12 to benpreegssed byosupPb¥ Retadf kuarogeaebervaaspeaskl yYscausi ng
di ssoci ati on such as 30 C4F8, C5F8, CAF6, and the like, or an etching gas
of fluoride ot0chPdfi §&e ghevenePrdpacelt1CiPrarit RE PhefossfufEstianspl yi ng
structure 31, and_si ml [ a.hi f; n tage to -
18 'The ctage 13 Fromrachron rrbaloacy as sootaR e R SLatBL 38 D) asmm
processi ng appar abuslet0 tof avhédpeasenttépbodifmpitsmat ins thespilbbmat gaavoi d
deposition of reaction b p&ggygt 43 on.the_ inner wall of the proceising
vessel by heati ngPERENIEP Thé4fhrolBSsPh§sPas98f PIEGULSt &fp8Fht GPe of
about 150C. Thus, abbulecerB®apos3izhherko (@penat got ke 10bcrewaye ipl asen
processi ng apparatus 10 constantly with stability, by conducting a dry 1o
cl eani ng procéss WM &aﬁﬁﬁéeéfléﬁcé péf-day. FIG 4 is a bottom view
showi ng the construction ofIhhgrgggc%gsig§§o§gpghgi@gt§hgggtggetﬁé used in
the construction of FIG 2A. Referring to FIG 4, the process gas 15
suppl yi ng struct ured3dali §iher sédtohndecondddt avd mheecoakeroplaneAlSal | oy
containing My or %h%E%iqge srst%el %ddeg @ﬁth Alr an ng Eat%hce-shaped
gas passage 31A is conmneét e 16 Re 6P8¢§ §p§gsgiﬁPeF p Pt 175t a process
gas suppl yi ng por mi3tBwallkepehyma2@rblespriageappgaatus nel easedei nto the
foregoi ng space 11C uniformy fromthe process gas nozzle apertures 31B
formed with a?far §&eRGRber "YEERE Pt BnPen 1t REe thE PﬁBeﬁrﬁgé§§CSa§f

suppl yi ng struct ur@e3brobikial, vbReedr aGessagasngBRLY WRghSthdCkYBe 31 is
formed with 25 openings 31C between adj acent procéss gas passages 31A so as
to al |l ow passage ®faitlke 18-a8¥acy¥rcuhéipgotbss ggasveont i fedsi Aormedpl asna.

In the case of fotm.n h e S | yi tructyre an Al
al | oy contai ni ng F %Pbigogﬁggeﬁggﬁgépo%ﬁgr%&§q3§lFﬁgo#Fd8§%i?ﬁ?on t he
surface thereof. Eoveleplaite tlBe icasepekskarized thd phecessigaslsuppl yi ng

SasSi VAt 3By agta mess stegl 2dGe W tghtny' Lo $nRM ELSLEPLEEG Torm a

15 by the atmospheric pressure. It should be noted
that such a gap 1s formed by the slots 16a and 16b
formed in the slot plate 16, while the gap may be
also formed by various minute depressions and

30 projections. Such a gap is sealed by the seal ring
1lu between the radial line slot antenna 20 and the
processing vessel 11.

By filling an inert gas of small molecular



+ oxide on the surface thereof. In the plasma processing apparatus 10 of the
present invention, it should be noted that the incident energy of plasma is
smal | because of the | ow el ectron tenperature -of the 5 excited plasm, and
t here occurs no problem of contam nation in the substrate 12 by the
sputtering of the process gas supplying structure 31. Further, it is
possible to formthe process gas supplying structure 31 by a ceram ¢ such

as alumna. 10 It should be noted tha he_ | attjce-shaped process S
B sohgos 31a and vReSHFonBuleh o tht el ot L BT LECARARRE BOPRESLEE, (o
cover a region slightiyml angeevibantibe pubstrateadd tRebgrpspcessed as

represented in FIG 4, By providing such a process 15 gas supplglng
structure 31 bet webnifhBoshdke pPafecilihafet hEaBEBEFab&on20f ohpet

processed, it becepgs pAsSLbLE:! 01 pUSEsPLASHR. CXFhLAL] 90, 0f gt heopr 0CesS

gas such as a source gas or an etching gas and conduct a processing of the
substrat e unifoor mbychyaoinsrhgothe ptassapexfetredlerocesseghs. haninge case

ff ' th ' t t 31 b duct h
metal, the procoss GAEISUBBEYTRY SEPURCHIELS1 BA FA7m & FBBRA plane with

regard to the m cionwayetbynspbtengidd.the srpacabéonfbei weengt BBe gap
| atti ce-shaped process gas.gassages 31A to be smaller than the wavel ength
of the nmicrowave. "ih'tAfs thsdS PReIfrePbvale Bxei tAei BRe®FUPFasSfm t akes

place only in the,spa¢c€(1dBa+APBdpkbeeaCHHVALEOBRE LNEL PERCEESF IS S
caused in the space 30 11C, including the surface of the substrate 12 to be

processed, byla hetherasnhsdbfbuseddfaonaive eX¥¢iiattbha spaceatidn parthe

m crowave pl asma c i - _20_. appar at 10 h resent e di ment ,
The supply of t nelbPof8ls s oraBlartPli P es i aPurs B0l ER e g ehechs ocess
gas supplying strectuirg3df Thesgrbbeeplbl eithf tRxcesstyegdsssoci ation of
the process gas at the 5 surface of the substrate 12 is elinpnated and it

