,63emj4.0* 60 TJIQR - 1 DESCRI PTI ON M CROMVE PLASNMA PROCESSI NG
APPARATUS, PLASMA | GNI TI ON METHOD, PLASMA FORM NG METHOD, AND PLASMA 5
PROCESSI NG METHOD TECHNI CAL FI ELD The préée%t_invention generally rel ates
to a plasma processing apparatus, and particularly, to a pl "
processi ng apparatus that perforns plasma processing usingﬂﬂ@ﬂﬁﬁ@%ﬁ%ﬁ”&ed
by a m crowave. BACKGROUND OF THE I NVENTION I n recent year O i ng,
anong pl asma 15 processing apparatusesDEéégipghgﬁomave pl asma plé¥¥Ssi ng
apparatus is attracting attention. Conpare ot her plasma processing
apparatuses, such as a parallel plate plasma processing apparatus and an
ECR pl asma processi ng appiakligad B RMASOR ANGNE Bboddyhfd ApiYeLY 1 oW in
the 20 m crowave plasna processi ng apparatus, enabl I'ng generation of plasma
havi ng a | ow el eXENITIONEeMPENGD UIBLASNA FORMING METEODY . ANIheRIfSMAe, Wi th the

m crowave pl as ' ratus, it is possible to prevent netal
contaninat?o% ggngggﬁﬁﬁﬁb?ﬁ$gﬁﬁgtion damage tg a substratg subjected to

pl asma processing. In addition, because a plasna excitation space can be

separated fromthe pl.asma rocessing space, it is possible to carry out
pl asma processi Y rgpénﬁgﬂk_of materials of the substrate and 30 patterns

formed on the substrate. trReteedErd QWRNEE A YBReREOCESEd NG eBPRA At US, a
gas for exciting plasma (referred to "plasma excitation gas") is fed into a

chanber first, PIReRrPRLSFANG GRRGEatUs; and payticylamk.odQcadPizdsihe

pl asma exci tigt i Qi QA sliAgShEsdrdthe $RALT B QI pPh ARABAJUARSHRG G0 d ON) -
Because of the high frequengx of the m crowave, Fhe el ectrical ?leld of
by a microwave.

plasma excite

BACKGROUND OF THE INVENTION

In recent years and continuing, among plasma
15 processing apparatuses, the microwave plasma processing
apparatus is attracting attention. Compared with other
plasma processing apparatuses, such as a parallel plate
plasma processing apparatus and an ECR plasma processing
apparatus, the plasma potential is relatively low in the
20 microwave plasma processing apparatus, enabling generation
of plasma having a low electron temperature and low ion
energy.
Therefore, with the microwave plasma processing
apparatus, it is possible to prevent metal contamination
25 and ion irradiation damage to a substrate subjected to
plasma processing. In addition, because a plasma
excitation space can be separated from the plasma
processing space, it is possible to carry out plasma
processing independent of materials of the substrate and
30 patterns formed on the substrate.
In the microwave plasma processing apparatus, a
gas for exciting plasma (referred to “plasma excitation

gas”) is fed into a chamber first, and then the microwave
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t he m crowave changes before electrons of the plasma 5 excitation gas are
st fici ently accelerated, making plasma ignjtion difficult. Additionally,
in recent plasm processing, a pressure o"frBth"e pl asma excitation gas as | ow
as, for exanple, 67 Pa (about 0.5 Torr) is sonetines required. Because of
the | ow pressure, the density of the 10 plasma excitation gas is |ow,
further making plasma ignition difficult. . In the mcrowave pl asna
processi ng appar & Y, Ahhbeq | 10 dHeOB LB RAIAILELoR! gL & A3EB PERECSST NG
apparatus, the mcrowave Is emtted froma m crowave antenna, and there
is no el ectricalgdniegdadiappdf aulasmat Hplasiesticatie ivn) beBgrases sédthe her ef or e,
free electron em.ssi Qn_or ot her nonena causi asia ignition do not
occur, making p{pélsgih%irg?ﬁ???% Or%for%gleé\drlnf‘?f%“{ﬂvﬁ' tﬁ%t %Jee?ﬁ’rclrc %a\%e%fla ér)ra
processi ng appar@dieimietolfivé hehanejleat bdfard ,elugttabhy, of theppasmae i nsi de

the processing chanber .is set high .the tine of plas igni.tion, for
exanpl o the or e tiaR S e 9u BT SroThPrs el ORbY AR
pl asma ignition wasitiyn aifeicdie haaitieialiheipr essante plasmhawered to, for

25 exanple, 7 Pa (about 50 nfTorr). However, in this plasma ignition, an
addi ti onal cont rRACGSS§ERAura BIGSSHEPePRNENS FPLERB2 oBFeEla RS HRS pRHCE¥si ng
has to be gone tdyough bRampid e&yephheamhi@sseThhs) des fmeRiAEESSI NY
chanber for plasnma ignition and to | ower the pressure after the plasm 30
ignition, and tHieSIYiEREt hBSR2USFe Ofr ERAr ¥Y G SSisHES bethnt éieaﬁ%waogr%ssi ng
starts, and 10wes:s, drir eygPRst:orDSEL C8URE, O ubiEet NVENH N1 asha- 3
Accordingly, a general object of "the present invention i's to provide a
novel and usefuligfidienadeifHicadita processi ng apparatus, a plasma ignition
method, a plasm form ng gglholmiaddedyd! SSlhaPLOGESSL: hodigbl e 5 to
sol ve one or nore problens of the reVate art. nore specrftic object of
the present invetitfifering frompridw peral hek mowdeeppismayoesessyng
apparatus, a pl LgnLti t fqrpl f. d a plasm
processi ng mnet hga}%ﬁggp%'hg%ag@ cgﬁga‘é%s% gﬁ%{}g&galg}&gnﬁl@%gg?@% pressure
for plasma pbocesdienga, Aswdridiery tie an ekpeEcticel fheldragppdntdi hoetita on,
there is provided,a m crowave plasma processi appar at us that generates
pl asma by a m CrotET agﬁdt% eripésc,’cSﬁfg 1aésen eEEESES f%eg,eigggﬁ??si ng a

pl asma i gnition ediskaenl ot adtitey phehomand iqguisedgt pldsaed lighdateopl d&smot
ignition by the m crowave, According tp another gspect of the present

