| [ DOCUMENT NAME] SPECI FI CATI ON [ TI TLE OF THE | NVENTI ON] APPARATUS AND
METHOD FOR SURFACE PROCESSI NG SUCH AS PLASMA PROCESSI NG [ TECHNI CAL FI ELD]
[ 0001] This invention relates to an apparatus and a nmethod for conducting
a surface processing such as filmdeposition, etching, etc., by spraying a
processing gas onto an object to be processed, such as plasma CVD, thernmal
CVD and the like. Particularly, it relatjes to a so-called renote type

pl asma processi ng apparatus and a net hoé in which an object to be
processed is arranged outside the space fornmed between adjacent el ectrodes

and a pl asggd@@mgmeM@mL@@@qu@&@@@N s sprayed onto the object.
[ BACKGROUND ART] [0002] In Patent Docunent 1, for exanple, there is

descri bed EITEIBQF (HIFE [NV ENTE NGcAPT AR AZHPErANIS METH G Ir Fage
01 "o o ur B LIGE bF Ty BRO s BRENTEIE AS Bl doSTid R@RTRAIAIG Tocr composed

si de- by- si QR. ose electrode plates, every other electrode
pl at es arepg%gﬁggpg Ttgﬁ%LEﬂgh frequency power source and the renaining

every ot hefoggllgctrode plates are grounded. A slit is forned between every
adj acent two of the electrode plates. A processing gas is introduced into
this slit from Bbsvaventiopaekitéeto amahpgtatus reduenethal dotedangdufitielgd i s
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plates is thermel COUD aral e hkpl Ramatilailpgitapdates tdhso-called remote

type plasma processing apparatus and a method in which an object to be

processed is arranged outside the space formed between adjacent

electrodes and a plasma formed between the electrodes is sprayed onto the

object.

[BACKGROUND ART]

[0002]

In Patent Document 1, for example, there is described a remote type
plasma processing apparatus as a surface processing apparatus. This
apparatus mncludes a plasma processor composed of a plurality of vertical
electrode plates arranged in a side-by-side-relation. Of those electrode
plates, every other electrode plates are connected to a high frequency
power source and the remaining every other electrode plates are grounded.
A slit 1s formed between every adjacent two of the electrode plates. A
processing gas is mtroduced into this slit from above. In parallel, a high
frequency electric field is applied into the slit between the adjacent
electrode plates by the supply of high frequency electric power to the first-
menttoned every other electrode plates from the power source. Owing to
this arrangement, the processing gas is plasmatized and the slit between
the adjacent electrode plates is turned out to be a plasmatizing space. The

plasmatized gas is jetted out from a lower end of the slit and applied to an



pl asmati zed gas is jetted out froma |lower end of the slit and applied to
an 2 object to be processed which is arranged beneath. By doing so, a

pl asma surface processing is conducted with respect to the object. In

Pat ent Docunent 2, there is described a technique in which a plasm is
sprayed to an object to be processed while noving the object in a
direction orthogonal to the extending dixection of electrode plates and
thus, the extending direction of a slit forned between adjacent two of the
el ectrode plates. By arranging such that the electrode plate and thus the

slit are madgedi@o RV odel@ATKRIQXISAH e LD R W t he
object, t he?eenti revlgbi gcjt can1 be Spr oé(l:e s(g%&gﬁétg‘ t%b{ﬁ%% g%gi;nraat us
descri bed surfRae pnocdomgmsntorBluctedmitiatdspycofo dasobjeet. means i ncl udi ng an

el ectrode plate ir are arranged in a side-by-side relatign. An object to
be processed is“ﬁ)glaé@ﬂt- ‘P?-‘rﬁﬁ\}‘gga Hesp s 3%]‘1@%% e tewdiehaof a slit
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necessary thedentire object can be processed at a time.
| In an apparatus described in Patent Document 3, a plurality of gas

Jet means including an electrode plate pair are arranged in a side-by-side

relation. An object to be processed is relatively moved along the

extending direction of a slit formed between adjacent electrode plates.

[0003]

[Patent Document 1] Japanese Patent Application Laid-Open No. H05-

226258 (page 1)

[Patent Document 2] Japanese Patent Application Laid-Open No. 2002-

143795 (page 1)

[Patent Document 3] Japanese Patent Application Laid-Open No. 2003-

249492 (page 1)

[DISCLOSURE OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0004]

The apparatus described in the Patent Document | is unable to cope
with an object having a vast area because the number of the electrode
plates is too limited. In contrast, with respect to an object having a small

arca, the number of electrode plates becomes more than necessary and

excessive electric power and processing gas are wastefully consumed



excessive electric power and processing gas are wastefully consunmed 3
Moreover, in the Patent Docunents | and 2, the larger the area of the

obj ect becones, the longer the slit and thus, the el ectrode plate nust be
di rensioned. If the slit and the el ectrode plate are dinensioned | onger,
the electrode plate is readily bent by its own gravity, Coul onb force,
thermal stress, etc. It is also not easy3 to obtain the di nensional accuracy
of the slit and the el ectrode plate. Mreover, the processing unit is
exponentially increased in weight in accordance with increase in nunber of

the el ectrode phoesvel nntthe [angar Bbusm@htLataeadt2 e uasi tBe atdieopai rs of
el ectrode plates and thus, the slit forned between every adjacent two of

the el ect r Hifeobpsrcabeeomes, tetloagenthyeditandtums thy elektrodamlatehsupt beessi ng
interval s are._n 0 ant... Moreover, there is no,.explicit, description on
the relati g}\n%%gli)&%@anﬂée ?qalllte‘?:lf'ﬁ{ gbeeg‘ﬁFBf)ge @?@fﬁlﬁélﬂﬁg]ﬁIQIWé g’cﬁﬁg&ben_t gas
jet means didelcbhode!Aakriadeadiiabenpbi S ShilidyviyeChaaR!iores 0as | et
means. [0005] It is, therefore,” a prifmary object of the present’ i nvention

t o provi detheantad shessyesc c dpistd lso miot chsy 20 sbtdiacke dimeassinag ascaacas film
deposi tion, hi ng D, thermgl CVD and the like,
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gas i s desofjtiedelsbirotle piskesmal | . [ MEANS FOR SOLVI NG THE PROBLEM [0006] In
an apparatus for processing the surface of an object to be processed
(wor kpi ece) by &Wﬁi@l’é\tlﬁr%}%@@nh@@@m@ﬁt% thepastsjafaalectmods phatag e
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plates are not arranged at equal pitches and the processing intervals are not
constant. Moreover, there is no explicit description on the relation
between the electrode plate pitch between the adjacent gas jet means and
the electrode plate pitch within the respective gas jet means.

[0005]

It is, therefore, a primary object of the present invention to provide
a technique capable of, in a surface processing such as film deposition,
etching, etc., plasma CVD, thermal CVD and the like, conducting the
surface processing of an object having a large area efficiently and further
capable of making the processing intervals constant even if the respective
slits (slit-rows) for jetting processing gas is designed short and small.
[MEANS FOR SOLVING THE PROBLEM]

[0006]

In an apparatus for processing the surface of an object to be
processed (workpiece) by spraying a processing gas onto the object, a
surface processing apparatus according to the present invention comprises
a processor having a group of hole-rows composed of hole-rows each
extending in one direction and arranged each other in a side-by-side

relations at equal pitches in a direction intersecting with the extending



extending in one direction and arranged each other in a side-by-side
relation-, at equal pitches in a direction intersecting with the extending
4 direction of each of the hol e-rows, the processing gas bei ng bl own

t hrough each of said hole-rows, and a noving nmechanismfor relatively
novi ng the processor in a direction intersecting with the side-by-side
arranging direction with respect to theg object. Omng to this arrangenent,
each hol e-row can be nade short. On the other hand, even if the object has
a large area, the surface can be processed efficiently and the processing

interval s dacchenmddachafshaniolerowsheheaparcessmptdRradnalangemestigh t he
hol e-row may be conposed of a single slit (elongate gap) or may be
conposed ofaeh f sl helg-rogts, smdl 3 miieg naeclsmdsm for reletivehanyednen a row.

0007] Th tivel: { di. ti b P th t endi
<[1Ii r ec%i on ?#er @g’%ﬁls%ogll %—arngwegﬁﬁnlt"h%% 3¢ gﬂnegn@v?t}l}et%g%g@%g)y ﬁﬁaﬁiea}@ce,l{lgihggof each
hol e-row (Wireetioh REtH @ésq%jcyg{, ﬂlé@yje@g direction) and the side-by-side

arranging direction are desirably orthogonal to each other but they nmay be
sl ant wi se i nt er Svangdovhishamwacgenehereackimlpirbohcarsbdesadabhyrts€dnt o be

ener al | ual to an effective processi w dt h en di st ance bet ween
'? he hol eyrﬁ%so%ﬁg?ﬂav ‘B‘fﬁrébf;tl,["eiqu?’?t Riasy & 4%‘5eair§@,éﬁgéur' CEAnRY g
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Owning to tﬁl s arrangenent; the regions ocesse the asnas comn

fromthe respechithe diahe-mesioned dreanmreee @0 did NURVEWINAP®esi de- by- si de
arranging direction, The effectjve range of the distance between the hole-
rows and tfRUpBfetel psikgle S (alongade cankpemaypbo cenyiasgdraftaephurakiticer t ai n
point on t [18Ct ld in an.effective definite valve or nore (see
FIG 4). S rﬁlﬂglrlﬁl&lefﬁgSgﬁtg&tgegaﬁgﬁé@girr?é"‘wi dth refers to an effective

range of V\[(mol'y]di mension within the whol e range where the surface

The relatively moving direction may be along the extending
direction of each hole-row. In that case, the extending direction of each
hole-row (i.e., the relatively moving direction) and the side-by-side
arranging direction are desirably orthogonal to each other but they may be
slantwise intersected with each other. The pitch is desirably set to be
generally equal to an effective processing width when a distance between
the hole-rows and the object, i.e., working distance is set to a
neighborhood of the upper limit of an effective range (allowable range).
Owing to this arrangement, the regions processed by the plasmas coming
from the respective hole-rows can be made continuous in the side-by-side
arranging direction. The effective range of the distance between the hole-
rows and the object refers to a range where a processing rate at a certain
point on the object can be held in an effective definite valve or more (see
FIG. 4). Similarly, the effective processing width refers to an effective
range of width dimension within the whole range where the surface
processing is conducted by plasma jetted through a single hole-row, and

the processing effective range refers to a range where a processing rate



processing is conducted by plasma jetted through a single hole-row, and

the processing effective range refers to a range where a processing rate 5
corresponding to the single hole-row becones a predetermned ratio (for
exanple, 15%to 25% or nore of the maxi num val ue. [0008] Each of the

hol e-rows may be slantw se extended with respect to the relatively noving
direction. OMng to this arrangenent, urdformty of the surface processing
can be enhanced. In this slantwi se extending construction, it is also
accepted that each of the hole-rows is slantwi se extended with respect to

the rel ati welrespondinggiodtheegtglerh@lad ovh e bomes oW dafeenihEAnaEd (Rach ot her
in side-by- side relation in a direction orthogonal to the relatively

movi ng di r S&AIEHS. [1% tone %)) vemnard obthg maxemanswaluscept ed that each of the
hol e-r ows ié(}@% ntwi se extended with respect to the relatively noving
di rection ;gnd e hole-rows are arranged each other in side-by-side

relation in a dinentdianc @oldoeRaThat de dithyiSX R MHibGELpOL ol N i S
slantwi se extending construction, the pitch may also be set'to Be

appr oxi mat dhyrdguatlytmovie dirketivny ) witog es shis grrasigdiierwhenifoheiti st ance
bet ween t hg hol g-row;‘ and the object is [n the neighborhood of the upper
limt of tHE &ffact PIRFPIRGSAN DoEBIaRGEG he above- nentioned sl antwi se
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direction of on sposed adj ace erm ned

hol e- r ow( spfdic hble-tdwes hotlentwdesexitendat aligdrapedt &R ddldeadly! i ne al ong
the relatively noving direction as the other end part in the extending
direction BIOWAg dstassiongind the hals-raves ace amengaheach ptherhinsidebangenent
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In the alternative, it is also accepted that each of the hole-rows is slantwise
extended with respect to the relatively moving direction and the hole-rows
are arranged each other in side-by-side relation in a direction orthogonal to
this extending direction. In this slantwise extending construction, the
pitch may also be set to be approximately equal to the effective processing
width when the distance between the hole-rows and the object is in the
neighborhood of the upper limit of the effective range.
[0009]

In the above-mentioned slantwise extending construction, it is
desirous that one end part in the extending direction of one of two hole-
rows disposed adjacent or every predetermined hole-row(s) of all the hole-
rows Is located on a same linear line along the relatively moving direction
as the other end part in the extending direction of the other of the two
hole-rows. Owing to this arrangement, uniformity of the surface
processing can be further enhanced.

[0010]

The apparatus may further comprise a swing mechanism for

relatively swinging the processor in a direction intersecting with the

relatively moving direction with respect to the object. Owing to this



The apparatus may further conprise a swing nechanismfor relatively

swWi nging the processor in a direction intersecting with the relatively
noving direction with respect to the object. Onmng to this 6 arrangenent,
the surface processing can be nore uniformzed. It is desirous that the
swinging direction is along the side-by-side arranging direction or along
the direction orthogonal to the extendigg direction. [0011] The processor
may include a plurality of stages of the hole-row groups in the extending
direction. Omng to this arrangenent, the surface processing can be

conduct ed axbhizeineRt the shbRicRPrBcEMEs 0hn 3 AN InIBl@iZQW gBrigups are
desirably deviated in the side-by-side arranging direction. OMng to this

ar r angenengdesitdies that thaswipgiogediséatpr smlbaguhe saterby edde Bspegied |y, in
case the eat_endi ng i reg{i 8n‘ of. the hol e-row and thﬁ' relatively noving

di rection AHECHN V&G Epe P@P%?wﬁfhw%é@t%%tﬁﬁ Py e gtionn

ef fectivel Po(plq]prevent ed from occurring. [0012] The anobunt of deviation is
desirously I/n°(n is the nunber of the stages of the hol e-row group) of
the pitch. Owi nfheprotissonmangeiege a plunilftorofisiyaeafof ihe Isslefrage processing
can be further enhanced. [0013] In the above-nentioned multi-stage

const ruct i SWUPSt;t eéé&ﬂ&{l@& difgation. howipgdedhissarangamenic shppodfaee a fir st

S eGSR G e SRAYSRY s YGRS o Sroup of ene of e
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the two sttigedde-bytsidesarmngidprdisiction. a9wihg toehitdrveigensentgiarg direction
of “the fi rssl}rfascvéli gl%cggsgggrga%r%e uniformized. Especially, in case the extending

direction of the hole-row and the relatively moving direction are in
parallel relation, striped non-uniformity can effectively be prevented from
occurring.

[0012]

The amount of deviation is desirously I/n (n is the number of the
stages of the hole-row group) of the pitch. Owing to this arrangement,
uniformity of the surface processing can be further enhanced.

[0013]

In the above-mentioned multi-stage construction, it is accepted that
the apparatus further comprises a first swing mechanism which relatively
swings a hole-row group of one of two adjacent stages of the plurality
stages in a direction intersecting with the relatively moving direction with
respect to the object and a second swing mechanism which relatively
swings a hole-row group of the other of the two stages in the same
direction as the relatively swinging direction of the first swing mechanism
with the phase shifted from that of the first swing mechanism. Owing to
this arrangement, uniformity of the surface processing can further be
enhanced. |
[0014]



with the phase shifted fromthat of the first swing mechanism Owing to
this arrangenent, uniformty of the surface processing can further be
enhanced. [0014] 7 The surface processing apparatus is a device for
jetting a processing gas fromthe hole-row group so as to be applied to the
object and includes, in addition to a plasnma processing apparatus, a
thermal CVD apparatus. In case of the pl7asma processing apparatus, it is
desirous that the processor includes a plurality of electrode nenbers
arranged in a side-by- side relation at equal pitches, a slit-like gap as

one of the hol eThewarfage frovemdnpappeetud W deyieedol jelivetd parcrBinier s of
said plurality of _e|lectrode nenbers, and the hol e-row group (group of

slit-1ike &) Eompgke hole-gow gapup sgrasute)be aprlaedta the ey andengages.or ned
between th j: t rode _nenbers pr ogessi for plasnma
processi ngE} %‘g&g}%ﬁg@ta gl?gﬁﬂ;p’poa?%@agﬁﬂﬂ@ﬁg@fst% wdéi'baqg@%i%ai’ﬂ%r Pesent

i nvention havi ng §aket bfﬁtheﬁﬂﬁ&h@#ﬁbb@@si ag[g%tauﬁ‘é%']% [O0n&drdiis @Plied to a
pl asma processi ng _ap[)arat us, the electfo menber can 1be made small in
si ze and | pyivesser melwghes,a phaalityhef ejegpavdcuncudierbermpngyé it adide-om-bei ng

bent by increasjng the chani cal strength. Mreoyer, dinmension accuracy
can easi| ySIgE1© g‘iq{eetﬂugl?rﬁ’”&g‘ﬂ?ﬂ ﬁ@'{lﬁﬁéaﬁﬁ:@a‘?%ﬁﬂgt Polegmavsist h an obj ect

having a | fififed BéER WS SRRSHOGILIDIBYADEDER] of UAJGhBFLQUS Mmerber s

arranged in side- by-si on, ere’is non increasing the

si ze of thdecirode menbbrslaadtthodeleeobesimupleoap efisliedtkokaarsveach have,
for exanple, a plate-like confi gurati on. The adj acent el ectrodes are given

with, for lekadil BLouRlisaPN§titsehEyithe gap farmeiddietwest thacdjapentser ves as a
o o 00 RAC By, RSG5 PR Bl 71
accept ed tihghgpasparitirotghlthe WapdeWhen the present invention having such a

construction as just mentioned is applied to a plasma processing apparatus,

the electrode member can be made small in size and light in weight, and

the apparatus can be prevented from being bent by increasing the

mechanical strength. Moreover, dimension accuracy can easily be

obtained. In addition, the apparatus can cope with an object having a large

arca by increasing the number of the electrode members arranged in side-

by-side relation, and there is no need of increasing the size of the

mndividual electrode members. The electrode members each have, for

example, a plate-like configuration.

The adjacent electrodes are given with, for example, mutually

opposite polarities, and each gas serves as a plasmatizing space, and a

processing gas passed through the plasmatizing space is plasmatized and

Jetted. In the plasma CVD, etc., it is also accepted that a specific electrode

member has a same polarity as that of an electrode member adjacent to

one side of the specific electrode member and the specific electrode

member has an opposite polarity to that of an electrode member adjacent

to the other side, a reactive gas as the processing gas, which is excited by

plasma, is passed between the adjacent electrode members having the



menber has a sane polarity as that of an el ectrode nenber adjacent to one
side of the specific electrode nenber and the specific el ectrode nenber
has an opposite polarity to that of an el ectrode nenber adjacent to the
other side, a reactive gas as the processing gas, which is excited by

pl asma, is passed between the adjacent el ectrode nenbers having the 8
opposite polarity, and a filmmterial @gas as the processing gas is passed
bet ween the adj acent el ectrode nenbers having the sanme polarity. [0015] In
t he above-nenti oned plasma processing apparatus, it is also accepted that

the procesgphosie butlesyaanll ur @l hyatefiaBbis hs e pfRdllpS o RERYALED! Y
connected in the si de-_E\;y-S| de arrangi ng di rectlgn of s |% hol’e- rows, each
of the el ebetwern thedadjesentnidkciiede mghbeal hawingfthesenterdearityrenber s
arranged i Eoﬁloﬁ de-by-side relation at equal pitches and constitutes a
part of th e-row group (slit group). Omng to this arrangenent, the

[ f th t v - | - ith th
Si 76 of the obj beredu BLAIAR, AR ATRCRID aRREM B 1SRG, 2t Fode”

nmodul es. [ G0ddited thatshdgsbeeussr idtdeda pidtARSRIf diveredeaiddides modul es each
have an end el e¢ctrode nenmher arranged at nutually opposi Epg ends, the end
el ectrode Rehasatably consegiediinghe wisleebpsidoderamging duerdopef sauhboleer with

(e end o BRLC o TMELIaLe e s P, R ST USRS S0, 02t
the conbi nggnebastarRaRIBNDEsidReh N RO bR at g'gﬁifm%alésoaﬁdﬁe other
respective el ectrode nmenbers of t'he adjacent t el’'ectrode nodul es. Ow ng
to this areamygdnsta patieiphe diolodowherosipi (slit igkeupl eOmang toahisbe made equal
tothe res pail exen,alihe fanneeting part betueen the fuo el gotrode

cope with the size of the object by adjusting the connecting number of the

electrode modules.

[0016]

[t 1s desirous that the adjacent two electrode modules each have an

end electrode member arranged at mutually opposing ends, the end

electrode member of one of the two electrode modules is put together with

the end electrode member of the other of the two electrode modules so that

these end electrode members constitute a single combined electrode

member, the combined electrode member being equal in thickness to the

other respective electrode members of the adjacent two electrode modules.

Owing to this arrangement, the pitch of the slit-like hole-rows can be

made equal to the rest part even at the connecting part between the two

electrode modules.

