2 8 SEEP 2005 SPECI FI CATI ON PLASMA PROCESSI NG DEVI CE “TECHNI CAL FI'ELD The
present invention relates to plasma processing apparatuses.and nore
particularly to a mcrowave plasm processilng apparatus 10 E%gkgﬂﬁqwﬁi
ART' The art of plasma process and plasma processing apparat uses |
technol-ogy indispensable for the fabrication of recent ultrafine

- sem conduct or devices called deep subnicron devices - 15 or deep sub- quarter
m cron devices having a gate |length OgPQC%E%E Ifpgr less or for the
fabrication of high-resolution flat display eV|ces including a liquid
crystal -display device. Various plasna excitation met hods have been 20
enpl oyed in the mcrowave plasna ocessin paratus for use in the
“fabrication of seniconduct or PHAY ?RQQESgH\UEd)EY%EaI di spl ay devi ces.

Particularly, a plasma processing apparatus of parallel-plate type . that
uses hi gh-frequenc Elasna excitation or a 25 plasnma processi ng apparat us
of induction- dbupgé&—ﬂﬁﬁéé—ﬁégﬁﬁeen used comonly. However, these
conventional plasma processirhg gpggggEusgsehaygnargiguegcgooﬁlggﬁa unlform
plasma formation in that the region of- high electron density is linited.

" As aresult, it i|presegeingcaprparatusaguendamgnief ppRtpEBEBSEY n§ooFer t he

entire surface of F@?o%ﬁ@ét ggmaTEkégggg@éanbgggﬁggﬁs particularly serious -

~ when processing a large- dla ter trat such a conventlona
plasna 2

10 - BACKGROUND ART "

The art of plasma process and plasma
process1ng apparatuses is the technology ‘
1ndlspensable for the fabrication of recent ultraflne
semlconductor dev1ces called deep submlcron devices

-15_’or deep sub- quarter micron devices having a gate
length of 0.1um or less or for the fabrication of
hlgh resolutlon flat dlsplay dev1ces 1nclud1ng a |
lquld crystal display dev1ce ' '

. Varlous plasma exc1tatlon methods have been‘

20 employed in the microwave plasma—proce531ng apparatus
for use in the fabrication of semiconductor devices
or liquid crystal display devices. Particularly, a
plasma processing apparatus of parallel—plate type
that uses high-frequency plasma excitation or a

© 25 plasma proce531ng apparatus of 1nductlon coupled type
has been used commonly However - these conventlonal
plasma proce351ng apparatuses have: a drawback of non-
unlform plasma formation in that the reglon of hlgh
electron den51ty is llmlted As a result it 1s.

30 difficult to conduct a uniform processing over:the
entire surface of the substrate. This problem becomes
particularly serious when processing'a large—diameter

‘substrate. Further, such a conventional plasma



2 0 SEP 2005 processing apparatus has inherent problens, associated with
its high electron tenperature, in that danages are caused in the

sem conduct or devices forned on the substt&e. Further, sever @ GBEPa200%
contam nation nmay be caused as a result of sputtering of the chanber wall.
Thus, it is becorming difficult wth conventional plasma processing
apparatuses to satisfy the stringent demand of further mniaturization and

fur ther i mpr overent ol 107 adustiatiy 10l sepioandugapday ces or 1 at

di spl ay devices. anwhi een proposa a’ mcrowave

pl asma processi ngaapparlatttesl twh&lh li:t@s MQghel@he:rtxiomy t@lnmtemel t éd, not by
D.C. magnetic field, a mcro vee ctric fiel For exanp

there is a propo§gﬁt fjaﬁlaﬁlee?sﬁﬁeprcﬁélé i‘g‘ﬁarsa?fﬁé:otnﬁléltc Oéxgletvé§eﬁ’l asma
by emitting a m crowaed ioht @hd sRIbREeSTiang m&&&@r J @R Ph@ran ant enna
(radial line slot antenna) having a nunber of sl ots arranged so as 20 to
produce a uni fdr MCRPEPEAERRELOPn MaRT Yeplcasiped Fifo Ge S§isvg Tapas@titd e TiRg

i crowave el ectri gef lgled cpiapluces, phasm.y causing Joaniszal 0 din e gas

in the vacuum vessel. Reference shoul e ‘'made to Japanese Lai

Pat ent Applicati owﬂ%@b@&enwoz&lu&l@grrtah@mc@rswm PRSI USRS tt@d
according to such oc% 'tt .beco OSSI bI gto real ize a high- plasm
density over a w 8 g ht® SoASEER at €and uni form pl asma

processing beconealnpeiﬁmb&aﬁmohha&@OEMﬁMH@&;mmpvmieﬁaﬂﬂiaﬂ the 30
m crowave plasma thus excited has an advantageous feature of |ow el ectron
tenperature as% a péggpptéwlty of semiconductor devices or flat display

devices.

Meanwhile, there has been a proposal of a
microwave plasma processing apparatus that uses high-
density plasma excited, not by D.C. magnetic field,

15 but by a microwave electric field..For example, there
is a proposal of a plasma procéssing_apparatus that
excites plasma by emitting a-microwave into a
processing vessel from a planar antenna (radial'liﬁe
'slot antenna) having a number of slots arrangéd so as

20 to produce a uniform microwave. In this plasma
processing apparatus, the microwave eleétric field
induces plasma by causing ionization in the gas in
the vacuum vessel. Reference should be made to
Japanese Laid-Open Patent Application 9-63793. By

25 using the microwave plasma excited according to such
a process, it becomes possible to realize a high-
plasma density over a wide area right underneath the
antenna, and uniform plasma processihg becomes
possible with short time period. Further, the

30 microwave plasma thus excited has an advantageous
feature of low electron temperature as a resuit of
excitation of the plasma by using a microwave, and it

becomes possible to avoid the problem of damages or



excitation of the plasma by using a mcrowave, and it becones possible to
avoi d the problem of danmages or 3 2 0 SEP 2005 netal contam nation caused
in the substrate. Further, it beconmes possi3ble to excite ure? og png

over a substrate of large area, and thus, the plasma proces gp ggratus
can easily handle the 5 fabrication of sem conductor devices on a |arge-

di aneter sem conductor wafer or fabrication of large flat panel display
devi ces. BACKGROUND ART .10 ELGR-14-3nd 3}% %ﬂh‘i‘P{ RS GORSLLUGH Oﬂu?tcp eguch a
m crowave plasma processing apparatus i uses such a radia I'né sl ot
ant enna, wherein EthéAomepr@seﬂublehaonE&DQWQvaanagmapﬂasmesswng a |
apparatus in a Cross:se tional view_while Gh shows the 15
construction of tA& F56F§ ? éa§98taaﬁ?enﬁ§d t EﬁerFSﬁgp 8°FFfG 1A, the

m crowave plasma ppbeeesshhdapphakaiies chl chRghydesnaipr @gessi ng chamber
101 evacuated at a plurality of evacuation ports 116, and there is
provided a stage I2BTiR3itden20ft REMProBEYStRy ERAHESE P@laféﬁrgﬁpportlng a
substrate 114 togh mBE Az eIef cohBu@tder wg%eg gl e i a% B 8yaguaiion of
t he processing cha 101, ere is. provided a ring-s aped space "101A
around the stage flaﬁ,paneltHQSQﬂayegswngeehanber 101 is evacuated 25
uniformy via the space 101A and further via the 30 evacuation ports 116 by
arrangi ng the evacuation ports 116 conmunicating with the space 101A with
an equi di st ance, paggcRegse pmrTaxi al symetry with

10 FIGS.1A and 1B show the construction of
such a microwave plasma processing apparatus 100 that
uses such a radial line slot antenna, wherein FIG.1A
represents the microwave plasma processing apparatus
in a cross—sectional view, while_FIG.lB'showS the

15 construction of the radial line slot antenna.

Referringvto FIG.1lA, the microwave plasma-

processing apparatus 100 includes a processing
chamber 101 evacuated at a plurality of evacuation
ports 116, and there is providéd a stage 115 inside

20 the processing chamber 101 for supporting a substrate
114 to be processed. In order to achieve uhiform
evacuation Qf the processing chamber .101, there is
provided a ring-shaped space 101A around the stage
115, and the processing chamber 101 iswevacuated

25 uniformly via the space 101A and further via the
evacuation ports 116 by arranging the evacuation
ports 116 communicating with the space 101A with aﬁ
equidistance, and hence in axial symmetry with
respect to the substrate.

30 On the processing chamber 101, there is
provided a plate-like shower plate 103 formed of a
dielectric of low dielectric loss as a part of the

wall of the processing chamber 101 at a location



respect to the substrate. On the processing chanber 101, there is provided
a, plate-like shower plate 103 fornmed of a dielectric of low dielectric

loss as a part of the wall of the processing-chanber 101 at ﬁgl imﬁ - 4
2 8 SEP 2005 corresponding to the substrate 114 held on the 6t é@ﬁﬁ 5

wherein the shower plate 103 is provided via a seal ring 109 and i ncl udes
a nunber of apertures 107. Further a cover plate 102 also of a dielectric

of 5 lowdielectrig Iosson§65r0¥ %h% teﬁ&%' 1%f &ggsh%mer pl at e
SVi

103 vi a anot her sé&ar ri pr tH% gas
passage 104 at a toep, Suhfe&é&nt hﬁbe@howélidp(ia@:lé afo 3t h@ paperlti@ﬁem&oa are

provided so as to_conmuni cate with 10 the gas passage 104. Further, there
is provided a gasSeé&p5P99p&98a6§dlégcﬂﬁd€ﬁealﬁP@MQ5r°5faPﬁét§58ﬁeFO7plate

103 in communi cat FaRtwekh a ﬁ@%e%UB@EXepr@ 193, Brow dadiakt@ncwaledl of the
processi ng vessel 101. hus, the plasma-excitation gas such as Ar or Kr 15

supplied to the gé@depgﬂycﬁéﬁp 105si §sf prparided B¢ thise capert gide 067 via
e supply passage 108,30l LGKRCG oY 8.LNe, p253308 104 A0 hor el eased Lo

the process space er néat ower i'nsi de the
processing vessel 101 fron1Ehe 20overegaiang aperuargsob&aem mhth a gas
substantial ly uniform COE% ntration. On the pr%ceSS|ng vessel Fhere

is further provi H8§°3%a FlﬁetQPoFu§ﬁF§ﬁn§ ff@thaﬁpﬁge&CPaﬂ a
surface shown in Eb@riarats tlbe 3% eoptek igkde sof akheccevamupliatecl@2twi th a

Separatlon 10 the gas passage 104. Further, there is provided a gas
supply passage 108 in the interior of the shower
plate 103 in communication with a gas supply port 105
provided at an wall of the processing vessel 101. |
Thus, the plasma-excitation gas such as Ar dr Kr

15 supplied to the gas supply bdrt 105 is forwarded to
the apertures 107 via‘the supply passage 108 and
further via the passage 104 and is released to the
process space 101B right underneath the shower plate
103 inside the processing vessel 101 from the

20 foregoing apertures 107 with substantially uniform
concentration. _ |

On the processing vessel 101, there is
further provided a radial line slot antenna 110
having a radiation surface shown in FIG.1lB at the

25 outer side of the cover plate 102 with a separation
of 4 - 5mm from the cover plate 102. The radial line
slot antenna 110 is connected to an external
microwavé'source (not illustrated) via a coaxial
waveguide- 110A and causes excitation of the plasma

30 gas releaéed into the process space 101B by the
microwave. from the microwave source. It should be
noted that gap bétween the cover plate 102 and the

radiation surface of the radial line slot antenna 110



of 4 - 5Gnmfromthe cover plate 102. The radial line slot antenna 110 is
connected to an external mcrowave source (not illustrated) via a coaxi al
wavegui de 110A and causes excitation of the l-asna 30 gas rekgfiﬁﬂ)gﬂgo t he
process space 101B by the mcrowave fromthe m crowave sour éel uld
be noted that gap between the cover plate 102 -and the radiation surface of
the radial line slot antenna 110 5 2 8 SEP 2005 is filled wth the air. The

radial |ine slot antenn 10.i.s fornmed of a flat, disk-shaped antenna body
110A connect ed tolsa%légFérwﬁé@e&%ﬁdglbee of the coaxial waveguide 110A 5

and a radiation plate 110C ghevirdedaat ltihe cpet agtehnat ha tantsemadameady
110B, wherein the radiation plate 110Cis formed wth _a _nunber of slots

110a and 110b wi A Pedpédti Ve SErrtaPad GRdedrds SRy pelfer@redcaery towi t h

each other as showh bRtErGyiBeghdtlhefibe ok0 thet dbdalian wkale 15L0R10fh a
dielectric having a _ constant thickness is interposed between. the antenna
body 110B and % heapnddiatipda ajpiigne Plade LG meovddical ati desiopendmienda 110

having such a co r i m.crewave f t here f.r 1 coaxi a
wavegui de 110 proggéa?ggegﬁgngggypéﬁﬁ%3e¥§5%%qphg%ﬁiggﬁéﬁgggg gﬁ%g%na body
110B and the radiladiConsplfatreetil @Cthn at hembadi alf diloect ild0a whelr éil0b t he

m crowave thus pro ati ng under goes compr.essi on of, wavel engt a.result
PR oG b D ]

. a
of the function off T5§PEE A §afit ol pPAL @M P1EBOSPRTY. PSY BEOEHNS A He
slots 110a and 1}@kncenecdnbihedl by ishoser nespacdence riuethie , wavel engt h of

the nicromavelghus propaggting in the . _ .
retardation plate 110D of a dielectric having a
constant thickness is interpbsed between the antenna
body 110B and the radiatioﬁ plate 110C.