2
becomes possible to conduct FPRENBESi PRACYEBEL YAYBIPFBEeEWPRig4tden in such a

case a structure gbnbBtgbudsRECh E8hkPalswhoegBUqEN21RE; SUBSHhRhAtEegUESaCE,
such that the substrate Eroce55|ng reaches up to the inner 10 part of the

hi gh-aspect sttuctbeediFhnshappd anteonavecgyasim apparheusendras usef ul
for fabrication OgoﬁﬁﬂhﬁﬁgdgﬁﬁoifdSXhﬁSétQ& gbf£ﬁée9iogeﬁf£§%'955 and
es. I'n the pla P S

different design ru Snma processi ng appar at B of 15 FIG 5,
it becones possi bterbogbdeposopenangofisrineghfunakhtyreicbhrdathohopirbyeat 81 ow

tenperature or co rocess_al so uniforn the entire

nguct aﬂ etchin% ? a % on
surface of the sub8BFfat ENE2M BLOVAYFodURPhYSTaFP bl ok PRt RhnYgBeeede
nitriding gases, SOHI€€agaseSHOtweenetRBI RELHARESHEEPM ¥ henfOoLREOL NG

process gas SgPplgiggesggugguLgelgédial direction and is emitted from
the slots l6a and 1l6b,
FIG.2B shows the slots 1l6a and 16b formed
in the slot plate 1l6.
Referring to FIG.2B, it should be noted
25 that the slots l6a are formed concentrically, and the
slots 16b, each having an orientation perpendicular
to the orientation of a corresponding slot 16a, are
formed also concentrically. The slots 16a and 16b are
formed with an interval corresponding to the
30 wavelength of the microwave compressed by the
retardation plate 18 in the radial direction of the
slot plate 16, and as a result, the microwave is

emitted from the slot plate generally in the form of



FI G:4 shows the construction of shower plates 141 - 144 according to
various nodifications of the shower plate 14. 25 Referring to FIG 4, it can
be seen that the shower plate 141 has a comigal concaved surface at the
side facing the substrate 12, while in the case of the shower plate 142,

t he concaved surface has a truncated coni cal shape. Further, in the case of
the 30 shower plate 143, the concaved surface is forned by a circul ar
depression formn tepBed structure. hower pl ate

1
o e he onemvedds i RAEREEer L PRERTEE B, GPShEoTEastahoteR, aigy © 5y

plural steps. Thegserflegr easthasmat@al 0ynBdrponaxtatasysrREhAYaWi bhs] espect
to a central axis of the shower plate and a uniform processing is

guar ant eed about the MéFEgBRHE EBHEr Mihkpd. conpb| ERBOBF RENTT FI G 5
shows the ConsthBBFQE oL+ 2oR! R59B BBH%E%ﬁhHgn@ggg@g&ﬂgﬁ&Qéuﬁgfofd'“9 to a

second enbodi nment present 1 nvention ose parts
correspondi ng o phéapazasldescompedeptSV|ously are designated by the sane

ref erence nuneral s and the [ ption thereo t ed Re%erring
Lo FI G5 the prasma procesdinehBpBARAPAODOACARSNY BEREFRELE! A §F 1 ar to

that of 15 the p|@ﬁ@HpEEQQQQSEﬁEOQDﬁéﬁQEU§t19haﬁddh3§ hbeeclicahytethbat the
separation D between the substrate 12 and the shower plate 14 decreases in

the radial |y out wdR8v8FrBefF8nldf NefeashoRERrVEFabBT EaCewAkr ERR FEd€houl d be

noted that the pregesag0afeSHARLY¥FAYePRE! +&0nLSpebLaLBaledakn,t Pespl asm
processi ng apparatus 10A. In the plasnma processing apparatus 10B of such a

construction,1dt ihenseppossibheDt betwaductha shbwefophateohdoandt ahi ng

process by syppin lsﬂerggesgogaoﬁéeg%r%te%gﬁtoa%? ng MR, gas ggga%§g of 25

the elimnation o ower s pla?e her hah

possible to form an a@xsi He brbabesea ﬂebtedEeEIbﬁthélap oxyaheride filmon
the surface of the substrate by supplying an oxidizing gas or a nitriding
gas fromthe showsRdppat¥ ?HtW66€tﬁéFeﬁF%ﬂn30TPHé pFBSnECHE8VeRN the plasma

processing apparatysrdB8 9f HQ?lHESSSQtaﬁ”QQQETEQtsyﬁH@t?@ESEﬁE@EbQH s
sinplified and the manufacturing cost”is reduced significantly. 22 In

the present ehbodRrEnthet eeparhéidnop &F grasaasdensit yhenpekerperapher al
part of the SUbSthQE% 5% kfieC PGB ?Q%gd%ggEobﬁetB§098§E88$GTRLrEQ§,

separation D at the periphera
the problem of decrease of plasma density in the

peripheral part of the substrate is eliminated.
Thus, in the plasma processing apparatus 10
20 noted above, the plasma density is not decreased
below the cutoff density even in the case plasma
processing is conducted under a reduced pressure
environment as in the case of conducting a dry
etching process, and the plasma is maintained stably.
25 Thereby, the problem of vanishing of the plasma and
associated problem of damaging of the substrate
taking place at the peripheral part of the substrate
is successfully avoided.
Further, in the plasma processing apparatus
30 10 of FIG.2A, it should be noted that there is
provided a cooling block 19 having a cooling water
passage 19A on the antenna body 17. Thus, by cooing
the cooling block 19 by the cooling water in the



5 substrate 12 to be processed. Thereby, the plasma is nmaintained stably,
and the problem such as vanishing of plasma in the peripheral part of the
substrate 12 and associ ated probl em of danugi ng of the substrate, or
decrease of the processing speed is successfully 10 avoided. In the plasm
processi ng apparatus 10A of FIG 5, it is possible to conduct the oxidizing
pr ocessi ng, nitriding processing oxynitriding processing and the |ike,
uniformy and effic ﬁnt y 12 even at ghé HEE S wth 5 ﬁ/gost, even
in the case the sﬁBg FAPe"f5Ca P3F5898. t erSu 5? af ECUH £ HE prBsent
enbodi nent, too, thelSh@Qé&l?h@téol@SQsaBMc@EsEE§l§?0&65095§335134ihe 144
expl ai ned mnth reference to FIG 4 in place of the 20 shower plate 14.