[0017]

[t 1s desirous that the processor includes a flow rectification path for

uniformizing processing gas, and the hole-rows are continuous with the

flow rectification path such that the hole-rows are branched. In the plasma

processing apparatus, it is also desirous that the processor includes a

plurality of module units separatably connected in the side-by-side



[0017] It is desirous that the processor includes a flow rectification path
for wuniforinizing processing gas, and the hole-rows are continuous with
the flowrectification path such that the hole-rows are branched. In the
pl asma processing apparatus, it is also desirous that the processor
includes a plurality of nodule units separatably connected in the

si de-by-side 9 arranging direction, eabh of the nodule units conprises the
el ectrode nodule and a flow rectification nodule connected to the

el ectrode nodule, the flow rectification nodule includes a flow

rectifi cat acangatighdirectioniniacrafi thengofnleossiss bengakes dndcheledeows of the
el ectrode nodul e are _connected to the flow rectification path such that
the hol e-r B\diude andigy Haehesgtificasgunmetulseoneeripd tathe claialy meduks.s

i e ) . ol e Cificati
Sath can bire HoudefFRALNE MAI RIS S on r & tiilohir Bribtessi ng
cor r espondisidoiizihBPFeceies fg?%@l%l@%‘d%@@ﬂ?%@gie@ﬁbﬁe Ypbfigredry. [0018]

According to another feature of the present invention, there is provided
an appar at eettiapte¢ tasmaflpronesdicagicarpahjsach that the Iprlocessestcby jetting a

processin as, throu a.pl asmati,zi ng space and, applying the processing
gas onto a BBP%‘éfnﬁg%ﬁég}&e Htﬂ@fﬂémg‘hegﬁ‘fl&grfﬁtthﬁ HGARFABeNt, dyherei n t he
appar at us SR SESy is r . e lhect rode nodul e
arranged each (g)%lﬁgial%nadsf?ag}%%&g%élgsq%@ﬁ%ﬁlel%ﬁq%%g%ﬁwg&aﬁobﬁe, the first

and secondpaisedthodgm gubabitgatholncd wdand mloceading orfspehéiid @de menbers
i de-by-side relation in the sane direction as the

arranged in si ?1(;) |

si de- by- si #esahplergrwg canrbeceonsncsed pmererumidorrabd second el ect r ode

nodul es, wlg]support part for connecting and supporting the electrode
menber s, gap'serving as the plasmatizing space is formed between every

adj acent el ect rQdeoidinDes anothelifesture o (8¢ PEEJREen PRITRAL there is
provided an apparatus for plasma processing an object to be processed by
Jetting a processing gas through a plasmatizing space and applying the
processing gas onto an object arranged outside the plasmatizing space,
wherein the apparatus comprises a first electrode module and a second
electrode module arranged each other in side-by-side relation in one
direction, the first and second electrode modules each include a plurality
of electrode members arranged in side-by-side relation in the same
direction as the side-by-side arranging direction of the first and second
electrode modules, and a support part for connecting and supporting the
electrode members, a gap serving as the plasmatizing space is formed
between every adjacent electrode members, a first end electrode member
of all the electrode members of the first electrode module located at an end
on the second electrode module side and a second end electrode member
of all the electrode members of the second electrode module located at an
end on the first electrode module side are combined to form a single
combined electrode member, and electrode members other than the first
end electrode member of the first electrode module, the combined

electrode member and electrode members other than the second end



of all the electrode nenbers of the first electrode nodule | ocated at an
end on the second el ectrode nodul e side and a second end el ectrode nenber
of all the electrode nenbers of the second el ectrode nodul e | ocated at an
end on the first electrode nodule side are conbined to forma single
combi ned el ectrode nenber, and el ectrode nmenbers other than the first end
el ectrode nenber of the first el ectrodejgodul e, the conbined electrode
nmenber and el ectrode nmenbers other than the second end 10 el ectrode nenber
of the second el ectrode nodul e are arranged at equal pitches with respect
to one anokhatrodiceentherdfithelsBEond REAIRS e akONThAYED hPBquilhe size of
the object can flexibly be nmet by adjusting the nunber of the el ectrode
modul es ar PHisges With s¢spechio enelenptiest iAecordiby tothes chprantessting can be
conduct ed the same,pitches . as jn th osition correspondi ng, to each
i B sigaf e W

e
el ectrode tht BORLlE §145,8 lPjie(ffc(f"& : Yamed by Adiketieg thect i ng part
bet ween t haualiRGidrane MG &S mtes M‘?hﬁ@écﬂé Xicf%“-b{r-'%?dé%l&ﬁ&%ﬁ. processing
can be obtained. This el ectrode nodul e Tonstruction can also be applied to

an appar at Mesovay, mgcassingeaiig cachantd ay the @ame pPRAEALESNItHe Whi ch
processing is. conducted wi.th respect to a processor including an el ectrode
modul e in BOPOG: sRetnonding L@ gash gifstrodeomodple qyen in the pesidionl ect r ode

nenber and I ( ] he sane larit

Vorcover. veEsPGRRRY 63fe BoRREHENY pplToARs NI r GuaRTEKBBIEL R e
second el eahifodeityesdge, surfRe fideesanBicafthe Sh@idRIEHIESRE 0dar €

el ectricall ydgrounded. OnMng to this arrangenent, an electric | eakage can

be prevent B@dulegonstrgtien dingliobonpppedite ameppembivde srbaving nohe pr esent

i-nvention, _jn. the fiirst electrode nodule,. the first end el ectrode nenber
i ntegral | ymovmggf> MecHanism 1.8 apparatus in which processing is conducted with

respect to a processor including an electrode module in a positionally
fixed manner.
[0019]

The first end electrode member and the second end electrode
member have the same polarity. Moreover, it is desirous that the first end
electrode member and the second electrode member, i.e. the combined
electrode member, are electrically grounded. Owing to this arrangement,
an electric leakage can be prevented.

[0020]

According to one preferred embodiment of the present invention, in
the first electrode module, the first end electrode member integrally
includes a first enlarged-thickness part protruding toward the second
electrode module, and a first reduced-thickness part which 1s smaller in
thickness than the first enlarged-thickness part and withdrawn to the
opposite side of the second electrode module side, in the second electrode
module, the second end electrode member integrally includes a second
reduced-thickness part which is withdrawn to the opposite side of the first
electrode module side and a second enlarged-thickness part which is

bigger in thickness than the second enlarged-thickness part and protruding



includes a first enlarged-thickness part protruding toward the second

el ectrode nodul e, and a first reduced-thickness part which is smaller in

t hi ckness than the first enlarged-thickness part and withdrawn to the
opposite side of the second el ectrode nodule side, in the second el ectrode
nodul e, the second end el ectrode nenber integrally includes a second
reduced-t hi ckness part which is wthdrawn to the opposite side of the first
el ectrode nodul e side and a second enl arged-thi ckness part which is bigger
in thickness than the second enl arged-thickness part and protruding 11

toward t hetdwast thel fagt etderodedubdulainshd i e Habhicded celre8é nasiabegnDer,
the first enlarged-thickness part and the second reduced-thickness part are

put toget hire firstiendsiendohidneanpartrand thessequaducddce thitbickesss parttarand t he
second enl arged-t.hi ckness part are, put together wth each othey. Onng to
this arr anﬁgﬁg}ﬁe?het‘h‘g&ﬁieiagg Qih‘al %’%@%ﬁfﬂ Figtc eéw&e@-ﬁ%wé%ﬁs@w%éwen rmy be
connect ed, g &M : I ] ol I ed
enbodi mant? in cﬂggl [{%ﬂ?éﬁ%ﬁs}éﬁ% é%?ﬁftog&ft Llléflgggtﬁeeﬁgﬂe(?tggﬁr ?&gfn%%ber i's
to be adj uStiediraagterperthtuist anjd ystond epdtdiedtesde aldmbemgam fitmiyd for
adjusting the tenperature.of the first end el ectrode nenber to pass

t her et hr ouh cPENged s eprabinadnd aasily berseppeatedr st enl ar ged- t hi ckness

part. Omn Ggg this arrangenent, the tenperature adjusting path can easily
be for msd.ﬁi 2]2] According to another preferred enbodi nent of the present

i nvention, thelrchibpraeredeshibodiens®Decaés il gl abiteo Ahp! fisal i ty of
partial el ectrode nenbers al ong a wdth direction intersecting with the
2

si de- by- sttsbekectradgimembier et td ba adprsseds a térepaditaxeadjustngipaith éoect r ode
G N T T R A R A
adj acent  member to pass therethrough is desirously formed within the first

enlarged-thickness part. Owing to this arrangement, the temperature

adjusting path can easily be formed.

[0022]

According to another preferred embodiment of the present invention,

the combined electrode member is divided into a plurality of partial

electrode members along a width direction intersecting with the side-by-

side arranging direction, one of the adjacent partial electrode members is

supported by the support part of the first electrode module thereby

constituting the first end electrode member, and the other of the adjacent

partial electrode members is supported by the support part of the second

electrode module thereby constituting the second end electrode member.

Owing to this arrangement, the first and second end electrode members

can firmly be connected and in addition, since there is no need of partially

reducing the first and second end electrode members, sufficient rigidity

can be obtained and bending can be restrained. Moreover, partial

electrode members can easily be manufactured.

[0023]



partial electrode nenbers is supported by the support part of the second

el ectrode nodul e thereby constituting the second end el ectrode nenber.
Owning to this arrangenent, the first and second end el ectrode nenbers can
firmy be connected and in addition, since there is no need of partially
reducing the first and second end el ectrode nmenbers, sufficient rigidity
can be obtained and bendi ng can be restiai ned. Mreover, partial electrode
menbers can easily be manufactured. [0023] 12 A tenperature adjusting path
for allowing a fluid for adjusting the tenperature to pass therethrough is

preferably formdempdratirtheljesiig phth fRlredldwie MERBE For MIRGEngBeparti al
el ectrode nenber is not required to be nade thin, the tenEera ure
U}

adj usti ng panpereiEedadiasy theretloravath is fredaaply torinsedieailnodbe pheialt he
respective_gl ectrode menbers of the first and second el ectrode, nodul es
cach have Sesat T RleTo e ng Paal e Gut FRG 0% ' R REISH S4By do

arrangi ng gi | @ -Bn s Y ers ot her than
A R I A S gt S e S S e
pl at e- i ke[®i ned el ectrode nenber and the plate-like respective

el ectrode nenbeyrs ot her than hhe second end el ectrode nenber of the second
el ectrode nodul ¥ 15desizguaihatihe iesnerdse cleesipde menbarssobihedistaadt | t he

o ehes cal SRSk ELARRL L VER LR, LOFRR 0 LRSR Ese s 0
pr ocessi ngwithsthe i el - Sde o gn pldiFedtidny thopldielikd R¥peativ@nged in a
side-by-side relation in a direction at equal pitches on a processor so as
to be spragleatrade snembers etber thaméhg fissenrkdecubidk anemibat iof ¢hy firstvi ng t he
processor L. @.4l 51%3&1}18? thien;gl%rtesﬁﬁ}ei cn(%nmﬂ[e% élggtrode member and the

plate;iike respective electrode members other than the second end

electrode member of the second electrode module are equal in thickness.

Owing to this arrangement, the pitches can easily and reliably be made

equal.

[0025]

A surface processing method according to the present invention

comprises the step of blowing a processing gas through each of a plurality

of hole-rows arranged in a side-by-side relation in a direction at equal

pitches on a processor so as to be sprayed onto an object to be processed

while relatively moving the processor in a direction intersecting with the

side-by-side arranging direction with respect to the object. Owing to this

arrangement, each hole-row can be made short. On the other hand,

surface processing can efficiently be conducted with respect to an object

even if the object has a large area.

[0026]

The processing gas jetting may be conducted while relatively
moving the object along the extending direction of each hole row or the
processing gas jetting may be conducted while relatively slantwise moving

the object with respect to the extending direction of each hole row.



si de-by-side arranging direction with respect to the object. OMmng to this
arrangenent, each hol e-row can be nade short. On the other hand, surface
processing can efficiently be conducted with respect to an object even if
the object has a |arge area. [0026] The processing gas jetting nay be
conducted while relatively noving the object along the extending direction
of each hole row or the processing gaslpetting may be conducted while
relatively slantwi se noving the object with respect to the extending
direction of each hole row 13 It is desirous that the pitch is set to be
appr oxi mat el y ehualdesroan tkeéf thetpiteh roee es dbengpubgithateiesgaaldicsirance

bet ween theigoLe-rqms and thg object is in a neighborhood of the upper
linit of aRfleFHeeProeessHHyw dthuvheg a drbussedraiyers thehwierewsumdethesuch a

condition : i St TR nei ghbor hqod the upper ljmt of the
citective PORELIVFLESSIANEERLSIT Re 8RR IERE % Seetlls MPBRuA RS ued' by
arrangi ng prodelssingl is topndticfddreRSe0fudhOl Boh @M (B AP $h& ATIRARRMsaf Aol e-rows
having the equal pitches in the extending direction and the adjacent two
st ages of Béighbhohecd ofvthe upper Hnvt déthacHdciine ramgesi de- by- si de arr angi ng

di rection, ddﬁ?] rel ati ve novenment being conducted with respect to the
plurality L) ttages of the hole-row groups altogether. OMng to this

The process] ng Lag et Eis e R i A S vty
swi ngi ng tplerglivceSstages nf hodk-rewt grompis ot seid dithvlietfo whRavingl taki vel y
noving direction with respect o the object, Onng to this arrangenent,
uni for it yepel pae ﬁﬁ?é’g‘é eﬁr%@@gi%%@n gng theerdipecinivensieges pHolro]
hole-row groups are deviated in the side-by-side arranging direction, the
relative movement being conducted with respect to the plurality of stages
of the hole-row groups altogether. Owing to this arrangement, uniformity
of the surface processing can be enhanced.
[0028]
The processing gas jetting may be conducted while further
relatively swinging the processor in a direction intersecting with the
relatively moving direction with respect to the object. Owing to this
arrangement, uniformity of the surface processing can further be enhanced.
[0029]
It 1s also accepted that the processor is constituted by arranging a
plurality of stages of hole-row groups composed of hole-rows having the
equal pitches in the extending direction, in parallel with the relative
movement, the hole-rows of the adjacent stages being relatively swung in
a way as to be deviated in phase in a direction intersecting with the
relatively moving direction with respect to the object.
[0030]
A swinging width of the swinging motion is desirously small
enough when compared with the relatively moving distance of the object.

It 1s also desirous that a swinging width of the swinging motion is set to be



It is also accepted that the processor is constituted by arranging a
plurality of stages of hol e-row groups conposed of hol e-rows having the
equal pitches in the extending direction, in parallel with the relative
novenent, the hole-rows of the adjacent stages being relatively swung in a
way as to be deviated in phase in a direction intersecting with the
relatively noving direction with respect4to the object. [0030] A sw nging
width of the swinging notion is desirously snmall enough when conpared with
the relatively noving distance of the object. It is also desirous that a
swi ngi ng Wil @ &r ofiglithe |awenghag 1/06T die piRclseOWwmd® dds aladgbmenti ght |y

| arger than 1/2 of the pitch. Omng to this arrangenment, uniformty of the
surface proedesiniy elathersarfagsi grosessng sanedliaphoba pbisedycl e of the

SW ngi ng i |] is desirously set to be 1I/mtinmes (in: integer) of a
required t or the object to relatively nove by a distance

correspondi ng tpptheclehgif Qi/irfgﬁ‘ﬁr*ﬁ%t%ﬂi?é’vde%ﬁwyts%t tdbe 1/8 fugrgement,

uniformty of the surface processinhg can nore rellably be obtained. [0032]

The presentmi miegei)adf 4 seq@ppd @t for phasipe grtoceksivedy unckes by he

circunstange of, for exanple, enmlly normal pressure (pressure in the
jh of

nei gE_bor ho t%’_fcea&oﬁb‘;s%l‘?élldil%g [SSR IS e felfeFamt yOneRgdP theessure used
DS Oy PR RELCAIOS Sl Tt 10,50, 655

9. 331 x 10dbtamekd. 397 x 104 Pa when easi ness of pressure adjustnent and

sinplification of the construction of the apparatus are taken into
consi der atf(882][ BEST MODE FOR CARRYI NG QUT THE | NVENTI ON|

The present invention is applied to plasma processing under the
circumstance of, for example, generally normal pressure (pressure in the
neighborhood of atmospheric pressure). The generally normal pressure
used in this invention refers to a pressure range of 1.013 x 10* to 50.663 x
10* Pa, preferably 1.333 x 10% to 10.664 x 10* Pa and more preferably
9331 x 10" to 10.397 x 10" Pa when easiness of pressure adjustment and
simplification of the construction of the apparatus are taken into
consideration.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0033]

Embodiments of the present invention will be described hereinafter
with reference to drawings.

FIGS. 1 and 2 show a first embodiment according to a basic
construction of the present invention. A normal pressure plasma
processing apparatus M as a surface processing apparatus comprises a
plasma processing head 1 (processor), a processing gas supply source 2, a
power source 3 and a moving mechanism 4. This plasma processing
apparatus M1 is adapted to plasma process the surface of a workpiece W,

as an object to be processed, having a large area such as a liquid crystal



[ 0033] Enbodi nents of the present invention will be described hereinafter
wth reference to drawings. FIGS. 1 and 2 show a first enbodi nent accordi ng
to a basic construction of the present invention. A nornmal pressure plasm
processi ng apparatus M as a surface processing apparatus conprises a

pl asma processing head 1 (processor), a processing gas supply source 2, a
power source 3 and a noving nechani sm 4.35This plasma processi ng apparatus
M1l is adapted to plasna process the surface of a workpiece W as an
object to be processed, having a |l arge area such as a liquid crystal 15

gl ass substgl@sendrerate sedacRNGidehanc R 4fcd R an a%@l%%a{{%ﬁhbfnﬂgr mal
pressure (under a nei ghborhood of the atnospheric pressure). [ 0034] The

processi ng Pgassuse ppngersoneighbprhesd of ¢be atrepeplmerac piasghee)or a plurality of
processi ng g@@ forrponents in gas or liquid phases. The gas conponent in a
l'iquid phag 1% evaporated and in case of a plurality of conponents,

suitabl e quanti tyi lgﬁegﬂﬁéia%%tﬁﬁﬁgf@%%t?1-@5%%@5@@&‘&9 afﬁgézgeg?{j#Ce a

processing gas in accor processi ng purpose. he power
source 3 i plypmabvy dérasessinepectoimpdncatdimgm yi fguittphsseswWhilehggut put s,
for exanple, a pulse valtage as a voltage for formng_ plasma in the
processi ng CAEWPNENRT 11 ailiqyd nhasads enaporased pud 9 casepihg nlnrdityafd/ or

falling tipg.j :, : tinuing tine is, 200 | ess,
the e got r LErrRuRes Risab e Guad ook Al S OB B BdR T as BPRP QB oces e
later descpiddittd 8 plodsaskOBakiv SEBAHENEN Y iVRY PrHEQQURNEUrIcse0. 5 kHz or

nore. The power source 3 is not limted to one for outputting a pul se
vol t age bu 0@35]may be one for outputting a sinusoidal high frequency AC

The power source 3 is provided as an electric field applying means
which outputs, for example, a pulse voltage as a voltage for forming
plasma in the processing head 1. It is desirous that the pulse rising time
and/or falling time is 10 us or less, the pulse continuing time is 200 us or
less, the electric field intensity in the slit 10 between adjacent electrodes as
later described 1s 1 to 1000 kV/cm and the wave frequency is 0.5 kHz or
more.

The power source 3 is not limited to one for outputting a pulse
voltage but it may be one for outputting a sinusoidal high frequency AC
voltage or for outputting a DC voltage.

[0036]

The moving mechanism 4 is connected with a horizontal workpiece
sef table 5 (only shown in FIG. 2). A workpiece W is set on this
workpiece set table 5 in its horizontal attitude. The moving mechanism 4
transfers the workpiece table S and thus, the workpiece W in the back and
forth directions (directions as indicated by a two-headed arrow of FIG. 1).
By doing so, the workpiece W is passed under the processing head 1 and
subjected to plasma surface processing. The workpiece W may be
processed while 1t is reciprocally moved, or while it is moved in a forward

direction or backward direction (only a single movement) and then



voltage or for outputting a DC voltage. [0036] The noving nmechanism4 is
connected with a horizontal workpiece set table 5 (only shown in FIG 2).
A workpiece Wis set on this workpiece set table 5 in its horizontal
attitude. The noving nechanism4 transfers the workpiece table 5 and thus,
t he workpi ece Win the back and forth directions (directions as indicated
by a two-headed arrow of FIG 1). By depgng so, the workpiece Wis passed
under the processing head 1 and subjected to plasma surface processing.
The wor kpi ece Wmay be processed while it is reciprocally noved, or while

it is novedemdvadiBonmehd weiliRedd RIBIOK. tl@@&lﬂ"&?ﬂcﬁnﬁbé,%%bﬁﬂsd(@lﬂt Yhé@ single
novenent) and then 1.6 renoved fromthe workpiece table 5. It is, of
course, acdapkpicach¥ it pesitinoalkpifeee ad thepooivingnaddypnismedisand t he novi ng
mechanism4 is ¢ nne_ﬁt ed to the processing hea,E 1 to .nove it. The noving
mechani sm SOMAgSEHAOARE BrPERSsEURbEALT BrnpHe 1t | kbe moviBgdBehinisiut | or
conveyor, r. ki n.b i1 ec n |l e, conveyor and
t her ef or e, Mhﬁrh[é@‘\;i\oxjré S?ggrelwsjg@ ?laﬁecejh gcgélxgg@éf?ﬁlbﬁg{ ggﬂ%%?»y]‘é:% shown in
FIG 2, a warrkpiceeW eqmpbe alitecelyad waitd fge asidiceobldy ot abjdattrdfenper at ur e
adj usting neans)_ such as a heater is attached to the workpiece set table 5
of the appHiaveskmecgyet ble porapheelimisaisek at ure  adj usting device 5H, the
wor kpi ece wéﬁ]heat ed or cooled to a suitable tenperature for processing.
The wor kpi ece” t'enperat ure adjusting device 5H may be arranged outside the

wor kpi ece set t aklghdavn P98I 2 ThevMPp3eeE: 1 tang d(ftfﬁstﬂﬁgagﬁidé_rﬂquSi ng
apparatus Mwi Il be described. As shown in FIG 2, the processing head 1
i s suppor t €ebjent wmapppore adjusting means) such as a heater is attached to the
' workpiece set table 5 of the apparatus M. By this workpiece temperature
adjusting device SH, the workpiece W is heated or cooled to a suitable
temperature for processing. The workpiece temperature adjusting device
5H may be arranged outside the workpiece set table 5.
[0038]

The plasma head | of the plasma processing apparatus M will be
described.

