*@00002* - 1 DESCRIPTION 2 8 SEP 2005 M CROMVE PLASMA PROCESSI NG
APPARATUS, P ON METHOD, PLASMA FORM NG METHOD, AND PLASMA 5
PROCESSI NG NMNW " L FIELD The present Tnvention gener&lfl §EPe2ig§es
to a plasma pr pparatus, and particularly, to a plasma 10
processi ng appar %"t hat perfornms plasma processing using plasnma exci t ed
by a nicromavﬁ”“<' (T .r OF THE INVENTION I n recent years and continuing,
anong pl asnma Hilling apparatuseqnﬁ&%&PQFﬁﬁomave pl asma processing

ed W

.apparatus is attrapihg attention. Conpar other plasma processing
apparatuses, such as a parallel plate plasm processing apparatus and an

ECR pl asma processing ap t S i%% ' at| l ow in
the 20 m crowave pl asna pﬂgfceggsdilﬁ’r\{g ggﬁ‘g@t‘%’&gﬁ;@h Pé]%pfgﬁat %%g&%f
pl asma havi ng a |[IGWIBLextMEFHAeMPpeASMAr EORMENG ORTHOD, ANErEpasMAher ef ore,

with the nicr%ma%ﬁﬁeggggﬁaqﬁgﬁﬁ)sing apparatus, it is possible to prevent

nmetal contam nati rradi ation damage to a substrate subjected
to plasnma processing. In addition, because a plasma excitation space can

be separated fromthe_plasm rocessing space, it is possible to carry out
pl asma processiEggﬁﬂagﬁbdﬁﬁﬂﬂfof materials of the substrate and

The present invention generally relates to a

plasma processing apparatus, and particularly, to a plasma
10 processing apparatus that performs plasma processing using

plasma excited by a microwave.

BACKGROUND OF THE INVENTION

In recent years and continuing, among plasma
15 proceésing 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
enerqgy.
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 procéssing apparatus, a
gas for exciting plasma (referred to “plasma excitation

gas”) 1s fed into a chamber first, and then the microwave



30 patterns formed on the substrate. In the mcrowave plasma processing
apparatus, a gas for exciting plasma (referyed to "plasma exgitation
gas") is fed into a chanber first, and then%he m crowave - 2f£8_§tEP2@605
is introduced to the plasma excitation gas to start the generation of
pl asma (plasma ignition). Because of the high frequency of the m crowave,
the electrical field of the m crowave changes before el ectrons of the

plasma 5 excitati;Qn; §aso &Sl kakepil s ﬁ%%&ggbgé@kéo“gtakés%

-ignition difficult. Additionally, in recent plasna ocessing, a pressure
of the plasna ex@enarabrogast adabow (phasorigmianphe, Btakae( abotte 0.5

Torr) is soneti r g!{!{ c e of the lo ressure, the.density of
the 10 plasm e@??gt J?on geggyi s%%l g%/{vg ?h?ﬁ%wearveﬁagpgge ?%{érﬁﬁa_tli Sh?_f‘?d#
difficult. In thehe niovwawereplchangeprioctnss i cappanatafs,thedbibening from

th Il el plat cessin apparatus, the mcrowave is emtted
f rgmp:rﬁ‘i c?omgvge%ggggfg?%hg{a%aﬁae; ﬁgffel‘%ge YeFSE?r‘FE%ﬁedf'i BREIRP R o

the substrate taghetpsockissadulthered Dt nadlngg eheeddart Ipqa*'sﬁgi on or other
phenonena causingﬁglasna ignition do no occur, making plasma ignition

nmore difficult. FR2S T WRTESPIES el gise #dermg 198 g 29 ke

related art, usuaklyfothexdiaesue? pPAS{Anithe®  sPresessigopbanhes is set
high at the time of plasma ignition, for exanple, the pressure is set to

133 Pa (about 1TFEF+¥edo BECalse; Alukke ploxs maergurei omedenpyty of ttdie t he
i gnition, theopressune &:&itQWBERAgLS. 14 Uow25 reXRAR) GrakinRaptabayt 50
mrorr). However, 1£rtcf<'>r? oPilfafSiréﬁlt.

In the microwave plasma processing apparatus,
differing from the parallel plate plasma processing
apparatus, the microwave is emitted from a microwave

15 antenna, and there is no electrical field applied to the
substrate to be processed, therefore, free electron
emission or other phenomena causing plasma ignition do not
occur, making plasma ignition more difficult.

In the microwave plasma processing apparatus of

20 the related art, usually, the pressure inside the
processing chamber is set high at the time of plasma
ignition, for example, the pressure is set to 133 Pa
(about 1 Torr) so as to induce plasma ignition easily;
after the ignition, the pressure is lowered to, for

25 example, 7 Pa (about 50 mTorr). However, in this plasma
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 befdre

plasma processing starts, and lowers throughput.

DISCLOSURE OF THE INVENTION




ignition, an additional control procedure not relevant to the object -

pl asma processing has to be gone through to _increase the pressu i e
t he processing chanber for plasnma ignition And to | ower theZp@ééghﬂﬁaﬁfter
the plasma 30 ignition, and this |engthens the preparation tine before

pl asma processing starts, and |owers throughput. DI SCLOSURE OF THE

| NVENTI ON - 3 28 SEP 2005 Accordingly, a general object of the present

invention is to provide a RoNgly sef ] Cf owav asm _praocessi ng
-appar atus, a plasma ignitiog neﬁ%ggyea g%%%%%iﬁ% ﬁ%ﬁgghef¢ﬁxﬂ%%§ﬁ8%a pl asma
processi ng met hodryiengisnt bs stod wercorideor novel problersudimidewaekat ed art.

