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fabricating ultrafine sem conductor devices of these days calleddgg

subm cron devices or deep subquarter m cron devices characterize y a
gate length of near Ol mor less, or for fabricating ultra
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dr awback of 5 norECANT ORIn FIRIAs e fornation in that t he regi on of high
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convent i onal lcrowdve plasma processing apparatus

Plasma process and plasma processing apparatus
10 are indispensable technology for fabricating ultrafine
semiconductor devices of these days called deep submicron
devices or deep subquarter micron devices characterized by
a gate length of near 0.lum or less, or for fabricating
ultra high-resolution flat-panel display devices including

15 liquid crystal display devices.

Conventionally, various plasma excitation
methods have been used in plasma .processing apparatuses
used for fabrication of semiconductor devices or liquid
crystal display devices. Particularly,’ a parallel-plate

20 type high-frequency excitation plasma processing apparatus
or an induction-coupled plasma processing apparatus are
used commonly. However, such conventional plasma
processing apparatuses have a drawback of non-uniform
plasma formation in that the region of high electron

25 density i1s limited, and it has been difficult to conduct a
uniform process over the entire substrate surface with
large processing rate, and hence with large throughput.
This problem becomes particularly acute when processing a
large diameter substrate. Further, such a conventional

30 plasma processing device has several inherent problems,
associated with its high electron temperature, in that the

semiconductor devices formed on the substrate undergo



- 30 plasma processi ng device has several inherent problens, associated with
its high electron tenperature, in that the seniconductor devices forned on
the substrdte undergo 1 damagi ng and that significant netal contamnination
is caused as a result of sputtering of a chanber wall. Thus, there are
increasing difficulties in such conventional plasma. processing apparatuses
to neet for the stringent 5 demand of further device mniaturization and
further inprovenment of productivity of sem conductor devices or liquid
crystal display devices. Meanwhile, there are progosals of .a m crowave

pl asma processPAGRGEHMAr &NGs hat w3 HiigindenBeEg!l pl HFEMITGTERRI t Y by a

m crovave el echhjgedi gl i idbnlkace %Fu%tgfiﬁftdfngréHHmH@%9@§&h9 rhesd. For
exanple, there Is a proposal of a plasma processing apparatus that causes
excitation of phasemdsy riiradsigga @i thiowdréesntin asuphosswiengioeakel

Sl o1 df sposcdl S0 H PEFUIRY DT RS BTt sEah ERAL “LhE APEF ouave

el ectric figl ddefansesof Ofiukdhedn @bvicdgasminiaduyfgainoy essel . faBeref or
exanpl e Japanese Lai d- Open Pat ent Application 9-63793). In the mcrowave
pl asma thus exeTPEQVERENY sOhoREPBRETH 20 PRaPFPECANFHLGIP I L FeneT ty

over a w de ar§§Qﬁ+&ﬂgﬁ¥§Heragg?{%yp&g%f%g%enna, and it becones possible to
n

conduct uniformplas process in a short duration. The microwave
pl asma thus forned is chEeasheiezedhbyel ewe abmytosedst erfped amdcsowavel

d [ I ' N 25 of th b d ided. her, i
< posaibl e { 0P tBHn BRTITIH ) ARATORT BT ar G ISR BRECM can

be easily pppl bgditeut b fabricabhare peoeessi®f faeld, in place of a
direct-current magnetic field. For example, there 1is a
proposal of a plasma processing apparatus that causes
excitation of plasma by radiating a microwave into a
processing vessel from a planar antenna (radial line slot

15 antenna) having a number of slots disposed so as to form a
uniform microwave, such that the microwave electric field
causes ionization of a gas in a vacuum vessel. (See for
example Japanese Laid-Open Patent Application 9-63793). In
the microwave plasma thus excited, it 1is possible to

20 realize a high plasma density over a wide area right
underneath the antenna, and it becomes possible to conduct
uniform plasma processing in a short duration. The
microwave plasma thus formed 1s characterized by low

. electron temperature, and damaging or metal contamination

25 of the substrate is avoided. Further, it 1is possible to
form uniform plasma over a large surface area, and it can
be easily applied to the fabrication process of a
semiconductor device using a large diameter semiconductor

substrate or large size liquid crystal display device.
30
BACKGROUND ART

FIGS.1A and 1B show the construction of a



- sem-conductor device using a large diameter sem conductor substrate or
large size liquid crystal display device. 30 BACKGROUND ART FIGS.| A and 1B
show t'he construction of a 2 conventional mcrowave plasnma processing

apparatus 100 having such a radial line slot antenna, wherein FIG 1A
shows the microwave plasmas processing apparatus in a cross-sectional view
while FIG 1B shows the construction 5 of the radial line slot antenna.

Referring to FIG 1A the mcrowave plasma processing apparatus 100 has a
processi ng chanber 101 evacuated from gl ural evacuation ports 116 Oand

there is for nEOREEIOG8 11 1B E NS dPhESBR s M5SERSFERT 1 4P BE 0 10

processed. In QrdglytQuéRahi 26 MR f OIMPr OLASShRedrh | NEne RIQCEBSE N
chanber 101, a ring-shaped space 101A is formed around the stage 115, and
]Ehe pl ural evashews orthportiscrbhgvearel famase dPFPCETIMIN| SRP&HICUA t ANt e
oregoi ng space_101A wi.th uni f or m, i nt erva e [ ' tr
with 15 regar d°t° % t?eecéclfrﬁgfa?af’ ?WTWE‘F‘ZBy?I?’f h%eggrgr‘ﬁg gggsicgpgé%gétg%rgzﬁatg
the process ngoghaidearadi@l ubhé as1dty ahiteangh the space 101A and the
evacuation ports 116. On the processi ngéchan‘oer 101, there is fornmed a

pl ate 103 of plate-1ike RESEATaRIt hECI 0€AFT by coFFBspBREFREEVS0 Po?ite

substrate 114 gn,tde. $iA9epddon@s 21067 tha@f £hgQueasiMal |crampkhe 101
processi ng chahber 101 'via a seal ring 109, wherein the shower plate 103

is formed of aevaiud st rimomutleriadl evhcoabion | pestantl ¢ ncindeshers akye
nuer O P ALER 10" B TEL, $a0VELaIhg" S 108l AR L0108 actiglectric
10 processed. In order to realize uniform processing in the
processing chamber 101, a ring-shaped space 101A is formed
around the stage 115, and the plural evacuation ports 116
are formed in communication with the foregoing space 101A
with a uniform interval, and hence in axial symmetry with
15 regard to the substrate. Thereby, it becbmes possible to
evacuate the processing chamber 101 uniformly through the
space 101A and the evacuation ports 116.
On the processing chamber 101, there is formed a
plate 103 of plate-like form at the location corresponding
20 to the substrate 114 on the stage 115 as a part of the
outer wall of the processing chamber 101 via a seal ring
109, wherein the shower plate 103 1is formed of a
dielectric material of small loss and includes a large
number of apertures 107. Further, a cover plate 102 also
25 of a dielectric material of small loss is provided on the
outer side of the shower plate 103 via another seal ring
108.
The shower plate 103 is formed with a passage
104 of a plasma gas on the top surface thereof, and each
30 of the plural apertures 107 are formed in communication
with the foregoing plasma gas passage 104. Further, there

is formed a plasma gas supply passage 106 in the interior



+outer side of the shower plate 103 via another seal ring 108. The shower
plate 103.is fornmed with a passage 104 of a plasma gas on the top surface
t heredf, and each 30 of the plural apertures 107 are forned in

communi cation w th the foregoing plasnma gas passage 104. Further, there
is formed a plasma gas supply passage 106 in the interior 3 of the shower
plate 103 in comunication with a plasma gas supply port 105 provided on
the outer wall of the processing vessel 101. Thus, the plasma gas of Ar,

Kr or the like s lied to the f oi n | asma _gas I ort 5 105

supplied to th@ffggggﬁb%@ﬁﬁﬂﬁfgﬁrgéggbg ?@%FPﬁ@tggﬂpgggpﬁ% @algesvigs

the passage 104.pRdyl S‘ﬁ,‘sﬂ eased pirBl0déd space thdlBotitght waider ngat hnkhe
ep

shower plate 103 in t rocessi ng vessel 101 fromthe apertures 107 with
substanti al | y @APFeFfiedntetitati®n. Theison thie PRRrEERsIRRgCTedsel K102 there

is provided akadi | i q§§p hayi jatd u e
shown in FIG f&gorﬁé{ﬁegg giré%i%{; 0 ?ﬁi:% 892%{ %?%%}%J 1 Zsa éﬁ%?a%%
separation bf 405 Ssmauppdietheocder fHrEgeih@2 apeThereadidl firom $het

antenna 110 i s congected to a

| m i
S coan al  wavSYEPIE. ProRRRa 0B SEe i (R LT oo o n ot M L s

_ e prasim gas rel eased
into the space ih@3Babypide 101 avwgre fnasmridarh rher ehawer sltee 108t ishoul d
be noted that the gap between the _cover plate 102 and the raﬂ& tion

surface of the th80 RERASHSIPEAN/RSEE altenhdot 10N FRFTRUFSH t hOt h¥25Rr. The
radial line sl Qypapherna 1l QHisobar a8t @ribhat disk-1ike antenna body

110B connected to an outer wavegui de of the coaxial wavegui de 110A and a
radi ati on 10 On the processing vessel 101, there 1is provided
a radial line slot antenna 110 having a radiation surface
shown in FIG.1B on the outer side of the cover plate 102
with a separation of 4 - 5 mm from the cover plate 102.
The radial line slot antenna 110 is connected to an
15 external microwave source (not shown) via a coaxial
waveguide 110A and causes excitation of the plasma gas
released into the space 101B by the microwave from the
microwave source. It should be noted that the gap between
the cover plate 102 and the radiation surface of the
20 radial line slot antenna 110 is filled with the air.

The radial line slot antenna 110 is formed of a
flat disk-like antenna body 110B connected to an outer
waveguide of the coaxial waveguide 110A and a radiation
plate 110C is provided on the mouth of the antenna body

25 110B, wherein the radiation plate 110C is formed with a
number of slots 110a and slots 110b wherein slots 110b are
formed in a direction <crossing the - slots 110a
perpendicularly as represented in FIG.1B. Further, a
retardation plate 110D of a dielectric film of uniform

30 thickness is inserted between the antenna body 110B and
the radiation plate 110C.

In the radial line slot antenna 110 of such a



. plate 110C is provided on the mouth of the antenna body 25 110B, wherein

. the radiation plate 110C is formed with a nunber of slots 110a and slots
110b wherei'n slots 110b are formed in a direction crossing the slots 110a
perpendicularly as represented in FIGI|B. Further, a retardation plate
110D of a dielectric filmof uniform 30 thickness is inserted between the
antenna body 110B and the radiation plate 110C. In the radial |ine slot
antenna 110 of such a 4 construction, the mcrowave supplied fromthe
coaxi al wavegui de 110 spreads betmeen t he disk-1ike antenna body 110B and
the radiation PPREEFUIOC s Fiei SMsropayat etiRnt lethefFami dhedi Feetiah,
wherein there C r wav n a f

action of the 9§fi§§?§§<ﬁ?ﬁpp ate 1lgfﬁ£$hus%k% g?gkn?ﬁﬁe ﬁEé*%%sb%%ga and
110b in concehl@Bcam@lameonsdnqtuam @damesﬂmﬂdeaselto1sh@ropaget@mgim of

t he radiall a Ccrowa t dicularly, with
each otLer Y, pEB% gﬁé %ogif?ﬁ%“%g X e%%ﬁpo§h%%§a§c§gr e%ak%ﬁﬁ%és%f$%ular
pol ari zati opn spatRavdibytth LEChI 9@s@1«tb5dfa%bab&yl@@rcpiertdiectﬂe%raati&se

radi ation plate 110C. By using such a radial line slot antenna 110,

uni f orm pl asnmaPiate ob k@l | Aivthe BpatermigrB chegh%lO% Urﬂfer%fé?hthlqmel%homer
pl ate 103. The th&&q%sl ty E!a@js_%@s}]i us flg)lr meg qltc%rl z byt}@e | ow
el ectron tenperature and thu here i s caused amagi ng o he

substrate 114 wan€ldrhgdre dfs mwedmmyqba@mﬁaﬂﬂ RAtronaas $o ra&suttd of
the sputtering of the vessel wall of the processing vessel 20 101l. In the
pl asma processFﬁ@F%uﬁﬁﬁE%ﬁ@%CHiaF4xiW}th {¢ach other, "it becomes possible

10 to emit a plane wave having a circular polarization state
in a direction substantially ©perpendicular to the
radiation plate 110C.