In the radial line - slot antenna 110 having
such a construction, the microwave fed thereto from
15 the coaxial waveguide 110 propagates along a path
between the disk-shaped antenna body 110B and the
‘radiation plate 110C in the radial direction, wherein
the microwave thus propagating undergoes compression
of wavelength as a result of the function of the
20 retardation plate 110D. Thus, by forming thé slots
' 110a and 110b coﬁcentrically in correspondence to the
wavelength of the microwave thus propagéting in the
radial direction, and by formiﬁg the slots 110a and
110b so as to form a perpendicular angle with each
25 ‘other, it becomes possible to emit a plane wave
having a.circular polarization in the direction
substantially‘perpendicular to the radiation plate
110cC.
By using such a radial line slot antenné
30 110, there is formed uniform high-density plasma in
the process space 101B right underneath the shower
platé 103. The high—density plasma thus formed has a

feature of low electron temperature and the.



radi al' direction, and by formng the slots 110a and 110b so as to forma
per pendi cul ar angle with each 25 other, it becones possible to emt a plane
wave having a.circular polarization in the @i+rection substa tb:$éﬁ/2
perpendi cular to the radiation plate 110C. By using such a r&d iﬂ@ﬁ

sl ot antenna 30 110, there is forned uniform high-density plasma in the
process space 101B right underneath the shower plate 103. The hi gh-density

plasma thus Tor med s andealiie al,dow elec rop Lemer ahyr ¢ aad the. 6 2
S T 0 be

8 SEP 2005 occurrence 0 amages 1 n-the substrate processed is
avoi ded. Furt her, piroees secic urss avo inkeidal Fuxamniean rnataren coaused ny mejatlt er i ng
of the chanber wall of .the processing vessel 101. 5 In the plasma

processi ng appar ato% t8FE "6 1oB €213 ¢th &ve SRR NG QFi ¢ & Fdctive

structure 111 befgendfheneshpweicllsatg addde 1gubstrate 114, wherein the
conductive structure is forned with a nunber of nozzles 113 supplied with

a process gas 10 from an extlér fdie prlecass Ryeseseuince aPRSratusudiilardd) via
a_process gas pasgaqe ll2n0emed ARl ARA 4y ACeRSINe MRS Bl Ay ther el n

each of the nozzles I3 releases t rocess gas thus supplied to a space
101C formed betweéndlt e teertudhieve hsteuc tolrae el Ehdanthel 5 uilse rsutlestiridgt,e 114

to be processed. In the cqonductive  structure 113, .it should he noted that
there are forrredWg‘ﬁgﬁlﬁlg(s%%ﬁetc\?élgﬁc&djvfcé:ﬁtruﬁ&’zrleeslSlfsr g ﬂ’%h With a

si ze such that theuphbasme ff eored dsn 1tike s3p08 edl LB HCAUSLS @ishsf ysison from
the space 101B to the ' ‘

10 from an external process gas source (not illustrated)
via a process gas passage 112 formed inside the
processing vessel 101, wherein each of the nozzles
113 releases the process gas thus supplied to a space
101C formed between the conductive structure 111 and

15 .the substrate 114 to be processed. In the conductive
structure 113, it should be noted that there are
formed openings between adjacent nozzles 113 and 113
with a size-such that the plasma formed in the space
101B causes diffusion from the space 101B to the

20 space 101C by passing through the openings.

Thus, in the case the process gas is
released into the space 101C from the conductive
structure 111 via the foregoing nozzlé 113, the
process gas undergoes excitation by the high-density

25 plasma formed in the space 101B and a uniform plasma
processing is achieved on the sﬁbstrate 114
efficiently at high speed, without damaging the
substrate or device structures formed on the
substrate, and without contaminating the substrate.

30 Further,‘it should be.noted that the microwave‘thus
emitted from the radial line slot antenna is blocked
by the conductive structure 111 and there occurs no

damaging in the substrate 114 by such a microwave.



20 space 101C by passing through the openings. Thus, in the case the
process gas is released into the space 101C fromthe conductive structure
111 via the foregoing nozzle 113, the procé&ss gas undergoes excitati by
the high-density 25 plasma fornmed in the space 101B and a unifcﬁrﬁé& aﬁﬁa
processing is achieved on the substrate 114 efficiently at high speed,

wi t hout damagi ng the substrate or device structures fornmed on the

substrate, and w thout contam nati t trat.e. F r - Aint shoul d
be noted that the nicromave%gkgge g%ﬁf?%d%%?%ﬁﬁ%ﬁggfé%%gﬁgﬁgﬁelgpop%antenna
i s blocked by theIcendactinde 18t uct sheuldl bancdtker ehaccwhe no danmagi ng

in the substrate 114 by such a mcrowave. - 7 2.8 SEP 2005 In. the plasnma.
processi ng apparaFﬁ?aféélSP PetBs oA RGd Shevier PGt 198 AdedEhat t he

separation betweegubBershewanspliat @ct03mand t heg pebstssal @ Fliiiss set
smal |, and because of this, 5 there is forned a conti nuous and stabl e

plasma flow ih thEespadé forpeand icATthauopacentOBCabd o dasagi 4itow
direction of the §H°Wﬁ%.@k%%% 193z é%dai%e%%%tBfﬁgeV%@KCUQHJQ%%aQ%gigﬁ

processi ng beconmes possiblfe even ,in the case substrate
| ar ge- di anet er t odsubsttiane o fOthehehotieer plane, 103 .t Aes @asesulie, pressure

i nside the processing vessel 101 is reduced, , there appears a é&gdency t hat
the plasnma densityergegpé S&T RIPHE BEFTHITS AL FAFCTSE RS SHGwe 5 at e

103. In the exanplke itReWdbek the RLeSTWae nN3ide st he 1akoepiacassierg vessel
101 has been reduced to 300 nmforr or less_ in an Ar anbient, there occurs a
| arge drop 10 -substrate. On the other hand, in the case the
pressure inside the processing vessel 101 is reduced,
there appears a tendency that the plasma density
decreases at the peripheral part of the shower plate
103. In the'example in which the pressure inside the
15 probessing vessel 101 has been reduced to 300 mTorr -
or less in an Ar ambient, there occurs a large drop
of plasma density at the peripheral part of the - _
shower plate 103. It is beiievéd that such a drop of
plasma density is caused as a result of facilitated
20 diffusion of dissociated electrons, which takes place
~in the processing vessel 101 in the case the pressure
therein is reduced. As a result of such facilitated
diffusion of the electrons, it is believed that the
electrons undergo annihilationvat the inner surface
25 of the processing vessel 101. Because the cutoff

density of plasma is 7.5 x 10*%m™

, plasma is no
longer maintained if the plasma density Has been
decreased below such a cutoff density. It should be
noted thereby that such a drop of plasma density at

30 the peripheral part of the shower plate 103 not only
invites degradation‘of the processing speed but also

invites the situation in which the microwave reaches

directly to the substrate 114. When this occurs,



of plasma density at the peripheral part of the shower plate 103. It is

believed that such a drop of plasna density is ca S i
facilitated 20 diffusion of dissociated el ectyrons, Lﬁﬁ%@@%@m%ﬁ@m n

t he processing vessel 101 in the case the pressure thereinziﬁ éﬁpq@gg. As
a result of such facilitated diffusion of the electrons, it PsYbelieved
that the electrons undergo annihilation at the inner surface 25 of the
processi ng vessel 101.. Because the cutoff density of plasma is 7.5 x
10[err]cnferr], plekeneisayvobel sagerdmahat airnbdenf ofhdapkadma densihey has
been decreased be%8M1§ngea1§gtoff density. It should be noted thereby
that such a drop of plasma density at 30 the peripheral part of the shower
plate 103 not only invites degradation of the processing speed but also
invites the situation in which the m crowave reaches directly to the
substrate 114. WheAlEhPYSYRELPE THE RNBENEEGENT SHEET 2 8 SEP 2005 there
may be caused the problem of xdagraiAg1in §he:sSubgbhata1lbfhBhSCLORHBE OF
THE I NVENTION 5 Accordingly, it is a general object of the “present
invention to proviBeegenbvenvandiosetal prpvadaaapnrovessiang appanat us
wherein the foregoj r . Lmn d, , A er.an re.specific
object of the 10 ?%%%%tggéggg ?%ﬁ ?ébg%agpng 89§E§|§E§a98fo géggng
appar at us capabl e pfolcbadsichragelhint oaedrocessing over. the entire
surface of the substrate to Re rocesged even in. the case of usigg a | ow
process _ nother an t

more specific object of
10 present invention is to provide a plasma processing
apbaratus capable of conducting uniform processing
over. the entire surface of the substrate to be
processed even in the case of usiné a low process
pressure.
15 Another object of the present invention is
to provide a plasma processing apparatus, comprising:
a processing vessel defined by an wall and
provided with a stage for holding a substrate to be
processed; '
20 a microwave transmission window provided on
: said processing vessel so as to face said substrate
to be processed on said stage, said microwave
transmission window being provided as a part of said
wall of said processing vessel;
25 : : a plasma gas supplying part Supplying a
plasma gas into said processing vessel; and
a microwave antenna provided on said processing
vessel in correspondence to said microwave transmission window,
said microwave transmission window having a
30 concaved inner surface at a side facing said
~ substrate to be processed, such that a separation
between said inner surface and a plane coincident to

a surface of said substrate to be processed decreases



pressure. 15 20 Anot her object of the present inventionis to provide a
pl asma. processi ng apparatus, conprising: a processing vessel defined by an

wal | -and provided with a stage for holding aa substrate to bgé psgggﬁggd; a
m crowave transm ssion wi ndow provi ded on said processing v ge to

face said substrate to be processed on said stage, said mcrowave
transm ssi on wi ndow being provided as a part of said wall of said

processi ng vessel; 25 a pla as supplying part supplying a | asma gas
into said processi gavé??é@iqgh%9&“%4&1@&%%?%%%%ﬁﬂ%fﬁPébW%éEQﬂ%Wﬁaid

processi ng vessek iansaalkiasponderes; to said mcrowave transm ssi on wi ndow,
said m crowave transm ssion w ndow having a 30 concaved inner surface at a
side facing said substrateXAEHEIHDIEsTEE PARSEthan versepar attihgn gap

bet ween said inne yfacean I i nci t ¢ rf f said
substrate to be p?g§e§§§d%ﬁ§3?gﬁg%gpgﬁg%%f%tﬁgggagf?ﬁK§M§§ H%ﬁﬁyggﬁfmard
direction of sai dtitecsowdeee tofandm ssibart reitedaw bac poraiaxgady time present

‘invention, the gap. .between the bottam surface of the shower p]ate and 5
Lhe sur face of ChUNSaDsiTE &I B et et (15 VMR ha e Ganet §

plasma is formed, aits thecirasgherall the erd Y aluaitatf dhecsuhsiy ate by
formng the concaved surface on the shower plate at the side
the concaved surface on the shower plate at the side
facing the substrate to be processed. As a result,

10 the drop of plasma density at the peripheral part of
the shower plate is compensated for, and étable and
uniform plasma is maintained in the wvicinity of the
substrate surface even in the case a low pressure
plasma process such as an etching process 1is

15 conducted. Further, such a construction facilitates
ignition of the plasma. Further, it should be noted
that such a stabilization of the plasma by using a
concaved surface is applicable not only to the
cdnstruction in which a process gas supplying part is

20 provided between the substrate and the plasma gas
Suppiying part but also to the case in which such a
process gas supplying construction is omitted.