A nore specific ] present _ipventia is to provide I Crowave
pl asma processin g%%%rg%aéggaﬁkﬁﬁggﬁﬁagﬁﬁlt?gﬁ}%ﬁ@?hba?fﬁ“ﬂ}§§ﬁ§°ggrﬁ1ng
nethod, and a plrswaapforessy ng: tethodndnalbidigaf @gbc@é@ir@a&wtﬂba&?@l%Oth
ignition at ac.pressure for plasma processing. According to an aspect o e
present inven?ioﬁp SPEX?eO?g‘ﬁ?SVF%eBrapigEgdﬁhﬁgepFﬁéﬁﬁﬁbﬁﬁﬁéss|ng
apparatus that generates plrsr@ speca ritCoHEYEME ANEheapFdSHtOUhveRtdSHB
processi ng, conprising a plasma ignition 15 facilitating unit configured to

facilitate plasmdSi §Ri PFoRtdgy? {HETRIBY BVRIATIAREOFEP AENT GRBIGEINGF , aspect
of the present igluefhi ofnit {8 eeithiol! OFi gRtknd FBLRAOHy Afedidticipg p! asna

ignition by a microwave, conprising the steps of: 20 evacuati'ng a
processi ng chanb&26B2aPEP RS MRERCY aeRA ings fpptyamd) easyl adaama

excitation gas tQqghheiBhosesSidi@ssahambst prflidit bRgcals]gpst one of vacuum
ul traviol et rays, , ,
According to an aspect of the present invention,

there is provided a microwave plasma processing apparatus
that generates plasma by a microwave and carries out
plasma processing, comprising a plasma ignition

15 facilitating unit configured to facilitate plasma ignition
by the microwave.

According to another aspect of the present
invention, there is provided a method of inducing plasma
ignition by a microwave, comprising the steps of:

20 evacuating a processing chamber to a predetermined vacuum;
supplying a plasma excitation gas to the processing
chamber; 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

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



X-rays, a |laser beam an el ectron beam and light from an excimer lanp to
the plasna excitation gas inside the 25 processi ng chanber; and introducing
the mcrowave to the plasm excitation gas fnthe processi ngl dh&fPeflifo
induce plasma ignition. According to another aspect of the present
invention, there is provided a nethod of formng plasma by 30 radiating a
m crowave froma m crowave antenna, conprising the steps of: evacuating a

rocessi ng chanb et erp_ned v um._.s ing a pl.asm
~gxci tation gas tgtro Etﬂgag%%gé[g%s%%mg ﬁgﬁ’%e‘%gé}e{ngstﬁjeﬁghéa%ﬁ%?ﬁ%lflﬂa_wm‘?r rays
- 4 28 SEP 2005 thooubk pl tesaresrebssiibat wondgasndunsiede oh hehprmersskngg chanber

1 §SI i i er; focusing,
t hrough a transm gsion w dOM/nDun%gd n the pr.ocessin chanber ; g

by the transnission W ndow “the Vafdu euﬁ?‘h’i%flﬁlséPnr%i_ d‘?"‘_b &PFr Ba¥EP i ned
position; ionizindtabvholeastays park pfeﬂéﬁéﬁﬁﬁféggpagﬂtiéﬁi;yangéﬁhgaﬁg
radiating the m.crowave into the processing chanber to induce plasma

i gnition. Accgrd#ﬁﬁs oaaﬂ%¥?mﬂg eB?aﬁwat?ﬁFﬁ£4§§8ﬁtga?rnﬂﬂﬁiﬁ@ﬁ}aﬁﬁ@ge is

provi ded a pl asmahpr AEes6ag NRIR0&hdOpt Ot 4 ORLEHERABe A S BSIALEp YSERY
plasma formed by , radiating a mcrowave froma m crowave antenna,

conprising the §9@5§18F: evacuating a processing chanber to a

predeterni ned vacuum suppAyidi@iidgPhasiRo el taljer efstﬂé? prieldnpr ocessing
chanmber; emtting vacuumultraviol'et rays 15 to the plasma excitation gas

insi de the procesSVRgtemANLEIere AEongAY et andipssroprewerfuwgnmahbed on the
processing ghanmger, ntocyss gy ab)ég.ggf"r${§ﬂ§§ﬂ ?ashh ng@%%eé kg vacuum

ultraviolet rays to a predetermn position; J1onrzing a
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

15 to the plasma 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 part of the plasma excitation gas; radiating the

