;e3eAaA\\] 4P _a6lLaTa[cK DEVI CE AND CONTROL METHOD FOR M CRO WAVE PLASMA
PROCESSI NG 5 TECHNI CAL FI ELD The invention generally relates to m crowave
pl asma process apparatuses, and particularly relates to a-m crowave pl asma
process 10 apparatus whi ch acconpli shes plasma process by m crowave-excited

pl asma. BACKGROUND TECHNOLOGY In recent years, mcr owavepmmﬂw s 15

appar at us “mmm‘mmacti ng attention inthe field of mmmmmg

appar at us. rmm“\ e plasma process apparatus has a pl asng,patenti al

that is |ower tphjgmthat of other plasma process apparatuses such as

paral | el -pl ate-type plasma process aSRECHEECATEON): an ECR pl asnma process

appar at us, . . Because of this, the mcrowave plasna process apparatus can

generate plasma having relatively |low electronic tenperature and rel atively

| ow i on irradiation enBEYICE ANDGONTRE. MEEHOD FORMICRONMNAYEFLASMA 25 process

apparatus can prevent a substrate spbi@cigd to the plasma process from

sustai ning netal contam nation or sustalning danage caused by ion

i rradi ati on. 5Moreover, since a plasnma excitation space can be separated

froma process Mﬁ& process i ndependent of a substrate

mat erial and pat t he substrate can be acconplished. The

m crowave plasma process appar ahwerdon générsl Dy ashtames (e ectrode) for

i ntroduci ng m crowave generated by ‘a nagnetron into a process chanber where
‘Q‘gﬁ% @iﬁ?mﬁ‘oi/’

the ni crowave nmay* be° oS PP hefBwafB9gener ated by the
" magnetron is supgplierte®lipliheeihelestrieani @ SFAv808) akRROBED & davegui de
and a coaxial pipe, and is Introduced fromthe slot antenna into the
process chakBer 2nRaratust NeiphcpreRW® Ll idhas ant@PhagPrREesSoPYant enna from
the coaxial pipgy;idsSowsbleskedealy #ga%nié{ncti on point, thereby returning to
t he wavegui de. Mreover, when plas I's created directly under the slot
antenna, the mcrowave will be reflected by the plasna to return to the
wavegui de throu%&i& i h kBio ol consideration of this, a matching 15
devi ce (tuner) imm—a&gﬁway—s‘rrough t he wavegui de so as to send back

the returning mcrowave toIhheesleatt aricarsna.mBetoranet peasagneiraresnd t he

15 apparatus has been attracting attention in the field
of plasma process apparatus. The microwave plasma
process apparatus has a plasma potential that is
lower fhan that of other plasma process apparatuses
such as parallel-plate-type plasma process apparatus.

20 or an ECR plasma process apparatué. Because of this,
the microwave plasma process apparatus can generate
plasma having relatively low electronic temperature
and relatively low ion irradiation energy.

It follows that the microwave plasma

25 process apparatus can prevent a substrate subjected
to the plasma process from sustaining metal
contamination or sustaining damage caused by ion
irradiation. Moreover, since a plasma excitation
space can be separated from a process space, a

30 plasma process independent of a substrate material
and patterns formed on the substrate can be
accomplished.

The microwave plasma process apparatus has



mat chi ng device is provided an incidence nonitor for detecting the
~incidence mcrowave. Control is 20 engaged in such as to naintain a
constant | evel of the incident wave detected by the incident nonitor. This
achi eves such control that the mcrowave of a constant |evel is introduced
into plasma-excited gas. Since the matching device is configured to send
back 25 the returning wave by cal culating tthe | oad i npedance in the process
chanber, high precision may not be achieved to send back all the returning
wave. |n considgrahign aQItébrmg’ (Q%I—:-Eég%rde')s ﬂpviﬁpo&@z?%ﬁga@%?«'o%w&. to
t he incidence nonitor to absorb the returning wave, ereby preventing
t he returning waeeetra treshdly tdhemaggaettron.inSucts arroaes slenhambeé rr et ur ni ng
wave nonitor isW ietrléat %de bej'gc\:/@gn t he magpet ron, a thefor -e§ na %hi ng
device, i.e., si uated:ups FERAT § 8P al'PYe Mot e cﬁlng devi-&&PnTen the
magnetron i s regaecdedas @ ws i génarhngdsdyr Gthe Teghaetdent smemippdri ddst hus
able to nonitor the reflected wave i's not5sent back by the mgtching

t hat
devi ce. However £Ot K88 ettt Aol ofl SLRE THAdOwaver Y 8Fll et BAVEEULde
pl asmacannot be apRNiat FRds AT SIPENt a0k a sMiglomenec&&f Eeshednly Rhasma
varies wth the density of the generatedlOplasma, so that the electric
power of the reRNéEMERNaME.&cthesPHeCER si fde@mbewi cative of plasma
density. Since the conventiQ%§£ g}cEgga%%dy&#ggbpr@ggﬁsgggggg5%§t§gpnot
moni tor the plasnma-reflectedm crowave, however, 1t is not possible to
control 15t he i nsleductntmmod &Sromctbeave axdsdd wipe hel gensiEl poft egerser at ed
pl asma. Mor er, the fr.equenc f m._crowavegenet ated by.the magnetron has
Dbout a 20V i afi IR B Hafsi o tBbned o £a. BPad eSO ar SLeag e
frequency of a Noccoavate, oftasmgesldbab 1S, cwardtadd abirectlgr awadee fureguency
is afactor that hangfs t he density, of plasma., Th conveniional m crQwave
pl asma process égﬁér NFEHevERe %68§° GV ot orP hee f + 8GhEAC PYorthe
a2sm crowave that alsmaAcidiatd uSHPRbI edet qate sl ank £63gh Naeneasure is
taken to prevent a change inplasma density caused by fluctuation of
m cr owavef r equeRORX TFHertiRR e, BRcRangeédar atieon &7 ekl twateM@aeded Dy t he
variation of¢ pl NSl artl y.incl d t he
quctuatioﬁ%ﬁ r&i%?gﬁgseé?%éiggnéé.¥rb?%d%$§gf%BUR gghfﬁgéﬁﬁfgﬁ The
invention is muuevieguiiday o 2hetabeveadstaadd PWod nt et uaningsmaicred aate
providing a mcr pl.as S apparatus 5_Pprocess
controlling netﬁggq&ﬁiéﬁﬁﬁgﬁ?$%§8§§fefP%g?gﬁghﬂgggﬁg%gﬁgggggn Bo q%rasna
density to a comsttantirgewstvidéeisnpentiided sarchatatdenczedonnd tichatf dihe
fol |l owi ng neasureg are taken in orger to achi eve the %0 obh ct, descri bed
above. A nicr owd¥E S ENRR 1 OctREIEFPEFarUS HMFHi ngCPBEFRE hventi on
perfornms a b asemgRigReESSH byuPh assatbhala in ganed at€fls bynad MeGeaWwaie,
characterized by conprising a m crowave generator 15 which generates a
m crowave, a pr &S HfIEr WRY hdesRCHSTs Rih Bbf ebRCiERRLr BREFRT by