As shown in FIG. 2, the processing head 1 is supported on a support
base, not shown, such that the processing head 1 is located in a higher
position than the workpiece set table 5 and thus, the workpiece W set onto
the table 5. The processing head 1 is constituted of a single module unit
1X. The module unit 1X includes an electrode module 10 and a flow
rectification module 20 installed on an upper side of this electrode module
10. The electrode module 10 constitutes a plasma discharger and the flow
rectification module 20 constitutes a flow rectifier.

[0039]

A receiving port 21 and a flow rectification path are formed on the
flow rectification module 20. A tube 2a leading from the processing gas
supply source 2 is connected to the receiving port 21. The flow

rectification path is constituted of a flow rectification chamber 20a, a slit-



base, not shown, such that the processing head 1 is |ocated in a higher
position than the workpiece set table 5 and thus, the workpiece Wset onto
the table 5. The processing head 1 is constituted of a single nodule unit

| X. The nodule unit I X includes an el ectrode nodule 10 and a fl ow
rectification nodule 20 installed on an upper side of this el ectrode nodul e
10. The el ectrode nodul e 10 constitutes]? plasma di scharger and the fl ow
rectification nodule 20 constitutes a flowrectifier. [0039] A receiving
port 21 and a flow rectification path are forned on the flow rectification

nodul e 20. liRe {(ubepaalikepfonordotidivation MilecEREichkg Ths gasUpphy source 2 is
connected to the receiving port 21. The flow rectification path is

const i t ut etecstficatfonomoduba 29 i arevded mdmblow aoend pargtheren? with rdlqsr
spot-like) flow rectification Role 2 tc., Th as flow,rectification
modul e 20 TEPFEHIORRLE 23 2P ?Welr‘?ﬁggiéf_ o dpran ETRb ey

rectificat gnﬁam bESS, ARtAidAN KSRE '2f3'aC£’e'i%ﬂp'88'iﬁ Jflerﬂﬂxﬂge&?ﬂ@ﬁﬁon A
plurality of flow rectification holes 23a are torned in the flow
rectificatplate 2plategquaBpathegonlthpidithed roght dided. eBEachritbwirgbtifisati@s. Each

flowrectifi on . hole 23a |s j.n the form of slit extending.in the back
and forth %P@%atﬁn@t?lpcfprwﬁ PALt e¥cHdon tlteogaﬂ@aaaﬁeméﬁmfgwsof FI G
2) . | nsteagdy: | i I i.fi i olgs . -a plurality
of spot - & RuResful!dehod il g HAE pRREL hEEE ERIOCDT® InRalH A2 P o' 2

di sper si ngfarain e recilfiositon hos 234 hfdyChé apluhditeo 2patdile korpected in

one-to-one correspondence with slits 10a fornmed between el ectrode plates
as |ater whseh prsearramged ondhe drgntuangl bagk sides | pslispersare msmsect ed to a

Foo0Le T oty CoRAT LR SRR R 00 e o 5ol 08 e brenched
plates 23 @5 @c@idRRIRE with sHRPE0a FIné@MRIwES) RldcAbdeSlaldidds Bitdd ow
rectification chanber can be partitioned into a plurality of portions. The
pr ocessi ngdegasitedni Hgatfis parplurality of slits 10a are connected to a single flow
rectification path such that the slits 10a are branched therefrom. It is also
accepted that a plurality of flow rectification plates 23 are arranged in
upper and lower relation, so that a flow rectification chamber can be
partitioned into a plurality of portions. The processing gas coming from
the supply source 2 is received in the receiving port 21 of the gas flow
rectification module 20 via the tube 2a, then rectified/uniformized by a
flow rectification path which is constituted of the chamber 20a, the flow
rectification holes 23a, etc., and thereafter, introduced 1nto the electrode
module 10.
[0040]
As shown m FIG. 1 and 2, the electrode module 10 of the
processing head | includes an insulating casing 19, and an electrode-array
(electrode-row) recerved in this casing [9. The casing 19 is open at its
upper and lower sides and has a rectangular configuration, in a plan view,
extending in left and right directions orthogonal to the moving direction of

the workpiece W. The length of the casing 19 in the left and right



the supply source 2 is received in the receiving port 21 of the gas flow
rectification nodule 20 via the tube 2a, then rectified/ uniform zed by a
flowrectification path which is constituted of the chanber 20a, the flow
rectification holes 23a, etc., and thereafter, introduced into the

el ectrode nodule 10. [0040] As shown in FIG 1 and 2, the el ectrode nodul e
10 of the processing head |I includes apginsul ating casing 19, and an

el ectrode-array (electrode-row) received in this casing 19. The casing 19
is open at its upper and | ower sides and has a rectangul ar configuration,

in a plan girg¥tioneistiansiah thé ofidi@ddnichgltin &f ROV bANS & Whegehal to the
nmovi ng direction of the workpiece W The length of the casing 19 in the

| eft and rleghand 8ighdidisetioons is | arger than the width di nension of the
wor kpi ece tﬁdﬁﬂ the left and right directions. [0041] The el ectrode-array
recei ved i d casing 19 is constituted of a plurality (12 pieces in the

draw ngs) of fiTﬁ% _ei’é};ﬂro?ﬁe%e’tlfig "I-‘le&g%ﬂqﬁ tRE %ﬁﬁlgﬁ‘) is é&s(tic%h?chedi* 4 ke

el ectrode nenbers ose ectrode plates are ea formed of a
squar e fl apluphlatye( IPapiecos natloodciwingse ofdiat ahdgeognhd bRcsante plamflilgur ati on
and di nensjon. Each el ectrode plates 11, 12 is arran%ed vertically and

al ong t he batRlagriikeslesirede sambers). Tiluse deesedonlaips Al eb2 argeaald are

ond roar tlEOLY R AR Al fETppBhbOUF g hahighe sI0% {1201
support ed @hfifigatioanindditnéeabn! MEhnelebodd pldes 4asilngisl@rangdP42]

Polarities of the electrode plates are differént fromeach other along the
si de- by- si vatigaHsmgidrajodgthe biack anthérth direagoshowhoss eRioBode, platgsover

supply 11 F1 ,3182 lareeagijrggggc[ ans}d%- }P-%%é reslgggrcleatgéqiugl S{tc né:sheegchi (I;]T&l%l‘.a plurality
The front and rear end parts of the respective electrode plates 11, 12 are
fixedly supported on the front and rear long walls of the casing 19,
[0042]

Polarities of the electrode plates are different from each other along
the side-by-side arranging direction. That is, as shown i FIG. 1, a power
supply line 3a leading from the power source 3 is branched into a plurality
of lines which are connected to every other electrode plates 11 of the
processing head 1, respectively. Those electrode plates 11 are functioned
as electric field supplying electrodes (hot electrodes), respectively. The
remaining every other electrode plates 12 of the processing head [ are
grounded through an earth line 3b and functioned as ground electrodes
(earth electrodes), respectively. A pulse electric field is formed between
adjacent electrode plates 11, 12 by the pulse voltage coming from the
power source 3.

Though not shown, a solid dielectric layer such as alumina is coated
on the surfaces of the respective electrode plates 11, 12 by thermal spray.
[0043]

A slit-like gap 10a 1s formed between adjacent electrode plates 11,

[2. This gap or slit 10a 1s vertical and extending in the back and forth



of lines which are connected to every other electrode plates 11 of the
processi ng head 1, respectively. Those el ectrode plates 11 are functioned
as electric field supplying electrodes (hot el ectrodes), respectively. The
remai ni ng every other electrode plates 12 of the processing head | are
grounded through an earth line 3b and functioned as ground el ectrodes
(earth electrodes), respectively. A pulpe electric field is foanmed between
adj acent el ectrode plates 11, 12 by the pul se voltage com ng fromthe
power source 3. Though not shown, a solid dielectric |ayer such as al um na

i's coated dpBctidies gﬂbbﬁ%eéir_@étiéﬁ‘@ofﬁ%})ﬁﬁﬁkyi_%c@|W9.t e alies0d1l, 12 by
thermal spray. [0043 slit-like gap 10a is fornmed between adjacent

el ectrode pirstestesla “hdlz-rovhiestapalngnin snietdit@dions. vee sltsl 1 Gntorexadendi ng in
the back and forth 19 irectio%mvi n% di rections ?lf tper;ﬁgéikf)i ece W. A
single sliPeHEEN QERY AR cleotiRflcs-FEwask B g Mg deltandedehbn . The
slits 10a j t 0, . ~ i idth in
The Teft anacrran TOb CRpr sas P ARl et RN R BhE SRETROL ALY, e

el ectrode shidestdéden dicecogospantiagd stie-lilkkeflcarrcesfieadbnhodéd 23hidfehé | ow
rectificatjon holes 23a of the flow rectification nodule 20, respectively.
The 1 ow ridewrectificabantppdyle Maespetevely. iThe Bauckacsiniogaondhalss

ospect vt EBIRARRESHERRAB] for PMirnilcTie BB SFbBMN I Lo or
al | owi ng tdlecPhAEI6188r8aS shy FRS YespRHRIP! Pagh Addradstoltdiddns as a

di scharge space where a glow discharge is generated by application of
el ectric filglldadeeneposerpatl fosalphileg the préweseinecgasodepgssat e 11 from t he

o oo e S Tt UL B0 TR B b B S 1
discharge is generated by application of electric field when power is
supplied to the electrode plate 11 from the power source 3. Owing to this
arrangement, a plasmatizing space is provided where the processing gas 1s
plasmatized.

[0044]

The fower end parts of the respective electrode slits 10a are open so
as to serve as a processing gas jet port extending in the back and forth
directions.

It 1s also accepted that the casing 19 is separately provided at a
lower end part thereof with a bottom plate serving as a jet port forming
member, the bottom plate is abutted with the lower end faces of the
electrode plates 11, 12, and shit-like jet ports straightly connected to the
electrode-to-electrode slits 10a are formed in the bottom plate. In that
case, the “single hole-row” is constituted by the electrode-to-electrode
slits 10a and the slit-like jet ports connected to the slits 10a. The bottom
plate 1s preferably composed of an insulating material such as ceramic.
[0045]

In the processing head 1, a slit group 100, i.e., the “hole-row group”

consisting of slit-like hole rows” 1s constituted by the slits 10a arranged in



The |l ower end parts of the respective electrode slits 10a are open so as
to serve as a processing gas jet port extending in the back and forth
directions. It is also accepted that the casing 19 is separately provided
at a lower end part thereof with a bottomplate serving as a jet port
formng nmenber, the bottomplate is abutted with the | ower end faces of
the electrode plates 11, 12, and slit-pHke jet ports straightly connected
to the electrode-to-electrode slits 10a are forned in the bottomplate. In
that case, the "single hole-row' is constituted by the

el ectrode- tsﬁieebﬁ_ﬁs‘icﬂ@ﬂﬂati@hi helfld @dfhpt T & dltchd&®1d8lerRBhh $hé prpect ed to
the slits 10a. The bottom plate is &eferably conposed of an insulating

mat eri al saof raghtoerddhiod the [voo&PjedenW . he processing head 1, a slit group
100, i.e., 6@ "hol e-row group” consisting of slit-like hole rows" is
consti tut etgl %6 he slits I0a arranged in 20 side-by-side relation. The

slit group 100 i t: ny t.d t he
wor kpi ece W [o@%@%ﬁgggﬁgk‘gﬁ%E}Béem%‘hg?%ggﬁtto%%%bgg{ﬁtM’{ﬁ feq}l (gf:)rt) of
the slit | @ pfocebhiagicades ahdghbeastkpicredW e WaokipingCdisthce. WD wor ki ng
di stance WD_ (S\AFI G 2) is set to a value WDo in the neighborhood of the
upper | i mi tFI1Gk Dhispet he asfalee W e indhgacightmahoatlwd thesppsr limaitei naf t er

referred tq. . . wor ki | i St an . .0 As shown jn F 4, the

e toctve faftin bOBeRRTH TS TSI AREIE e hetdnTAS TPletd (Fa'e &
processi ngtHeadet womdapdestadée AVERT ) aA D sROWRLINAN (G e MRIFRIRRR Mhbe held in
an effective definite value or nore. Wien the worKing distance exceeds
this effecef the woshigeg distraicprvde sefans to atrenge wheere meaoeessiggpaiant i s
abruptly lowered., That is, the above-nentiongd.set working.di.stance WDo is
a wor ki ng BICSPUIRdeAt & FERANR Y OBetBSr"é("t ‘%Ceaﬁib‘-bgelldo\ﬂe?r?ﬁ C6H¥tirs. For

exanpl e, VEBfifit8 value or more. When the working distance exceeds this effective
range, the processing rate at the measuring point is abruptly lowered. That
1s, the above-mentioned set working distance WDy is a working distance
immediately before this abrupt lowering occurs. For example, WD, =6
mm, here.
[0047]

As shown in FIG. 3, the pitch between the electrode plates 11, 12 is
set to be approximately equal to an effective processing width conducted
by the plasmatized processing gas (hereinafter refers to as the “plasma
gas”, where appropriate) jetted through each slit 10a in the set working
distance WDy. The effective processing width refers to a width dimension
of arange So where a surface processing conducted by the plasma gas
Jetted through a single slit 10a is effective within the whole range S where
the surface processing is able to be carried out. If the processing rate
conducted by the plasma gas jetted through the single slit [0a is
represented by R and its maximum value is represented by Ry, the
effective processing range Sg refers to a range where the processing rate R
becomes a predetermined ratio o or more with respect to the maximum

value Ry That is, it refers to a range where R > o % Ry 15 satisfied.



mm here. [0047] As shown in FIG 3, the pitch between the el ectrode plates
11, 12 is set to be approximtely equal to an effective processing width
conducted by the plasmatized processing gas (hereinafter refers to as the
"plasma gas", where appropriate) jetted through each slit 10a in the set
wor ki ng di stance Wbo. The effective processing width refers to a width

di nension of a range So where a surfacgjprocessing conducted by the plasnma
gas jetted through a single slit 10a is effective within the whole range S
where the surface processing is able to be carried out. If the processing

rate COMF%P%QE\H?]&“&*"]%%%Q@%J%%%xh%ﬂié%‘f{ti?@ccﬁhégk%wﬂﬁ 1Ca is

represented by R and its maxi numvalue'is represented by R ,,,,,, t he
effective ponneklylmgneémgdyf‘hm&eefthesenmra)frthaghi Mer&itdqaqmeomagm ng rate R

beconmes a predeterm atjo a or nore with respect .to the Xi mum val ue
Rn, ax. Thatangs iaprfPrtB éeqwednpaﬁ@%n&aﬁ@%e ga’sar%adpleftwd.@ atisfied. 21

For _exanpl gy R,z dl 330 &.28% (oThE RALMHHNETELR AAEORES RTex T normal |y

i medi ately BINEE The &8 prdtessing range S and
the effect[o®gJrocessing range So spread leftward and rightward with
respect to the point where R beconmes R ,, ax. é0048] The wi dth of the
processi ng r angéhs vaddh ofitks proesefifesnigesS apd dhusshagifeniyeé SO depends on

e T n CEERNOE et o gt I watk B freR. Wk SR ol ERAES, 12"

wor ki ng di gfare 1‘5 in th@%ffé%’h‘%e 1@ﬁg§a§@dm teraModthhefe WIB <3W98r1$ ve
processing range So, , ective processing wdth is. Accordingly,

in the appsa”ca;tfwsi Itlhcom(nhl 1scmﬁsod|th®m()rkmged1se:ilicezcns; the proocessicagedvi dth s
e % T SPaRSTTIhG BhciribungatlS, 12 oSS EEs Sihg e
width is. Accordingly, in the apparatus M of this embodiment, the
effective processing width is increased as much as possible by setting the

working distance S to the value WDy in the neighborhood of the upper
limit, and the electrode pitch is increased as much as possible by matching
the electrode pitch P to this effective processing width.
[0049]

Operation of the normal pressure plasma processing apparatus M
thus constructed will be described.

The processmg gas coming from the processing gas supply source 2
i1s rectified in the gas flow rectification module 20 of the processing head 1
and then uniformly introduced into the electrode-to-electrode slit 10a. In
parallel with this, a pulse voltage coming from the power source 3 is
applied to the alternate electrode plates 11 of the electrode module 10. By
doing so, a pulse electric field is formed in each electrode-to-electrode slit
10a to generate a glow discharge and the processing gas is plasmatized
(excited/activated). The plasmatized processing gas is uniformly jetted
downward. Simultaneously, the workpiece W is passed under the
processing head 1 in the back and forth directions, i.e., the directions

paralle! with the slit 10a by the moving mechanism 4. A processing gas is



limt, and the electrode pitch is increased as nuch as possible by matching
the electrode pitch Pto this effective processing width. [0049] Operation
of the normal pressure plasna processing apparatus M thus constructed wll
be described. The processing gas comng fromthe processing gas supply
source 2 is rectified in the gas flow rectification nodule 20 of the
processing head 1 and then uniformy imroduced into the

el ectrode-to-electrode slit 10a. In parallel with this, a pul se voltage
comng fromthe power source 3 is applied to the alternate el ectrode

plates | 1spfayedentbahis wdekprdy Ve tﬂlﬂauag@l’ea_apélﬁ‘lgl@@,B@cﬂﬁh@%o‘?'ﬂ%”i c field
is formed in each el ectrode-to-electrode slit 10a to"generate a gl ow

di schar ge &hdachpresessayssuh gadilos dppasani eebing exlcaniegd/ act ihealiled) . The
pl asmati zed lgr Qcess; ngﬁégas isuniformy jetted downward. Sinultaneously,
t he wor kpi &8 b\g\\,qogdﬁg d under the processing head 1 in the back and

forth di reﬁ@@mrﬂs, i.e., the directions parallel with the slit 10Ca by the
novi ng nechani sm4. A processing gas is 22 sprayed onto this workpiece W
t hrough each sl it pikRassiBy gleimgf@oizeien assinfRcRopr aeegiationsigh cag, film
deposi tion, etching,. cl eaBi n% an& the like _can be conducted. [0050] A
pr ocessi ngPgaRradusest mtodhe shtn! da.dhe erecewing gas fioves Wethipahpsaslits be

|0a can b Uererm i A5 ChASER iR v tiRe ) PEL008°S TS

10a can be]g@oduteabdtictet hiforfigy shown in FIG 3, owing to the
above-nentioned relation between the pitch P of the slit |0a and the

ef fective procedsishgwa it KIGt Reowing e twhebeve-necinfalmelpiiocessi ng i s
e tont | MRt e ol PR BP0 SATIL AN PR Wide B} 2"

range where the surface processing is effectively conducted by plasma gas
coming from a single slit 10a and be made continuous with the range
where the surface processing is effectively conducted by plasma gas
coming from its next slit 10a. At positions immediately under the
respective electrodes plates 11, 12, the processing rates conducted by the
plasma gas jetted through the slits 10a, 10a on the both side are
overlapped with each other as indicated by broken lines of FIG. 3.
Accordingly, as indicated by solid lines of FIG. 3, the actual processing
rate can be multiplied. Owing to this arrangement, the workpiece W can
be processed uniformly in the left and right directions. Moreover, since
the slit group 100 extends longer than the left and right width of the
workpiece W, the entire left and right width of the workpiece W can be
processed at a time. Then, by moving the workpiece W forwardly and
backwardly by the moving mechanism 4, the entire surface of the
workpiece W can be processed effectively.
[0051]

A workpiece having a large area (laterally wide width) can be met
by increasing the number of the electrode plates 11, 12 and thus, by

increasing the number of the electrode-to-electrode slits 10a arranged in



where the surface processing is effectively conducted by plasma gas
corning fromits next slit 10a. At positions i mmedi ately under the
respective electrodes plates 11, 12, the processing rates conducted by the
pl asma gas jetted through the slits 10a, 10a on the both side are
over | apped wth each other as indicated by broken lines of FIG 3.
Accordingly, as indicated by solid lineg3of FIG 3, the actual processing
rate can be nmultiplied. OMng to this arrangenent, the workpiece Wcan be
processed uniformy in the left and right directions. Mreover, since the

slit groupgHROpeXiRNESaliONIghet digikdsion b?glileh?é(}?)eb'ti%tei&t%db platéder

wor kpi ece W the entire left and right w t he workpi ece Wcan be

processed a2 cantbenmadTsengli bycspeeitivg afltbeworkpt doewatkprosaridl. y and
backwardly by the vi.ng mechanism4, the entire surfage qf. the . .workpiece
W can be pM@@%@Q&@f TSI ACPBEY) CR il pﬁ[—’%é’gt%ﬁ ﬁ&gdnlﬂéﬁﬁeo’éf ea
(lateral | yaw de;: W ) i i f. t.he
el ectrode E) aﬁrglsgﬁlt%fa%l%é:gér?éﬁ t% Hgglfhtbsg)fh% Eg{@g@ ér}gothﬁgoﬁu g{ecngd:ehe

el ectrode- pirted €€t I'Ddeusdd by btAabaritseagadranite3 Coulderbbforse dbef@bht i on. The
di nrension of the respective electrode plates 11, 12 can be nade snall
i rrespecti $igewst etheasibeeregucede Siaedk pppesitaly diresssrgiCoglgmbdioreetsi@nal

accuracy can i be, obt ai n in ditjan t he i gh be
feduced ThASEAERISGRRRRATEE T St U} bR Prode MBI ATGERCAIRE g by
bent by itBoMWRIGARY Hoht cRBWAT ffONGRe HIBSIEs arfd HRSSoubd b foaseshe
reduced. Since oppositely directing Coulonb forces act on each el ectrode
pl at es 11, arkoffestcasm wihinde diactingdanphateeseliabdpbedpronenteel. both left and
right end sj ) fromthe both sides and the Coul onb forces are offset as
a whole, b g can nore reliably be prevented. [0052] Mbreover, since the

wor ki ng di st ancgydygosét shfhebtﬁe%ohéﬁg?ﬁst%ﬁce is set to be as larger as
possible and the effective processing width and thus, the pitch P are set to
be large, the electrode plates 11, 12 can be sufficiently increased in
thickness. By virtue of this feature, the electrode plates 11, 12 can be
increased in strength, and bending can more reliably be prevented.
[0053]

Other embodiments of the present invention will now be described.
In the embodiments to follow, the identical components as in the above-
mentioned embodiment are denoted by identical reference numerals and
description thereof is simplified.