By using such a radial line slot antenna 110,
uniform plasma 1is formed in the space 101B right

15 underneath the shower plate 103. The high-density plasma
thus formed is characterized by a.low electron temperature
and thus, there is caused no damaging of the substrate 114
and there 1is caused no metal contamination as a result of
the sputtering of the vessel wall of the processing vessel

20  101.
In the plasma processing apparatus of FIG.l, it
should further be noted that there 1is provided a
conductive structure 111 in the processing vessel 101
between the shower plate 103 and the substrate 114,
25 wherein the conductive structure is formed with a number
of nozzles 113 supplied with a processing gas from an
external processing gas source (not shown) via a
processing gas passage 112 formed in the processing vessel
101, and each of the nozzles 113 releases the processing
30 gas supplied thereto 1into a space 101C between the
conductive structure 111 and the substrate 114. It should

be noted that the conductive structure 111 is formed with



- shoul d further be noted that there is provided a conductive structure 111
in phe'pnoéessing vessel 101 between the shower plate 103 and the
substrate 114, 25 wherein the conductive structure is formed with a numnber
of nozzles 113 supplied with a processing gas froman external processing
gas source (not shown) via a processing gas passage 112 fornmed in the
processi ng vessel 101, and each of the nozzles 113 rel eases the processing
30 gas supplied thereto into a space 101C between the conductive structure
111 and the substrate 114. It should be noted that the conductive
structure 111 bpehbngedbervdéerd opdacerys betwmbsn atp asenh rozzgizs §d8&hwith a

size such that the asma.forned_.in the space 101B passe fficiently
fromthe spacetfﬁgB Ehethglgﬁﬁie 1B1eePhy ﬁgy %B? dFPgﬁgioiplg TREE®®Pn the
case a processifigigasntlsy retfase@d Joake tibesspacendOigateonmnibepgongyctive

structure 111 via the nozzles 113, the processing gas is excited by the .
hi gh-density pPas#AaffetHfd in the space 101B and a uniform plasm

processing $s conduct ed Tud,hensuhst cadee al bhotBseiid ajaantilsy randaged h hi gh
rate, w thout danmaging the substrate or the devjces on the substrate, and
wi thout cont affhat P TRFESS GBSt r XN WF CRBAUCH VS ROYF tHEenbt d" 1 hat t he

m crowave em ttad hAspmdheisadint pidesyioly gast ennekditell 8okede by the
conductive structure and there 15 is no possibility of such a m crowave
causes damagi n§ifh-denslelpderae efamed iBa iR FRACE nQlife 2pfag nd b ITessi ng

apparatus 100pnBEhA: OfESEd S iECEs ddhAdelBoni thé Ssud@@iEkantiso  supply a
Process gas, un ol o dnd 10 T 51 BF OS5 1432 SUPPMYut damaging the
substrate or the devices on the substrate, and without
contaminating the substrate. Further, it should be noted
that the microwave emitted from the radial line slot
antenna 1is blocked by the conductive structure and there
15 1is no possibility of such a microwave causes damaging in
the substrate 114.
Meanwhile, in the plaéma processing apparatus
100 mentioned in FIGS. 1A and 1B, it 1is important to
supply a process gas uniformly from the process gas supply
20 part 111. Also, 1t is necessary that the process gas
supply part 111 enable plasma excited in the space 101lB to
pass to the space 101C right above the substrate 114
without delay.
FIG. 2 is a bottom view showing a construction
25 of the conventional process gas supply part 111.
Referring to FIG. 2, the process gas supply part
111 is a disk-like plate formed of a stainless steel added
with Al or the like. In the process gas supply part 111,
there are formed a number of large apertures 111B disposed
30 in a matrix form to pass high-density plasma in the space
101B. Also, there is formed a process gas distribute

passage 112A in communication with the process gas passage



.20 part 111. Also, it is necessary that the process gas supply part 111
enabl e plasma excited in the space 101B to pass to the space 101C right
above 'the substrate 114 wthout delay. FIG 2 is a bottom view show ng a
construction 25 of the conventional process gas supply part 111. Referring
to FIG 2, the process gas supply part 111 is a disk-like plate fornmed of
a stainless steel added with Al or the like. In the process gas supply
part 111, there are fornmed a nunber of |arge apertures 111B di sposed 30 in

a matrix formjtg pass high-density .plas in the space, 101B.. Al so, there
is formed a pr es‘gl% ﬁ]%tqq%ﬁtéZLrﬁ&g‘ggﬁ%niﬁzﬁf'i %oﬂﬁ%‘ﬁi]]t]ﬁﬁ &% h the
process gas pasgspge 1hetd?2;al phendd®, 104LeEeCiR3Ed QaNpasOhgs hel 3xiigk- 11 ke

plate 111. There is fornmed a lattice-shaped gas, pas_sa%e 113A in
comuni cat i on g@rniigetppBcesEh e MIrecrFpuIRS plisSadeuTe2RasS3ge tHeA -

| 2Lt ce- shaped; g3 5333208, 113 iole paLE. g, MY o801 50072 tures

113. According construction rocess gas ’is Treleased al nbst
uni formy for ora@ nuzzher apértine=snazzal.e apertures 113 to a surface of the
substrate 114 to be processed represented in Fl 2 by a broken line. On

G
the 10 other hand, the RBZ2FE Rherd urls CPISEIPELHOR med POVETRF 97 1S
substrate 114 jay dheqbof iy e 85rihG rom AS ann@seH tof @wen ndzAlke

nozzl e apertures 113 are formed densely, it is difficult to diffuse the
process gas enapepturesr ddch thea sunfface off thike sebbstzate 1144 ©A td%e ot her

e e, PTG JEBTHLF D IR PR PR TIoR ), s ocess
is |ikely fphatother pra@gesshgasoi fles Gpe@®ures 113 are formed toward the
substrate 114 in the bottom view of FIG. 2. BAs a result,
even if the nozzle apertures 113 are formed densely, it is
difficult to diffuse the process gas enough to .reach the
surface of the substrate 114. On the other hand, if the
15 nozzle apertures 113 are provided too densely, the process
gas is mainly released on the fringe of the substrate 114.
Accordingly, it is likely that the process gas is scarce
around the center of the substrate 114. In addition, in
the plasma processing apparatus 100, a distance between
20 the shower plate 103 and the substrate 114 is shortened in
order to evacuate the spaces 101B and 101C immediately.
Therefore, the process gas released from the nozzle
apertures 113 cannot diffuse sufficiently because the
process gas reaches the substrate 113 immediately.
25 Furthermore, the plasma processing apparatus 100
in FIGS 1A and 1B has the problem that the temperature
thereof rises because the process gas supply part 11l is

exposed to a large amount of thermal flux caused by high-

density plasma.
30

DISCLOSURE OF INVENTION

Accordingly, it is an object of the present



-around the center of the substrate 114. In addition,.in the plasm

- processing ‘apparatus 100, a di stance between 20 the shower plate 103 and
the substrate 114 is shortened in order to evacuate the spaces 101B and .
101C imedi ately. Therefore, the process gas released fromthe nozzle

* apertures 113 cannot diffuse sufficiently because the process gas reaches
the substrate 113 imedi ately. 25 Furthernore, the plasma processing
apparatus 100 in FIGS 1A and 1B has the problemthat the tenperature

t hereof rises because t he proce§s as_ s pplﬁ arﬁ #1 i S exgosed.to a

| arge amount of WHEFART ¥° REeVé 8s‘gdn%‘§/e i°gh- 1Gens t%ﬁebﬁ”?s%. “59° BScLOosSURE
OF | NVENTI ON Acgprdabgs Yin iwhiich @8Re Objeejoitly bhebpetsente 2linyeatédn to
provi de a novel and useful plasnma processing _ apparatus in which the

f or egoi ng probl ens are elff??#i}?ét é8d Bkt h'sé?ecgrﬁdchg]Pée%Eé%q e BEFEEET of the
present inventinQBntSok 0L PrHRY ipdevads| AP PE0BLESEHEH raP RppAk-usus conpri sing

a process gas supply part capable of supplying a process gas uniformy.
Anot her obj &ct COFPEhelRF ek dHOCRRTed s ot AR vt §arpr espalel e ofl 8RRl L essi ng

appar at us capabhl grQEeQé’Qf;ég NG i Bk $€ i N tenperature thereof. 10 Another
object of the present Invention is to provide a plasm processing

appar at us, conprising: aAnqrsgesbiagt vesddle gofsart byventiom és wal | and
having a stag t chol di t c on : e; an
evacuati on sys?é%?%%%ﬁ%ggﬂggetﬁgggé%%%g%fﬁﬁg%ggégs§§§§%¥§ %Fagﬁglggﬁgsupply
part for suppl yi ngsel asneengegature thereof.

10 Another object of the present invention is to
provide a plasma processing apparatus, comprising: a
processing vessel defined by an outer wall and having a
stage for holding a substrate to be processed on the
stage; an evacuation system coupled to the processing

15 wvessel; a plasma gas supply part for supplying plasma gas
to an interior of the processing vessel; a microwave
antenna provided on the brocessing vessel in
correspondence to the substrate to be processed on the
stage; and a process gas supply part provided between the

20 substrate to be processed on the stage and the plasma gas
supply part so as to face the substrate to be processed,
wherein the process gas supply part comprises a plurality
of first apertures for passing through plasma formed in
the interior of the processing vessel, a process gas

25 passage capable of connecting to a proceSs gas source, a
plurality of second apertures in communication with the
process gas passage and a diffusion part provided opposite
to the second aperture for diffusing process gas released

from the second aperture,
30 According to the present invention, in the

process gas supply part, there is provided the diffusion

part corresponding to a nozzle aperture releasing the



-to an interior of the processing vessel; a mcrowave antenna provided on
the processing vessel in correspondence to the substrate to be processed
on thé stage; and a process gas supply part provided between the 20
substrate to be processed on the stage and the plasma gas supply part so
as to face the substrate to be processed, wherein the process gas supply
part conprises a plurality of first apertures for passing through plasm
formed in the interior of the processing vessel, a process gas 25 passage
capabl e of connectin I ocess _gas sour lurality of second

t
apertures in cBﬁ%ﬁ?%rﬁaﬁ%oﬁ EROY K Vd‘rn@cé‘sgf%‘égo%g??aﬁéoﬁ%ﬁs a3 fusi on

part provided gppesét£l didetheosesondtaapentstend i fhusfiigsl A8d piDERES gas
rel eased fromthe second aperture. 30 According to the present invention,

in the procesSfgEke RAAASFSPIRE; therd's $iPRoviticd d REOGRFFUSIDN  part

correspondi ng Eﬁ?ﬁl{:cﬁazﬂte RREELYES 4 &ligasi Part e By e6eSpreasss they eby
curving a flow of the process gas in a lateral direction and facilitating

di f fusi on ahd BRXEIFR angt WReDPF Bt SPeFasreAtnd He 39G98d PRIENEPHBLess gas

supply part cORRLi $e6r s ifonf phrParis hadoRgst BEsPIVGESS $B8%m QaPBSFagR and
the nozzl e aperture and a second part having the diffusion part, it

becones possi bHef fes¥ay magasitnya tdrpragisiPosiomm pzanrdspoaddegreasiien form
correspondi ng E?#gc?daé%‘%:ﬁr%.apﬁﬁ%ryrs%ch\/\geﬂifﬁff&& g:!afrftuilsoﬁr&f’{&ed S

provi ded at bo a nozzle aperture to pass through plasma 10
alternately, tht bfHh usides péré medaEls iapepdssée bte pass fthrohgh glasr@ t he

thereby fULt hehe CToR T4 At LAG O FRUGISh ARG MFATUre GF PRE BrBbess gas

further curve the flow of the process gas that has been
curved in the lateral direction, thereby further
facilitating diffusion and mixture of the process gas.
Also, the first part and the second part are formed of

15 different members and there is provided a coolant passage
in the second part. As a result, it is possible to
suppress a rise in temperature of ‘the process gas supply
part.

