2 8 SEP 2005 -1- .SPECI FI CATI ON DEVI CE AND CONTROL METHOD FOR M .CRO WAVE
PLASMA PROCESSI NG 5 TECHNI CAL FI ELD The-invention generally relates to .
m crowave plasma process apparatuses, and particularly 'r‘el'_aéﬁg QP?@ o
m crowave plasma process 10 apparatus. which acconplishes pla % 0C gi by
m crowave-excited pl-asma. BACKGROUND TECHNOLOGY | n recent years, mcrowave
pl asma process 15 apparatus has been attraéfl ng attention.in the field, of
- pl asma process apparatus. The. m crowave plasma process apparat us has a

pl asma potential that is lower . thay, at | of her plasma. process - . -
apparatuses such as parallel-plate- wﬁ%—@ ocess apparatus, 20 or an
ECR pl asnma process apparatus Because of this, the mcrowave pl asma process
apparatus. can generate | asma having rel ati vel ow el ectronic
“tenperature and rel atP@XF@EﬁWQWR&rW?HQPJQM@WAI‘{ER%% that the
‘mi crowave plasma 25 process appar apROCESBING' event a substrate subjected to
the plasnma. process-from sustaining metal contam nation or sustaining
damage causef by i.on irradiation. Moreover, since a plasma excitation

‘space can be sepmd @y ALOEGII%LBI’ ocess space, 30 plasma process independent
of a substrate m , terns formed on the substrate can be -
acconpllshed> 1 . The 1nventlon generally relates to : . '
' mlcrowave plasma process: apparatuses, and -
partlcularly relates to a microwave plasma process
10 - apparatus wh1ch accompllshes plasma process by

'mlcrowave eXC1ted plasma

BACKGROUND TECHNOLOGY o
f In recent years imlcrowave plasma process
15 'apparatus has been attractlng attentlon 1n the fleld
' of plasma process apparatus - The mlcrowave plasma
process apparatus has a plasma potentlal that is
lower than that of other plasma process apparatuses
such as parallel plate- type plasma process apparatus
‘20 or an ECR plasma process apparatus Because of thlS,
the microwave plasma process apparatus can generate
plasma hav1ng relatlvely low electronlc temperature.
and relatlvely low ion 1rrad1atlon energy o
- "It follows that the mlcrowave plasma S
‘25-.process apparatus can prevent a substrate subjected
to the plasma process ‘from sustalnlng metal ' '
contamlnatlon or sustalnlng damage caused byVion
1rrad1atlon Moreover since a plasma exc1tat10n -
"'space can be separated from a process space a
30»_plasma process 1ndependent of a. substrate materlal
and patterns formed on_the substrate can be_ s
accompllshed o B ' |

The microwave plasma process- apparatus has



The m crowave plasma process apparatus has. 2 6 SEP 2005 -2 a slot antenna
(el ectrode) for introducing mcrowave generated by a magnetron into a
process chanber where the mcrowave may be 2.45 GHz, for exang SEP 7008

m crowave generated by the magnetron is supplied 5 to the slol antenna

(el ectrode) through a waveguide and a coaxjal pipe, and is introduced from
the slot antenna into the process chanber.“Part of the m crowave, when
entering the slot antenna fromthe coaxial pipe, is reflected at 10 a

junction point, _thereby i to.the Y i [ . sma
is created direét Ihs';e/loﬁcn ergg%ﬁég ggéte%ézrf{%ednéggt, F?ﬁeggntéf)o\}\%\%l%nﬁw’ﬁ%vg@
refl ected by theensdmstrd toyr et nagntea tdre vavegali deotkseughdntteer coaxi al

pi pe. In consideration of this, a matchi 1 vice (tuner) is provided
hal fway t hr ough "Y€ weVedglir G8°¥6 Vs "y g%%d bgngﬁﬁe(F&ruﬁ)ﬁw i Trowave

to the slot antamea.miBetyeeiet fendRgRRId by afidle t REgnBREGRAI NG daMISEi 8
provi ded an incidence nonitor for detecting the incidence m crowave.
Control is 29 ef@adett il QbcARAENNG e IREFFPdetohbraHON évalagiauide

incident wave detected.byxihe bﬂ?ieqe%tn DI U Of £ rodibe gaghicgy e suchogontr ol
that the nicrowave of a constant l'evel is introduced into plasna-excited
gas. Since theamighiggidei tbei promeiyureampersend back 25 the returning

wave by cal culating the | oggrictingefdacql%e i ‘%&5‘2?1’@0%%% c‘er;lacrg}qr%h&}gg

preci sion may not be achieved to send ba the returning ve. In
consi deration ofsltdti snefindt éroms tpreovdakexli aipspipam iselratfile-ted tde
incidence nP&it%rfﬁ%é%§gﬂprQ%t, thereby returning to the waveguide.
Moreoﬁer, when plasma 1is created directly under the
slot antenna,‘the microwave will be reflected by the
plasma to return to the waveguide through the
coaxial pipe. In consideration of this, a matching
15 device (tuner) is provided halfway through the
waveguide so as to sendvback‘the returning microwave
to the slot antenna. Between the magnetron and the
matching device is provided an incidence monitor for
detecting the incidence microwave. Control is
20 engaged in such as to maintain e constant level of
the incident wave detected by the incident monitor.
This achieves such control that the microwave of a
'constant level is introduced into plasma-excited gas.
Since the matching device is configured to send back
25 the returning wave by calculating the load impedance
in the‘process chamber, high precision may not be
achieved to send back all the returning wave.  In
consideration of this, a filter is provided upstream
relative to the incidence monitor to absorb the
30 returning wave, thereby preventing the returning
wave to reach the magnetron.
Such an incident and returning wave

monitor is situated between the magnetron and the



30 returning wave, thereby preventing the returning wave to reach the
magnetron. Such an incident and returning wave nonitor is situated between
the magnetron and the 2 8 SEP 2005 -3 natching device, i.e., sitB&ERI2005
upstreamrelative to the matching device when the nagnetron is regarded

as an originating source. The i'ncident nmonitfor is thus able to nonitor the
reflected wave that is not 5 sent back by the matching device. However, the
el ectric power of the mcrowave reflected by plasnma cannot be nonitored.

The anpunt of. a_mi Way e cted by pi ar| it h [ of
t he generated 15@&%21\&@/ %%%hgt’_ tqhee'e’l e%??%@%%mgbggf\%aﬁe IiegTeﬁ%g?%d{gwave
serves as an i nddxe imediclat hyedefr ipleastterdetise t yagnSitmoa tilse reayameidd onal

icr pl . at t it t I -reflected
i ot ovive, " howsdd 1 101 SIRBE Chhge PG 10" coRE of “T8CERE {RET LR B of a

m crowave based tomd o Odensot pondfogenaiat edr pkasad. whlleearert idéenot
frequency of _a m crowave -generat ed by the nagnetron has about a 2%

variation, and 15 dRTE yPBf THENBRHEH W BFA1 20 - vaFPES VES + He'§ requency

of a microwave ghangesic Jbabri 8f VA i OFoldvEl CEOWRVE JJ edueNCyshs @
factor that changes the density of plasma. The conventional mncrowave
pl asma process &FFHrat Uee MO we¥Ed - does not nonitor the frequency of a 25

m crowave that is actual | ypaupRli,ehd &4 he §l0towankenna) M dpasyre is

taken to prevent a change in
plasma varies with the density of the generated

10 plasma, so that the electric power of the reflected
wave serves'as an index indicative of plasma density.
Since the conventional microwave plasma process
apparatus cannot monitor the plasma-reflected
microwave, however, it is not possible to control

15 +the introduction of a microwave_based on the density
of generated plasma.

Moreover, the frequency of a microwave
generated by the magnetron has about a 2%
variation, and the density of generated plasma

20 varies as the frequency of a microweve changes.