[ TH RD EMBODI MENTF2Ri&l61aR6WE 1 Phe2BERBRRUEP oA toPhaupHabfanpEBEeEBRAY
apparatus 10B aCCQBQ'BBo&Qng hied B§s§§88dhgﬁnha9f al BB PLESERLy! ﬁﬁnt'on

wherein those parts of correspondi ng to the parts expl al ned before
are desi gnat eds byisherefarabéyessnpéindneiahsthadcohéidgswaipri baviher eof

w |l be omtted. Refe&rln Lo FLG 6 t he Rresent e od%ne&: go ﬁses a
shower plate 14P 8f & BBF §8 Q8FIRTEOBUERIESTAPRt BPEA &M G n3UFR pl ace of
the shower plate tdolhngt herehonaiiphakaildbedi bxshauldnbecagtedohhat there
is formed no shower apertures 14A as in - 23 the case of the shower
plate 14. On the BPkERthahdMa¥heeshbheinprabE t2pdpstangoaf BrRRYIRLt ALt he

pl asma _gas supp'yaaahbsgaléc‘f@pdegﬁ&fﬂwegﬁ@ddwswﬁecp'&wergas suppl yi ng

port 11P, and the plasna gas thus 5 supplied i1s released 1nto the foregoing
space 11B froWithe plasnma gas snppmycpQWHV¢4Blaﬁmﬁopnbyeshnoggh t he pores

formed in the porgus 3Hews’ 18 8kCr14P2a! "1ENERBLERCBL §ODY! PROL: 1R the

| ower
is provided a process gas supplying structure 31 in

the processing vessel between the shower plate 14 and
the substrate 12 on the stage 13, wherein the process
15 gas supplying structure 31 includes lattice-formed
process gas passages 31A releasing a process gas
supplied from a process gas inlet 1llr provided on the
wall of the processing vessel 11, wherein the process
gas is released from a number of process gas nozzle
20 apertures 31B (see FIG.3). Thereby, a uniform
substrate processing is conducted in the space 11C
between the process gas supplying structure 31 and
the substrate 12. It should be noted that such a
substrate processing includes processes such as
25 plasma oxidation, plasma nitridation, plasma
oxynitridation, and plasma CVD. Further, it is
possible to conduct a reactive ion etching to the
substrate 12 to be processed by supplying a
fluorocarbon gas easily causing dissociation such as
30 C4Fg, CsFg, CuFe, and the like, or an etching gas of
fluoride or chloride into the space 11C from the
process gas supplying structure 31, and

simultaneously applying a high frequency voltage to



surface of the shower plate 14P fornms an axially 1o symmetric concaved
surfate and the separation D between the foregoing | ower surface and the
surface of the substrate 12 decreases towariBt-he peripheral part of the
substrate 12. Because of this, the drop of plasma density at the peripheral
part of the 15 substrate 12 is conpensated for in the construction of FIG 6
and it becones possible to maintain the plasma stably. Thereby, the

probl ems such as ni shin | asma | n _the peripheral part t he
substrate 12 and éggogfﬁggdgérgﬁPgnFo lagngﬁlﬁﬁe§Fy25°PESesﬁgétrate by the
m crowave or decrease of thenptheesschRgwspecglasnaspeecesskihy avoided. In
the plasma processing apparatus 10B of FIG 6, it becones possible to
deposit various hPER2G@&PSt yOf PEnSPENPFEERRY SFPPEW EBHpeitat ife or conduct

25 an etching progggsighaotdNh{8LAl ¥eBBst RS oRNLIE SRl BRELYbrbAG SUbSIrat e
12, by introducing various oxidation gases or nitriding gasés, source gases

or etching gas®es. oAl thenanhes| yalilt of stpesprbresséngomdaselahyehehithgg

h i . | h di it
possibl e o use virPol8 oncaytd BAPaRstnE BRRSER 1 Ctd porobRe BBHLRVed”

surface of the popduabshewesOfl atEhidpP.it beddmed FEARTH FVBODI MNF L&l G 7
shows t he construc%ion,of a plasm g%ocessingiapparatus 10C_according to a
\4 ;

fourth 5 enmbodi mef eoWlFHBWﬁSESBH?S BRPFEAS1RHerBPATERYSelarts of FIG 7

corresponding to thaskahksyewRkal Bedphef eye B?ecgﬁéhg@§EGQaer§he same
reference nuneral s and the description thereof will be onitted. Referring
to FIG 7, thelpl aSkBapiogepsragssovappararase10€ oncehpeprésent enbodi nment

has a FIG.4 is a bottom view showing the

construction of the process gas supplying structure
31 used in the construction of FIG.2A.
Referring to FIG.4, the process gas

15 supplying structure 31 is formed of a conductive
material of an Al alloy containing Mg or a stainless
steel added with Al, and the lattice-shaped gas
passage 31A is connected to the process gas inlet
port 1llr at a process gas supplying port 31R. Thereby,

20 the process gas is released into the foregoing space
11C uniformly from the process gas nozzle apertures
31B formed with a large number at the bottom surface
of the process gas supplying structure 31. Further,
the process gas supplying structure 31 is formed with

25 openings 31C between adjacent process gas passages
31A so as to allow passage of the plasma or the
process gas contained in the plasma. In the case of
forming the process gas supplying structure 31 by an
Al alloy containing Mg, it is preferable to form a

