;e3e]Z | @6fT<F @ 1 M CROMVE- EXCI TED PLASMA PROCESSI NG APPARATUS of THE
| NVENTION 1. Field of the Invention The present invention relates to a

pl asma processi ng apparatus for manufacturing sem conductor devices. 2.

Rel at ed Baekground Art Conventional techniques of radiating a m crowave
froma mcrowave antenna and irradi at i_nglprocessi ng gas with it in order to
generate plasma thereof and cause the 10 generated plasma to act on a Si
substrate for nmanufacturing sem conductor devices for a predeterm ned
processi ng oper atiﬁ? W@#}g tilizes a nm.crowave wavegui de

provi ded with one M€ }F&%mﬂmﬁﬂm& a

m crowave to a disk provided with coaxially arranged slits (see Pateént
Docunent 1: Japanese Patent Application Laid-Open Publication No. 9-129613
and Patent Docunent 2: Japa ORO6 ' i Lai d- Open Publication
No. 11-111620). FIG 1 of t%gag‘g:%orrpanyl %’éﬁﬁawl ngs |FI ustrates a

conventi oral Meldrafthedneehtisaa that i s described in Patent Docunent 1. The
m crowave antenna rnnprises a wavegui de A that has a bottomB and a

refl echi on surf dde present prientioh relatasdo B plagns prodelsing gppatadubirt om B of
wavegui de A so as to show a profile with a width that is 2 0 narrowed

st epwi se tiBMRECLEEEssmieRndusterfiaisesSC of the wavegul de A in order to allow
the reflegje v efl ected by the reflection surface C and the incident
wave to p%dgzce\ggté’%uérﬁwmgéydm hesi zed wave. FIG 2 of the acconpanying

drawi ngs il lustr, 52k 0 (W) e Redvhldh ahte
described in Pat(g;rﬁ%é%ocuneqﬁh@@}éf&i S a&b%g}'%lg&}e@r%ﬁ? otgr;llg1 an%taa%?%.naThe
radi al | i nedsheli-ainkerecesiihgppewiden imbider o perdigte Kisao Wéradf ahPénRR RS
slots E and the circularly polarized mcrowave generated fromthe slots E
i s i nlPoduweseratest Plasmaie aciarch &hidstate fos mamufaoturing semivandictior deyitendoma by
nmeans of the electric field of the m'ér wave, The_inventors of the present

i nvent i on PIESSIETRed PLossrane SReatinnangude PR Hiptayilizes a mictopyave saveguide ons

of Pat ent apd raie e h erform.i,n an
experi mentt %Hé@%@tﬂhcq’%g‘n %ﬁe exg’g'rglh qé‘n‘%‘,& t{}fer%\/\cliaa t%gﬁon%&\t[vﬁ[ﬂ"%‘%vﬁé? ﬁrgmk
antennas GAhviB&l f#ith\@Axihly QRAMAEE BB |(3ee Wakdtt Dot QWIRp&SSH PardANge and a
narrow applicable electric power range for nornmal electric discharges as

shown i n Pglipliestich baid-OpdrePublicalieh Nes 941 2896d 3 2insiuPavedt Dycishenwt 2: Dlapanesss t s of
t he exgeri ments obtained respectively b ua}&‘rﬁ a mcrowave antenna

accor 4P ng RegerpipalicattselaidrPpen Bullicgtign 188Pknna according to Patent

Docunent 2.

>}

FIG. 1 of the accompanying drawings illustrates a conventional microwave
antenna that is described in Patent Document 1. The microwave antenna comprises a
waveguide A that has a bottom B and a reflection surface C. A pair of slits D are cut
through the bottorn B of waveguide A so as to show a profile with a width that is

20 narrowed stepwise toward the reflection plane C of the waveguide A in order to allow the
reflected wave reflected by the reflection surface C and the incident wave to produce a
uniformly synthesized wave.

FIG. 2 of the accompanying drawings illustrates another conventional
microwave antenna that is described in Patent Document 2. It is a radial line slot

25 antenna. The radial line slot antenna is provided with a number of coaxially arranged
slots E and the circularly polarized microwave generated from the slots E is introduced
into a vacuum chamber so as to generate and excite plasma by means of the electric field
of the microwave.