Another object of the present invention is to

20 provide a plasma processing apparatus, comprising: a
processing vessel defined by an outer wall and having a
stage for holding a substrate to be processed; an
evacuation system coupled to the processing vessel; a
plasma gas supply part for supplying plasma gas to an

25 interior of the processing vessel; a microwave antenna
provided on the processing vessel in correspondence to the
substrate to be processed on the stage; and a process gas
supply part provided between the substrate to be processed
on the'stage and the plasma gas supply part so as to face

30 the substrate to be processed on the stage, wherein the
process gas supply part comprises a plurality of first
apertures for passing through plasma formed in the

interior of the processing vessel, a process gas passage



+Also, the first part and the second part are formed of 15 different nmenbers
and there-is provided a coolant passage in the second part. As a result,

it is’'possible to suppress a rise in tenperature of the process gas supply
part. Another object of the present inventionis to 20 provide a plasna
processi ng apparatus, conprising: a processing vessel defined by an outer
wal | and having a stage for holding a substrate to be processed; an
evacuati on system coupled to the processing vessel; a plasma gas supply

part for suppl ying, Rl aFMBoHAScLPRHAR bRLEEIO GRS sbhigchl 0s&8Sd ng vessel; a
m crowave antenna provided on the processing vessel in correspondence to
the substrat eplwrdld iy ofesseondrandrdugeagen cognuanigaséesswills theupply part

provi ded between the substr o] r S t h t he pl asna
gas supply par?r%ﬁfiingg %3§%§§%’t %3§3§§§§a%é%ﬁéyﬁgqu%%%ggg%gﬁg% thep

st age, wherei nptdteespracess gaslaupploy dpaettoompritheseappttrad ithe of first
apertures for passin throggh glasna formed in the interior of the
processi ng VesSEPStLELS §0eBE BECEREhge 9 capabl e of connecting to a

brocess gas source, and 4. BLygal L1y, ol SEcOnd apgiutes | BncopTyRLEALi on

with the process gas passage, € sécond aperture releasing t process

gas in a slantgag gippdieidofirumt the gapeetsst gas heupl s Hagttr dbentes ben a
processed. According to the present invention, the process, gas_s

i ed
from the proceS$TRS Qppi§ pEPE “Httfhces PinPa C8 T e e epﬁergﬁﬁg &%tg to
be processed, fhglehydRAGHNAG Andl EROVENMS-AMsNERY aGgpliepRFOCcesss gas

supply part. As a 10 result, it becones possible to avoid the problemthat
10 result, it becomes possible to avoid the problem that
deposition arises.
Another object of the present invention is to
provide a plasma processing apparatus, comprising: a
processing vessel defined by an outer wall and having a
15 stage for holding a substrate to be processed; an
evacuation system coupled to the processing vessel; a
plasma gas supply part for supblying plasma gas to an
interior of the processing vessel; a microwave window
provided on a part of the outer wall of the processing
20 vessel so as to face the substrate to be processed on the
stage, the microwave window being formed of a dielectric
material; a microwave antenna coupled to the microwave
window; a process gas supply part provided between the
substrate to be processed on the stage and the plasma gas
25 supply part so as to face the substrate to be processed on
the stage; and a temperature control part controlling a
surface temperature of the microwave window around 150°C

with respect to a side faced on the substrate to be

processed.
30 According to the present invention, the

temperature control of the microwave window around 150°C

suppresses formation of deposition on a surface of the

10



~deposition arises. Another object of the present inventionis to provide a
. pl asna proocessing apparatus, conprising: a processing vessel defined by an
outer 'wal |l "and having a 15 stage for holding a substrate to be processed;.
an evacuation system coupled to the processing vessel; a plasm gas
supply part for supplying plasma gas to an interior of the processing
vessel ; a m crowave wi ndow provided on a part of the outer wall of the
processi ng 20 vessel so as to face the substrate to be processed on the
stage, the mcrqowave w ndow being fornmed of a dielectric nmaterial; a-

m crowave ant efHSTEEAET €41 'he ni crowave window, a process gas supply

part provided between thethstibgteate, t fediirdis0888SSGvAHL sitagreand the
pl asma gas 25 supply part so as to face the substrate to be processed on 30

the stage; andPESFefpet Bt CoNttbl PRt FOREr BPPRFRM A frony fage _
tenperature of foheowi £ avava 1wandevealpunG 1AL rdbd hid e3REGhct 9o Side
faced on the substrate to be processed. According to the present

i nvention, ?heWitBnple ATFERHHEPG| ABIVEIES . cr owave wi ndow ar ound 150C
suppresses formation of deposition on a surface of the 10 m crowave w ndow.
O her objects, features and advantages of the present invention wll
become nore apBRLER: DESERABTHON QBIDgM[Bﬁﬁbetailed description when read in
conjunction 5 with the aecanpanyhng o aWidIg8 . BRAEFIRESCR) BTLEM,OF, RRAW NGS

FIGS. 1A and 1B are diagrans show ng a structure
of a conventional microwave plasma processing apparatus

10 that uses a radial line slot antenna;

FIG. 2 is a bottom diagram showing a structure
of a process gas supply mechanism of the microwave plasma
processing apparatus of FIG. 1;

FIGS. 3A and 3B are diagrams showing a structure

15 of a microwave plasma processing apparatus according to a
first embodiment of the present invention;

FIG. 4 is a perspective view showing a structure
of a process gas supply mechanism of the microwave plasma
processing apparatus of FIG. 3;

20 FIG. 5 is a bottom view showing a disk-like
conductive body constituting a portion of the process gas
supply mechanism in FIG. 4;

FIG. 6 is a plane view showing a disk-like
conductive body constituting another portion of the

25 process gas supply mechanism in FIG. 4;

FIG. 7 is a diagram explaining functions of the
process gas supply mechanism in FIG. 4;

FIG. 8 is an enlarged view showing a portion of
the disk-like conductive body in FIG. 5;

30 FIG. 9 is a diagram explaining functions of the
disk-like conductive body in FIG. 5;

FIG. 10 is a diagram showing a structure of a

process'gas supply mechanism according to a second

11



+of a conventional m crowave plasnma processing apparatus 10 that uses a
~radial line slot antenna; FIG 2 is a bottom di agram showing a structure

of a process gas supply nechani smof the mcrowave plasnma processing
apparatus of FIG 1; FIGS. 3A and 3B are diagrans showi ng a structure 15
of a m crowave plasma processing apparatus according to a first enbodi nent
of the present invention; FIG 4 is a perspective-view show ng a structure
of a process gas supply nmechani sm of the m crowave plasma processing

apparatus of Flinodindl: &R ;g%eéexl?@tit. visew.showi ng a di sk-1ike

conductive body constituting a portion of the pfocess gas supply nechanism
in FIG 4; FIG 6 is a pfHhe M éw shdohagupra sthostinti & estooriduet ofeabody

constituting a i h 5. process._gas_suppl.y. pechani smin

FIG 4; FIG 7Qﬁégggdgg%%%§§¥§%gFéP%F%éu?dﬁ%f%%ﬁggoﬁot éﬁuﬁF%cess gas supply
mechani smin Fle@bodim&h€ oB ik dresshargetndiew;showi ng a portion of the

di sk-1i ke cgnductive bodg in FIG 5; 30 FIG 9 is a di%%{anlexplaining
functions of the disk-1iké dondicti FeeHRIYy ShOVERE a5 tRQEUIEOfs@a di agr am

showi ng a strughubRaOhrécedyi9RLaPpaASL S RRIH AREARS SAN @RGeRding to a
second 11 enbodi ment of the present invention; FIG 11 is a di agram show ng

a structure of egbogimen ¢f ddes pragerpphrenisoaccording to a third
enbodi ment of the presengrd nventison: 3o, LG shdwhifigda i AA[AR, NG N9 a
structure of a
plasma processing apparatus according to a fifth
10 embodiment of the present invention;

FIG. 14 is a diagram showing a structure of a
plasma processing apparatus according to a sixth
embodiment of the present invention;

FIG. 15 is a diagram showing a structure of a

15 plasma processing apparatus according to a seventh
embodiment of the present invention;

FIG. 16 is a diagram showing a structure of a
plasma processing apparatus according to an eighth
embodiment of the present invention; and

20 FIGS. 17A and 17B are diagrams showing portions

of a plasma processing apparatus according to a ninth

embodiment of the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION

25 Hereinafter, the present invention will be

described in detail with reference to embodiments.

[FIRST EMBODIMENT]
FIGS.3A and 3B are diagrams showing a
30 construction of a microwave plasma processing apparatus 10
according to a first embodiment of the present invention.

Referring to FIG. 3A, the microwave plasma

12



. pl asma processi ng apparatus according to a fourth enbodi ment of the

- present imnvention; FIG 13 is a diagram showi ng a structure of a plasm
processi ng apparatus according to a fifth 10 enbodi ment of the present
invention; FIG 14 is a diagram showi ng a structure of a plasna processing
apparatus according to a sixth enbodi nent of the present invention; FIG
15 is a diagram showing a structure of a 15 plasma processi ng apparatus
according to a seventh enbodi nent of the present invention; FIG 16 is a

di agram showi ng_a _structure of a_ plasma processing apparatus according to
an ol gnt b enbOATREHT. G FRR T SSert | MUBHET on: S aaC BB FI s, Va9 anl 178
are di agrans shaw ag spegki QS profide®! agmMenpr 96885 8@ PPEES41US1T RCESF di Ny

to a ninth enbodiment of the present invention. 25 BEST MODE FOR CARRYI NG
OUT THE | NVENTRON 1 ri HESERA St he B SeMEOCRVERE I B a4t 191958 r@8seFiBed in

detai|l with ref:ﬁﬁ@)@pgwﬁ@f&rfsbce%ns@é&efﬁfli%SBrE&@%iF\)éfl\fﬁn@dG@f%mn&35 are

di agrans showi ng a 0 construction of a m Crowave asnma processing

apparatus 19 a&gor dinga t bot fspstasibodressingf (11K ppeserHs .i nkenthen.
Referring to FLG 3N 1he, florovaye phasim.l2 RLOGESSLNO ABRAr alys 40

i ncludes a processing ahd "a“stage 13 provi in the processing
vessel 11 for pheferaiglia sadst tidre d2 bqudk poocezeedehyucaatbbrecpooss ati c
chuck, mhereinlageigtgggbgé%ifﬁ&j%%&%gggéynéO{ﬁgﬁ%éﬁééA%g %Eth an equal
distance, and hence with an axial symmetry with respect to
10 the substrate 12 on the stage 13. The processing vessel 11
is evacuated to a low pressure via the evacuation port lla
by a gradational lead screw pump to be explained later.
The processing vessel 11 is preferably formed of
an austenite stainless steel containing Al, and there is
15 formed a protective film of aluminum oxide on the inner
wall surface by an oxidizing process. Further, there is
formed a disk-like shower plate 14 of dense Al;0;, formed
by a HIP process, in the part of the outer wall of the
processing vessel 11 corresponding to the substrate 12 as
20 a part of the outer wall, wherein the shower plate 14
includes a large number of nozzle apertures 14A. The Al,0;
shower plate 14 thus formed by a HIP process is formed by
using an Y;0; additive and has porosity of 0.03% or less.
This means that the Al,0; shower plate is substantially
25 free from pores or pinholes and has a very large, while
not so large as that of ALN, thermal conductivity for a
ceramic of 30W/m * K.
The shower plate 14 is mounted on the processing
vessel 11 via a seal ring 1lls, and a cover plate 15 of
30 dense Al;03; formed also of an HIP process is provided on

the shower plate 14 via a seal ring 1llt. The shower plate

14 is formed with a depression 14B communicating with each

13



.5 A1203 by a hot isostatic pressing (H P) process. In the processing
vesseL'llzgthere are forned at |least two or preferably nore than or equal
to three evacuation ports Ila in a space 11A .surrounding the stage 13
-.with an equal distance, and hence with an axial symetry with respect to
10 the substrate 12 on the stage 13. The processing vessel 11 is evacuated
to a |l ow pressure via the evacuation port Ila by a gradational |ead screw
punp to be explained |later. The processing vessel 11 is preferably forned

of an austeni tef shai nbesse sdwaltueest aiRi oyl Aervand EBEr €né Splakmaf eaeed a
protective filmof alum numoxide on the inner wall surface bﬁ an oxi di zi ng
e

process. Furth&?SS@H8r e dts t}?‘%rﬁ%@? atBpERef i REPEMOWET pratle Fheofcoyekse
A1203, formed hwia HP prResss, ‘:He”&%ﬁﬁéégib&{ £0g autey valdyafeathe

processi ng vessel 11 corresponding to the substrate 12 as 20 a part of the
outer wall, wherdghnanhthehawerspl gee pdssigr|lddefoambdr g thabiertegfiomozzl e

apertures 14A. T A1203 sho er late 14 thus formed by a HI.P process is
R AR e E I S G T i D e S R R S LSt
means that theifl203 showebrpbdt oni stisdibshaati alahy 26¢ f kee fypaperag or

pi nhol es and has a veri/ | arge, while not so |large as that of ALN, thernmal
conductivity fosSgelcétanic of 30Wm K. The shower plate 14 is mounted on

the processing vessel 14 Vig @seahabbhngy!lishaatdpd spvEs+Mate Laef 30
dense A1203 forned al so of an HIeP grggess ils preogi Bgd on t%e Cghgwér rpI ate
14 via a seal rlilkg fokedToe showemey atedl of ithef proeessurich wesdepr édsi on

14B commn'i at iW vm'.tht%%ch 3 of the ngzz apertures 14A and sq:rvi g for
t he pl asma gas ?‘%ﬁﬁge, at® Hde R ei)fb cgﬁt &rfntera VWJtt&‘t‘Fie 880§r
surface at the part holding the shower plate 14 so as to
suppress electric discharge.

