22 SEPTEMBER 2005 DESCRI PTI ON PLASMA PROCESSI NG APPARATUS 5 TECHNI CAL FI ELD
The present invention generally related to plasm proeeseTEBBERpPEISat us and
nore particularly to a mcrowave plasma processing apparatus. Plasma
process and pl asnma processing apparatus 10 are indi spensabl e technol ogy for
f.abricating ultrafine sem conductor devices of these days called deep
subm cron devices or deep subquarter mcron devices characterized by a
gate length of near 0.1mor less, or for fabricating ultra high-resolution
fl at- panel display devices inC|Udiq@%(%§ﬁ%&§§id crystal display devices.
Conventional Iy, various plasma exci & t hods have been used in plasm
processi ng apparatuses used for fabrication of sem conductor devices or
i quid PLASMA PROCESSING APPARATUS

5 TECHNICAL FIELD

The present invention generally related to

plasma processing apparatus and more particularly to a

microwave plasma processing apparatus.

Plasma process and plasma processing apparatus
10 are indispensable technology for fabricating wultrafine
semiconductor devices of these days called deep submicron
devices or deep subquarter micron devices characterized by
a gate length of near 0.1um 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. Ho?ever, such conventional plasma
processing apparatuses have a drawback of non-uniform
plasma formation in that the region of hidh electron

25 density is 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’pyoblem.becomes particularly acute when processing a
large diaﬁeter 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



crystal display devices. Particularly, a parallel-plate 20 type
hi gh-frequency excitation plasma processing apparatus PP RMRBER 200
i nducti on-coupl ed pl asna processi ng apparatus are used comonly. wever,
such conventional plasma processing apparatuses have a drawback of
non-uni form plasma formation in that the region of high electron 25 density
Is limted, and it has been difficult to conduct a uniform process over the
entire substrate surface with |arge processing rate, and hence with | arge

t hroughput. This problem becones particularly acute when processing a
| arge di anet er SSBSERGt e2NRur BT, SiHH f4C@BRY eREFdhal CBU-39HAS& OPr oéBssi ng

devi ce has seveLalselnhgr ant-cRNLOP! BFB 51, ASSOGIAIAD Mdlnides agh  ehggLron

tenperature, in that the sem conductor devices formed on the sSubstrate
undergo 1 22 SEPBEMBER 200%cderagnag didfdichatiss grirfi sant menalentional
contam nation Biasma processing apparatuses to meet for the stringent
5 demand of further device miniaturization and further
improvement of productivity of semiconductor devices or
liquid crystal display devices.
Meanwhile, there are proposals of alrnicrowave
plasma processing apparatus that uses high-density plasma
10 excited by a microwave electric field, 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 1lonization of a gas in a vacuum vessel. (See for
example Japanese Laid-Open Patent Application 9-63793). In
the microwave plasma thus excited, it is possible to
20 realize a high plasma density over a wide area right
underneath the antenna, and it becomes possible to conduct
& 2 uniform plasma processing 1in a short duration. The
microwave plasma thus formed is characterized by low
electron temperature, and damaging or metal contamination
25 of the substrate 1is avoided. Further, it is 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 o
BACKGROUND ART

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



caused as a result of sputtering of a chanber wall. Thus, there are
increasing difficulties in such conventional plasma psogESEhMirdepar at uses
to meet for the stringent 5 denmand of further device mniaturization and
further inprovenment of productivity of sem conductor devices or liquid
crystal display devices. Meanwhile, there are proposals of a m crowave

pl asma processi ng apparatus that uses high-density plasna 10 excited by a
m crowave el ectric field, in place of -a direct-current nagnetic field. For

le, there | | | rre i
gigiﬁ{)atei on g; eﬁ%}gg%%tgéggpsﬂlcggwg"g PrRl 05%(?4-‘ anaqgfg@égi’gtﬁsa 1dfpuses

y radiating a m‘'crowave 1nto SSing vessel from
a planar antenhavinadisalchl inerstdil 1%iaat enpa) dreneinng , a wharednh Of IG/IH S
di sposed so as to forma uniform m'grovvave, such that the m crowave

electric fiel dShe‘é{ﬁse@? ofit ZBP YOI 0P 85033 AT o4 VaChEm REESE1IS( SR for
exanpl e Japanesg,kal dsCpeshHat iy ARl iCati®MD-§34283) thd Nconstruction

5 of the radial line slot antenna.
Referring to FIG.1lA, the microwave plasma
processing apparatus 100 has a processing chamber 101
evacuated from plural evacuation ports 116, and there is
formed a stage 115 for holding a substrate 114 to be
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 becomes possible to
evacuate the processing chamber 101 uniformly through the
space 10l1A 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 1is 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 lO4.IFurther, there

is formed a plasma gas supply passage 106 in the interior



the m crowave plasma thus excited, it is possible to 20 realize a high

pl asma density over a wide area right underneath the apkgprEMBERS00s!
becomes possible to conduct wuniform plasma processing in a short duration.
The mcrowave plasma thus formed is characterized by |low electron
t'enperature, and damaging or nmetal contam nation 25 of the substrate is
avoi ded. Further, it is possible to formuniformplasma over a | arge
surface area, and it can be easily applied to the fabrication process of a

sem conduct or dgvitee dibhgraplafge ol ameeimeet£ONGHIGHQh aSBhskrat gaor
| arge size liquid crystal display device. 30 BACKGROUND ART FI GS. 1A and 1B

show the const ¥@Pil8n BPTA 2192 SEPMEMBER 2005tkdnveHtionalldi cPéwatle pl asm
processing app%ﬁ%%%%slga vessel 101. Thus, the plasma gas of Ar, Kr or

the like supplied to the foregoing plasma gas supply port

5 105 is supplied to the foregoing apertures 107 from the
supply passage 106 via the passage 104 and is released
into a space 101B right underneath the shower plate 103 in
the processing vessel 101 from the apertures 107 with
substantially uniform concentration.