[0054]

FIGS. 5 through 13 show the second embodiment of a specific
construction of the present invention. The second embodiment will briefly
be described with reference to FIG. 5 first.

The processing head 1 of a normal pressure plasma processing
apparatus according to the second embodiment comprises a large number
(a plurality} of module units 1 X. Those module units 1X form two stages,
one on the front side (upper side in FIG. 5) and the other on the rear side

(lower side in FIG. 5). A plurahty of module units 1X are arranged



possi ble and the effective processing width and thus, the pitch P are set
to be large, the electrode plates 11, 12 can be sufficiently increased in
t hi ckness. By virtue of this feature, the electrode plates 11, 12 can be
increased in strength, and bending can nore reliably be prevented. [0053]
O her enbodi nents of the present invention will now be described. 1In the
enbodi nrents to follow, the identical copgonents as in the above- nentioned
enbodi ment are denoted by identical reference nunerals and description
thereof is sinplified. [0054] FIGS. 5 through 13 show the second enbodi nent

of a speci ldfwafPBal rUgithand Oh df® RLE8SeNthel MBaNld Rhiiss The &ﬁxﬁﬂ%ee”mdi ment
w | | brleflg be described with reference to FIG 5 first. The processing
head 1 of abnteduavithtlewuloeafsdasmthe fioee asidngar apgleanatiusftamabrighng to t he
second enbodj nent conprises a large nunber (a plurality) of nodule units 1
X. Those md ﬁeaa?n-“reﬂ%ﬂatﬁﬁfbbﬁw%egpﬁse@mth@heliaﬂlmféitfiréémlt tXde (upper

side in FI =.and t a iy de I in, gl 5. A
plurality o n@%ﬁ?’ea%ﬁﬁﬂs% ﬁ’esgt(eg?becg&alrﬁ}%ﬁgé%%i%%?éeéf ﬁ@?‘}f}s éﬁ%nrdl %Iﬁtov%ew d on
each st agereclifecatiotuin® duld {seclP(G VWi gRtAl&] oAbt dffbr Widd M%edih%mt ed on
the front and rear sides and left and right sides, are separatably

connect ed Bhiheapisiogssingehead hodplusaling of ekectoatepmodukes gotom twive fir st
enbodi nent n.electrode . module 10.and g flow, rectifjcation nodyle (see
fa 1 nselPrauRonn R6€ A did fo B ihe Fatisids Al B3B8 ng head
1, a pluraldftwaef ad eiphieded MRkl sctodOhddres é@t A96Sh aPOEbAAed REHh r ont
side and the other onthe rear side and arrange | eftward and ri ghtward.

The el ect r tuserodatedrithe fwhintndreaadides eddvwhe heftahdseghtoddegdiron t he

front and rear sides and the left and right.sideg, are separatably
connect ed %ﬁﬁaﬁa‘@:‘? SABRHIE W’ftﬁé’l‘i’@ Eﬁ’f‘)t&@i ai:fe‘i’lrtle 9?/\/6dJé‘ICGE¥ F\ﬁgglectroée

modules 10, 10 is referred to as the “first electrode module”, the other is
referred to as the “second electrode module”. Likewise, in the processing
head 1, a plurality of flow rectification modules 20 form two stages, one
on the front side and the other on the rear side and arranged leftward and
rightward. A “flow rectifior” is constituted by the flow rectification
modules 20 (see FIG. 7) of all module units 1X which constitute the
processing head 1, and a “plasma discharger” is constituted by all
electrode modules 10,

[0055]

As shown in FIG. 5, each electrode module 10 is constituted by a
predetermined number of electrode plates 11, 12 which are arranged
leftward and rightward at constant pitches. (It should be noted that in FIG.
5, the number of electrode plates of each electrode module 10 is reduced
when compared with those of the specific construction shown in FIGS. 6
through 11 just for the sake of simplification.) The electrode array on the
front stage and thus, the slit group 100 on the front stage are constituted by
the electrode plates 11, 12 of all electrode modules 10 on the front side
stage. The electrode array on the rear stage and thus, the slit group 100 on

the rear stage are constituted by the electrode plates 11, 12 of all electrode



nmodul es 10, 10 is referred to as the "first el ectrode nodule", the other is
referred to as the "second el ectrode nodul e". Likew se, in the processing
head 1, a plurality of flowrectification nodules 20 formtwo stages, one
on the front side and the other on the rear side and arranged | eftward and
rightward. A "flow rectifior" is constituted by the flow rectification
modul es 20 (see FIG 7) of all nodule umsts I X which constitute the
processing head 1, and a "plasma di scharger” is constituted by al

el ectrode nodul es 10. [0055] As shomn in FIG 5, each electrode nodule 10

IS consti LHRMHIOY 18 orPihe tai;”s é‘“ﬂ%’il@ﬁn%@ﬁ&%ﬁe@ﬁ%ﬁ Flho 12 whi ch

are arranged leftward an rlg d at corstant “pitc uld be

not ed t hat slitngiFeiv@s 10&) fdlhetwurdlmgesobneIc&tﬂreoﬂenpkldtzeﬁldoﬁheef&hhz ehehéer ode
nodul e 10 is reduced when conpared with those of the specific construction
shown in A%ESIE- through | 1 just for the sake of sinplification.) The

el ectrode @56 on the front stage and thus, the slit group 100 on the
front stag constituted by the electrode plates 11, 12 of all

el ectrode nodul The Edtroddglakéon?, B2 (8 136R8& bR, BlRetdledgoderay on the
rear stage and thus, the slit group 100 on the rear stage are constituted

by the el elékaitfiﬁd@repi%ﬂ(ésd by, Iefﬁzrediﬁeazlhlarzeltetst kmel% raspdatiesly)docatethe rear

o de Stagey iyt Spyd Tysb RBESesh o hesgd 11, oL LL g oups 100 Torm
The el ectroge @dh%} es tﬁglef@@a&%na@ggq{fg%‘?éﬂgf&%@nsbﬁoé&h f"?lterf?gﬁ pl at es

are denoted by reference character respective | ocated at the
opposi ng eantbréar stagesedreqiutddgetied witlk ei@h\Mﬁh@’rtoad@smdmmﬂmcgﬂ@ each ot her

Stages ar ¢ BUPIGHAERER AN eboR (GoRIAEd choia BeBiTs Adiee
combined electrode plate 12X is same in thickness as all the other
electrode plates 11, 12. Owing to this arrangement, all the slit pitches of
the slit groups 100 on the front and rear sides become equal each other
even at the connecting part between the two electrode modules and the
equal pitches P are provided all over the entire slit groups 100.

[0057]

A detailed construction of the second embodiment will now be
described with reference to FIGS. 6 through 13.

As shown in FIG. 7, the flow rectification module 20 of each
module unit 1X includes a housing 29 extending, in a long manner, in the
forward and backward directions (leftward and rightward directions in
FIG. 7), two (a plurality of) flow rectification plates 23U, 23L provided
within the housing 29. A pair of front and rear receiving ports 21 are
disposed at the upper surface of the housing 29. A supply tube 2a leading
from a processing gas supply source 2 is branched for each unit 20 and
connected to the receiving ports 21, respectively.

[0058]
As shown in FIGS. 7 and 8, the two flow rectification plates 23U,

231 within the housing 29 are vertically spacedly arranged. The inside of



conbi ned el ectrode plate 12X (conbi ned el ectrode nenber). The conbi ned

el ectrode plate 12X is sane in thickness as all the other electrode plates
11, 12. Owing to this arrangenent, all the slit pitches of the slit groups
100 on the front and rear sides becone equal each other even at the
connecting part between the two el ectrode nodules and the -equal pitches P
are provided all over the entire slit gpgups 100. [0057] A detailed
construction of the second enmbodinent will now be described with reference
to FIGS. 6 through 13. As shown in FIG 7, the flow rectification nodule 20

of each nﬁ%@uyngtzg%lja}ﬁh@ﬁea iﬁtdﬂﬂuﬁmgagf?e‘?(lﬁmt@@fﬂg@g_chia&b%ré Qug, manner,
in the forward and backward directions (leftward an i ghtward directions

in FIG 730btec bsi the dlaw irestibestidn platesdBid,idddt.i dhe phatiwsn@pbrt 28BL
provided wthin th hglusi n 69: Qépai, of front and rear receiving ports
21 are di §pgdEipciid th Qﬁ)fb?g}l SufP208 thF WIRSTHEESi ng 29. A supply tube 2a

| eadi ng fL@m processi ng gas supply source 2 is branched for each unit 20
and connected'to the receiving ports 21, respectively. [0058] As shown in

FIGS. 7 and 8, Akahowm fd BYGr &8} iHel flaiv etificaties platds 23230 tipen the
housi ng 29 are verticall spacedlé1 arranged. The inside of 26 the housing
29 is partfaGhopRstithies! ehr pereusplate milhe upnesgevddivaamd leveoshambers 20c by

o the chamer U Usrilehe iReRibd 2 canBaifschntndth Boles . 48 “Ther ow
rectificatftdd At @28 3w 28¢iAE R0 pEte§ OR%S 113t edhefhAepoBoUBIPbEL €. The
upper, middle and |ower chambers 20a, 20b, 20c are comuni cated w th each
ot her t hr oiighrenpeatsveeBow radificatiomeplaies 2 hds 831 arw arenigetli inat iow a9l at es
239’ 23L. tm:ela ?c,!eegoi%%céng %,9 inot];:rvals of 10 mm to 12 mm, for example. It
| should be noted, however, that no hole is formed in a position
immediately under the flow rectification plate 23U on the upper stage.
Those holes 23c¢, 23d are sequentially reduced in size toward the flow
rectification plate on the lower stage. For example, the diameter of each
hole 23c of the flow rectification plate 23U on the upper stage is 3 mm,
the diameter of each hole 23d of the flow rectification plate 23L on the
lower stage is 2 mm.

A “flow rectification path” is constituted by the chambers 20a, 20b,
20c and holes 23c¢, 23d of each flow rectification module 20.
[0060]

As shown in FIG. 8, the housing 29 is provided at the upper surface
of a bottom plate 24 thereof with four (a plurality of) support posts 26.
The support posts 26 are extended forwardly and backwardly (direction
orthogonal to the paper surface of FIG. 8) in a long manner and mutually
separately arranged leftward and rightward. The flow rectification plate
23L on the lower stage is supported by those support posts 26. The
chamber 20c on the lower stage is formed between the adjacent support
posts 26. That 1s, the lower-stage chamber is divided into five by the

support posts (partition walls) 26. Each division chamber 20c extends



the respective flowrectification plates 23U, 23L are arranged in a row at
the lattice points and at intervals of 10 mmto 12 mm for exanple. It
shoul d be noted, however, that no hole is forned in a position imrediately
under the flow rectification plate 23U on the upper stage. Those hol es
23c, 23d are sequentially reduced in size toward the flow rectification
plate on the | ower stage. For exanple, 2he dianeter of each hole 23c of
the flow rectification plate 23U on the upper stage is 3 null, the

di aneter of each hole 23d of the flowrectification plate 23L on the |ower

stage i s 2faWaraly hh@WacRaardIyCiat & RhPaidiners TIANShhibeedObys t he chanber s
20a, 20b, 20c and hol es 23c, 23d of each flow rectification nodul e 20.

[0060] As shewgtted teflg uppern ¢ied pousdhiheadectsode-tvicdertrade shite]l dppétheasur f ace
of a bottom plate 24,.thereaf with four (a,plurality. of) supporf posts 26.
The suppor {;feﬁhgfig Bedy e{(gaf‘é’h‘@gda £ot %&%@‘5}3{%}?{‘%&&% Q:TP}/‘PC? t Féct i on

ort hogonal p8 lapaper surfacenaf ) i : FRONES; mut ual |y
separately ar?an gd I ef t war u@a%g%r?%%ﬁ?m%fﬁlh%h%l%%\%dr ect ﬂl?lggﬁ on plate
23L on theadljavent st@ghtsi dsufbhot issd fHyrdliwsef ditpddatarpeshacefed bhhe chanber
20c on the | ower stage is forned, between the adjacent support posts 26.
That is, tHEWE 1@%@@@%@?&@%fiomr\s%ica@@atiﬁmn@ wle HYin adragelypsrt post s
(partiti onm\%lnleis) 26. Each division chanber 20c extends 27 forwardly and
backwardl y i'n"a ‘'l ong manner. This chanmber 20c is connected to the upper
end part of0(d1g el ectrode-to-electrode slit 10a of the electrode nodule 10
t hrough a gas introduction hole 24a forned in the bottomplate 24. A

si ngl e chanber ‘Bbe precdssinggaespomde feanvhe provessizggas snpplyweowte s 10a.
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recerving ports 21 of the flow rectification module 20, and thereafter
introduced into the upper-stage chamber 20. The processing gas is then
flowed into the middle-stage chamber 20b through the large number of
holes 23¢ of the flow rectification plate 23U. Since no hole 23¢ is formed
immediately under each receiving port 21, the processing gas can fully be
dispersed over the entire area within the upper-stage chamber 20a and then
delivered mto the middle-stage chamber 20b. Thereafter, the processing
gas is flowed into the respective division chambers 20¢ on the lower stage
through the large number of holes 23d of the flow rectification plate 23L.
The processing gas 1s then introduced into the slits 10a between every
adjacent electrodes of the electrode module 10 via the introduction holes
24a of the housing bottom plate 24.
[0062]

As shown in FIG. 6, each electrode module 10 of the second
embodiment includes a plurality (for example, eleven) of electrode plates
11, 12 (plate-like electrode members) arranged lefiward and rightward at
constant pitches, and end walls 15 (support parts) which are disposed on
the front and rear ends of the electrode plates 11, 12. The electrode

module 10 extends forwardly and backwardly in a long manner.



[ 0061] The processing gas comng fromthe processing gas supply source 2
is passed through the supply tube 2a and the pair of front and rear
receiving ports 21 of the flow rectification nodule 20, and thereafter

i ntroduced into the upper-stage chanber 20. The processing gas is then
flowed into the m ddl e-stage chanber 20b t hrough the |arge nunber of holes
23c of the flow rectification plate 23UygSi nce no hole 23c is forned

i mredi at el y under each receiving port 21, the processing gas can fully be
di spersed over the entire area within the upper-stage chanber 20a and then
delivered ipo@3f he m ddl e-stage chanmber 20b. Thereafter, the processing
gas is flowed into the respective division chanbers 20c on the | ower stage
t hrough the | ar de shovbenn & Gioltesn® 3dtinf wale 18| awtliefiint acdtricanepdsat e 23L
The proces oduced jnto the slits 10a between every
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exanpl e, ell2yém) reebrahget fredtigeiral 86 latdddest2itepl ¥ formdeiietiacbuede nenbers)
arranged leftward and rightward at constant pitches, and end walls 15
(support pavifase ahitleaines wiald pocmbenh6. {He ontenvalhtamber &Ads of the

el ectrode tes 11 .. dheel.ectrode no 0 extends forwardly and
packuar diy el i 7 S15uRE BB TR kh ohRS e vl wREIFTH Y he
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and an outer wall nmenber 17 bolted to the outer surface of the inner wall

menber 16. fanied gEresnehel@fasofliGthat hd)eltotrior dsehmigegean befpregartedt , as

| ater described, is.fornmed in the ter face of t i nner [l . nmenber
16. The zufrlglm %plilrsr%{;gﬁwlﬁqqt%l-ma léouter %‘éh member I’}]lgrolma metal bolt

51 as later described. Resin-made filling blocks 14 for the number
corresponding to the number of the electrode plates of other than the outer
wall as later described are disposed at the inner surface of the inner wall
member 16. The filling blocks 14 each have a vertically elongate
configuration and mutually spacelessly arranged forwardly and
backwardly.
[0064]

As shown in FIGS. 6 through 8, the respective electrode plates 11,
12 of the electrode module 10 are composed of conductive metal such as,
for example, aluminum and stainless steel, and arranged in the posture
with their long direction directing forwardly and backwardly, their
thickness direction directing leftwardly and rightwardly and their width
direction directing vertically. As shown in FIGS. 16 and 18, the first
electrode plates 11 constituting hot electrodes and the second electrode
plates 12 constituting earth clectrodes are alternately arranged leftwardly
and rightwardly. The second electrode plates 12, that are carth electrodes,
respectively, are arranged on the left and right ends. By the left and right
side electrode plates 12, the left and right outer walls of the electrode

module 10 are constituted. When the lefi-end electrode plate 12 is to be



functioned as a lid for closing this recess 16f The outer wall nenber 17

is formed of metal such as stainless steel, and the inner wall nenber 17 is
formed of resin. The reason is that an el ectric discharge can be prevented
fromoccurring to the netal -nmade outer wall menber 17 froma netal bolt 51
as | ater described. Resin-made filling blocks 14 for the nunber
correspondi ng to the nunber of the el ectpode plates of other than the outer
wal | as | ater described are disposed at the inner surface of the inner wall
menber 16. The filling blocks 14 each have a vertically el ongate

conf i gur at idestirgndshad fakh m}senap@ﬂe:gsas-b YeabtanBedefaemes dhheand] 2 Raekwar dl y.
[ 0064] As shown in FIGS. 6 through 8, the respective el ectrode plates 11,

12 of the eleatfizad thewo endovher thonpgbteddaflectonduplated 2msttalbesuch as,
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respecti velyps d on the left and right ends. By the left and
right sideMelgf:: re?él%g‘%gtes 12, the left and right outer walls of the

el ectrode [(gHll e 10 are constituted. Wen the left-end el ectrode plate 12
is to be 29 distinguished fromothers, they are denoted by reference
numeral 12 wi t hOf'the lefiwasdly arderightvanddy wdgrcenh éwoi glbctredd neddides ode pl at e
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12R 1n the left-side electrode module 10 is the “first end electrode

member” and the left-end electrode plate 12L in the right-side electrode
module 10 1s the “second end electrode member”. On the contrary, if the
right-side electrode module 10 is referred to as the “first electrode
module” and the left-side electrode module, as the “second electrode
module”, the left-end electrode plate 12L in the right-side electrode
module 10 is the “first end electrode member” and the right-end electrode
plate 12R in the Ieft-side electrode module 10 is the “second end electrode
member”.

[0066]

The nine electrode plates 11, 12M other than those on the both ends
in the electrode module 10 have flat plate-like configurations of an equal
thickness. The length of those electrode plates 11, 12M in the forward and
backward directions is, for example, 3000 min, their thickness in the
leftward and rightward directions is, for example, 9 mm, and their width in
the upward and downward directions is, for example, 60 mm. As shown

in FIG. 6, the filling blocks 14 are abutted with the front and rear end



di stingui shed fromothers, they are denoted by reference nuneral 12 with
"M affixed thereto. [0065] O the leftwardly and rightwardly adjacent two
el ectrode nmodules 10, 10, if the left one is referred to as the "first

el ectrode nodul e” and the right one, as the "second el ectrode nodul e", the
right-end electrode plate 12R in the left-side electrode nodule 10 is the
"first end el ectrode nenber" and the |efg-end el ectrode plate 12L in the
right-side electrode nodule 10 is the "second end el ectrode nenber”. On
the contrary, if the right-side electrode nodule 10 is referred to as the

first el eplodds wRdUlSciARLILIRolEpIaiet 49, abasbnadB it Sntdigl * second

el ectrode nodul e” | eft-end el ectrode’ plate 12L in the right-side

el ectrode boBiddlle 10 |s the "first end el ectrode nmenber” and the right-end
el ectrode @@g}e 12R in the left-side el ectrode nodule 10 is the "second
end el ectrb Irember . [ 0066] The nine el ectrode plates 11, 12M ot her than
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[0068]

As shown in FIGS. 6 through 9, solid dielectric plates 13 composed
of alumina (Al;O3) or the like are applied to the both side surfaces of the
electrode plates 11, 12M, respectively. Similar solid dielectric plates 13
are also applied to the flat right side surface of the left-end electrode plate
121 and the flat left-side surface of the right-end electrode plate 12R,
respectively. Those solid dielectric plates 13 are, for example, 1 mm in
thickness. Instead of application of the solid dielectric plates 13, film may
be coated thereto by thermal spray of solid dielectric, or the like.