The inventors of the present invention actually prepared antennas according to
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processi ng appar at us
bl e el ectric power range

| electric discharges by using slits cut through a rectangul ar
wavegui de and having a profile that allows the electric field and the
magnetic firgld 1pf mcrowave to be formed uniformy right below the

lLaw. an m.-oraawua

1L

Aecaor.di

m Cr owaV e—-Ri=adusti-ngw-rdewbel-ow—anJra-cewaye—ant-enpa—ibAecorgding—to
t he present in@@ﬂ?ﬁbﬁzdFﬁe aboye objge?aof the i nver@idn is |achi QV6d by
provi di nga nig?ﬁﬂ%g B -ted—plasraprocessi-hg—apparat us—cgrpr-siag—a
vacuum c er hati%dtWan apertiire forgbd throligh-a t&p waliltheredt—a
. g . < !

processing table zles’r@fgpd bel oy sai d Q)prturp to hol® a siubstrate o be
processed t her eonld&¥Wa ni_crowave i nt£dduci ng|w ndowXarrangdd above_sai d
aperture jof the td@ k&I | so asito 2 Oxmintain the i Kside of| the wacuum
chanb

vacuu

chanber t ogiRi Nt@ Pdidatdg MRS HoPmaPRECtRc

and in contact with the m crowave I ntroduci ng 25 w ndow,

anber ;

Wﬂaﬂ%

ﬁb in vacuum a gas supply pipe for supplying processing gas into the
ch an exhaust system for exhausting the inside of the vacuum
gui de arranged on

t he rectangul ar

wavegui de havi ngxaindiatdsthhat f nennabéle g dtbchargeand xatl dibived betatsewEatlargkhe
traveling direction of the mcrowave in the rectangul ar wavegui de,

char act er i =8ectediwabat four slits are provided on the wall
is held in contact with the m crowave introduci ng w ndow,

t hat

each

fo t
per pe;idal c
m cr owave
each of t

of

t he wavegui de
the four

slits are arranged al ong the respective four sides of a quadrangle, and
hﬁhﬁ%%ﬁs is extended either in parallel .- 4 wth or
arly relati\/p'tnfhp M Ccrowave prLogr i i ction In‘n
L exci tepaligd eleetEicpr ocessi ng #PPar at us accorﬁgﬁﬁ to the i R*ERAtion,
e sl PPWel{RUeSSHTS| | | pjc
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20

N.B.:

O indicates that a normal electric discharge was allowed.

X indicates that a normal electric discharge was not allowed because of a large

reflected wave.

The reason for the narrow pressure range and the narrow applicable electric

power range may be that a large voltage standing wave ratio (VSWR) of the reflected wave



In a mcrowave-excited plasnma processi ng apparatus according to the

I nvention) 5 the center of the slit |ocated closest to the term nal plane
of the rectangul ar wavegui de may be arranged at a position defined to be
equal to n/2 (n being an integer) of the wavel ength (1>gE of the m crowave
fromthe termnal plane in the rectangul gr wavegui de and the center of the
slit located at a position opposite to the slit |ocated closest to the
term nal plane wavegui de may be arranged at a position defined to be equal

to mM2 (m 10 being an integer) of the wavelength (hg) of the m crowave from
the slit |ORARPEFYLLYEVE ?‘Wé“!’e‘i"rﬁ%‘é‘l‘b"&l‘%ﬁ% qlw%rww&\p drlgunf apicrowave
wavegui de., I n, g m ¢cronwave-excited pl as ocessj ng apparatus according to
t he invent%ﬂfsar?‘t’l‘égﬁﬂﬁﬁb‘sﬁyi ew%&%mvv@%y%@“ 'itﬁ‘@d to equal
to k/2 (k %ﬁqygn ehghgﬁ%t Q‘:ff?ﬁ%'(? i ﬁél&ggﬁpn&gzﬁlm% u{tpoed\.{grg W% Helbw
vacuum 1 n a mcrowave-excited pFasna processi ng apparatus according to
the i nventd QRerokiife ditehudd 84 HedcritRN B9 ol Patdi DdRidnt | Bnd 2viidHelétmiRbeNe
arranged in the rectangul ar wavegui de perpendicularly relative to the

pr ogr essi rigy sthnaeidron Agfa fel@lt,/Tocil @oAvE iAok AR dwWmiredthes bf elediviispmarie and
an mcrowave antenna is fornmed by formng four slits through the wall of