30 fluoride film on the surface thereof. Further, in the
case of forming the process gas supplying structure
31 by a stainless steel added with Al, it is

preferable to form a passivation film of aluminum



construction simlar to that of the plasma processing apparatus 10B

descri bed previously, except that the | ower shower plate 31 is renoved.
Further, projecting part 11b hol ding the shoswet plate 14 has a rounded 15
surface on the entirety thereof. In the plasm processing apparatus 10C of
such a construction in which the | ower shower plate 31 is omtted, it is
not possible to conduct filmformation process or etching process by

supplying a 2o praoce epar at_el the p Nevert hel ess, it
is possible to foPﬁliﬁ g E fFPﬁFa§%n| FF&@ffll ngp H18§?ﬁ|tr|de film on

the surface of thersubskiakeabpakatpc0cessedthy puRRVItNGNIBN@Abdi ZiRY gas
or nitriding gas fromthe shower plate 25 14 together with the_plasm gas.
In the present entd@tdene PBGedtﬁéaFoﬁ@P dhrides toPReREYsREWRR 25Mat és14P

forms an axially gxaﬁ&t5beaggaca$eqh%U&B@C%1@@@rbhet% g@&@%hqe be%h@een
the foregoing | ower surface and the surface 30 of th ubstrate

decreases towa¥d eheiped phesak,pant @hemheosabssrabeprzbl!mcaﬁse of this,

the drop of plasma densi.ty.at the riph | part ,of the substrate 12 is
conpensat ed for’ |ﬁ°P%3m68%§ Pucﬁpo%%e sugg%rg théi%yaﬁﬁeipréSSﬁégg
possi bl e to mai nt aifn thiee ppbasee ghabkyppIlengb¥tribeupeobientusyebras

vani shing of plasnma in the peripheral part of the substrate 12 and
associ ated probl emtof SdBREGIRG Soft°5 FPRE §86sPraresBy JeRe SRPEAEWaFe or

decrease of the p%%%%%%h@% %@e%9 ar gcsURGesSshivhl ¥sa%eifeds I n the plasm
processi ng apparatus 10C of FIG 7, it becones p055|ble to conduct the

processes of i%e.substrate 12 sbehldsbexngderofthpitosbssilagrite-aheperdati on
processing, oxyni tidakio aBr%gﬁﬁﬁpgg 3%%da%ﬁeth'kﬁgﬁekghc' Ethzé

uniformy at |ow enperat OW COSt even in E8sdfhé sugstrate
is a | arge-di anet apestthsesaBéB ket fierpeasent aenthodicowrtr, at @egibh is 15

possi ble to use vari,o concaved surfaces shown in FIG 4 for the concaved
surface of the poF&&§%§H8wéPrHF§tégfﬁPFhe substrate 12 to be processed

as represented in FIG.4. By providing such a process
15 gas supplying structure 31 between the shower plate
14 and the substrate 12 to be processed, 1t becomes
possible to cause plasma excitation of the process
gas such as a source gas or an etching gas and
conduct a processing of the substrate uniformly by
20 using the plasma-excited process gas.
In the case of forming the process gas
supplying structure 31 by a conductor such as a metal,
the process gas supplying structure 31 can form a
ground plane with regard to the microwave by setting
25 the separation between the lattice-shaped process gas
passages 31A to be smaller than the wavelength of the
microwave. In this case, the microwave excitation of
plasma takes place only in the space 11B, and the
activation of the process gas is caused in the space
30 11C, including the surface of the substrate 12 to be
processed, by the plasma diffused from the excitation
space 1l1B.

In the microwave plasma processing



+ [ FI FTH EMBODI MENT] 20 ~ FI G 8 shows the construction of a plasma processing
appardatus 10D according to a fifth enbodi nent of the present invention,
wherein those parts of FIG 8 correspondi ng 200 t he parts expl ai ned before
are designated by the sane reference nunerals 25 and the description
thereof will be omtted. Referring to FIG B, the porous shower plate 14P
and the cover plate 15 of the enbodinent of FIG 6 are renoved in the

[T anom sei on 30 wREGH TG 6P "SE abHECORRPSht coruhar BPR L nE: 2PBRbYCO.

transm ssi on w ndenelgcbbassageencavednsuoi aee ahitbemsiydeyfasing the
substrate 12. The m crowave transm ssion w ndow 14 nmay be forned of a
material of - 2BFOSRAF| 98P eFBEPHY ERPoSETUSHERSad al Gt Aa FBENBHCBYCE H P

process. In the CQESE&H@E590e0&1EEGE§at&BnSB9U£Hebﬁraeégg LBat st hene
m crowave transm ssion w ndow 14Q 5 functions also as the Cover plate 15.

On the other Handsurheceo9értprasebssrasendt iorebdminehedhangl &sm gas
fl,ow path 14C or pBECLULes 10, saMunLoatng whLhalbe. Lar egaLog,Lhow path

14C, and in stead er eof ere i s provi na gas rn part at
the wall of the ppboeGSBMngessﬂl1ﬂ1suahthecé@énhoétautUHEelaP.hE@hther, a
radial line slot antenna 20, is Erovided on the m crowave transm ssion

wi ndow 14Q i n i nt FFBEECcHALARt LEnEPERRENOD| EhpsSPPaFERESI BUFhaEet hduch

foregoing tube 11Phh¢ £RAENBALWLERLAS pbeégglﬂgn?sach@ssuﬁﬂgéryh@rQHHQrthe
substrate 12 to be processed. In suc% a construction, the | ower surface of

t he nlcromave1Qraﬁéﬁis§fohh@Ahé@hri&ﬁﬁﬁbrﬁtraﬂtaxﬁalTbugynﬁb@rlc concaved
surface and the S§98£8%59§238a5h9e5§§§?0 Qg {ghggohggf 9m§§ surface and the

surface of the substrate ecreas war d peri phera
fabrication of semiconductor devices of different

generations and different design rules.
In the plasma processing apparatus 10B of

15 FIG.5, it becomes possible to deposit various high-
quality films uniformly at low temperature or conduct
an etching process also uniformly on the entire
surface of the substrate 12, by introducing various
oxidation gases or nitriding gases, source gases oOr

20 etching gases from the foregoing process gas
supplying structure 13.

FIG.4 shows the construction of shower
plates 14; - 14; according to various modifications
of the shower plate 14.