10 On the processing vessel 101, there is 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 - S5 mm from the cover plate 102.
The radial 1line 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



havi ng such a radial line slot antenna, wherein FIG 1A shows the m crowave
pl asmas processing apparatus in a cross-sectional vi e SHRTEMEERG038 shows
the construction 5 of the radial line slot antenna. Referring to FIG 1A,
the m crowave plasma processing apparatus 100 has a processi ng chanber 101
evacuated from plural evacuation ports 116, and there is forned a stage 115
for holding a substrate 114 to be 10 processed. In order to realize uniform
processing in the processing chanber 101, a ring-shaped space 101A is

formed aroundcbhersiagenl l15thandnidmwaker abugybicitat ifepmpothe lddxiane
formed in communication wth the foregoing space 101A with a uniform

interval , and We¥REIIF akihl SRYRAfS (RFWaR 191 eaka tidet e tsupét Rady.
Thereby, it be@@gﬁsamsgwl Bad Oar RUAQULR th®cPracessing fekiOkn
uniformy through the space 101A and the evacuation ports 1I16. On the
processi ng chatbher radial t Herectiiordf,orwieakedn there occurs a compression
5 of wavelength as a result of the action of the retardation
plate 110D. Thus, by forming the slots 110a and 110b in
concentric relationship in correspondence to the
wavelength of the radially propagating microwave so as to
cross perpendicularly with each other, it becomes possible
10 to emit & 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 is formed 1in 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 1s caused no damaging of the substrate 114
and there is 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.1, it
( should further be noted that there 1s provided a
conductive structure 111 in the processing wvessel 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 into a space 101C between the
conductive structure 111 and the substrate 114. It should

be noted that the conductive structure 111 is formed with



plate 103 of plate-like format the |ocation corresponding 20 to the
substrate 114 on the stage 115 as a part of the outer m@éEﬁyﬁﬁ@wcessi ng

chanber 101 via a seal ring 109, wherein the shower plate or med of
a dielectric material of small loss and includes a | arge nunber of
apertures 107. Further, a cover plate 102 also 25 of a dielectric materi al
of small loss is provided on the outer side of the shower plate 103 via

anot her seal ring 108. The shower plate 103 is formed with a passage 104

of a plasm gag%?gtq'ﬁ?se QEwééﬂ{faﬁﬁaEQf?Ee%zz%Q% §agh 3Q,0f,the pl ural,
apertures 107 are tormed in communication Wi th the foregol ng plrasma gas
passage 104. Fdh&her ththempdasms f dpmrdda phasmhegaspaappl VI A&SSagessES i n
the interior 3 gg_SEPT%NBEB 2005 of the shower plate 103 iq comuni cati on
with a plasm a iclently from the space 101B to the space 101C by way

of diffusion.
5 Thus, in the case a processing gas is released

into the space 101C from the conductive structure 111 via
the nozzles 113, the processing gas is excited by the
high~density plasma formed in the space 101B and a uniform
plasma processing is conducted on the substrate 114
10 efficiently and with high rate, without 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 is 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 is important to
supply a process gas uniformly from the process gas supply
20 part 111. Also, 1t 1s necessary that the process gas
supply part 111 enable plasma excited in the space 101B 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. 1In 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 1is formed a process gas distribute

passage 1127 in communication with the process gas passage



supply port 105 provided on the outer wall of the processing vessel 101.
Thus, the plasma gas of Ar, Kr or the |ike supplied tmserreMBERgOINg pl asna
gas supply port 5 105 is supplied to the foregoing apertures 107 fromthe 10
supply passage 106 via the passage 104 and is released into a space 101B

ri ght underneath the shower plate 103 in the processing vessel 101 fromthe
apertures 107 with substantially uniformconcentration. On the processing
vessel 101, there is provided a radial line slot antenna 110 having a

radi ation surface asbaynthd buGeiBconctiite Mi®y & den®fdidie-cioxerpplate 102
wth a separation of 4 - 5 nmfromthe cover plate 102. The radial |ine
sl ot antenna 11dlis Eemfrciedaraednalbabkie? rilanecc F8RaRes 8auf ckl 3ok shown)

‘r’ief‘egsgga;(inf‘l) Fﬁg&&g&k‘éﬁ&%@%t‘ﬁ“‘Eﬂga%}?géeseé(\C/(%ésatdi%f&rgkufcéep!i’éé‘é&? PP .
pace 101B by the crowave fromthe
In the lattice-shaped gas passage 113A, there are a number
5 of nozzle apertures 113.

According to the construction, a process gas 1is
released almost uniformly from a number of the nozzle
apertures 113 to a surface of the substrate 114 to be
processed represented in FIG. 2 by a broken line. On the

10 other hand, the nozzle apertures 113 are formed toward the
substrate 114 in the bottom view of FIG. 2. As 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 1s scarce
arouhd'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 Dbecause the
process gas reaches the substrate 113 immediately.

25 T 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 111 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



m crowave source. It should be noted that the gap between the cover plate
102 and the radiation surface of the 20 radial |ine shpse@mvesEe208d0 i S
filled with the air. The radial line slot antenna 110 is fornmed of a flat
di sk-1i ke antenna body 110B connected to an outer wavegui de of the coaxi al
wavegui de 110A and a radiation plate 110C is provided on the nouth of the
ant enna body 25 110B, wherein the radiation.plate 110Cis formed with a
nunber of slots 110a and slots 110b wherein slots 110b are forned in a

direction crosshwvghtitnh siotprolrifa apespandincuhaelfyl asl 4apt esenrtedihg FI G 1B.
Further, a retardation plate 110D of a dLeIectrig filmof uniform 30
thi ckness is i PRRMEPDtWEER ChEN ANt PP PGIPTLROB AMRF S tHe MRG58 on pl ate

110C. In the radial |inestleraBh8Mhsrd L)Ll rSUCBpacdt 22r SERTEMBERN2005
invention is to provide a plasma processing apparatus
5 comprising a process gas supply part capable of supplying
a process gas uniformly.
Another object of the present invention is to
provide a plasma processing apparatus capable of avoiding
a rise in temperature 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 vessel; a plasma gas supply part for supplying plasma gas
to an 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
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
prodess 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



construction, the mcrowave supplied fromthe coaxial waveguide 110 spreads
bet ween the disk-1ike antenna body 110B and the radi ati skpTEhvaiER 20d$C as it
is propagated in the radial direction, wherein there occurs a conpression 5
of wavelength as a result of the action of the retardation plate 110D.