pl asma process, 1 ;W Lee WhiGBhIUbHeS d1he HE € ONaVe: 9eBREaked Dy, sai d
m crowave generator to said process chanber, and a refl ected-wave

moni tori ng unit cRmiscRRONieves 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. 1In
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



20 an electric power of a reflected wave that is reflected by plasma
occurring in said process chanber. Another m crowave plasma process

" apparatus according to the invention perforns a plasma process 25 by pl asma
that is generated by a m crowave, characterized by conprising a mcrowave
generator which generates a mcrowave, a process chanber which contains an
object for treatnment by plasma process, a ﬁ%veguide whi ch gui des the

m crowave generated by 30 said m crowave generator to said process chanber
and a frequency ht.Qrin it whicgh detects a,fr ency of .the mcrowave
gener ated by sal %Q§hgwééyg%%éréf%ff(%ﬁﬁ?aﬁ%gh%§gﬁ{%?§wé§éapﬁ¥ﬁnfo
process appar at theacttch g t detrheei rhent itOre peidos tBoA pkagedapdeeess by
plasma that is ggnerated,b, a_[mcrowave, characterizgd by conprising a

m crowave gener &R ™5 i EHYENBF a8 TS i cridiave’ ChIpr5cBER 104 whi ch

contains an obj ettusf Abld egd NeH 1By rptasTa I OCEessd waavegdicda swhigh
gui des the m crowave generated by said m crowave generator to said process

chanber, a ref| 8&°ddRaffe PonFRer Madchding Waekefroni EeVevas  100& ectric
pover of a refl eated Mave,dhat b8 kel aalad i &! ASFRe LEEHT Liyng ik s d
process chanber, and a frequency nonitoring unit which detecfs a frequency
of the m crowave&agewsy edndyisarddnri crowave generator. 15 A plasma process
controlling nethod accordi@getgmgngti%%e@ﬂﬁghééﬁg$é an QQE%EkiQéruse of
plasma that is generated by a m crowave, characteri zed Ey conprising
guiding a m crowdesgensates byth ther owanvel igenef atloe Honarprecdess 20

chanber through wavegui de_so_as, to generate plasnma insjde sai.d progcess
chanber , aﬁ@ynoﬁiﬁﬁmﬁﬂ;%ﬂlE#%Etfpg BOWET o< ?%ﬁ?e%%eﬁkﬁifﬁgwﬁé} at is
reflected by theapleasy®rwesussi Bg iimdeai dipd DEEBSveharberla it ADGhBEEY .

pl asma process controlling nethod according to the invention treats an

obj ect by use ofIFSEsrd'® FANYENFeRBAAt 8d TP R R b8, PERSCESt eri zed by
conpri sing gui diapg a3 964 VBV Eo JeRshaked ha dli LERyavergeperator to a
process 30 chanber through a waveguide so as to generate plasnma inside said
process chamber MiGFPWaAIE t ORPWGVATLT r ddudifcynadf RIrs Wpieolhiav eogdrerlat ed by
said mcrowgye GERerhloquct PoANBENS! AP 06L8qCOR Ll Il JiBtod
according to the invention treats an og}ect y use of plasma that I's
generat ed by a wifcromuemested chasanteri zed by conprising guiding a mcrowave
5 generated by a nicromavqwggngggkort Q & hrocess chgnber.th%%%%h a
wavegui de so as to generate p?asna’inside sépﬁﬂbr%c%ssacﬁéﬁﬁer, ﬁ%nitoring

a frequency of Yheddadiavnaye geaehabad thvrsaids s ewayetgeperator, and
nmonitoring an el ectric power of a 10 reflected mcrowave that is reflected

by the plasma od@FATPEn ¥2F dEPPoLESS ItarRferdeNeERdFBFNE186™he i nventi on

described appveyvatheslacttne peughedlyd J¥ @ aveveohghbeshadgey .t he
generated plasma is detected, The reflectance of 15 plasma reflecting a

m crowave depend$3dn I astr HeksPRy 10| MifAIIWARS t FBEILABCHOASt 8ri ng of the
el ectric pover ofadefpct eghyr l@sprt‘ﬁ\é' dehdory the pPRLLAri ngn@f plasma

density, thereby nmaking it possible to control "a plasm process for the

pur pose conventional microwave plasma process apparatus,

however, does not monitor the frequency of a
{ 25 microwave that 1s 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 fregquency.