25 Referring to FIG.4, it can be seen that the
shower plate 14; has a conical concaved surface at
the side facing the substrate 12, while in the case
of the shower plate 14;, the concaved surface has a
truncated conical shape. Further, in the case of the

30 shower plate 145, the concaved surface is formed by a
circular depression forming a stepped structure. In
the case of the shower plate 14,, the concaved

surface is formed of plural depressions forming



part of the substrate 12. Because of this, the drop of plasnma density at
tthe peripheral part of the substrate 12 is conpensated for in the
construction 25 of FIG 8 and it becones pesg8ibte to maintain the plasm
stably. Thereby, the problens such as vani shing of plasma in the peripheral
part of the substrate 12 and associ ated probl em of damagi ng of the
substrate by the m crowave or decrease of the 30 processing speed are

beconss posti bl o 1 ARG e BOCLEess S KE Bet B3 e s

becomes possi bl e £ Eénd R e B

oxi dation processisigmetry i thniddsipdatt @ Rr QReSHHang axdsy Rift kihddlshewer
processing, and the like, efficiently and unifornly at |ow tenperature with
| ow cost even in tHETCa$Ed Re WSS PE Oce S8 ingr g&- @varerdeesupdordte. 5 In

the present enmbodigiRnte, LQRirid detitRQSSiR)i& t0 use various concaved
surfaces shown in FlG 4 for the concaved surface of the pl asma transm ssi on

w ndow. 10 [ SI XTH EMBODI MENT] FI G 9 shows the construction of a plasm
processi ng appar ahlé%hC%% %%ro(}ib&%ﬁo a sixth enbodi nent of the present
t c

i nvention, wherei 0s€ parts descri bed previously are designated by the
same 15 reference nuneral s ad.tShehdescrohet icomstdieicgaformidtl abe1emidat ed.
Referring to FIG 9, the plasm processing apparatus 10E of the present

embodi ment has a EFPGESSFI%APTHATARS 20 REGPTEIRY FP0CeSSGRG20 appar at us

10D descri bed abowghxeRRit R HS MRS S n9R% tIWRP! MG 13 BUCtti@e3l i's
elimnated. In such a structure, it becones possible to forma high-quality

filmof oxidel0nithairde coreeppondidg ke fidienipprdts Idewardipssr amevd oms livhe 25
i ace o ane S Rt B UG 0 R S B o @
inert gas such as d€scaripArionf rbrarded plidSmbegasmiitileet. t ube 11P.
Referring to FIG.5, the plasma processing
apparatus 10A has a construction similar to that of
15 the plasma processing apparatus 10 and has the
feature that the separaticn D between the substrate
12 and the shower plate 14 decreases in the radially
outward direction of the shower plate 14, wherein it
should be noted that the process gas supplying part
20 is eliminated in the plasma processing apparatus 104,
In the plasma processing apparatus 10B of
such a construction, it is not possible to conduct a
film formation or etching process by supping a
process gas separately to the plasma gas because of
25 the elimination of the lower shower plate 31. On the
other hand, it 1s possible to form an oxide film or a
nitride film, or an oxynitride film on the surface of
the substrate by supplying an oxidizing gas or a
nitriding gas from the shower plate 14 together with
30 the plasma gas. In the plasma processing apparatus
10A of the present embodiment, the construction is
simplified and the manufacturing cost is reduced

significantly.



+ 30 Because the separation D between the | ower surface of the mcrowave
transm ssion w ndow 14A and the substrate 12 to be processed is decreased
at the peripheral part of the substrate 12 1> be processed, - 28 a
sufficient plasma density is secured at the peripheral part of the
substrate 12 and the processing of the substrate 12 is conducted uniformy.
In the m crowave wi ndow 14Q of the present 5 enbodi nent, too, it is
possi ble to use various concav surfaces sh in FlG4, | ENTH
EVBOD MENT] Fi G 10 Shove  néRcoRS: PRESEDn SROHOAMSLin FA0pt 08sarHG OF
apparatus 10F acceldkmng Henaisgvent Ahenbedtiprataof phlhe presest invention,

wherei n those parts_described previously are designated by the sane
reference nuneral §URAETERE désefi FPMBRANEREPEOE O PY bBSoRiFFrEase1st
Referring to FIG {Qe geﬁabaehenbs QQt%HetEéEinQrﬁieEQEE gEbedinent uses a
dielectric window 14Q having a uniformthickness in place of the foregoing
di el ectric w ndowstkhetrpesdighta HYeebeoteseedi nBbarehy),, thhepéapwa20sf or ned
a convex surface .t he.t rt.in cornr ondence to the_concaved, surface
formed at the botﬁ%ﬁ%ﬁg%Fggfg? elHreFBthﬁg rﬁggﬁplﬁﬁfﬂ FRuddm g%ﬁ%
pl asma processi ngo@ppanaiasihOtht peGipAeralr pdicral offi RReskabsaphesna220
havi ng a concaved 25 surfage corresgiggigg to the foregoing convex surface,
t ~an

is used in place 8/ RESPSAPERT| PRE fenagire RAvIFR§ avuPPAE2%Grf ace.

Thus, the radial bingesk@hs@8NbeNRae2BroR@ssangl 9pbeBhat s 48ccBa¥ikNg] ¢
concaved surface, and an antenna body 17' having a concaved 30 surface is
mount ed on th&0 f or¥géHRE-sl ot plate 16' via an intervening curved
retardation plate 18'.

In the plasma processing apparatus 10A of
FIG.5, it is possible to conduct the oxidizing
processing, nitriding processing, oxynitriding
processing, -and the like, uniformly and efficiently

15 even at low temperatures with low cost, even in the
case the substrate is a large-diameter substrate.

In the present embodiment, too, it is
possible to use any of the shower plates 14; — 144
explained with reference to FIG.4 in place of the

20 shower plate 14.