That is, variation in microwave frequency is a
factor that changes the density of plasma. The
conventional microwave plasma pfoeess apparatus,
however, does not monitor the frequency of a

25 microwave that is actually supplied to the slot
antenna. No measure is taken to prevent a change in
plasma density caused by fluctuation of microwave
frequency. Therefore, a change in the reflected
wave caused by the variation of plasma density

30 partly includes a change caused by the fluctuation

of microwave frequency.



pl.asma density caused by fluctuation of mcrowave frequency. Therefore, a
change in the reflected wave caused by the variation of plaaga%qiysQMm 30
partly includes a change caused by the fluctuation of mcro requency.
2 8 SEP 2005 -4 DI SCLOSURE OF | NVENTION The invention is made in view of.
the above-stated points, and is aimed at providing a mcrowave plasma
process apparatus and a plasma 5 process controlling nethod which nonitor a
reflected mcrowave to control plasma density to a constant |evel. The

invention is chya&5d bF & yfollow ng neasures. are taken in
order to achiev d above. A mcrowave plasma process
apparatus according to thehenientendgn perisrmsda phasiewrodcaesse by pl asm

that is generated by a nicrowave characterized Qy conpri si a mcrowave
generator 15 whic ‘é%d%?%}% BOﬁPéﬁoméVEf %Fp?b@ggsa%h§§€g94$%Qﬁ? cont ai ns

an obj ect for tmRairBMvOYpDhaRER PRIRERSS, apPaayaguiaae whipdh gud des t he
m crowave generated by said m crowave generator to said process chanber
and a refl ect ed AFAFE TONTOBEF A LdRi% MAHPA i EBr 8o tor & dqfieCheder of

a reflected waveithalwdse £6fL6atked DY I ARIBIOFSYULYI RG iaN ALk M ocess
chanber. Anot her m crowave plasma process apparatus according to the

i nvention perfori®¥ & pl asma process 25 by plasma that is generated by a

m crowave, The invention is characterized in that the

following measures are taken in order to achieve the
10 object described abbve.

A microwave plasma process apparatus
according to the invention performs a plasma process
by plasma that 1is generatéd by a micrdwave,
characterized by comprising a microwave generator

15 which.generates a microwave, a process chamber which
contains an object for treatment by plasma.process,
a waveguilde which guides the microwave generated by
said microwave generator to said process chamber,
and a reflected-wave monitoring unit which monitors

20 an electric power of a reflected wave that is
reflected by plasma occurring in said process
chamber.

Another microwave plasma process apparatus
according to the invention performs a plasma process

25 by plasma that is generated by a microwave;
characterized by comprising a microwave generator
which generates a microwave; a process chamber which
contains an object for treatment by plasma process,
a wavegulde which guides the microwave generated by

30 said microwave generator to said process chamber;
and a frequency monitoring unit which detects a
frequency of the microwave generated by said

‘microwave generator.



characterized by conprising a microwave generator which generates a

m crowave, a process chanber which contains an object for treatnen @%
pl asma process, a wavegui de which guides the m crowave gener%tﬂeSfPoim
said m crowave generator to said process chanber; and a frequency
nonitoring:-unit which detects a frequency_§5 the m crowave generated by

said microwave generator. 2 8 SEP 2005 -5 Anot her microwave plasma process

apparatus according to the invention perforns a plasma process by plasm

that is generated by a m cjouaye,. %ﬂacfxao%a%éZg?aQ)ﬁac %@ess,isnga;%hﬂ&w%"ave
p a

generator 5 which generates a mcrowave, a process chanber whi contai ns
an object for treatomiindytpl abee ipreoesison pewévegsi de pilasoia qurdessshe

m cr owave gener at ed Q¥ sa'ﬁ m crowave generator _to,said process chanber, a
refl ect ed-wave monitotihy t Rt WS &F YT SPAN 1BLEFREAN % pover of a
reflected wave tdmirdstéeibeat g doyngd iasimg 0gCHE EirBGaivid SRIk R OECESS
chanber, and_a frequency nonitoring unit which detects a _frequency of the

ni crowave gener e hyISBFBAREEr GnEVE TRITRY At of . PT5 A SpICASRP § oelessh

control l'ing net hed + 26691 §hngpt @ctche dvwent i O h £ €8S pak Al §8todysyse  of
plasma that is generated by a mcrowave, characterized by conprising
gui di ng a ni cr owavERvVe@hedat i1y guidgaovieve peaspERge OENEFiresay 20.

chanber thr ough 3 MAROUL 0Fa 90 820 AaN1er 2L &5 Rl 3SR o lly dh Al Process.

chanber, and nonitoring an ric power of a reflected mcrowave that is
reflected-wave monitoring unit which monitors an

10 electric power of a reflected wave that is reflected
by plasma occurring in said process chamber, and a
frequency monitoring unit which detects a frequency
of the miCrowave‘generated by said microwavé
generator.

15 A plasma process controlling method
according to the invention treats an object by use
of plasma that is generated by a microwave,
characterized by comprising guiding a microwave
generated by a microwave generator to a process

20. chamber through a waveguide so as to generate plasma
inside said process chamber, and monitoring an
electric power of a reflected microﬁave that is
reflected by the plasma occurring in said process
chamber. ;

25 Another plasma process controlling method
according to the invention treats an object by use
of plasma that is generated by a microwave,
characterized by comprising guiding a microwave
generated by a micfowave generator to a process

30 chamber through a waveguide so as to generate plasma
inside said process chamber, and ﬁonitoring a
frequency of the microwave generated by said

microwave generator.



refl ected by the plasma occurring in said process chanber. 25 Another

pl asma process controlling nmethod according to the invention treats an

obj ect by use of plasma that is generated by a m crowave, cdall £8P 20led by
conprising guiding a m crowave generated by a m crowave generator to a
process 30 chanber through a wavegui de so as to generate plasma inside

sai d process chanber, and nonitoring a frééuency of the m crowave
generated by said mcrowave generator. 2 8 SEP 2005 -6 Anot her plasma

process controlling net hodAngcC?%rrgiprlgaérﬁgat%gogQggnltgio%r%rtorlelaitn:%arg%&pggct by

use of plasma that is generate crowave, characteriz

conpri sing gui diawrarddcgonavehes igerertat@l byeats anowaviegensr atoe to a
process chanber hrou%[kll a wagéegui de so as éo enerate plasna inside said
process chanber ° 12 OPTE NG et FEQISTSF 2 0Tt RE fi Br6waVE YSenerat ed by said
m crowave , genrgiaddtednde 0Byt @ il ©f egtl HEnpoWe i iQfr cwakie 1 ef | ect ed
m crowave that is reflected by the plasma occurring in said process
chanber. Accor didFS'F 8 PHvEnTLGT e | DRUCEBEVE, tOt Re PHXETF ¢ power of

a nicrowave reflacigsebychbeugleneratrd Pl@NBe s 96t gt a t&1asma

refl ectance of 15 plasma refl écting a mcrowave depends on plasrma densi ty.
It follows that ifeld@mn3ddeli RoEESEhehamleet ri BOpbROr oL & rfafe@Eetedy wave

Fecomrol ' bl i Y L Py B oPLEAIE f0g By oAEN LG 1T posalle
generator, and monitoring an electric power of a '

10 reflected microwave that 1s reflected by the plasma
occurring in said process chamber. | ‘

According to the invention described above,
the electric power of a microwave reflected by the
generated plasma is detected. The reflectance of

15 plasma reflecting a microwave depends on plasma
density. It follows that the monitoring of the
electric power of a reflected wave provides for the
monitoring of plasma density, thereby making it
possible to control a plasma process for the purpose

20 of achieving optimal plasma density. In particular,
the electric power of a microwave supplied to the
plasma generator is controlled based on the electric
power of the refleeted wave, thereby maintaining
constant plasma density.

25 Moredver, the monitoring of frequency of a
microwave generated by the microwave generator makes
it possible to monitor a change in the plasma
density caused by frequency fluctuation. In
particular, the electric power supplied to the

30 plasma generator 1s controlled based on the
monitored frequency, thereby maintaining constant
plasma density even under the presence of frequency

fluctuation.