Thus, by formng the slots 110a and 110b in concentric relationship in
correspondence to the wavelength of the radially propagati ng mcrowave so
as to cross perpendicularly with each other, it beconmes possible 10 to emt
a plane wave hpvoogsa @S, chareppl aurziatg en fdoat ef theapdbgaes igais in

substantially perpendicul.ar to the .radi.ation.plate-110C._ By psi.ng such a
Choia | ne o1 Bt LoRRaE st ol Rpg AL Rethe e atten Bnd Bl L3400 2
right 15 undeppeshd ghie-stowas . pl at ecHdIimEhe ilfii ghedpnstdys Rlaasma t hus
formed is characterized by a |l ow electron tenperature and thus, there is
caused no danmadiPR!bfPate OMBSLFate? 1St part having the process gas

S passage and the nozzle aperture and a second part having
the diffusion part, it becomes possible to form easily the
diffusion part in a depression form corresponding to the
nozzie aperture. When such a diffusion part is provided
at both sides of a nozzle aperture to pass through plasma

10 alternately, the diffusion part makes it possible to
{ further curve the flow of the process gas that has been
curved in the lateral direction, thereby further
fadilitating 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



and there is caused no netal contam nation as a result of the sputtering of
the vessel wall of the processing vessel 20 101. In tfesEPreMBERY00EESSI NG
apparatus of FIG1, it should further be noted that there is 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 wth a nunber 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 prBeRL3iNy GRESSELING0TO MMFOELER TGRSt PRUFRZzI3®S 813 rel eases

the processing lJded theretq, i a i gl weenpthe
conducti ve strﬁggﬁgé ﬁgﬂgﬁﬁ%tﬁe séﬁégfé%%qf1558@§§§%%%§%p Bgﬁngt%d t hat the
conducti ve strpcocess Idds irmshagredtin tdedor2R aSEPTEMBER X35 ng the

process gas in a slanting direction with respect to the
5 substrate to be processed.
According to the present invention, the process
gas supplied from the process gas supply part bounces on a
surface of the substrate to be processed, thereby reaching
a microwave window and the process gas supply part. As a
10 result, it becomes possible to avoid the problem that
‘ deposition arises.

Another object of the present invention 1is 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 supplying 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



openi ngs between adj acent nozzles 113 with a size such that the plasma
formed in the space 101B passes efficiently fromthe t he
space 101C by way of diffusion. 5 Thus, in the case 5§g§%22§%%§55535 S
released into the space 101C fromthe conductive structure 111 via the
nozzles 113, the processing gas is excited by the high-density plasna
formed in the space 101B and a uniform plasnma processing is conducted on
the substrate 114 10 efficiently and with high rate, w thout danagi ng the
substrate or thecHdevieesvigrdowhe substrate, and wi thout contaminating the
substrate. Further, it shquld be noted_ that the m crowave emtted fromthe

radial line slot antentd 1% BPEEKET by HEF CoRddc FAVRNER9eRtUr %hd t here

15 i's no possiprbséyt ofn il oA Wi Cl OBBYEnE SRS agpHBEh Adridn e substrate
114. Meanwhile, in the plasma processing apparatus ‘ '
following detailed description when read in conjunction

5 with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B are diagrams showing 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



100 nmentioned in FIGS. 1A and 1B, it is inmportant to supply a process gas
uniformy fromthe process gas supply 20 part 111. A SO, 'ET#%Bgﬁcgssary
that the process gas supply part 111 enabl e plasma exclit é %space
101B to pass to the space 101C right above the substrate 114 w thout
delay. FIG 2 is a bottomview 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 forned of a stainless steel added

with Al or the Likes;ddhd R RLACESSs O3S sipkYopart 111, there are formed a
nunber of |arge apertures 111B disposed 30 in a matrix formto pass

hi gh-density plasma in t FdGpadeis1@1Biagiago shplere 4 ssfmyammdeacpr acess gas
distribute passpge, 113441 SOATUIEALIRD MDAt £5 APess gas passage 6 22
embodiment of the present invention;
5 , FIG. 12 is a diagram showing a structure of a
plasma processing apparatus according to a fourth
embodiment of the present invention;
FIG. 13 is a diagram showing & 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 OUT 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



112 along the outer circunference of the disk-like plate 111. There is
formed a | attice-shaped gas passage 113A in conmuni cat,) | t process
gas distribute passage 112A. In the lattice-shaped ggéiéggg%ﬂ;llﬁgs, t here
are a nunber 5 of nozzle apertures 113. According to the construction, a
process gas is released alnost uniformy froma nunber of the nozzle
apertures 113 to a surface of the substrate 114 to be processed represented
in FIG 2 by a broken line. On the 10 other hand, the nozzle apertures 113

are formed tovgrg ubstd Al 11 | on kg ot L omrkieus of o FlLGs <21 AS a
resul t, evenV\?# t%e r?c();;z%%éapertsures lriS are for?éd de?\se?y, itS |ls
difficult to dafd usesthgeprdcessvgdsdenoughet procachinevesaetadé diort he

bstrate 114. the other hand, if the 15 | t 113
o1 ovi ded too dETEHITE 4 RULREEeEs 2 g5 T8 BRAHEy Reb Gakbd P T Finige of

the substrate dddbk, Aseafedinngh¥, stigd sLd ideelpretrBabbl Per PrReesst ¢aw oy scarce
5 Al,03 by a hot 1isostatic pressing (HIP) process. In the
processing vessel 11, there are formed at least two or
preferably more than or equal to three evacuation ports
lla in a space 11lA surrounding the stage 13 with 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 11l is pfeferably formed of
an austenite stainless steel containing Al, and there 1is
15 forméd 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;03;, 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 1s formed by
using an Y;0; additive and has porosity of 0.03% or less.
This means that the Al;0; shower plate 1is substantially
25 free from pores or pinholes and has a very large, while
not so large as that of AIlN, thermal conductivity for a
ceramic of 30W/m " K.
The shower plate 14 is mounted on the processing
vessel 11 via a seal ring lls, 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 1lt. The shower plate

14 is formed with a depression 14B communicating with each

13



around the center of the substrate 114. In addition, in the plasm
processing apparatus 100, a distance between 20 the shpwghpTRMBER 20653 and the
substrate 114 is shortened in order to evacuate the spaces 101B and 101C

i mmedi 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 processi ng apparatus
100 in FIGS 1A and 1B has the problemthat the tenperature thereof rises