20 of. achieving optimal plasma density. In particular, the electric power
~of a mcrowave supplied to the plasnma generator is controlled based on the
el ectric power of the reflected wave, thereby maintaining constant plasna
density. 25 Moreover, the nonitoring of frequency of a m crowave generated
by the m crowave generator nakes it possighg_to nonitor a change in the

pl asma density caused by frequency fluctuation. In particular, the electric
power supplied to the 30 plasna generator is controlled based on the

nmoni t or ed frequg&gdeggﬁﬁﬁarngﬁqﬁg&&bﬁg constant plasma density even under
t he presence of —freguency fructuatTom: Furthernore, the electric power
supplied to the plasma gernErat bnvestdomt rigl Inedidasedvbavwt hé ehectric power
of a reflected W v%éygkégmhfrgqggncyaof %gﬁéwo ve thereaé achi evi ng
further accuracy ™ iSh el Htai AT Ag T ondFant So13dhed dehsPF§Y T BRPEF ©
DESCRI PTI ON OF ThHic rioRSWNGS d48a prbsed sdrappas showing a sthemati c
construction of a m crowave Plf e process, apparatus 10 according{%&§fn
enbodi ment ot t REGTRFENGUREH §g PETROG AWt Sho hgTt Re TESHEG RS i on
of a path al ongmwhirehy 8,41 €6 o¥eN erbeaphesmd RIasdB $Xebt gt tBRsERdae from a
magnetron; Fig. 3 is an expanded cross-sectional view 15 of the connection
of a coaxial pip&V&dd a slot antenna in the mcrowave plasma process
apparatus shown in Fig. 1.rybersinElin 34 ShonsaLber hEUCL ¢rafe !
connecti on before inprovenent, and Fig. 3B shows the structure of the
connecti on aftefotliewihg meoaveneat arki gaken sim ¢hdetr showaichdetvige the
coefficient, of refdecti ] wave is supplied through the coaxi al
pi pe havin&' heO%Bﬁhgbfﬁ%ﬂ¥€§$%$egF§ggrnprovenent as well as the
coefficient of reflection Zomubeowave grlewaee pisoseppl apdatrhrtawgh t he
coaxi al pipe having the connection after, the inprovenent; and Fig. 5is a
chart show ng CACCUIEARE 'e? | EBE T BRVERILA Q91T EL | A PhESPas &T6IoTTo

by plasma that is generated by a microwave,

characterized by comprising a microwave generator
15 which generates a microwave, a process chamber which
contains an object for treatment by plasma process,
a wavegulde which guides the microwave generated by
sald 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 Dby 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.



30 inproved connecting portion of the coaxial pipe. BEST MODE FOR CARRYI NG
~ @UT THE INVENTION I'n the foll owi ng, enbodi nents of the ~g_invention wll
be described with reference to the acconpanying drawings. Fig. 1 is a
drawi ng show ng a schematic construction of a mcrowave plasnma process
apparatus according to an enbodi nent of the 5 invention. A mcrowave plasna
process apparatus 10 shown in Fig. 1 includes a process chanber 12, a slot
antenna 14 provi ded above the process chanber 12, a dielectric partition 16
provided under the 10 sl oty bt gopantdy ot R AYPIEXET AbLRI0aRBNONRL, Pl ate
18 provided under the dielectric partition 16, a process-gas ower 61ate
20 situated bel ewcohrslipigastm-elxei L avieonigas hoivermpl at pla8naa prowss st and
22 situated und ocess:-gas shower .plate 20, 15 and _a nagnetron

(m crowave gene%&t g)?)eas%{af oﬁagtenéga Fﬁgerr‘?’ltcer%m%eé R otave of 2.45 G,
for exanpl e, gecntwataectdryiidd pgoempansihg s g clesvi vet fenslrat-cant enna 14
t hrough a egu%de 26 and a coaxi al pipe 20 28. The m crpowayve guided to
the sl ot ant®nn¥ f&ﬁx%ﬁﬁﬁfﬁ?ﬁ%u@hmfﬁgoi%ﬁ%ﬂﬁ%iQF?ﬁﬁ??tFBﬁm ETamd

pl asma- exci t ati @angdas rshaweropi ate (8rt @ e indodugedl i sha %E@c@sassrm
excitation space 26. Plasma excitation gas such as argon (Ar) 25 and
kripton (Kr) isasUspEBHd¢ omtipl gradegeddia atlomwase sasneragest 18 to
the plasma exci atildom\i%qa&%@&-ggngraka%moe 18t 08988 Lfiakited excited
by m crowave, thereby generating plasma. The plas generateg I'n the plasnma
excitation spacee30e3d qghosaee theplghriihg opart ngsiof mbriprosess gas
shower platg, 20 haying & JAILI CoeoNaEe (Ol SKAIRIE: f 0 CRLEL e frapess
space 32. A prearranged: rocess gas i's supplie rom " -g thé process- gas
shower pl ate 20btyo plleesnpr ceessrspage 182 saA ds emaoansitictbambater awd s pl aced
on the nount st%nd 22 arran edtin.the Btgﬁﬁrs ggqge 32 as aE object to be
processed, and i-§ SS5ERt b-Phatg pra %HF’GE%F%%EﬁnﬁI'§ﬁ BV % he
process gas andoffl asie.mixtewiste ggenprradweehbysd e Pl assrapeocess is
removed by a vacuum punp (not shown) through exhaust outlets 12a provided
at the bottom ofefs& JHrPcess chanber 12. 10 In the fol l owing, a description
wi |1 be given of a method prPQQﬁBOFEb@%§§“%6HE¥%THEEBCﬁ§§h6%nerated in
the m crowave pl asma process apparatus 10, with reference to Fig. 2. Fig. 2
is a drawi ng shewicerding consthecihyansfion patdetd oy @bi ehtabys usiecr onave
reaches the pla | tati spac fr t 4. M crowave of
2.45 GHz, for e%gﬁﬁﬁéﬁﬁgﬂhg$§¥eggbgegggaﬁ%g%e ron Qg%éggﬁ%plied to the
sl ot ant enna 14 chiamaugte 1t hreedavegubaera6 iavgd dihied 20g coamiakopiape 28. The

m cr owave suppli%%ekptﬁgﬁ&§lot antenggvl4 k§ evenl% distriguted, and is

i ntroduced i nt o FRE 5 HE e xti PALF SN oY 5adE ™0 2 HroubR thBECEPECtri ¢
partition 18 andhiaimbead asneewxli &avhorgas dhawera Pl ad egdBerahePlpdsisma
excitation gas such as argon (Ar) and kripton (Kr) is,supplied to the

Dl S exci Lati Shodsl ST TP OAF RS PSR e AT TSR DB BHoREr ol at e 18,
As nicrowave iseliRlctaducasbOrt e Bl 2sa XWd ati OFow@se BhagmMasi gnition

occurs, .
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 microwave generator to a process

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

microwave generator.