- 2Q of achieving optinmal plasma density. In particular, the electric power
of a mcrowave supplied to the plasma generator is controlled based on the
electric power of the reflected wave, thereby naintaini ng2 cmt pl asma
density. 25 Moreover, the nonitoring of frequency of a mix rﬁo e ner at ed
by the m crowave generator nakes it possible to nonitor a change in the

pl asma density caused by frequency fl uct udgtion. In particular, the

el ectric power supplied to the 30 plasm generator is controlled based on
the nonitored frequency, t eggggrm%irnt ai r}ilngefo(r:l tant | asma depsi y even
under the presence of freqUéncy GctuationS i 9C 8 SEPPEHGS SHRRF T RSr nor e,
the electric power tuppliesmat gehbe aplcasnes geset ab00L eds beerid dr ethdased on
the electric power of, a reflected wave and the frequency., of_a m crowave,
t hereby achi evi i SUrtHerPAE&br BgyaS LT TRt Qi BRKRG esflstdmt fHSEnency
density. BRI EF BESGRIRT QN Src THERORAWNGS i v idgl $ud tdkawiatg showy ng a
schematic construction of a mcrowave plasma process apparatus 10

accordi ng t o an iEnFEdiHeht R dRIt ReNiSiheart ik ST gdensiigya drawi ng show ng
the construction of a path along which a m crowave reaches a plasma
excitation space froma magnetron; Fig. 3 is an expanded cross-sectional
view 15 of 't he BHREFREXIDRSCRIPRIONaLFaITHE RRAWENGSs| ot antenna in the

m crowave plasma process appar atus ¢ sahod/pavwn Fi ghovlvinwh%r %ic%eﬁaqtigA shows
the structure - T g g

constrﬁction of a microwave plasma process apparatus
10 according to an embodiment of the invention;

Fig. 2 is a drawing showing the
construction of a path along which a miérdwave
reaches a plasma excitation space from a magnetroﬁ;

Fig. 3 is an expanded cross—-sectional view

15 of the connection of a coaxial pipe'and a slot
antenna in the microwave plasma process apparatus
shown in Fig. 1, wherein Fig. 3A shows the structure
of the connection before improvement, and Fig. 3B
shows the structure of the connection after the

20 . improvement;

Fig. 4 is a chart showing the coefficient
of reflection when a microwave is supplied through
the coaxial pipe having the connection before the
improvement as well as the coefficient of reflection

25 when a microwave is supplied through the coaxial
pipe having the connection after the improvement;
and

Fig. 5 is a chart showing calculated
reflection characteristics in the case of the

30 improved connecting portion of the coaxial pipe.

- BEST MODE FOR CARRYING OUT THE INVENTION

In the following, embodiments of the



of. the connection before inprovement, and Fig. 3B shows the structure of
the connection after the 20 inprovenent; Fig. 4 is a chart show ng the
coefficient of reflection when a mcrowave is supplied t hiZo8gBEP 12685
coaxi al pipe having the connection before the inprovenent as well as the
coefficient of reflection 25 when a m crowaye is supplied through the
coaxial pipe having the connection after the inprovenent; and Fig. 5is a
chart showi ng cal culated reflection characteristics in the case of the 30

i nproved connecti r .0 op: e ' [ BE F Yl NG QUT
THE | NVENTION | At he%oﬁow%%, Bgng% i ne%%(ﬁ)o‘?%cﬂe %5%‘%2?()%5 -
invention will bedegmipedowlrhwiefer.encei¢o 1hés acdorpamg rehay Bmgngs.

Fig. 1is a dravgi nsgchshog/\{{lg a_s Qer‘raé.ic co struction_of a.m crowave plasna
process apparat (s “accordrng £ &N &boditent of "thE " FiVemtiGi e A ni crowave
pl asma process appataddisagParahawnaidedidiing tachtHdembadimeeas o £hanber 12
a slot antenna 14 provi ded above the process chanber 12, a dielectric

partition 16 prdVivddt-ifer the 10 slot antenna 14, a pl asma-excitation-gas

shower plate 18 provi ded nngeerbhevd §)Lémh CpPaEbiskl @pplbatds PL@Cess- gas
shower plate 20 situated bel ow the plasnma-excitation-gas shower plate 18,

a mount stand ZXoNn uel elilGndér 1Fd Yt es sPgasesRowerTRIea € 20,2 15 and a
nmagnetron (nlcr@%®%3éﬁ¥@%§£0ﬁh %ﬂayided above the process chamber

12, a dielectric partition 16 provided under the

10 slot antenna 14, a plasma-excitation-gas shower
plate 18 provided under the dielectric partition 16,
a process—-gas shower plate 20 situated below the
plasma-excitation—-gas shower plate 18, a mount stand
22-situated under the process—-gas shower plate 20,

15 and a magnetron {(microwave generator) 4 for
generating microwave. | »

.~ Microwave of 2.45 GHz, for example,
generated by the magnetron 24 is guided to the slot
antenna 14 through a waveguide 26 and a coaxial pipe

20 28. The microwave guided to the slot antenna 14
passes through the dielectric partition 16 and the
plasma—excitation—gas shower plate 18 to be
introduced into the plasma excitation space 26.

Plasma excitation gas such as argon (Ar)

25 and kripton (Kr) is supplied from the plasma-
excitation—-gas shower plate 18 to the plasma
excitation space 30. The plasma excitation gas is
then excited by microwave, thereby generating plasma.
The plasma generated in the plasma excitation space

30 30 passes through the openings of the process—gas
shower plate 20 haVing a lattice shape, for eXample,
to enter the process space 32. |

A prearranged process gas is supplied from



generating mcrowave. Mcrowave of 2.45 GHz, for exanple, generated by the
magnetron 24 is guided to the slot antenna 14 through a wavegui de 26 and a
coaxi al pipe 20 28. The microwave guided to the slot ante@ﬂp%ﬁ? ses
through the dielectric partition 16 and the plasnma-excitation-gas shower
plate 18 to be introduced into the plasna_ggcitation space 26. Plasnma
excitation gas such as argon (Ar) 25 and kripton (Kr) is.- supplied fromthe
pl asma- excitation-gas shower plate 18 to the plasma excitation space 30.

The plasma excitigld %&@ésésgggeeh%w,§ DY M GT PUAY R %afi%rcf‘e%ésog%%@“ ng

pl asma. The plasnma ‘generated 1 n the plasm excitation space passes
t hrough t he operizngs Dfse¢hicpndoessrgas Sdwovwer ipl pilec2d lavitige andenti ce

shape, for exanpl.e to,enter _the process space 32. A prearranged process
gas is supplied from 2?% aﬁ@&? 28 t(;tﬁlee p‘?]g%%%%?gg aé:%o%%r 3 at'e 20 to the
process space 3hjdktsetd cbadpgeberswaider AWd sipl agpdeeiied e manmt stand

22 arranged pn the process space 32 as an object to be processed, and is
subj ected to théﬁgi ‘%é%%?ﬁ?gée@§¢8€%§ﬁﬁ$ﬁ%€eByb§hFh8rBFGE§%§ﬁE%sa%ﬂd

pl asma. Exhaust flassoy 0OduceHa ¥ tt Be splAsi®u P& @CB$S thkS plammeed Rycds yacuum
punp (not shown) through exhaust outlets 12a provided at the bottom of the

process chanber 1B2.TeRPYdt RE RoVPGHYTY P Rle s Fpeheinl Hhuseiglyi ven of a

met hod of contrQllydigs ¢ heuPl 8888 1RROGHSS 1 @eHes At flel Bolkth@nMSH ovRye pl asma
process appar at us '
process chamber 12.

10 | In the following, a description will be
given of a method of controlling the plasma process
generated in the microwave plasma process apparatus
10; with reference to Fig. 2. Fig. 2 is a drawing
showing the construction of a path along which a

15 microwave reaches the plasma excitation space 30
from the magnetron 24.