t he waveguiseweed fdund asshewotin@lGs. SASHIXG apd 3P v FISH A dBuwAGdod 4Bhe 2
0 four slits being arranged al ong the respective four sides of a

guadrangl e, each of the slits running either in parallel with or
perpendicularly relative to tdwmit neCoul BREFPIg direction. Wth this
arrangenent, it is possible to reduce the VSWR and obtain a | arge process
mar gi n. 25 BRI ERnDESCH {HElabivéid entifteDRAMINEISN it 18 therefors tHeastiddt of the
transversal cross sectional view showing a principal part of a conventional
m cr oddive presertiavenbGto provides gitromave-exgiedrpladioapoinessing appaahsy showing
conventional ,m crowave antenna; . G, 3Ais a schenmtic craoss’

- 5, .
secti onal w&mﬁﬁwrﬁgmwwa@%@%m‘%ceg W%E‘RW & ele¢iignna of

FIG 1 obtgai E}gg . : C t] R,EEJL- ] ﬁ{' f e
m crowave an enﬁ%ﬁg %s&gt%[éﬁghn%t#é%ﬁt}gtrat oﬁLs §WI ng %%Q’%gtr'\%?i C
field ri ghindue thweleBRidfield 8Ma Vige indjphelifdld of Miidoewroial i BRtded andofelydeht of
an el ectromagnetic field sinulation of the conventional m crowave antenna
of FIG 1;bdé¢wathé&Biirowavsisieduring windew belest an mitrowayganiomang t he el ectric
field of the known m crowave antenna of FI G .1 obtained as a result  of @n
a

el ect A8magnet i ¢ Agcerding fnthepressntaavanien piheabre ebigsl o the nveptien s acksve
h tic jllustrati f th ic field riaght h ]

ot roduct ) B B BRa e Rl iatn iy lep e ShlpRallel LD €

si mul ati ong hhf AARBELhLARAG hnBpeHANRISPmRA HRRRGEHX top! Wall &ier@;,g pfhedsing

schemati c cross sectional view sraf?ovm g the magnetic field of

convent i onableargdmsd \telamnssa ppediirdtothol@ achibairatdtods: @roresud thatoraand a

el ectromagnetic 15 field sinulation of the mcrowave antenna, FIG 4B is a
schemat i ¢ Mitrawayeinizedusinarrindem grereed pheyesaid ppertursafshr tapewall so as to

20 maintain the inside of the vacuum chamber in vacuum;

a gas supply pipe for supplying processing gas into the vacuum chamber;

an exhaust system for exhausting the inside of the vacuum chamber to maintain it in

vacuum; and

a rectangular waveguide arranged on and in contact with the microwave introducing
25  window, the rectangular wavegllide having a terminal plane arranged perpendicularly

relative to the traveling direction of the microwave in the rectangular waveguide,

characterized in that four slits are provided on the wall of the waveguide that {s held in

contact with the microwave introducing window, the four slits are arranged along the

respective four sides of a quadrangle, and each of the slits is extended either in parallel



m crowave i ntroduci ng wi ndow obt ai ned as a result of an el ectremagnetic .
field sinmulation of the conventional m crowave antenna of FIG 2; FIG 4C
is a schematic cross sectional view showing the electric field of the 2 0
conventional m crowave antenna of FIG 2 obtained as a result of an

el ectromagnetic field sinmulation of the mcrowave antenna; FIG 4D is a
schematic illustration of the electric féeld right bel ow the nicrowave

i nt roduci ng wi ndow obtained as a result of an electronagnetic field

simul ati on of the conventional mcrowave antenna of FIG 2; 25 FIG-51is a
schemat i ¢ withhespsipendionaklyrelgtive trothiemyicrowayeiprdgnessitg direttiven. pr esent
invention; FIG 6 is,a schematic plan view showi ng a m crgowave antenna that
is a principal parmisfoways-exaietiplrema nopeasping spppratue ageonding i thetnventon,