30 thereby acconplishing plasma inside the whole plasnma excitation space
30. Since the generated plasma acts as an electric conductor, 20%to 300 of
"the microwave will be reflected near the surface of the -10
pl asma- excitati on-gas shower plate 18. The reflected mcrowave will return
to the wavegui de 26 through the plasnma-excitation-gas shower plate 18, the
dielectric partition 16, and the slot antenna 14. 5 The anount (nagnitude)
of the mcrowave reflected by the plasna depends on the density of plasna.
The denser the plasnma densjty. . n.t S CJ [.on 3 he, | ar ger
t he coefficient of reflec?#gﬁtégf gﬁaBb%egﬁéggﬂﬁ%%%%?tfﬁgf%ﬁgs%Et éﬁ%ity,
the 10 snal | er theoeddinfy dicenthof ineéhedbnonrentd i hebheddl Byolisiche
wavegui de 26, thg gﬁtchinq:device 34 is provided in order to send back the
t

reflected wave P 8588t et ehHad 8RS IRGEE VY 2 THeE TG ¥Bnce monitor 36

i's provided neaéhbh@ck@r&ﬂi&flimﬁg EeMp &8 s34 oy ilHi g de k] @868kale the
magnetron 24, and nonitors an electric power of the mcrowave supplied to

the slot antennd®R&raited bPiphitbfsovhECepeREtatPovi? dfPFRESEAci dent

wave. The arranggirbe OfHAtdRl L aged8Y1Ee 3¢ ANGd heerROrhPei §83GRa
monitor 36 is the same as that of a conventional mcrowave plasma process
appar at us. Furthasidg fsiaitderr138c¢ss pebanbed t moabsorhindea r éf Paveagdwave
that is not sent b ; chi i:C oot e enting it from
returning to 2555h3%§a3ﬁé%3§ﬁﬂ§%.&éﬁ?ﬁggéﬁ ?Hgﬁggﬁgﬁéhcg?géséescribed above
can noni tor thegkeneirdenir Waarel hyott heorhagdence lrantitior Béyethefmacr onave
refl ected hy, the nerated plasma capnot be nonitored, The tching device
55 30.1 o prii dB8 T BEEHEEh VT S HEY Senia i 0 LG itk KhecRF ob LaRTENNS. 14,
and the mat chi ngcdavirGe 34 rseduisd baskcapst cofania refl ected wave to the

sl ot antenna 14. Therefore, the incidence nonitor 36 can detect -11 only
part of the reflected waf€IhALIRE RBt t&Entl HHRKE DY t ABSAELEFhFRRNS ce 34.

I'n this enmbodi neRE, 2 eRfdiRCtI Qe FOPET O m4@ row ROV dete bab By thiough the
wavegui de 26 so 5 as to nonitor an electric power of the returning wave,
whi ch is refl ecoedeny telfe Dl heneeseededn t holzshbeekencat Pén space

30. The ref{ect] ni | S Sit r chi Lce 34 on
11sect 90 poni tgh 40 ed,aear Jd) )

its side closerbtosthe S gfeaﬁ%g n%.M%%cgrgingfi,qa t he pg%gg% i on nonitor

40 nonitors thedeekliegt.ed Mavieo bedws ethbti $heemtorbiankr fiygt b€ whechi ng

device 34, there overing all the waye reflected by the.generat pl asma.
Fig. 3 is an ex%g§ggél€réésﬁ?%é?#o%afe¥?8ﬁﬁf§'3?“¥%é%35%h%%?igﬂro he
coaxi al pipe 28mandtbhreny aif apt£snma dénkatiyhe vHredvavieapi AGMALPr ocess
apparatus 10. Fi 3A_shows the structure of the connection before

i npr ovement , aan?FjPl§Bgﬂuﬁ&P??@9s?rB&FﬁW@ ST ARS T ot ctRBnPREPES S he

i nprovenent2.o 200 kN athe eRAiGIPVEYE1 A BSPRaBMAC @H ARBAT at ¢ ggeerdungrto this
enbodi ment, the connecting portion of the coaxial pipe 34 is tapered as
shown in Fig. 3BhPoflelgd it poseebf o Supphéssiong ehes Yl bedi 6 6hea

m crovave al ongnh hemBr QRAGAL1 QA PRL NeoMELB10RIS 1o S OYA SERD: i BB tric
coefficient of reflectiion of the mcrowave is stably suppressed to a | ow
val ue. Fig. 4 ipodecharft tdivowiafyleheedowhivieci ale by afid Eetadninken a

m crowave i s su [ hrguaf, t h ,al pi pe 28 having the connection
before the 30 iggbgggﬁéhggas W%I egggﬁké coefficient of reflection when a

m crowave 129 suppli ed thr Mmgredher coakeamopiipe 2 davi nfr éheesognedt iaon
after the inpro%gg%g%agé(%énékgfggeg§i%Reh%@J%%ﬁ%&éuggggrggg@e%ak%% the
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 is controlled based on the
monitored frequency, thereby maintaining constant
plasma density even under the presence of frequency

fluctuation.