~ Microwave of 2.45 GHz, for example,
generated by the magnetron 24 is supplied to the
slot antenna 14 through the waveguide 26 and the

20 coaxial pipe 28. The microwave supplied to the slot.
antenna 14 is evenly distributed, and is introduced
into the plasma excitation space 30 through the
dielectric;partition 16 and the‘plasmafexcitation—
gas shower plate 18. '

25 Plasma excitation gaé such as argon.(Ar)
and kripton (Kr) 1is supplied to the plasma
excitation space 30 from the plasma—excitation—gas
shower plate 18. As microwave is introduced to the

- plasma excitation gas, plasma ignition occurs,

30 thereby accomplishing plasma inside the whole plasma
excitation space 30. Since the generated plasma
acts as an electric conductor, 20%‘to 30% of the

microwave will be reflected near the surface of the



10, with reference to Fig. 2. Fig. 2 is a drawing showi ng the construction
of a path along which a 15 m crowave reaches the plasna exmzin Eg ce 30
fromthe magnetron 24. M crowave of 2.45 GHz, for exanpl e, t

the magnetron 24 is supplied to the slot antenna 14 through the wavegw de
26 and the 20 coaxial pipe 28. The mcrowadleO supplied to the slot antenna
14 is evenly distributed, and is introduce into the plasnma excitation
space 30 through the di el ectric partltl on 16 and the plasna-excitation-

gas shover plat g1bn 2% Pl AsHRs GXCHEA I A2s SuEReasgar ggdAT) - and
kripton (Kr) is"supplied to the plasma excitation space 30 fromthe

pl asma- excitat i @@fg@s:t%ﬁhdvmr‘pWave ¥d.llAsraierowhveths Watvregduickdl 2@ t he
. pl asma exci tatl glr}\ﬁ%sﬂe 1\94 zﬁg ;sggl X%rltoac &,&?B%&Hg&gbyp ccogrplé shi ng

pI asma inside th excitati on spac he genet at ed
pl asma acts astae eim]tesmtrmonda&ttortlo%%so 30% afhd hel otm sndOwAave wl4| I be

flected th f f the 2 8 SEP. 2005 -10 t
Chover pl al & 18" @RI BT oLl BH HtCF UV Wi 1T PLCEPHATD. ERd MR

t hrough the pl asme exGidd | @8pgaassbovwenl@tes 18y othpidisalaect rie
partition 16, and the slot antenna 14. 5 The anpunt (negnitude) of the

ni crowave refl eCC@F Wy thheP bR aBanGeserids bh the BéAsmey eFcifialsiRl The

denser the pl as%a@‘%dy t}@etﬁ]greleés%ee%é@figﬂen%pé%er%(%let&:elclﬁrger
the coefficient of reflection is, and | ess denser the plasm denS|ty,
t he is, and the less denser the plasma density, the

10 smaller the coefficient of reflection is.
In the middle of the waveguide'26, the

-matching device 34 is provided in order to send back
the reflected wave to_the slot antenna 14. Moreover,
the incidence monitor 36 is'provided near ﬁhe

15 matchihg device 34 on its side closer to the
magnetron 24, and monitors an electric power of the
microwave supplied to the slot antenna 14, i.e.,
monitors the electric power of the incident wave.
The»arrangement of . the matching device 34 and the

20 incidence monitor 36 is the same as that of a
conventional microwave plasma process apparatus.
Further, a filter 38 is provided to absorb the _
reflected wave that is not sent back by the matching
device 34, thereby preventing it from returning to

25 the magnetron 24.

Although the construction described above
can monitor the incident wave by the incidence
monitor 36, the microwave reflected by the generated
plasma cannot be monitored. The matching device 36

30 is prov1ded between the 1nc1dence monitor 36 and the
slot antenna 14, and the matchlng device 34 sends
back most of the reflected wave to the slot antenna

14. Therefore, the incidence monitor 36 can detect



10 smaller the coefficient of reflection is. In the mddle of the wavegui de
26, the .matching device 34 is provided in order to send back _the

refl ected wave to the slot antenna 14. Moreover, the inci dénd SEFoAltSor 36
is provided near the 15 matching device 34 on its side closer to the
magnetron 24, and nonitors an electric pow@flpf the mcrowave supplied to
the slot antenna 14, i.e., nonitors the electric power of the incident
wave. The arrangenent of the matching device 34 and the 20 incidence

nonitor 36 is tggﬁzfgggpfi#pa{hggrgflgnn%gpgggﬁglt 'Erggﬁﬁgtp%%%ﬂg process

apparatus.. Furt ter I'S provide 0 absor cted wave
that is not senbabiclbwythidenabtbhngg dedevdee3 84, thereby preventing it

fromreturning to 25 the gpetron _24.. Al t hough the,construction described
above can monitor the incf%e *fave 3F%Wﬁp?hc?d5%§%ecnﬁﬁptgPQﬁfo?he

m crowave refl eaved shypddiei @etenal edayplasmuganineé hevegoiider ek sikhe
mat chi ng device 36 30 is provided between the incidence nonitor, 36 and the

sl ot antenna 142Sait® H e EhFRgCdEGitTTe BLLEMESOT BREK TR TGS he

reflected wave t@vthe vl ith ans eppaleted ereforgiathg 'geﬁie%rt@ noi t or
36 can detect | 8 SEP 2005 -11 only part of the reflected wave that is not

sent back by tRk&emBlcfinR oo EaTILN ISPAIR s3@nboBhAeneflactédect i on
T oru Y sobd YR I LBV bLaual iy rOth ROz g it g Jon. Lor
generated in on its 'side closer to the slot antenna. Accordingly,
10 the reflection monitor 40 monitors the reflected-
wave befdre it‘is sent back by the matching device
34, thereby covering all the wave reflected by the
generated plasma.

Fig. 3 is an expanded cross-sectional view

15 of the connection of the coaxial pipe 28 and the
slot antenna 14 in the microwave plasma process
apparatus 10. Fig. 3A shows the structure of the
connection before improvement, and Fig. 3B shows the
structure of the connection after the improvement.

20 In the microwave plasma process apparatus according
to this embodiment, the connecting portion of the
coaxial pipe 34 is tapered as shown in Fig. 3B for
the purpose of suppressing the reflection of a
microwave along the propagation path. With this

25 provision, the coefficient of reflection of the
microwave is stably suppressed to a low value.

Fig. 4 is a chart showing the coefficient
of reflection when a microwave is supplied through
the coaxial pipe 28 having the connection before the

30 improvement as well as the coefficient of reflection
when a microwave is supplied through the coaxial
pipe 28 having the connection after the improvement

(i.e., a connection having a tapered shape). In the



the plasma excitation space 30. The reflection nonitor 40 is situated near
the matching device 34 on its side closer to the slot antengf.‘SEFOﬂﬁingly,
10 the reflection nmonitor 40 nonitors the reflected wave b @r t sent
‘back by the matching device 34, thereby covering all the wave reflected by

the generated plasma. Fig. 3 is an expandeﬂ cross-sectional view 15 of

t he connection of the coaxial pipe 28 and t & slot antenna 14 in the

m crowave plasma process apparatus 10. Fig. 3A shows the structure of. the

connection before Jjnprev ccand Fig 3 hows .the. structure of the
connection aftefEFﬁ%‘fﬁﬁ?@SQ%BE?Ygﬂﬁ”ﬂﬁ fﬁ@gngg?g&égéeﬁﬁa§ﬁ% process
appar at us accor digfgedtoi dhi $seabodiingntas tdieogonnedt bag pordw=orp@drt he

coaxi al pipe 34 is . tapered shown ,in Fig. 3B for. .the purpose of '
SUppr essi ng t ho STEMTiact o BReReAReSWaVEs aFong bhe BPSRAGHS U paff. Wih
this 25 provisicontfihe eeef brcirert ft 1| eeiioniel bhe apPrd-omaveel s
stably suppressed to a low value. Fig. 4 is a chart show ng the coefficient

of reflection wierfa 3RErdhabeci s SN P ¥ hEbagRarine sées8 2L pi pe 28

havi ng t he connggtd, o, bef of £+1-8813Q sigpr ovenent as wel | as the coefficient
of reflection when a mcrowave is supplied through the coaxial pipe 28

havi ng the connecti on afteWithe tihepriovanened ¢pnaectaosonndrti on having a
tapered_shape).ﬂéﬁ#éﬁ#gbg §Epa2%9%f6w%§@5§l?B%nghgngE%#agggioﬁrg%th
coefficient of ‘reflection s as high as abou .8 and sho poor
stability, wherédas supphessadetof ai ppranddmeetmitheum, so that it is
10 the generated plasma that causes most of the '
reflection. When the improved connection is
employed to supply microwave to the slot antenna 14,
the monitoring of the electric power of the
reflected microwave can detect changes in the plasma
15 density with high acéuracy.