[0069]

As shown in FIGS. 6, 8 and 9, a slit having a narrow and a
predetermined thickness, 1.e., electrode-to-electrode slit 10a is formed
between the adjacent electrodes 11, 12 (more strictly, between their solid
diclectric plates 13). As in the case with the first embodiment, the
electrode-to-electrode slit 10a serves as a path for allowing the processing
gas to pass therethrough and also as a discharging space where a glow
discharge generates due to application of electric field which is caused by
power supplied to the electrode plate 11 from the power source 3, thereby
also serving as a plasmatizing space where the processing gas is

plasmatized. The entirety of a single electrode module 10 has ten



inner electrode plates 11, 12Min the forward and backward directions,
abutted with the filling blocks 14 on the left and right ends and the | eft
and right end faces of the inner wall nmenber 16, and abutted agai nst the
outer wall nenber 17 and bolted thereto. [0068] As shown in FIGS. 6
through 9, solid dielectric plates 13 conposed of alum na (A1303) or the
like are applied to the both side surfaggs of the electrode plates If,

12M respectively. Simlar solid dielectric plates 1.3 are also applied to
the flat right side surface of the left-end electrode plate 12L and the

flat 1eft-skdRoauibaocnhdb i |60 TR, Bl PR Feoysgapsctivel v

Those sol Ielectric plates 13 are, f'or exanp ness.
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coated thereto by thermal spray of solid dielectric, or the Iike. [0069] As
shown in AWS0l6, 8 and 9, a siit havi ng a narrow and a predeterm ned
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value. The electrode-to-electrode slits 10a are, for example, | mm in
thickness.

As mentioned above, the upper end part of each electrode-to-
electrode slit 10a is connected to the introduction hole 24a of the flow
rectification module 20 (FIG. 8).

[0071]

As shown in FIG. 8 and 11(a), the upper and lower parts of the left-
side electrode plate 12L of each electrode module 10 are thinner in width
than all the other electrode plates 11, 12M, thereby forming a pair of upper
and lower reduced-thickness parts 12g, 12g. The central part in the up and
down directions of the left-side electrode plate 121 has a protruding
configuration which is protruded toward the adjacent electrode module 10
and forms an enlarged-thickness part 12f thicker than the reduced-
thickness part 12g. As shown in FIG. 2, the reduced-thickness part [2g
and enlarged thickness part 12f are extended back and forth over the entire
length of the left-end electrode plate 12L. The enlarged-thickness part 12f
is, for example, 7 mm in thickness and the reduced-thickness part 12g 1s,
for example, 2 mm in thickness.

[0072]



between the front-side end parts and between the rear-side end parts of

two solid dielectric plates 13 which are placed opposite to each other with
each el ectrode-to-electrode slit 10a therebetween. Onng to this
arrangenent, the respective solid dielectric plates 13 are urged agai nst
the electrode plates 11, 12, respectively and the wwdth in the left and
right directions of the electrode-to-etgectrode slit 10a is kept in a
predeterm ned value. The el ectrode-to-electrode slits 10a are, for
exanple, 1 mmin thickness. As nentioned above, the upper end part of each

el ectrode-to- elpCifoiieshhhd!a slfﬁld\% AmeN. e@al?gé_}?f) k@géﬂﬁ?mﬁlt[ﬁé}? hol e 24a
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I d thickne rt 12f nde for ver. the entire

Cength of  oHerRarmiRRos Bue ofe BId s ThileTinan dh Srdriedrickss part 121
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for exanple, 2 mn in thickness. [0072] 32 On and, as shown in
FI GS. 8 anenlatga)- th1t:haesse;mntdl2kpa'|ete>atmddthbu¢k and fdﬂmmmetﬂsnaﬁs of the

right-end electrade plate 128 of sach olcetrede moduje 1p is provided with
12h of the right-end electrode plate 12R is, for example, 2 mm in ”
thickness and the enlarged-thickness part 12k is, for example, 7 mm in
thickness.
[0073]
If the left one of the adjacent two electrode modules 10, 10 1s
referred to as the “first electrode module” and the right one, as the “second
electrode module”, the enlarged thickness part 12k and reduced-thickness
part 12h of the right-end electrode plate 12R in the left-side electrode
module 10 serve as the “first enlarged-thickness part” and “first reduced-
thickness part”, respectively, and the reduced-thickness part 12g and
enlarged-thickness part 12f of the left-end electrode plate 12L in the right-
side electrode module 10 serve as the “second reduced-thickness part” and
“second enlarged-thickness part”, respectively. (Of course, if the right-
side electrode module is referred to as the “first electrode module™ and the
left-side electrode module, as the “second electrode module, respectively,
the enlarged-thickness part 12f and reduced-thickness part 12¢ of the left-
side electrode plate 12L in the right-side electrode module 10 serve as the
“first enlarged-thickness part” and “first reduced-thickness part”,

respectively, and the reduced-thickness part 12h and enlarged-thickness



thereof OMng to this construction, the central part in the up and down
direction of the right-end el ectrode plate 12R constitutes a reduced-

t hi ckness part 12h, and the upper and | ower parts each constitute an
enl arged-t hi ckness part 12k which is thicker than the reduced-thi ckness
part 12h. As shown in FIG 2, the reduced-thickness part 12h and

enl arged-t hi ckness part 12k are extendegyback and forth over the entire
|l ength of the right-end electrode plate 12R The reduced-t hi ckness part
12h of the right-end el ectrode plate 12R is, for exanple, 2 mmin
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recessed configuration of the right-side module 10. In this way, the right-
end electrode plate 12R of the left-side module 10 is put together with the
left-end electrode plate 121 of the right-side module 10. By those
electrode plates 12R, 121, a perfectly flat combined electrode plates 12X
1s constituted. This combined electrode plate 12X forms an earth
electrode.

[0075]

The thickness of the combined electrode plate 12X is same (9 mm)
as those of the other electrode plates 11, 12M. Owing to this arrangement,
as shown in FIG. 11(b), the electrode plate pitch is equal in size (for
example, P = 12 mm) even at the connection part between the left and
right adjacent two electrode modules 10 as at the rest part. That is, the
electrode plates 11, 12M of the left-side module 10, the combined
electrode plate 12X, and the electrode plates 11, 12M of the right-side

“module 10 are at the same pitch. Owing to this arrangement, the pitch of
the slits 10a 1s uniformized to a specific size P over the entire slit group
100.

[0076]



enl arged-t hi ckness part", respectively.) [0074] As shown in FIGS. 11(b) and
12, in each front and rear stage of the plasnma processing head 1, the

enl arged-t hi ckness part 12f having a protruded configuration of the
right-side nodule 10 of the adjacent left and right two el ectrode nodul es
10, 10 is fitted to the reduced-thickness part 12h having a recessed
configuration of the left-side nodule 1§94 Al so, the enlarged-thickness
part 12k having a protruded configuration of the left-side nodule 10 is
fitted to the reduced-thickness part 12g having a recessed configuration

of [the i ght- si da dRAWk fn F96, BIHidERWRMe hBulel Qs pRRAE) SER 0GR, P! at &
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[0077]
A step 1s formed on a lower side part of each jet slit 10b and each
Jet shit 10b is increased in width upward therefrom. The lower end parts of
the two solid dielectric plates 13, 13 which are opposite to each other with
the electrode-to-electrode slit 10a sandwiched therebetween are inserted in
this wide part of the jet slit 10b. The electrode-to-electrode slit 10a
between the two solid dielectric plates 13, 13 is connected to a lower side
part from the step of the jet slit 10b. The lower end part of the jet slit 10b
1s open to a lower surface of the bottom plate 10L, and serves as a jet port
for the processing gas. A “ hole-row” is constituted by a single electrode-
to-electrode slit 10a and the lower end part of the jet slit 10b connected
thereto.
[0078]
As shown in FIGS. 5 and 9, the front-stage module unit 1X and
rear-stage module unit 1 X of the second embodiment are deviated
leftward and rightward by a portion equal to a half of the pitch P. Thus,
the front-stage electrode module 10 and rear-stage electrode module 10
are deviated leftward and rightward by a portion equal to a half pitch (P/2).

Owing to this arrangement, the front-stage slit group 100 and rear-stage



end part thereof with a bottomplate 10L. The bottomplate 10L is conposed
of an insulating material such as ceramic and applied to the | ower
surfaces of the electrode plate 11, 12L. A plurality of jet slits 10b are
formed in the bottomplate 10L. Those jet slits 10b are extended back and
forth and arranged |eftward and rightward at equal pitches Pin parallel.
As in the case with the above-nentioned3sl ectrode-to-electrode slits 10a,
the pitch of the jet slits 10b is same even at the connection part between
the two el ectrode nodul es 10 adjacent in the left and right directions as
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uniformized 1n the left and right directions and the processing

uregularities can be restrained.

Moreover, since the slit group 100 is at the specific rate P even at
the connection part between the left and right electrode modules 10, 10,
uniformity of the processing can be more enhanced.
[0080]

The power supply structure of the electrode plates 11, 11 in the
module unit [ X of the second embodiment will be described.

As shown m FIGS. 7 and 8, five (a plurality of) power supply pins
31 are arranged leftward and rightward, in side-by-side relation, at a front
part of the flow rectification module 20 such that the pins 31 are vertically
passed through the front part. The upper end part of each power supply
pin 31 1s connected to the power source 3 through a hot line (power supply
line) 3a and the [ower end part is embedded in the first electrode plate 11
on the electric field supply side. Similarly, the flow rectification module
20 1s provided at a rear part thereof with a ground pin 32. The upper part
of the ground pin 32 is grounded through an earth line (ground line) 3b
and the lower part 1s embedded in the second electrode plate 12 on the

ground side.



slit group 100 are deviated leftward and rightward by a portion equal to a
hal f pitch (P/2). [0079] OMng to this half-pitch deviation, as indicated
by the two-dot chain Iline of FIG 14, the valley parts caused by the
processing gas comng through the front-stage slit group 10 can be

overl apped with the hunp parts caused by the processing gas com ng through
the rear-stage slit group 100 and the fg ont-side hunp parts can be

overl apped with the rear- side valley parts as indicated by the broken |ine
of FIG 14. As a result, as indicated by the solid line of FIG 14, the
processi nggg(;%th can be wuniformzed in the left and right directions and
the processing” irregularities can be restrained. Mreover, since the slit
group 100 is atThheles:pemiefmoduhi t0Pfahencasnd Bhfbmbnm@hs pmxp'elctﬂ bet ween
the left and right, el ectrode l es 10, un| f. 1 he processing
can be mr@i@rﬁq&@.@léa(tepm@}urw@’ B@i@b)ﬁ%dé@ﬁiﬁ%&@ 6? e el ectrode

plates 11, 11 i w il be
described. As s o%\ﬁﬁﬁ%lng’d&&é}phtlg %G)%I’%/%? [%gégfﬁfjﬂfﬂlﬁ p%wer suppl y
pins 31 afefrigefan@achd Phd WaOdl ldthy & ﬁélhp@fadwd Sk %lpaﬂsaekafwmhatl on, at
a front part of the flow rectification modul e 2& such that the pins 31 are

vertical | ywithas sach eloctiogh nlnte 1 FohiMpauah thh shey pesr Swdﬁm&ll of each power
supply pin_31 s cgnpect ed t ower sour e 3 thro ne (power
supply iyl g RN GRS - ol BENtRer S dhBectat PRUNLSS PRbpkhect Fode
plate | 1 IGH‘aItehﬁ(t@h&@d bh@kfahﬁ'f@lﬁlu@'PéIYth%'éiiﬁtre%H%ﬂlaéf the d1Betrbliow
rectification nodul e I's provided at a rear t thereof wth a ground
pi n 32. Thelatespel, I[Pdvit of the ground pin 32 is grounded through an earth

line (gro % Iine) 3b and the |l ower part is enbedded in the second
el ectrodeu[gﬂ €& 12 on the ground si de.

As shown in FIG. 7, three paths 14a, 14b, 14c are formed in each of
the filling blocks 14 applied to the front and rear end faces of the electrode
plates 11, 12M such that they are spaced apart upwardly and downwardly.
As shown in FIG. 9, the respective paths 14a through 14c¢ each include a
path part 14e extending back and forth and a path part 14f intersecting
with the path part 14e leftward and rightward, and the paths 14a through
14¢ each have a T-shaped configuration in a plan view. The path part 14e
of the upper-stage path 14a is connected to the upper-stage refrigerant path
10c¢ of the corresponding electrode plate 11, 12M, the path part 14e of the
middle-stage path [4b is connected to the middle-stage refrigerant path
10d and the path part 14e of the lower-stage path 14c¢ is connected to the
lower-stage refrigerant path 10e.

[0083]

As shown in FIG. 10, a connector bush 65 having a circular
cylindrical configuration is provided at the connecting part between the
refrigerant paths 10c through 10e of the electrode plates 11, 12M and the
path 14e of the filling block 14. The corners formed between the outer

peripheral surface and the front and rear end faces of the connector bush



36 [0081] The el ectrode nodule 10 of the second enbodi nent is provided
with a cooler (tenperature adjuster) for the electrode plates 11, 12.
Specifically, as shown in FIGS. 7 and 8, three (a plurality of) refrigerant
pat hs 10c, 10d, 10e as a tenperature adjusting path are formed wthin each
el ectrode plate 11, 12M such that they are spaced apart upwardly and
downwar dly. The respective refrigerant paths 10c through 10e are extended
back and forth over the entire length of the electrode plates 11, 12M
[0082] As shown in FIG 7, three paths 14a, 14b, 14c are fornmed in each of

the fillings QH‘@EK§m¥ére%lpﬂds Eg#itﬁﬁg?@itﬂ&@Qﬁn@%%,rl%%e&%l%.amsef 1he

el ectrode plates 11, 12M ey are spaced apart upwardly and
downwar dl yring4&s siteogwess soHhsedby tchewigs pelikifMe pat hs 14a t hrough 14c each
i ncl ude a %t“an part 14e extendi ng back and forth and a path part 14f
intersectil{gp ith the path part 14e leftward and rightward, and the paths

1l4a through 14 v - C i i j : n view. The
path part 14e %15%ﬁﬁg"pu%lpg}@sga@é’%ﬁg%ﬁrpa%gaingtgﬁ]{cj%]ﬁﬁ@gt%&?f%h?he upper - st age
refrigerandirgatidns &f P pAdchtNetaapksesiPendianghekeslerirdghPlpiie Alingl2M the
path part 14e of the m ddl e-stf;tcgi?‘3 ath 14b is connected to the

m ddl e- st ageckefldi ghrdnareparang ard aed paghitwped tn sule-by-side | ower - st age
th 14c i ted to,t | - st fri t .path,10e. [0083] As
Phown i FRMTR A Sy (oS el G Al LR et Egi e cal

confi gurat 'thi]S provi ded at the connecting part between the refrigerant
paths | Gc through 10e of the electrode plates 11, 12M and the path 14e of
the filling bl oak shdwnTineFBOSn8randf raveddrizer awegrath HE boistfermeyanithher al
surface angnigihg%df—{iﬁc ngsrédpa{r? £%r2f %?Ctihé ?gf%%n(c)ifelggt?‘o g ?)?ae{gtl%rL ?&! ggch

electrode moduié 10. The refrigerant path 12b is extended back and forth

over the generally entire length of the left-end electrode plate 121.. The

left and right path parts 14f of the middle-stage path 14b of the left-end

filling block 14 are connected to the neighborhood parts of the front and

rear ends of the refrigerant path 12b.

[0086]

As shown in FIGS. 9 and 12, in each electrode module 10, the front
and rear end parts of the refrigerant path 12b are connected to refrigerant
reservolrs 16f through the paths [6b on the left-side parts of the front and
rear inner wall members 16, respectively.

[0087]

Similarly, a refrigerant path 12a is formed in the enlarged-thickness
part 12k on the upper side of the right-end electrode plate 12R, and a
refrigerant path 12¢ is formed in the enlarged-thickness part 12k on the
lower stde. Those refrigerant paths 12a, 12¢ are extended back and forth
over the generally entire length of the right-end electrode plate 12R. The
left and right path parts 14f (FIG. 7) of the upper-stage path 14a of the
right-end filling block 14 are connected to the neighborhoods of the front
and rear ends of the upper-stage refrigerant path 12a, and the Ieft and right



37 65 are chanfered and provided with Orings 66, respectively. Those O-
ring 66 are press coll apsed by crewing bolts 51. [0084] As shown in FIG 9,
the path parts 14f in the left and right directions of the paths 14a

t hrough 14c at the sanme height in the filling blocks 14 which are arranged
| eftward and rightward in side-by-side relation are nutually linearly
connected leftward and rightward. [008% As shown in FIGS. 8 and 9, a
refrigerant path 12b is formed in the enlarged-thickness part 12f of the

| eft-end el ectrode plate 12L of each electrode nodule 10. The refrigerant

path 12b 'ﬁaﬂ%@&@@jqqf%@%ﬂ&%&%f SfaleR _PaQMelrélcteﬁ% QRAREAId ¥ @Rtire length of
the left-end el ectrode plate | eft and right path parts 14f of

t he m ddl ensighperhaods déthofronhend etar: emds of thd lovgeibstagk rafrigarentonnect ed

to the nei ghhorhood, parts of . the front an rear ends of .the refrigerant

path 12b. 8983[# @@ﬁém aryl m@n@%ﬁogﬁ}e respestme spEigsaneP#Baul e 10,

the front d - , . ected to
1389 3e3f eOthRaLh 5, Ble IFiCELI( SEAK PR AntEReRERe B8

refrlgerant reservolr € parts of

the front agd 16e€an thengrhivedd p ﬁﬁmtﬁefﬁ)ntreﬁﬁp%txllﬂﬁélywa[EQﬁgﬁibeﬁtm larly,
a refrigerant path 12a is forrred in the enlarged-thickness part 12k on the

upper si deiéfletsﬁécﬁﬂ/@lbﬂ end el ectrode plate 12R, and a refrigerant path
12c is for[l&ggg[]n t he enl arged-thi ckness part 12k on the |ower side. Those
refrigeran aths 12a, 12c are extended back and forth over the generally

entire length Oﬁf\stslﬁ%v&ﬂ ghriend, ﬁi@ﬂ%&ﬁ@ﬁe%@@l@lel?@is gﬂﬁ/ldé@a[ agnd ri ght
path parts |4f (FIG 7) of t he’ upper - stage path right-end
filling bl opkerlsirface obtheefivatside inner mlbhtmnbmoﬁé vaith ehrefifigenant

1nlet port 61 connected to the refrigerant reservoir 16f. A refrigerant

supply tube 6a extending from the refrigerant supply source 6 is connected

to a refrigerant inlet port 61.

On the other hand, the electrode module 10 is provided at an upper
surface of the rear-side inner wall member 16 with a refrigerant outlet port
62 connected to the refrigerant reservoir 16f. A refrigerant discharge tube
6b is extended from this port 62.

[0089]

A refrigerant such as a cool water coming from the supply source 6
via the tube 6a is temporarily reserves in the refrigerant reservoir 16f of
the front-side inner wall member 16 from the inlet port 61 and thereafter,
branched into three paths 16a through 16¢. The refrigerant passing
through the upper-stage path 16a on the right side is flown into the upper-
stage electrode plate 12R, a part of the refrigerant is flown directly
backward while the remaining part of the refrigerant is flown into the
upper-stage path 14a of the front-side block and thereafter branched into
the upper-stage refrigerant paths 10c¢ of the respective electrode plates 11,
12M and flown backward. The refrigerant passing through the middle-
stage path 16b on the left side 1s flown into the refrigerant path 12b of the
left-end electrode plate 121, a part of the refrigerant is flown directly



and rear ends of the upper-stage refrigerant path 12a, and the left and
right 38 path parts 14f of the | ower-stage path 1.4c are connected to the
nei ghbor hoods of the front and rear ends of the | ower-stage refrigerant
path 12c. The front and rear end parts of the respective refrigerant paths
12a, 12c are connected to the refrigerant reservoirs 16f through the paths
16a, 16c on the right-side parts of thesfront and rear inner wall menbers
16, respectively. [0088] As shown in FIG 7, the electrode nodule 10 is
provi ded at an upper surface of the front-side inner wall nenber 16 with a

refrigera”backﬁbﬁﬂvﬂﬁk§&ﬁ%ﬁ%%ﬂﬂ?&%?gmkﬂﬁkg%e G5 &rafE [ PNbwhERES ¥ 16 A

refrigerant supply tube 6a ext romt e“refrigerant supp y source 6
i s connect edddiostagegiath delibant therﬂrentupm}et blé ck.andnthehen fotriteanblasd intbhe

el ectrode duI O is provi t an upper surfa f the rear- S|de i nner
wal | rrenbeF e g [%nS@aPéxaithsgggg tharpscopyetclegyo ﬁfﬁé@% éd, {4M pad

from thi o Devfir B3 Epbrbor g tebirBF RN ol RFIEIEhe P iatEet Baft 165 rom
the suppl yofiaHé efsth sidd & £1Bgnt 16 tha b wet Qt%%@rxéfﬂiéé/rah?F%V%c batide

refrigerant reservoir 16f of the front-side inner wall member 16 fromthe
inl et portllght“@nd alpelreds phate 1m,@pmmﬁtheaeﬁtgeaenpmﬂewneamcrﬂ:}ough 16¢C.