With regard to the shower plate having such
"a concaved surface, it is possible to use a dense

25 ceramic material formed with the plasma gas passage
~and the apertures communicating therewith.
Alternatively, it is possible to use a porous ceramic
material_in place of the dense ceramic material.
While such a shower plate is provided in intimate

30 contact with the dense cover plate forming a part of
the wall of the processing vessel and constituting
the plasma transmission windbw, it is also possible

in the present invention to provide such a concaved



facing the substrate to be processed. As a result, 10 the drop of plasm
density at the peripheral part of the shower plate is conpensated for, and
stable and uniformplasma is maintained +ni¢he vicinity of theg SERb}lfat e
surface even in the case a | ow pressure plasnma process such as an etching
process is 15 conducted. Further, such a construction facilitates ignition
of the plasma. Further, it should be noted that such a stabilization of

t he plasma by usin concayed surface is_ _applicabl.e not gnly.to e
Constructton’i n viER28SpPaosEs BAE-Sinsr FAGRsre s en FonFPEy £h8a ber ween
the substrate andrhheuphasneagas taepplykhg pakt iButn@ksautedt hateashel n
whi ch such a process gas'supglying construction is omtted. Wth regard to
t he shower plate RAPFR§SiBEhChaMPBAcHYEdasiPgeeTi thrslpkssi BEENPYtuse a
dense 25 ceram c grt gLl al shelRedWhath the plasma gas passage and the
apertures conmuni cati ng theremﬁtﬁ. Al'ternatively, it is possible to use a
porous ceram cs material inIpl&be ehowhe gente cer adiccomaverial. \Wile
such a shower plate_is_provided.in inti e 30 contact _with the.dense cover
iate formng o phrerePeophefaaragh bhe hRobesseny veseat lgha dnde: tut! ng
the plasma transnhashanagebdewtoi Foirhi 8hs0opesesi Bue fakcd bheophasgemb

i nvention to provide such a concaved - 10 2 0 SEP 2005 surface to the
ni crowave transni $8PoACWPHAORSI £SBFRVed| An8GEHSHTESSE, 1Phe SLasnBigas is

introduced into ther PLEGE3$ShRANGNABBEL NYI 8 £ thubenoREt BEakEKE: aWithBout
using a shower plate. 5 In the shower plate or mcrowave
10 antenna by way of causing intimate contact between

the outer surface and the microwave antenna.

BRIEF EXPLANATION OF THE DRAWINGS

FIGS.1A and 1B are diagrams showing the

15 construction of aiconventional microwave plasma
processing apparatus that uses a radial line slot
antenna; ‘

FIGS.2A and 2B are diagrams showing the
construction of a plasma processing apparatus

20 according to a first embbdiment of the present
invention;

FIG.3 is a diagram showing a process gas
supplying structure used in the plasma processing
apparatus of FIGS.Z2A and 2B;

25 FIG.4 is a diagram showing various
modifications of the plasma processing apparatus of
FIGS.2A and 2B; |

FIG.5 is a diagram showing the construction
of a plasma processing apparatus according to a

30 second embodiment of the present invention;

FIG.6 is a diagram showing the construction
of a plasma processing apparatus according to a third.

embodiment of the present invention;



transm ssi on wi ndow of the present invention, it is advantageous to form
the outer surface opposing to the foregoing concaved inner surface in a
flat plane for facilitating cooling of theldhewer plate via th ggpqmggnna
by way of causing intinmate contact between the outer surface and The

m crowave antenna. BRI EF EXPLANATI ON OF THE DRAW NGS FI GS. 1A and 1B are

di agrans showi ng the 15 construction of a conventional m crowave plasnma

processi ng apparatus that uses. & r.asdiaald.lai X ls%owié}‘ngt ma;coﬂsﬁ.ﬁiaor}ld 2B
i 6n B P

are diagrams show ng the construction asma processi ng apparatus 20
according to a fi st seniadinee pircefe ddirpraggentatisnwerddmiingtéa & i s a

di agram show ng a process gas., s%%%)yé n% structure used i,n the plasm
processing appar atis of FEES ™ 2B:ne PECIQNE A TVETE *figr am showi ng

various nodifications of thedl@asm PrOGRESMGRRIBHANSE fondt:E3 AN
2B, FIG5 is a diagramshow ng the construction of a plasnma processing

appar at us accobdi 9§ tPo Pd a30'as EOFE SEriistl i TRIR T gTUS REqResiaet fonveerftlifom

FIG6 is a diagra g, s i : pl.asnma. processi ng
appar at us accordi n@éﬁ;tbgﬂa t tl P)‘c?f Cag%o?#%eérﬁqpoﬁnqi%%l%@sent invention; - 11
2 8 SEP 2005 FIG 7 is a di agmamShenManglitarer asorsgtawictg drhe afores tphasnieon

ip rm? gﬁts IS IO Rg appar ato%s aa%(i%rsgr{an rt otess 1f n%u ra;[pr}o aerrzalbtoudsI rgecné[ o r(gi r;[gh &P Sselr;}th

embodiment of the present invention;

10. FIG.10 is a diagram showing the
construction of a plasma processing apparatus
according to a seventh eﬁbodiment of thevpresent
invention; and.

FIG.11 is a diagram showing the
15 construction of a plasma processing apparatus

according to an eighth embodiment of the present

invention.

BEST MODE FOR IMPLEMENTINGI THE INVENTION

20 Hereinafter, the present invention will be

described in detail with reference to the drawings.

[FIRST EMBODIMENT]
| FIGS.2A and 2B show the construction of a

25 microwave plasma processing apparatus 10 according to

a first embodiment of the present invention.

Referring to FIG.2A, the microwave plasma

professing apparatus 10 includes a processing vessel

11 and a stage 13 provided in the processing vessel
30 for holding a Substrate 12 to be processed by way of .

an electrostatic chuck, wherein the stage 13 may

preferably be made of AIN or Al,03; formed by a hot

isotropic pressurizing (HIP) method. In the



FIG 8 is a diagram showi ng the construction 5 of a plasma processing
apparatus according to a fifth enbodi nent of the present invention; FIG9
is a diagram showi ng the construction of-aiplasma processi ng ABp8SERt 2085
according to a sixth enbodinment of the present invention; 10 FIG 10 is a
di agram show ng the construction of a plasma processing apparatus
according to a seventh enbodi nent of the present invention;, and FIG 11 is

a di agram showi ng_t 15.caonstructi of_.a pl asnma _processin ppar.at.us
according to an ePﬁEt%lﬂenSes%%divr?g’r?tetlo r1t’hethper]ﬁgeseane ien e|dor‘13.gt BEsT

FOR | MPLEMENTI NG pTHE e NYENT lt@Ne cHeraichaftien ddiespriasent ianvsgaideon 1w || be
described in detail with reference to the draw ngs. [FIRST EMBODI MENT]

FI GS. 2A and 2B sh&WEREEIRS it PF6AISF 18 Wit hnictr SRVELSTELFE processi ng

apparatus 10 accordiBgib@sndpf,i bel emRedi Menty:Qafa 1t REmeseN i sivRvent i on.
Referring to FIG 2A, the m crowave plasma professing apparatus 10 includes
"~ a processi ng vess&espettan® Fhst aydstIameodiZdde® b e gessegs Smgheessel 30

ool o0 2 “ibSiagke 132 5. QLasester ju ey oo 1o Mplaviienial e
by a hot i sotropdeppeessuriizzeidng igHsRchretiaactha Hilort pertsl2 12 $ySkHea2305
processing vessel 11, there alaRruded b, 8385 ' the 1ike.
The processing vessel 11 is preferably
10 formed of an austenite stainless steel ¢ontaining Al,
and there is formed a passivation film of aluminum
oxide formed on the inner wall surface of the
processing vessel by an oxidizing processing. Further,
in the part of the wall of-the proceésing vessel 11
15 corresponding to the substrate 12 to be proceséed,
there is formed a disk-shaped shower plate 14 of
dense Al,03 as a part of the wall, wherein the disk—
shaped shower plate 14 may be formed by a HIP method
and includes a number of nozzle apertures 14A. The
20 Al,03 shower plate 14 thus formed by a HIP process is
formed by using Y,0s as a sintering aid and is
characterized by the porosity of 0.03% or less. This
means that the Al;0; shower plate 14 is substantially
free from pbres or pinholes. Further, the Al,03 |
25 shower plate 14 has a thermal conductivity reachingv
the value of 30W/mK. It should be noted that this
thermal conductivity value is a very large value for
a ceramic.
The shower plate 14 is seated on the
30 processing vessel 11 via a seal ring lls, and a cover
plate 15 of dense Al;03 formed by a similar HIP
process is mounted on the shower plate 14 via a seal

ring 11t. The shower plate 14 is formed with a



preferably three evacuation ports 1la in a space 11A surrounding the stage
13 with an equidistance relationship, and thus, in axial symetry with 5
respect to the substrate 12 to be processedl®n-the stage 137 JigEp 2005
processi ng vessel 11 is evacuated and depressurized via such evacuati on
ports 1la by nmeans of a gradational |ead screw punp, and the |ike. The
processing vessel 11 is preferably 10 forned of an austenite stainless
steel containing Al and there is fornmed a passivat.ion film_of al um num
ox de for med on t REPFRASH Hal oGt J08 6F Cne O RFELdLs g Vol 6y 2in

oxi di zi ng processphgteFust har commantiba tpant wafcht ke chalds ahet hezpnecessi ng
vessel 11 15 corresponding to the substrate 12 to be processed, there is
formed a di sk-shapBErsHEGEr 1fPat heFeon thenSEPAEFF3 ORs 14 BpdPusof orREdnal |

wherein the disk rghapednghauen ha%%aléa@a aRe i md RyoaiH Bemabhed and
i ncludes a nunber of nozzle apertures 14A. The 20 A1203 shower plate 14

thus formed bys a HhRtpitbeesorrgoingr et risy sisinng sYZe3mes! ansiideertheg ai d
and is CharaCter'§ﬁ§H€¥ EHStBOEQSh%yC%RmﬁnQ%%%%%n'%%%h E@b%he@e§ﬂ§s hat the
: y pinholes.