The output of the reflection monitor 40 is
detected by an electric power monitor 42, ahd the
detected electric power is supplied to an electric
power control device 44. The electric power control

20 device 44 is configured to control the electric
power of a microwave supplied from the magnetron 24
in response to the electric power detected by the
reflection monitor 40, In other words, the electric
power control device 44 controls an electric power

25 supplied from the magnet?on 24 such that the
electric power detected by the reflection monitor 40
is maintained at a predetermined constant value.

Here, the electric power monitor 42
detects the electric power of the reflected wave

30 that passes the reflection monitor 40, such
reflected wave being substantially equal to one that
is returning to the waveguide 26 upon reflection by

the generated plasma.



coefficient of reflection stays |ow at approximately 5 0.25 and stable,
except for the early stage of mcrowave introduction. Wth the | ved
connection, the reflection of a mcrowave al ong the propadﬁﬁi&ﬁpb é is
suppressed to a possible mninmum so that it is 10 the generated pl asna

t hat causes nost of the reflection. Wien the inproved connection is

enpl oyed to supply mcrowave to the slot ar thna 14, .the nonitoring of
the electric power of the reflected m crowave can detect changes in the

pl asma 15 density with higﬁaggcgg%géb Ehe out put of the EFfleQ§H9n noni t or
40 is detected by an elect?ic power romtor- 42 S8ndHREY bt SCbd el ectric
power is suppli€ddtman b estidiciopowsy londm®| dsvcheréd4lectie@lwetts| C
power control 20Q device 44 is cog%igyred'to control the electric  power of

a mcrowave suppPPE §ront? heChaGReErGs ™4 O} nthespbase tldanie Bllecttic

power detected by adhe, it esthoB ERRLAN¥A0. ABcOLAhgWYT dSihdrhergd ectric
power control device 44 controls an electric power 25 supplied fromthe

- magnet ron 24> su€t it ¢ iOvVer eefr itd okl et edt ¥aVBy thiRd et | ecti on
moni tor 40 is pRiAt@ined g aneredehringd £onstant 4%?|c%%-nd?§,e1sﬁ@}?

el ectric power nonitor 42 Tdetects the electric power of the refl ected wave
30 that passes ehehafdectionbapaittodialsiehte ef|l ebeadewdwre e ng

substantially e .10 t is returning to the wavegui de 26 upon
reflection by %ﬁ%fﬁg%éggf%%pgrasna. 2 B SEP 2005 -13
In this embodiment, the electric power of

10 the reflected wave-detected by the electric power
mbnitor 42 is supplied to the electric power control
device 44, which controls an electric power to the
magnetron 24 based on the density of generated
plasma, thereby adjusting the electric power of the

15 microwave generated by the magnetron 24, resulting
in the control that maintains plasma density
constant in - -the plasma excitation space 30l In this
embodiment, a reflection monitoring means is
cdmprised of the reflection monitor 40 and the

20 electric power monitor 42, and the electric power
control means 44 controls an electric power to the
magnetron 24 based on the output of the reflection
monitoring means.

Accordingly, the microwave plasma process

25 apparatus 10 according to this embodiment can
maintain a constant plasma density generated by
microwave, and can prevent fluctuation of the plasma
process caused by a change in the plasma density,
thereby achieving a unifofm and high quality plasma

30 process. If the reflected wave that is monitored by
the reflection exhibits a iarge fluctuation, itlcan
be ascertained that the microwave plasma process

apparatus 10 is suffering a malfﬁnction,'thereby



Wave reflection is also caused by other factors in addition to plasna.
Such refl ected wave, however, is not dependent on the staﬁ; (g%sm@c‘?/) of
pl asma, but stays constant. Accordingly, when the 5 el ectr&¢ power of the
reflected wave that is nonitored by the reflection nonitor 40 changes,

such a change can be attributable to a ch e in the plasma density. In

this enbodi nent, the electric power of 10 the reflected wave detected by
the electric power nonitor 42 is supplied to the electric power control

device 44, which coptrol 1. rd c e n 4 based on
the density of ggner arﬁe)dg g?égrjfgl%t t%oeraggﬁ%j}%g{)?hg t%ﬁ% é%e%ﬁogoégr of
the 15 m crowavehgereppd edtby ey negnettoma24 carldsulbregoghtntbhe ¢eitt ol

t hat mai ntai ns. pl asna densj .constant in th | excitation space 30.
In this enbodinent, a ref :ﬁe%t il&%"lr%e‘rﬁ?%rrp%ﬁlﬁ@gng%rgesccoﬁﬁpq‘?ée%b% €t he
reflection nonitigy pbandetinmaid 16l etir i €hPoperpbBRI LA bhi el fdiethe

el ectric power contro] neans 44 controls an electric power to the

magnet ron 24° based Ot hePBULHuL fofthshan I eF PERY Por 1 Risdfiardr i 1Ry $reans.

Accordingly, theJagrovaveopPkasms IN0asSenyy. aPPakat Us 1daccordipgito
‘this enbodi ment can maintain a constant plasnma density generated by
m crowave, and YT QEnERP| dECI&GHH WAV E hes phasiFa o ircodes haet’ed by a

change in the plmﬁ@mémg mohEreRY PEh eyi Egeaeﬁréicft%;e g{%@{gh quality
I t y

plasma 30 process. If the reflected wave that is nonitore t he :
refl ecti on exhi iarsi ot at gedeitecttudthicorgléttcan pbweaswedr tidined t hat the

nicromave_pi&sm%ﬂgégwgée that propagates towards the slot antenna
14. The output of the incidence monitor 36 thus
indicates the microwave supplied from the magnetron
24. |
In addition to the monitoring of the
15 electric power of a reflected wave as described
above, this embodiment utilizes the output of the
incidence monitor 36, and uses a frequency anitor
48 to detect the frequency of a microwave generated
by the magnetron 24. When a microwave path
20 including the slot antenna is designed to suppress
the reflection of waves, such a design ends up
depending on the frequency of the micfowave that
propagates through the path.
Fig. 5 is a chart showing calculated
25+ reflection characteristics in the case of the -
improved connecting portion of the coaxial pipe 28
as shown in Fig. 3B. The post-improvement
reflection characteristies shown in Fig. 5
correspond to a case in which design is made such as
30 to minimize reflection at 2.4 GHz. As shown in Fig.
5, the coefficient of post-improvement reflection
assumes its minimum at the designed frequency, and

rises sharply before and after the designed



apparatus 10 is suffering a mal function, thereby 2 0 SEP 2005 -14 issuing a
warning to an operator. The operation of the apparatus naygb;-:; '
automatically brought to a halt. The incidence nonitor 36 d sE5EPed008hove
is provided mainly for the purpose of nonitoring the 5 electric power of
the m crowave (incident wave) supplied to the slot antenna. That is, the
electric power of the incident wave is nont 2 or ed by having the incidence
nonitor 36 and the electric power nonitor 46 detect the electric power of
the 10 m crowave that ropggate Ht c;wards the sl ot antenna 14. The out put
of the inci dencef%%lf?‘g?YS tﬁu§; 4’ndi cates the microwave supplied fromthe
nmagnetron 24. In addition te theowl f othagrebqubacyld feleaitdcopower of a
refl ected wave as descri bed above, this enbodi nent utilizes the output of
the incidence 90t 88, P¥ng BsER e 1eRqlenkY BRI EGCUIAE R 0 et el St he
frequency of a nj grQyey, r ate ) etyron 24. m cr owave
path 20 includi nrggcftrlhe S %?ggﬁt g%n%%p?’o e%?%ﬁgthE%)ﬁbpreg\seh t eg reflection
of waves, suth &xgighcends apmidejseraliaighen fhectpedqiorcy Wiet he

m crowave t hat pg?@g, t hrough .t . FiLg. i chart show ng
calculated 25 re ﬁec |oﬁ§%h§r%agt glrllés}tecl)‘%g\;?np%g ggsaé%c? the inproved
connecti ng portisdrgrof fidentcdaxi alespilpel R imsashbangien iFi the8B1dberic

post -i nprovenent refl ef"tsjcﬁg characteristics sh8vvr€oi nchléi %‘1051: ag:rtl){reggond to

a case in whi ch Bf&sign° dBLSFON A supplie en
14. Thereby, a change will also .arise in plasma
10 density. In order to estimate plasma density

according to the electric power of a reflected wave,
thus, it is necessary to accurately monitor the
frequency .of a microwave, so as to compensate for
the change in the electric power of the reflected