FIG 5; FIG, 7A,is schemati c. cross sectional view showi ng a magnetic
field of t%&hoﬁﬂ‘e@hwg?ﬁeﬁ%l@ ntenna of FIG 6 obtained as a result of -an
el ectromagneti c fi.el d ﬁ.l P}!I_ ' Rl Bﬁ A1) %E Fggg'd- I Bo1s:
schematic ill pstIIrlgﬁnon 0 te%g&%;gnetfa e g\rﬁﬁéﬁﬁgé ow t h tﬁﬂterlgvmé/ar\ﬁlleo%’

i ntrodyci Rge M-idpPY Plisht PR TlesOBtht t@hiARl MhEEH B8FeRAhEAaF Wabdmide

simul ati on of the mcrowave antenna of FIG 6; FIG 7Cis a schematic cross
secti onal maehe afrabhel & ®£pbddition Hedred] tofbetda@ahioos (Meviseing ba in@gaf ofthe 6
obtained as a result of an electronmagnetic field sinulation of the |

m crovave varelEnath (hanef the Gicrpprays fignsBiednupivel plangde the restrosrlarieveseder i c
of Can el oervbinater o el KEAfest Sk BHAAE a1 SR MRl ety B
DETAI LED RESGRAMHaGR Wbediie BRI JeNBER MeibrNfibinel 16 bRleRSSND nh /@A 1 ON

wi |l be described by re?erri ng to the acconpanyi ng 15 draw ngs t hat

i | | ustpat eengieheegeeofaib adverengthdhg)ioh éhd myetivhvntromhl the sbt jobhtdd cloaéizoa

m crowave-excited plasma processi ng apparatus according to an enbodi nent of
t he presertheiterminel plane Rethemectagglor Ma@gidde.r ef er ence synbol 1 denotes a
vacuum chanber) whi ch vacuum chanper 1 has an aperture 2 formned t,hroutgh a

top wal | ther eofli aAnisFoyRasEsXRHedP recepsing 2pparatis gepqrdingdo on,
hanb 1 | 2 jy 1. i t, i
Pt o R rlot s BRGLch i En€ it RaPREhdd-R RRAGH e/ o AP of |

processed ths “awa’umg@lf(g& of Ofe P @G HvaBgusmeM conduct or devices in this

enbodi ment. The processing table 4 has a heating nechani sm and an _

el ect i6st at i ¢ adserpicovavesxcied plasagirhcdssinggpppetatul eprdrding to ftee invemntitem,

t hereof so_ that the object 3 of 2 ,Sgior ocessing can be heated to a

pr edet er ni thedeqtangianyareguide]s preyidel with pdrangel RYRs Srrapeg Hbthesegapadatim

exhaust s y‘gé‘%rgmfd% rpe%e%%&’c%ér%grelaﬁvc to the progressing direction of the microwave in order
to reflect a microwave and an microwave antenna is formed by forming four slits through
the wall of the waveguide held in contact with the microwave introducing window, the

20  four slits being arranged along the respective four sides of a quadrangle, each of the slits

running either in parallel with or perpendicularly relative to the microwave progressing
direction. With this arrangement, it is possible to reduce the VSWR and obtain a large

process margin.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic transversal cross sectional view showing a‘principal part of
a conventional microwave antenna;
FIG. 2 is a schematic plan view showing another conventional microwave

anterna;



the inside of the vacuum chanber 1 to produce vacuum therein and

mai ntai ning the internal pressure thereof to a pressure |l evel adapted to

t he operation of processing the object 3 of processing, and reference
synbol 6 denotes a gas supply pipe for supplying processing gas into the
vacuum chanber 1. The vacuum exhaust system 5 is forned by conbining a
turbo nol ecul ar punp and a dry punp and vari abl e conductance valve is
fitted thereto so as to nake it possible to exhaust the vacuum chanmber 1 at
a variabl e exhaust rate. During a processing operation, a desired gas
pressure |evel d9f- 3Apeassherpalivenesy sectisanl vew shewbgithe magnetio fieldoifitheg

both the gxhaust .rate and the. w,rate,of processing, gas flowing in from
t he gas sﬁﬁ’ﬂ“?“ﬁf‘ﬁ'éwﬁveﬂ%ﬁ?’e‘?%ﬁ{ﬁb% PhtPIaE &R ARt W?lel"g"”é’r"ﬁaﬁﬁé'g@%bove
t he apert%ﬁuﬁﬁh&@ﬁeﬁﬂa@wﬁ%aﬂe‘eﬁge vacuum chanber 1 with an annul ar seal