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



| east part of the plasna excitation gas; radiating the 20 mcrowave into

t he processing chanber to induce plasma ignition; and feeding a process
gas for processing the substrate into the” p?oce53|ng chanbe} RiSrer ﬂge
plasma ignition. According to the present invention, because a 25 pl asma
ignition facilitating unit is provided to facilitate plasma ignition

i nduced by a microwave, it is possible to induce plasma ignition easily

and quickly with OV % der ndltlon %# f avor abl e
to plasnma |gn|t|5%ﬁ£¥ﬁgmglg%ﬁ% |gé??ﬁ§n3?5%? |ng un?Trﬂh 36°Rave a
confi guration i n dghitelrivacuamp ulfaraexehpler a\yasz:uxﬁ(r uuays\(;lcaléta&%lysbean& an
el ectron beam or o] exci mer tted to a

excitation space tglquEl £%eg%?g¥%a |gn|tP%%n§§§F1? tﬁﬁ??T%iﬁ%Wﬁ?”nﬁ?wls 5
28 SEP 2005 pref emablieradiase tracplmsnht eaviedelon apscenidtig from a

deuterium | anmp, for exa v cuun1 |traviolet rays at a wavel ength of
135 nm to pe etﬁﬁigeﬁsgg nBoWM fkGitrEdPAL €% HE Fhgsma

excitation space pljastnbeeﬁcptmﬁﬁﬁ|s®g.c§h§?-5bf‘<5nlz-gaﬁb9| 8R8B, £Xkif ation gas in
the plasma excitation space is ionized by the vacuum ultraviolet rays to

serve as seeds fdt-TFaNePaet Myl dOmBervasaia sa8sisl £orhyeneratddyc phgsma -

mcrowave, it iszR0ssibkeLto bygqmﬁ&%aacpﬁgﬂ%&%hwe 10 BR 5 sDESER ] T'ON
OF THE DRAWNGS FIG 1 is a schematic view show ng a configuration o

m crowave pl asma I5P6E8ESI PR Hh&28E4Y - according to an embodi ment of the
present invempi on;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a
configﬁration of a microwave plasma processing apparatus
according to an embodiment of the present invention;

15 FIG. 2 is a plan view showing the focusing
position of the transmission window relative to the
semiconductor wafer;

FIG. 3 is a flowchart showing the plasma
processing carried out by the microwave plasma processing

20 apparatus shown in FIG. 1;

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

FIG. 5 is a schematic view showing a

25 configuration of another modification to the microwave

plasma processing apparatus shown in FIG. 1.

BEST MODE FOR CARRYING OUT THE INVENTION

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



15 FIG 2 is a plan view showi ng the focusing position of the transm ssion
w ndow rel ative to the sem conductor wafer; FIG 3 is a flowchart @Sow ng
the plasma processing carried out by the Wi &rowave pl asma Z)r&)&fs?
apparatus shown in FIG 1; FIG 4 is a schematic view showing a
configuration of a nodifi cation to the microwave pl asma processing
apparatus shown in FIG 1; and FIG 5 is a schematic vi ew show ng a 25

apparai e shown PopreEy B hplteed AR B B RTRRR! o Bl ow
preferred enbodi ments of the priesewtvaOplasentiroceas tngxapiraedsWi o h
reference to the %Eogggné/l nl%cedsrsiz%\émgggﬁ Fl Gslgllnlasig f%ﬁ%“ c vi ew show ng

a configuration ) m cr owave 6 2 8 SEP
2005 accordi ng tdmanremmdlarm'dnnaﬁ uheammeme pwe@§$mg chbh®e TZ ovAVeE

pl asma processing,.a atus 10 includes p ssing chanber 12, a sl ot
antenna (i c$ \Ag\}gggﬁ%’éh%ﬁe%faﬂﬁ{}ew?%ﬂ 1p€i[ g’@gé’%’l he chpth@ntepnalis a
dielectric separ aliasiaWekditfibel gust SeowdOtplartendapdrbw ahel a$8Bectric
excitation gas shower plate 18 below the dielectric separation wall 16 for

feeding a pl asma SERBFEEITDIYds 1 0atopr BR¥ENY A PIATIR o4 1PE 120 BRY O t he
pl asma excitati oprogass ShyvehoRleat ﬁlé@efﬁ dAewd Pfe %H%%%Cgi‘}ﬁt%%} stand

22 10 bel ow the process gas shower plate 20, and a nagnetron 24
generating a nlcg@ﬁa§@ower plate 18 for feeding a process gas, a stand 22

10 Dbelow the process gas shower plate 20, and a magnetron 24
for generating a microwave.
The microwave generated by the magnetron 24, for
example, at 2.45 GHz, is directed to the slot antenna 14
through a wave guide (not illustrated). The microwave
15 directed to the slot antenna 14 passes through the
dielectric separation wall 16 and the plasma excitation
gas shower plate 18, and is directed to a plasma
excitation space 26.
A plasma excitation gas, for example, any noble
20 gas of Argon (Ar), Krypton (Kr), and Xenon (Xe), comes out
from the plasma excitation gas shower plate 18 and enters
the plasma excitation space 26, where the plasma
excitation gas is excited by the microwave and plasma is
generated. The plasma generated in the plasma excitation
25 space 26, for example, passes through openings arranged in
a lattice manner in the process gas shower plate 20, and
is fed to a processing space 28.
From the process gas shower plate 20, a process
gas is supplied to the procéssing space 28. On the stand
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