Thus, the plasma gas such as Ar or Kr supplied
to the plasma gas inlet 1llp is supplied to a space 11B
15 right underneath the shower plate 14 uniformly wvia the
apertures 14A after being passed through the passages 14C

and 14B in the shower plate 14.
On the cover plate 15, there 1is provided a
radial line slot antenna 20 formed of a disk-like slot
20 plate 16 formed with a number of slots l6a and 16b shown
in FIG.3B in intimate contact with the bover plate 15, a
disk-like antenna body 17 holding the slot plate 16, and a
retardation plate 18 of a dielectric material of low loss
such as Al,0;, Si0; or SisNgy sandwiched between the slot
25 plate 16 and the antenna body 17. The radial line slot
antenna 20 is mounted on the processing vessel 11 by way
of a seal ring 1lu, and a microwave of 2.45GHz or 8.3 GH:z
frequency is fed to the radial line slot antenna 20 from
an external microwave source (not shown) via a coaxial
30 waveguide 21. The microwave thus supplied is radiated into
the interior of the processing vessel from the slots léa

and 16b on the slot plate 16 via the cover plate 15 and

14




. pl ate 15, wherein the depression 14B al so conmuni cates w th another plasm
- gas passage 1l4C forned in the interior 5 of the shower plate 14 in

communi cation with a plasma gas inlet lip formed on the outer wall of the
processing vessel 11. The shower plate 14 is held by an extendi ng part

-1 1b forned on the inner wall of the processing vessel 11, 10 wherein the
extending part Ilbis formed with a round surface at the part hol ding the
shower plate 14 so as to suppress electric discharge. Thus, the plasna gas
such as Ar or Kr sup%Iied to the plasma gas inlet lip is supplied to a
space 11B 15 rihgnht S QwéérnB%@Fﬁtri;shdméﬂe§VatetQﬁ U FERVAYE ViCRUSRE

apertures 14A after.bebng,passe éhfr(Pug}t?etﬁfa%%%%ﬁ%ie@n%r%ﬁlst%@.the

shower plate 14. On the cover plate 15, there iIs a radial line
sl ot ant enna 2@pkgtmeds of4k di sivel iskecsl biB 2ihd andetfed o nete Wiolwea

nunber of slots . 16a d b sho in FIG3B.in intimte contact with the
cover plate 15P1§ edi%rs;lk- &?kéﬁaHMn{ﬁ% PO 15 aﬁblﬂ]%gcotvﬁéf ﬁq&%epllgi 876, and
a retardatpon ypleats@ol8roplacdli ¥ enld irforiBEesE ahl of AWV F@OSScicsUGR as

Al12C3, Si 2 or Si3N4 sandw ched between the slot 25 plate 16 and the
ant enna body 1RIffRéephdPEFravaye-§ransmiriiehaindors FBUPERE 6P Beid

processi ng vessal.hl RoMRY:iGf 2,58AL bhognk! asaRdsgagior ougve glac?. 45GHE

or 8.3 GHz frequency Is radi a Iné slot antenna 20 from an
ext ernal m cr owdree pdeameegénotisshelw) avvi tha poesdwle 3T wbraguicdéoRd. —The

Vessel Trom thd SrBre ABEUhY T6BOBRCHRE §1 T pIGEETTE Y i TR BoTah plat e
15 and 14 10 - 14cC.

In order to improve intimate contact between the
radial line slot antenna 20 and the cover plate 15, the
microwave plasma processing apparatus 10 of the present
embodiment has a ring-shaped groove 1llg on a part of the

15 processing vessel 11 so as to engage with the slot plate

~ 16. By evacuating the groove llg via an evacuation port

11G communicating therewith, +the pressure 1in the gap

formed between the slot plate 16 and the cover plate 15 is

reduced and the radial 1line slot antenna 20 is urged

20 firmly upon the cbver plate 15 by the atmospheric pressure.

It should be noted that such a gap includes not only the

slots 1l6a and 16b formed in the slot plate 16 but also a

gap formed by other various reasons. It should be noted

further that such a gap is sealed by the seal ring 1llu

25 provided between the radial line slot antenna 20 and the
processing vessel 11.

By filling the gap between the slot plate 16 and
the cover plate 15 with an inert gas of small molecular
weight wvia the evacuation port 11G and the groove 1llg,

30 heat transfer from the cover plate 15 to the slot plate 16
is facilitated. Thereby, it is preferable to use He for

such an inert gas in view of large thermal conductivity

15




.the .shower plate 14. Thereby, the m crowave causes excitation of plasma in
. the plaswa ‘'gas supplied fromthe apertures 14A in the space 11B right

under neat h 't he shower plate 14. It should be noted that the cover plate 15
and 5 the shower plate 14 are formed of A1203 and function as an efficient
- m crowave-transmtting window In order to avoid plasma excitation in the
pl asma gas passages 14A - 14C, the plasna gas is held at the pressure of
about 6666Pa - 13332Pa (about 50 - 100Torr) in the foregoi ng passages 14A
10 - 14C. In order to inprove intinmate contact between the radial |ine
sl ot antenna 2@P&ndaf@e IV tirat enesyY+ hier thiec£aRavEND| I spifdéédsdi ng

apparatus 10 of l%geEﬂgesﬁﬁtlseﬁPgﬁgfgﬁﬂe has QeE'EHesgéggguﬁ%OQ ea%E £on a

part of the 15 processing vessel 11 so as to engage Wth ate
16. By evacuatingatime gnothe ¢¢@punu§tannevacaéGlbn Porne LBl@roaaﬂadleatlng

therewith, the ess orned Jletuee t he sl ot te 16 _and
t he cover platgpigg Eigr%%dggﬂ an gu? &7 Qﬁangog g?ea%x%§$ 28 Pg ur ged

20 firmy upon thke e pley eand tmmhagatdﬂ)sph@r iifeptess eintd t taboul d
be noted that such a 9@5 i ncludes not only the slots 16a and 16b formed in
the slot plate9f68°BGtI2¥so a gap formed by other various reasons. It

should be noted furtherrthgl, SUchea Ryl $haeabfdoblet NEaRRAL dbl Adbk! U 25
provi ded between the radial line slot antenna 20 and the processing vessel

11. By filling 2tlﬁe0§a*ph¢)eft@ﬁ9@@lt wevsgmd?)l?dtpe is6candectert wovdre pliake 15
L0 o et SaReOTSLL TGP 1 ELOl e BisuaLon B UG
plate 16 18 famnhetae@dtoThbeebyotlplaSepﬂéfeﬂabha b@eusegkﬁotmed in
the retardation plate 18. Thus, the microwave fed to the
coaxial waveguide 21A 1s propagated in the radial
direction between the antenna body 17 and the slot plate
16 and is emitted from the slots l6a and 16b.
15 FIG.2B shows the slots l6a and 16b formed on the
slot plate 16. _

Referring to FIG.2B, the slots 1l6a are arranged
in a concentric manner such that there is provided a slot
16b for each slot 16a such that the slot 16b crosses the

20 slot 1l6a perpendicularly and such that the slot 16b 1is
aligned concentrically with the slot 16a. The slots 1l6a
and 16b are formed with an interval corresponding to the
wavelength of the microwave compressed by the radiation
plate 16 in the radial direction of the slot plate 16, and

25 as a result, the microwave is radiated from the slot plate
18 in the form of a near plane wave. Because the slots 1l6a
and the slots 16b are formed in the mutually perpendicular
relationship, the microwave thus radiated forms a
circularly polarized wave including two perpendicular

30 polarization components.

In the plasma processing apparatus 10 of FIG.Z2A,

there is provided a coolant block 19 formed with a coolant

16



.such an inert gas in view of |large thermal conductivity 15 and | arge

i onization ‘energy. In the case the gap is filled wth He, it is preferable
to set the pressure to about 0.8atm In the construction of FIG 3, there
is provided a valve 11V on the evacuation port 11G for the evacuation of 5

" the groove 15g and filling of the inert gas into the groove 15g. It should
be noted that an outer wavegui de tube 21A of the coaxial waveguide 21A is
connected to the disk- |ike antenna body 17 while a central conductor 21B

i 10 ted to th | ot te 16 f i
Ith ar dgfingﬁcpleéf’tatgofB %F%&(ée qﬁg er‘ﬁr’cr a S%T?Qeéﬁ‘%tegé{]%e -Ocoa%‘i“gl tﬁﬁv@&éFde 21A

i's propagated ijxchh@lraeshakn qm%eQﬁkﬁ@rb%ﬁ%ﬁ%nZ@Pel§n5898§bgfdylé7tﬁgd the
slot plate 16 and is enmitted fromthe slots 16a and 16b. 15 FI G 2B shows

the slots 16a d@dl@@blﬁaeméomanh@nn@mﬂ by ateoliigig Refeergdaigntto bEbGk 2B,

h I 16 h th h '
br ovi dod o S1 of® b 1B CERERT &1t og Te Ut CRALSPROIGISt HEWoR0dd8e the

20 sl ot 16asperpendicillaat! waaed siiadsabatidahe Sl b b8 taki Bdant
concentrically with the slot 16a. The slots 16a and 16b are fornmed with an
interval corre$p6Rli g t o7t Re SRiERe| igfh oind h@oqﬁ@fowa@@%oh@wz@sea by

the radiation dghaisy dfa nokbestadialefiicocti ogtbathe, ol ot Plaiiga and

25 as a result, the mcrowave IS radiate he s t he
formof a near t}hbaanwawherBenamhe tdhatsbbt sfleme &lﬂdl.dahﬂOSﬂ ateiuttitioar e

formed in the rrutuall perpen i cul re atJons the m crowave .t hus
radi at ed form;pé’teﬁ‘t?' Hl &P ?Cgb?‘é‘?ﬁ?z% ﬁla d.%@(gteﬁo Pesperat cifar

10 the coolant water by way of bubbllng of an H; gas.

In the microwave plasma processing apparatus 10
of FIG.3A, there is further provided a process gas supply
mechanism 31 in the processing vessel 11 between the
shower plate 14 and the substrate 12 on the stage 13,

15 wherein the process gas supply mechanism 31 has gas
passages 31A arranged in a lattice shape and releases a
process gas supplied from a process gas inlet port 1llr
provided on the outer wall- of the processing vessel 11
through a large number of process gas nozzle apertures.