A1203 shower plate isTsubstantial l réee from pores or ,
Further, the Al203a25pabewer phatce chbhmhas catiekewiah @opduciavighy KHeaehi ng

the value of 30WnK. It should be noted that this thermal conductivity
value is a very | argePyargeefor §%€eW&&hcPfTﬁ@esW6W€FSﬁP§9erESF dédat ed

on the 30 processing vessel rht ¥hdwdrS@ahtlel 14 11Shealtdd GOYRL]eRtahg 15
of dense A1203 formed by a simlar H P process is nmounted on the shower

plate 14 via ¥ selRTrtrilnly fermeghenshbrednpieat @ald iof fthempd ofiess 189
. vessel 11, wherein there is formed a rounded surface
on the part of the projecting part 1llb carrying the
shower plate 14 for suppressing abnormal electric
discharge. |
15 o Thus, the plasma gas of Ar, Kr, and the
like,'supplied to the plasma gas inlet 1llp travels
through the flow paths 14C and 14B inside the shower
plate 14 and is supplied to the space 11B right
underneath the shower plate 14 via the apertures 14A.
20 ‘ Oon the.cover plate 15, there is provided a
radial line slot antenna 20, wheréin the radial line
slot antenna 20 is formed of: a disk-shaped slot
- plate 16 provided in intimate contact with the cover
plate 15 and formed ﬁith a number of slots 1l6a and
25 16b shown in FIG.3B; a disk-shaped antenna body 17
holding the slot plate 16} and a retardation plate 18
of a low loss dielectric material such as Al;0s, Siﬂh,
SiON, SiOa, and the like, interposed between thé slot
plate 16 and the antenna body 17. The radial line
30 slot antenna 20 is mounted on the processing vessel
11 via a seal ring 1lu, and a microwave of 2;45GHZ or
8.3GHz in frequency is'supplied to the radial line

slot antenna 20 from an external microwave source



- 13 2 8 SEP 2005 depression 14B at the side contacting with the cover
~plate 15 in conmunication with each of the nozzle apertures 12353 %eﬁd n
t he depression 14B thus formed functions-as4a-plasnma gas pass ~bF 2005
shoul d be noted 5 that the foregoing depression is forned inside the
shower plate 14 in communication with another plasma gas passage that
comuni cates with a plasma gas inlet |ip provided on the wall of the

processi ng vessel ,11. The shower plate_14.is held. projecting 10 part -
lib formed on the PRfeP WA &3 Re SSPEEEs™ JEQVégéegllfFEWH@kéin there is

formed a rounded sudetaaguiamr bhe cpaiciilalr e spr @jerétiiong [Tkt mitlot@kkyi ng
the shower plate 14 for suppressing abnormal electric discharge. 15 Thus,
the plasma gas of tAMS RMPPAAE% Ae ZEdiated d@ppl itd¢ FOoass SHngs MES§aS i nl et

lip travels throygheiBe fhewspaths 154C.and chHBA Bsicde 1iie sShuene plate 14
and is supplied to the space 11B right wunderneath the shower plate 14 via

t he apertures 34Ath@aughe tbeveovgiratd at®, 1ltthemnd itdheprsiwiwded pd atreadidal | i ne

-sl ot antenna 20, g@ r%in tgeeradial.Iineff#ﬁéﬁantenn%'ZO i.s forned of: a

di sk-shaped sl ot “plaf@"$8°pFevided ch Oft Prataocdht &8¢ RER FhdCover

plate 15 and for medpwiltkda frvabeheoff osledicd ntbapaidu2eslGlaashewthien. FlI G 3B
a di sk-shaped antenna bo hol ding the sl ot glate 16; "and _.a retardation

dy 17
plate 18 of a-IoﬁPPS§slaﬁeFé89FiHnﬁﬁFQﬁﬁﬁh dhen sEOVRP2®32tS 3, S ON
Si 02, and_the |ikenekrBbgrPesednbolideeR hide el @hatPhdle cboeandibhe astenna

body 17. The radial |ine _
10 and the shower plate 14, formed of Al,03, functions
as an efficient microwave transmission window. In
order to avoid excitatibn of plasma in the plasma gas
passages 14A - 14C, the plasma gas pressure is set to
about 6666Pa - 13332Pa (about 50 - 100 Torr) in the
15 flow passages 14A - 14C.
In order to improve the intimacy of the
radial line slot antenna 20 and the cover plate 15,
there is formed a ring-shaped groove 1lg in the
microwave plasma processing apparatus 10 of fhe
20 present invention in a part of the uppér surface of
the processing vessel 11 that engages with the slot
plate 16. By evacuating the groove 1llg thus formed;
the gap formed between the slot plate 16 and the
cover plate 15 is depressurized and the radial line
25 slot antenna 20 is urged tightly to the cover plate
15 by the‘étmospheric pressure. It should be ndted
that such a‘gap is formed by the slots 16a and 16b
formed in the slot plate 16, while the gép may be
also formed by various minute depressions and '
30 projections. Such a gap is sealed by the seal ring
llu between the radial line slot antenna 20 and the
processing vessel 11.

By filling an inert gas of small molecular



30 slot antenna 20 is nounted on the processing vessel A Waly)
11u, and a mcrowave of 2.45GH# or 8.3GHz in frequenMﬁ@M@W*Lﬁe

radial line slot antenna 20 from an extean% M Cr owave source %éﬁégPZgﬁﬁ
a

SEP 2005 (not shown) via a coaxial waveguide 21 having a rect

circular cross section. The mcrowave thus supplied is radiated into the
processing vessel 11 fromthe slots 16a or 16b on the slot plate 16 5

t hrough the cover plate 15 and the shower plate 14  and causes excitation
of plasma in the pledsihd qtwekipptheds febnriakes f b exfod nghapePYer eBlala in

the space 11B right gnderneath, a%ﬂ%\gg%ﬁ{aiﬁg 1§1nd Jl?%rﬁ Wovht 15 oul d be

noted. that the cover plate 15 10 an ower. plate or med of " A1203,
functions as an efifi cisemoss ronave faahbitssé onrawmsdontatnonosfiehesd avoi d

excitation of plas in.the plas as assages 14A - 14C e plasma gas
pressure is set tﬁ%é‘bo € %%nglgg%szgat‘(a%’b%t?]ﬁ%F-p "t‘)Bé,Ti)gr) ?h the 15
flow passages d4AsuckiGn |lThordegad 0 1 APIOVEré RErdpt & MBEYuOE tiBenav aglyal

line slot antenna 20 and the cover plate 15, there is fornmed a ring-shaped
groove |1 g in the?2 diadidsveite Prak neepitveelsi iy apparbs@sa1babiet he 20

present invention:if . g er o he. Ssy, g ssel
11 that engages Wltoh%ﬁ%ag@ls#%?go%%gﬁiaI%;{}gga(g%%%i%g ?hgigg(go%@ﬁ%ﬁt hus
formed, the gap fwortredidetineers tpee e by ate dse ablge t heessoveropl ate 15

is dep i zed and the radial line 25 slot, ant 20, i _tightly t
he cover plate POy T at MRHEITS" o bosh Coort CEROhtanbe ot e

10 there is provided a valve 11V in the-evacuation port
11G for the evacuation of the groove 11g and for the
filling of the groove j11g with the inert gas.

Further, an outer waveguide tube 21A
constituting a coaxial waveguide 21 is connected to

15 . the disk-shaped antenna body 17, and the central
conductor 21B is connected to the slot plate 16
through an opening formed in the retardation plaﬁe 18.
Thus, the microwave supplied to the coaxial waveguide
21A travels between the antenna bbdy 17 and the slot

20 plate 16 in the radial direction and is emitted from
the slots 16a and 16b. |

FIG.2B shows the slots 1l6a and 16b formed
in thé slot plate 16.
' Referring to FIG.2B, it should be noted

25 that the slots 16a are formed concentrically, and the
slots 16b, each having an orientation perpendicular
to the orientation of a corresponding slot l6a, are
formed also concentrically. The slots 16a>and 16b are
formed with an intérval corresponding to the

30 wavelength of the microwave compressed by the
retardation plate 18 in the radial direction of the
slot plate 16, and as a result, the microwave is

emitted from the slot plate generally in the form of



that such a gap is forned by the slots 16a and 16b fornmed in the sl ot
pl.ate 16, while the gap may be also forned by various m nute depressions
and 30 projections. Such a gap is seal ed byléehe seal ring 1% pbﬁFpﬁgNSthe
radial line slot antenna 20 and the processing vessel 11..By;ZJ i 'T1ng an
inert gas of small nolecular - 15 REPLACEMENT SHEET 2 8 SEP 2005 wei ght
between the slot plate 16 and the cover plate 15 fromthe evacuation port

11G and the groove it Js possihle.to facilitate tr ortation of
heat fromthe coge%&%fnaet gtai)g tothe s (}theplsatoélslé%taﬁ?rnogqs%%cha%n i nert
gas, it is preferd@bkectdo iusehde maviald y drafegel itdidraralo demdiaatiionist,y and

also a large ionizatign potential. In the case of filling the .ga% W th

He, it is preferabfy foCEO¥ e P S G Bt 10t & satnsEih In the

construction of FbG13rilQthiker §ahve RiMded iy alov @ kbérdi dhgrevacuation -
port 11G for the evacuation of the groove jig and for the filling of the

groove jig wth tBelogdretdes Jmndentsan outer wavegui de tube 21A

constituting a coaxial wavegyj %eg%)nli?ssm%o%r}%%t ed st or?#gjcat%g:u@ sky $haped

antenna body 17, and the centra ucto s to the slot
plate 16 throughtae opesiend femboedmentthe tr ethandat iten nltaide thdt theus, the

' lied to th i3 ide  21A t | t t
antenna body 17 afioPes SIGE 20 plite 16 TiE RN ection i | s

emtted from thefslahgy e ambsketd1G 2B Prowydhe sddt aslta madh1i6b
Formed 10 the separation D bétween the shower plate 14 and a
| plane set coincident to the surface of the substrate
12 to be processed decreases gradually in the.
radially outward direction. Thus, the concaved
surface is defined by an axially symmetric surface
15 and the separation'D is decreased at the peripheral
part of the substrate 12 to be processed. Thereby,
the problem of decrease of plasma density in the.
peripheral part of the éubstrate is eliminated.
Thus, in the plasma processing apparatus 10
20 noted above, the plasma density is not decreased |
below the cutoff density even in the case plasma
processing is conducted under a reduced pressure
environment as in the case of conducting a dry
etching process,‘and the plasma is maintained stably.
25 Thereby, the problem of vanishing of the plasma and
associated problem of damaging of the substrate
taking place at the peripheral part of the substrate
is succéssfully avoided.
Further, in the plasma processing apparatus
30 10 of FIG.ZA; it should be noted that there is
. provided a cooling block 19 haviﬁg a cooling water
passage 19A on the antenna body 17..Thus, by cooing
the cooling block 19 by the cooling water in the



in the slot plate 16. Referring to FIG 2B, it should be noted 25 that the
slots 16a are forned concentrically, and the slots 16b, eagh_having an
orientation perpendicular to the orientation ef a correspoﬁhﬂ : R12805 16a,
are forned also concentrically. The slots 16a and 16b are forned with an
interval corresponding to the 30 wavel ength of the m crowave conpressed by
the retardation plate 18-in the radial direction of the slot plate 16,

and as a result, the.m crowave is __enmtt fromthe sl ot plat nerally in
the formof - 16 cao3TeERPHREE bhoshlne TWave TRedhite TGS ey and’ 160
are fornmed in thehsukthalky peapendidculsarsueidearnifatlilgnsbsdrib@drivdrowiee t hus
emtted constitutes a circular _ polarization wave contaijni ng two

per pendi cul ar 5 poPErPZatitdf EdRFoREHERRS £ & -hd ISk dhPse &8ssy Tdfar at us

10 of the presentpembediTRBl waltl rShAWG e 100l ¢d o hatstihe 1 showen Rl ate 14
has a concaved surface at the side "facing the substrate 12 to be

processed. As a reésubrefeabiy sepaliridonwiBbdheesroliacsaver plaatiedls and
a_plane set coi ngident Lo the,qurhace of e sybstrate s 12 o be processed
y in radially di Thius ” N

- decreases gradual the 1y “out war i Tection. e concaved
surface i s definedobyiagy axitelrl hasymoebdiostsd ace dbS iand rce ctdpar ati on D

is decreased at the peripheral  part of the substrate 12 to_b r.ocessed.
Thereby, the proBP&RPdf-adelPgade 8%Hﬂ%%ﬁﬁ19%n%9W9V%F&nﬁh€ qﬁﬁ@k&f part

of the substrate ks @i ghoated edpusiihy the BLassBvRHOERSS§EAY apparatus 10

10 ' Ih—the microwave plasma processing
apparatus 10 of FIG.2A, it should be noted that there
is provided a process gas supplying structure 31 in
the processing vessel between the shower plate 14 and
the subsfrate 12 on the stage 13, wherein the proqeés

15 gas supplying structure 31 includes lattice—-formed
process gas passages 31A releasing a process gas
supplied from a process gas inlet 1llr provided on the
wall of the'proCessing vessel 11, wherein the process
gas is released from a number of process gas nozzle

20 apertures 31B (see FIG.3). Thereby, a uniform
substrate processing is conducted.in the space 11C
between the process gas supplying structure 31 and
the substrate 12. It should be noted that such a
substrate processing includes processes such as

25 plasma oxidation, plasma nitridation, plasma
oxynitridation, and plasma‘CVD. Further, it is
possible to conduct a reacfive ion etching to the

 substrate 12 to be processed by supplying a

fluorocarbon gas easily causing dissociation such as

30 C4Fg, CsFg, C4Fs, and the like, or an etching gas of
fluoride or chloride into the space 11C from the
process gas supplying structure 31, and

simultaneously applying a high frequency voltagé to



20 noted above, the plasnma density is not decreased below the cutoff
density even in the case plasma processing is conduRRERLACEMEAT BHKETD
pressure environment as in the case of condugting a dry etchi g %ocess
and the plasma is maintained stably. 25 Thereby, the proble#ﬁéf A Uﬁﬁlng
of the plasma and associated probl em of damaging of the substrate taking
place at the peripheral part of the substrate is successfully avoided.