-12 case of no inprovenent, the coefficient of reflection is as high as
about 0.8 and shows poor stability, whereas in the case of inprovenent, the
coefficient of reflection stays |ow at approximately 5 0.25 and stabl e,
except for the early stage of m crowave introduction. Wth the inproved
connection, the reflection of a m crowave glong t he propagation path is
suppressed to a possible mininmum so that 7i'f is 10 the generated plasm

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

enpl oyed to supply nicroquF %Q8£ngglth%n% quf;ﬁ éhgegngktOHE%%_of t he
el ectric power of the reflected m Crowave can e ? anges PR t1e pl asma
15 density wi t hthi ¢gheagdursaty .gdheraubputi sofcarteralefédcbaoadnoni tthre 40 i S
detected by an ghectrhc power nonpitor %& and the detected el ectric power

is supplied to ShCETEAHT IROPUME? L cONEFOL S GGk &ale e Bl 8cEFPEvSHRYT
control 20 deviegeg 44nii%rwtfdegyreﬂekebgoatcmledmﬁ; et eethés REWAR-a@fy a

m crowave supplied fromthe magnetron 24 in response to the electric power
det ect ed by ¥ helRefRedtiadh i ¢ors4ant| RloesHer d@rtstYihe el ectric power
control device 44 controls an electric power 25 supplied fromthe magnetron

24 such that the electric power detected by the reflection nonitor 40 is
mai nt ai ned at aBBE&Fec DASGRIERT EOMNsORNTHEaDRAWINGS: the el ectric power
nonitor 42 detects the electric,p e t t passes
the refl ection nonitor 4039% bhlrggfécﬁgéka§§£:%%ﬁﬁﬁ§ u%2¥gﬂgggﬁﬁ% equal to
one that is retgpnistguariidie svegui deo@viepl asid gotdoasbyappe rgener at ed
pl asna.

10 according to an embodiment of the invention;

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

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 1s 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



-13 Wave reflection is also caused by other factors in addition to plasna.
~Such reflected wave, however, is not dependent on the state (density) of

pl asma, but stays constant. Accordingly, when the 5 electric power of the
reflected wave that is nonitored by the reflection nonitor 40 changes, such
a change can be attributable to a change in the plasma density. In this
enbodi nent, the electric power of 10 the reflected wave detected by the

el ectric power nonitor 42 is supplied to the electric power control device

44, whi ch contrgh%ean%éx%{if €0m§r to.%ﬁe naqietrOE 24 based qn the
density of generared PIAENE 1 hRFeBY SSA RS Ny thet 8FREFPFE fOweS%f the 15
m crowave gener atednparniendregngewings24, miesull ing i ndiARiagnishlw itdat
mai nt ai ns pl asma densigé constant in the plasma excitation_space 30. In

this enbodi ment & & &M TORDRFEGELRG farfs THCEIFPY £ sBHSM3t he
reflection moni HLeb AR ANbIdes 20s eheebridd mPWRS dPNeh5a4Rendn@d t hae

el ectric power control neans 44 controls an electric power to the magnetron
24 based on ?heldyEemitidt- the reflection nmonitoring means. Accordingly, the

m crowave plasma process %@dg9995@59§ égg%%%pgggggéég geggrggggdhqpnt can

mai ntain a constant plasnma density gen m cr owa can prevent
fluctuation of shews dswe ¥y ocksincaused by rrategechambhe pRasmm density,

t her eby achi evi ni.f qQ high.qual i | asma 30 process. Lf the

refl ected wave g%&% %&9%#%%g?@dpﬁgvﬁﬁs%réﬁﬁiﬁfﬁh?é&ﬁ?gFfé 5%F§h§§
fluctuation, it legnaeliasicestal oedakrhat itohe 18 q@Fwveedl aRdBrprMRESS

appar at us ;H)iséiufferin a n?lfunction, t her eby -14 issuing a warning to

an operator- GferdtiTH 1 Lt he? aBparRRaE Xl Bet 2T D7dt FEAFEY brought to

a halt. The inchderee 1PioFi 36adanaeirbetakp\e d st PLovhded iraioh v dor the
purpose of nmonitoring the 5 electric power of the m crowave (incident wave)
suppl i ed to thedsP&PcaR%riRs ThavrersPlefe dlkciiteapodebedpvt KBS nci dent

wave is nonitorgddahavi hge 4 beohnghdeRee JaNidi 36, and, t isughectidiy power
nonitor 46 detect the electric power of the 10 m crowave that propagates

t owards the sl of2astidimateadi umer oghpubrocastedawi tepeer nphiter 296 t hus

i ndicates t LCl0 ied, fe etro ol ddition to the
nonitoring % rhgdlgpéﬁ§§#$?%6§o&é$8g?k§%ﬁe eé%%ﬁﬂﬁé e4a§o escri bed above,
t hi s enbodi nent gehidrazeisng hel otvpatreof the incidence nonitor 36, and uses a

frequency nonitor 48 to detect the freque of a mcrowave_ generated by
the magnetron 24. \Wen a %?5%%§¥ep8?h%2g%¥ﬁﬁ1ﬁdiﬂ%rtﬁéagpé rantenna is

desi gned to suppeess el nef | eeéi RAgak twWaveED 4 SUChy @i @egi 88 eRdS suRt
dependi ng on the frequency of the m crowave that $ropagates t hrough t he

path. Fig. 5 is2@teRad KhoWirguehl duravedwisis 49 2t od eRardéteMidt9 cs in

the case ofz¢ heignpr arrd e 0MREFA ¥ 8IgRYEEIOR PftHdes coOaxi At cAhRE 148 as shown
in Fig. 3B. The post-inprovenent re?[ectlon.charactpr!stlcs shown in Fig. 5
correspond to aPé&s€s Fhfned dese gfipd eddd & uat ekt Bont 6 nrRdnithe

reflection at Zpﬁa@ﬁ%—é%bf%KWWbﬁﬂggkgshd%eﬂfﬁié%5”£é0£8”5e0f
post -i nprovenent reflection assuneS its mnimimat the designed frequency,
and rises sharpliptiyefdoraedinthaf t thet héades graritatiidn 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 1s supplied from



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 20.