i nvention, ther €98 pr B B aﬁﬂ‘?hg@ib?lqrhﬂ\?(’f?nglgﬁa?ﬂ%'i gnition by a

m crowave, conprising therstens mirokveVsitisaial PPodess AR SPpAGathader to a
predet erm ned vacuum _supplying a plasma excitation gas to the processing
chanber; en?Pti r@eatrellé’é‘g‘{‘) %‘ﬁe geugdtviunthf Presreretinsips therays, a | aser
beam an el ectr gjxRe8Bin@Nchdric@it 1Ekr o8t ali X aitnehe | @i 0 pbhesha asm
excitation gas inside the 25 processing chanber; and introducing the

m crowave to thetFEIAR SR S BhSgakne PRAFSUBR o2 s FOchdAbBE to i nduce

plasma ignition. Aseer di fgrt)0 dnakhes ARRRE pRhshhiei R8RSRt ehBVEpL i on,
there is provided a nethod of form ng plasma by 30 radiating a mcrowave
from a m cronwavefdsrefhe, iFbipOrsi RS tPeesivals 16f LowarasuAei n§PR pr ocessi ng

chamber to aspredgheifl Nehoy aGHLTE SHRPINY BoRLASIR @X¢hiatholsgas to the
processi ng chanber; "emtting vacuumultraviol et rays
ignition, an additional control procedure not relevant to
the object plasma processing has to be gone through to
increase the pressure inside the processing chamber for
plasma ignition and to lower the pressure after the plasma
30 ignition, and this lengthens the preparation time before

plasma processing starts, and lowers throughput.

DISCLOSURE OF THE INVENTION




- 4 to the plasma excitation gas inside the processing chanber through a
transm ssi on w ndow nounted on the processing chanber; focusing, by the
transm ssi on wi ndow, the vacuun1u|travio|ét3rays to a predeterm ned
position; ionizing at 5 least a part of the plasma excitation gas; and
radiating the mcrowave into the processing chamber to induce plasma
|gnlphog. Acrordlng t o anot her ?EDSCEOO; the present |nvenL|?n,ttherg IS
provi ded a pl asma processin ; or pr.ocessing ubstrate, using
pl asma forned by radiati nécgor lcr}gg%avg 9?%‘???%1 i 8?8&@9@ %he( &5 Eonpri si ng
the steps of: eviaouwsailtiibg &Asptogassiidg a&hesder ahd aspfeletiersivaed vacuum
supplying a pl as excitation gas to the processing, chanber; emtting
vacuum ul t r avi ol asf‘ﬁ‘ygr?%e?%lﬁépﬁﬁﬁgﬂﬁs eﬁiﬁ&?%nl%tli%fnﬁém?ﬁe a
processi ng chanhsirasiar goehisy nicdhed, SSh@Na W 16w FBUOEa N meRBo@r AFRS S| NY
chanber; focusing, bﬁ t he transm ssion w ndow, the vacuum ultraviolet rays
to a predetePni riétl FI¥PL PBRH; OF IS Hgola%@?%g% thar tetAtahérpl-asm
excitation gas; radiatingather GgucgroRaNs;ddtt @£t RBe PEACRSH Rdvehalder to
induce plasma ignition; and feeding a process gas for processing the _
substrate into _tlkfiet@r_é‘é@géﬁi%ga @H&ﬁ@@ﬁvaf@@rsmahers_caswq @Wﬁg’fé‘ﬁ@ Actordi ng
to the present i %ﬁﬁ%ﬁQani@§ﬁ9H§ﬁb@d?5aF$%?§H% Egghihéﬂhégﬂa&’lgﬁalgg unit is
provided to facilitate plasma ignition induced by a microwave, It is
possible to i ndtml@(ip\laaﬁna;??ﬁrtq mtiai,i ¢1yakalndlgqﬁa§kl§nweta!$yopggsm¢nem
m cr owave, en J I ofO9H1 1 1ans 2R g, ignition. e
pl asma igni?ppn %gél P?aglng uqlfﬂ%ay %%q%ave%abg8§%$%ﬁgﬁtion in which
vacuum ul travi ol et rays, Xeeysding ltesen dspent af thecpresentednyentidn ght
froman exci nmer Iy 154 0 asnm j i e ' ce
plasma ignition éekgesq%& I ;}g égar‘%ll{eg% %r f“;i/l?mft 'S pei_)ég}-nggﬁr%$ee$%%§bﬁé8?%§€l}sjse
vacuum ul travi olEtatr ggseeated gd.afsmanbp d@eutarowane! amp, cfrariesxanpl e, vacuum
ul traviol et rays]§% a magelen.th ofm135.§%} to gnetrat .a_transm ssion
wi ndow and i rr adtEH% RECETERHE e XOIPAITYIF ShRLESTR 1L 5 Fr ocessi ng
chanber. The5pl afaw lexating iwritgasnibghied ploagaei bkl teatjlasmapagei tion
i oni zed by the gﬁf%%glukpravkglep rays to serve as seeds for generating
p:asna. As_? re10 Ehlgg E;g;;%g;ﬂ;gi ggi%ﬁ%iﬁ%é@@gﬁéb}f@foif!ble tohgenfrate
pl asma easily. o e brieseatschemati c
vi ew showi ng a configuration of a m crowave %asm ro,cessi_ng afgsar at us
according to an ISBH-ABNttRATR A€ BFEEIRT inPERPPAGT IRACENTIPIISTR pl an
vi ew showi ng t he gia¢48hney ROildreWadt | tdendridnay e8é oitaMsndew rel ative to
t he sem conductor wafer; FIG 3 is a f1 owchart Show ng the plasma
processi ng é8rri¥@cHating a mragessdnaveanhesniopd oeeadsiegm2ped pyrGuwinis
shown in FIG 1; iflgl & FLSARCEREL Catvi SIWRROW, Ngh& HRklkgupgtion of a
nodi fication to:?ﬁggzﬁc?owé%é pl asma p?ocesgﬁng appar at us shomg in FIG 1
an(cji_ F! G t5 i 5.2 fﬁg@ﬁaﬂ @mww; FéwilAgsh ore _cstfnwﬁguwat%ﬁfraw;%ﬁ@_t ﬁialf:sl A
modi fication to g, L ONANE: ReBRTBa P! OGRS TOATHERRATA'S 1 SHOWR AW 1l G 1.
BEST MODE FOR CARRYI'NG OUT THE | NVENTI ON !

excimer lamp to the plasma excitation gas inside the

25 processing chamber; and introducing the microwave to the
plasma excitation gas in the processing chamber to induce
plasma ignition.