20 Thereby, desired uniform substrate processing is achieved
in a space 11C between the process gas supply structure 31
and the substrate 12. Such substrate processing includes
plasma oxidation processing, plasma nitridation processing,
plasma oxynitridation procéssing, and plasma CVD

25 processing. Further, it is possible to conduct a reactive
ion etching of the substrate 12 by supplying a readily
decomposing fluorocarbon gas such as C4Fg, CsFg or C4Fg or
an etching gas containing F or Cl and further by applying
a high-frequency wvoltage to the stage 13 from a high-

30 frequency power source 13A,

In the microwave plasma procesSing apparatus 10

of the present embodiment, it 1s possible to avoid

17



30 pol ari zation conponents. In the plasm processing apparatus 10 of

- FIG2A, there is provided a coolant block 19 forned with a cool ant 16

wat er ‘passage 19A on the antenna body 17, and the heat accunulated in the
shower plate 14 is absorbed via the radial Iine slot antenna 20 by cooling
* the coolant block 19 by the coolant water in the cool ant water passage
19A. 5 The cool ant water passage 19A is fornmed on the coolant block 19 in
a spiral form and cool ant water having a controlled oxidation-reduction

potential is supplied, thereto, wherein the control of the oxidation
reduction pot QﬁPPéFt?%"‘ Lhitered1e) RYPFRGSESnERokh et iR S siilve@fi AR 10 t he

cool ant water By waysolg bl:lpg@'slefjg By afedid QRS nkN LigeM QJaSLVYaV%fm apge

processi ng apparatus 100 of FIG 3A) there i's further provided a process gas
supply nechanpsarc8dsingt hespebcéssi ty aes‘cseetipemtbeev\ﬂreiw ah@utshéﬁéfi pl at e
14 and the substr 12_0on the stage wherein the ess.gas_supply
mechani sm 31 hgtg g%gy’ p%ré%anélecsroff,x arr gﬁ dpr%c%sﬁla{’tq e § éﬁdc?el eases
a process pasbesuppdradetr omr&tammgssar@asmm et:epoaim]l:ltry, p}bpvméedlpn t he
outer wall. of th rocessjng yessel 11 through a |arge nunber of process
gas nozzle apeFPBS‘égm@d’i e Eb§3NHREiROFeGH PBFf 3 P&t E°processing i s

achieved in a space llGumetyeen 4 hBoREARESSeWaAShEWRRY YaSkituGEthee 345 and
the substrate 12. Such substrate g}éocesm ng includes plasma oxidation

processi ng, pl &8AaPRPESS &S0 FUPP oL e8ehegismpBased BB H-ri dati on
processi ng, and pl asna Cﬁg}e%@l%oc%swg Fyrt@gg Zdrtode%sp ?gg b's% Loy

conduct a reactive ion etching of the substrate 1Z by suppf yi ng a readlly
deconposi nk0 f | merbertPons yalss siauimeds 1G4E8 steskgodHr AGHIF6Lidye conductive

members 311 and 312 such as an Al alloy containing Mg or a
stainless steel added with Al. There is provided
apertures 31A disposed in a matrix fonn to serve for a
plasma gas passage. For example, the aperture 31A has a
15 size of 19mmX19mm and is provided iteratively at a pitch
of 24mm both in the row direction and in the column
direction. The process gas supply mechanisnl 31 has a
total thickness of about 8.5mm and is typically mounted
with a separation of about 1lémm from the surface of the
20 substrate 12.
FIG. 5 is a bottom diagram showing a structure
of the disk-like conductive member 311 in FIG. 4.
Referring to FIG. 5, in the disk-like conductive
member 311, there is provided a lattice-shaped process gas
25 passage 31B in communication with the process gas supply
passage 31C formed along an outer circumference of the
disk-like conductive member 31: represented by a broken
line in FIG. 5. The process gas supply passage 31C is
connected to the process gas inlet port 1llr. In the
30 opposite surface of the disk-like conductive member 311,
there are formed a large number of process gas nozzle

apertures 31D in communication with the process gas

18



an etching gas containing F or Cl and further by applying a high-frequency
" voltage to the stage 13 froma high- 30 frequency power source 13A. In the
m crowave plasma processing apparatus 10 of the present enbodinment, it is
_possible to avoid 17 deposition of reaction byproducts on the inner wall of
the processing vessel by heating the outer wall of the processing vessel
11 to a tenperature of about 1500C. Thereby, the merowave plasma
processi ng apparatus 10 can 5 be operated constantly and with reliability,

by nerely con i a fry ani o) S 0 y El LS a
bottom vi ew sh%%ghgg% 35?1:? 'uc?ﬂ&%eggpge%e&%r olcsers}s%%sggggu%% H;‘/sarrieecﬁé:%cé?ngm of
FI G 3A. Referrigag toofiXe 4petrhergsocdss gas shuppldiskiikechasmidsmtitei s

formed in a stack ofhgisk-like conductive nenbers 311 and 312 such as an

Al alloy contaff"RE§EMytor a stainless steel added with Al. There is

provided apertures 31A gligposedsi B @18BEN kX el ORLLOn§ELY & thOktBre PbaSMR
gas passage. For exanple, the aperture 31A has a 15 size of 19nmX19mm and

i's provideddit é&hgt fyekyl e gopiduchivefmedien Bdeh in the row direction and
in the colum directio he..proces as. suppl hani 3 t ot al
R S EI S b RO SR S e

t hi ckness of about 8.5 'y mount h™&a separation-of

about 16mm frometbersantpcenetet ee 20rfudsipiratesd2gakl Gpertuged BoAtom
di agram showi ng a structure of the disk-1ike conductive nenber 311 in FIG
4. Referring t&iFpPesed in p Ml rdis KOFPKEORAFRICLDE toebliR IPEPLESSt FBfe i s

E’Lg":oﬁ'ggegs' S;tsabgngP%@eﬁlzPri%e&% 43S x- 2ok PASHRAR 3B hBmSOAMHY cathgn with
10 process gas apertures 31A’ are defined by a lattice-shaped
structure 31E in the disk-like conductive member 3laz.

As shown in FIG. 6, in the lattice-shaped
structure 31, there are formed depressions 31F of a
typical depth of about 1mm for each of the process gas

15 nozzle apertures 31D in the disk-like conductive member
311, wherein the depression 31F prevents a process gas
released from the process gas nozzle apertures 31D from
going straight, whereby a flow of the process gas flows is
curved as shown in FIG. 7. Thus, the depression 31F 1is

20 provided as a diffusion part. Here, FIG. 7 is a sectional
view of a portion of the process gas supply mechanism 31
in FIG. 4, wherein those parts explained previously are
designated by the same reference numerals and the
description thereof will be omitted.

25 FIG. 8 is an enlarging view showing a portion of
the disk-like conductive member 312z in FIG. 6.

Referring to FIG. 8, around the process gas
apertures 31A’, there are formed depressions 31F1 through
31F« as a diffusion part 31F, wherein a pair of

30 depressions being mutually faced with respect to the
process gas aperture 31A’, for example, a pair of the

depressions 31F1 and 31F2, or a pair of the depressions
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-passage 31C forned al ong an outer circunference of the disk-Iike

- conducti vee menber 311 represented by a broken line in FIG 5. The process
gas supply passage 31Cis connected to the process gas inlet port 11r. In
the 30 opposite surface of the disk-like conductive nenber 311, there are
“fornmed a | arge nunber of process gas nozzle apertures 31D in conmmuni cation
with the process gas 18 passage 31B. The process gas is released fromthe
process gas nozzle apertures 31D to the disk-Iike conductive nenber 312.

FIG 6 is a pl Vi e oW .n structure of . 5 the disk-Iike conductive
menber 312. Re?grg?iaﬁléwt%?ﬁ ésgé‘,%rfnﬁdt?ét%ﬁr% S'¥ke conductive menber 312,
there are formed processagjas apseulty) ess 33Rown diapesed i9n a nEldw Xof oM

corresponding to the process gas. apertures 31A in the disk-1ike conductive

menber 311. Th8T26°HF IS L YIS apeFetd sy PYAILEr SlepErPhben bilia hits a
latti ce-shapedgo&w&tym JUE (2 Ll'%%tgbékéﬂléﬁﬁ M%h&ge3@§n%r¥«ﬁ18h AS

shown in FIG inthe lattice-shaped structure 31, there are forned

depr essi ons5 31Fhef depresgiiaral’l8eptsh noft &bowed ) nehdrebyeashviigt he process
gas 15 nozzle apertures 31D.in.the disk-1ike_conductive menber 311
wherein the depression f%ﬁuﬁﬁé&gntsaa.%¥%%e§§ ggs Prereisedr o H%d
process gas nozaterapey thy ese3dBpi¢gatiorgQilEy sitsaiagpbrrivber 2ty aff tigv of
t he process ga pows is curved as shgl in FIG 7. Thus, the depression

31F is 20 proviﬁ%gl%ﬁf%PQqutiﬁ?&ﬁtbﬁ?t.mﬁb#%,wbiqﬁ.tﬁeigeQF%ﬁ%%¥bﬁ%El Vi ew
of a portion ofist RetPEOLRSSE, Ja%e RPN FRAGAN AMe3dw bR Bl Grofesyhgigi n
those parts explained previously are designated by the sanme reference
numeral s akd t erved laterally by the depression 31F3 hits a portion 31E4

of the 1lattice-shaped structure 31E. in which the

depression 31F4 is not formed, thereby curving. A flow of

a process gas curved laterally by the depression 31F4 hits

a portion 31E3 of the lattice-shaped structure 31E in

15 which the depression 31F3 is not formed, thereby curving.

As a result of complicated curved flows of the
process gas shown in FIG. 9, the flows of the process gas
diffuse uniformly and are supplied to thé space 1l1C,

The lattice-shaped process gas passage 31B and

20 the process gas nozzle apertures 31D are provided to cover
a slightly larger range than the substrate 12 represented
by a broken line in FIG. 5. There is provided such a
process gas supply mechanism 31 between the shower plate
14 and the substrate 12, thereby exciting plasma for the

25 process @gas. The plasma-excited process gas makes it
possible to perform a uniform proceSs. |

In a case that the process gas supply mechanism
31 is formed of a conductive material such as metal, an
iterated pitch of the lattice-shaped process gas apertures

30 is set shorter than a wavelength of the foregoing
microwave, whereby the process gas supply mechanism 31

forms a surface of short circuit of the microwave. In

20



~description thereof wll be omtted. 25 FIG 8 is an enlarging view show ng
- a partion® of the disk-like conductive menber 312 in FIG 6. Referring to
FIG 8, around the process gas apertures 31A° , there are forned :
depressions 31F1 through 31F4 as a diffusion part 31F, wherein a pair of

- 30 depressions being mutually faced with respect to the process gas
aperture 31A', for exanple, a pair of the depressions 31F1 and 31F2, or a
pair of the depressions 19 31F3 and 31F4, is fornmed alternately. As a
result, as shown.in FlI w of a_ .process gas. curved laterally by

I

G 9, f ol
the depressi on BrE1 Afs Qlch‘V?Y%ne’S‘iﬁftd‘Pnt Q& e OSRYPRACBLY uébur e

31E in which %hehepdepr essi ot JlphrddesBolakol BEdct IMOIRPY L Whe RPace
Simlarly, a flow of a process gas curved |laterally by the depression 31F2
hits a portion3CEInFLUdiBy (st EreRachapld ther vtiataaseE 5 hni chashe

depressi on 31F}; rirgs DRy £ MR e [E‘tgg%ﬁ% sﬁﬂc‘éi Rgg A flow of a process gas 10

curved laterally by the depression I'ts a portion 31E4 of the
| atti ce-shaped structurellBdEmipromaech ttlesmdeppessismingl Fdpparamts f 00 ned,

t hereby curving.. A flow of _.a process s curved laterally by-.the
depr essi on SIF%Cﬁlofgln% Bortlen eﬁﬁélﬁ’a‘i rf’eéJI PEEEh pje%’?{tﬁﬁ& HFES31E in
15 which the depeepsboss3Ida3d issippoy hesamthsrt 3er €Y c6mMdNGkhe ARiZok@/SUl t

of conplicated curved flows of the process gas_shown in FIG 9, the flows
of the processSYRBLY dPff AsBrOFRTOIFASy dHErsPE Slppinatdind arhexssaedve1C.

The lattice-shapednpr 9¢e8ss8881 LAY IR ¢dcedd RS BLOGHSS s%‘}%aEQZZ' €
apertures 31D are provided to cover a slightly larger range than the
substrate 19 repr&hensedstrate 12. Even if there is formed a structure
of a large aspect ratio on the surface of the substrate 12,
it is possible to process a desirable substrate as far as
an inner portion of such an aspect structure. Thus, the
microwave plasma processing apparatus 10 is useful for
15 fabricating a plurality of generations of semiconductor
apparatuses differing in designing rules.

In the plasma processing apparatus 10 according
to this embodiment of the present invention, the disk-like
conductive members 311 and 31z may be formed of an Al alloy

20 containing Mg or a stainless steel added with Al. When
the Al alloy containing Mg is used, it is preferable to
form membrane of fluoride on surfaces of the members. On
the other hand, when the disk~like conductive members 311
and 312 are formed of the stainless sfeel added with Al,

25 it is desirable to form insulating membrane of alumina on
the surfaces of the members. In the plasma processing
apparatus 10 according to the present invention, incident
energy is small because of a low electron temperature in
the excited plasma, thereby avoiding the problem that

30 metal contamination occurs to the substrate 12 by
sputtering of the process gas supply mechanism 31. It

should be noted that the process gas supply mechanism 31
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by a broken line in FIG 5. There is provided such a’l process gas supply

- mechani'sm 31 -between the shower plate 14 and the substrat e 12, thereby
ex0|t|ng plasma for the 25 process gas. The pl asna-excited process gas
makes it possible to performa uniformprocess. In a case that the process
~gas supply nechanism 31 is forned of a conductive material such as netal
an iterated pitch of the l[attice-shaped process gas apertures 30 is set
shorter than a wavel ength of the foregoing mcrowave, whereby the process
gas supply nechanlsnlg fornms a surface of shori cjrcuit of the m crowave.