" If the 5 frequency of a microwave has fluctuation, the reflectance of a

m crowave path changes significantly, resulting in a change in the electric
power of the m crowave supplied to the slot, antenna 14. Thereby, a change
will also arise in plasma 10 density. In order to estinmate plasma' density
according to the electric power of a reflected wave, thus, it is necessary
to accurately itar. i r e i V, e for
the change in Pﬁgbe ggf?ﬁ%i5§§£rQﬁ?“?Eegﬁgk%£§¥§dﬁﬁ5§@53€r?ggﬁﬁfﬁﬁg rom
frequency fluctdati o demidosdenbodi werfier thel o reuead yonohheomoddi tdet ect s
the frequency of _a_mc¢rowave. |f . the tected frequenc | ls outside a
predet ermi ned r 8FG&S 2%Mﬂﬁﬁ?ﬁﬁ%%ylﬁeg§§s&£?%?§ﬁ:%P%%%rg?o?? 6 20 the
apparatus may bebheeughio the aphatéssAlt eanat iivelsubidetéaeqguenay of the

m crowave generated by the nagnetron 24 may be controlled to be constant

based on the® dePé@BF MIQfRHEYICAPTRLIASOFeRY He Poareds FRE @8t ed 25

lines in Fig. 2p1h@%aﬂfe@93ﬂ§ﬂsge&§§tFQoQ&;&HﬁlajeﬂﬂgnﬁYaHHQi @b A& dmay be
supplied to the electric power control device 44, thereby controlling an

el ectric power £6 tle& ¥ oh PachuBedvsw tle detlerteld thequehcy. 30
Narmely, since tQﬁhfa%fslteg@ﬂﬁp%%hf‘f'geﬁrb@ird%%p%etfﬁé) BQEtI)JnUB?fU% icon of
frequency, a change in the reflectance resulting fromfrequency fluctuation
i s determ ned befrocelsandhdmmeghl2.-16 conputation or actual neasurenent,
and the electric power of 1 Cro is controlled in such a nner as to
conpensat e%T%r a change inﬁ% %h‘?eﬁ%ég%’&@&' t%e(:}'eesbilmr(% b?ﬂgw&%rigtbaent t he

pl asma density phavihe oFf pl aseehedcobEatbork rapaceB0thd hp 5a sRkepriclcezassi bl e
to conpensate through the control of an electric power of a m crowave as
long as the fref(éf P 9 ctuat f oMt GF PY Wit ﬂﬂlr‘?s;i“ é?‘f%‘?‘ﬁsfaﬁﬁB?rlaﬁélrseby
elimnating a nged farcy he rBLOREE0R24110 provimey a 405 hi ghhyaagey ate
frequency. Mreover, if a frequency change falls outside the predeterm ned
range, a marninShP§HQ§nRﬂ?cﬁO%ﬁ§rBS§#8Pi@ﬁ(ﬁ H%ﬁba%b%ﬁgtwblF§ I8r ought to
a halt. If fde frequency change.faths Wlta!%'n% te 12, Pf §HELFLRENSQ T ange,
the electric power of the mcrowave supplied by t%e magnettron 24 is
controll ed to adjrest the mhgr¢tyonf 2denerated plasma to a constant |evel.
Nanely, if the frequency : 1 CI e s li.ed b h tron 24 falls
within 20 a smal |l range, 3%%g5§%§ggﬁ§§tzdﬁggﬁhg 'ec ?%cgﬁgﬁg?%df t he

m crowave can ngefnkaiatddawetiset yaghegener 2&4ed Pplaspml Aédateondicant | evel .
In such a case, iontrol i S agﬁ ied to the electric ggmeé of i, Crowave
generated by th&RegREthgHa ch?t RRT8LEAEr U5 HitE 91 +¥de né®t fBGUEREy of a

m crowave sappl cedxh it el gagnet r onh24mshaowwaa d adgepflegt uat icde, ditot s
ascertai ned that the na%petron suffers a mal function, or a mere adjustnent
of the el ectric@p&R@Paofl 4ri & oWaGR L EuPFpEY TP HAD s 3R cf nt PES ORIGR%I n a

30 constant plasprodens tpradhe RELARLABOTsJN& apPatRlysghs thiken brought
to a halt. dielectric partition 16 and the plasma-excitation-
gas shower plate 18.
25 Plasma excitation gas such as argon (Ar)
and kripton (Kr) is 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



In this manner, this enbodi nent provides the frequency nonitoring neans
comprised of the -17 incidence nonitor 36 and the electric power nonitor
46, and the electric power control nmeans 44 controls the electric power of
a mcrowave supplied fromthe magnetron 24 based on the output of the
frequency 5 nonitoring nmeans. Moreover, praqvision may be made such that the
el ectric power control neans 44 controls an%l ectric power supplied by the
magnetron 24 based on both the output of the reflection nonitoring nmeans 10

and the output of _the frequen nmonitoring nmeans. In.this_case, the control
of plasnma densi%&%%?%ﬁfeé%&ﬁgyggcgﬁgtgbﬁﬁﬁﬁﬁéﬁ%ﬁﬁ %éPLIE%@ILITY 15

According to theefliverttddmitheweabectiild pewarrofta ther euavguielfd exd ed by
generated plasma is detecte s descri hed above. The refl ectance of plasma

d
reflecting a m ¢ oS B2 pPESHE adert 1925 | $RPBPF od attRatl & he

noni toring of thec2@ialesdticcppuh 1@fich ref | esh@dLWav e 1ROV Pesnf 9r 1he
monitoring of plasma density, thereby nmaking it possible to control a
pl asna process &€ OB posagvi tHER) ePifn %Ubﬂ?h%¥0%¢&§n§eéémﬂﬁ%ﬂ I

particul ar, thegleehrdgp eRbs ol FHANVRNE, St lén_edpP%s}nge. Zg‘ht%l asnma
generator is controlled based on the electric power of "the refl ected wave,
t her eby nmai nt ai diemg egongteant 1 ptagndedengivt yn Miregvkasmé hexndmiattdramg of

(reauency, of 2 SEGRUSAE, 9906T 2Ledab e ez aNLs, 0°P 2L oTRkey 0 1
fluctuation. |nipartanculdte ldesetenteirc thewarl sinppl deds by yt henhel asma
generat or ifbcog%éqhkgg1:%§egoggfgggent 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 the

15 matching 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 1is provided between the incidence monitor 36 and the
slot antenna 14, and the matching device 34 sends
back most of the reflected wave to the slot antenna