Th f through th th,16 ht sid
T oun ¢ ReSRb AR BB et Rt B ARG B P oR TR Gy e | O™ SO
refrigerantoy,g. Magma@m%tdfytheq?&mrd@ BBtk Snlifief & rrHrQH & Int@ the

refrigerant is fl into the upper-stage path 14a o the ront - si de bl ock
and t her eaftteelo vixrastape defrigayant pathspiiler o Stlegespettivgeleantodpatlaes!IQc of the

respect i ve gl pet fode pliatpe 13, o, 12M and 1o backard. \The el gerant
11, 12 can entirely be cooled (temperature adjustment).
[0090]

The refrigerant reached to the rear end parts of the refrigerant paths
10¢ through [0e of the respective electrode plates 11, 12M are passed
through the rear side block paths 14a through 14c, and then converged to
the rear end parts of the refrigerant paths 12a through 12c¢ of the electrode
plates 121, 12R. Then, the refrigerant is passed through the rear side
inner wall paths 16a through 16¢, and then reserved in the rear-side
refrigerant reservoir 161. Thereafter, the refrigerant discharged from the

j outlet port 62 via the tube 6b.
[0091]

In case a workpiece W having a large width in the left and right
directions is to be processed, the module unit 1X and thus, the electrode
module 10 may be additionally jointed. Owing to this arrangement, the
number of the side-by-side arrangements of the electrode plates 11, 12 and
the electrode-to-electrode slits 10a can easily be increased and thus, the
slit group 100 can easily be elongated. In case a workpiece W having a
small width in the left and right directions is to be processed, the module

units 1X and thus, the electrode modules 10 are partly withdrawn. Owing



stage path I6b on the left side is flowm into the refrigerant path 12b of
the left-end electrode plate 12L, a part of the refrigerant is flown
directly 39 backward while the renmaining part of the refrigerant is flown
into the mddle-stage path 14b of the front-side block and thereafter
branched into the mddl e-stage paths | Gd of the respective el ectrode
plates 11, 12M and flown backward. Theqgefrigerant passing through the

| ower -stage path 16¢c on the right side is flown into the | ower stage
refrigerant path 12c of the right-end electrode plate 12R, a part of the

refrigerant, t!ﬁsfah% emérﬁcmeynuxpﬁe#%&fhémyls?dé B ahSOMERINGL fRr t of the

refrigerant Is fl o ower -stage path 14c”of the front-side block
and t her eatkeetrodegratesd li,nt2oand tiee tlestodstiageecrbdde ghtsahla pan kasilPe of the
respective fl own_ _backwar d. g.to this

ar r angenenb¢® r?f‘i‘éceé\d @é‘g L}SEPZ% llllbggozqhﬁ?ogfaﬁa?ﬁlsﬂﬁ ersélajii%’é’ I"Véﬂg to
(tenperat “f]}ﬁs Qgﬂfaﬁ %H:Fe%)the[%qgggki% c{]rﬁéﬁégc%e\ﬁvggénopggﬁ??%e Qet e rear end

parts of the refr geran’t pa respectlve el ectrode
plates 11,[@&M]are passed through the rear side block paths 14a through
14c, and t hen converged to the rear end f)arts of the refrigerant paths 12a
t hrough 12¢ of Imtheeivee elastodepnadedes b0, 10 aiactniem thereftratd right ant i s

dth h.th d th 6 h dth
Peserved | (IERISTS thE Spadsiipl kel BB VR R Tt rf%*ﬁéﬂ#%ﬁf W5 the |
refri ger ang, odussh a0 gpd Cfaﬁqmﬁl?eoe Qb'rtnllt%te@%hﬁ &)gn[‘ﬁn%dt fﬂ:ﬂﬁ [0091] In

case a workpi ece W hav rge wid in the rlgt dlrections
is to be pcrdaeggaiadnckhessrmaimlléftﬁmk) ha(vmgjapkmtsudameowflgntatmdeto thedul e 10

o1 do- by~ i QRCRFFORFrEE kG Bk | ehddPEsdavBIEE sCcersed ponbigurai
el ectrode-{Qz gLEL artl‘h% opdrafitntdd £89 beakdeedifly Nereased and thus, the
Since the end-electrode plate 121, 12R have the enlarged-thickness
parts 12f, 12k, respectively, the refrigerant paths 12a through 12¢ can be
formed in those enlarged-thickness parts 12f, 12k, respectively and thus,
the refrigerant paths can casily be obtained.
[0093]
The electrode plates 11, 12 can be made as thick as possible by
setting the working distance and the effective processing width as large as
possible and thus, making the pitch P as large as possible. Owing to this
arrangement, the refrigerant paths 10a through 10c¢ can easily be formed.
[0094]
FIG. 15 shows a modified embodiment of the second embodiment.
As shown in FIG. 15(b), in this modified embodiment, a combined
electrode plate 12X formed by two electrode modules 10 adjacent in the
left and right directions 1s divided into four partial electrode plates 12p
(that is, a plurality of plate-like partial electrode members) in the up and
down directions. Each partial electrode plate 12p has the same thickness
in the left and right directions as the other electrode plates 11, 12M and

has a prismatic configuration extending in the back and forth directions



slit group 100 can easily be elongated. In case a workpi ece Whaving a
small width in the left and right directions is to be processed, the nodul e
units I X and thus, the el ectrode nodules 10 are partly w thdrawn. Ow ng 40
to this arrangenent, the nunber of side-by-side arrangenents of the

el ectrode plates 11, 12 and the el ectrode-to-electrode slits 10a can easily
be reduced and thus, the slit group 1004fan easily be shortened. Onng to
this arrangenent, the size of the workpiece Wcan flexibly be nmet. [0092]
In the two el ectrode nodul es 10, 10 adjacent in the left and right

di rections;,ikf ' 7 : t afrfdhe gl,ecdf ode
mdares 10" §5 S ERERTATE R SRRCE BT Snrnea By R g he
enl ar ged- t thasknestapalettrddt pldizk)l Apavha dirst grdbtheutied coey frgus adp are t o t he
ot her reduced-thjckness part 12h (12 havi ng a recessed confjguration.

The separ adftaghashier theirsahica ﬁﬂ%@fﬂbgé@ﬁe‘?i@%ﬁq%ﬁo@i medulg 0 dhercbyect r ode

Phe refri oS piEHbe Tult i OagRt P8 HIER R Rafr ditonidi RisehBRect  vel v
enl ar ged- t hiekie39, R e 3ddondlakd f6OTReSes ek taBKed fithe Idfhendqfari ger ant

paths can easily be obtained. [0093] The el ectrode plates 11, 12 can be
made as thofkheagghbssichtlectsgde sedulng & thereloy konsgfitdiisgahede fnend he

ef fective processi i dt h | arge.as , possi bl e d, t hys, king the pitch
5 o) ar geblactipaesigieel Flont Bie g PRidS el PRRbanaaR Hhe THorBRGnt pat hs
10a t hroug I I I " ified
enbodi ment&(l) Wﬁ%@?&gﬁﬁ%ﬁ%@@%‘%ﬁ o&dcg%acﬁﬁgléﬁe%?@@lﬁm S

modi fi ed ebdpdi¢rechneaed soithaedd vedléefscedd (pl @it ¢f th2X drosspedhdinyg t wo

el ectrode npdul es 10 adjacent in the |eft and right directions is divided
into four %J&pﬁrpﬁfs 1@@%%3@@}51 sa0r{og by them.

[0095]

The first stage and third stage partial electrode plates 12p, 12p
attached to the left-side electrode module 10 and the second stage and
fourth stage partial electrode plates 12p, 12p attached to the right-side
electrode module 10 are engaged with each other, thereby constituting a
single combmed electrode plate 12X.

[0096]

According to the modified embodiment of FIG. 15, there 1s no need
of forming the recessed part nor the protruded part on the end-clectrode
plates 121, 12R, manufacture can be done very easily and plane accuracy
can also be obtained easily. Owing to those features, the end-electrode
plates 121, 12R can reliably be surface contacted with the solid dielectric
plate 13. Moreover, the partial electrode plates 12p constituting the end-
electrode plates 121, 12R are same in thickness as the other ¢lectrode
plates 11, 12M and thicker than the enlarged-thickness parts 121, 12k of
the second embodiment, and they have no reduced-thickness parts 12g,
12h. Accordingly, sufficient rigidity can be obtained and bending can be
restrained. Owing to those features, it can reliably be prevented that gaps

are formed between the respective end-electrode plates 121, 2R and the



(that is, a plurality of plate-like partial electrode nenbers) in the up
and down directions. Each partial electrode plate 12p has the sane
thickness in the left and right directions as the other el ectrode plates
11, 12M and has a prismatic configuration extending in the back and forth
directions 41 intersecting with the paper surface of FIG 15. As shown in
FIG 15(a), of those partial electrodeyplates 12p, the first and the third
ones fromtop are attached to the right end part of the |eft-side

el ectrode nodule 10 thereby constituting the right-end electrode plate 12R

of the |eft,5d decleb@R! pRAES maﬁgye(ti%Herewdﬁgﬂgrés%f}%dst%% eﬁlayngafbaﬁnes are

attached to the left-€end part e right-side electro nodul e 10

t her eby cohstobtainedg Mbeedwet | thendit goapt ifdearptdiably e lofldtdiea ri ght - si de

el ectrode rmdu*.e 10, Though not shown in detail, the |ongitudinal tw ends
of each pafR§aHC prish: swsaedighgconneshormartbeatvaarethet lsft and Bt val | s (see

(0005 TheeFEFofeapEaRRIN Bna R RRARES oXFHY SR PhLaBtiF SpA 8% 0y " 120

attached tmdrbenhefitedi de el ectrode nodule 10 and the second stage and
fourth stage partial electrode plates 12p, 125 attached to the right-side
el ect rode nodul Moreowste thagaged alpetiodaplatos hép conistitusiyg tenend+ uting a

si ngl e conbi ned el ectr l\afe 12X, ..[ 0096 ccording to the dified
enbodi nen?glgisgﬁfleip‘fﬂtg,sqgﬁeﬂgﬁ §aR 62 g’e ) n’é@’r‘sﬁ‘i‘rﬁ’&’ ﬁ?ﬁen%’@&ggd part nor
the protrugedepdnl stéps i B GL&SL £Rdehe PARE RDntRuraddit Hgf&“é fdi e can
be done very easi ci/%z;pnd p}I ane accuracy Ez:an] al sg ﬁ%‘r% taicralle ez@jﬁl y. OmM ng
to those featashemd ehayepaliial ebdotodte platal 2p. 1T2kingd BRiluese fieahirabl thebe
surface cont a(i%%d Wit h bhe sgl i.d dielectric plate 13. Mreover, the

partial el @EPHPILOST SpRCIBAdE IHSRH Yy the end- el ectrode plates 12L,
12R are salrm)9i7|]| t hi ckness as the other el ectrode

A refrigerant path 10f (temperature adjusting path) is formed in
each partial electrode plate 12p. Though not shown in detail, those
refrigerant paths 10f are connected to the refrigerant reservoirs 16f (see
FIG. 9), respectively. The refrigerant paths 10c, 10d, 10e of those
electrode plates 11, 12M other than the end-electrode plates 121, 12R are
connected to the refrigerant reservoirs 16f without through the refrigerant
paths 10f, respectively.

[0098]

FIG. 16 shows the third embodiment of the present invention. The
third embodiment is a modified embodiment of the first embodiment
(FIGS. T and 2) relating to a fundamental construction of the present
invention,

In the third embodiment, the casing 19 of the processing head 1 is
extended leftward and rightward and the respective electrode plates 11, 12
within the casing 19 are arranged in side-by-side relation in a direction
orthogonal to the left and right directions, i.e., moving direction of the
workpiece W, as in the first embodiment.

[0099]



plates 11, 12M and thicker than the enl arged-thickness parts 12f, 12k of
the second enbodi nent, and they have no reduced-thickness parts 12g, 12h.
Accordingly, sufficient rigidity can be obtained and bendi ng can be
restrained. OMng to those features, it can reliably be prevented that gaps
are formed between the respective end-el ectrode plates 121, 12R and the 42
solid dielectric plates 13 applied thergto. As a result, a stable plasm
can be obtained. Moreover, the slit group 100 can reliably be held at a
specific pitch even at the connection part between the left and right

el ect r ode: modul em, 4 odied HAAI' Af fHd il oBB dAHERAGES RIQERRR Plggan be  more

enhanced. Moreover, the partial electrode plates p constituting the end-
el ectrode pRatresldted at 2R aayie ed i (0y<be /Panukabtreseett to tkeinsnbebyef

processi ng steps can be reduced and_.the same configuratjon can _be applied
to each analcf?vﬂé‘l"@/“%}&gtcﬁé@t&@@t‘ﬁogéﬂ" 1igh idg tzéxrem%uvék@ Kodle figsl ures, the
menber cos : ' | 0 fi pi g : f

(¢ enper at uraRRTERET 1B ESRIIRE L a W F12) RO LREREPed oy ac e

12p. Thougkhdeioshe\tirdchiotiatbatck andnRseh direttibger F¥thePRbASHidES Var e connect ed

to the refrigerant reservoirs 16f (see FIG 9), respectively. The
ref ri ger anAogatrheglhodhe xodending dfeativosef thel electrode-tpraleeisoda slit 20k ot her

than the endheherkreds. Bhales: 1k /2R Apy AOMEEtad de hefer 11 ger ant
[o0se] . SqribuehomuL oics SatmETi-ebnimpas A pyenidon. TS
and 2) rel aleictr@deq:)latefsmnkjalr?eathdithe:elestmdetﬁoedeo&‘odbelipri@aelme sldmeént i on.
| rightward with respect to the front direction (above in FIG. 16), they may

be slanted leftward.

[0100]

As indicated by the one-dot chain line of FIG. 16, the front end part

(upper end in FIG. 16) of a certain electrode-to~-electrode slit 10a and the

rear end part (lower end in FIG. 16) of the electrode-to-electrode adjacent

mmmediately thereto are located on the same linear line along the moving

directions, 1.e., back and forth directions, of the workpiece W. In other

words, the position in the left and right directions of the front end part of

the above-mentioned certain electrode-to-electrode slit 10a and the

position 1 the left and right directions of the rear end part of the

electrode-to-electrode slit 10a adjacent thereto are aligned. Accordingly,

in the plasma processing apparatus M1 of the third embodiment, the slit

group 100 satisfies the following expression,

[.xcosO@=(t+d)=cosech (D

Wherein L represents the length of the electrode-to-electrode shit 10a, t,

the thickness of the electrode plates 11, 12 (interval between the adjacent

electrode-to-electrode slits) and d, the width of the electrode-to-clectrode

slit 10a (interval between the adjacent electrode plates 11, 12),

respectively.



In the third enbodi nent, the casing 19 of the processing head | is
extended leftward and rightward and the respective electrode plates 11, 12
within the casing 19 are arranged in side-by-side relation in a direction
orthogonal to the left and right directions, i.e., noving direction of the
wor kpiece W as in the first enbodinent. [0099] 43 On the other hand, in
the third enbodi nent, the electrode plaggs 11, 12 are slanted at an angle
of 0 (0O < (it / 2)) with respect to their side-by- side arranging
directions, i.e., left and right directions unlike in the first
enbodinent{oﬂ@gy are slanted at an angle of ((it / 2) - 0) with respect to
the noving direction (back and forth directions) of the workpi ece W
Accordingly, thalthaaghdionghdivreatslariled flove re¢teitatoste plae @BaqkeodeGsl it 10a

is also slant at, an angle of ((it./_2). - 8) wth respect. to the noving
direction §$ 0? g‘é‘f ﬂ@ﬁﬁkm%&é@aﬁm modnde 2Ridispesasoen thauppen 3ide wdlthe ne

el ectrode r. -to-electrode slit 10a are slanted
ri ghtward %e?h%?!gilégggl?et g@?%éﬂﬁrsg%rﬁggilﬁgﬁﬁc Wftﬁbti}sgﬁier%lﬁedo"m), t hey may
be sl ant edelegtriodarsdic 10AIHM stfgighfgi GiRetdWtd AR @d]‘?e%ﬁincﬁﬁ@'e[bdtfd&-o‘c FI G
16, the front end part (upper end in FIG 16) of a certain

el ect r ode- toekictsidecdy ISla evathe andire hengthaherarfd part (I ower end in FIG
16) of the 6:4 trode-to-el ectrode adjacent inmediately thereto are | ocated
on the san% ear line along the noving directions, i.e., back and forth

directions, of {hghWBIRI-Afheld ﬁ%%tio‘ﬁpilﬁjéphégt}gabt%ﬁiﬁﬂo%@séiﬂ the left

and right directions of the front end part 0o ove-nent on%d certain
el ect r ode- gas Bl guhyediensd the MakprdetWe Sipositinarusiy, theevbigiceantV s ght

di rections of tgje [ ear ?nglé aril of the electrode-to-electrode slit 10a
adj acent tWoreddagkaangd fyHagy the dpewnggmgchanism fe At thatdinge Rasbaindg

apparat us M 0f, LiREoF Bld & ofIBRAE BN s14M5i8L Whoved across the area

immediately under the electrode-to-electrode slit 10a and the area
immediately under the electrode plates 11, 12. Owing to this arrangement,
an exposing amount of the plasma gas can be equalized. Moreover, since
the end parts on the reverse side in the back and forth directions of the
adjacent electrode-to-electrode slits 10a are located on the same linear line
in the back and forth, when the workpiece W is passed once, the exposing
amount of the plasma gas can be equalized at each and every point on the
workpiece W. Owing to this arrangement, the surface processing can
reliably be conducted over the entire workpiece W and striped non-
uniformity can reliably be prevented from occurring. Especially, under
the circumstance of generally normal pressure, striped irregularity tends to
occur because gas 1s hardly dispersed. The above-mentioned-arrangement
can effectively prevent such an occurrence of irregularity.

The respective electrode plates 11, 12 can reliably be shortened
irrespective of the size of the workpiece W as in the first embodiment.
[0103]

Two electrode-to-electrode slits 10a, 10a whose end parts on the

reverse side In the back and forth directions are to be aligned on the same



group 100 satisfies the follow ng expression; L x cos 0 = (t + d) x cosec O
(1) Wherein L represents the length of the electrode-to-el ectrode slit

10a, t, the thickness of the electrode plates 11, 12 (interval between the
adj acent electrode-to-electrode slits) and d, the width of the

el ectrode-to-electrode slit iGa (interval between the adjacent el ectrode
plates 11, 12), respectively. 44 [0101ksAl though not shown, a slit-like
flowrectification plate 23a (see FIG 2) of the flow rectification nodule
20 di sposed on the upper side of the electrode nodule 10 is also slanted

in match wihBat hgefﬂieﬁf f%%éé@an&!f&%fﬂcﬂ&%t Ifstalré(?l%igimitéﬂ [kl y connect ed
to the corresponding el ectrode- to-electrode slit a over the entire

| engt h t hemdoth af® A0t mdjdeenabovie caehtotiare dTeonsiayulss hinangete pl asmati zed
processing ,gas is sprayed ontqo the workpiece W Sinultaneously, the

wor kpi ece PitPEhately e wa IscH Atk edeqtrodsrte ede crendengitie b s i 15 29@d t hat

or kpi ece HISCHRER <60 . Aagiredi ”
the.ar a1 s SRR ABbp Dlod ARG ABE BERaNhE eSp BT SRR 21 pe®
area | mregbaigld byndeierd inglAE kbode. katiecd bipddsigh{ng to this

arrangenment, an eXposi ng anbunt of the plasma gas can be equali zed.
Mor eover, sincelxtdos @rdnpafts dyr< theea@verse side in the.bébk and forth

O oot e EELt S0 et SRyl o Bfs et od on
once, e BERS BRI BL 3R, soam aes o be equal zed st cach and
processi ng[&HH] reliably be conducted over the entire workpiece Wand
B penral 1o undBlS! T Sows the Eledtiode modute 1T Wwhere n 2™ 3¢ SatistietPin

the above-mentioned expression (2). In this electrode module 10, the

respective electrode plates 11, 12 and thus, the electrode-to-electrode slits

10a are more slanted than those in FIG. 16. The front end part of a certain

electrode-to-electrode slit 10a and the rear end part of the electrode-to-

electrode slit 10a which is adjacent thereto at one interval (i.e., the shit

next to the adjacent slit} are aligned on the same linear line L1 1 the back

and forth directions.

[0105]

As shown in FIG. 18, even if the respective electrode plates 11, 12
are orthogonal to the side-by-side arranging direction and the construction
of the electrode module itself is same as the one in FIG. 1, the electrode
plates 11, 12 and thus, the electrode-to-electrode slit 10a can be slanted by
diagonally arranging the entirety.