15 wave resulting from frequency fluctuation. -

In this embodiment, the freqﬁency monitor

‘48 detects the frequency of a microwave. If the
detected frequency falls outside a predetermined
rangé, a warning may be issued to the'operator, or

20 the apparatus may be brought to a halt.
Alternatively, the frequency of the microwave
generated by the magnetron 24 may be controlled to
be constant based on the detected frequency.

Alternatively, as shown by the dottgd

25 lines in Fig. 2, the frequency detected by the
frequency monitbr 48 may be sﬁpplied to the electric
power control device 44, thereby controlling an
electric power to the magnetron 24 based on the
detected fréquency.

30 _ Namely, since the reflectance changes in
respdnse to the fluctuation of frequency, a change
in the reflectance resulting from frequency

fluctuation is determined beforehand through



30 to mnimze reflection at 2.4 GHz. As shown in Fig. 5, the coefficient
of post-inprovenent reflection assumes its mininumat the desi d
frequency, and rises sharply before and after the designed?Z@%g%)ZmﬁB -15
frequency (2.4 GHz). In general, the frequency of a m crowave generated by
a magnetron is not so accurate, and has a fluctuation of approximtely 2%
If the 5 frequency of a microwave has fluctifation, the, reflectance of a
m crowave path changes significantly, resulting in a change in the
electric power of the nicrowave sggglied to the slot antenna _ 14. Thereby,

a change will aFSB8PXNaLE S PF adf& FERTHREME R or B 8 &SRt DI asna

density accordbagetro diey %Eékbhévﬁo%r (ﬁn&cﬂﬁieéciﬁds%\h&a ddtferit IS
necessary to accurately nonitor the frechuency of a mcrowave, so as to

conpensate for BRetoh&AYL Mo 2he EP&cPr i PuiRrinf thRerréfliesddfe 15 wave
resul ting from irequ Mﬁéﬂz‘fﬁ&%bﬁ?ta‘n’{ s ﬁf@Qﬂ%”tﬁﬁémg&e it eéd3i+l§”cy

nonitor 48 detects the frequency of a mcrowave. | ecte
frequency fdl | spdatssiadeexcpretdevear spred Ihngelhaswaekieng inapdse ilskeied to

t he operator, .or. 20 the [a brought to halt . Al ternatively,
t he frequency oFot ﬁé)mrﬁecn?%%%ewggg?rﬁaﬁlf bcyO reo%aaﬁefa?or?lfftr%yc be '
controlled to beweansifard ihasedwanet e deiregcted theqiergyendyt ernatively,

as shown by the (er%tted 25 ,Iign m% 2, the frqugnge detheecrte%d by the
frequency moni t & UAg Yyt e ’agiﬁ a0 e @FetitPcrange, Y
eliminating a need for the magnetron 24 to provide a
10 highly accurate frequeney. '
_ Moreover, if a frequency change falls
outside the predetermined range, a warning is issued
or the operation of the apparatus is brought to a
- halt. TIf the frequency change falls within the
15 predetermined range, the electric power of the
microwave supplied by the magnetron 24 is controlled
to adjust the density of generated plaema to a
constant level. Namely, if the frequency of a
microwave supplied byithe magnetron 24 falls within
20 a smalirrange, the adjustment of an electric power
of the microwave can maintain the density of
generated plasma at a constant level. 1In such a
case, control is applied to the electric.power of a
michwave generated by the magnetron. On.the_other'
25 hand, if the frequency of a microwave supplied by
the magnetron 24 shows a large fluctuation,'it is
ascertained that the magnetron suffers a malfunction,
or a mere adjustment of the electric power of
‘microwave supply 1s not sufficient to maintain a
30 constant plasma density. The operation of the
apparatus is then brought to a halt.
| In this manner, this embodiment provides

the frequency monitoring means comprised of the



- power control device 44, thereby controlling an electric poWer to the
magnetron 24 based on the detected frequency. 30 Nanely, Zeée the

refl ectance changes in response to the fluctuation of freq CSEP 2005hange
in the reflectance resulting fromfrequency fluctuation is determ ned

bef or ehand through 2 0 SEP 2005 -16 conputation or actual measurement, and
the electric power of a microwave is contTblted in such a manner as to
conpensate for a change in the reflectance, thereby keeping constant the

pl asma density in the 5 gl asma excitation space_30. This makes it possible
to conpensate t APGUEGIE BORLEOE Gff APDI e r EEeCHEMEr POV MW bWRTe as

long as the freqwen%df»&ygtg%b@_qlf@fj Swd¥ bRt Botenbain® rang&nt AL gby
elimnating a need for the magnetron 24 to provide a 10 highly accurate

frequency. Moreder eJiefC’%lrWeEQ@ﬁéyOcﬂ13mg@1¢la4>‘1~’§veo§v§pdéetd1 mredeter nmi ned
range, a warnin d,,0 er o) he -a r %SC'F ought to
a halt. If theg]fargzlqéutzrrsléég % aéaggga%%s t\?rm{éf h(lerl]PI%H% ?g glfﬂgdzf: er Llérslr%a%;range,

t he el ectricdpowsnigfortimeg meenswave supplied by the magnet ron 24 is
controlled to adjust the-lggggiot%)érof ener at ed Ias sta.rqt | evel .
Narmely, if the frequency o 1 C Ve  suppli ayb t nL}e‘f 3% falls

within 20 a smalthe afigectthe pdjast meiitoil aﬁle@hecum @omct\meJrls Osfnthe
m crowave can nai nt ain the densit Cfgener Iasrra at a40 nst
o ok

level . In such &1S54E<eC RBAVEH S ‘Fhré EPEE’FPDC

both the output of the reflection monitoring means
10 and the output of the frequency monitoring means.
In this case, the control of plasma density is made

more accurate.

INDUSTRIAL APPLICABILITY

15 According to the invention, the electric
power of a microwave reflected by generated plasma
is detected as described above. The reflectance of
plasma reflecting a microwave depends on plasma
density. It follows that the monitoriﬁg of the

20 electric power of a reflected wave provides for the
monitorihg of plasma density, thereby making it
.possible to contrdl a plasma process for the purpose
of achieving optimal plasma density. In particular,
the electric power of a microwave supplied by the

25 plasma generator is controlléd based_on the electric
power of the reflected wave, thereby maintaining
constant plasma density.