Chermal 11ux cRbSEEF B 1 nETHErarey Bace S50 prSctOBURS G ARERTFON
Accordingly, ipakSa@d, obiecheofsidie pResY Jorda SERLEMBER 2008 cover
plate 15, wherein the depression 14B also communicates
with another plasma gas passage 14C formed in the interior
5 of the shower plate 14 in communication with a plasma gas
inlet 1llp formed on the outer wall of the processing
vessel 11.
The shower plate 14 is held by an extending part
11lb formed on the inner wall of the processing vessel 11,
10 wherein the extending part 1llb 1is formed with a round
surface at the part holding the shower plate 14 so as to
suppress elecgtric discharge.
Thﬁs, the plasma gas such as Ar or Kr supplied
to the plasma gas 1inlet 1llp is supplied to a space 11B
15 right underneath the shower plate 14 uniformly wvia the
apertures 14A after being passed_throughrthe 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 16a and 16b shown
in FIG.3B in intimate contact with the cover 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;03, SiO; or SizNg; 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 llu, and a microwave of 2.45GHz or 8.3 GHz
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 1l6a

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

14



i nvention to provide a novel and useful plasma processing apparatus in

which the foregoing problenms are elimnated. Another apEpPREMBERSG6S | C

obj ect of the present invention is to provide a plasma processing appar at us
5 conprising a process gas supply part capable of supplying a process gas
uni formy. Another object of the present inventionis to provide a plasm
processi ng apparatus capable of avoiding a rise in tenperature thereof. 10
Anot her object of the present invention is to provide a plasm processing

apparatus, CONR S'@ﬁowér PpRSESSI N9, vesaslordel i ned b%l@?onégr wahdeand
having a stage for holding a substrate to bé ‘processed on the stage; an

evacuati on sysEgnnt@upbedOfopﬂhem@ronessenglaﬁmwegsel$ugpbka$nﬁngmst®®pply
pATE T SUPPLRg BLESTR A%, £ W Laterhor, of. L peceRoLNg Yeseel @
plate 14. It should be noted that the cover plate 15 and
5 the shower plate 14 are formed of Al,03 and function asran
efficient microwave~transmitting window. In order to avoid
plasma excitation in the plasma gas passages 14A - 14C,
the plasma gas is held at the pressure of about 6666Pa -
13332Pa (about 50 - 100Torr) in the foregoing passages 14A
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 1llg 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 line slot antenna 20 1s urged
20 firmly upon the cover 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 1lg,

30 heat transfer from the cover plate 15 to the slot plate 16
1is facilitated. Thereby, it 1is preferable to use He for

such an inert gas in view of large thermal conductivity

15



correspondence to the substrate to be processed on the stage; and a process
gas supply part provided between the 20 substrate to be2 sERTEAMEERDR005 t he
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 plasma fornmed in the interior of the
processi ng vessel, a process gas 25 passage capable of connecting to a
process gas source, a plurality of second apertures in comrunication with

the process gas passage and a diffusion part provided opposite to the
second aperture ¥ B¥FUSiONg ZPrdLRSINYEDY 1 elTedSed CeProf EhE2Beddndilled

aperture. 30 According.to.the present iyiventd on..ipyLhe, RLacess gas, sypply
part, there is proV|de8’tﬁe diffilsion part corfesponding to a nozzfe

aperture rel easigiggdie S22 HERHAVBERC2005 of FIG.3, there is provided &
valve 11V on the evaecuaiion port 11G for the evacuation of

5 the groove 15g &and filling of the inert gas into the
groove 153g.

It should be noted that an outer waveguide tube
21A of the coaxial waveguide 21A 1is connected to the disk-
like antenna body 17 while & central conductor 21B is

10 connected to the slot plate 16 via ean opening formed in
: the retardation plate 18. Thus, the microwave fed to the
coaxial wavegquide 21A is propagated in the radiel.
direction between the antenna body 17 and the slot plate

16 and is emitted from the slots 16a and 16b.
15 FIG.3B shows the slots ICa and 16b formed on the

slot plate 16.

Referring to FIG.2B, the slots léa are arranged
in a concentric manner such that there is provided a slot

16 for each slot 16a such that the slot 16b crosses the

20 slot l6a perpendicularly and such that the sliot 16b is

(o)

aligned concentricelly with the slot 16a. The slots 16a
end 16b are formed with an interval corresponding to the
wavelength of the microwave compréssed by the radiation
plate 16 in the radial direction of the slot plate 16, and

as a result, the microwave is radiated from the slot plate

XS]
w

18 in the form of & near plane wave. Because the slots 16z
and the slots 16b are formed in the mutually perpendicular
relationship, the microweve thus redizted Zforms a
circularly polerized weve including twc perpendicular

30 polarization components.
In the plaesmea processing apparatus 10 of FIG.22,

coolant

)

there is provided a coolant block 19 formed with



process gas, thereby curving a flow of the process gas in a lateral
direction and facilitating diffusion and m xture of teSHPMTEMEBIR 08s. At the
time, if the process gas supply part conprises a first part having the
process gas 5 passage and the nozzle aperture and a second part having the
diffusion part, it becones possible to formeasily the diffusion part in a
depression formcorresponding to the nozzle aperture. Wien such a diffusion
part is provided at both sides of a nozzle aperture to pass through plasna

10 al ternatel ywatBe @alslugbongpardn MekesahteROSShbbie 10, fawkt hefe Chkye the
flow of the process ?as that has been curved in the lateral direction,
t her eby furt heRCCHRELRERAL LRy el fAIWRT ankR ¥ xt4r ésofabsivabglocess §ss.

Al so the T1rst pact aide!Ueo8eaROdParboape LOLIER, Olnd Sodbilsr eptodipbers
and there is provided a coolant passage in the second part. aresult, it
I s possi bl e tolosbpprasscaotase watdenperdtairaodbntheapeocpassgas 53ppl y
5 The coolant water passage 19A is formed on the coolant
block 19 in a spiral form, and coolant water having a
controlled oxidation-reduction potential is supplied
thereto, wherein the control of the oxidation reduction
potential 1is achieved by eliminating oxygen dissolved in
10 the coolant water by way of bubbling of an H; gas.