menber 8 di sposed between themso as’'to maintain the inside of the vacuum
chamber 1 in vawGsBTHa sthahatelskation shoskig tRg nYighdawhidd SehttdRwofhe
quartz in the illustrated enbodinent. In FIG 5, reference synbol 9 denotes
a r ect anguhizrowavedytrodiecihg wimdpva obtairsxlchsem cestiltatf anpdecatonsagastic ftldect i ng end
10. A flange 11 for connecting the wavegui de to sone ot her waveguide is
arranged dEmiladionnf tpernventions migrowave|aatennapeidild: 10 of the rectangul ar

wavegui de 9 so t _a.wavegui de may be conpected tp it in order tgQ transmt
a nicrowave fro%ig' ?gl?na Faoee B‘E’%ﬁ?e?(?ﬂlajg%e‘(’ﬁ VEMD )":"“”F‘F\‘ég?"@(‘,’fgl'?gul ar
wavegui de 13 o REQNESRAaith 81 Fid. G Within ' ' nge 12
is fitted to the vacuum c%ﬁ%efﬁg (t;l;ﬁ my%%ﬂ%ﬁe%ﬁ%ﬂ%%ﬁ?ﬁ% |%Cérr4é%ber
13. The patmhubidftichke theidiabwabe dfiennact angul ar waveguide 9 that is held in
contact with the mcrowave introducing window 7 is provided with four

el liptPc slits FAG 3R ipapseherpatic Hystgtion ptths electricfield right hgowdle micrpiwave

m crowave .i pt roduci ng. wi ndow 7 arranged .aboye the vaguym chanber 1. As
Shown | n EPEOSHCIE HEeN, phefedasm el of AR mAesRlC A s iaf 1% des

of a rect i ﬁ‘?%“’tﬂﬂi tﬁgHE i.formel ectromagnetic field, by a

m cr owaveq%%{rﬁﬁéﬁggr ace o0 2{1 e mgg?lo(%/\l'g\}e i ntroducing window 7 in the
vacuum chanmber FIGThASs a 8cHirGAY@68s SRtRARRYIEW shewfRthe inddHetic Wl of$he The
maj or axis of each of the slits 14 is defined to be equal to 1 /2 of the
wavel engt leofivérsionat mtidrewave anteane of RIG.Etobtrinedidsia telsiallt ofl pnahsréoanignetidie

m crowave enitted fromthe m crowave antenna proceeds to the outside of the
rect ahgul diel Aol e REGTOWaYe &t ni nor axi s of each of the slits 14

is shorter than e r ' herepf by.definiti n e ual to 15
nm so as to rraxi%a’sgé? %g%%%ﬁéﬁ? %lﬁl Sﬁaﬁo%g@fﬁ%%&%ﬁ“&ﬁg@%‘g% ve
antenna. Eﬁ&%\@ivetiﬁﬁpénhéiﬁg widd ¥ sb@thed dd PhstitRh U -cdRthHQ8S fBE! have any
coner in order to elimnate arty propagation |oss and achieve a high

machi ni ng sishilatioarnd yhe conviehidopalotiessvank antenfoatRIG 8g t he mi cr owave
antenna. O the four slits 14, the one |ocated 5 closest to the term nal

pl ane or the refHlgctnyaprhematiocreps sertionebviawghrwingdheaipntdefigdiof ther r anged
at a sition ere i.ts central an i is separated fromthe reflecting
ol ane280. 159 o Ren iR P PR aT AP AR 512 e 1 FeBlal 20 GlerRE AR08t ength
of the m ' 'ﬁgﬁhﬁ?ﬁkﬁﬁ%?l‘:%t gguide 9. Wth this arrangenent, the
position g% the s tlril:{ agrees wth the peak position of the standi ng wave of
the m crowave MEJGe4DGs hischémafic MnetdEdN oftbeFdaid field Ripht BEbRTEE hllfrowave
wavegui de 9 so that the mcrowave is radiated efficiently. The paired slits
14 whose nafroducirg windew peiageddiscatastitref laatelectronmgnietic ficldvsiniubagiosti of dlot | on

of the mcrowave are separated fromeach other by a distance equal to m 2
(m bei ng £9MVERtRel migPwarRankpBrOh G 41~ of the nicrowave in the