[0106]

In FIG. 18, the entire processing head 1 is slanted by an angle 8° (=
(n/2) —8)in the clockwise direction in a plan view. Owing to this
arrangement, the longitudinal direction of the electrode module 10 1s
slanted by the angle 8° with respect to the left and right direction. Also,

the electrode plates 11, 12 and thus, the electrode-to-electrode slit 10a are



the circunstance of generally normal pressure, striped irregularity tends
to occur because gas is hardly dispersed. The above-nenti oned-arrangenent
can effectively prevent such an occurrence of irregularity. The respective
el ectrode plates 11, 12 can reliably be shortened irrespective of the size
of the workpiece Was in the first enbodinment. [0103] Two

el ectrode-to-electrode slits 10a, 10a wwse end parts on the reverse side
in the back and forth directions are to be aligned on the sane 45 |inear
line L 1in the back and forth directions are not limted to those which
are directsnad] bpeht ansldoeadth @kpet tohedbaTRankef R aiRgedondliteer natel y or
every several electrode-to-electrode slits. That is, it is good enough if
the slit gﬂmypngobres:@nns@ﬁ@@ whiekifiot¢ dWi ridheebipnessd partwHi cbeltsin obt ai ned by

dosec o - OReledfie RIBEROG SRETPa S0R B 3hAF s dbire e Siserodigla 10 Al
16 (those aLaoaRlslit!9a8 ﬁe&fa?ﬁ%/ Vﬁaééﬁﬁ%?&té n?ftheo glt ggoictr%ont%gm‘” FIG

17 shows the el ectrode = I's satl
above- nment lozaét eumhesamrin(a’ék hirdenL 1 hh sheback naddonbddik €ctidhs. t ethe
respective el ectrode ates 11, 12 and_thus, the el ectrode-to-el ectrode

slits 10a31§P¥50F3f6r*80@ n}((bélfﬁlngn I8ntheefallowing extgesspg, rihael 1end part of a

certain d the rear end part of the
el ectrode %@ﬁ%&‘i’ﬁ 10 ﬁ}e{sgﬁ%‘ (Siv?/hl C#Qi”‘sf?e dj acent thereto at one interval
(i.e., the slitL me@gg (;tcr;};hqa’a)ol#aﬁen(tt sH ) sian@ ,agl-ggeﬁ on the same |inear

I|ne LI in the back and forth directions. [0105] As shown in FIG 18, even
if the respectl(/%) el ectrode plates 11, 12 are orthogonal to the

si de-by-si 19 A A8Y %' onigthg'erx%%és?gn ??jjartehs?axﬁg ralisst(fe ﬁateld n the expresswn (2).
In case of the electrode module 10 of FIG. 18, n= 1. Of course, the
electrode module 10 may be slanted such that n becomes an integer of 2 or
larger. The electrode module 10 may be slanted in the counterclockwise
direction instead of the clockwise direction in a plan view.

[0107]

Also in the slanting construction as shown in FIGS. 16 through 18,
a multi-stage of the slit groups 100 may be arranged on the front and rear
sides.

For example, a processing head shown in FIG. 19 includes two
electrode modules arranged on the front and rear sides and two stages of
slit groups arranged on the front and rear sides. The casing 19 of each
electrode module 10 is extended in the left and right directions orthogonal
to the workpiece moving direction and electrode plates 11, 12 are arranged
mn side-by-side relation leftward and rightward within the casing 19 as in
the one shown in FIG. 16. Those electrode plates 11, 12 and thus, the
electrode-to-electrode slits 10a are slanted at a predetermined angle 6 with
respect to the side-by-side arranging directions in the left and right
directtons. The corresponding slits 10a of the electrode modules 10

arranged on the front and rear sides are deviated by a half pitch in the left



of the electrode nodule itself is sanme as the one in FIG 1, the el ectrode
plates 11, 12 and thus, the electrode-to-electrode slit 10a can be slanted
by diagonally arranging the entirety. [0106] In FIG 18, the entire
processing head 1 is slanted by an angle 0° (it / 2) - 0) in the clockw se
direction in a plan view Owning to this arrangenent, the |ongitudi nal
direction of the electrode nodule 10 isgyslanted by the angle 0' with
respect to the left and right direction. Also, the electrode plates 11, 12
and thus, the electrode-to-electrode slit 10a are 46 slanted by the angle

0" with regpgels HtQilPéb%ol?l?r On}?cﬁ%nﬁ( H&B@%d% ez?‘g'a?@ﬁ)w be&ifica @Y Jﬂﬂlu% rection

of the workpi ece part a-certain electro to-el ectrode
slit 10a aRd is mestaled oartie papler ofdet blbe:ﬁﬂeelliebﬁ@detmad@leetﬂ rode slit 10a

i edi at el y adj Eg% thereto in the rjght direction are, |ocated on the
same linear lin . ilH, aeowgle thame ! maton angleStissstto ba ayalueel ect r ode

nodul e 10 e S i ch equi val ent to the
expr essi onw&@%t&g@% %hgfqgggggi%ggz %Q gsgn aSeer\'E (t I+Osfcf >C<I sin (7c /12-0")
(3) L, t, éxgrdsidng))Hentxrbessi @ (ﬁmeawmcaﬁgmxs@@sc}?f»wsﬂtﬂdﬂ the
expression (2). In case of the electrode nodule 10 of FIG 18, n =1. O

cour se, th@xpl@lsé@ulr@de nodul e 10 may be sl anted such that n becones an
i nteger of 2 or The, el ectr ode S(rIDduI e 10 may .be slanted in the

count er cl ockwi séccalcﬁﬂgttPéHchﬁstt"\éoaatacgle URE GERG et r 2EE3Sh in a pl an
view. [O0L0gloctksioldht fiecsh@itibddn GARBLL gﬁ}fo%b?éd S| MG ERer 16 through

i -stag groups e arranged on t & front and
rear SI detfhe espeatvanpleetrode priaesddi, g dmﬂbleﬂlimi@mmﬂll&l fa si28. i ncl udes two
| [0108]
FIG. 20 shows another embodiment in which the slanting electrode
module 10 of FIG. 18 1s formed in a multi-stage construction. A
processing head of this embodiment includes two slanting electrode
modules 10, which modules 10 are same as those of FIG. 18, arranged on
the front and rear sides. The longitudinal direction of-each module 10 is
extended in a direction at an angle 8° with respect to the left and right
directions. The electrode plates 11, 12 and thus, the electrode-to-electrode
slits 10a are arranged in side-by-side relation in the longitudinal direction
of the electrode module 10 and directed in a direction orthogonal to the
} longitudinal direction of the electrode module 10, i.e., direction forming
the angle 6° with respect to the moving directions of the workpiece W.
Although the electrode modules 10 arranged on the front and rear
sides are shightly deviated m the left and right directions, they may be
arranged in a non-deviating manner.
[0109]
Fig. 21 shows still another embodiment in which the apparatus of
the second embodiment (FIGS. 5 through 14) are formed in a slanting

construction.



el ectrode nodul es arranged on the front and rear sides and two stages of
slit groups arranged on the front and rear sides. The casing 19 of each

el ectrode nodule 10 is extended in the left and right directions orthogonal
to the workpiece noving direction and el ectrode plates 11, 12 are arranged
in side-by-side relation leftward and rightward within the casing 19 as in
the one shown in FIG 16. Those electroglg plates 11, 12 and thus, the

el ectrode-to-electrode slits | Oa are slanted at a predeterm ned angle O
with respect to the side-by-side arranging directions in the left and

right directi OASpro'E@siﬁnge%ppﬂQédiﬂiﬁé kd thid Qaniddihhg Rlopsprigde, modul es 10
arranged on the front and rear sides are deviated by a half pitch in the

left 47 akudgeingmbadi ofedeconde niddulgh 10datearhBywrarraggdsinfdiderbyesidief i cati on
nodule 20 i,s.installed on th&% er si.de of. each._el ectrode dule 10. In

FIG 19, altAUQLAL WS STHgTs om ot gnd rgay sidess The o gtages o slijhi ch
et . ngre [o0E , .
05 ST £° RSy RIPaTaRfed Oh chb Tbne dnd SR B Puispiby @l s SXPT ES) O1

Accordi ng acasgeineat.t Whe ehage psded¥simgheah $tik wednted bysdif hagle 0 'pihohessi ng
can be conducted in a nore uniform zed manner. Mreover, the respective
el ect rode plogkudsadiregbog an ajangdews nfi@misg tpahisiareangguoaesthesde- 20 shows

anot e erhod ettt LASOSHESRERIEy PR S0k Bl
i ncludes tagulslARVItRGe Qe b Ok leRAH!resht1Bre MUBH dTRAHLES otthdddhatane as
t hose of FlI 18, arranged on the front and rear sides. The | ongitudinal
di rection tftheavhvimgndirections ef thexwenkiptcerVa. dilrcertspectiat ehovtantgl e 0' with
{hue, t he RIEG: 5o ShaiibElruatle SOME Thandrbtar hsigeectv s e Wit st de
relation igtNg JRNGoLPA MR tBSELRAY to the side-by-side arranging
directions and therefore, slanted in a direction forming the angle 6” with
respect to the back and forth directions, i.e., moving directions of the
workpiece W,
[0110]
This inclination angle 8 is set such that the following expression
which 1s equivalent to the previously-mentioned expressions (2) and (3) is
satisfied;
o =tan' (nxP/Ly (5)
In the above expression (5), P represents a pitch (for example, P =
12 mm) between the electrode plates 11, 12 and the electrode-to-electrode
slits 10a, L, the length (for example, L = 300 mm) of the electrode-to-
electrode slits 10a and n, an integer of | or larger, respectively. In the
apparatus of FIG. 21, n = 1. Owing to this arrangement, in the two
electrode slits 10a adjacent in the left and right directions, the front end
part of the left-side electrode slit 10a and the rear end part of the right-side
electrode shit 10a are located on the same linear line L along the moving
directions of the workpiece W in the back and forth direction.
[O111]



of the electrode nodule 10 and directed in a direction orthogonal to the

| ongi tudinal direction of the electrode nodule 10, i.e., direction formng
the angle 0' with respect to the noving directions of the workpiece W

Al t hough the el ectrode nodul es 10 arranged on the front and rear sides are
slightly deviated in the left and right directions, they may be arranged
in a non-deviating manner. [0109] Fig. 2% shows still another enbodi nent in
whi ch the apparatus of the second enbodinment (FIGS. 5 through 14) are
formed in a slanting construction. 48 A processing head 1 according to

this enbodi ment Mddinrdlsgr shdeafigeonsihisionbreheeldpaRicmadugs14Gs [ ateral Iy
arranged in side-by-side relation in tw stages on the front and rear

by r .
si des. The SeRs axthgbsf die s¢dand gmbogsmeo0starwangdtd (dh G Heofigbrkt3, dhel r ear
sides are constituted t hi rangement. The entire processing head | is
sl anted by eBﬂ"-’Aﬁ@‘FﬁW%ﬁSéh@ RN Reccons Bt dan the églﬁi'ledﬁaml%li/\ﬁs Oni ng to
this arrangg ' [Wa T-E R 0 VAT I i | 1; [ f: 1 el gctrode
nodul es 109a@§10$§§g%g%%m%ﬁg ehg,%%ﬁ%ﬁg@ﬂp@gﬁf{tgﬂtﬁ H@ 1%?&3?1% ri ght
di rect i ons ufsdeaceof ttomsnoatbagiinglto the sédumdemibodiiche cilditfgdf thehe

wor kpi ece W . Tkﬁ%r espectiye electyode plates 11, 12 of each el ectrode
nodul e 10 tsidfs Stagr @ndetbsaearvidesytnge anpdevigted hytn kalf piighddp2 100 ar e
ort hogonal L4 by- S I ing. directions and therefor sl ant ed
inadir eclt.}lié(;inetfﬁ]%}cml gltt Yrg%g(églﬁg{hﬁ‘ﬂ%b{éﬁquégbo cpte_CnganeY, hqERed, trth

di recti onsindlirationtaile®’ dhapokisensudh tdig >WorkpitRER AW the bXQkesHih s

inclination angle 0" is set such that the foll ow ng expression which is
equi val ent (b Theeclgcawidsusbyutesnt( orsdbexbmesdints ¢@yn@ndotByviss
satistied gioction instead of clockwise direction in a plan view.

[0112] "

In the embodiments so far described, the processing head 1 is fixed
to the support base and non-movable. However, it is also accepted that the
processing head 1 1s relatively swung in a direction intersecting with the
moving directions of the workpiece W.

That 1s, in the fourth embodiment shown in FIG. 22, a processing
head 1 composed of a single stage of module units 1X arranged in side-by-
side relation in the left and right directions are slidably supported on a
support base (not shown) in the left and right directions. A swing
mechanism 8 is connected to this processing head 1. The swing
mechanism 8 comprises, for example, a reciprocal actuator, a turnable
actuator, a converting mechanism for converting the turning motion into a
reciprocal motion, and the like, and is capable of swinging the entire
processing head 1 in the left and right directions. At the time of plasma
processing, the workpiece W is moved back and forth by the moving
mechanism 4 and the processing head 1 is swung in the left and right
directions (direction orthogonal to the moving direction of the workpiece
W}. In the meantime, the processing gas is plasmatized and sprayed onto

the workpiece W. Owing to this arrangement, even if the extending



0'=tan-'(nxP/L) ..... (5) In the above expression (5), P represents a pitch
(for exanple, P = 12 nm between the electrode plates 11, 12 and the

el ectrode-to-electrode slits 10a, L, the length (for exanple, L = 300 nmm
of the electrode-to- electrode slits 10a and n, an integer of | or |arger,
respectively. In the apparatus of FIG 21, n = 1. OMng to this
arrangenent, in the two electrode slitsgl Oa adjacent in the |eft and
right directions, the front end part of the left-side electrode slit 10a
and the rear end part of the right-side electrode slit 10a are |ocated on
the same | jieafiohiotehb rédiRReiveGit sy i Barafiie] G a{bﬁnﬂiviﬁg%i_n\&'&%ws%@e Win
the back and forth direction. [0111] 4 Al t hough the specific construction
of the el etha woekpwdal\W, $0ipcl samamfornngt obprodesssaromd benvedemedt shown

in FIGS. 6,.through 13, the .end-.el e%trode plates 121, 12R may, be
const r uct e G OFRRITEHAD gy of ihe s fRBRIPTOEESBYoeRNt Reshbapcethe second
enbodi nent (¢ in FIG 15 instead of the one according to the second

enbodi nent .~ Al't‘hough the front-side stage and the rear-side stage are
deviated by a h@ht sphihghg fnplithde chiid B thapd i edchdiniaatd RNgor t hi s
deviation is not necessarily required. The inclination angle 0' may be set
such that example,d/daxfithe pelghihbeneeex frecslsctinde (piptes el dicedeetvodenodul es

10 may be sl ant i n.the.counterclackw se direction,instead gf clockw se
di'rection reRepods ETo8TBISI R A% s Enati fEMENAS N HF8GTY, be. 't he
processindopeadzdd iba rhuigdlarber i PUPROVIW 3FPoANIMANERKAY) fd However
it is also accepted that the  processing head is relatively swng in a
di recti on acuederstionidepelirahonhd)vwing itoghidiareartgeonsntpth¢ keipwal kpaece W That

is, inthe fourth errbopli.rrgpt shown. in FIG 22, a processing head 1
conposed ofMHOUPHy c@ngeligRly,pe P@ithits I X arranged in side-by-

[0114]

The swinging cycle is optimized in accordance with the moving
speed of the workpiece W caused by the moving mechanism 4,
Specifically, the swinging cycle is set such that the processing head 1 is
just swung naturally (desirously plural times) during the time the
workpiece W 1s moved by a distance equal to the length portion of the slit
[0a. Owing to this arrangement, non-uniformity caused by swinging
motion itself can be prevented from occurring.

[0115]

FIG. 23 shows a modified embodiment of the fourth embodiment
equipped with the above-mentioned swing mechanism. A processing head
I of this modified embodiment comprises two stages of module units 1X
arranged n side-by-side relation in the left and right directions on the
front and rear sides. The entire module unit 1X on the front-side (upper
side in FIG. 23) stage is supported by a support base, not shown, such that
the unit 1X is slidable in the left and right directions as one unit. Also, the
entire module unit 1X on the rear-side (lower side in FIG. 23) stage is
supported by the support base such that the unit 1X is slidable in the left

and right directions as one unit but separately from the front-side stage.



side relation in the left and right directions are slidably supported on a
support base (not shown) in the left and right directions. A sw ng
mechanism 8 is connected to this processing head 1. The swing mnechanism8
conprises, for exanple, a reciprocal actuator, a turnable actuator, a
converting mechanismfor converting the turning notion into a reciprocal
nmotion, and the like, and is capable ofsgwi nging the entire processing
head 1 in the left and right directions. At the tinme of plasma processing,
t he workpi ece Wis noved back and forth by the noving nmechanism4 and the

process! N THEAf -4 B SMRONIAUABANCTX RUdnHERRL wibTeRHA0dT T ect | on
orthogonal to the noving direction of the workpiece . I'n tHe neanti ne,
t he processiavhagasn A phdshatreaesddantagpraykde onito] XtibeonnedpdeerhW On ng
to this arrangenent, even if the extending 50 directign of the respective
slits is i PCyHISWHIE Wechanwan §Bi hhoss peeng srechsmnisms 8 Auchik prue shyy

ot or m £y 81 el BB oo aBaY e RnaT sBiRkTRR R ph I T S ngi n
anpl i tude grIdkgd Yt XM IBGIANISNBadeSis Fwling X BPIcE: ald 2ight the
pitch P between the electrode plates and the el ecttode- to-el ectrode slits
| O, but adirgelidoys raspectively. niylcampiet, ublesa swites iveathianisnop8 gi8ikdrd n a range
nccel er at | CRPGEELTR A TBRY BARRYIARE ih 5 e Fiedelafen ThERbASE | ped non-

gglt T Cn)1'r ;neéy?ﬁ?éggggé @%Lgoem&%fhﬂ?éﬂﬁn%\??aé[ G[ifg)egéléxgi ng\#é Ii@%g%@e | iaused by
t he movi ngeyde hankamedis inShecifoveahlentionbd sswinpgneghayieire8 £ waig such t hat
the processi.ng head 1 is just. swung naturally (desirously plural tines)
during thethis ﬁ@‘aﬂa%m%rHamcéé%nww-ﬁﬁ&@amw Gyl tably dedtgented the | ength
portion Offrbﬁ%oéédﬁ-mg and uniformity of the surface processing can be more
enhanced.

{0116]

The present mvention is not limited to the above-mentioned
embodiments but many other embodiments can be employed.

For example, the slit group 100 is not limited to one or two stages
but it may be three or more stages. In that case, the adjacent stages are
preferably deviated in the side-by-side arranging directions of the slits 10a.
This deviation 1s preferably pitch + (number of stages). Especially, in
case the extending direction of each slit 10a is in parallel with the moving
directions of the workpiece W, the more the number of stages is increased,
the more the uniformity of processing can be enhanced. In case of
processmg where no uniformity is required, only a single stage of the slit
group 100 1s good enough even if the extending direction of each slit 10a
is 1n parallel with the moving directions of the workpiece W.

It 1s accepted that nstead of a single slit, a plurality of apertures and
short slits are arranged (extended) in a row so as to serve as “a single hole-
row”. It is also accepted that instead of the shit group 100, a plurality of

rows each consisting of the apertures and short slits are arranged in a



., _ many ot her' CaRBIET she g dgrcasa

10a. OMng to this arrangenent, non-uniformty caused by swi nging notion
itself can be prevented fromoccurring. [0115] FIG 23 shows a nodified
enbodi ment of the fourth enbodi ment equi pped with the above-nentioned

swi ng nechanism A processing head 1 of this nodified enbodi nent conprises
two stages of nmodule units 1X arranged in side-by-side relation in the
left and right directions on the frontsand rear sides. The entire nodul e
unit I X on the front-side (upper side In FIG 23) stage is supported by a
support. base, not shown, such that the unit I X is slidable in the left

and right dirteGoh ‘Pﬂt%r?c%tﬂgg‘i‘ﬂﬁiztgl)e (ﬁ'tél?diﬂ?ﬂﬁrecﬂ%{ §§a§&?ﬁ8§éﬁe%i thot&k on the

rear-side (lower side in stage i's supporte the support base
such that tdwe group”l X is slidable in the left and right directions as one
uni t but Sf(ﬂa];ﬂtely fromthe front-side stage. 51 The front-side stage
nmodul e uni t¥4*Xli s connected with a first swng nechanism 8A and the

55 Those ow po nol st etle it GTADESRRE MY lhioRy RERORE BUQR TR " =™
above- ment hen@stesvaily FRUMH BB AAHl Peatc L EnHBhFatioh Bk the

corresponding stage is swng in the left and right “directions
respect i velyy INbiespeacularrodemsai egnifigohatnos os tI8Alik8B are co-acted so that

th devi ated i i nqi . Thi di ff i f
ey e o a1 S ag op pAREe s pisse, O L[ty p s, o
the above'é@@&'b@@%éﬂe%d‘ﬁ&%&:ﬁ)ﬁm(ﬁgﬁ . ﬂ%dteQneHgie? fo?rtﬁ@QQ@(H?d‘t ’

processi ng non-uniformty can reliab e prevente rom occurring and

uni f or ni t yele¢trode nseddlzcee mbone adiaifirc drickeesmsothenbhntede mehil&ls, The
present invention.is not |im Lg%ﬁlt%;@ggdg%)ggbggg&ggggg O%rmg%g)ggg} s but
and the latter is equal in thickness to other electrode members.
[0118]
In the respective embodiments of a slanting construction shown in
FIGS. 16 and 17, although the inclination angle 0 is set such that bothn =
I and n =2 are satisfied respectively in the expression (1), it may be set
such that n = 3 or larger is satisfied. In the respective embodiments of a
slanting construction shown in FIGS. 18 through 21, although the
inclination angle 8° is set such that n = 1 is satisfied in the expression (4),
it may be set such that n = 2 or larger is satisfied. Moreover, the
inclination angle of the slanting construction is not necessarily required to
satisty the expressions (1) through (4). The inclination angle 8° may
properly be set in a range from larger than 0 degree to smaller than 90
degrees.
[0119]
In the embodiment of a swing mechanism shown in FIG. 22, it is
also accepted that the processing head 1 is fixed and the workpiece W is
swung in the left and right directions while being moved back and forth.