' Moreover, the monitoring of frequency of a
microwave generated by the microwave generator makes

30 it possible to monitor a change in the plasma
density caused by frequency fluctuation. In
particular, éhe electric power supplied by the

plasma generator is controlled based on the



m crowave generated by the magnetron. On the other 25 hand, if the
frequency of a microwave supplied by the magnetron 24 shows a | arge
fluctuation, it is ascertained that the magnetron suffers A §gfH @pgg i on,

or a nere adj ustnment of the electric power of mcrowave supply is not
sufficient to maintain a 30 constant plasma density. The operation of the
apparatus is then brought to a halt. In thiks8manner, this enbodi nent
provides the frequency nonitoring nmeans conprised of the 2 8 SEP 2005 -17
i nci dence nmonitor 36 and the electric power nonitor 48, and the electric
power control nEQRd Y dnt FeAYECHe é?%”f?}i’% BahBE2SP 18 IRt suppl i ed
fromthe magnetnQR b é’@ﬁ@ﬁthebQ% QU A QIfletf??efsE%%%e%(?fy 2 dPALYT NG
means. Moreover, provision nmay be made such th the el ectric power

control neans 4éflcmﬁlr60¢%‘01&n el ectric power supplied by the magnetron 24
based on both the output flect ] i,n dythe
out put of the frequency mﬁ?%%ggﬁg%r#eea{ns{ﬁg gP%]EEQEca g%?nhzs%pg)tro? of
pl asma densiiy by nede mbaemacgalnaatratdﬂV[lJSTcRbAtrAE’IPEIdCABIslﬁldF\érILStIﬁecordi ng
to the invention, qaxsel ectric I (growave rgfl ctgfld b%éggnerat ed
plasma is deteCtéd ds 4eReYFhed aB‘O\fee ]’ﬁfé? fY3¢fafl € pi'as ¢y
reflecting a m erowave cepeads , orhplrawip demset Yngl Eukehleovws ddatatpe

nmoni toring of the 20 electric power of a reflected wave provides for the
moni toring of pHasMderRIRyRIt REPEHP M@ hyShe density.

10



. possible to control a plasma process for the purpose of achieving optinal
pl asma density. In particular, the electric power of a m crowave a&%plied-
by the 25 plasma generator is controlled based on the eIethig:SER) of
the refl ected wave, thereby maintaining constant plasna density. Moreover,
the nonitoring of frequency of a mcrowave 8enerated by the m crowave
generator makes 30 it possible to nonitor~&7thange in the plasnma density
caused by frequency fluctuation. In particular, the electric power
supplied by the plasnma generator is controlled based on the 2 8 SEP 2005
-18 nonitored frequency, thereby maintai BERFMSonstant plasma density even
under the presence of frequency fluctuation. Furthernore, the electric
power supplied 5 by the plasna generator is controlled based on the

el ectric power of a refl ectledPa\icC AR Y hePlpegaeRa\p casfs appayawade,

t her eby achi evi i h SGUracyss d ' Lpi.ng . c tant density.
10 2 0 SEP ZOOSQgEQ%%%A?%éa}.g&%ﬁéﬂ%ﬁ%£zbgﬁg§%§ %Fbgng%%bﬂgﬁa Hgs for
perform ng aSpl asrmee prbedsbyby pliasmawabhat charbcgenmdrzatdediby a m crowave,
characterized bxx%%gp{é§hagt -a m crowave generator which generates a
m cr owave, ) : _ ‘

a microwave geénerator which generates a

microwave;
a process chamber for accommodating an
10 object for treatment by plasma process;

a waveguide which guideé the microwave
generated by said microwave generator to said
process chamber; and

a reflected-wave monitoring unit which

- 15 monitors an electric power of a reflected wave that
is reflected by plasma generated in said process

chamber.

2. The microwave plasma process apparatus
20 as claimed in claim 1, characterized in that said -
reflected-wave monitoring unit includes:
a reflection monitor which is provided in
said waveguide; and |
an electric power monitor which detects
25 the electric power of the reflected wave monitored

by said reflection monitor.

3. The microwave plasma process apparatus
as claimed in claim 2, characterized in that said
30 waveguide has a matching device for sending back the
reflected wave to said process chamber, and said
reflection monitor is prbvided in said waveguide

between said matching device and said process



a process chanber for acconmmodating an 10 object for treatnent by plasma
process; a wavegui de whi ch gui des the m crowave generated by,s 'g
m crowave generator to said process chanber; and a reflectedzmﬁs P 2005
monitoring unit which 15 nonitors an electric power. of a reflected wave
that is reflected by plasm generated in said process chanber. 2. The
m crowave plasma process apparatus 20 as tf@ined in claim1, characterized
in that said reflected-wave nonitoring unit includes: a reflection nonitor
which is provided in said wavegui de; and an el ectric power nonitor which
detects 25 the Q1M $Tc power of the reflected wave nonitored by said
reflection nonitor. 3. The m crowave plasma process apparatus as clained
in claim2, characterized in that said 30 wavegui de has a mat ching device
for sending back the refléct@@enwnicndyaue dPprenes P roradserabPRada supkd
reflection nonit i royi ded ihn .said i : i tchin
devi ce and saida%{é%%%§£§a89gEﬁlgdgg]l23@%§g%%g§Flggb¥ﬁ§néﬁgbga%€e plagna
process appabat womasigiagned ededtaiim Ipowdar acheéricdéd nyy davider 5
conprising an electric power_controlling device which_conirols an.electric
power suppl i ed 3§§?dcgﬂ¥%983a9§'jgﬁ%?gf%? BRYUEH SHPPHE S &0t i Pover of
the refl ected wavieibpué Heasrsaiod nefdedt @A- vA¥eelectric power of

the reflected wave output from said reflected-wave

monitoring unit.

10
5. A microwave plasma process apparatus
for performiﬁg a plasma process by plasma that is
generated by a microwave, characterized by
comprising:
15 a microwave generator:which generatesba
microwave;

a process chamber for accommodating an
object for treatment by plasma process;
a waveguide which guides the microwave
20 generated by said microwave generator to said
process chamber; and
a frequency monitoring unit which detects
a frequency of the microwave generated by said
microwave generator.
25
6. The microwave plasma process apparatus
as claimed in claim 5, characterized in that said
frequency monitoring unit includes:
an'incident monitor which monitors an
30 electric power of the microwave supplied from said
microwave generatof; and
a frequency monitor which detects a

frequency of the output from said incident monitor.



moni toring unit. 10 15 5. A mcrowave plasma process apparatus for
perfornmng a plasnma process by plasnma that is generated by a mcrowave,
characterized by conprising: a nicrowave generator which genBrgER 086

m crowave; a process chanber for acconmopdati ng an object for treatnment by
pl asma process; a wavegui de which guides the m crowave 20 generated by

sai d microwave generator to said process thinber; and a frequency
nonitoring unit which detects a frequency of the m crowave generated by
said mcrowave generator. 25 6. The m crowave plasnma process apparatus as
claimed in-claim5, characterized in that said frequency nonitoring unit

i ncludes: an incident noni$orpphi &R AL 0E Sp BRsRY BhBEkiHsC REr, st he
m crowave supplied fromsaid mcrowave generator; and a frequency nonitor
whi ch det ects aasf icdquigrey df cheisutputcHaonarsardziedcidehatordaod. 2 8

SEP 2005 -21 7.  The jjciowave pl asaeproce pagrat.u i In claim
6, characteri zeg-gi n#thac'g sa%{d vvaveglgll c?ggchczgvggmatg i%gengg\?:‘glcgJ or sendi ng
back a 5 ref} ectred lwavieed owaaedtpr sedss whandes , chadbsai,dand said

incident monitor is provided in said waveguide

between said matching device and said microwave

‘generator.