14. Therefore, the incidence monitor 36 can detect



-18 nonitored frequency, thereby maintaining constant plasnma density even
~under the presence of frequency fluctuation. Furthernore, the electric
power supplied 5 by the plasma generator is controlled based on the

el ectric power of a reflected wave and the frequency of a m crowave,

t hereby achi eving further accuracy in maintaining constant plasma density.
10 -19 CLAIM5 1. A mcrowave plasm pr06é§§ apparatus for performng a
pl asma process by plasnma that is 5 generated by a m crowave, characterized

by conprising: a_nicrowave generator.whic enerates a, m crowave; a process
chamber for acc8ﬁﬁ%d§ﬁr %ﬁ Q%@oﬁfgéﬁcﬁgg MR LT t by pP8&n8ePitocess; a

wavegui de whi chpguikdes, tthee mLtomang geraiat edi by said mcrowave gener ator
to said process chanber; and a refl ected-wave nonitoringlunit whi ch 15
nmonitors an el ectric powerl®ftRisepPBediandve & neRflactépnedead oy pl asna

generated in saig rzrs,omiccl@@b@élfaaKT%r@u@rrpw& WL 3SHB1 BEOSES S0

apparatus 20 as clained in claim1, characterized in that said
refl ect ed-wave ASnitomang i tan nel adésicaposfdrectf opheonetorniiach i s

provided in SalgaW@Ye%Wf%ﬁ fgukeflected by the plasma generated in

the plasma excitation space 30. The reflection

monitor 40 is situated near the matching device 34

on its side closer to the slot antenna. Accordingly,
10 the reflection monitor 40 monitors the reflected

wave before 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



an el.ectric power nonitor which detects 25 the electric power of the
~reflected wave nonitored by said reflection nonitor. 3. The m crowave

pl asma process apparatus as clainmed in claim?2, characterized in that said
30 wavegui de has a matchi ng device for sending back the reflected wave to
sai d process chanber, and said reflection ngnitor is provided in said
wavegui de between said matchi ng device and '€ai d process -20 chanber. 4.
The m crowave pl asma process apparatus as clainmed in claiml, characterized

by further 5 conprisi an electric power.controlling devigce which controls
an electric pows S?uﬁ%?fﬁﬁ'H@pE%Yﬁmﬁﬁgroﬁ%V%cﬁ’ %ﬁg#nBaggd on the

el ectric power ekfilkediefd ecd eds Wavghodkpuabirtorn s shd eshewkegowave
nonitoring unit. 10 5. A mcrowave plaspma process apparatus for perform ng

a pl asma proces§ SBPidiiddva WHEe?E §BnEPSL S of MR BEWATBE Ehard eri zed

by conprising: &ge& ficGlavsr 9e8e1 8L 0K owhisth aenesat 26 élpgifs&%%\e%;lya
process chanber for accommobdati ng an object for treatnent by plasm
process; a wave§uide aRe &t eleserherii éodwdhe XRyyenhep beed bY sai d

m crowave genergtar. | é%”fké%&@?é?'SH@Uber; and a frequency nonitoring
unit which detects a freguency o0 fie i cr owave generated by said m crowave
gener at or. With the improved connection, the

reflection of a microwave along the propagation path

is suppressed to a possible minimum, 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 accuracy.

The output of the reflection monitor 40 is
detected by an electric power monitor 42, and 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 magnetron 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.



25 6.. The m crowave plasma process apparatus as clainmed in claimb5,
~characterized in that said frequency nonitoring unit includes: an incident
nonitor which nmonitors an 30 electric power of the m crowave supplied from
said m crowave generator; and a frequency nonitor which detects a frequency
of the output fromsaid incident nonitor. -21 7. The m crowave plasma
process apparatus as clained in claim®, cHaracterized in that said
wavegui de has a matchi ng device for sending back a 5 reflected wave to said

process chanber, and said‘&ncideng moni,t or ,i s provided ia %aid w@veguide
bet ween said matching devi%& anfeEaFE SOty oiave! Hene?f BEBFH. PY0dhefhe

n crowave pl asngapreuessi apdd at UsnasoCaiamt i N $hah M &f1ebaeacterized by
further conprising an electric power controlling device which controls an

el ectric power SQWSViSed f%%n‘i%%?ﬂeﬁ?eﬂﬁ\ﬂévé’rb% ARt paseansa te of

frequency detechedskia byo @i ghdySAUBASY RN t Ad A W E1y D wAH THANave
pl asma process apparatus for perfornmng a plasma process by_plasna that is
generated by’ a Ril€CHrae Pter aefeEheed ey exr-ashripavsi Blgatalifdi cr onave

gener at or “hiChm%%@%&?éﬁsEyr%ﬁ50¥@¥?éction monitor 40 changes, such

a change can be attributable to a change in the
plasma density.
In this embodiment, the electric power of
10 the reflected wave detected by the electric power
monitor 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 30. In this
embodiment, a reflection monitoring means is
comprised 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 uniform and high quality plasma
30 process. If the reflected wave that is monitored by
the reflection exhibits a large fluctuation, it can
be ascertained that the microwave plasma process

apparatus 10 is suffering a malfunction, thereby



a.pracess chanber for accomodating an object for treatnent by plasnma
process; 25 a wavegui de whi ch gui des the m crowave generated by said

m crowave generator to said process chanber; a refl ected-wave nonitoring
unit which nonitors an electric power of a reflected wave that 30 is
reflected by plasma occurring in said process chanber; and a frequency
nmonitoring unit which detects a frequency'?ﬁ41:he m crowave generated by
sai d -22 mcrowave generator. 10. The m crowave plasna process apparatus

| ai med i l.ai m.9, ch terized by further 5 i Si I [
power cont ol | | g UEVI%E WHFER- BENEPORS SPYICRT1 o bbRePPERRHRH T om

sai d nicrowave gerelaigdrdesedman bhe AlweohdtccROMWr bebudie: redl gchedtwave
output fromsaid reflected-wave nmonitoring unit and the frequency detected
by said 10 frequency nonitBrEnyRGAPERCEL MOR % ndb pRBEESI PESNEIVE ng

met hod for treating @y O &Cha bY1YS¢ ol tlaPR-Adal L5 HENSHALEH P 1k

m crowave, characterized by 15 conprising: guiding a mcrowave generated by
a mcrowave YenEl&CHT id rReYebeeds thkaiarr awrtrighi achderguivdeedo as to