[THIRD EMBODIMENT]
FIG.6 shows the construction of a plasma
processing apparatus 10B according to a third
25 embodiment of the present invention, wherein those
parts of FIG.6 corresponding to the parts explained
before are designated by the same reference numerals
and the description thereof will be omitted.
Referring to FIG.6, the present embodiment
30 uses a shower plate 14P of a porous ceramic such as
sintered alumina in place of the shower plate 14,
In the shower plate 14P, it should be noted

that there is formed no shower apertures 14A as in



1

In the plasm processing apparatus 10F of such a construction, too, the
drop of plasma density - 29 at the peripheral part of the substrate 12
is successfully conpensated for. Further,—b%3supplying various process
gases fromthe process gas supplying part 31, it becones possible to
conduct various 5 plasma processes, including oxidation, nitridation,
oxynitridation, deposition of various |ayers, etching, and the |ike, over

the entire surfac f b La hiaQr a b 0 GHTH
EVMBODI MENT] FIG.l%hghS%E%t%g %%ns%?ﬁ%%fo%lggeghg agga%%%ogégg%nggggbaratus

10G according to aheeispotierepiadentnf dab tAeopfesert witénthenplakeaei n
t hose parts correspond

desi gnat ed by theg§§n§upﬁﬂ&?8%gg pgﬁ%rﬁpgsgﬁ bed reg%%yéky ﬁS aé%éQ?\Mll

be omtted. REfer@b@gsh@pEb@mélpo&Helﬁbasﬁﬁdpﬁﬁ%e§§b@&aagaar%hu% 10G has a
construction simlar to the plasm proce55|ng apparatus | OF of the previous
g

20 enbodi nent , 5 exE&PPliest ish&cprecess igas & pﬁ?Fﬁ@oﬂégtsﬂﬁcﬁsléﬁlnlnated
In the substrate Ergﬁe%%'n%l%@ﬂ%rﬁﬁgss%%gpgrp%Q% @@?S%ﬂﬁfggﬁﬁg %ﬁ?Bu

the drop of plasma density in the perip part o e rate 1
can be conpensat edh@angoiresbdogmes! posshiel potrousostoete rarpkasmi 4process such
as oxidation, nitridation or; o¥%n|tr|dat|on ver. th entlre ur &%ce of the

substrate unlforn1y Further € Bresent SRe'oh |st88f ®lim'téd to

the foregoing specsrufrif@c@rrb@dltmientshbutervmlams 1\4@r ifatrm@nanaactiandif i cati ons
may be made w t hout departing fromthe scope of the inventiqgn described in
cl ai ms. - 300 | REBOSPREAC RPPEPERéIEP??aR@céﬁéiﬁ&etéepﬁéa6ﬂ8§eﬁt

i nvention, the drep gl asm f@%lg%'o&ylgl Aote ReLrpker ahaPahk ahirtheed
substrate is conpensated for and plasma i s maintained

of the substrate 12 decreases toward the peripheral
part of the substrate 12. Because of this, the drop
of plasma density at the peripheral part of the
15 substrate 12 is compensated for in the construction
of FIG.6 and it becomes possible to maintain the
plasma stably. Thereby, the problems such as
vanishing of plasma in the peripheral part of the
substrate 12 and associated problem of damaging of
20 the substrate by the microwave or decrease of the
processing speed are successfully avoided.
In the plasma processing apparatus 10B of
FIG.6, it becomes possible to deposit various high-
quality films uniformly at low temperature or conduct
25 an etching process also uniformly on the entire
surface of the substrate 12, by introducing wvarious
oxidation gases or nitriding gases, source gases or
etching gases. Alternatively, it is possible to
conduct an etching process on the surface uniformly.
30 In the present embodiment, too, it 1is
possible to use various concaved surfaces shown in
FIG.4 for the concaved surface of the porous shower

plate 14P.



stably even in a | ow pressure process. Thereby, stable plasma processing is
real i zed. - 31 CLAIMS 5 1. A plasma processing apparatus, characterized
by: a processing vessel defined by a wal|l-aw provided with a stage for

hol ding a substrate to be 1o processed; a m crowave transm ssion w ndow
provi ded on said processing vessel so as to face said substrate to be
processed on said stage, said mcrowave transm ssion w ndow bei ng provi ded
as a part of said 15 wall of said processing vessel; a plasma gas supplying
part supplying a plasma gas into said processing vessel; and a m crowave
antenna provi ded ¢gBOsaird BMBOPSIEENg}vessel in correspondence to said

m crowave, 20 said m crowave_transm ssion w ndow having a _concaved i nner

surface at a side faci ng safdCsibshryfeths 68“5F6B€§§88 ofughPtaahaa

separation betweeprsaidsinBenppHihace 208 acRbapgngokBCLAeRL LR a surface
of said substrate to be processed decreases 25 in a radially outward

direction of saldembedgmané Dﬁahbﬁlpsegnnmnmduamt3cn2 wikgephashase

proCeSS! N0 TP AR 3SAE! BAECY) (At d Fudnap o b L0t DbleLad o
before are designated by the same reference numerals
and the description thereof will be omitted.

Referring to FIG.7, the plasma processing

10 apparatus 10C of the present embodiment has a
construction similar tao that of the plasma processing
apparatus 10B described previously, except that the
lower shower plate 31 is removed. Further, projecting
part 1lb holding the shower plate 14 has a rounded

15 surface on the entirety thereof.

In the plasma processing apparatus 10C of
such a construction in which the lower shower plate
31 is omitted, it is not possible to conduct film
formation process or etching process by supplying a

20 process gas separately to the plasma gas.
Nevertheless, it is possible to form an oxide film, a
nitride film or an oxynitride film on the surface of
the substrate to be processed by supplying an
oxidizing gas or nitriding gas from the shower plate

25 14 together with the plasma gas.