According to another aspect of the present
invention, there is provided a method of forming plasma by

30 radiating a microwave from a microwave antenna, comprising
the steps of: evacuating a processing chamber to a
predetermined vacuum; supplying a plasma excitation gas to

the processing chamber; emitting vacuum ultraviolet rays



Bel ow, preferred enbodi nents of the present 30 invention are explained with
reference to the acconpanying drawings. FIG 1 is a schematic view show ng
a configuration of a mcrowave plasnma processing apparat us - 6
according to an enbodi nent of the present invention. The m crowave plasna
processi ng apparatus 10 includes a processing chanber 12, a slot antenna
(m crowave antenna) 14 above the processing chanber 12, a 5 dielectric
separation wall 16 I n .2, P excj t.ati )
shower plate 18 el%\% ggg;‘ﬂ‘?e@ecttraﬁggge %‘?;jlé}}s&?liemlatﬁ?rﬁ%o ogrSl?\ egﬁanlgg%r

pl asma excitati othiyagth a pracesissjas shoder npluatted?26n behowrickespliagma
excitation gas shower plate 18 for f gdi a_process gas, a_ stand 22 10

bel ow t he proces a\é\@sersh RePS P ®y2§,eaﬂga’}f 6&8?r‘6%“%j4"'f5 CgéAeTd i ng a
m crowave. The nikirewdveeqereysiwd abprétietemgmedr pos 2éior Oriogiaihny eat at
2.45 GHz, is _directed to the slot antenna 14 through a wave % i,deﬁot

i |l ustrated) > ThEEFRTCRORATE 45 S RLATHE (@Bt 9aht iith red1iptides

t hrough the di elgd Hiersepaé atritd thal prd&esHithd kaambas Mo @reutat pDasngas
shower plate 18, and . is directed to a plasma excitation space 26. A plasm
excitation gas, ¥BHt@®LHmple, any noble 20 gas of Argon (Ar), Krypton (Kr),
and Xenon (Xe), comes out pAtéSFAIME tBl aAFENEX AR08 Of%e Hhewehtpl ate 18
and enters the plasma excitation space 26, where the plasma excitation gas
is excited by thEvendieavenerfl 45 aspuided gemdaghnederaerRs iingsiatheder at ed
in the plas exgl ' %ﬁ% r g};@’r’gl ABSES ough openi ngs
arranged inqg I;ﬁzit ?go%gﬁﬁg?&r)% t efég?g%e%s ga lgﬁ%é)ver pl 5%2’5’20, and is fed
to a processi ng XsHeding. a Ffriggnawayepfooe sy MEroyhvQernAMie 20MPali pirgress
gas is supplied r Qeessi e : ﬁrﬂg 22 di sposed in
t he processing s%%cteslil%g,g gf’see:\n}ag%ﬁggg oarl?[\%r/acfcgéswssé}g aslsgosfal i con waf er,
is located to bemdsternined ovguuasasppRLEsy) rgpilasnheyridecdsngess did t he
pl asma. The resul.t t las cessing s e sted by a
not illustrated tbhue £ %r%%ﬁ%&g a%%ér%ﬁgﬂg%“ %%%n%ié'gc%%vlfl ed Véigi% ﬁer%ﬁ t om of

t he processilag ctmniher pl@sma Nseditapliasngas gmstidenthe pruecasiséngwelvamgdasm 5

processi ng apparatus 10 if exspl.ai ned. In.the m %rﬁwave | asma grocessi ng
apparatus 10, pl 9 gﬁi i) I?lsssilﬁau%ér&d% MHEFRA PO U & REEP I e in the
pl asma excit ati athaspaee E6cusdnevey, thé tiemspiesson evimivje thbevisrasnessi ng

chanber 12 is low, it is difficult 10 to indyce plaspg ignition with only a
mi crowave. Ther éHdréViPhet Hed¥H é:rooﬁ/ak?’ée‘g?%nﬁfiol?%?ﬁjrfﬁ"afxﬁaﬁéf%% 3t of
the present enbodiasnpar® &f agiE plgsms i Gciftadiibht @hé Narddliatcihg LHOVI ded to

assist or facilitate plaspa ignition induced by the m crowave,

20 microwave into the processing chamber to induce plasma
ignition; and feeding a process gas for processing the
substrate into the processing chamber after the plasma
ignition.

According to the present invention, because a

25 plasma ignition facilitating unit is provided to
facilitate plasma ignition induced by a microwave, it is
possible to induce plasma ignition easily and quickly with
only the microwave, even under conditions not favorable to
plasma ignition. The plasma ignition facilitating unit may

30 have a configuration in which vacuum ultraviolet rays, X-
rays, a laser beam, an electron beam, or light from an
excimer lamp is emitted to a plasma excitation space to

induce plasma ignition easily. Particularly, it is



15 The plasma ignition facilitating unit of the present enbodi nent includes
a deuteriumlanp 30 nounted on a side wall of the processing chanber 12
that defines the plasna excitation space 26°and a transnission w ndow 32.
The deuteriumlanp 30 emts vacuumultraviolet rays at a 20 wavel engt h of
135 nm The vacuumul traviol et rays pass through the transm ssion w ndow 32
and are directed to the plasnma excitation space 26, where the vacuum
ultraviolet rays_indu i.opizat th as excitati and
ther eby Taci | |t SWeiRapaiave” S amstom LEr B Lo et R ¢ ne
transm ssi on w ndeytedd vne lampde fommxGaple, MgRiunl uEtasdicletoraye abai t he
vacuum ul travi ol et_rays_ at ?hf£$ \/vav%l engt hs are ngt absorbed. In . addition,
because the vaculfih i BFet>1 &Y ARVEBEECVRRAY® §obhT oMt SN -BRPY ci ency
at a pressure argwddirradange £Ho®P138mi. ddcPaat{iamodpabeOdn ’Hg) to 13.4 Pa
(about 0.1 Torr), it is preferable to use the vacuumultraviolet rays in
the plasnma i ghi tRERFSSIEPEi CARTRRE ulE PhasTR Sddentorndiiitmethe g _
As described aboymisil R&RitheiMREHaReULEr Bk 0lRt bhayhe efddugd from the
deuteriumlanp 30 have short wavel engths and thus high energy, they can
efficiently ioni#Eidvdodrhshayexd SEEVEn2Hazeadndort deRRFALNY RéBFBAS gas.
For exanpl e, Kryptan () £9asy Calt Reubshy fsnildiowalas B exCidoaligie 9as. The
energy necessary to renove an electron ffoma Krypton atomis 13.8 eV. The
energy of a phot@eneyatehplasmawepaillyravi ol et rays at a wavel ength of 135 nm
is 9 eV. Therefore, the Krypton atomreceives 18 eV 10 if two such photons
are absorbed, nmaking it possible to renove an el ectron fromthe Krypton
atom |In other wWeRIEF DRBERIPREONCGFpTdR BBRAWINGS rradi at ed by the vacuum
ultraviolet rays at a wav ngi h, of : si.der nunber of