The m crowave generated by the magnetron 24, for exanple, at 2.45 Gz, is
directed to the slot antenna 14 through a wave guide (not illustrated).
The nicrowave 15 directed to the slot antenna 714 passes thrtzugh%[\_;gemg:i

di el ectric separation wall 16 and the plasma excitation gas Sh r ate
18, and is directed to a plasma excitation space 26. A plasma excitation
gas, for exanple, any noble 20 gas of Argon (Ar), Krypton (Kr), and Xenon

i i s shower plate 18 and enters
the bl aomm exci ¢ SETAMELDE By S0TR LSt b L A O BB RS S 558 P8 e ¢ cd

by the microwaveprant pPaspmovisledgenethe eohtthne ofil akavpgriarsdhgdchaubdie
pl asma excitatio 25 space 26, for exanple, passes through openings
arranged in a |attice manner in the process gas shower plate 20, and is

fed to a processing space M&t Fipaashhei@iDeiess igaghs havefowdhvat 8120ma @
process gas s suggl ied to the %régc?@sl ng space 28. On the stand 30 22

di sposed in the PFocelstify &paca Lidadietor wafer W such as a

silicon wafer, is |ocated Ip the 5ubreries J1QRhasPB-PE LGRS SR rhful Ny,
process gas and the | asma., The r,esultlchngjt gas of the plasma processing is
Y

-7 28 SEP 2005’%%%@%&%1 &Snéhduge &hediptrgsiudaconghramaex aust
port 12a provi dedhat p1denb@lxdcamel oh hgpfHL RS ShgeshaMEr tgéfgrégg%ire pl asra

ignition in the mcrowave plasma 5 processing apparatus 10 iS explained.
In the m crowave 'PPASHE-H REOSSEAGNApRatars 120{s phwsrid ilgnitfoicils
i nduced by the imbrogdieed JNGHAWAYE: +lon with only a microwave. Therefore,
in the microwave plasma processing apparatus 10 of the
present embodiment, a plasma ignition facilitating unit is
provided to assist or facilitate plasma ignition induced
by the microwave.
15 The plasma ignition facilitating unit of the
present embodiment includes a deuterium lamp 30 mounted on
a side wall of the processing chamber 12 that defines the
plasma excitation space 26 and a transmission window 32.
The deuterium lamp 30 emits vacuum ultraviolet rays at a
20 wavelength of 135 nm. The vacuum ultraviolet rays pass
through the transmission window 32 and are directed to the
plasma excitation space 26, where the vacuum ultraviolet
rays induce ionization of the plasma excitation gas, and
thereby 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..



the plasma excitation space 26. However, if the pressure inside the
processing chanber 12 is low it is difficult 10 to induce pl zgagE nition
with only a mcrowave. Therefore, in the m§r0vvav_e pl asma pr 2005
apparatus 10 of the present enmbodinent, a plasma ignition facilitating
unit is provided to assist or facilitate plasnma ignition induced by the
m crowave. 15 The plasnma ignition facilitating unit of the present

enbodi nent i ncludes a deuteri O.mounted on _a side wall of the
processi ng chanber 12 that gée(%lllsncers arggabﬁi"gsnﬁlre%ltt}@t VBRUdpdtE Ty 1gAgta

transni ssion wi ndm/ys:%%mit’ﬂae fhew erheudleLagPi @ BIFg S0VASHENRHY A avi ol et

rays at a 20 wavel en 135 The acuum ul travi ol et rays pass
th)r/ough t he transwrﬁ H-‘Q'&/F aﬁ‘dg r BREFYectt®Gyt 620 hef fistignvdy

excitation space JZ:G),lehEhé ;bI&mea@#@Iltultlibﬁvgﬂ %ons%ﬂétécﬁ‘ddgﬁ% 'n%phéa“ on
of the plasma_excitation and_thereby facilitate m crowave plasna

ignition. It Ps 28%r gf’ér% TP ko KIYRECR AREhi%asi sanwbAdeseBZshahernde from
CaF2, MyF2, LiF gndske eRcseativd Jake ’Tﬁéué'r@%xlaé)an@éb%%gf% LAl e ShQr

wavel engths are naot absorbed. In addition use t acuum ul travi ol et
rays have a very SYGSHIONORTIRLE drvefPhchbemyintlla 8pedssThe arcgydod aange

from 0,134 Fa Gakeuh 0r0nJrikoudrd, P Loyt Qv 1 Totpde ity Lo

preferable to use the vacuum ultravio rays in p‘?asma
facilitating unitt3S nnﬂhespf?eeéénfl‘heef#ﬁgderrettne Kz&pzoa SEdh 200% iAssdes cav bed

30 have Shor 1 watel gt RS At Chds “RF gre ey Mekefl cuin S Bt Ty

30 have short wavel engt hs energy
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 vacuum
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



ionize the plasma excitation gas constituted by a noble 5 ga_sl_.h For ekanpl e,
Krypton (Kr) gas can be used as the plasma excitation gas. e ener gy
nezgssary to remove an electron froma KrypPon atomis 13.82e3/.SEPné!?85n_ergy
of a photon of the vacuumultraviolet rays at a wavelength of 135 hmis 9
eV. Therefore, the Krypton atomreceives 18 eV 10 if two such photong are
absor bed, naki ng it possible to renbve an el ectron Lromht he Krypton|atom