; In the microwave plasma processing apparatus 10
of FIG.3A, there is further provided a process gas supply
mechanism 31 1in 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 11r
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 1is achieved
in a space 1l1C between the process gas supply structure 31

{ and the substrate 12. Such substrate processing includes
plasma oxidation processing, plasma nitridation processing,
plasma oxynitridation processing, and plasma CVD

25 processing. Further, it 1s possible to conduct a reactive
ion etching of the substrate 12 by supplying a readily
decomposing fluorocarbon gas such as CyFy, CsFg or C4Fg or
an etching gas containing F or Cl and further by applying
a high-frequency voltage 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
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part., Another object of the present inventionis to 20 provide a plasm
processi ng apparatus, conprising: a processing vessel XsEPTEMBER 2005 out er
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 supplying plasma gas to an 25 interior of the processing vessel; a
m crowave antenna provided on the processing vessel in correspondence to
the substrate to be processed on the stage; and a process gas supply part

provided betwegapbher sibsd# at 1@ cRepPhPEEsSEd o0 nhenatadga 8N £ hg, Pl asma
gas supply part so as to face 30 the Substrate to be processed on the stage,

wherein the ppocesssyas sigRsiel pavt beapiisgesthe ploutaki tyabl féfstthe
apertures for passing,throughepl agm, forned in the, J nierien.of {4.c.
processi ng vessel', "a procesS gas ‘passage 9
Thereby, the microwave plasma processing apparatus 10 can
5 be operated constantly and with reliability, by merely
conducing a dry cleaning process once a day or so.
| FIG.4 is a bottom wview showing a structure of
the process gas supply mechanism 31 of FIG.3A.
Referring to FIG. 4, the process gas supply
10 mechanism 31 is formed in a stack of disk-like conductive
members 311 and 312z such as an Al alloy containing Mg or a
stainless steel added with Al. There is provided
apertures 31A disposed in a matrix form 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 mechanism 31 has a
total thickness of about 8.5mm and is typically mounted
with a separation of about l6mm from the surface of the
20 substrate 12.
FIG. 5 is a bottom diagram showing a structure
of the disk-like conductive member 31: 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 311 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



22 SEPTEMBER 2005 capabl e of connecting to a process gas source, and a
plurality of second apertures in comrunication w th th2SEPTEMIBER 2065
passage, the second aperture releasing the process gas in a slanting
direction with respect to the 5 substrate to be processed. According to the
present invention, the process gas supplied fromthe process gas supply
part bounces on a surface of the substrate to be processed, thereby
reaching a mcrowave wi ndow and the process gas supply part. As a 10
result, it becpaesagessibl e tie praicdskhgapr obl emdhald rdeposhéi proadd ses.
Another object of the present invention is to provide a plasma _processing
appar at us, conPfSsi MREZEe PRSCEYEPRg YEssée dERfnedl By l&l’?eout:%?d‘\’/\%ﬂ"%nd
having a 15 stage.forshplding a substrate to be processed; an evacuation

system coupled to the proceSS|ng vessel ; a
FIG. 6 1is a plane view showing a structure of

5 the disk-like conductive member 31l:.

Referring to FIG. 6, in the disk-like conductive
member 312, there are formed process gas apertures 31A°
disposed in a matrix form corresponding to the process gas
apertures 31A in the disk-like conductive member 31i:. The

10 process gas apertures 31A’ are defined by a lattice-shaped
structure 31E in the disk-like conductive member 31z.

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

15 nozzle apertures 31D in the disk-like conductive member
31:, 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 312 in FIG. 6.

Referring to FIG. 8, around the process gas
apertures 31A’, there are formed depressions 31F:1 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 31F: and 31F2, or a pair of the depressions

19



pl asma gas supply part for supplying plasma gas to an interior of the
processing vessel; a mcrowave wi ndow provided on a parSEPDEMBER 2005t er wal |
of the processing 20 vessel so as to face the substrate to be processed on
the stage, the mcrowave wi ndow being fornmed of a dielectric nmaterial; a
m crowave antenna coupled to the m crowave w ndow, a process gas supply
part provided between the substrate to be processed on the stage and the
pl asma gas 25 supply part so as to face the substrate to be processed on

the stage; andzari e/RerHALY e Loty Rakk-£oPLTwl 1ing a surface tenperature
of the m crowave wi ndow around 150C wth respect to a side faced on the

substrate to be processkd.a3@epstdr drAg shownhenprigantd i neelitpenoft v
et e Con ol O p LD PR IO, AU Cor YRR P o
portion 31Ez of the lattice-shaped structure 31E in which
5 the depression 31F2 is not formed, thereby curving.
Similarly, a flow of a process gas curved
laterally by the depression 31F2 hits a portion 31E: of the
lattice-shaped structure 31E in which the depression 31F:
is not formed, thereby curving. A flow of a process gas
10 curved laterally by the depression 31F3 hits a portion 31E4
of the lattice-shaped structure 31E in which the
depression 31Fs is not formed, thereby curving. A flow of
a process gas curved laterally by the depression 31Fs4 hits
a portion 31Es of the lattice-shaped structure 31E 1in
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 the 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 1is 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 1s 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



22 SEPTEMBER 2005 microwave w ndow. O her objects, features and advant ages
of the present invention will becone nore apparent fragepheMBERRbBW Ng
detail ed description when read in conjunction 5 with the acconpanyi ng

drawi ngs. BRI EF DESCRI PTI ON OF DRAW NGS FI GS. 1A and 1B are di agrans show ng
a structure of a conventional m crowave plasma processing apparatus 10 that
uses a radial line slot antenna; FIG 2 is a bottom diagram show ng a
structure of a process gas supply nmechani sm of the m crowave pl asma
processi ng appanatusagk, FnGerdwatd GoxcBAwERG 3B ayle stiaaPoriis sS bawyng ra
structure 15 of a m crowave plasnma processi ng apparatus according to a
first embodinefheofPefe ptRsEil 3 REIMAGSEnT2R| &5 ACFEVat§erThedta viPakew

showi ng a Strucﬁ&'reﬁ.ncluding a surface of the substrate 12 by plasma
diffusing from the excited space 11B.

5 The microwave plasma processing apparatus 10
according to this embodiment of the present invention uses
the process gas supply mechanism 31 to control the uniform
supply of a process gas, thereby eliminating an excessive
amount of dissociation of the process gas on the surface

10 of the substrate 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 1is 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 31:1 and 312 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 1is preferable to

( form membrane of fluoride on surfaces of the members. On
the other hand, when the disk-like conductive members 31:

and 312 are formed of the stainless steel added with Al,

25 it is desirable to form insulating membrane of alumina on
the suifaces 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 contaminétion 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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of a process gas supply nmechani smof the m crowave plasma processing
-apparatus of FIG 3; 20 FIG 5 is a bottom vi ew show rngSEPTEMRBER 2603
conductive body constituting a portion of the process gas supply nmechani sm
in FIG 4; FIG 6 is a plane view showing a disk-1ike conductive body
constituting another portion of the 25 process gas supply nmechanismin FIG
4, FIG 7 is a diagramexplaining functions of the process gas supply
mechanismin FIG 4; FIG 8 is an enlarged view showing a portion of the

di sk-1ike condugyinve fhed BbfFaGeebam3® fldb a2 wsumidhagram expl ai ning
functions of the disk-like conductive body in FIG 5; FIG 10 is a diagram
showi ng a structure of &l§%ocesd gabligupsrporerfani sMfacddrdi ngreesent second

11 invention, it 1is possible that either of the disk-like
conductive members 311 or 312 is formed of a conductive

5 material and the other is formed of an insulator.