el ectrons are emtted 15 ?rkgm%hmeso régggﬁ%%%n@%gi ﬁgg‘gﬁ%eﬁ oni zation of the
Krypton gas, |f ecomiigugadienisf intmicdowade tmlasme poocessing wppenagas, it is
possible to easily induce plasm,ignition, re, in order faor. a Krypton
atomto absorb t‘?/%c ot nEg R efms]:’oglélélgg a?g/%r PERESIh IS %lSHOtons to 20
conti nuousl! W5 npact the KrFyptoh iat enrplananidw ,sHowdngf elie efeeugynto t he
Krypt on atons continuously, . an referably, the strength of e vacuum
ultraviol et raysP9% 'Oé‘hf’%ﬁ)h? %cﬁ%é‘e?g‘éth%Xs"f Yt ﬁeg?gjf‘ﬁeq_\?agcgﬁm

ul traviol et rayssenicongluptef esefdre that the transni ssion wi ndow 32 be nade
into 25 a convex lens to focus_the vgiuum ultraviolet rays to a specified

position in the plasm exEtfat? o SpacevoRrripSbeEissl {e tH&@sMBcusi ng
position (P) of ghaas6uyntaltiay iocdteby ays rdi%x@asv@prMap?&bEé%ﬁ@mere
the electric field of the mcrowave is_strongest, for exanple, 30 at nodes
of a statiofdry 3RRAL3GHSt BROWR difbfdPe & mi ddl e points between two nodes
(nanely, antinodes of thepgtati gRaky sWadRItid) ike Bh&S gxcitation space
26. In the plasma ignition facilitating unit of the - present

enbodi nent, the ¢F aga’n shbviefrogi i ea i $onkbe BEcHRyecPlLaama
materials, and the,Jd:Ghauayssd st &l kRGERdiPTdIe1p! as4B excitation gas
shower plate 18 ‘and the process gas shower plate 20, thereby, the
stationary 5 wave of the F¥@r owdife & schemgjeireviewdshewiwem t he pl asna
excitation gas Showalyphelsn M AdehBE RERASSE08 B0 MR rilkabeagl-
Therefore, in the préesent enbodi nent, a convex [ens 1s selected to be used
as the transn slasmai pdoeesSin apparates sheeal ipoFHE- ils | ocated at an
anti node of the 10 stationary wave. Nanely, the distance L fromthe plasm
excitation gas shower plate 18 to the focal point equals to one-fourth of
t he wave | engt h EESTr MODE FOR GARRYGWAVEUT (BiF JINYENTION

Below, preferred embodiments of the present

30 invention are explained with reference to the accompanying
drawings.
FIG. 1 is a schematic view showing a

configuration of a microwave plasma processing apparatus



Consequent |y, because the high strength vacuumultraviol et rays focused by
the transm ssion window 32 15 irradiate a portion of the plasnma excitation
space 26 where ionization nost probably oecurs, absorption of two photons
by a Krypton atom beconmes easy, and this further facilitates plasm
ignition. It should be noted that the distance L nentioned above is not
limted to one-fourth of 20 the wave length (err) of the m crowave, but it

may be ot her distancg orrespaondi 0 ositions, of the antinodes of
the stationary V\é/a?/ceqr%?l(r)l& {ég’(a%gleg[?)og?‘re"r%g}/%q{a}’(egﬂr)efﬁ?{lolrnvr?(‘ )4 (where n
is an integer). FIG 2 isThephidrowase plasie grdcaessisy Capmirnaans2b0space 26
when the sem conductor wafer Wis vie fr the to erpendi cul arly,

showi ng t he focu@%%&s?t?ﬁ%c‘?ﬁSWecﬁe?’g‘ﬁ%ﬁn%?si 3nsxﬁl\?ﬁo%‘/‘\;e§’§§ Preferably,
the position (P)mwitaowatrBeaniesiian akt apav®l@ie pavsedsnd GHanbdr 12l Y, the
position of the focusing point of the ﬁan m ssi on. w ndow 30 32 (a convex
lens), is ou ofd].teﬂécﬁrgﬁts%’T%PF‘c%ﬁi ejgﬁsﬁ?l\ﬂwt Rhe hel e @rEsRBRCt br 2naf er
Was a base. Spegiddnzakkyitatidh@apl aaswet Plidteongt BKRSw RIRC A aboverhut
close to the sem conductor wafer W it may result in adverse influence -
10 on the seni cHRAFGLPPVIEAEY W BOEafSRINME 3 PAREBARKI FALMP T2 énds up
bei ng on the pathydQssPHQRagdudld pli Bee PLRUE o%%%héaéll%ag%ﬁcikgtf&ger to
avoid this, it i's preferable that "the position of the plasma ignition be
out 5 of the ri¢g¥as eewadrpkate légiforn wedinche poaredhdiist,.or fAbded A% as a
base. In Fl 2,d1N8 RHACESS-Las SR0URY e+202ps ned 4 FIG 3
is a fl owchgpt S ér(')vQ\??’ng tQth %f as proce"ggjil %l c%r 'rzlbé outé ?%%E%nﬁ?gzﬁowave
pl asma processi npri@eagpatmas Mdcgpwavie. present enbodi nent. As descri bed
above, in the m crowave p : S} %QQ u ps gse,

enbodi nent, first, the pr%@%@(%’ggﬁgn%%?e ?{s%&vg%%g?%ett%gg 28, B
predet erm ned vawsmplestap 2)45 Hhen, ia ¢imsrtedexoi tiae i Dwtgastesnasuphl i ed 15
to the plasma exgitation space 26 ( L After (th t he _deuterium | anp
30 emts vacaum S 8 49 il ThEP B uadtreflal (Pl BiEOFAE pacs

t hr ough t he 16r ansiestedntov tikow 132 antemie 1di pastes thxduyh phasna
excitation space 2 tep 3). The vacu traviplet rays renpve, el ectrons
20 from at ons ofdltegrgggFégn%gr‘é%f@i%SPi ‘Sﬁfg]a{l;g, dtﬁﬁ Rt asteéf:g,ga‘él?ﬁ crowave
i's introduced t gdshehplasplLpecilBat kAl SPpatieedbeliroond M asiat antenna 14 to
i nduce plasma igniti on,%stﬁeé) "?e When plasma ignition is induced, plasma is
generated conti rﬁiiﬁ}é:ﬁl RoPRa%erk®n. The thus generated 25 pl asma passes
through the openings in tRgHARESKCHBSt SHOWRIS, PEat Cedinplandagpt gsisid he