I n ot her words, e ton gas.is __irradiated by the vacuum
ul traviol et rays ¥a§ ae%\t/%a\?‘leééée{%ﬁ?%ntg’of DEIBTRRESS q,aos_nssmgfébpl_ea%r?@eﬁso
el ectrons are emnaded of5cbndnet he Iﬁrayt(%ﬁrﬁzaéat 0&?&:}] ﬂh@dh\%f‘gwéll(\%"itzsat' 03 agf itthe
Krypt on as. If a mcrowave is introduced to the ionize rypton ,

i syBossi b?e to edsi cﬂ:ﬁaﬁla% W%%%n?i‘?bﬁ?t% &2sj pheyeierclagie a8Keyept on
atom to absorb twhe pRotess, gad ér&w@%@t@é@éhd,Ofth%Q%FgPCtﬁ@@ta%qgkgg ‘to 20
conti nuously isrrpact the Krypton atons, nanely, transter energy to e
Krypt on at ons>coftdvsulisF)e Birreereiabty, genaratedr batweenfthehelaangum
ultraviol et rays dxxikb@fonTgas idHwease1Lhe £f ra(?ﬁgttﬂeoér&g@ssv%%%u%aw L
ultraviolet rays, it is preferable that the transms Ion"w mdow e made
into 25 a convex Ri@ts ?—9-f%@ﬁ%,vaeubhﬁfL@Iewtobmbclbdawhﬁ,ofaacospe ified
osition in the plasmasexeidatdPrSPACESRE a5 RhESf gLab the facusin

Bosi tion (P) of !tqhezﬁ%vacszuun% ﬁétrg\?i %?etﬁsrgyass éheeo%]efa%?&{jf%s’emﬁo&lpiﬂ%s
the electric fi&odtsatt ks rﬁ@?admméntsistl_ccgwlgmit atf an @Saitrmid%, ot30t r
of a.stationapy : 1.Cr or_m oi nt et ween_two hodes
(nanely, ant ?god\ggc\égfl B%ﬁgyiétx}aetc'i %%;y\’/va\c/%‘j clsilris’eét“%1 epilja T PARFBA

26. In the plasngxcgprtion Jaxidhowati phateils abo the fofal point equals

to one-fourth of the wave length A of the microwave (N 4) .

Consequently, because the high strength vacuuf

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 twdq

photons by a Krypton atom becomes easy, and this furthep

facilitates plasma ignition. It should be noted that thd

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, SA/4,

or nA/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 t
transmission window 32. Preferably, the position (P) thEe
the vacuum ultraviolet rays are focused, namely, the
position of the focusing point of the transmission windoly

30 32 (a convex lens), is out of the right cylindrical regipn
with the semiconductor wafer W as a base. Specifically, fif
the plasma ignition takes place above but close to the

semiconductor wafer W, it may result in adverse influenc

[$2)




28 SEP 2005 present enbodi nent, the process gas shower plate 20 is nade of
conductive materials, and the mcrowave is reflected by the plasnma
excitation gas shower plate 18 nd the proceds gas shower p?q;g%goagg
t hereby, the stationar 5 wave of the m crowave is to generated t n the
plasm excitation gas shower plate 18 and the process gas shower plate 20.
Therefore, in the present enbodinent, a convex lens is SFIecteg t? be used
as the transm ssi i_n . o that its cal_point is |pcat at an
antinode of the 1 gztwaet ggkgé;?/m?)\%%%r Ngr%lry‘],;q ettt ﬁc@erﬂlchrﬁjer‘ﬁcttﬁé pl asma
excitation gas shever pl ahds 18 timitge ohoené potmtteqpabpager are-theurt h of
because the high

the wave length A.of the m crowave (Al ). nsequent |y

strength vacgun1JﬂngViSFSE%?%Vglﬁ@%USéé B§§?%éxiﬁﬂﬁéﬁi§%+§w1ﬂﬁ fdow 32 15
irradiate a port igrefefrabhe ph@snamfﬁﬁb&aiﬁﬂnoﬁnﬁgﬁp@éﬁ@&hféﬁaﬂ%QW %%tbQ@
most probably_occurs, absorption of tw photons by a Krypton atom becones
easy,pand th¥§ ftﬂ{iﬁge Fagh i?%&%ﬁgﬁ&Fé%nﬁegﬁﬁﬁtW%ﬁg the semigandvetast ed t hat

th distance L nepifeandasbovsades. ot rrini 5 edid LREEOULLD B 20 h*g&t&'ave
l ength A of the microwave, but it may be other I stanceS corresponhding to

ot her positions & tifenohniiheteted -t he stationary wave, for exanple,

M4, 5X 4, or nAl4 (wherpre. i and BhegeRdre FhGuifyl 2u8 Blamayi ew of the
pl asma excitatio 25 space 26 when the sem conduct or “waf er I'sS viewed from

the top perpendiRAPCESFFNIsPRNHIRG e Prclise myi quosavieoplagma procassimgsi on
w ndow 32. Pﬁ@feEQQEMatEQel@QééHﬁﬂﬁg&géﬁM@ﬁéﬁbo&ﬂm%n¥?PUU”‘U|traV'°|et rays
[ the

are focused, nanely, the position ocusi ng point of the
transni ssi on w ndo As described above, in the microwave plasma

processing apparatus 10 of the present embodiment, first,
the processing chamber 12 is evacuated to a 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 03, NH3, N,, and H; may be used as the process gas

and supplied to the processing space 28 from the process



30 32 (a convex lens), is out of the right cylindrical regi n wth the
sem conduct or wafer Was a base. Specifically, 'f the plasma ignition

t akes pl ace above but close to the sem con tor wafer W i 8rr@tsgrgﬁlslt in
adverse influenc - 10 2 8 SEP 2005 on the sem conduct or wafer e se