10 8. The microwave plasma process apparatus
as claimed in claim 5, characterized by further
comprising an electric power controlling device
which controls'an electric power supplied from said
microwave generator based on the frequency detected

15 Dby said frequency monitoring unit.

9. A microwave plasma process apparatus
for performing a plasma process by plasma that is
generated by a.microwave, characterized by

20 comprising: '

a microwave generator which generates a
microwave; _

| a process chamber for accommodating an
object for treatment by plasma process;

25 a waveguide which guides the microwave
generated by said microwave generator to said
process chamber; |

a reflected-wave monitoring unitvwhich
monitors an electric power of a reflected wave that

30 is reflected by plasma occurring in said process
chamber; and |

| a frequency monitoring unit which detects

a frequency of the microwave generated by said



incident nonitor is provided in said wavegui de between said matching
device and said nicrowave generator. 10 8. The nicrowave plz EPram Ss
apparatus as claimed in claimb5, characterized by further §£§ S 5 an
el ectric power controlling device which controls an electric power
supplied fromsaid mcrowave generator based on the frequency detected 15
by said frequency nmonitoring unit. 9. A nmitfdwave plasnma process apparatus
for performng a plasna process by plasma that is generated by a

m crowave, characterized by 20 conprising: a mcrowave generator which
generates a ni croval@¥avy Fr&ceSsTChanber for accommdating an object for
treatnent by plasnma process; 25 a wavegui de whi ch gui des the m crowave
generated by said mcrowave generator to said process chanber; a

refl ected-wave nonitoring &8i-t Thf dhichevpver §lasmel evtades povepashtys

refl ected wave that Ly reflect.ed by rrd i i d..process
chanber; and a f?gq%%%g?bﬁnﬁﬁtéggﬁggdgitggﬁ?ggtgg§g§¥gqg%:Q?ég%%ﬁcy of the
m crowave geher at@upbyssapdad SHR AXOEC - R@waIrc condve lgemay alevicé0. The

m crowave pl asma process ratus s claimed in claimy9, , characteri,zed by
further 5 compr &g ahoBTESLR ETheuere EBREr BPFFRg iR ced rom sa1d™ "]

microwave generator based on the electric power of
the reflected wave output from said reflected-wave
monitoring unit and the frequency detected by said

10 frequency monitoring unit.

11. A plasma process controlling method
for treating an object by use of plasma that is
generated by a miciowave, characterized by

15 comprising:

guiding a microwave generated by a
microwave generator to a procesé chamber through a
waveguide so as to generate plasma inside said
process chamber; and _

20 monitoring an electric power of a
reflected microwave that is reflected by the plasma

generated in said process chamber.

12. The plasma process controlling method
25 as claimed in claim 11, characterized by controlling
an electric power supplied from said microwave
generator based on the electric power of the

reflected microwave.

30 13. A plasma process controlling method
for treating an object by use of plasma that is
generated by a microwave, characterized by

comprising:



whi ch controls an electric power supplied fromsaid mcrowave generator
based on the electric power of the reflected wave output fromsaid

refl ected-wave nonitoring unit and the frequency detected p§ §£Pd20050
frequency nonitoring unit. 11. A plasma process controlling nmethod for
treating an object by use of plasma that is__generated by a m crowave,
characterized by 15 conprising: guiding a T ¢T onave generated by a

m crowave generator to a process chanber through a waveguide so as to
generate plasnma inside sai rrocess chanber: and 20%?#2; Eﬂori ng an el ectric

d .
power of a reflected mcrgb{égéntghé’t MICTRYPEEt 8§76y Yashm generat ed

in said processnghafbedive 1denéha tplrasim Precessssonhb@ldma gl 225 as
claimed in claim11l, characterized by controlling an electric power

suppl i ed from s3¥YGHETa%e §endPatdsinPRed Bhathe dredds & r of the
reflected m crowavRe 39 dBamBepl;aam®y process controlling nethod for

" treating an object by use of plasma that is generated by a m crowave,
characterized by conprisingniZzogigep 005eqaR8NEYgRifdithg & ifLWaEse

generated by a ] &L o0aye gen gghognitcor%ég‘g(gic(ggﬁegg%@e.r t hrough a

wavegui de so as to generate plasma I nsi

14. The plasma process controlling method
as claimed in claim 13, characterized by controlling
10 an electric power supplied from said microwave

generator based on the frequency of the microwave.

15. The plasma procéss controlling method
as claimed in claim l3,vcharacterized by'controlling
15 thé'electric power of the microwave supplied from
said microwave generator based on the frequency of
the microwave 1f frequency fluctuation of the
microwave falls within é predeterminéd range, and
stoppiﬁg treatment of the object if the frequency
20 fluctuation of the microwave falls outside the

predetermined range.

"16. A plasma process controlling method
for treating an object by use of plasma that is’
25 generated by a microwave, characterized by |
comprising:
guiding a microwave generated by a
microwave generator to a process chamber through a
wavéguide so as to generate plasma inside said
30 process chamber;
monitoring a frequency of the microwave
generated by said microwave generator; and

mdnitoring an electric power of a reflected



process chanber; and monitoring a frequency of the m crowave generated by
said m crowave generator 14. The plasnma process controlling nethag

claimed in claim13, characterized by controlling 10 an egdﬁt SER gﬁer
supplied fromsaid m crowave generator based on the frequency of the

m crowave. 15. The pl asnma process controlllng method as clainmed in claim
13, characterized by controlling 15 the eletftic power of the m crowave
supplied from said mcrowave generator based on the frequency of the

m crowave if fre uenc fluc% ti,on of _the m crowave falls within a

predet ernined r 5 8%pﬁﬁgﬁﬁ%§ﬁ?ﬁﬁﬁ BY the BJQiﬂa chqﬁf??%quency
20 fluctuation qhtggadnﬁf@m@ge fcaldnp it si de the predeterm ned range. 16.
A plasma process controlling method for treating an object by use of
plasma that is 25 generated by a mcrowave, characterized by  conprising:

guiding a mcrowave generajed by persQﬁé’V@i/@cQngE%%otﬂ1%&”19&@1’%%
chanber through a waveguide so as to generate plasnma inside sa

process chanber 2snohiaore¢dgia Flegendy., o¢h4hechﬁen@wdv@y gene&e@bhlbg said
m cr owave gener%&p%lég@ ?bhgglg(éggﬁ% g@%rmg%f%Jggéected 29

SEP 2005 -24 ni crowave fh refle asna occurring in said
process chanbergeﬁkréﬁmﬁ:mbased [Pmo 0HEs @bm¢tnit|pgweethﬂﬁ-the

reflected wave and the frequency of the microwave.

10 , 18. The plasma process controlling method
as claimed in claim 16, characterized by controlling
the electric power of the microwave supplied from
said microwave generator based on the electric power
of the reflected wave and the frequency of the

15 microwave if frequency fluctuation of the microwave
falls within a predetermined range, and stopping
treatment of the object if the frequency fluctuation
of the microwave falls outside the predetermined |
range.

20



5 as'clainmed in claim 16, characterized by controlling an electric power
supplied fromsaid m crowave generator based on the electric power of the
reflected wave and the frequency of the microwave. 10 18. Phg SERs2885
process controlling method as clainmed in claim16, characterized by
controlling the electric power of the mcrowave s.upplied from said
m crowave generator based on the electric poWer of the reflected wave and
the frequency of the 15 m crowave if frequency fluctuation of the m crowave
falls within a predeterm ned range, andéﬁgiggk&? treatnment of the object
if the frequency fluctuation of the m all's outside the
predeterm ned range. 20 2 SEP 2005 -25 ABSTRACT A microwave is introduced
into a process chanber through a wavegui de (26) of the plasma 5 process
apparatus, thereby gener at Pn§IFFRsRY S A S r &RFERHNER TroditOr2 (RROYCAAE. an
el ectric pover myphoLy (4R} oIBAI Lok 46y €l 86 (b6) PRWEL QS (A 448l | ected wave
reflected by the plasma that i's generated in the process chanber.
Mor eover, and 10 duntelehcaPRdhptors . (38)e gy agénegasnoy wo@ sy .- (48)
nonitor the fre he i groway g, gener at ed . n (24). An
el ectric power gﬁ%gﬁ¥%§1?% tﬁel%ﬁhgngﬁ%%nQ%QA%giggégﬁ?Fg$&g§h%gsed on the
noni t or ed elgcmnhcrmmmex4@f mbaiﬁﬁidemmedeMauerapdpbh@ri&ﬂﬁnnitored .
frequency. This ME{fi0d, LBU5. 60N % PLASED €ROSLINLG diaonsfant Tevel.

generated in the process chamber. Moreover, an

10 incidence monitor (36) and a frequency monitor (48)

monitor the frequency of the microwave generated by

a magnetron (24). An electric power supplied to the

magnetron (24) is controlled based on the monitored

electric power of the reflected wave and the

15 monitored frequency. This method thus controls

plasma density to a constant level.