processi ng SEace 28. Wth the process gas and the plasma, plasm processing
is carried 88t &R%RE BEAPRoiftlet BryRbPR: (KR (s PBY g‘?r.lo_r}:d?(eéxaﬁ?ﬂ‘%? qut t he
case of form ng mng eheapBlni ldxe9Ra i OXifR shbifer o Edd a@naniit&ddad il m
and a silicon nitride oxide filmon a silicon wafer, at |east one of Q2,
NH3, N2, and H2 iy PBESHS RKHSAHEN pPRRS £ 0ga¥hare BipRlasdato the
processing Space:28 L 9oh thes A0egSSted byl kneIASCSHONR Rliabeagfh f the
case of etching a silicon wafer, for exanple, fluorocarbon or hal ogen gas
may be used as tIRneppbtedssThiaPlasuasappriaded dnt e mlasaesengitalian 28 from
t he process,gas bePl At.e e%%m ) E3sdNEnREASE SSHFASialsS { from
the pr ocesszgas %ﬁ%ﬁr plate 2 FoefHﬁ% psr cl){gtss?gg s%oace % aﬁﬁ%éﬁn

separ at ed from tehdapitasesmanasn ani bhe speaseszs gaanshdvervplakten?® heangaf er W
toward the exha r i bottom of the processing
chanber 12. Tha;i%llgegs?og%}%%\éggggg sa%'l;(r?r?dt enter into the plasm
excitation space 26. Therkfaw dheaprobess igas shopeaspiatiegrilt, | anpredasspr ocess
gas does not exist. i, o] i i .Spa 6,,.and thi vent s
probl enms caused gzays é?’s%%%teﬁzggo?éghé%%egs%elsg gﬁasg%tzsghgmt ?f?r% %Tra%p asma 15
ignition. 30 22 disposed in the processing space 28, a semiconductor

wafer W, such as a silicon wafer, is located to be
subjected to plasma processing in the process gas and the

plasma. The resulting gas of the plasma processing is



Wi [ e. the invention has been described with reference to preferred

enbodi nents, the invention is not limted to these enbodi nents, but
nunerous nodifications coul d be made theret© Wi thout departing fromthe
basi c 20 concept and scope described in the clainms. For exanple, it is
descri bed above that the deuteriumlanp 30 and the transm ssion w ndow 32
are nounted on the side wall of the processing chanber 12, but they can

al so be nounted at different_positions 5 FIG 4 _is a.schematic view
Showi ng A cont | IPRUIEGRAGEY 2 T 1 CAe FERCED B FREPSHb e FrasHa:
processi ng appargsnts 12hopfovitddd @t thelBotitdten WECkhwayEoddsaSig Phatessi Ng
apparatus 10A shown in FIG 4, the deuteriumlanp 30 and the 30

transm ssion w w 32 are nounted on the bottom of the processi ng chanber
12. "In this case, becausentke, Waldsmadefh Dt itth LiRe thk A @r-Sest ﬁn_jagfﬁa space 26
are snooth, it is possible to prevent abnormal m crowave di scharge caused
by - 12 aSdi REAFESHLNYyarRanataswaP| s RelfiiRgdt he pl asma excitation
space 26. FIG 5 is a schepti& miiceWwabovh b ‘f:;QBEéQMxﬁ% i2pahragoider
modi fication to the microwave 5 plasma processing apparatus shown in FIG
1. As shown in MI@sme lghttiRutis FB#PFQ‘EIMBOZWGSlﬁ’é WP ALCHEWaYR e si de
of the processi ; h b t terl np 30
and the transm sr{%}eg%&\g\;gﬁ%oévﬁlzﬁ?gﬁ}el %ﬁ%ﬁ%agot géll\:/ét(}ﬁfu%% OEE %jér%]%/élaol et
rays pass througinside thérprdgessing phanbem Madguhpw beidauiseddfhtewitse t he

135 nm vac I i t ] L fr t d 21
absor be\é i glit[phg éaolr ﬁﬂdﬁh‘ge‘?%a I vg%&tt?ﬁ% Vé%g%:eg}glé’t \%;L“‘%Uf%\lfggﬁg}é?ﬁ%?%hp 30
and t he transm sisi ahewnhdoows82 papsibe pridescsingt ApporatusellOupfgllse | n

addi ti on, the deuteri um | 2. ma ve a .eflecto dense t,he vacuum
se

30 h t.0 .con

ul travi ol et rayspréam teﬁml?or Ot e éeﬁ?aesr’r?aurﬁ alrtfﬁggoéall%lol\/la%téﬁ T+l ons.
In this case, |tpdosyridet tecessiatyorofamki ttdte plamsa Sgiidion hodwrerD 32 a
convex | ens; for_exanpl ey 2 | anar transm ssion window 32 is sufficient.
Further, it is &’é’s?ﬁeb@a ’é%%%’ee't hat the plasma ignition facilitating unit
is configured to emt theThaglasmal Lgavt Ddretfacaystabig Wid tpbESEN
invention is not 25 limted. to this. quue present [nvention.is appljcable to

PRsRavESd

any other confi QRESEPENRAVIMREF LAGHUIISHiS SERLRTHIM AR, %t i on

gas is enabl ed. Ferigexaapl esf ithst padcO®isihe chagpem 1 i abkeinédYihe
X-rays, a |laser beam an electron beagé or light froman exciner |anp may
be used 30 to i dHieEEt RECHI IR SREFE atd Y As LrARESHRPAPPRACABIA | TY

According to therHy gagRbr{ @Y SipOB0 BRCAHSRRUM ulddhviR1@eMRal Mt i0N
facilitati ngpunlt is provided to facilitate plasma ignition induced by a

m cr owave, i ¥aysdengtle ¢b Ji3dnBe PRASHCUUGNILLBRV U FaAdPRRR ckly with

the mcrovave oRlpougkelndNdinsm@8dEbh APshdRt DAyl 3l diPect Pl 38 Bhe ,
ignition. The plasnma’ignition facilitating unit rmay have a configuration in

whi ch the vacuumlasmeagkeleaticaysparenie aderer then Vamprpehsravtelet _
chanber .t her eby T g B, B g re e S e
si npl e confi gur dthegeby facilitate microwave plasma ignition. It is
25 preferable that the transmission window 32 be made from
CaF,, MgF,;, LiF and so on so that the vacuum ultraviolet
rays at short wavelengths are not absorbed. In addition,
because the vacuum ultraviolet rays have a very good
ionization efficiency at a pressure around a range from
30 1.34 Pa (about 0.01 Torr) to 13.4 Pa (about 0.1 Torr), it
is preferable to use the vacuum ultraviolet rays in the

plasma ignition facilitating unit in the present
embodiment .