rect apgul ar wav ide 9. .The paired slits, 14 0Se. maj or ., axes _are.running
| pafdli el w i e s P spRrir el HEPL eshaL 4 RSN L PR Eerfet the Anges
as a functipn. @i dpGoni ax of the rectangul ar waveguide 9. In the instance
of the enbodinent illustrated in FIQ 6) the rectangul ar wavegui de 9 of the
m crowave ant enrfiGi 6 ismskhehmtitplen aiew tiohing a ficiomavd BtitshnhhRatiBja@rirmeies of
the slits 14 are nade to be 61 mmlong, or equal to 1 /2 of the wavel ength
(1b) of t marheithegmhedimentaf planmarprocassirgapparprumeftfle. Pefl ecting end 10 to
the slit 14 2 0 | qcated closest to the foryer is npde to be 79 mm. or equal
to 1/ 2 of the MiHvER &R SR atincng swtoppbay showmea meeralic fddwsthul ar
wavegui de. This slit is separated fromthe oppositely disposed slit also by
79 mm The paired slits that are perpendicular relative to these slits 14,
or the paired slits 14 whose nmajor axes are in parallel with the traveling
direction of the m crowave) are separated fromeach other in such a way the
di stance 2 5 between the center of the slits is close to 1/ 2 of the

wavel ength and the outer edges of the slits are respectively inline with

e 4 ey N ~~




[ Table 3) type of m crowave antennaactuall neasured VSWRprior art mcrowave
antenna of Pat. Doc. 13.9rior art mcrowave antenna of P_at. Doc.

28.9m crowave antenna of this invenfionl.5 From Table 3, it is dear that
the VSWR of the mcrowave antenna of the present 10 invention is smallest
arid hence the mcrowave antenna efficiently radi ates m crowave energy. Tn
as experinent) a Si wafer for manufact‘urﬁng‘sem’ conduct or devices, or an
obj ect 3 of processing, was heated to 250C and 130 gas was made to fl ow at

a rate of 300scan by way of the gas supply pipe 6 by neans of a qas:fl_ ow

rate cont rbicreyaeanténtst ofilJGs hohtgined as aresultofian clprtoamagiatiy fepbsimtilatiornf

the experinent, the Si wafer, or the object 3 of processing, onto which
resi st had!BeemigppRreaEsna; pr edet er ni ned thi ckness; was brought into the

gas vas i nt rodudd TPdn eRbegate URERHOR AT Begtraitetilt vER T Eber 12 0
and, - at t heicsaPiRelihifBdudile wiidah Bﬂmﬂﬁﬂé@%hﬁ%&%ﬁﬂ&@ﬁ@ﬁ%f 1 was

held to 20Pa by regul ating the exhaust rate of the exhaust system

Ther eabt ersimuldfioWosdke fifiowade Anteant e FIG.@:owave power source to the

m crowave antenna for about 20 seconds. The wafer was taken out and the
reducti on of thd&lEe¥Cds afschematit evose sectignsl view ofitheselectric fisldcasthe rdcrovgve

aching rate and the distribution of the aching rate q he Si_ wafer. A
simlar exderreh e o B?iﬂffi?%& ’Bﬁ)‘lﬁ@?%éﬁfé‘g'ﬂwcﬁl‘{ ﬁf'ﬂ‘ﬁ%‘&%%ﬂgﬁt ennas
described in nt Docu%%ats | and 2 under the same condition and the

Pat e
obt ai ned ™ ‘gévera& S"wWere conpared. Table 4 sumarily shows the

results. [Tabl e g4l ¥HREaRELThEROURLEAO SANRARENIRAA LRI PEAb¥hE AAGRWAe
di stribution~/oprior art m crowave93fi 13antenna of Pat Doc. lprior art

m cr obav e id@addcng stndovo bbiaddedRoca rédnd o anale-t@mapnmetc Geldt dinaBGd8%fmkent | on
5 From Table 4, it is clear that the m crowave antenna of the present
i nvent i on PicRYIELderRyp 6k Png rate and a uniformdistribution of aching
rate. The process nmargin was observed by neans of the above descri bed
m crowave antenna and by using Ar gas as processing gas, changing the

pressure and the THE PREFERISPENMBOLREWS t he

, BESEANPTIONYP T )
obtained results. 10 fable 5] applied electric ower ressure20PaSOPa90Pal. 0
kwOOOL. 5 kWOOOL . 1wk WasZedenk iieditidn Will béXléditibed by Fefeitiig o thelatBdmpheyhgi C
di scharge was allowed, x indicates that a normal electric discharge was not
al | owd8 bebawbwschatillugirgte a preferred embodiment of the invention.