Further, in the plasna roce ging apparatus 30 10 of FIG 2A, it should be
noted that there i5"epibe¥ae 88IPnBlHP05Ee§9eH8¥|ﬁ@uﬁcgoap ng wat er

passage 19A on the antenna begdyt#d. mIBE%waQ% EQQEBQ pkBeec@ehigng bl ock 19
by the cooling water in the - 17 2 P 2005 cooling water passage 19A,

t he heat accunulat@ﬁpﬁﬁatvﬁelgh@ﬁethslQﬁésﬁntlsmbaéé@§§ﬁulPy aBsorbed vi a
the radial line sgﬁggsfmsneg APsil arheylid B8 BEt dakhabn LOB EAALIRO.
re e th the

wat er passage 19A has a spiral form an erably suppf
cooling water lsaviog tha adpestedlmxodathenpmedussﬁng pebenﬂlaw hSa¢hng

cool ing water havipng adj uste i dati on-reduction tenti
obt ai ned by conducFﬁﬁg éfi glFﬁ@ BFOC5RSHBIgYESFEL g}péplﬁnﬁeP§§r8F§§8lved

oxygen. 10 In the gFcipyayer phSNerPioCessi PicomPPapedsispld 06 Fp&sdbe it
shoul d be noted that there is provided a process gas supplying structure

31 in the processthg Regsevapet péeAnehproeweingl apparatdnd10t he substrate
12 on the stage 13@0%@%53 tQ?tHrBES§§11§ E§1§B FE@Qn?Iruﬁkgre 31

includes lattice-forne dcess gas passa easli Nng a process gas
10 cleanlng process with a rate of once per day

FIG.3 is a bottom view show1ng the
construction of the process gas supplYing structure
31 used 'in the construction of FIG.Z2A.
. Referring to FIG.3, the process gas
15 supplying structure 31 is formed of a conductive
material of an Al alloy containing Mg or a stainless
steel added with Al, and the lattice-shaped gas
bassage 31A is connected to the process‘gas inlet
port llr_at’a process gas supplying port 31R. Thereby,
20 the.proceSS'gas‘is released'into the foregoing space
| 11C uniformly from the process gas nozzle apertures
31B formed with a large number at the bottom surface
of the process gas supplying structure 31. Further,
the process gas supplying structure 31 is formed with
25 openings 31C between adjacent process gas passages
31A so as to allow passage of the plasma or the
proceSS gas contained in the plasma. ‘In the case of
forming the process gas supplying structure 31 by an
Al alloy containing Mg, it is prefefable to form a
30 fluoride film on the surface thereof. Further, in the
case of forming the process gas supplying strucfure
31 by a stainless steel added with Al, it is

preferable to form a passivation film of aluminum



suppli-ed froma process gas inlet 11r provided on the wall of the

processi ng vessel 11, wherein the process gas is released froma nunber of
process gas nozzle 20 apertures 31B (see—_Fi& 3). Thereby, a%lan'sEprml]S
substrate processing is conducted in the space 11C between the process gas
supplying structure 31 and the substrate 12. It should be noted that such
a substrate processing includes processes such as 25 plasnma oxidation,
plasma nitridation, plasma oxynitridation, and _plasma CVD. Further, it is

possi bl e to condultiger 8Rc e SUGH astc iheg 9o -t He G HPSME 12 to be

processed by supphby¥bBgsdin Iu%&)g%rt%n 192% ea%ld ¥ realsing ndle33qenat i1@n such
as 30 CAF8, C5F8, CAF6r and the.like, or an etching gas of fl uori de or
chloride into thesbpadd PeCnpitem the thrideeds cgalenduspleyicivg ot pdetsmee 131,

d i mul t I [ [ f I - R VENT
SHEET 25 SEP 200870 RoECAEC18 T bR AN Oy Sy PEsA e 5h T Che

m crowave pl asha pxetess] pdaappar ahds theref cdeerpr esemrodteadiofent, it is
possi ble to avoid de n of reaction_byproducts 5 on the inner. wall of

it
t he processing ve§§8fgg§‘;}nhgé9inndnt ﬁi‘e\/\éﬂb%frattﬁel r GedbiEnGRASEEE ™1 to a

tenperature of aBeutntSERokesthidsis isiPRGAMRS RS LRIre 130 openater,the
m crowave pl asma processi ng appar at us constantly with stability, by

conducting a dry 10 éFeRRfiSRdPprL0ESs SO heg Pracesst Jefc S Uperlyday.  FI G 3
IS a bottomview ghow-Rg 81 §ONSE LUGLEAR AN PLAGESSa9as supplying

structure
10

It should be noted that the lattice-shaped
process gas passages 31A and the process -gas nozzle
"apertures 31B are formed so as to cover a region _
~slightly larger than the substrate 12 to be processed
as represented in FIG.4. By providing such a process
15 gas supplying structure 31 between the shower plate

14 and the substrate 12 to .be processed, it becdﬁes'
possible to cause plasma excitation of the process
gas such as a source gas or an etching gas and
conduct a processing of the substrate uniformly by
20 using the plasma-excited process gas.
v In the case of forming the process gas
"supplying structufe 31 by a conductor such as é metal,
the process gas supplying structure 31 can form a
ground plane with regard to the microwave by setting
25 the separation between the lattice—shaped process gas
passages 31A to be smaller than the wavelength of the
microwave. In this case, the microwave excitation of
plasma takes place only in the space 11B, and the
activation of the process gas is caused in the space
30 - 11C, including the surface of the substrate 12 to be
processed, by the plasma diffused from the excitation
space 11B.

In the microwave plasma processing



31 used in the construction of FIG 2A. Referring to FIG 3, the process gas
15 supplying structure 31 is formed of a conductive nmaterial of an Al
alloy containing My or a stainless steel _added. wi t HREPLACBMENT SEEET
lattice-shaped gas passage 31A is connected to the process gapgi ggpt 0 5)ort
11r at a process gas supplying port 31R Thereby, 20 the process gas ZQ

rel eased into the foregoing space 11C uniformy fromthe process gas

nozzl e apertures 31B formed with a |arge nunber at the bottom surface of
the process gas s@RH3ANG St1URbrENSITERPRRef™PORHRERE 0ckRS §3RPEVIpDF vi ng

structure 31 is farqed, Mhids25;0peni NgsnB16 behvwerradhfgeny REPLE§SEnEAs
passages 31A so as to allow passage of the plasma or the processS gas

contained in the mrzsmss |gas heuppbeing stonatnyget Bk pfoeesstiyaspseppbeyi ng

structure 31 by an - Al alloy containin it |s preferable to_forma 30
fluoride filmon t%fe Sur Sésc%v? h(glrsé%??l%ﬁj:'\{?%e?,% {Cﬁetlﬁﬁog%ggeg%% ?%r%l%g t he

process gas suppl Wurfsdd ust utite Slbdyracst apni essl sheehtaddeddwith A, it
is preferable to forma passivation filmof alumnum- 19 2 8 SEP 2005
oxi de on the surfREEVMRT FPSSHhLeheC pFardact theodesstay apBakaebs 10 of

the present inventdQheddinshovld De HOLRI1BAL 1R L RGLEGPE §REAIYNOT
plasma is small because of "the low electron tenperature of the 5 excited.

pl asma, and t here aeans ¥otp? obt ehevhed cont b naebohrapet ersapst rageh 12
by the sputtering .,of, the, PLOGESS, 0aS, SURRLYING BLIUGLUT § 3L, FHLINGL., 11
is possible to for m%%e process gas s%pp‘?yl ng s?r uct[qure 81 %y a ceramc
such as alum na. part of the high-aspect structure. Thus, the
- microwave plaéma apparatus 10 is usefﬁl for
fabrication of semiconductor devices of different
generations.and different design rules. |
In the plasma processing'apparatus 10 of
15 FIG.2a, it becomes possible to deposit various high-
qualipy films uniformly at low temperature or conduct
an etching process also uniformly on the entire
surface of the substrate 12, by introducing various
oxidation gaSes or nitriding gases, source gases Or
20 etchipg gases from the foregoing process gas
supplYing structure 31 .
FIG.4 shows the construction of shower
‘plates 14, -~ 144 according to various modifications
of the shower plate 14.
25 Referring to FIG.4, it can be seen that the
shower plate 14; has a conical concaved surface at
the side facing the substrate 12, while in the case
of the shower plate 14,, the concaved surface has a
truncated conical shape. Further, in the case of the
30 shower plate 143, the concaved surface is formed by a
circular depression forming a stepped structure. In
the case of the shower plate 14,4, the concaved

surface is formed of plural depressions forming



10 It -should be noted that the |l attice-shaped process gas passages 31A and
the process gas nozzle apertures 31B are fornmed so as to cover a region
,slightly larger than the substrate 12 to-belprocessed as qugg?eggsd in
FIG 4. By providing such a process 15 gas supplying structure ween
the shower plate 14 and the substrate 12 to-be processed, it becones
possi bl e to cause plasnma excitation of the process gas such as a source

gas or an etching 9as.and. .onducl. 3 pracessng of, Lhe supsinate.ynhformy
by 20 using the pPasna-eXC|P3d process gas.” Tn the case or ormng the

‘process gas suppkymmgtsir wetlr @ ed3beldyt a o endieitaals Wi sas fa thiet ahowetrhe
process gas supplying structure 31 can forma ground plane with regard to
the mcrowave by Béftfngldsat HB1Lepar RS SFefRed’ ING TPEtEECe 2R fed

process gas passages r3lAghonke cehmll-ar sthan the wavel ength of the
m crowave. In this case, the mcrowave excitation of plasma takes place

only in the space 11B, and the activation of the process gas is caused in

t he space 30 '11?5 hg&bu%h@gD&QgNﬁﬂrface of the substrate 12 to be
ITTuse

processed, by the plasna omthe excitation space 11B. In the
m crowave plasma processi ngFIG26 sRERISACENMENDnSHEREi2n8 0SER 20@Smappar at us

10 of the present enbodinent, the supply of the process gas is controlled
uni formy by usinﬁf?ﬁ@séﬁpgcé§§§§&§u§u6éﬁyﬁﬁ§°§99@8tGPeaS SCPREs, the
~problem of excesshyeddhneseCiudt itpR ik tPriecRsS 18RS ah e .3 Swhiaee of

the substrate 12 is elimnated and it : :
: 10 parts corresponding to the parts described previously
" are designated by the same reference numerals and the
description thereof will be omitted. |
Referring to FIG.5, the plasma processing
apparatus 10A has a construction similar to that of
15 the plasma processing apparatus- 10 and has the
- feature that the separation D between the substrate
12 and the shower plate 14 decreases in the radially
outward direction of‘the shower plate 14, wherein it
should be noted that the process gas supplying. part
20 is eliminated in the plasma processing apparatus 10A.
In the plasma processing apparétus 10B of
such a construction, it is not possible to conduct a
film formation or etching process by supping a
process gas separately to the plasma gas because of
25 the elimination of the lower shower plate 31. On the
other hand, it is possible to form an oxide .film or a
nitride film, or an oxynitride film on the surface of
f the substrate by supplying an oxidizing gas or a
nitriding gas froﬁ the shower plate 14 together with
30 the plasma gas. In the plasma processing apparatus
10A of the present embodiment,'the construction is
simplified and the manufacturing cost is reduced

significantly.



becones possible to conduct the desired substrate processing even in such
a.case-a structure of high aspect ratio is forned on the substrate
surface, such that the substrate processing2eeaches up to thg gppepgps 10
part of the high-aspect structure. Thus, the mcrowave plasma apparatus 10
is useful for fabrication of sem conductor devices of different

generations and different design rules. In the plasma processing apparatus

10 of 15 FIG 2A, it become§np%§l%i lr%ste%tdee'?rt Soidtimve rti o%%dhi gcrpl-e %ljl:%| it
filme uniformy at |ow tenpérature~or conduc an etching 'process ‘al so
uniformy on the entisme deunsfiage iof thke putigieatsd bartbyfi niheoduci ng

various oxidation gases or 2i tridi n% ases, source gases or 20 etching
gases fromthe foré SithGthr dCeds GRY e%&&&leﬂ rfé’rstbry_u éle§fe!§18€ #shows
the construction eheshewBiatRbat ®S at4khne M4 1301 PG A0 MARIHRUS

nmodi fications of the shower plate 14. 25 Referring to FIG 4, it can be

seen that the 5shewestgpate 124tohds procwisesld cheardy s dhard agma tilve si de
facing the SUbStrﬁ5§n%ain@E'E%abgyth%n%a%%ehg%g&ngﬂ§ggg%ra%l %i%%%n 2?

concaved surface has a truncated-cdonical s rther, Tn the cas
the 30 shower plabé Pa3smihencaheaped iphefrade pas tf orfmthebys udps tadarteullar

d ' f ' t epped structure. | t he gase of the shower plate
1alerr], the concavedsSeRPrated SPRdy tr GRasar cacr &6 GIbTafReg - 21

2 8 SEP 2005 pl urak skepsasEhege thePiReTVRRS ndf @ Je@idTaE ish cesdlfulgymet ry
with respect to a central axis of the shower
10 avoided.
In the plasma processing apparatus 10A of
FIG.5, it is possible to conduct the‘oxidizing
processing, nitriding processing, oxynitriding
processing, and the like, uniformly and efficiently
15 even at low temperatures with low cost, even in the
case the substrate is a large—-diameter substrate.
| In the present embodiment, too, it is
possible to use any of the shower plates 14; = 14,4

explained with reference to FIG.4 in place of the

20 shower plate 14.