the sem conductor wafer Wends up being on the path for propagating the
pl asma excitation gas. In order to avoid this, it is preferable that the

osition of the WolaRA’ o] f the right cylindrjcal region
\?\/i th the seni con%ﬁﬁqd% g?g%g‘?a aggg F%S%Iﬁl geg:,‘:htlﬁg Prdtes¥gas
shower plate 20 wafewt fiorl eserpted. flkoGocdrbsn aof IHamelant gsdawNBet he

pl asma processi é:cgrarsi eCcAeout by the m_crowave fl asna gr ocessing 10

apparatus 10 of the present BrBodi et 2AE geR}t {4t FoahBfeProtesHieg

m crowave pl asma s;pnaméﬁstfmgmaplp@rgaidn&?séoggg §}I{%,€Qr @g@gdgm)odi rrenE ,St L:Or i; ,
the processing chamber 12 is evacuated to a predeterm ned _vacuum ( :
Thenl,o a pl asn% exci tation b‘%e'rstké%ﬁﬂoic@&SlSa%ol% HeplasAalexeithet i on space

26 (step 2). Aftegrddeats, gabheneipslt Qfulae@ bane, 3hePlscuaeHymlds ayi ol et
rays, and the vaguumyltraviolet rays pass through the transm ssionf
wi ndow 32 and ar & HiFedtedePRritRe firaBnkhexelasid excdpateon 2acst 86,3). The

vacuum ul travi ol eind @ swkerBYE @{@%rf%B$wzgox££an@1tepg§hglgs{ gkg:rﬁ:lﬁ?%g ol asma

excitation gas, and in this state, a nmicrowave is introduc tot
excitation space PWASH fhetle Qotdwmenfiathie prodessiog phasrer i1gni That

. S S . r at ed
gg;??nﬁ)ﬁsmggrg%%f'hngr?bgqg%&%ﬁ%!t lfs%ggﬁggé?ed%%ﬁozgﬁge%gassg%s t hrough the
openi ngs in the F¥6déa§igasspace 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 deséribed 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



shower plate 20, and enters the processing space 28. Wth the process gas
and the plasma, plasma processing is carried out on the sem conductor
wafer W (step 5). For exanple, in the casé of forni ng one of % SEP h con
dioxide film a silicon nitride film and a silicon nitride >§|

a silicon wafer, at |least one of 02, NH3, N2, and H2 nmay be used as the
process gas and supplied to the processing space 28 fromthe process - 11

2 8 SEP 2005 gas sohouehopl Ale 20 el e SR ALLOmOg AL | con valer,

for exanple, fluorocar on or | ogen gas na e process gas
and supplied to temlpabeerssasmg:e s?;ﬁace 28 fromthe process gas shower plate

20. 5 Here, the process g S upplled fromthe cess gas shower plate
20 to the processing spacabsIZ% Ss i ShSFRSHRLLG AESY Fﬁ%‘iﬁ?% pl asma

excitation spacec?figanatfdrowst anomhéhemyd ficadibawes dehdeniexbabss port
12a provided.at the bottom of, the Brocesm ng chanber 12. That 10 is, the

process gas cann&t-2gRE P e 2HPAERELS M PatPoRIGpake 26. Therefore,

at the time of plasma ignididhown ha PrOcess tGas gdaesrNah 1%pst30' Rsthe
pl asma excitation sgace 26, and this prevents probl ens caused b

di ssoci ation of PREVPEDFThALUELTE REde | ME toie praspes sy ighambesnl2 whi | e
the invention hasnBeeRe dgscdd Brawekhhtns (IQHRAG 8! Raftb &4 erhed Lagbodi ment s,

the invention is not l|imted to these enbodi nents, but nunerous
modi fi cations cGGRRSBESHERIE wimerE: 32 Wit Pagepshet nehd ramutie basi ¢ 20

anCEpt hatndt ﬁ@ODQl@%*ﬂéﬂ@Q dalyst BasS! 8 FBugon s 3T Lindd toSpdesgrd bed
apove a e
vacuum, because otherwxse the 135 nm vacuum ultraviolet

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 1s 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 limited 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



deuterium |l anp 30 and the transm ssion wi ndow 32 are nounted on the side
wal | of the processing chanber 12, but they can al so be m)unt ed at
different positions. 25 FIG 4 is a schemat 1@ vi ew showi ng 9@5 atl on
of a nodification to the m crowave plasma processing appar h

FIG 1. In the mcrowave plasm processing apparatus 10A shown in Fl G 4,
the deuterium | arrp 30 and the 30 transm ssion w ndow 32 are nounted on the
bott om of the cgsgl ng chamnb 13. IQ t his case, because the walls
defining the pl aé)rrﬁ T ot Pt s %&& 158 1% Whdot A, PFevided ggssibl e to
prevent abnor nal factlbvave wlisohaigeicassethdited b2 a 208 SFRR0051a; 5