F1Q. 5 illustrates a microwave-excited plasma processing apparatus according
to an embodiment of the present invention.
Referring to FIG. 5, reference symbol 1 denotes a vacuum chamber, which
vacuum chamber 1 has an aperture 2 formed through a top wall thereof. A processing
20  table 4 is arranged in the vacuum chamber 1 below the aperture 2 at a position opposite
to the aperture 2 in order to bear an object 3 to be processed thereon. The object 3 to be
processed is a Si wafer for manufacturing semiconductor devices in this embodiment.
The processing table 4 has a heating mechanism and an electrostatic adsorption
mechanism (both being not shown) in the inside thereof so that the object 3 of
25  processing can be heated to a predetermined temperature.
In FIG. 5, reference symbol 5 denotes a vacuum exhaust system for exhausting
the inside of the vacuum chamber 1 to produce vacuum therein and maintaining the
internal pressure thereof to a pressure level adapted to the operation of processing the

object 3 of processing, and reference symbo) 6 denotes a gas supply pipe for supplying



15 reflected wave. It is dear from Table 5 that the range of paraneter
value that allows a nornal electric discharge is broadened to consequently
broaden the process nmargin by using a m crowave antenna according to the
present invention. 2 0 Wile the mcrowave introduci ng wi ndow of the

Il lustrated enbodi nent is made of quartz, the m crowave introduci ng wi ndow
of a m crowave-excited plasm processrng7 = 11 apparatus according to the
present invention nmay be made of any material so long as it can transmt a
m crowave and mai ntain the inside of the vacuum chanber in vacuum Wile
Ha0 gas arpdogkssipggaste the wacutinichembion e - Tesvaduven cebpetisystatn, 5 isformygdes
of gas that can be used as roceSS|ng gas far a m crowave-excited plasm 5
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i nvention mmf@mmgaaﬂmmmmmgammbepmeﬁ etcher or surface
reform ng nechani sm when reactive gas is used. In short
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gas with it to generate plasma thereof and cause the generated plasma to
act on a gelemncarsEmpg) 9 depeisr pseeignaulpnvatrsWdahbensg GQOﬂqwnﬁghaﬁr\omp@mur e
(2) forned through a.top | thereof essi ng t.a 4) ,arran
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pipe (fi) thata supghidethapbeceatieagd §aR ih dideritd eravamitaid@riae: fiomla) , an
exhaust system (5) for exhausting the inside of the vacuum chanmber (1) in
order 160 rmicnaveave piotver sowree (oeh shemin).a ﬁmﬁg&h@rmgg@&espw@drmlg@d on
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The part of the bottom of the rectangular waveguide 9 that is held in contact

with the microwave introducing window 7 is provided with four elliptic slits 14. In other

20  words, the slits 14 are exposed to the microwave introducing window 7 arranged above
the vacuum chamber 1. As shown in FIG. 6, the four slits 14 are arranged along, the
respective sides of a rectangle in order to produce a uniform electromagnetic field by a
microwave on the surface of the microwave introducing window 7 in the vacuum
chamber 1. Thus, a microwave antenna is formed in this way,

25 The major axis of each of the slits 14 is defined to be equal to 1/2 of the
wavelength (Ao) of the microwave in vacuum. With this arrangement, the microwave
emitted from the microwave antenna proceeds to the outside of the rectangular
waveguide without loss. The minor axis of each of the slits 14 is shorter than the longer

axis thereof by definition and made equal to 15 mm so as to maximize the radiation



rect angul ar wavegui de (9), characterized in that four slits ( 14) are
provided on the wall of the waveguide (9) that is held in contact wth the
m crowave i ntroducing window (7) for form ng the m crowave antenna, 20 in
that the four slits (14) are arranged along the respective four sides of a
guadrangl e, and in that each of the slits ( 14) is extended either in
parallel wth or perpendicularly relatd vB to the m crowave progressing
direction. 2. The m crowave-excited plasnma processi ng apparatus accordi ng
to 25 claim1, characterized in that each of the slits (14) is elliptic. 3.