- 14 .CLAIMS 1. A microwave plasma processing apparatus that generates

pl asma by a m crowave and carries out plasma 5 processing, conprising. a
plasma ignition facilitating unit configurel To facilitate plasna ignition
by the m crowave. 2. The m crowave pl asnma processi ng apparatus 10 accordi ng
to claim1, wherein the mcrowave used for generation of the plasma is
directed into a processing chanber froma m crowave antenna through a

m crowave transm ssion vvigdo%/ that i.s § part_.of t&ﬁ processi Eg chan%]r. 15
3. The mcrowave pl asma pPocEEEigeSpBarET us HEEFAF N TBE FAERT IO er ei n
the plasma igni tip kattted afdong thei Heetedfunatllahpastd e chov@cuum

ultraviolet rays, X-rays, a | aser beamy an el ectron beam_and |light 20 from
an excimer |anp %W%%ﬁ'&%ﬁeﬁ%ﬁ&ﬁ’ét PO FRREEY 0 TPRY LA (TS LHLERRERY i gni ti on.

4. The ni crowave diiaeNBhel Frams RcaPReled Wasaeens i figtdd vyl ai AdSLe Wher ein
t he pl asma |gn|t|on 25 facilitating unit conprises: a deuteriumlanp that

enits the vacuurdafit Fo¥i oxIPieyy KrYREER a(KPa8Fi S3P 0P WsdoRSt BB® directs

the vacuum ul trayjiQhat ckayeatPiRtsgag . t ek liRyIRet 854, RIASEROPO an
excitation space. 5. The m crowave plasma processing apparatus according to

claim4, wherei relecdpaselbet iedryphen atomss dduBesY urihicaspesay ehe
transm ssion W NgOWqhS o FeL il 3 ReMmt Q1PFa o121V 5P Mt a wavelength of

135 nm is 9 eV. Therefore, the Krypton atom receives 18 eV
10 if two such photons are absorbed, making it possible to
remove an electron from the Krypton atom.

In other words, when the Krypton gas is
irradiated by the vacuum ultraviolet rays at a wavelength
of 135 nm, a considerable number of electrons are emitted

15 from the Krypton atoms, inducing ionization of the Krypton
gas. If a microwave is introduced to the ionized Krypton
gas, it is possible to easily induce plasma ignition.

Here, in order for a Krypton atom to absorb two
photons, it is necessary for the incident photons to

20 continuously impact the Krypton atoms, namely, transfer
energy to the Krypton atoms continuously, and preferably,
the strength of the vacuum ultraviolet rays is high. To
increase the strength of the vacuum ultraviolet rays, it
is preferable that the transmission window 32 be made into

25 a convex lens to focus the vacuum ultraviolet rays to a
specified position in the plasma excitation space 26.
Preferably, the focusing position (P) of the wvacuum
ultraviolet rays is one of the positions where the
electric field of the microwave is strongest, for example,

30 at nodes of a stationary wave of the microwave or middle
points between two nodes (namely, antinodes of the
stationary wave) in the plasma excitation space 26.

In the plasma ignition facilitating unit of the



6. The m crowave plasma processing apparatus 5 according to claim 4,
wherein a space between the deuteriumlanp and the transm ssion wi ndow is
filled with a heliumgas. 7. 10 according t® Transmi ssion processing ch 8.
15 according to The m crowave pl asnma processi ng apparatus claim4, wherein
the deuterium /|l anp and the wi ndow are nmounted on side walls of a anber
defining the plasma excitation space. The m crowave plasnma processing

apparatus claim4, wherei he deuterium !l anp and the transm ssi on w ndow
are mounted on ap}f)eoﬁe[rgmeggoé”ﬁ?%c’estg‘lengr%ﬁ %eﬂasdéh%?ﬁgpa][%ﬁ éﬁa%ﬁa
excitation spacemads oFheoAHGEEWRY eaftkeasaAbs Pravehengioppanad us 20 accordi ng

to claim4, V\here#] t he t{ﬁensn’i ssion w ndow i ncludes a convex |ens having a

focal point at afPrefeesr RY nEe RIGTRoRXFREAHOH PES N MRS BIAten 18 p3ReE. 10.

The nicrowave plasdHriicasesghfdsRimear Bl ute 20 a6¢terdbpy it WraitAblarypher ein
the predeterm ned position 1s out of a space right above a substrate to be

processed. 1P THV&iodr SREVRLIIYETE probesIenRyaasPabPatirRemEdSr BLag R0 claim

9, wherein at t F&ﬁ&%&bﬁfg&@%&%ﬁg&h&é% Al heChrobedd ¢ad Shokde
m crowave radi ated inside fhe I_ilg;rocesa ng chanmber is a maxi mum 12. The

m crowave pl asmePiRrtscédsi Boerq t 88 the pmepseadcembpdiyrens clarFangex wher ein
a distance from )%é}?s H.rseggﬁ.gé?éci] el?)%shééé?rr:aeé Bﬁh% $YLFE6Es Hor? WRhaSHes2

excitation gas shower plate for eding t asma excitation gas into the
pl asma excitati ose syede iks Eogal thoght of IWahtedl whear antinodeeofiaviee | engt h

of the mecr ve ) L $& OMRY, I r i ng t ordi ng
to claimd4, qmer%?%éloﬁ%;g?rg%\‘g%‘i SSI %%9\7\,1&?1 ovﬁssgggrangdf rog%rh%néig F2,
MyF2, and LiF. léxkdi4atibe gasrdwswes plabeslfpriwcebsi hgcappiattusqaglsr di ng