di scontinuity of the, ﬁ/gl | s def the plasnma excitation space 26. FIG 5

ni n
is a schematic vPERAERO% Ty Jélduél&ngﬁaﬁrfl%ﬁ%tdpnaﬁéﬁhb&’ arsHiilekly onitho t he
mcrowave 5 plash® RLOESKSIBHrARNALALNSLRROMECNA Fl Gis Jr}ot“%a%t%?%lé ng1G
5, the deuterjumlanp 30 is  mounted on the outer side o he processing
chanber 12, %ndptlﬁéméph@él%%é"ﬁet Hba@%tml@ﬁphaﬁ@CmMWhenlt may
Lransmi ssion windave3Z édeiRateohnah itk ARMUILAQA! 14U, QhoL, F2Ys, pass
through) is maintained to be in a vacuum ecause otherw se
vacuum ul t ravi ol éromr aydewtfniad 1amp npehet et er tuarm$ra1q313ﬁx alisdasbsa)fd)ed in
the air. Alternatiyg he deuterium_|anp.30 and the
transni ssi on wi ndow J\’ia%a%éa;éet?g‘gfaiﬁ?l gg&#ﬁ Ln1§p3cﬁef| I RFESESP AR ddi ti on,
the deuterium | afpaBennythenebya itefs guswille tonfiemsk Hare AN

ultraviol et {Rys;gMti&d with a simple configuration.



fromthe deuteriumlanp 30 in various directions. In this case, it is not
necessary to make the transm ssion wi ndow 20 32 a convex |ens; for exanple,
a planar transmission window 32 is sufficiéft~ Further, it isldbsSHR BRS
above that the plasma ignition facilitating unit is configured to emt the
vacuum ul travi ol et rays, but the present invention is not 25 limted to
this. The present invention is applicable to any other configuration

provi ded that ionization of the plasm eéﬁkigéion gas i s enabl ed. For
exanmpl e, instead of the vacuum ultraviol s, X-rays, a |laser beam an
el ectron beam or light froman exciner |anp nay be used 30 to ionize the
pl asma excitation gas. INQPST Y APPLI CABI LI TY According to the present

i nvention, because a - 13 “2 &' SEFPUEECpPaITHI IRFICESEANY LRI HRASnEhathi t

is provided to foeielrhtasepdB@Mibyl @Nink bW UGRM Yy Bedl SIOWAKEmal t 1S
possible to igduce plasma ignition easily and quickly with the m crowave
only, even under PEGREPEIBAs GO H&W8Fable to 5 plasma ignition. The plasma

ignition facilitating uni ta@Jyasﬂaa\ilgn@tggﬂffagﬂrlqttia%né?num Céantf*isu}éé‘fguum

ultraviolet rays froma deuteriumlanp penetrate a transm ssi on~w ndow and

irradi ate a pl asif® éREiihEdleh Hgare ianitipwdesshagmtteermsre. t hereby, it is
possible to facilitate plasma 10 ignition with a sinple configuration. -

14 CLAIMS 2 8 SEP 2005 1. A m crowave plasma processi ng apparatus that
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



generates plasma by a mcrowave and carries out plasma 5 processing,
conprising: a plasma ignition facilitating unit configured to facilitate
plasma ignition by the mcrowave. 2. The mickowave pl asna pro@eSEP N5
apparatus 10 according to claim1, wherein the mcrowave used for
generation of the plasma is directed into a processing chanber froma

m crowave antenna through a nicrowave transnissi f)n wi ndow that is a par:us
of the processin hanber . 15 3. The i crowave plasma processjng appara
accor di ﬁg to cl aigcrlﬁl%ew SRR R gt i eRgRLE5 40 WERGowi £at P tadinedeni t s
at |least one of vecwenat aradcekel rays, X-rays, a laser beam an electron
beam and light 20 froman exciner lanp to a plasma excitation space to

i nduce the plasma ignition. 4. The m crowave plasna processi ng apparat us

according to claims, wherein the mlasmyboplbLAN £deackhy (kg it
conprises: a deuterium/lanp that emts the vacuum™ ultraviol rays; and a
transmi ssi on Wi ndRRFIHENIIEPectain Ho WheHeIM @l Spans betweemyshgassi ng

ther et hrough 0 tdigl:a8iR1 3 Xl tald QR0308:: 5 TSI oL opave pla
processi ng appar at us .accor%?gr)lg to clai mi, V\ger erna space_%\g]t]\ﬁggﬁ ?ﬂﬂ -
15 28 SEP 2005 dedrddugnoRanp and the transnission wi ndow i s maintained
to be at a vacuum
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



6. The m crowave plasma processing apparatus 5 according to claim4,
wherein a space between the deuteriumlanp and the transm ssion wi ndow i s
filled with a heliumgas. 7. The microwave i asma processizng Sgﬁgg}ﬁéus 10
according to claim4, wherein the deuteriumlanp and the tran : n
wi_ndow are nounted on side walls of a processing chanber defining the

pl asma excitation space. 8. The m crowave plasna processing apparatus 15

according to claim4 erein the deuteriumlanp, and the transm ssion

wi ndow are mount 68" ON A} ot%?oﬁiaojfmg'pr‘”g‘@&?%fln@n%m JEPTNEMY the pl asma
exci tation space.piedebeemihed Oyayie iRIASHRaPEQELSSE RE APPAAFhYSoxARation
according to claimd4, V\/nereif the_transm ssi on wi ndow i ncl udes a convex

| ens having a focHtS FUCHE aPLlate Jiadgdeefindetng gdiasmaneral taelqy sown

excitation space.irld theeplh&fi®Vans tatasRBsPLOLeSSiNGaPPRT atdls ) /45
according to %I aim9, wherein the predetermned position 1s out of 'a space