[THIRD EMBODIMENT]
FIG.6 shows the construction of a plasma
processing apparatus 10B according to a third
25 embodimént of the present invention, wherein those
parts of FIG.6 corresponding to the parts explained
before are designated by the same reference numerals
and the description thereof will be omitted.
Referring to FIG.6, the present embodiment.
30 uses a shower plate 14P of a porous ceramic such as
sintered alumina in place of the shower plate 14.
In the shower plate 14P, it should be noted

that there is formed no shower apertures 14A as in



pl ate -and a uni form processing i s guaranteed about the foregoing central
axis. [[SECOND EMBODI MENT] FI G 5 shows the construction of a plasma

processi ng apparatus 10A according to a secgpd- enbodi nent 02 % pEment
invention. In FIG5, those 10 parts corresponding to the parts scri bed
previously are designated by the sane reference nunerals and the
description thereof will be omtted. Referring to FIG 5, the plasnma
~processing apparatus 10A h construction simlar tq th of . 15 the -
pl asma processi ng% pé:raa';teuéDafi(}%:fmfhﬁé?ﬁ f?éLq‘teeatlLr?r'eaqrhatt%et t?gctk?etpé}aé‘[q'on D
bet ween t he subst rale shbeanghitahe shewers pliade fhecneasesd gienaadi al |y
outward direction of the shower plate 14, wherein it should be noted that

the process gas sl PP ipaPP PG ildCelaid Metfe I eI DS il pRIcEES ng
apparatus 10A. | g4the Y ATR PIHRGESSIRY Wr@%@%ﬂa%%aof%a_ss%sa

construction, it i's not possiblée to conduct a filmfornation or etching
process by suppi ngupppriccess gas esemar dirgloy tthe tierqcsa spesehddduse of

25 the elimnation of the | qwer shower plate 31. he . ot her nd, i.t is
possible to form gﬁoglxitélée PR 95° r‘ﬁ‘{%)rpﬁc}’e Qailﬁhm@%ér uélrilfgoxrﬁl it &%&eouqu m on

the surface of th&esyostasatte ineds upplianarbuaxXidictidlg @aseorL4® . nitridi ng
gas fromthe shower plate 14 together with 30 the plasma gas. In the plasm

processi ng apparatus 10A. ofl™ H&SPESSAR e AIRATERRE t HE Cordts UM i s
sinmplified and the #BRWAURNRY 3R%er DrRMCOD &N fdfandilly 22 2 8
SEP 2005 10 symmetric concéved surface and the separation D
between the foregoing lower surface and the surface
of the substrate 12 deéreases toward the periplieral
part of the Substrate 12. Because of this, the drop
of plasma density at the peripheral part of the
15 substrate 12 is compensated for in the construction
of FIG;6 and it becomes possible to maintain the
plasma stably. Thereby, the problems such as
vanishing of plasma in the peripheral part of the
substrate 12 and associated problem of damaging of
20 the substrate by the microwave or decrease éf the
processing speed are successfully avoided.
In the plasma processing apparatus 10B of
FIG.6, 1t becomes possible to deposit various high-
quality films uniformly at low temperature or conduct
25 an etching process also uniformly on the entire
surface of the.substrate 12, by introducing wvarious
oxidation gases or nitriding gases, source gases Or
etching gases. Alternatively, it is possible to
conduct an etchihg process on the surface unifofmly.
30 In the present embodiment, too, it is
possible to use various concaved surfaces shown in
FIG.4 for the concaved surface of the porous shower

plate 14P.



In the present enbodi ment, too, the drop of plasma density’in t he
peripheral part of the substrate 12 is conpensated for by the decrease of

the separation D at the peripheral part of $he_-5 substrate zl@ E ba]
processed. Thereby, the plasma is nmintained stably, and t § gb gﬁ]such

as vanishing of plasma in the peripheral part of the substrate 12 and
associ at ed probl em of damagi ng of the substrate, or decrease of the
processi ng speed is successfully 10 avoided. In the plasnma processing:
apparatus 10A of FIGS5, it is possible to conduct the oxidizing

processing, nitri drpgrPEOEHSSDAGENGYYNI triding processing, and the like,
uniformy and efficiently 15 even at |ow tenperatures with | ow cost, even

in the case the substrate F§Ga7l abgesditdreconsdastiare of Bnpﬂﬁém@resent
enbodi ment, too, FE E%sggﬁglEkg.%%tﬂﬁel%%Ya%fo&%ﬁn@h% 5 Q%%&%% 141 - 144

expl ained wth rererence I"ace °6f s fower ate 14.
[ TH RD ENBCDINENTmebGu&eshOWE tthe @a@shmuCUmwenmﬁoa pM@&mﬁlnpmmmes3|ng'

apparatus 10B according t ird 25 enbadi nent o resent i.nv ntion,
wherei n those paPf&tSf OF @?@ ?oFP§§ﬁ§ﬁﬁﬂﬁdnﬁotPh§ aPed WEx FRE) ﬁé&e before

are designat ed bybtem@r&aa&er abenenee AUMET e AR the el Rlimeralker eof
will be omtted. Referrlng to FIG 6, the present enbodinent 30 uses a
&

shower plate 14P 8Rdatpér §C€éP§ﬁP@ dherread vwiildt dee@mditif®i%ha i n pl ace of
the shower plate 14. In thegghayer 3keF%@Fg 'Eh%h%ﬁ%%m%epQ%E%@31B@at

there is fornmed no shower apertures 1
10 . apparatus 10C of the present embodiment has a

construction similar to that of the plasma processing
apparatus 10B described previously, except that the
lower shower plate 31 is removed. Further, projecting
part 1lb holding the shower plate 14 has a rounded

15 surface on the entirety thereof.

In the plasma processing apparatus 10C of
such a construction in which the lower shower plate
31 is omitted, it is not possible to conduct film
formation process or etching process by supplyihg a

20 process gas separately to the'plasma gas.
Nevertheless, it is possible td form aﬁ oxide film, a
nitride film or an oxynitride film on the surface of
the substrate to be processed by supplying an
oxidizing gas or nitriding gas from the shower plate

25 14 together with the plasma gas.

In the present embodiment, too, the lower
surface of the shower plate 14P forms an axially
symmetric concaved surface and the separation D
‘between the foregoing lower surface and the surface

30  of the substrate 12 decreases toward the peripheral
part of the substrate 12. Because of this, the drop
of plasma density at the peripheral part of the

substrate 12 is compensated for in the construction



-,23 2 8 SEP 2005 the case of the shower plate 14. On the other hand, the
shower plate 14P is also formed with the plasma gas supply paths 14C and
14B connected to the plasma gas supplying pert 11P, and th@ B!SERR08ms
thus 5 supplied is released into the foregoing space 11B fromthe plasma
gas supply path 14B uniformy through the pores fornmed in the porous
shower plate 14P. In the present enbodi nent, too, the lower surface of the

shower plate 14P f aX| 10 S rmetrl c .concaved .s fac and the
separation D betvvee%?l%h@%f egO| > ARTAE Qe (e G ace1 of the
substrate 12 decr easesma @A . hemmrelu@herta{e mayl afs thesuhstrate 12.
Because of this, the drogp of plasm density at the peripheral part of the

15 substrate 12 i ¥a@ompeishtdd HerStian ithd o mTirta e RFEFINE 6%hd it

becones possi bl e @RI rlzt Ko RIAYE SIRP I opiRel &1 q dlily iRIPR s such
as vanishing of plasma in the peripheral part of the substrate 12 and

associ at ed probl erhef sdréwd;gqatge afy 2Mhet h!@-Q%IbBIWQitCH-’ b&eqmsrﬂ' criowdnee or

decrease of the ;t%rocesm g s eed are succes ffu avoi d In the plasm
. e&d6 ucce ull v01

processi ng apparatu SCOMeS po si% £ ‘deposit various

hi gh- quality filnms uniformnn ahd @Natsampeﬂaidﬁs%lafg @q;tpht@ttu% 1T etrchi ng
process al so unlform§ on the entire surface of the substrate 12, by
X

i ntroduci ng vari oligC -dxi ddt iFGFFPESe LB RS ith FPIEREs, }EeOlH‘r@é:e&z?seés or

etching gases. Al {8f Rald RNkt ddtd 9 PSR Ik 1 LAt R LIGHNg process
on the surface unlformdy 30 I'n the present enbodi nent, too it is
10 nitridation processing, oxynltrldatlon processing,

and the like, efficiently and uniformly at low
temperature with low cost even in the case the
substrate is a large-diameter substrate.
In the present embodiment, too, it is
15 possible to use various concaved surfaces shown in
FIG.4 for the concaved surface of the porous shower

plate 14P.

[FIFTH EMBODIMENT]

20 ' FIG.8 shows the construction of a plasma
proce§sing apparatus 10D according to a fifth
embodiment of the present invention, wherein those
parts of FIG.8 corresponding to the parts explained
before are designated by the same reference numerals

25 and the description thereof will be omitted.

Referring to FIG.8, the porous shower plate
14P and the cover plate 15 of the embodiment of FIG.6
are removed in the present embodiment, and in place
thereof, there is provided a microwave transmission

30 window 14Q of a dense ceramic, wherein the microwave
transmission window 14Q has a concaved surface at the
side facing the substrate 12. The microwave

transmission window 14 may be formed of a material of



possi ble to use various concaved surfaces shown in FIG4 for the concaved
surface of the porous shower plate 14P. - 24 28 SEP 2005 [ FOURTH

EMBCDI MENT] FI G 7 shows the construction ef2a plasma procespign§ERPIIGS at us
10C according to a fourth 5 enbodi nent of the present invention, wherein
those parts of FIG 7 corresponding to the parts expl ai ned before are

desi gnated by the sane reference nunerals and the description thereof wll

be omtted. F{eferrlngt.L ﬁlghgb%rlchﬁoplasnacﬁ{ocF%ﬁthnﬁh%t%ﬁggiﬁ;us 10C of

the present enbodi Nen as-a- constricti SNSST fi Slasna
processing apparatesptoBedescri bed previously, except that the |ower

shower plate 31 is renoved. Further, projecting épart lib holdln% t he
shower plate 14 has a round&® 15EsGPrEdE Y5t 1oRe OdntilCetly tiffers@oM1d) Rt he

pl asma processi ngnappar @hds 1Pe %Ecr%%%@eat%%%%h&%%Hb%“wﬂﬁd@R'QQche | over
shower plate 31 is omtted, it is not possible to conduct film formation

process or etchi nfupeséess @}S§uﬁglﬁh@gC@V2@?pﬂ@¢@s§5ga§nsé@@raﬁéﬁy to the -
pl asma gas. Nevep gggle% o CEV%§ %g%%pbh% t% B%rnk%n %ﬁ!%@t |I nitride

filmor an oxynitride f| M 6N thePsirface af "Che SUBStrate hbe pr ocessed
by supplying an opﬂdsmangagaﬁlom iatthi- di4ag ogas peramrielke 1gRower plate 25 14
together with the plasm

S. In.t resent enbodi nent o, the | ower
surface of the shSR@PuBF§g§lT$PWF5 me6n TREEIOIRT & gEWéPPF%'&éﬁca€€§
surface and the sepagabh@ntBereof, there is provided a plasma gas

10 inlet part at the wall of the processing vessel 11 in
the form of a tube 11P. Further, a radial line slot
antenna 20 is provided on the microwave transmission
window 14Q in intimate contact therewith. It is
preferable that the fbregoing tube 11P is formed with

15 plural number in symmetry around the substrate 12 to
be processed.'