The m cr owdficderey of tiedmjirawave mitennasi ng apparatus according to claim1,
characterized in that the center of the slit (14) located closest to the

term nal plane Ee@h ofthe sligs 14-hat3an eliptiaemyuibar andidegnatdhay pny somer imged at
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to these slits 14, or the paired slits 14 whose major axes are in parallel with the traveling

direction of the microwave, are separated from each other in such a way the distance
25  between the center of the slits is close to 1/2 of the wavelength and the outer edges of the
slits are respectively in line with the corresponding inner wall surfaces of the rectangular
waveguide 9,
FIGS. 7A, 7B, 7C and 7D show the electromagnetic field generated by the

mnicrowave antenna of the embodiment, whose principal part is illustrated in FIG. 6, as
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shows the value of the VSWR actually measured by using the microwave entenna of this
embodiment in comparison with the corresponding values observed by using the prior

5  art microwave antennas described in Patent Documents 1 and 2.

[Table 3]
type of microwave antenna actually measured VSWR
prior art microwave antenna of Pat. Doc. 1 2.9
prior art microwave antenna of Pat. Doc. 2 8.9
microwave antenna of this invention 1.5 -

From Table 3, it istlear that the VSWR of the microwave antenna of the present
10 invention is smallest and hence the microwave antenna efficiently radiates microwave
energy.

In an experiment, a Si wafer for manufacturing semiconductor devices, or an
object 3 of processing, was heated to 250°C and H,0 gas was made to flow at a rate of
300scem by way of the gas supply pipe 6 by means of a gas flow rate control system (not

15 shown).

In the actual processing operation of the experiment, the Si wafer, or the object
3 of processing, onto which resist had been applied to a predetermined thickness, was
brought into the vacuum chamber 1 and placed on the processing table 4. Then,
processing gas was introduced from the gas supply pipe 6 into the vacuum chamber 1

20 and, at the same time, the internal pressure of the vacuum chamber 1 was held to 20Pa
by regulating the exhaust rate of the exhaust system.

Thereafter, 1.5kW was applied from the microwave power source to the
microwave antenna for about 20 seconds.

The wafer was taken out and the reduction of the resist film thickness was

25 measured to compute the ashing rate and the distribution of the ashing rate on the Si
wafer. A similar experiment was conducted by using the prior art microwave antennas

described in Patent Documents 1 and 2 under the same condition and the obtained
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results were compared. Table 4 summarily shows the results,

[Table 4]
type of microwave antenna, ashing rate (nm/min) ashing distribution
{1%0)
prior art microwave 936 13
antenna of Pat. Doc. 1
prior art microwave 1782 17
antenna of Pat. Doc, 2
microwave antenna, of this 2628 9
invenhon
5 From Table 4, it is clear that the microwave antenna of the present invention

provides a high ashing rate and a uniform distribution of ashing rate.

The process margin was observed by means of the above described microwave
anterna and by using Ar gas as processing gas, changing the pressure and the applied
microwave power, Table 5 summarily shows the obtained results.

10

[Table 5]

applied electric 20Pa 50Pa S0Pa
power /pressure
1.O kKW
1.5 kW
1.8 kW
2.0 kW

X [O0|10
Ojo|0|0
x| X100

N.B.: O indicates that a normal electric discharge was allowed,
X indicates that a normal electric discharge was not allowed because of a large

15 reflected wave.

It is clear from Table 5 that the range of parameter value that allows a normal
electric discharge is broadened to consequently broaden the process margin by using a
microwave antenna according to the present invention.
20 While the microwave introducing window of the illustrated embodiment is made

of quartz, the microwave introducing window of a microwave-excited plasma processing
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invention has a broad scope of application and provides a broad process margin as a
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waveguide and their positioning.
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introducing window (7), the rectangular waveguide (8) having a terminal plane {10)
15  amranged perpendicularly relative to the traveling direction of the microwave in the
rectangular waveguide (9),
characterized in that
four slits (14) are provided on the wall of the waveguide (9) that is held in contact
with the microwave introducing window (7) for forming the microwave antenna,
20 in that the four slits (14) are arranged along the respective four sides of a
quadrangle, and
in that each of the slits {14} is extended either in parallel with or perpendicutarly
relative to the microwave progressing direction.
2. The microwave-excited plasma processing apparatus according to
25  claim 1, charactetized in that
each of the slits (14) is elliptic.
3. The microwave-excited plasma processing apparatus according to
claim 1, characterized in that

the center of the slit {14} located closest to the terminal plane {10) of the
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claim 1 or 2, characterized in that

a major axis of each of the slits is defined to equal to k/2 (k being an integer} of

10  the wavelength {Ay) of the microwave in vacuum.