[Second Embodiment]
FIG. 10 shows a structure of a process gas
supply mechanism 41 according to a second embodiment of
10 the present invention, wherein those parts explained
previocusly 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 312,
thereby suppressing an excessive rise of temperature in
the process gas supply mechanism 41.
In FIG. 10, there are additionally formed L-
shaped spacers 31L: through 31Ls on the lattice-shaped
20 structure 31E, wherein the depressions 31F1 through 31Fa4
are defined by the spacers 31L1 through 31La.
i 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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22 SEPTEMBER 2005 enbodi ment of the present invention; FIG 11 is a diagram
showi ng a structure of a plasma processing apparatus 2rsEFTEMBER os t hird
enbodi ment of the present invention; 5 FIG 12 is a diagram show ng a
structure of a plasma processing apparatus according to a fourth

enbodi nent of the present invention; FIG 13 is a diagram show ng a
structure of a plasma processing apparatus according to a fifth 10

enbodi ment of the present invention; FIG 14 is a di agram show ng a
structure of a aRﬂaer%@Sprlﬁées’éh?lgf%‘iﬁ%@gﬁh%%br@iﬁ@ ttd assrreve@nbodi ment

of the present Jnyend.an, El ﬁmsﬂéad S Anidbagr gin shoy y“%fa iééﬂd&t% g of a 15

pl asma processing apparatus according to a seventh 8i ment t he
present inventisumpply pipes l1P in the process vessel ll in communication

with a gas passage llp, preferably with symmetry. In the
5 plasma processing apparatus 10A according to this
embodiment of the present invention, it is possible to
simplify the structure thereof and decrease the
manufacturing cost thereof.
Also in such a plasma processing apparatus 10A,
10 it is 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, by using the process gas supply mechanism 41,
it becomes possible to avoid aﬁ excessive rise 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 therecf. For these purposes, there is formed a
taper part 21b 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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FIG 16 is a diagramshowing a structure of a plasm processing apparatus
according to an eighth enbodi ment of the present inventSEprEMBRR 2865 F| GS.
17A and 17B are di agrans showi ng portions of a plasma processing apparatus
according to a ninth enbodinment of the present invention. 25 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Hereinafter, the present invention wll be
described in detail with reference to enbodi nents. (FI RST EMBODI MENT] FI GS.
3A and 3B are diagranms showing a 30 construction of a mcrowave pl asna
processi ng appanaewsa Ipdccording to a first enbodi ment of the present

I nvention. Referring to F oGin?’é’uthg mg[rpa\/\%\é%c@sgwa &Igpgrzat%!%P'li%IgI?ER 2005
it is possible to supply a process gas to the space 11C on
the substrate 12 uniformly and with reliability by using
5 +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.

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 1llp, 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 suppressing
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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processi ng apparatus 10 includes a processing vessel 11 and a stage 13
provided in the processing vessel 11 for holding a subserakMmBER 2065 be
processed by an electrostatic chuck, wherein the stage 13 is preferably
formed of AIN or 5 A1203 by a hot isostatic pressing (HP) process. In the
processi ng vessel 11, there are forned at |least two or preferably nore than
or equal to three evacuation ports 1la in a space 11A surrounding the stage
13 with an equal distance, and hence with an axial symetry with respect to
10 the substratléCl@nobh¢ hulsttageel32 Thefqpmdgessidngivesseligbliliity éyacuat ed
to a | ow pressure_vi theroevacsuatai on §01t mlelc%anq ) grg]gaili anal Ieag Screw
punp to be expluzﬁilﬂ‘gd %t%r.ceﬁ'negpl’c‘ocg %l}ﬁg vesse 11 S preflé’r 5&&1 ornmed of
an austenite stEapatesslgf el eerinasnpogs Ale aad atbedean sexdds sfigtemed sa
protective filmof alum num oxide on the inner wall surface by an oxidizing

process. Furthéf, “ERBFEATEE fidy 18§ BrOFSIS 1938 SYRBNEr "PF 25U Byf  dense
A1203, formed ysing the process gas supply mechanism 41.

[Sixth Embodiment]
FIG. 14 shows a structure of a plasma processing
apparatus 10D according to a fourth embodiment of the
10 present invention, wherein those parts explained
( previously are designated by the same reference numerals
and the description thereof will be omitted.
Referring to FIG. 14, in the plasma processing
apparatus 10D according to this embodiment 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
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by a HHP process, in the part of the outer wall of the processing vessel 11
.corresponding to the substrate 12 as 20 a part of the REPTEN®ER 200§1€r €i n
the shower plate 14 includes a | arge nunber of nozzle apertures 14A. The
A1203 shower plate 14 thus fornmed by a H P process is fornmed by using an
‘Y203 additive and has porosity of 0.03%or less. This neans that the A1203
shower plate is substantially 25 free from pores or pinholes and has a very
| arge, while not so large as that of AN, thermal conductivity for a
ceram ¢ of 30WieikKg The mhowess phat eupdly snqmbantied 6h.t he processing vessel
11 via a seal ring Ils, and a cover plate 15 of 30 dense A1203 forned al so
of an HI P process is provided on the shower plate 14 via a seal ring lit.
The shower pl afgevddth SEdisydime@nait h a depressi on 14B comunicating with each
13 22 SEPTEMBER 2005 ,
FIG. 15 shows a structure of a plasma processing
5 apparatus 10E according to a seventh embodiment of the
present invention, wherein those parts explained
previously are designated by the same reference numerals
and the description thereof will be omitted.
Referring to FIG. 15, in the plasma processing
10 apparatus 10E, the shower 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 1l 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 possible 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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of the nozzle apertures 14A and serving for the plasm gas passage, at the
side thereof contacting with the cover plate 15, whergmiskprhismpigRoessi on 143
al so communi cates wi th another plasna gas passage 14C forned in the
interior 5 of the shower plate 14 in communication with a plasm gas inlet
11p fornmed on the outer wall of the processing vessel 11. The shower plate
14 is held by an extending part |ib formed on the inner wall of the
processing vessel 11, 10 wherein the extending part Ilib is formed with a
round surface apparR&upatF hothil §eVERePshbRel® pisatrémeyedof Ban tide suppr ess