In 20 this cas@YnPer bWEIRS Stcht SEFIR OIS YRadfadbdBii%& only in the space

11B and a process gas isppgdivaied tﬂlghee§gggfme§@£:bgclggbngf%eggﬁgace of
the substrate 12 by plasma diffusing fromthe excited space 1IB. 5 The

microwave pl asiHavpnbEessi A dppapeauDLe0 trsed'cmmrr&g: toft mhg aghis&dilrbat  of

th t t th 31 t trol
the Uniform  SSEBRYCDHYE RPBRECL” B2, Of narbh? CrPMIHGL P hg an BXEL G0

anount of déssegicatien £id tde BEBREESSs g@&n@a bheaﬁuiriﬁﬂ%tbQ.Of t he _
substrate 12. Even if there is forned a structure of a |large aspect ratio

on the surface of the substrate 12, it is possible to process a desirable
substrate as fqg EéndaEhBJHEHénQ?rt'on of such an aspect structure. Thus,
the mcrowave pFasna processing apparatus 10 is useful for 15 fabrlcatlng
a plurality of gener at i ongs .of 18emcvsdugt GrtruappaeateuSes d}prdicearsmggaﬂ

desi gni ng rul es. t he plasm gioce55|n apparatus 10 .acc g to.this

enbodi ment of FHBp ¥ eBERPAPHYRNT T 0ACCEH sk9| Pk&SCOBAI G hoefs 311
and 312 mayg be thar nBdesén@an idlveakhoy, whereln those parts explained

previously are designated by the same reference numerals
and the description thereof will be omitted.
Referring to FIG. 10, in this embodiment, there
is formed a coolant passage 3le in the lattice-shaped
15 structure 31E of the disk-like conductive member 31z,
thereby suppressing an excessivg rise of temperature in
the process gas supply mechanism 41.
In FIG. 10, there are additionally formed L-
shaped spacers 31ILi1 through 31Ls on the lattice-shaped
20 structure 31E, wherein the depressions 31F: through 31F4
are defined by the spacers 31L: through 31Ls.
The structure of FIG. 10 is easy to construct.
As a result, it is possible to decrease manufacturing cost
of the plasma processing apparatus.

25
[Third Embodiment]

FIG. 11 shows a structure of a plasma processing
apparatus 10A according to a-third embodiment of the
present invention, wherein those parts explained

30 previously are designated by the same reference numerals
and the description thereof will be omitted.

Referring to FIG. 11, in the plasma processing
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.20 containing My or a stainless steel added with Al.-Wen the A alloy

. containing, My is used, it is preferable to form nmenbrane of fluoride on
surfaces of the nenbers. On the other hand, when the disk-1ike conductive
menbers 311 and 312 are forned of the stainless steel added with A, 25 it
.1s desirable to forminsul ati ng nmenbrane of alumna on the surfaces of the
menbers. In the plasma processing apparatus 10 according to the present
invention, incident energy is small because of a |ow electron tenperature
in the excited plasma, thereby avoiding the problemthat 30 netal

cont ani nati on GEWGLEtHEd tHe SiilsstraRECUBY HhowesuPLRES ntft ofS tISEO¥EBCcess gas

supply mechani sid3thekt asdoulsdcha ROLARSH th¥1urAei By OSESSL L% SHBPlY
mechani sm 31 21 may be forned of a ceramic such as alumna. Also, in this

embodi ment of tHPPPYeBERES }iR it ithR, PTECESS pessrbl &l t HatcMmumérasior he
di sk-1ike congduet &egasrﬁsgég%élégt éﬂvgféxsaik;l‘gfr W& 8 Of yrinORAUC LV €ne 5

material and the other is forne an insulator. [Second 'dbodinen?] FI G
10 shows a 8tr R#§Fe BFoeepiidesprgastus i posesrand skr 4thigccording to a

second enbodi Mg, medd &heHY ;?EEEBJC ny rjt(:].%n,v\@?;fé rbé&%q.ep%

ts
expl ai ned previously are design y the sane 'reference nuneran and the
descri ption theriaeflify| theestomatued. tiReferd iang decEe&e Iidie in this

enbodi nment , th%Egufggﬁapggiqxﬁnﬁggggggfpassage 3le in the lattice-shaped
of the disk-11

15 structure 3 e conductive nenber 312, thereby
suppressi ng an excessi veARl$selmofsucbnpepbisme pnecesheng raumEstyas 18a4ppl y

nechanisnlﬁé. lf{ Egcﬁoégﬁbfgn%gas%ESl§dgiﬁéégggsl&ago££m¥ké’5pace 11C on
| the substrate 12 uniformly and with reliability by using
the process gas supply mechanism 31 or 41 in FIG. 4.
Especially, by using the process gas supply mechanism 41,
it becomes possible to avoid an excessiveirise in

15 temperature in the process gas supply mechanism.

[Fourth Embodiment]
FIG. 12 shows a plasma processing apparatus 10B
according to a fourth embodiment of the present invention,
20 wherein those parts explained previously .are designated by
the same reference numerals and the description thereof
will be omitted.
Referring to FIG. 12, in the plasma processing
apparatus 10B according to this embodiment of the present
25 invention, there is formed a taper part at a connecting
part between the coaxial waveguide 21 and the radial line
slot antenna 20 in the plasma processing apparatus shown
in FIGS. 3A and 3B, thereby decreasing rapid change of
impedance in the connecting part and the reflection of
30 microwave thereof. For these purposes, there is formed a
taper part 21lb at an edge of a central conductive body 21B
in the coaxial waveguide 21 and a taper part 2la at a

connecting part between a coaxial waveguide 21A and an
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-shaped spacers 31Li through 31L4 on the lattice-shaped 20 structure 31E

" wherlein t'he depressions 3l Fi through 31F4 are defined by the spacers 31Li
t hrough 31L4. The structure of FIG 10 is easy to construct. As a result,
it is possible to decrease manufacturing cost of the plasma processing
apparatus. 25 [Third Enbodi nent] FIG 11 shows a structure of a plasma
processi ng apparatus 10A according to a third enbodipent of the present
-invention, wherein those parts explained 30 previously are designated by
t he sanme ref er antennanmesdy sl7.and the description thereof will be omtted.

Referring to FIG 11, in_{he plas rocessing 22 apparatus 10A, _the
f oregoi ng shower plate 112#?% et dg RHRF%h QCSFﬁgﬁQ%sat@%fcfaftBPrréaBa

plurality of pliasig g%siﬁl@FHOYSQbFW aljﬂ%ddésfsh?agrﬁ@e@rﬁa weagel 11t &b
comuni cation wth a gas passage lip, preferably with symmetry: In the 5
pl asma processith§ appateate lLoAniéesrky mnd withi seliaipddityeby vsinde
present inventiQR, pibcdSs RSS! |l fyqt ryctur hereof and
decrease the nanu?ac%ur?ng cgskg%%g$%§ﬂénig séliﬁgsﬁ%ﬁﬂgEgﬁgs%a processi ng
appar at us 10A, Especially, pids$iesbmes opssgiilly aopaveisd sargaekcesstiie spmee 11C

on the substr%%etlz uq&fq&gt%_ Hd\Méf\é;liabilit QX Si N ghe process
gas supply mecHini-EHPSHeY 4f‘|% BIof @?6e8FBP¥¥, ?ﬁﬁﬁﬁégﬁg Yhe process
gas supply nmechaahgntid,prddeskegasesufisissindlcaah0smvei d an excessive rise in
15 tenperature in the process gas supply mechanism [Fourth Enbodi nent]

10 [Fifth Embodiment]

FIG. 13 shows a plasma processing apparatus 10C
according to a fifth embodiment of the present invention,
wherein those parts explained previously are designated by
the same reference numerals and the description thereof

15 will be omitted.

Referring to FIG. 13, in the plasma processing
apparatus 10C, the foregoing shower plate 14 is removed
from the plasma processing apparatus 10B in FIG. 12 and
there are formed a plurality of plasma gas supply pipes

20 11P in the process vessel 1l in communication with the gas
passage llp, preferably with symmetry. In the plasma
processing apparatus 10A according to this embodiment of
the present invention, there is formed a taper part at a
connecting part between the coaxial waveguide 21 and the

25 radial line slot antenna 20, thereby suppfessing
reflection of microwave caused by rapid change of
impedance. Additionally, it becomes possible to simplify
the structure thereof by providing the plasma gas supply
pipes 1llp instead of the shower plate 14 and decrease

30 considerably manufacturing cost of the plasma processing
apparatus.

Also in such a plasma processing apparatus 10C,

it becomes possible to supply a process gas to the space
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FIG. 12 shows a plasma processing apparatus 10B according to a fourth

. enbadi,nent ,of the present invention, 20 wherein those parts explai ned
previously are designated by the sane reference nunerals and the _
description thereof wll be omtted. Referring to FIG 12, in the plasna
. processing apparatus 10B according to this enbodi nent of the present 25
invention, there is fornmed a taper part at a connecting part between the
coaxi al waveguide 21 and the radial Iine slot antenna 20 in the plasna
processi ng appar,atus shown in FIGS, 3A and 3B, thereby decreasing rapid

change of inped&nfd FitHPIFATECL £ NP PR AN GNEnEL FefIdd@bdA16Y B0

m crowave ther e@fingFehe t RS RUGAISESppl iR HadiERr §B A 41t apekrpar 21b at
an edge of a central conductive body 21B in the coaxial waveguide 21 and a
taper part 21aEsPegiatbnnekt iHeGopast PoHetilten te avaid an exregsive 2ige and an

23 antenna body nlfemAbsOtiit SYChna PLaSEBs %@.C@ﬁgbgg reét%ﬁgarn%uig OB, it is

possible to supply a process gas to the space 1 . Su rate 12
uni formy abd WSERIr ERe abidgeasy bpsusiprylb Masdapievess. gas supply nechani sm
31 or 41 in FIG 4. Especially, it becones possible to avoid an excessive
rise in tenperature in the process gas supply nechanismby wusing the
process gas supgphiythegheodigmardl. 10 [Fifth Enbodinent] FIG 13 shows a

o asmm, Process: 00 aPPa s, MCHBRELINgA.R L et L gLt e
by the sane rebpeneates niteraaicerdhngt e adearitht eatvod iergobflshai [ 1 be
om tted. 10 present invention, wherein those parts explained
previously are designated by the séme reference numerals
and the description thereof will be omitted.
Referring to FIG. 14, in the plasma processing
apparatus 10D according to this embodiﬁenf of the present
15 invention, there is provided the retardation plate 18
between the edge 21b of the central conductive body 21B of
the coaxial waveguide 21 and the slot plate 16, wherein
the retardation plate 18 is detached from the slot plate
16. 1In such a plasma processing apparatus 10D, it is not
20 necessary to screw the edge 21b of the central conductive
body 21B on the slot plate 16, whereby a surface of the
slot plate 16 becomes definitely flat. As a result, it is
possible to contact the radial line slot antenna 20 with
the cover plate 15 with high precision and suppress
25 efficiently a rise in temperature of the shower plate 14
and the cover plate 15 by cooling the radial line slot
antenna 20.
In such a plasma processing apparatus 10D, it is
possible to supply a process gas to the space 11C on the
30 substrate 12 uniformly and with reliability by using the
process gas supply mechanism 31 or 41 in FIG. 4.