ri ght above a’sub8t§t& & £8 bee graveedesgthief the miicrowamee pl asma

processi ng apparatus according to claim9, wherein at the predeterm ned 30
position, an electric field of the mcrowave radi ated inside the

processi ng chanber is a makdnurfhel MicTiowawe cpbawine prioasrainy cgssiangs

apparatus - 16 2836Rn3005 aceql 4 ngnboechaifl Lopasreln 2 distance from
the predeterm ned posi ti%on to a surface o¥ al{gﬁztésr?ﬁ@’g‘%gﬂ% iwc}ﬁldoaaésshomer
pl ate for feedi nffadmedplfasmeorxcift &eFon Ng, and dLithe pl asnma excitation
space is a nyhtiple of AV/4, 5 where Ais the wave | ength of the m crowave.
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 off

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.

l6. A method of forming plasma by radiating a



13. The m crowave plasma processi ng apparatus according to claim4, _
wherein the transm ssion wndowis forned fromone of CaFé I\/ggﬁ ]ﬁﬁld Li F.
10 14. The microwave plasma processi ng appariatus accordin tao 1 aZ’ 3,
wherein the plasma excitation space is separated froma processing space
by a process gas shower plate, and a process gas is supplied fromthe 15
process gas shower plate to the processing space thereby preventing the
process gas frommeirgr%ri n %nto the plasnma excitation space. 15. A nethod
o

Art Ton™ BY % M50 OHPEF oRRVE Mo MPFPE! PRY HSs BEEBS of

of i nducing plasma ignit _
evacuating a processing chanber to a predeterm ned vacuum supplying a
pl asma excitation gas to the rocessi ng chanber; 25 emtting at |east one
of vacuum ul traviol et raysSVaREGGYY aaPFasess HuhmhagRes| Betd on beam and

light froman exgidiRtekaiBed orddiRmPl asma excitation gas inside the
processing chanber; and introducing the mcrowave to the plasnma 30
excitation gas in the proc®dRPhythanbéasne ¢xridediphagas td giietion. 16. A

net hod of form ngrRl-agBBndycrhadat.ing a - 17 - 28 SEP 2005 5 mi crowave from
a mcrowave antenna, conprising the steps of: evacuating a processing
chanber to a predetern1ne@m%@ﬁﬂngnvaCUum 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_ﬁhe plasma
30 excitation gas;

radiating the microwave into the processing

chamber to induce plasma ignition; and

feeding a process gas for processing the



supplying a plasma excitation gas to the processing chanber; emtting
vacuumul traviolet rays to the plasna excitation gas inside the processing

chanber through a transm ssion w ndow nount®¥ on the procexgi 9Op cippgrber ;
10 focusing, by the transm ssion w ndow, the vacuum ultraviolet rays to a
predeterm ned position; ionizing at least a part of the plasma excitation
gés; radi ati ng the mcrowave into the processing 15 chanber to induce

| asma i gnition. as processing method for processing a substrate
Esi ng pl gsrra f or n%%bsoﬁ}aroéaedilgt Pngia BT g chaphrn ahterokas e amanna,

conprising the stipsitifon.20 evacuating a processing chanber to a
predeterm ned vacuum supplying a plasma excitation gas to the evacuated
processi ng chanber; emtting vacuumultraviolet rays to the plasma 25

excitation gas inside the pocesst nghambeschss Mighdnoll a3 AR ndow
nount ed on th% processing chanber; focusing, by the transm ssi on ndow,
the vacuum uPtr &A%t rayf8erein Hieddesmai arditaision gas compzisey at | east

a part of the pl aggm exabi i) HRSorf AdLa | t,h% DLELR [ ntg t he
prgcessi ng chanber teo%igrslduce pl argflna igr?l ti o%; alr}gr)f eeé%g amﬁgrgdegg gas
for processing tH&ENOMgXedg SEP 2005 substrate into the processing chamber

after the plasnma

19. The plasma processing method according to
10 claim 17, wherein the process gas includes at least one of
02, NH3, Ng, 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 claim 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 separatéd 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



ignition. 18. The plasma processing nethod according to 5 claim 17,
wherein the plasma excitation gas conprises a noble gas including one of
Argon (Ar), Krypton (Kr), and Xenon (Xe)~ 19. -The pl asma pt @c8ERi 285 net hod
according to 10 claim 17, wherein the process gas includes at |east one of
02, NH3, N2, and H2 . 20. The plasma processing nethod according to claim
19, wherein the substrate is a silicon wafer, and 15 the process gas is fed
into the process%p% gpace to_gorn1fat | east, one .of a silicon dioxide film
a silicon nitri d€PFFIm ahd @S CfcBAFE i@t de filmon the silicon
wafer. 20 21. The plasma processing nethod according to claim 17, wherein
the process gas includes at | east one of a fluorocarbon gas and a hal ogen
gas. 22. The plasma processing nmethod according to 25 claim 21, wherein
the process gas is fed into the processing space to etch the substrate. 23.
The pl asma processing nethod according to claim17, wherein the plasm
excitation gas is supplied to 30 a plasma excitation space separated froma
processing space in which the substrate is |ocated, and the process gas
is supplied to the processing space thereby preventing the process gas
fromentering into the plasma excitation - 19 2 8 SEP 2005 space at the
time of plasma ignition.