(0,chalm 3. uher gl R BLER e S RELLOIAARES. bf PR ALELeL LRy
supplied fromthe Consequently, because the high strength vacuum
ultraviolet rays focused by the transmission window 32
15 irradiate a portion of the plasma excitation space 26
where ionization most probably occurs, absorption of two
photons by a Krypton atom becomes easy, and this further
facilitates plasma ignition. It should be noted that the
distance L mentioned above is not limited to one-fourth of
20 the wave length A of the microwave, but it may be other
distances corresponding to other positions of the
antinodes of the stationary wave, for example, 3A/4, 5A/4,
or n\/4 (where n is an integer).
FIG. 2 is a plan view of the plasma excitation
25 space 26 when the semiconductor wafer W is viewed from the
top perpendicularly, showing the focusing position of the
transmission window 32. Preferably, the position (P) where
the vacuum ultraviolet rays are focused, namely, the
position of the focusing point of the transmission window
30 32 (a convex lens), is out of the right cylindrical region
with the semiconductor wafer W as a base. Specifically, if
the plasma ignition takes place above but close to the

semiconductor wafer W, it may result in adverse influence



15 proecess gas shower plate to the processing space thereby preventing the
process gas fromentering into the plasma excitation space. 15. A nethod of
i nduci ng plasma ignition by a 20 m crowave,~“cOnpri sing the steps of:
evacuating a processing chanber to a predeterm ned vacuunm supplying a

pl asma excitation gas to the processing chanber; 25 emtting at |east one
of vacuumultraviolet rays, X-rays, a | aser beam an electron beam and

light froman excingr | itatio as_li.nside the
processi ng chanﬁ§§?ﬁﬁh&%gﬁFéﬁﬁﬁgﬁﬁgbgﬁggdﬁéﬁ%ﬁbfg ?Egt%%ﬁﬂ¥ﬁg%ﬁE§6
excitation gas iwafidre Weadsssp rpickaphethé patidifoe prasagatig then. 16. A
met hod of formn | asma b adiating_.a - 17 mcr ve froma m crowave
ant enna, conpri s&rfgﬁ"{ahgng’g%él%f BFac it PR T 888%& Thabér to a

predet ernined vastifErableUpRaYidie doplassm &XCciHeabl @8m4asgri® ibheber &eessi ng
chanber; emtting vacuumultraviolet rays to the plasma excitation gas
[

i nsi de the procedsiths chERberYYMATdGRLar 710 HIEE She v THGRNMYGRPEd on t he

processi ng chanbgdferl® hoCuShduh. v Fhe. t7 AR $3be8sM RO WholBe MBstHIM
ultraviolet rays to a predeterm ned position; ionizing at |east a part of

the plasma exci t# iiohgisiliastizdtedy t he ni crowave into the processing 15

chanber to induce plasma gggitiony alhoﬁcﬁiﬂ*?%o%ﬁt&eéﬁé N9 SGihod for
processing a substrate using plasma forned by radiafing a mcrowave froma
m crowave ant enrREoceSPpnTsEREr 9tk Oitepy Bie MATrovVaveap}afiaa PFPEE8sINg

chanber to ggpr g%%aq:rargiuge 0 VGE UHT F}s_gggﬁyi&&&- Lgsma excitation gas to the
S

evacuat ed processing chanber; emtting vacuumultraviolet rays to the
pl asma 25 excitation gas Aasiercnilpedppbeessiity thikamberowdveordhsma

v o S L L L U
position; the brocessing chamber 12 is evaéﬁated torg predetermined

vacuum (step 1). Then, a plasma excitation gas is supplied

15 +to the plasma excitation space 26 (step 2). After that,
the deuterium lamp 30 emits vacuum ultraviolet rays, and
the vacuum ultraviolet rays pass through the transmission
window 32 and are directed to the plasma excitation space
26 (step 3). The vacuum ultraviolet rays remove electrons

20 from atoms of the plasma excitation gas, and in this state,
a microwave is introduced to the plasma excitation space
26 from the slot antenna 14 to induce plasma ignition
(step 4) . When plasma ignition is induced, plasma is
generated continuously from then on. The thus generated

25 plasma passes through the openings in the process gas
shower plate 20, and enters the processing space 28. With
the process gas and the plasma, plasma processing is
carried out on the semiconductor wafer W (step 5).

For example, in the case of forming one of a

30 silicon dioxide film, a silicon nitride film, and a
silicon nitride oxide film on a silicon wafer, at least
one of 0,, NH;, N,, and H, may be used as the process gas

and supplied to the processing space 28 from the process



fonizing at |least a part of the plasma 30 excitation gas; radiating the

m crowave into the processing chanber to induce plasma ignition and feeding
a process gas for processing the - 18 Tsddstrate into the processi ng
chanber after the plasma ignition. 18. The plasma processi ng net hod
according to 5 claim17, wherein the plasm excitation gas conprises a
nobl e gas including one of Argon (Ar), Krypton (Kr), and Xenon (Xe) . 19.

The Pl e 2 oeeiEL TR R PO 0 ch AR b aAsiera bl process
processi ng mnet honbm,orfdh:ngxmnpbsi,aifdu&éccmttérmim hbheogesja=atayi bea silicon

wafer, and 15 the oce gas is fed intg the praocessjng space to form at
| east one of a s‘f‘?$‘£@ﬁ 3?‘8@8%%?51 r‘ﬁasaaggl?w EPd he?i;r C€ERA™E silicon
nitride oxide fispadn 2Bherem! tioproakeks. g2 shbwekhpltasim processi ng

met hod according to claim17, wherein thez(garoc,ess gas_i ncl udes_at | east one
of a fluoroca& bon gas andH§TRal YHeRrg5ESS2%2s Fie SHPREMEA prieddeng et hod

according to 25 glcdd¥s2 §asWeEsRiN 1R@ePs OCES AP rbées£thd MAckhes,
processing space to etch the substrate. 23. The plasnma processi ng met hod
according to cl afmcly isnEepPardteathdipmasha RidsMPatreRtYaxen $ra¢ppkfed to 30

a plasma excitatiQn SRasCrssRaf Rl QA rbLOM SowRLE38! BghSRACO IR Whch the
substrate is |ocated, and the process gas is supplied to the processing

space thereby prevandedgathEhpiaidsn gasthe gmasessinagchanken Ad . pFaakm

Lot . o el U, B S L M B,
excitation space 26. Therefore, at the time of plasma
ignition, the process gas does not exist in the plasma
excitation space 26, and this prevents problems caused by
dissociation of the process gas at the time of plasma

15 ignition.

While the invention has been described with
reference to preferred embodiments, the invention is not
limited to these embodiments, but numerous modifications
could be made thereto without departing from the basic

20 concept and scope described in the claims.

For example, it is described above that the
deuterium lamp 30 and the transmission window 32 are
mounted on the side wall of the processing chamber 12, but
they can also be mounted at different positions.

25 FIG. 4 is a schematic view showing a
configuration of a modification to the microwave plasma
processing apparatus shown in FIG. 1.