In the present embodiment, too, the lower
surface of the shower plate 14P forms an axially
symmetric concaved surface and the separation D
between the foregoing lower surface and the surface

30 of the substrate 12 decreases toward the peripheral
part of the substrate 12. Because of this, the drop
of plasma density at the peripheral part of the

substrate 12 is compensated for in the construction



outward direction of said mcrowave transm ssion window 5 3. The plasma
processi ng apparatus as clained in claim?2, characterized in that said
separati on decreases snoothly in said radi&d3y-10 outward direction of said
m crowave transm ssion wi ndow. 15 4. The pl asnma processi ng apparatus as
claimed in claim2, characterized in that said separation decreases
linearly in said radially outward direction of said m crowave transm ssion

20 wi ndow . 25 5. ,Fhgypl 8SORPLOCESSLAL ARORLALYS 85 RLELPEML Dl al m 2,
characterized in ? at "sard separation decreases In a non-ITnear
rel ati onship in sapildsmadsabkbyyourhardbdi r ebei panoblesai dughcaswave

transm ssion mﬁndOML,3g, - ?3 6. The plﬁsna pLo essbna a paratEs as
claimed in clai m{2PEREFEE: 8Fi PLASTA tRaf"§aPB LBPSFaLi BATHelf e5R8s

stepwi se in said kagsakhyeoubvand gkE66L588d0hrsBLEMMLEr QUANGiAKARSM SSiON
5 window. 1o 7. The plasma processing apparatus as claimed in claiml,
characterized 3§ n that Sshr§r3Epabst £tba PscygerpEased facsarderadi &hey outward

direction of sal doHLELQUAKE LHBOAThRS! OCWLAOW,PXG) H5LYEEY (N a per pheral
part of said m crowave 15 frahsm ssion w ndow. 8. e plasma processing
apparatus as clainmed in clalm thechhaanbeprazedssnngyhappsaatuai tbowave
transm ssion w nd has a _f]lat surface at.an _outer .surface thereof opposing
sai d i nner surfacg$b'9’ it Lecomes poss1£le to conduc% %ﬁe processes
of the substrate 12 such as oxidation processing,
10 nitridation processing, oxynitridation processing,
and the like, efficiently and uniformly at low
temperature with low cost even in the case the
substrate is a large—-diameter substrate.
In the present embodiment, too, it is
15 possible to use various concaved surfaces shown in

FIG.4 for the concaved surface of the porous shower

plate 14P.

[FIFTH EMBODIMENT]

20 ' FIG.8 shows the construction of a plasma
processing apparatus 10D according to a fifth
embodiment of the present invention, wherein those
parts of FIG.8 corresponding to the parts explained
before are designated by the same reference numerals

25 and the description thereof will be omitted.

Referring to FIG.8, the porous shower plate
14P and the cover plate 15 of the embodiment of FIG.6
are removed in the present embodiment, and in place
thereof, there is provided a microwave transmission

30 window 14Q of a dense ceramic, wherein the microwave
transmission window 14Q has a concaved surface at the
side facing the substrate 12. The microwave

transmission window 14 may be formed of a material of



25 9. The plasma processing apparatus as clainmed in claiml1, characterized
i‘n that said 30 m crowave transm ssion w ndow i ncl udes a pl asna gas passage
therein, said mcrowave transm ssion w ndovw&onstituting said plasma gas
supplying part and rel easing said plasna gas into said processing vessel.

- 34 10. The plasma processing apparatus as clainmed in claim9,
characterized in that said m crowave w ndow i ncl udes a pIuraIity of

apertures conmuni cating ai.d Iasna as pass | asma
processing apparafﬁghg diﬁa FgFﬁﬁd Pﬁscliﬁﬁﬁ ﬂEWéBFe%PE@ tﬁat sai d
m crowave transmnm gsPoprvkcBEeW conprises a cover plate form ng a part of
said wall of said processing vessel, and a shower Elate provi ded_in
intimte contact with said éBvéhepFaRetanathani A§ BIEIfralit §herldpBet ures

15 communi cating WhkBaSehd (PLASIR0R5BASS208nsR0s120n TNERALAS TROPT OCESSI NG
apparatus as clainmed in claim10, characterized In ﬁat sald m crowave

transm ssi on w ndéwnctiapnissessa densbecepaﬂrcp125e135 The phasaBhprocessi ng
apparatus as clalgg |ntﬁla|n19 aract grlzed in_that sal m crowave

pl asma processi ng W AdoW s CPX?EEHESFG of Sul°edPafird ¥ g@SQhT4 The

pl asma processi ngpappanates #sowl phRdiko ckabpr9ruebaraeherized in that
said m crowave transm ssion w ndow conprises a, cover plate constituting a

part of said procESETPHRLGEESBP ¥AHPa téesﬁeﬁéaobpatélew B2bBr 685 neBfum

provided in inti mheseanbhacheWebl K s@hdre0Y8r pPLat8edt 8 pPashBegRbasma
processing apparatus as claimed in claim13, characterized in ?hat sai d

porous medi unds iplrEdrettaati fher vdléephntbe REOLESSThE peasad pilodessing
apparatus as cl ai gRd A, M Lle 8021 36t ClEeeln §NBLa8ahd1RhasTRor

antenna 20 is provided on the microwave transmission
window 14Q in intimate contact therewith. It is
preferable that the foregoing tube 11P is formed with

15 plural number in symmetry around the substrate 12 to
be processed.

In such a construction, the lower surface
of the microwave transmission window 14Q forms an
axially symmetric concaved surface and the separation

20 D between the foregoing lower surface and the surface
of the substrate 12 decreases toward the peripheral
part of the substrate 12. Because of this, the drop
of plasma density at the peripheral part of the
substrate 12 is compensated for in the construction

25 of FIG.8 and it becomes possible to maintain the
plasma stably. Thereby, the problems such as
vanishing of plasma in the peripheral part of the
substrate 12 and associated problem of damaging of
the substrate by the microwave or decrease of the

30 processing speed are successfully avoided.

In the plasma processing apparatus 10D of
FIG.8, it becomes possible to conduct the processes

of the substrate 12 such as oxidation processing,



20 gas supplying part conprises a tube fornmed in said wall of said
processi ng vessel so as to be connectable to a plasma gas source. 25 17.
The pl asma processing apparatus as claimed 2T €l aim 16, characterized in
that said mcrowave transm ssi on wi ndow conprises a dense 30 ceram c.