ol s gas 1l SLTTS e SHHATIRaTE B eane T 1% PLohPEREEam the
shower pl ate l4henirbdial ylinea sl apéeptnz ed) 1idA exbberdbed ngh@assed: itchr ough
the passages 14(3% t%gdp%ggeésniggh%e%g%%h.pl ate 14.
5 In such a plasma processing apparatus 10F,
although the slot plate 16 is mounted on the processing
vessel 11 via the seal ring 11lt, it is not necessary to
provide a seal ring to seal the edge 21b of the central
conductive body 21B toward an air pressure because the
10 edge 21b of the central conductive body 21B is formed
{ behind the retardation plate 18. According to this
embodiment of the present invention, 1t 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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On the cover plate 15, there is provided a radial |ine slot antenna 20
formed of a disk-like slot 20 plate 16 forned with a nsrpermaikr2b6t s 16a
and 16b shown in FIG 3B in intimate contact with the cover plate 15, a

di sk-1i ke antenna body 17 holding the slot plate 16, and a retardation
plate 18 of a dielectric material of lowloss such as A 203, 5i02 or Si 3N
sandwi ched between the slot 25 plate 16 and the antenna body 17. The radi al |
line slot antenna 20 is nmounted on the processing vessel 11 by way of a
seal ring 1lu, apd,a, m.crowaye, af) 2,49GHZsOL &&G%é feguepcy ks fed to

t he radi al I|ne S ot ant enna 20 from an external Crowave source (not
shown) via a coaxpahdeﬁ 8 ve o deeszl gathpa st egovante itshegtsuppli ed flse
radiated into g r| or._of the processin vesjse romdt he s:\%@ 16a and
16b on the sl ot Tpfate I8 Vra Thé Coder °prat ™15 2 £42559 RPTE 2005

theat is formed @s a process gas passage and is held by the

5 spoke part 51B, wherein there are formed a large number of

process gas supply nozzle apertures 51C on a bottom
surfece of the concentric ring-shaped part 51A.
Referring to FIG. 17B, according to this
embodiment of the present invention, the process gas
10 supply nozzle apertures 51C are formed with a2 slant and
releases & 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 theat 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 & section in which
there are formed grooves corresponding to process gas
supply passages covers a surface of a U-shaped part 5la
with a 1id 51b. 2As & result, the process ges nozzle
apertures 51C can be formed by & 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 embediment of the present
invention, in order to suppress the deposition of reaction
bvproducts on the surface of the shower plate 103, the

foregoing coolant block 19 serves as a temperature control

)
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the shower plate 14. Thereby, the m crowave causes excitation of plasma in
~the plasma gas supplied fromthe apertures 14A in the:sepeeMBER 20059ht
underneath the 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 66662a - 133322a (about 50 - 100Torr) in the foregoi ng passages 14A
10 - 14C I n orpeardiois mpdeve ai stbabtete grncacstssbegweppatdeus rddi al Hite sl ot

antenna 20 and,f{ he_cover, plat he mcr ve, pl as ogessi_ng
apparatus 10 o%gt he SpL\%/beSste[%t% grrrécg%férr%nrﬂ IES rg\é’rﬁls n%;d-?‘is‘hjang?aE gr g@\/eal lg on a
part of the 15spbectesss myovessehgldpsarasist a0engageIov tie t ke ssiettrpkat e 16.

By evacuating the é;r oove 11lg via afogvianchaItGl.orllﬁ)ort 11G conmuni cati ng

therewith, thePpresIUry iFwPefhetyap a substrate

5 processing apparatus 10D in FIG. 14 or a substrate
processing apparatus 10E in FIG. 15, wherein the coolant
block 19 controls a surface temperature of the shower
plate 13 or the cover plate 15 with respect to the side
faced on the substrate 12 around 150°C via the radial line

10 slot antenna 20. At the time, a process 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 192, it is possible to
control the temperature.

7 Further, the present invention is not limited to
the specific embodiments noted above Dbut wvarious
‘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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formed between the slot plate 16 and the cover plate 15 is reduced and the
radial line slot antenna 20 is urged 20 firmy upon t 15 by

t he atnospheric pressure. It should be noted that suzﬁéﬁgg%#hcbﬁsdes not -
only the slots 16a 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 11u 25 provi ded between the radial |ine slot
antenna 20 and the processing vessel 11. By filling the gap between the
slot plate 16 mintroddie @awsmnapbabeedding talpparatoertigas Qossable ool ecul ar
wei ght via the evacuation port 11G and the gr.oove 11g, 30 heat transfer from

the cover plat¥B% Y% G tpr’f8C§F6t IPF ate B LNETEGE] ?Ft%t%@ceﬁﬁéf"gb esselis

preferabl e to wserdignfolandSyebrapmiHaltidasm pha¥heWwdcdsar ge thermil
conductivity 15 22 SEPTEMBER 2005
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and urge ionization energy. In the case the gap is filled wth He, it is
preferable to set the pressure to about 0.8atm |n t[2SEPTEMBERR2005n oOf
FIG 3, there is provided a valve 11V on the evacuation port 11G for the

evacuation of 5 the groove 159 and filling of the inert gas into the groove
15g. It should be noted that an outer wavegui de tube 21A of the coaxi al
wavegui de 21A is connected to the disk- |ike antenna body 17 while a central

conductor 21B is 10 connected to the slot plate 16 via an opening forned in

the retardation plate 18. Thus, the mcrewaygsfed to the coaxial waveguide
21A is propagated in the radial. direction between the antenna body 17 and
the slot plate 16 and is emtted fromthe slots 16a and 16b. 15 FI G 3B
shows the slots 16a and 16b uprmgdw%n Eggpsgggt‘fl%ﬁ%t%ﬁ. 88%825299 to
FIG 2B, the slots 16a are arrafdged = Processind epparatis, : +hg