Especially, it becomes possible to avoid an excessive rise

in temperature in the process gas supply mechanism by

25



‘Referring to FIG 13, in the plasma processing apparatus 10C, the
foregoing shower plate 14 is renoved fromthe plasm processi ng apparatus
1B in FIG 12 and there are forned a plurality of plasma gas supply pipes
20 11P in the process vessel 11 in communication with the gas passage |ip,
preferably with symmetry. In the plasma processing apparatus 10A accordi ng
to this enbodinent of the present invention, there is formed a taper part
at a connecting part between the coaxial wavegui de 21 and the 25 radi al

line slot antenngsZy dhRerebY¥esi ' itd of mcrowave caused
by rapi d change of%Q{npedgnce? A dff%%PE?Yy§g§¢ é%g%és possible to

sinplify the structure thereof by providing the plasm gas supply pipes
|1 p instead of t and decrease 30 considerably
[eenbiege gmg{pamer?é

manuf acturi ng co asma processing apparatus. Also in such a
pl asma processi ng appar at §8G10%5 shawshbecenescpussidi @ pdasuppbyocegwiagess

gas to the space 0 h ubstrate 12 uniforn nd wwth.reliability
by using thre% pr%%jéegsr;a]tggsﬁg%p%? yorrfdé‘c a%f}s?n <5 t%4f“%ﬁgﬁng% Lr t%bepeci al ly,
it becones possipfesent dwokbdtion exdeseivethose partst erpeathede in the

process gas supply nmechanismby 5 usin he process s supply nmechani sm
01" (S xih EnbodiIRCL SEF o1 RSl 49 bY Lt sy T8 LRFSSHe oL ng
apparatus 10D aceof dihegdkscaipeidd knerbed went f ddietdd. present invention,

wherein those parts explained previously are designated by the sane
reference nunerals and tREFEEEERG 1A 6ACt ha? eck™ NS PEsBAi RERRESTECer ri ng

to FIG 14, 1ion tdpadlaasRB1PEOCESSIdMwer plate 14 is removed from the
plasma processing apparatus 10D in FIG. 14, and there are
formed a plurality of plasma gas supply pipes 11P in the
process vessel 11 in communication with the gas passage
llp, preferably with symmetry. As a result, in the plasma
15 processing apparatus 10E, it is possible to make the
structure thereof simpler than that of the plasma
processing apparatus 10D and decrease considerably
manufacturing cost of the plasma processing apparatus.
In such a plasma processing apparatus 10E, it is
20 possible to supply a process gas to the space 11C on the
substrate 12 uniformly and with reliability by using the
process gas supply mechanism 31 or 41 in FIG. 4.
Especially, it becomes pdssible to avoid an excessive rise
in temperature in the process gas supply mechanism by

25 using the process gas supply mechanism 41.

[Eighth Embodiment]
FIG. 16 shows a structure of a plasma processing
apparatus 1l0F according to an eighth embodiment of the
30 present invention, wherein those parts explained
previously are designated by the same reference numerals
and the description thereof will be omitted.

Referring to FIG. 16, in the plasma processing
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-apparatus 10D according to this enbodi mrent of the present 15 invention,
there i's ‘provided the retardation plate 18 between the edge 21b of the
central conductive body 21B of the coaxial waveguide 21 and the slot plate
16, wherein the retardation plate 18 is detached fromthe slot plate 16.
fn such a plasma processing apparatus 10D, it is not 20 necessary to screw
the edge 21b of the central conductive body 21B on the slot plate 16,
whereby a surface of the slot plate 16 becones definitely flat. As a

result, it is p ihl.e_t ont.act_the radj al gpi.ne sl ot antenna .20 with
the cover plate vé%ttﬁsh?gﬁ’ p%%cicsﬂvgrr\ Qﬁ#%u]p rés&P8VE f{:’i:c?“é % a rise
in tenperature cflasme showvesspiqtapphéatasdiiheambeee ploteplbedyscegl i ng
the radial line na 20. In such ggplasna processi ng appar at us

| ot . . .
10D, it is posst Oerapggiﬁgbrll? S5 68588y R0 tis ErFECspaCcke 18t dRteRéor 30

substrate 12 uniJprﬂﬁeypaageg\giﬂgEr@siS@@i kity by using the process gas supply
mechani sm 31 or 41 in FIG 4. specially, it becones possible to avoid an

excessive rige in tenperdRusech @ PHESPHRoREGIE A BppRYa et HElfl sm by 25
using the process §@sgRUPRLYs IHC QEEUléli%héﬁﬂﬁ%hhogn?@%HQEQ}s £l 15

shows a structure of a plasma processing apparat us According to a
sevent h enbodi neissefl Lhevipresemsealnvenyi bit, telesi not hosee gsartys texpl ai ned

pLov ously e SaSANE 8Os S RI® S SLRMGRIR L A e
processing 10 appauatise I0ddy thae sbewed 4 afie péebsurermedisa @net he
plasma prOC?ESi%%g%paTgaéysu%Qggn%rg C%o&éhcéyyg g8§e2f%€15 formed
behind the retardation plate 18. According to this
embodiment of the present invention, it becomes possible
to excite efficiently microwave in the processing vessel
11 without loss of the microwave because the slot plate 16
15 of the radial line slot antenna 20 is exposed to the
interior of the processing vessel 11.

Also in such a plasma processing apparatus 10F,
it is possible to supply a process gas to the space 11C on
the substrate 12 uniformly and with reliability by using

20 the process gas supply mechanism 31 or 41 in FIG. 4.
Especially, it becomes possible to avoid an excessive rise
in temperature in the process gas supply mechanism by

using the process gas supply mechanism 41.

25 [Ninth Embodiment]

FIGS. 17A and 17B are a bottom view and a
sectional view showing a structure of the process gas
supply mechanism 51 according to a ninth embodiment of the
present invention, -respectively, wherein those parts

30 explained previously are designated by the same reference
numerals and the description thereof will be omitted.

Referring to FIG. 17A, according to this

embodiment of the present invention, the process gas
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formed a plurality of plasma gas supply pipes 11P in the process vessel 11
in conmunication with the gas passage |lp, preferably with symetry. As a
result, in the plasma 15 processing apparatus 10E, it is possible to make
the structure thereof sinpler than that of the plasma processing
apparatus 10D and decrease considerably manufacturing cost of the plasma
processi ng apparatus. In such a plasma processi ng apparatus 10E, it is 20
possible to supply a process gas to the space 11C on the substrate 12

uni forny and w shppey i mdilddiymb31ushetiddie a RpEKESSaS8S1$URRLY ABChani sm
31 or 41 in FIG 4. specially, it beconmes possible to avoid an excessive

rise in tenperaPGPEfedde HPGOESSS ¢S NAFFRgenerAaks sntiepde8 dsitige t he
process gas suppkydfRChaniesnidh. ahE ghtdndamhedimens -;Aj%ag%gedtlga%%‘ﬁ\a

structure of a plasma, processing apparatus |O- acc ' an erghth
embodi ment of t h&N3D bt UMed Avent PEICehORSI Rashape quat tis brptabyethe

previously are dgghgs &G&@dat,h@hééé@?f 8l IS 1.30d Lh
description there%f mﬁ%l be omtted. é?%?ﬁ|%§8tg&ﬁf alé?rpﬁ Pﬁﬁbiﬁég%a
processi ng 26 appPaPages Q§ﬁﬁsUPﬁéYc@m@#lqﬂa@Eethessshbnnwedbbtoumthe pl asma
processi ng appar ghpga Ok @ng t b, sLof, Rl ?5?1 10,9yt rJslertr %i%al line sl ot

0 K ce§%|ng

antenna 20 is exposed to the interror e pr s$sel 11. 5 1In
such a plasnma processing dggaratog 1OFEIG.allvBougbcdiirg) ab phate 16 is

e T T e
conducti ve biddy guBplowsrztlanapertyressSuiceabecsodmed hath a slant and
releases a process gas in a slanting direction with
respect to the substrate 12.
When the process gas is released in the slanting
direction from the process gas supply nozzle apertures 51C
15 to the substrate 12, the released process gas bounces off
the substrate 12, thereby avoiding the problem that there
is formed deposition of reaction byproducts on a surface
of the shower plate 103,
As shown in FIG. 17B, the concentric ring-shaped
20 part 51A has a structure such that a section in which
there are formed grooves corresponding to process gas
supply passages covers a surface of a U-shaped part 51a
with a 1lid 51b. As a result, the process gas nozzle

apertures 51C can be formed by a slanting processing of
25 the U-shaped part 5la.

[Tenth Embodiment]
A description will be given of a tenth
embodiment of the present invention.
30 According to this embodiment of the present
invention, in order to suppress the deposition of reaction
byproducts on the surface of the shower plate 103, the

foregoing coolant block 19 serves as a temperature control
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-10 edge 21b of the central conductive body 21B is formed behind the
retardation plate 18. According to this enbodi ment of the present

i nvention, it becomes possible to excite efficiently mcrowave in the
processing vessel 11 without |oss of the nmicrowave because the slot plate
16 15 of the radial line slot antenna 20 is exposed to the interior of the
processi ng vessel 11. Also in such a plasma processing apparatus 10F, it
is possible to supply a process gas to the space 11C on the substrate 12
uniformy and w ePreaeftabihnder @ysubﬁngaﬁﬁ)pﬂutem$gfgs?pg@§a§ﬁpgﬁyéﬁ§ggngzn1
31 or 41 in FIG 4. _E iall it _becones possible to avoid an ex

rise in tenpera?éfeai%&ﬁﬁgéﬁf%ggggeﬁiﬁm%dﬁﬁ@ﬁaﬁﬁéh%%%§H1E?G-uéﬂmgathe

' process gas supplybeecaaaimrockksing hppatdruEnhodi iRt i FIIGS. 41ZAnaps. 47B
are a bottomview and a, sectional view showi ng a structure of the process

gas supply mechBAPSRPEINAARRAIARYSt 0@ M Al -eABodt muistolatehe  present
i nvention, respegibyesyinggiRi-achhose Pal tp?cs?’ogﬁxé)iaé %%%s%&%}‘i'eous' y are

designated by the sane reference nunerals and the description thereof wll
be onitted. Ref BFPFRFSIRY FPEAraTAs HIR dmdiFAg .t ©51 hitsemmivodiheenbo bint he

resent inventio r a uppl.y mechani sm 31 i nc|udes a spoke
Bart 51B that i sBl%%]g\?]fsge %gts%%égpéo%%%%cgegs’?%ﬁ‘gs’é% Léredr?cfsljt?ee)?. 8¥ded in the
radi al directionpaate al tanceher cover nokafeapsdwpel t réslctd hat the §nddred as a

Formed a arge nieE O Tt GLBSEVES APy Hoba) € dbet (hPosesHt oine
bottom surfldce stot hentoieertri cat it ThaRedaPsFdced¥ gas supply
mechanism shown in FIGS. 17A and 17B may be used.

As a result of the temperature control of the
shower plate 13 or the cover plate 15 around 150°C, even
if CVD coating process or plasma etching process is

15 performed in the processing space 11C, it becomes possible
to suppress deposition on the surface of the shower plate
13 or the cover plate 15.
On the other hand, when the foregoing
temperature is substantially above 150°C, it is likely
20  that process gas supplied from the process gas supply
mechanism 31, 41 or 51 is dissolved. Thus, it is
preferable to control the temperature of the shower plate
13 or the cover plate 15 less than 150°C.
By letting a medium such as galden in a coolant
25 passage 19A of the coolant block 19, it is possible to

control the temperature.

Further, the present invention is not limited to
the specific embodiments noted above but various
variations and modifications may be made within the scope

30 of the invention set forth in claims.

INDUSTRIAL APPLICABILITY
According to the present invention, in a
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‘Referring to FIG 17B, according to this enbodi nent of the present

i nvention, ,the process gas 10 supply nozzle apertures 51C are formed with a
slant and releases a process gas in a slanting direction with respect to
the substrate 12. Wien the process gas is released in the slanting
direction fromthe process gas supply nozzle apertures 51C 15 to the
substrate 12, the rel eased process gas bounces off the substrate 12,

t her eby avoi ding the problen1that there is formed deposition of reaction

byproducts on.a_surfa ce . 0 shower plate 103., As shown é? FIG 17B, the
concentric rﬁﬁrgﬂ‘%%eecp afﬂ‘apBF?c%ﬁsﬁ%Waﬂ’QaﬁF%t uhe SuPRSEAGLe Bt ect i on i n

whi ch theresappl{ of REb@=R0YES €OI{SPRRELAY 6P PIERESsIAS v Y
passages covers_a surface of a U shaped part 5la with a lid 51b. As a

result, the HP&@@?Elbﬁl%é’?flema‘?)éﬂkﬁoég‘ B1ESBAPIRCSSSr-med by a sl anting
processing of 25 the U shaped part 5la. 30 [Tenth Enbodi nent] A description
wll be given of a tenth enbodinent of the present invention. According to
t his enbodi mrent of the present invention, in order to suppress the
deposition of reaction byproducts on the surface of the shower plate 103,
the foregoing coolant block 19 serves as a tenperature control 28
apparatus under a substrate processing apparatus 10 in FIG 3A a
substrate processing apparatus 10A in FIG 11, a substrate processing
apparatus 10B in FIG 12, a substrate processing apparatus 10Cin FIG 13,
a substrate
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5 processing apparatus 10D in FIG 14 or a substrate processing apparatus
10E in FI'G, - 15, wherein the coolant block 19 controls a surface
tenperature of the shower plate 13 or the cover plate 15 with respect to
the side faced on the substrate 12 around 1500C via the radial |ine 10
sl ot antenna 20. At the tinme, a process gas supply nechanism shown in
FIGS. 17A and 17B nay be used. As a result of the tenperature control of
the shower plate 13 or the.cover plate 15 around 1500C, even if CVD
coating process or plasma etching progeswms s 15 perfornmed in the processing
space 11C, it becones possible to suppress deposition on the surface of
the shower plate 13 or the cover plate 15. On the other hand, when the

f or egoi ng te”peraturelj52§E§%§ﬂgt§fﬁééésﬁ%§xg %ggg%& jtc. rg%Kﬁgy 20 t hat

process gas supplied fromt process gas neé%anis 1 or 51 is

di ssolved. Thus, it isa predeysabbeveossoidianetihpyt emaiddnin@lef ahie shower
plate 13 or the cover plate 15 | ess than 1500C. By letting a medi um such
as gal den®i nhavépel anttagss fpasbal@inp R subsheatdotarie BreersIed:/ it is

possible to control the ¢ abLHr §ysjc:é’rﬁt@&%plé&‘etdors%%%”;pﬂo%\é‘égﬁhcg” i's not

limted to the specific enbodi nents noted above but varidus variations
and nodi fi catveeaslay be nade within the scope 30 of the invention set

forth in clainms. | NDUSTRI AL APPLICABILL%Y Accogdin tq the present
nvention, in a 29 m & GUAREDIATEIBPbY cBRY ot hppRERIYERGI £ PLAFBEsi bl e to
supply a proggasstgasn tihtdribpt 81 841 PTpr3cRE9ERS STHEatessel