generat e plasm jngjde Fai g PrOCEES ChAMSHia 2ndr20: MDD tRRLNG 130 ) g8t i ©

power of a
power of the incident wave is monitored by having

the incidence monitor 36 and the electric power
monitor 46 detect the electric power of the
10 microwave 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 monitor
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 microwave 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 characteristics 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



reflected mcrowave that is reflected by the plasma generated in said
process chanber. 12. The plasma process controlling nethod 25 as clained in
" claim 11, characterized by controlling an electric power supplied fromsaid
m crowave generator based on the electric power of the reflected mcrowave.
30 13. A plasma process controlling nethod for treating an object by use of
pl asma that is generated by a m crowave, cHatact eri zed by conpri sing: -23
guiding a mcrowave generated by a m crowave generator to a process chanber
t hrough a waveguyi de so as L gegﬁrzte pl asma i nside said process chanber;
and 5 monitorin %§QH%ﬁﬁ%w.§- f“tAé 'ni crowave generated by said m crowave

generator. 14. The pl asma pfiogensraant meld iNgedqeéheod ag al aiedwav<! ai m
13, characterized by controlling 10 an electric power supplied from said
i crowave gener SEHETFHRY B # hB2PREGESRCY DM heS i @FBRESES - 18P ITHE D] asma

process control Li ng y@thed; a5 gkahgpqoflﬂgggl g 13,5 charagker Péed by

controlling 15 the electric_power he m crowave supplied from said
m cr owave géﬁeréﬁ@qqﬁﬂﬂﬁiQﬁl@h@lﬂF@a@Mﬁnb%ﬁ ﬁ¥ﬁ?ﬁﬂ%té@avethﬁ frequency

fluctuation of %@% e, fall § \glrgwaq,ea&pggge&%%ggd range, and

st oppi ng treatnent of t bj ect f the fre uency uctuation of the
m crowave falls somﬁjle:altm:foredeseﬂmmn@d maragechahﬁgeAlpl ahﬁaerireonas:sc

control ling nethod for ati ng an_abj ect b at S
generated by a ﬁquMﬁve e%%a?%%%@VF# 1§C?ngﬂ1 gtird Snt%ﬁcromave

generated by a m4cr owavee geper, atorcHange pﬁi)rbssmbaaberset hrroqg]ramavaveguu de
so as to geﬁgrate pl.asma i nside said 30 gropess chanber; nonitoring a

frequency ofYt h&shitriohave §Bn8F&SH 18 ?HmﬁF8r8%é§@ag@ﬁ@ﬁﬁYﬁ; and

according to the electric power of a reflected wave,
thus, 1t 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 frequency monitor

48 detects the frequency of a microwave. If the
detected frequency falls outside a predetermined
range, 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 monitor 48 may be supplied to the electric
power control device 44, thereby controlling an
electric power to the magnetron 24 based on the
detected frequency.

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

fluctuation is determined beforehand through



noni t.oring an electric power of a reflected -24 mcrowave that is
reflected by the plasma occurring in said process chanber. 17. The pl asma

" process controlling nethod 5 as clained in claim16, characterized by
controlling an electric power supplied fromsaid mcrowave generator based
on the electric power of the reflected wave and the frequency of the

m crowave. 10 18. The pl asma process cont Foif I ng nethod as clained in claim
16, characterized by controlling the electric power of the m crowave

lied f based on the el of th
e hect ed wave: SR 11 OHuhCICor EnB P U Buet I FREGEORy i

fluctuation of thedd gowavei fabksve LRI ’Roh i Edes@r Thnedchaldéa it
stopping treatnent of the object if the frequency fluctuation of the
ni crowave falls28utt§l FOMRRP PP BBef @FnPn&danidRyelt Jbhe pggAlectance,

A9 ACA AN AL A AR AR A e db Mg AeBnALaA AN P s e Y4SBIRIRE, 19 p@
CPT/ 3~ytoj e []ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalc
a] ca] ca] ca U%cA@]l@ﬂn@a]wU}%‘ca%aF@a}:@Ré BKEWIEERakes StppPeFEiibsdy )
W +~ytoj e Yto compensate through the control of an electric

power of a microwave as long as the frequency
fluctuation falls within a certain range, thereby
eliminating a need for the magnetron 24 to provide a

10 highly accurate frequency.

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. If 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 plasma to a
constant level. Namely, if the frequency of a
microwave supplied by the magnetron 24 falls within

20 a small range, the adjustment of an electric power
of the microwave can maintain the density of
generated plasma at a constant level. In such a
case, control is applied to the electric power of a
microwave 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 is 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 freguency monitoring means comprised of the
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00/ﬁﬂq&-'() SY 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 monitoring of the

20 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
of achieving optimal plasma density. In particular,
the electric power of a microwave supplied by the

25 plasma generator is controlled 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, the electric power supplied by the

plasma generator 1s controlled based on the
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a waveguide which guides 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 provided in said waveguide

between said matching device and said process
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monitoring unit.

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

a process chamber for accommodating an
object for treatment by plasma process;
a wavegquide 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 generator; and
a frequency monitor which detects a

frequency of the output from said incident monitor.
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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 by 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 unit which
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
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5 comprising an electric power controlling device
which controls an electric power supplied from said
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 microwave, characterized by

15 comprising:

guiding a microwave generated by a
microwave generator to a process 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:
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process chamber and
5 monitoring a frequency of the microwave

generated by said microwave generator.

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 process controlling method
as claimed in claim 13, characterized by controlling
15 the electric power of the microwave supplied from
said microwave generator based on the frequency of
the microwave if frequency fluctuation of the
microwave falls within a predetermined range, and
stopping 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
wavegulde so as to generate plasma inside said
30 process chamber;
monitoring a frequency of the microwave
generated by said microwave generator,; and

monitoring an electric power of a reflected
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in said process chamber,

17. The plasma process controlling method
5 as claimed in claim 16, characterized by controlling
an electric power supplied from said microwave
generator based on the electric power of 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