In the microwave plasma processing apparatus 10A
shown in FIG. 4, the deuterium lamp 30 and the

30 transmission window 32 are mounted on the bottom of the
processing chamber 12. In this case, because the walls
defining the plasma excitation space 26 are smooth, it is

possible to prevent abnormal microwave discharge caused by
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rays emitted from the deuterium lamp 30 are absorbed in

the air. Alternatively, the space between the deuterium

lamp 30 and the transmission window 32 may be filled with
15 a helium gas.

In addition, the deuterium lamp 30 may have a
reflector to condense the vacuum ultraviolet rays emitted
from the deuterium lamp 30 in various directions. In this
case, it is not necessary to make the transmission window

20 32 a convex lens; for example, a planar transmission
window 32 is sufficient.

Further, it is described above that the plasma
ignition facilitating unit is configured to emit the
vacuum ultraviolet rays, but the present invention is not

25 1limited to this. The present invention is applicable to
any other configuration provided that ionization of the
plasma excitation gas is enabled. For example, instead of
the vacuum ultraviolet rays, X-rays, a laser beam, an
electron beam, or light from an excimer lamp may be used

30 to ionize the plasma excitation gas.

INDUSTRY APPLICABILITY

According to the present invention, because a
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possi 1le to induce plasma ignition easily and quickly with
the microwave only, even under conditions not favorable to
5 plasma ignition. The plasma ignition facilitating unit may
have a configuration in which the vacuum ultraviolet rays
from a deuterium lamp penetrate a transmission window and
irradiate a plasma excitation space in a processing
chamber; thereby, it is possible to facilitate plasma
10 ignition with a simple configuration.
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processing, comprising:
a plasma ignition facilitating unit configured

to facilitate plasma ignition by the microwave.

2. The microwave plasma processing apparatus
10 according to claim 1, wherein the microwave used for
generation of the plasma is directed into a processing
chamber from a microwave antenna through a microwave
transmission window that is a part of the processing
chamber.
15
3. The microwave plasma processing apparatus
according to claim 1, wherein the plasma ignition
facilitating unit emits at least one of vacuum ultraviolet
rays, X-rays, a laser beam, an electron beam, and light
20 from an excimer lamp to a plasma excitation space to

induce the plasma ignition.

4. The microwave plasma processing apparatus
according to claim 3, wherein the plasma ignition
25 facilitating unit comprises:
a deuterium lamp that emits the vacuum
ultraviolet rays; and
a transmission window that directs the vacuum
ultraviolet rays passing therethrough to the plasma

30 excitation space.

5. The microwave plasma processing apparatus

according to claim 4, wherein a space between the
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6. The microwave plasma processing apparatus
5 according to claim 4, wherein a space between the
deuterium lamp and the transmission window is filled with

a helium gas.

7. The microwave plasma processing apparatus
10 according to claim 4, wherein the deuterium lamp and the
transmission window are mounted on side walls of a

processing chamber defining the plasma excitation space.

8. The microwave plasma processing apparatus
15 according to claim 4, wherein the deuterium lamp and the
transmission window are mounted on a bottom of a

processing chamber defining the plasma excitation space.

9. The microwave plasma processing apparatus
20 according to claim 4, wherein the transmission window
includes a convex lens having a focal point at a

predetermined position in the plasma excitation space.

10. The microwave plasma processing apparatus
25 according to claim 9, wherein the predetermined position

is out of a space right above a substrate to be processed.

11. The microwave plasma processing apparatus
according to claim 9, wherein at the predetermined
30 position, an electric field of the microwave radiated

inside the processing chamber is a maximum.

12. The microwave plasma processing apparatus
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13. The microwave plasma processing apparatus
according to claim 4, wherein the transmission window is
formed from one of CaF,, MgF,, and LiF.

10

14. The microwave plasma processing apparatus
according to claim 3, wherein the plasma excitation space
is separated from a processing space by a process gas
shower plate, and a process gas is supplied from the

15 process gas shower plate to the processing space thereby
preventing the process gas from entering into the plasma

excitation space.

15. A method of inducing plasma ignition by a

20 microwave, comprising the steps of:

evacuating a processing chamber to a
predetermined vacuum;

supplying a plasma excitation gas to the
processing chamber;

25 emitting at least one of vacuum ultraviolet rays,
X-rays, a laser beam, an electron beam, and light from an
excimer lamp to the plasma excitation gas inside the
processing chamber; and

introducing the microwave to the plasma
30 excitation gas in the processing chamber to induce plasma

ignition.

16. A method of forming plasma by radiating a
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evacuating a processing chamber to a
predetermined vacuum;
5 supplying a plasma excitation gas to the
processing chamber;
emitting vacuum ultraviolet rays to the plasma
excitation gas inside the processing chamber through a
transmission window mounted on the processing chamber;
10 focusing, by the transmission window, the vacuum
ultraviolet rays to a predetermined position;
ionizing at least a part of the plasma
excitation gas;
radiating the microwave into the processing

15 chamber to induce plasma ignition.

17. A plasma processing method for processing a
substrate using plasma formed by radiating a microwave
from a microwave antenna, comprising the steps of:

20 evacuating a processing chamber to a
predetermined vacuum;

supplying a plasma excitation gas to the
evacuated processing chamber;

emitting vacuum ultraviolet rays to the plasma

25 excitation gas inside the processing chamber through a
transmission window mounted on the processing chamber;
focusing, by the transmission window, the vacuum
ultraviolet rays to a predetermined position;
ionizing at least a part of the plasma
30 excitation gas;

radiating the microwave into the processing

chamber to induce plasma ignition:; and

feeding a process gas for processing the
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18. The plasma processing method according to

5 claim 17, wherein the plasma excitation gas comprises a
noble gas including one of Argon (Ar), Krypton (Kr), and

Xenon (Xe).

19. The plasma processing method according to
10 claim 17, wherein the process gas includes at least one of

02, NH3, Nz, and Hz.

20. The plasma processing method according to
claim 19, wherein the substrate is a silicon wafer, and
15 the process gas is fed into the processing space to form
at least one of a silicon dioxide film, a silicon nitride
film, and a silicon nitride oxide film on the silicon

wafer.

20 21. The plasma processing method according to
claim 17, wherein the process gas includes at least one of

a fluorocarbon gas and a halogen gas.

22. The plasma processing method according to
25 c¢laim 21, wherein the process gas is fed into the

processing space to etch the substrate.

23. The plasma processing method according to
claim 17, wherein the plasma excitation gas is supplied to
30 a plasma excitation space separated from a processing
space in which the substrate is located, and the process
gas is supplied to the processing space thereby preventing

the process gas from entering into the plasma excitation
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