10 a microwave antenna provided on said processing
vessel in correspondence to said substrate to be processed
on said stage; and

a process gas supply part provided between said
substrate to be processed on sald stage and said plasma

15 gas supply part so as to face said substrate to be
processed on said stage,

wherein said process gaé supply part comprises a
plurality of first apertures for passing through plasma
formed in the interior of said processing Qessel, a

20 process gas passage capable of connecting to a process gas
source, a plurality of second apertures in communication
with said process gas passage and a diffusion part
provided opposite to said second apertures for diffusing

the process gas released from said second apertures.
25

2. The microwave plasma processing apparatus as
30 claimed in claim 1, wherein said process gas supply part
comprises: a first part having a plurality of said first

apertures, said process gas passage and a plurality of

31



-uni formy and performa uniformplasma process. 30 CLAIMS 1. A plasma
processi ng, apparatus, conprising: a processing vessel defined by an outer
wal | and 5 having a stage for holding a substrate to be processed; an
evacuati on system coupl ed to said processing vessel; a plasma gas supply
part for supplying a plasma gas to an interior of said processing vessel;
10 a m crowave antenna provided on said processing vessel in
correspondence to said substrate to be processed on said stage; and a

process gas §g9@|yedzﬁ{d apeoyh fed. baett\f\ﬁ%e 8§ fru SRS ?a&l&f fy ocessed on

said stage and said plasma 15 gas supply part so as to face Sald substrate
to be processed ®h ssHidd fst:ageapwmrr@ﬁn sadl b prassesss pgas §gpp>¢q/ cp‘art

ormed n (nd P OF GLERlePRCTUIEEReE oRANHAG R Y90 %

formed in thé sard processing ves rocess gas passage
capabl e of ceandcieqund aparpuneesss gasd dd)ﬂfmora palrtr.al ity of second
apertures. in communication wth said process gas passage and a diffusion
part provided opposite to said second apertures for diffusing the process
gas rel eased fromsaid second apertures. 25 2. The m crowave plasm
processing apparatus as 30 clained in claim1l, wherein said process gas
supply part conprises: a first part having a plurality of said first
apertures, said process gas passage and a plurality of 31

3. The microwave plasma processing apparatus as

10 claimed in claim 2, wherein said diffusion surface of said
second part is formed of a depression part that is located
apart from and opposite to a second aperture corresponding

to said diffusion surface.

15

4. The microwave plasma processing apparatus as
claimed in claim 3, wherein said second part is formed so
20 as to place a plurality of said diffusion surfaces at both

sides of said third aperture alternately.

25
5. The microwave plasma processing apparatus as
claimed in claim 1, wherein said first part and said
second part comprise a first member and a second member,
respectively, and a coolant passage is provided in said

30 second member.
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.sai d second apertures; a third aperture corresponding to each of said
first apertures; and a second part formed of a plurality of diffusion
surfaces corresponding to each of said second apertures as said diffusion
part. 5 3. The m crowave plasna processing apparatus as 10 clainmed in
claim2, wherein said diffusion surface of said second part is forned of a
depression part that is |located apart fromand opposite to a second
aperture corresponding to said diffusion surface. 15 4. The m crowave

pl asma processing apparatus as clainmed in claim3, wherein said second
part is formed so 20 as to place a plurality of said diffusion surfaces at
both sides of said thérd Hpemigrevare aplesmal progssSingrappsirgitsdad® pl asm

processi ng appar S: aS.1 £l ai.med. | j i ad o fLk part and
sai d seconnggﬁﬁggoﬁ%r?%%mglfiQE%P%%#%%Ekéﬁgwgﬁégg%ﬁgﬁhgﬁ%géggq
respectivel y beamdea said afitrsgasisager i andrsaviddedcond seembe30 exeephd nenber .

32 6. Thesnicro uee &gﬁﬁggﬂ&%pessing apparatus as claimed in claim1l
wherein a spé@é ﬁ% er-1's *provi ded between said first nmenber and said

second nmenber except 5 said diffusion part. 10 15 20 7. The mi crowave
pl asma processing apparatus as clained in claiml1l, wherein said process
gas supply part

10 7. The microwave plasma processing apparatus as
claimed in claim 1, wherein said process gas supply part

is formed of a conductive material.

15

8. The microwave plasma processing apparatus as
claimed in claim 7, wherein said process gas supply part
is grounded.

20

9. The microwave plasma processing apparatus as
25 claimed in claim 7, wherein said conductive material is

formed of a stainless steel added with Al.

30
10. The microwave plasma processing apparatus
as claimed in claim 7, wherein said conductive material is

formed of an Al alloy.
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-is formed of a conductive material. 8. The m crowave plasma processing
apparatus as clained in claim7, wherein said process gas supply part is
grounded. 9. The m crowave plasma processing apparatus as 25 clainmed in-
claim7, wherein said conductive material is forned of a stainless steel
added with Al. 30 10. The m crowave plasma processing apparatus as cl ai ned
inclaim7, wherein said conductive material is forned of an Al alloy. 33
5 11. The m crowave pl asma processing apparatus as clained in claiml,
wherein said plasnma gas supply part conprises a plasm gas inlet pipe
capabl e of connecting to a plasma gas source forned on an outer wall of
said processing vessel, and said mcrowave antenna is coupled 10 to a

m crowave transm ssion wi ndow forned on a part of said outer wall of said
processi ng vessel corresponding to said substrate to be processed. 15 12.
The m crowave pl asnma processing apparatus as clained in claim1l, wherein

sai d pl as gas supply, part., conprises a.plas s.lnlet pi pabl e of
connectingato 20 a pla%ﬁh &%?’E%UF8%9¥%NR%§§m8H35%g%Eé%59\ﬁﬁ%ﬁegFﬁgaid
processi ng vesselaifed Jaidatinclowaersint eadd piasmapied supplanpapert ur e

formed on a part of said outer wall of said roc ssigg:vesse
951 ¥

,
cor respondi nGrEr$afH FUHSTE: @28 ot Bt RRee SSRFP OMPRETHPEr Bhave
pl asma processiNgsARPGE S tdurce formed on an outer wall of said

processing vessel, and said microwave antenna is coupled
10 to a microwave transmission window formed on a part of
said outer wall of said processing vessel corresponding to

said substrate to be processed.

15

12. The microwave plasma processing apparatus
as claimed in claim 1, wherein said plasma gas supply part
comprises a plasma gas inlet pipe capable of connecting to

20 a plasma gas source formed on an outer wall of said
processing vessel, and said microwave antenna is coupled
to an aperture formed on a part of said outer wall of said
processing vessel corresponding to said substrate to be
processed.

25

13. The microwave plasma processing apparatus
30 as claimed in claim 1, wherein said plasma gas supply part
comprises a plasma gas passage coupled to a microwave
transmission window formed on a part of said outer wall of

said processing vessel corresponding to said substrate to
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.30 as clainmed in claim1, wherein said plasma gas supply part conprises a
pl asna 'gds, passage coupled to a microwave transm ssion w ndow formed on a
part of said outer wall of said processing vessel corresponding to said
substrate to 34 be processed, said plasm gas passage bei ng capabl e of
connecting to a plasma gas source, and a shower plate having a plurality
of gas inlets communicating wwth said plasnma gas passage. 5 10 14. A

pl asma processi ng apparatus, conprising: a processing vessel defined by an

outer wal | angk havcRgsad st agel Rhshel dadpassadsbeahe tapdra pogcessed; an
evacuation system coupled to said processing vessel; a plasma gas supply
part for supptoyinge§tpneshe @ I agae gasasriincor iédd 8f sSBawer prlédéssi ng vessel ;

a mcrowave anlANAA.PLONLIed PR Sakd pﬁgélc?sdomum%%gmtqprsra@eapondence

to said substrate™to be processed” on s stage; and a process gas supply
part provi dedlemgegasspisisad® substrate to be processed on said stage and
sai d plasga gas supply part so as to face said substrate to be processed
on said sfage, wherein said process gas supply-part conprises a plurality
of first apertures for passing through plasma 25 formed in the interior of
sai d processing vessel, a process gas passage capable of connecting to a
process gas source and a plurality of second apertures in comrunication
with said process gas passage, said second

14. A plasma processing apparatus, comprising:
10 a processing vessel defined by an outer wall and
having a stage for holding a substrate to be processed;

an evacuation system coupled to said processing
vessel;

a plasma gas supply part for supplying plasma

15 gas to an interior of said processing vessel;

a microwave antenna provided on said processing
vessel in correspondence to said substrate to be processed
on said stage; and

a process gas supply part provided between said

20 substrate to be processed on said stage and said plasma
gas supply part so as to face sald substrate to be
processed on said stage,

wherein said process gas supply part comprises a
plurality of first apertures for passing through plasma

25 formed in the interior of said processing vessel, a
process gas passage capable of connecting to a process gas
source and a plurality of second apertures in
communication with said process gas passage, said second
aperture releasing said process gas to said substrate to

30 be processed in a slanting direction.
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-aperture releasing said process gas to said substrate to 30 be processed
in a slanting direction. 35 15. A plasma processi ng apparatus, conprising:
a processing vessel defined by an outer wall and having a 5 stage for

hol ding a substrate to be processed; an evacuation system coupled to said
processing 10 vessel; a plasma gas supply part for supplying plasma gas to
an interior of said processing vessel; a mcrowave w ndow fornmed of a
dielectric material and provided on a part of said outer wall of said
processi ng vessel so as to face said substrate to be processed on said
stage and; a m crowave antenna coupled to said m crowave 15 wi ndow, 20 25 a
process gas supply part provided between said substrate to be processed on

said stage and said plagna gas supply Eart so as to face said substrate to
be processed on said sPage® é@ﬁf@? PERHEF AT SRAFTETYE  pSPTPTOHY! | i ng a

surface tenmperatddssQhgsedsal CHON WnNdAWRRBENHa1D06ndM hdkidespect to
a side faced on said substrate to be processed on said stage. 16. The
m cr owave 5pl astagpriceeboldgnappavdsgsatastelke madcessetlai m 15, wherein said

{omperature cont 1ol S0 ALk TP, A0 SRS SEotae ppbelIa A
vessel;

a plasma gas supply part for supplying plasma
gas to an interior of sald processing vessel;

10 a microwave window formed of a dielectric
material and provided on a part of said outer wall of said
processing vessel so as to face said substrate to be
processed on said stage and;

a microwave antenna coupled to said microwave

15 window;

a process gas supply part provided between said
substrate to be processed on said stage and said plasma
gas supply part so as to face said substrate to be
processed on said stage; and

20 a temperature control part.controlling a surface
temperature of said microwave window around 150°C with
respect to a side faced on said substrate to be processed

on said stage.

25

16. The microwave plasma processing apparatus

as claimed in claim 15, wherein said temperature control

30 part is provided on said microwave antenna and controls a
temperature of said microwave window via said microwave

antenna.
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-antenna. 36 5 17. The m crowave plasma processing apparatus as clained in
cl ai'm 15, wherein said mcrowave window is a shower plate forned of a
dielectric plate formng said plasma gas supply part. 37

5 17. The microwave plasma processing apparatus
as claimed in claim 15, wherein said microwave window is a
shower plate formed of a dielectric plate forming said

plasma gas supply part.
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