36 18. The plasma processing apparatus as clained in claim11, further
characterized by a process gas supplying part between said substrate to be
processed and said.gla%ng. as_source. 5 19, Thg pla%na processing appar at us
as 1o clained in Sr&FH I8 1CBhRFRCPEFIREd PHYPRAE Y84 4°Pr BE8SES§4E Isuppl yi ng
part conprises a phaskhepassagecCatsingtlo pas phassemlyg ALOCBHKS gas
suppl yi ng passage connectable to a_process gas source; and a | arge nunber

of nozzle apertur &§MEERAIHTCal’i kG WPYhC2STsEVE prBcéss §a§epaisage. 20 20.
The plasma procesgipg+2RRAr akus ag rgkabfBflelkBrCkab@chatfurt her
characterized by a highfrequency source connected to said stage. 25 21. The
pl asma process$ ng appar at us Ias tbeapmedents emhpmhimenthartaot eiitzéd i n t hat

said m crowave anb% na, ¢ rises a_radial |ine sl.ot 38 antenna. .
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the substrate 12 to be processed is decreased at the

peripheral part of the substrate 12 to be processed,
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processing apparatus 10F ‘according to a seventh
embodiment of the present invention, wherein those
parts described previously are deslgnated by the same
reference numerals and the description thereof will
be omitted.

15 Referring to FIG.10, it should be noted
that the present embodiment uses a dielectric window
140’ having a uniform thickness in place of the
foregoing dielectric window 14Q.

In such a dielectric window 14Q’, there is

20 formed a convex surface at the top part in
correspondence to the concaved surface formed at the
bottom part of the dielectric window 14Q‘. Thus, in
the plasma processing apparatus 10 of FIG.10, a
radial line slot antenna 20’ having a concaved

25 surface corresponding to the foregoing convex surface,
is used in place of the radial line slot antenna 20
having a flat surface. Thus, the radial line slot
antenna 20’ has a slot plate 16’ having a concaved
surface, and an antenna body 17’ having a concaved

30 surface is mounted on the foregoing slot plate 16’
via an intervening curved retardation plate 18'.

In the plasma processing apparatus 10F of

such a construction, too, the drop of plasma density
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15 are designated by the same reference numerals and the
description thereof will be omitted.

Referring to FIG.1ll, the plasma processing
apparatus 10G has a construction similar to the
plasma processing apparatus 10F of the previous

20 embodiment, except that the process gas supplying
part 31 is eliminated.

In the substrate processing apparatus 10G
of the present embodiment, too, the drop of plasma
density in the peripheral part of the substrate 12

25 can be compensated and it becomes possible to conduct
a plasma process such as oxidation, nitridation or
oxynitridation over the entire surface of the
substrate uniformly.

Further, the present invention is not

30 limited to the foregoing specific embodiment but
various variations and modifications may be made
without departing from the scope of the invention

described in claims.
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109" & ()- dcCdudd eeeeeuj_@a&process1ng vessel defined by a wall and

provided with a stage for holding a substrate to be
10 processed;

a microwave transmission window provided on
said processing vessel so as to face said substrate
to be processed on said stage, said microwave
transmission window being provided as a part of said

15 wall of said processing vessel;

a plasma gas supplying part supplying a
plasma gas into said processing vessel; and

a microwave antenna provided on said
processing vessel in correspondence to said microwave,

20 said microwave transmission window having a
concaved inner surface at a side facing said
substrate to be processed, such that a separation
between said inner surface and a plane coincident to
a surface of said substrate to be processed decreases

25 in a radially outward direction of said microwave

transmission window.

30
2. The plasma processing apparatus as
claimed in claim 1, characterized in that said

separation decreases continuously in a radially
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s3 separation decreases smoothly in said radially
10 outward direction of said microwave transmission

window.

15
4, The plasma processing apparatus as
claimed in claim 2, characterized in that said
separation decreases linearly in said radially
outward direction of said microwave transmission

20 window.

25 5. The plasma processing apparatus as
claimed in claim 2, characterized in that said
separation decreases in a non-linear relationship in
said radially outward direction of said microwave
transmission window.

30
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'()- 10" 10" 10"910YS feo6) lﬁlg%&m(i - TBhdERCRLS zed in that said
10% & ()-y1l0% & () -yS10% &
separatlon 1s decreased in said radially outward

direction of sald microwave transmission widow
exclusively in a peripheral part of said microwave

15 transmission window,

20 8. The plasma processing apparatus as
claimed in claim 1, characterized in that said
microwave transmission window has a flat surface at

an outer surface thereof opposing said inner surface.
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9. The plasma processing apparatus as
claimed in claim 1, characterized in that said
30 microwave transmission window includes a plasma gas
passage therein, said microwave transmission window
constituting said plasma gas supplying part and

releasing said plasma gas into said processing vessel.
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10 claimed in claim 10, characterized in that said
microwave transmission window comprises a cover plate
forming a part of said wall of said processing vessel,
and a shower plate provided in intimate contact with
said cover plate and having a plurality of apertures

15 communicating with said plasma gas passage.

20 12. The plasma processing apparatus as
claimed in claim 10, characterized in that said
microwave transmission window comprises a dense

ceramic.
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13. The plasma processing apparatus as
claimed in claim 9, characterized in that said
30 microwave plasma processing window is formed of a

porous medium.
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10
15. The plasma processing apparatus as
claimed in claim 13, characterized in that said
porous medium is formed of a sintered ceramic.
15

16. The plasma processing apparatus as
claimed in claim 1, characterized in that said plasma
20 gas supplying part comprises a tube formed in said
wall of said processing vessel so0 as to be

connectable to a plasma gas source.
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17. The plasma processing apparatus as
claimed in claim 16, characterized in that said
microwave transmission window comprises a dense

30 ceramic.
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process gas supplying part between said substrate to

be processed and said plasma gas source.

19. The plasma processing apparatus as
10 claimed in claim 18, characterized in that said
process gas supplying part comprises a plasma passage
causing to pas plasma, a process gas supplying
passage connectable to a process gas source; and a
large number of nozzle apertures communicating with

15 sald process gas passage.

20 20. The plasma processing apparatus as
claimed in claim 1, further characterized by a high-

frequency source connected to said stage.

25

21. The plasma processing apparatus as
claimed in claim 1, characterized in that said
microwave antenna comprises a radial line slot

30 antenna.