& processing vessel defined by en outer wall and

5 heving a stage for holding & substrate to be processed;
an evecuatiocn system coupled to said processing
vessel ;
a2 plasma gas supply part for supplying & plasma
gas to an interior of said processing vessel;
10 a microwave antenna provided on said processing
i 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 said stage and said plasma
15 gas supply part so as to face said substrate +to be

processed on said stege,

wherein seid process gas supply part comprises a
plurality of first apertures for passing through plasma
formed in the interior of seid processing vessel, a
20 pProcess gas passage capable of connecting to & process gas

source, & pluraiity 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 plasma processing apparatus as claimed in
claim 1, wherein said process gas supply part comprises a
first part and a second part, the first part comprising
the plurality of first apertures, the process gas passage
and the plurality of second apertures, the second part
being arranged adjacently to the first part and comprising

a plurality of third apertures and a plurality of




in a concentric manner such that there is provided a slot 16b for each sl ot
16a such that the slot 16b crosses the 20 sl ot 16a perpsSERFEMBER topsand such
that the slot 16b is aligned concentrically with the slot 16a. The slots

16a and 16b are fornmed with an interval corresponding to the wavel ength of
the m crowave conpressed by the radiation plate 16 in the radial direction
of the slot plate 16, and 25 as a result, the mcrowave is radiated fromthe
slot plate 18iff$iRn f opwrbices neacaphanef wavke Becawseithe slrot $pl6a and

the slots 16 j put ual Iy perpendicular relationship, the
ni cr owave th&ﬁélﬁt&%{?ﬁ%%@r&dlﬁ rkﬂl SBFy ol Jt5 ZBU FRYELY nef udilig tt wo

per pendi cul arapS0-poisar i zatd orp bonglangnt S | [ itfFe sRloas "B uRracessi R -

apparatus 10 | G 2A, _.there '%s Provi ded a cool ant bl ock 19 formed With a

~coolant 16 2 ‘%If%fgl\%ﬁR%Sdlf uslon part, each of the plurality of
diffusion surfaces corresponding to one of the plurality

of second apertures.

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 plasma processing apparatus as claimed in
claim 3, wherein the second part is formed such that each
facing pair of the plurality of diffusion surfaces is
arranged alternately with each other at corresponding
edges of the corresponding one of the plurality of third

apertures.

25

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

30 second member .

2
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wat er passage 19A on the antenna body 17, and the heat accunulated in the
shower plate 14 is absorbed via the radial |ine sl|lot 2SERTEMBER 2605 cool i ng
the cool ant block 19 by the coolant water in the coolant 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 potential is achieved by elimnating oxygen dissolved in 10 the
cool ant water by way of bubbling of an H2 gas. In the m crowave pl asnma

processi ng appar at us 106_ongéq5§g§Qngg’ lgngEé*{ggiéggﬁvkgggrgtggoggss gas

supply nmechanism 31 in the processing vesse shower pl ate
14 and the substaiatee 12 ohaihel stwgeeld, alSpaber eiamkdche igr pcessdgads suppl y

rechaniom 51 1 95, SAERCERRE: AL LR M hgpthonseapd relcaces

5 said diffusion 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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provi ded on the outer wall of the processing vessel 11 through a |arge
nunber of process gas nozzle apertures. 20 Thereby, desSEPTEMBER 20605
substrate processing is achieved in a space 11C between the process gas
supply structure 31 and the substrate 12. Such substrate processing

i ncludes plasma oxidation processing, plasma nitridation processing, plasma
oxynitridation processing, and plasma CVD 25 processing. Further, it is
possi ble to conduct a reactive ion etching of the substrate 12 by suppl yi ng
a readily deconposing fluorocarbon gas such as C4F8, C5F8 or CAF6 or an
etching gas containing F or O 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 22 SEPTEMBER 2005

S 11. The microwave plasma processing apparatus
as claimed in claim 1, wherein said plasma gas supply part
comprises a plasma gas inlet pipe capeble of connecting to
a plasma gas source 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 cleimed in claim 1, wherein said plasma gas supply part
comprises a plasma gas inlet pipe capeble 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 pert of said outer wall of said
processing vessel corresponding to said substrate to be
processed.

25

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

processing vessel corresponding to said substrate to



deposition of reaction byproducts on the inner wall of the processing
vessel by heating the outer wall of the processing vesSEPTEMBER 285
tenperature of about 150C. Thereby, the m crowave plasma processing
apparatus 10 can 5 be operated constantly and with reliability, by nerely
.conducing a dry cleaning process once a day or so. FIG 4 is a bottom view
showi ng a structure of the process gas supply nechani sm 31 of FIG 3A
Referring to FIG 4, the process gas supply 10 nmechanism 3l is formed in a
stack of disk-P¢ker ri@éldnégﬁﬁﬁ% QEElpéﬁéaQEZbgkmglQﬁpﬁﬁiQApfalon

containi ng My 02 d—ﬁ;{ ”Joe% %Sx%f%éjérjnt e -Lh Q‘E?O%h&(&%zs [yl ded

apertures 31A dispose tr| X 0 serve M gas passage.
For exanpl e, thevaplarat lnleu@lAthasfagalﬁ mlmsof:om@m@@egmngmdtihs spidvi ded
iteratively at |tc 24mm both in the row direction and in the col um

di rection. TheP ?or%aes%a é’?sgﬁﬁﬁl y nechani sm 31 has a
5

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 dn interior of saild 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 sald plasma
gas supply part so as to face salid 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 1interior 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, sailid second
aperture releasing saild process gas to said substrate to

30 be processed in a slanting direction.
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total thickness of about 8.5mmand is typically nmounted w th a separation
of about 16mmfromthe surface of the 20 substrate 12.22BEETENSBER 2605b0t t Om

di agram showi ng a structure of the disk-like conductive nmenber 311 in FIG
4. Referring to FIG 5, in the disk-like conductive menber 311, there is
provided a | attice-shaped process gas 25 passage 31B in communication with
the process gas supply passage 31C forned al ong an outer circunference of
the disk-like conductive nenber 311 represented by a broken line in FIG
5. The process gas supply passage 31C is connected to the process gas inlet
port 11r. In the 30 opposite surface of the disk-like conductive nenber 311,

there are formed. a | Argea st ol NACePpagatulr?ebipr 8pERG I €S 31D i

communi cation W th the process gas
a processing vessel deflned 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 gas to an
interior of said processing vessel;

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
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

a cooling part cooling 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.

16. The microwave plasma processing apparatus as
claimed in claim 15, wherein said cooling part is provided
on said microwave antenna and controls a temperature of

said microwave window via said microwave antenna.

36




22 SEPTEMBER 2005

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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