In such a construction, thé loWer surface
of the microwave transmission window 140 forms an
axially symmetric concaved surface and the separation

20 D between the foregoing lower surface and the surface
of the substrate 12 decreases toward the peripheral
part of the substrate 12. Because of this, the drop
of plasma density at the peripheral part of the
substrate 12 is compensated for in the conétruction

25 of FIG.8 and it becomes possible to maintain the
plasma stably. Thereby, the p;oblems such as
vanishing of plasma in the peripheral part of the
substrate 12 and associated problem of damaging of
the substrate by the microwave or decrease of the

30 procéssing speed are successfully avoided.

In the plasma proce351ng apparatus lOD of
FIG.8, it becomes possible to conduct the processes

of the substrate 12 such as oxidation processing,



bet ween the foregoing | ower surface and the surface 30 of the substrate 12
decreases toward the peripheral part of the substrate 12. Because of this,

the drop of plasma density at the peripheral part of the s?g‘stg@ Zﬂqjﬁz is
conpensated for in the construction - 25 2 8 SEP 2005 of F n t

beconmes possible to maintain the plasma stably. Thereby, the problens such
as vanishing of plasma in the peripheral part of the substrate 12 and

associ at ed probl em..gf .gal{a ing of 5 t.he substr.ate %\t\}t he m crowave or
decrease of the  ProGaSainy s Rags oard Suuc SaRLr iy RS HET OG5 TRY pl asma
processi ng appar atug 06 afikeFl GffiditerRagomRs RESTdHNE Wt @tcqrguct the
processes of the substrate 12 such as oxidation processing, 10 nitridation
processi ng, oxyni CEMBEERENTS Hdedsilify, cofrid aved Iik&hefdEsE éfd y and

unifornmy at low Shgaperatung W hh W Gesle @ven gy dhg case the substrate
is a large-dianeter substrate. In the present enbodinent, too, it is 15

possible to use various condavddespriesces simbadimenth| Gob f drt tilse concaved

surface of the por .shower. plate 14P. 20 [FIET EI\/%CDI VE Fl G_8 shows
t he construction S%lé%l%{iaesrré) uﬁreoé’éasrsﬁoﬁlgs §ﬁﬁl§raeﬂe§:8 SacCor |Orvlqg:111 t6 a fifth
enbodi nent of therpcedefor Mhentdoo,awsderseinTadkose pavd plefsnfad G 8
corresponding to the parts .explained before are designated by the sane

ref erence numer al $¥385T45§ 1ORe YdE€SOM pti on thereof will be omtted.

10 {SIXTH EMBODIMENT] -

FIG.9 shows the construction of a plasma
processing apparatus 10E according to a sixth
embodiment of the present invention, wherein those
parts described previously are designated by the same

15 reference numerals and the description thereof will
be omitted.

Referring to FiG.9, the plasma processing
apparatus-lOE of the present embodiment has a
construction similar to the plasma processing

20 apparatus 10D described above, ekcept that the
process gas supplying stfucture 31 is eliminated.

_ In such a structure, 1t becomes possible to
form a high—-quality film of oxide, nitride or
oxynitride uniformly at low temperature on the

25 surface of the substrate 12 by introducing an.
oxidizing gas such as 0z or a nitriding gas such as

- NH3 or a mixed gas of N; and H;, together with an

inert gas such as Kr or Ar, from the plasma gas inlet
tube 11P.

30 Because the separation D between the lower
surface of the microwave transmission window 14A and
the substrate 12 to be processed is decreased at the

peripheral part of the substrate 12 to be processed,



Referring to FIG 8, the porous shower plate 14P and the cover plate 15 of
the enbodinent of FIG 6 are renoved in the present enbodi nent, and in

pl ace thereof, there is provided a m crowage transni ssion 3(12 ﬁgpvzybél(g of
a dense ceram c, wherein the mcrowave transm ssion w ndow 48 S
concaved surface at the side facing the substrate 12. The m crowave
transm ssion wi ndow 14 nay be fornmed of a material of - 26 2 8 SEP 2005

Il dielectric | h Lumi na for,med .b H P . Inth
construction of FPG 8 T SHOUPA25E HSP Thar CREoCt ARV r ansmi ssi on

wi ndow 14Q 5 funcpeenphakso asrichefcawer spiaiteat 100 ahlde tatcher hand, the
cover plate 15 is not fornmed with the plasm gas flow path 14C or
apertures 14A coORWGRFEALPAg O et I dried s ﬂ% 3150\ PEIUIE bR, U P Ty -

stead thereof, there is pr O‘iind%ﬂeamlc_{'c%%%v%a%qi%%oiw“'ﬁ? Ra t @t ptllgge\gacll of
the processing vessel 11 in the formof a tube 11P. Further, a radial line

sl ot antenna 20 esbpddvieddd oot he tmicr pwese lrartsmvssi yrriwusdow 14Q in
intimate contact th%Eewe%h. uIrtf i s _preferahl egr.[ t, the foregoing tube 11P is
formed with 15 pFarar nunber 11 Symret Ty & ound the substrate 12 to be
processed. In such a construction, the |ower surface of the m crowave
transm ssi on w ndow 1@8 forms an axially symetric concaved surface and
the separation 20 [BEYENEeAMBRE1MENEdoi ng | ower surface and the surface of

the substrate 12 decreases wowan@ LR RerHhelARls+ Raft of Jdhe mlg%wéate 12.
Because of this, the drop :
10 processing apparatus 10F according to a seventh

embodiment of the present invention, wherein those
parts described previously are designated by the same
reference numerals and the description thereof will
be omitted.

15 Referring to FIG.10, it should be noted
that the present embodiment uses a dielectric window
140’ having a uniform thickness in place of the
foregoing dielectric window 140Q.

In such a dielectric window 14Q’, there is
20 formed a con?ex surface at the top part in
correspondence to the concaved surface formed at the
bottom part of the dielectric window 14Q’. Thus, in
the plasma processing apparatus 10 of FIG.10, a
radial line slot antenna 20’ having a concaved

25 surface corresponding to the foregoing convex surface,
is used in place of the radial line slot antenﬁa 20
having a flat surface. Thus, the radial line slot
antenna 20’ has a slot plate 16’ having a concaved
surface, and an antenna body 17’ having a concaved

30 surface is mounted on the foregoing slot plate 16’
via an intervening curved retardation plate 18'.

In the plasma processing apparatus 10F of

such a construction, too, the drop of plasma density



of plasma density at the perlpheral part of the substrate 12 is conpensated
~for in-the construction 25 of FIG 8 and it becones possible to maintain
the plasma stably. Thereby, the probl ens-sugh-as vanishiru2(y=sgfqgmﬁ in
t he peripheral part of the substrate 12 and associ ated probl em of damagi ng
of the substrate by the m crowave or decrease of the 30 processing speed
are successfully avoided. In the plasm processing apparatus 10D of FIG 8,

it becones possi bl conduc th rocesses e substrate 12 such as
oxi dati on processﬁﬁg%ge E?rlg ﬁS%Pr?8§§ ﬁPFrF %Ft5ﬁtﬁr&ge§§lng,

oxynitridation pregesskB@ul1gndotpenishked ebli cirapthy rangdyuriipngingat | ow
tenperature with | ow cost even in the case the substrate is a

| ar ge- di anet er suB3tiaré. PFACERE Qﬁé@énﬁr@ﬁbéﬂﬁn@ﬁpceﬁ@ogaﬁtSu§plﬁé§§|bIe

to use various co ed sutfa Fl f d surface
of the plasnma g%gﬁig%fo%EMPEEOﬁ%gm%Of%ﬁﬁ%ﬁGEéBE%PﬁEN$]%%Féﬁé%shoms t he
construction df ap@bama&prpc36633|ngnappdﬂagusxiﬁﬁtaomordﬁmgiﬁataoaixth
enbodi nent of the ?res? d|nvent g % ose, parts descri Qﬁ
previously are deSFYRat&dByPhe SEREST lP@f@ H@glﬁﬁﬁ99£¥§ﬁﬁﬂj% ing,
description thereghdwchk 1beeQnoliednRefkernireg she fhle 9 the pl asma
processi ng apparatus 10E of the present enbodi nent has a ‘construction
simlar to the pl 84REtpr&Eeddi Hiformly and stably.

10 [EIGHTH EMBODIMENT]

FIG.11 shows the constrﬁction of a plasma
processing apparatus 10G according to an eighth
embodiment of the présent invention, wherein those
parts corresponding to the parts described previously

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

Referring to FIG.1l1l, the plasma processing
apparatus 10G has a construction similar to the
plasma processing apparatus 10F of the previous

20 embodiment, except that the process gas supplying
part 31 is eliminated.

In the substrate processing apparatus 10G
of the present embodiment, too, the drop of plasma
‘density in the peripheral part of the substrate 12

25 can be compensated and it becomes possible to conduct
a plasma process such as oxidation, nitridation or |
oxynitridation over the entire surface of the
substrate uniformly.

Further, the present invention is not

30 limited to the foregoing specific embodiment but
various variations and modifications may be made
without departing from the scope of the invention

described in claims.



20 apparatus 10D descri bed above, except that the process gas supplying
structure 31 is elimnated. In such a structure, it becones possible to
forma high-quality filmof oxide, nitride ® -oxynitride unifﬁrn1é ai how
tenperature on the 25 surface of the substrate 12 by introduci @ kP 00
oxi di zing gas such as 02 or a nitriding gas such as NH3 or a m xed gas of
N2 and H2, together with an inert gas such as Kr or Ar, fromthe plasm
gas inlet tube 11P. 30 Because the separation D between the |ower surface
of the microwave transm ssion wi ndow 14A and the substrate 12 to be
processed i s decreasedratathaprppecinphenaly part of the substrate 12 to be
processed, - 28 2 8 SEP 2005 a sufficient plasnma density i s secured at the
peripheral part of the subsfF§PE1RakE tthe PyeseedsinyeditirRe $tifstrate 12
I's conducted unifgrabyorl B1bRRaMHERQURYS W REQWLLIQLRE hhe RkesSeRt the
enbodi nent, too, it is possible to use various “concaved surfaces shown in
FI G 4. [ SEVENTH EWBOBINENE] iEl Gompeskawsd Hercamst pdetsimen ief maipltadmed 10
processi ng appar at us 10Feg%%0h%ingl%%_ars%vquh r%%%%%i”% %r%E t he present

i nvention, wherei i tRoSeC Ear t8 GedCPBEGSSFETi BASIT 5r e THEEFGN4t ed by t he
same reference ngmebakspandmbherdesekiipig A teaneekam ||  be omtted. 15
Referring to FIG 10, it should be noted that the present enbodi nent uses a
di el ectric w ndow :




14Q having a uniformthickness in place of the foregoing dielectric

w ndow 14Q In such a dielectric window 14Q , there i SREP)ACEMENT SR
surface at the top part in correspondence-tg;the concaved surface forne

at the bottompart of the dielectric window 14Q . Thus, in the SERsHES
processi ng apparatus 10 of FIG 10, a radial line slot antenna 20' having a
concaved 25 surface corresponding to the foregoi ng convex surface, is used
in place of the radial line slot antenna 2Q__having a flat surface. Thus,
the radial line slot antenna 20° has a sl ot®plldte 16' having a concaved
surface, and an antenna body 17" having a concaved 30 surface is nounted on
the foregoing slot plate 16' via an intervening curved retardation plate
18'. In the plasma processing. apparatus 10F of such a construction, too,
the drop of plasma density - 29 2 8 SEP 2005 at the peripheral part of the
substrate 12 is successfully conpensated for. Further, by supplying
various process gases fromthe process gas supplying part 31, it becones
possi bl e to conduct various ? plasga rocesses, .i ncludi ng oxidation,
nitridation, oxynitridation; dépBsftien PSPPI oFs PR PE Set chi ng, and
the like, over thecgathkeesuktaceyof the substrate 12 uniformy and
stably. 10 [ElI GHTH EMBODI MENT] FI G 11 shows the construction of a plasma
processi ng apparatus 10G acc8r BFR§eE61ag &egiiel defiosidn®at 2o atlHe dfdesent

i nvention, wherein,tB9$8AALYE $hCAr 52SBANHNI HoQ dliRG BALDAe3% Red be
previ ously
10 processed;

a microwave transmission window provided on
said processing vessel so as to face said éubstrate
to be processed on said stage, said microwave
transmission window being provided as a part of said

15 wall of said processing vessel;
a plasma gas supplying part supplying a
plasma gés into said processing vessel; and
a microwave antenna provided on said processing
vessel in correspondence to said microwave transmission window,
20 : said microwave transmission window having a
concaved inner surface at a side facing said
substrate to be processed, such that a separation
between said inner surface and é plane coincident to
a surface of said substrate to be processed decreases
25 in a radially outward direction of said microwave

transmission window.

30
2. The plasma processing apparatus as
claimed in claim 1, characterized in that said

separation decreases continuously in a radially



15 are designated by the sane reference nunerals and the description
thereof- will be omtted. Referring to FIG 11, the plasnma processing
apparatus 10G has a construction simlar tozthe plasnma progegs§pg 2005
apparatus 10F of the previous 20 enbodi ment, except that the process gas
supplying part 31 is elimnated. In the substrate processing apparatus 10G
of the present enbodinent, too, the drop of plasnma density in the

peri pheral part of %he substrate 12 25 can be coqpensated and i,t becones
possi bl e to conduPt7arRl f4FEHroleSs SACA HLSFRMGAE T ANIES A&l on or
oxynitridation ovginthg entire surface of the substrate uniformy.

Further, the present inventionis not 30 limted to the foregoing specific
enbodi ment but various variations and nodifications may be nade w thout
departing fromthe scope of the invention described inclains. - 30 2 8
SEP 2005 | NDUSTRI AL APPLI CABI LI TY According to the present invention, the
drop of plasnmesdensity in the peripheral part of the 5 substrate is
conpensated for and plasma is maintained stably, even in a | ow pressure
process. Thereby, stable plasma processing is realized. - 31 CLAIMS 5
REPLACEMENT SHEET 2 8 SEP 2Q0%he plasma processing apparatus as

claimed in claim 2, characterized in that said
separation decreases smoothly in said radially
10 outward direction of said microwave transmission

window.

15
4. The plasma proéessing apparatus as
claimed in claim 2, characterized in thét said
separation decreases linearly in said radially
.outward direction of said microwave transmission

20 'window.

25 : . 5. The plasma processing apparatus as
claimed in claim 2, characterized in that said
separation decreases in a non-linear relationship in
said radially outward direction of said microwave
transmission window.

30



1. A plasma processing apparatus, characterized by: a processing vessel
defined by a wall and provided with a stage for holding a substrate to be
10 processed; a microwave transm ssion W ndgw provi ded on 2 éﬁ ng
vessel so as to face said substrate to be processed on said t&3§%P

m crowave transm ssion w ndow being provided as a part of said 15 wall of

sai d processing vessel;

a plasma gas supplying part supplying a plasma gas

into said processing vessel . and a i crowave ant enna provi ded on said
&

processing vessel in correépoﬁ@@h

35835 HLP SFSCr oW @R AN 65 on wi ndow,

20 said -mcrowave cibansd S$ QN M dow ARG 3 iGRRCAVEd HaNh igur face at a
side facing said substrate to be processed such that a separation

bet ween sai d i nnefePGrBadeNa e Cca gfis@ve sEeibdisderit 56 10a ragriffdded of said
substrate to be processed (8el& §%§o%56 gda¥h%@&ﬁad% QuLyard (disection of

said mcrowave transm ssion wn

|"asma processi ng- appar at us

as clained inscl aimdbw.characterized in that sald separation decreases
continuously in aradially - 32 5 2 8 SEP 2005 outward direction of said
m crowave transm ssion wi ndow. 3. The plasnma processing apparatus as
claimed in claim?2, characterized in that said

10

7. The plasma processing apparatus as

claimed in claim 1, characterized in that said

separation is decreased in said radially outward

direction of sald microwave transmission widow

.exclusively in a peripheral part of said microwave

15 transmission window.

20

8. The plasma processing apparatus as

claimed in claim 1, characterized in that said

microwave transmission window has a flat surface at

an outer surface thereof opposing said inner surface.

25

9. The plasma processing apparatus as

claimed in claim 1, characterized in that said

30 microwave transmission window includes a plasma gas

passage therein, said microwave transmission window

constituting said plasma gas supplying part and

releasing said plasma gas into said processing vessel.



separation decreases snoothly in said radially 10 outward direction of said
m,crowave transm ssion w ndow. 15 4. The plasma processi ng apparatus as
claimed in claim2, characterized in that_-sghd- separation d raesgﬁs%%[]
linearly in said radially outward direction of said m crowave™t S gsi on
20 wi ndow. 25 5. The plasma processing apparatus as clainmed in claim 2,
characterized in that said separation decreases in a non-Ilinear
relationship in said radially outward direction of said m crowave

transm ssion window. 30 - 330 -2 T8 eSERa5F55 B0 ChTS NP TS SiSng

apparatus as claiigdmed Ghdidllalm GhalRaGheld#ad Ady it rgal daiseparation
decreases stepwise in said radially outward direction of said mcrowave
transm ssion 5 wWMAEERYWare Winfew pingdmelesr ¢cassingg dpp@fattpsrdsires ai ned

inclaiml, chara i i .said . rati I S eased in said
radi al ly outward %ﬁﬁﬁé’é? %gr?qo 3’%’% r%%clrdz%\%eﬁ}ar sslm%s?ssl%%‘ryevﬁ dow
exclusively insa peripheral part of said mcrowave 15 transm ssion w ndow.

20 25 8. The pl asma processi ng apparatus as

11. The plasma prdcessing apparatus as
10 claimed in claim 10, characterized in that said
-microwéve transmissionvwindow éomprises a cover plate
forming a part of said wall of said processing vessel,
and a shower plate provided in intimate contact with
said cover plate and having a plurality of apertures

15 communicating with said plasma gas passage.

20 ' 12. The plasma processing apparatus as
claimed in claim 10, characterized in that said
microwave transmission window comprises a dense

ceramic.

25

13. The plasma processing apparatus as
claimed in claim 9, characterized in that said
30 microwave plasma processing window is formed of a

porous medium.



clainmed in claim1l, characterized in that said mcrowave transmn ssion
wi.ndow has a flat surface at an outer surface thereof opposing sai d inner
surface. 9. The plasma processing apparatus3gs- clai nmed in ?Ep , 7005
characterized in that said 30 m crowave transm ssion mnndOM/lnc udes a

pl asma gas passage therein, said mcrowave transm ssion w ndow
constituting said plasna gas supplying part and releasing said plasm gas
into said processing vessel. - 34 2 SEP 2005 10. The plasma processing

apparatus as clained in cléln1§*“%ﬁ§F§@FeH?ﬂﬁfﬁﬁ+99uﬂpﬁﬁﬁﬁTu%ﬁ¥%omave

wi ndow i ncludes achhumald tiy @flaaRerdt U@ r LABUNLALING Nt Rasai d pl asma
gas passage. 5 11. The plasma proceSS|ng apparatus as 10 clained in claim
10, characteri zednylﬁrtowalﬁfeséar@nsmwmveumdmsrﬁogmrdﬁewi RdSRVEsTPliades a .
cover plate form el said wal q Sselyg s2nd a
shower plate prov? e% |%%%ﬁtphatg éﬁ?tact Wit 1 C%%?§S§%tgg*%%%tgnan§ havi ng
a plurality ofsapehbweesplateomfuri catriowy wediwaipdt opliaknh igas ngdssage. 20
25 12. The plasma processing apparatus as .claimed in claim 10,
characterized in &2 }I %ﬁl Fdﬁg§§’f?hﬁ§ﬁV§%lon wi ndow conprises a dense
ceram c. 13. The plasma processing apparatus as clained in claim?9,
_characterlzed in that said 30 m crowave plasma processi ng wi ndow i s forned
of a _

10
15. The plasma processing apparatus as
claimed in claim 13, characterized in that said
porous medium is formed of a sintered ceramic.
15

16. The plasma processing apparatus as
claimed in claim 1, characterized in that said plasma
20 gas supplying part cdmprises a tube formed in said
wall of said processing vessel so as to be

connectable to a plasma gas source.

25

17. The plasma processing apparatus as
claimed in claim 16, characterized in that said
microwave transmission window comprises a dense

30 ceramic.



porous nedium - 35 2 8 SEP 2005 14. The pl asma processi ng apparatus as
claimed in claim9, characterized in that said mcrowave transm ssion

wi ndow conprises a cover plate constituting a part of said p@p§§Psﬂmg
vessel and a 5 shower plate of a porous medi um provided in inti e

contact with said cover plate. 10 15. The pl asma processi ng apparatus as
claimed in claim 13, characterized in that said porous nediumis fornmed of
a sintered ceramc. 15 16. Thetﬁgﬁsna processi ng apparatus as clained in

claimi, characterized in tifat 15 SRR ZRF G U FIRA TR hardS conpri ses

atmmfo”md'néﬂﬂmdﬁﬂ<ﬂhﬁ@ﬂ PHOCESSE Noh Y ESSEL r S8 & be
connectable to a plasma gas source. 25 17. The plasma processi ng appar at us

as clained in clrgianess, QﬁﬁﬂﬁkﬁnﬂﬁqﬂﬁiHartrhﬂt%ﬁﬁmiSandewhﬁ¢¥4¢%n@h1SS|on
wi ndow conpri ses.g %scees 3éQi cgl, ddarga £ ‘% S}SESF;)@IO% 18. The pl asma
é?éj %T f

processi ng apparatu 951 e her aracterized by a
process gas sapplylng part bet ween said substrate to be processed and said
pl asma gas source. 5 19. The plasnma processi ng apparatus as :

19. The plasma processing apparatus as
10 .claimed in claim 18, characterized in that said
process gas supplying part comprises a plasma passage
causing to pas plasma, a process gas supplying
passage connectable to a process gas source; and a
large number of nozzle apertures communicating with

15 said process gas passage.

20 ‘ 20. The plasma processing apparatus as
claimed in claim 1, further characterized by a high-

frequency source connected to said stage.

25

21. The plasma processing apparatus as
claimed in claim 1, characterized in that said
microwave antenna comprises a radial line slot

30 antenna.



10 claimed in claim18, characterized in that said process gas supplying
part conprises a plasnma passage causing to pas plasnma, a process gas

suppl ying passage connectable to a procesgygas source; and JL rge nmber
of nozzl e apertures communicating with 15 said process gas S& g&%.z 20.

The plasma processing apparatus as claimed in claim1l1, further
characterized by a high- frequency source connected to said stage. 25 21.
The plasnma processing apparatus as clainmed in claim1, characterized in
that said nicrowave antenna conprises &PPA8P&T line slot 30 antenna. - 37
ABSTRACT 2 8 SEP 2005 In a microwave plasnma processing apparatus, a shower
pl ate or plasma transm ssion wi ndow facing a 5 substrate to be processed
is formed to have a concavd® SumflgE@wave laind QAR IHa S @razataIso be

processes for co ingf.qr. r e X d | i . -
peri pheral regi oﬁqug%?}hee g)u agter %trceiebtclc‘)sl ev%ao%é@lse .OnAs%zic%éé"su tcflr}leg abl e
and uni f or m p$ asmmbbd dag eneiontos retbdas ddie M ciginted dfo theevesur f ace of the

substrate to be processed ev in the cas | ow pressure plas rLocess
such as et ching FETEONRILEA L= HAThEr & KRN 3 bhstiL T THe 114 dices
plasma ignitionprkeesses for compensating for a decrease of plasma
density in the peripheral region of the substrate to
be processed. As a result, stable and uniform plasma
10 is maintained in the vicinity of the surface of the
substrate to be processed even in the case a low
pressure plasma process such as etching is conducted.
Further, such a construction facilitates plasma
ignition.

15