In that case, the swing mechanism may be assembled in the moving

mechanism. Of course, 1t is also accepted that the workpiece W is fixed



For exanple, the slit group 100 is not limted to one or two stages but it
may be three or nore stages. In that case, the adjacent stages are
preferably deviated in the side-by-side arranging directions of the slits
10a. This deviation is preferably pitch _ (nunber of stages). Especially,
in case the extending direction of each slit 10a is in parallel wth the
moving directions of the workpiece W {he nore the nunber of stages is
increased, the nore the uniformty of processing can be enhanced. In case
of processing where no uniformty is required, only a single stage of the

Shot grousnd 8% bRoqRsHAROKBD iCYRnglin'BE 1EATLARN A% diEaridonmol each SITt

10a is in paral the nmoving directions of tThe workpi ece It is
accept ed t hamng metveddaok amdsforgl.e slit, a plurality of apertures and short

slits are arran%Fd (extend{g.d) iin a row.sqg as to serve as "a single hole-
row'. It is al sbNESPEPEEE dRastiomet vabliBrtade beisidepbynpdecerangipgural ity
of rows e - Lsti.ng.:.Qf an ort sslits rranged in a
52 di rect%?etﬁﬁﬁ?g&e{ﬁgg lv(\J/ita [}ﬁj tfgog&}e%(g%ﬁgi '%8%#?‘8#“5“'8%‘3’31 0 serve as

"hol e- r owngeupled &AhLRL fEasih sediesd i Qeleo MRDRb G ctHEVT ITIN switkingcond

el ectrode nodules is not necessarily required to have a flat plate-Ilike
conf i gur atdisectien maeglsodwysihated to thiersidé-dry-ode wmranrgicgdiifegtioasi on or t he
like. It is als ccepted. that the first-end.el ectrode of the first
el ectrode nodul 131 @Woﬂ[ﬁhggg}é%ﬁn%é%ﬁa’”ég é’&‘?q‘i‘@&éﬂﬂéﬁ’ﬁ&“ i Eﬂgl{e)(i'réecond

el ectrode Jgraedldh Bes] | fhol& bR r nmbers,
respectively ané(’:l t heS g(?tﬁngﬁjﬁgé@gl @(ﬂlgéggﬁ m? a@%ﬁ@%@??%? gﬁbtﬁggﬁsgfner

and the | abhegrmag beghate dnntdre ckapessantdihuyheny deeotungdormeatiestmge[@118] I n

t he respective enbodi nents of a, sl.antjng construction_shown in FIGS. 16
and 17, al"i‘%ﬁ%%ﬁ&@%ﬂﬁ%@%@ﬁ‘&ﬁ@ IPSWHIHBE Poged s PBath n =

difference @ is, for example, ¢ = x / n wherein n is the number of stages.
However, the present invention is not limited to this. It may properly be
set in accordance with the processing conditions, etc. In case of three or
more stages, the swing mechanism connected to one of the adjacent stages
1s referred to as the “first swing mechanism” as defined in claims, and the
swing mechanism connected to the other stage is referred to as the
“second swing mechanism”. It is also accepted that the slit group (hole-
row group) of one of the adjacent stages is fixed, the workpiece W is
swung by the first swing mechanism and the slit group (hole-row group)
of the other stage is swung in such a manner as to deviate in phase with
respect to the swinging motion of the workpiece W.

The swinging operation made by the swing mechanism may also be
employed in the slanting mechanism in FIGS. 16 through 21.

[0120]

The present invention is applicable to those of the type that a
processing gas 1s jetted through groups of hole rows such as slits so as to
be applied to an object to be processed. The invention is not only
applicable to plasma surface processing but also be applicable to

electrodeless surface processing such as etching by thermal CVD, HF



| and n = 2 are satisfied respectively in the expression (1), it may be set
such that n = 3 or larger is satisfied. In the respective enbodi nents of a
sl anting construction shown in FIGS. 18 through 21, although the
inclination angle 0" is set such that n =1 is satisfied in the expression
(4), it may be set such that n = 2 or larger is satisfied. Mreover, the
inclination angle of the slanting constggction is not necessarily required
to satisfy the expressions (1) through (4). The inclination angle 0 nmay
properly be set in a range fromlarger than O degree to smaller than 90

degrees. [ AMBbABrihRiMPASBMhtike Tk SBAATLSRSROM IR G 22, it

is also accepted that the processing head Is fixed and the workpi ece W
is swung applideble ¢ tvamoeds suglace giroeedsig suviniak ashieigny vpved obalek and

forth. In .that case, t SW, ng..mechani.sm nay be enpled in the noving
mechani sm lik »%tsﬁv@e?y 4i@%ﬁ3$%é@éﬁd@ﬁowﬁ@p &%\Zfﬁogﬁan% SWP"BCCH xed 53
and the pr ' 1S [ i L. [ ecthans whil e
bei ng. movel ok T ophTi BHEEssihe, dfareFLon e bk S ess ) 08" " e
si de- by-sideecarranging directions of the slits 10a but good enough as | ong
as this directionis intersected with the npvin?,djrections of the

wor kpi ece W ThEheprergling comditiont oopragegsialesis rss Ienyad o tho generally

si de- by-si de_ar,rangi ng .di.r.ections. I.n the,enbpdi ment of a sw ng nmechani sm
shoun 1 n_ PIATSTEE R R Ray b ndeyn JEAUCabroRireSrairgiatiss) are
arranged ifTEY®P FXAYGPLE {hey may be three or nore stages and they may be
swung for each stage so that the adjacent stages are deviated in sw nging
phase. Thild}@Hdse difference cp is, for exanple, y =it / n wherein nis

fORSAGIEE N AR TR LR
etc. In casesOfc feffiofl'is not limited to the following test example.

Etching was conducted under the following conditions using the
same plasma processing apparatus for etching as in the second
embodiment (FIGS. 5 through 14).

electrode temperature: 50 degrees C

workpicce temperature: 100 degrees C

processing gas

CFy4 : 200 scem
O, : 800 scem
H,O : 15 scem

pulse frequency: 20 kHz

applying voltage: 300 V
[0122]

Then, the thickness of the residual film after processed only by
plasma gas coming through the front-stage slit groups (hole-row groups)
and the thickness of the residual film after processed in two stages on the
front and rear sides are measured over the width direction in the left and

right directions of the workpiece.



nore stages, the swi ng nechani sm connected to one of the adjacent stages

is referred to as the "first swi ng nechanisnf as defined in clains, and the
swi ng nmechani sm connected to the other stage is referred to as the "second
swi ng nmechanisnf. It is also accepted that the slit group (hole- row group)
of one of the adjacent stages is fixed, the workpiece Wis swng by the
first swng nmechanismand the slit group (hol e-row group) of the other
stage is swng in such a nmanner as to deviate in phase with respect to the
sw ngi ng notion of the workpiece W The sw ngi ng operati on made by the

i hani I I ' | a4t F in FIGS. 16
i ough 21 101300 Frer iy eganB T4 o0t Do PRR R RENRTAR of (it ype

that a pretessilrgfipashicknest ved dlalohogieuRsnef Wkte thopoddsingas slits
so as to be applied to an object to be processed. The invention is not

only appl Meamidditenpllnsaadyeietdee thy veesstigey the fila Sackeesappas cabl e to
el ect rodel Sﬁs sturf. ce rgcessi ng such as etching by thermal CvD, HF 54
(hydrofl uo ROAHYO %%8 "or the like. The present invention is |ikew se

appl i cabl efBRIFEHEYS B TRS] OFCLHSS) ashing by ozone or the
li ke, etchl[ng by CF4 or the Ii(Ee, l1“SI|EIs]r)n eg\gﬁ??in (CvD), cleaning, surface

modi fi cati phlAFydrophilic processing, water repellent processing) or the
i limted to the generally

nor mal  pr edEiie [BEICH 1 SHEM b FE CTaO PR I e SEE N GPH EUHED SHEe, [ TEST
the.  presets PRebT R ol RISl broS e laMAR R e iR WE AR © =™
Et chi ng wamkearsuhhed-lundErGt de fol | owi ng conditions using the
[FIG. 2] FIG. 2 1s a front sectional explanatory view of the normal
pressure plasma processing, apparatus taken on line II-1I of F1G. 1.
[FIG. 3] FIG. 3 is an explanatory view showing a processing performance
by plasma gas coming through the respective electrode-to-electrode slits.
[FIG. 4] FIG. 4 is a graph showing a general relation between the working
distance and the processing rate.
[FIG. 5] FIG. 5 shows the second embodiment of the present invention
and is a plan view of a general construction of a normal pressure plasma
processing apparatus.
[FIG. 6] FIG. 6 1s a plan view of the réspective electrode modules of the
apparatus of FIG. 5.
[FIG. 7] FIG. 7 is a side sectional view of a module unit of the apparatus
of FIG. 3, taken on line VII-VI] of FIG. 8.
[FIG. 8] FIG. 8 is a front sectional view of the module unit, taken on line
VIII-VIIT of FIG. 7.
[FIG. 9] FIG. 9 1s a plan sectional view of the module unit of the front and
rear stages, taken on line [X-IX of FIG. 8.
[FIG. 10] FIG. 10 is a plan sectional view showing the detail of a

connection part between a electrode plate and a filling block of the

electrode module.



sanme plasma processing apparatus for etching as in the second enbodi nent
(FIGS. 5 through 14). electrode tenperature: 50 degrees C workpiece
tenperature: 100 degrees C processing gas CF4 : 200 seem 02 : 800 sccm
H20 : 15 sccm pul se frequency: 20 kHz applying voltage: 300 V [0122]
Then, the thickness of the residual filmafter processed only by plasm
gas com ng through the front-stage slitggroups (hole-row groups) and the

t hi ckness of the residual filmafter processed in two stages on the front
and rear sides are neasured over the width direction in the left and right

di recti onsyof th@ylv‘ﬂ% %@2% a‘EﬁSonth}%%tLBﬁEP{/few ?lhé\glgr)ég thdla a@ePtz In

proceSS|ng on nt stage, the I ghtly

non- uni f or elecitbdn thbédulesanehsilely andasgladdivédonal 1|nyth©m‘t€8{ﬁt“ﬂ@dby the rear
stage, the filmthickness was . al nost uniform zed. [BRI EF DESCRI PTI ON OF

THE DRAW Negsitiopsaars] F[@y &l(b) isra ong sesigwenl phewrshosyingribedidiagmntof t he
present iny I ctl onal view of a normal pressure plasna
pr ocessi ng\ﬁg)gﬁ)lé%; %"t‘%‘ﬁigﬂecgﬁlﬁ(?ﬁfja’g %1 of FIG 2. [FIG 2] FIG 2 is a

front sect {FMB' I zqmlcanpg eré/ﬁ‘ﬁlﬁ‘é’e@ﬁoﬁﬂew@w Hﬁ{he ﬂfo%ﬁlwhﬁltpkaa&mvmpr ocessi ng,
apparatus taken on line II-1I]| [F 3] is an expl anatory

vi ew showi hge af@ﬂc})t‘}éHs@ﬁ’@I@eW or mance
[FIG. 13] FIG. 13 is a plan sectional view of a flow rectification module

of the module unit, taken on line XI11-X1II of FIG. 8.

[FIG. 14] FIG. 14 is a graph showing the processing performance by the
electrode modules on the front and rear stages in the form of positions on
the workpiece and processing rates.

[FIG. 15] FIG. 15 shows a modified embodiment of the second
embodiment, FIG. 15(a) is a front sectional view showing adjacent
electrode modules in the left and right directions in their separated
positions, and FIG. 15(b) is a front sectional view showing the adjacent
modules in their connected positions.

[FIG. 16] FIG. 16 shows the third embodiment of the present invention
and 1s a plan sectional view of a normal pressure plasma processing
apparatus.

[FIG. 17} FIG. 17 is a plan sectional view showing a modified
embodiment of the third embodiment.

[FIG. 18] FIG. 18 is a plan sectional view showing another modified
embodiment of the third embodiment.

[FIG. 19] FIG. 19 1s a plan sectional view showing another modified
embodiment of the third embodiment,

[FIG. 20] FIG. 20 is a plan sectional view showing another modified

embodiment of the third embodiment.



by plasma gas com ng through the respective el ectrode-to-el ectrode slits.
[FIG 4] FIG 4 is a graph showing a general relation between the working
di stance and the processing rate. [FIG 5] FIG 5 shows the second

enbodi nent of the present invention and is a plan view of a general
construction of a normal pressure plasma processing apparatus. [FIG 6]
FIG 6 is a plan view of the respectiveselectrode nodules of the apparatus
of FIG 5. [FIG 7] FIG 7 is a side sectional view of a nodule unit of the
apparatus of FIG 5, taken on line VII-VIl of FIG 8. [FIG 8] FIG 8 is a

ront Sec Rl Pt o1 0 LIRS, btk 5EoBRabOS AV 1] of 1

7. [FIG 9 sectlona I e unit of the front

and rear stagesentsakthearubljedteofl theltiirdfertib&dien £ldemBRkdRiith tAO is a
pl an sectional view showing the detail of a connection part between a

el ectrode ppRaretumel thefsacondgmbodineit. t he el ectrode nodule. 56 [FIG 11]
FIG 11(a);4 r ctional view show n he adj acent I r ode

modul s § nURE SR AT 1 o R IR hERETE il kenf Shliilines® 08¢ ons, and
FI'G  11(b) picgest Iv@Rtiopect i onal vi ew showi ng the adjacent nodules in their
connected positions. [FIG 12] FIG 12 is a front sectional view of the
nmodul e uni tEIG.8KgFlen 23 ine pbdn Xew Xhowohg BliGodHied BEmbBodiBenFbfthel3 is a

pl an sectifnql Vi ow of a flowrectification nodule of the nodule unit,
taken on | &I eMbodimenbs FilG 8. [FIG 14] FIG 14 is a graph showing the

0 oS! nGAE LTS X EuPL 06, TR R GOECLLGRE £,
[DESCRIPTION OF REFERENCE NUMERALS]
[0124]
M.....normal pressure plasma processing apparatus (surface processing
apparatus)
W.....workpiece (object to be processed)
1.....plasma processing head (processor)
1X.....module unit
10.... first and second electrode modules
10a.....slit (hole row, gap serving as a plasmatizing space)
100... .slit group (hole-row group)
11.....electrode plate (plate-like electrode member) of a hot electrode
12... .electrode plate (plate-like electrode member) of an earth electrode
121, 12R... ..end-electrode plate (first or second end electrode member)
12X.....combined electrode plate (combined electrode member)
121, 12k... _first or second enlarged-thickness part
12g, 12h... . first or second reduced-thickness part
12p.....partial electrode plate (partial electrode plate)
12a, 12b, 12¢, 12f... _refrigerant path (temperature adjusting path)
20... flow rectification module
4.....moving mechanism

8. .. swing mechanism



[FIG 15] FIG 15 shows a nodified enbodi nrent of the second enbodinent,
FIG 15(a) is a front sectional view show ng adjacent electrode nodules in
the left and right directions in their separated positions, and FIG 15(b)
is a front sectional view show ng the adjacent nodules in their connected
positions. [FIG 16] FIG 16 shows the third enbodi nent of the present
invention and is a plan sectional views®f a normal pressure plasm
processing apparatus. [FIG 17] FIG 17 is a plan sectional view showi ng a
nodi fied enbodinent of the third enbodinment. [FIG 18] FIG 18 is a plan
sectional 8ihew. showiwgneichenisapdi fied enbodinent of the third
enbodinent. [FIG 19 Iél_G 19 is a plan sectional view show ng anot her

nodi fi ed @éRbodbermid swinghmeachantnenbodi ment. [FIG 20] FIG 20 is a plan
sectional view show ng another nodified enbodinent of the third
enbodinent. 57 [FIG 21] FIG 21 is a plan view showi ng an enbodi nent in
whi ch conponents of the subject of the third enbodi nent is conbined with
the apparatus of the second enbodinent. [FIG 22] FIG 22 is a plan view
showi ng the fourth enbodi nent of the present invention. [FIG 23] FIG 23
is a plan view showi ng a nodified enbodi rent of the fourth enbodinent.
[FIG 24] FIG 24 is a graph showng the result of the test exanple 1.

[ DESCRI PTI ON OF REFERENCE NUMERALS] [0124] M....nornmal pressure plasna
processi ng apparatus (surface processing apparatus)



W....workpiece (object to be processed) | ..... pl asma processi ng head
(processor) IX .... nmodul e unit 10..... first and second el ectrode nodul es

| Oa..... slit (hole row, gap serving as a plasmatizing space) 100..... slit
group (hole-row group) 11..... el ectrode plate (plate-like el ectrode nenber)
of a hot electrode 12..... el ectrode plate (plate-like el ectrode nenber) of
an earth electrode 12L, 12R .... end- el¥ttrode plate (first or second end
el ectrode nenber) 12X .... conbi ned el ectrode plate (conbined el ectrode
menber) 12f 12k..... first or second enl arged-thickness part 12g,

12h. . ... fi €EAIMS: second reduced-thi ckness part 12p..... partial el ectrode
plate (partial electrode plate) 12a, 12b, 12c, 12f..... refrigerant path
(tenperature adjusting path) 20..... flowrectification nodule 4..... novi ng
mechani sm c§.A1M 1] SW ng nechani sm 58 8A..... fiist swing mechani sm

8B..... second swing nechanism59 CLAIMS: [CLAIM 1] An apparatus for
processi ng t he Auepmecguofor arocedsingate swidoe opanclgsgadbbyrocspedlyy ng a
processing gas onto sajd object, said apparatus conprising: a processor
havi ng a g b“?o"fPII‘PS?Sél-nlgcﬁﬂé0%‘8ﬁi‘)‘éé’gt?cbfsalﬁ@%af?tﬁ%o%wg:extendi ng i n one

et on and ryanach o6l LT AMAR R AARSgHRD, oL eal
sai d hol €-ext@ding ih dee piredds Sha grrgapsd bediinghd iowRidelbyoligdreRAieh andqushi d
hol e-Tovs; pi&?lgs in a direction intersecting with the extending direction of each of said hole-
rows, the processing gas being blown through each of said hole-rows; and
a moving mechanism for relatively moving said processor in a direction
intersecting with the side-by-side arranging direction with respect to said object,
wherein said processor includes a plurality of electrode members arranged in a
side-by-side relation at equal pitches, a slit-like gap as one of said hole-rows is formed

between two adjacent electrode members of said plurality of electrode members, said

processing gas is plasmatized while being passed through said gap.

[CLAIM 2]
A surface processing apparatus according to claim 1, wherein the relatively

moving direction is along the extending direction of each of said hole-rows.

[CLAIM 3]

A surface processing apparatus according to claim 1, wherein the extending
direction of each of said hole-rows and the side-by-side arranging direction of said
hole-rows are orthogonal to each other and the relatively moving direction is along the

extending direction.

[CLAIM 4]
An apparatus for processing the surface of an object to be processed by

spraying a processing gas onto said object, said apparatus comprising:



a noving nmechanismfor relatively noving said processor in a direction
intersecting with the side-by-side arranging direction with respect to said
obj ect, wherein said processor includes a plurality of electrode nenbers
arranged in a side-by-side relation at equal pitches, a slit-like gap as
one of said hole-rows is formed between two adjacent el ectrode nenbers of
said plurality of electrode menbers, sdil processing gas is plasmatized
whil e being passed through said gap. [CLAIM 2] A surface processing
apparatus according to claim1l, wherein the relatively noving direction is
al ong the ext en@lpwgesa@rr@emgcﬂrgr@mp eltche-gfwssenntpolest e hobiwows epdL Al M 3] A
surface proge ccordi.ng .to,claim n. thﬁ ext endi ng

o ot T on! SHERRId A PRRE IS SRRl B R Bty S Bl diop A

direction ﬂfch@@in@i difetiga fr@é@@ecﬁﬁ@ﬁh&ﬁ@&@&f@mg{ Brasho bR bf ﬁr@héil&e
relatively noving direction is along the ending direction. [CLAIM 4] An

appar at us fowss, qbﬁ@wsmrrggatslbemglbicf\mmcﬁfghaacmd}ﬁ secthderdye; processed by

spraying a processin ont bj ect, sajd appar at ys conprising: 60
a processor haﬁiﬁﬁwggﬁ%ﬁaﬁl %H6%€“Y§%§“WBH$% KOs H ét & dirgiioNeach

ext endi ng | hf%ré%@ﬁﬁxéj{vftﬁﬁ{e's?& %gd@éﬁ@%&%%ﬁ@n%ﬁ%g &t@seﬁ@g&e y-side

relation at I tches 'Rt er sect e extending

di rection of eaeaéreﬁfthsaxténdi@g ireckion®f edch 0 GBRSLRY Isgsa@qtézewngr&zbw\m
through each of said hol e-rows; and a noving nechanismfor relatively
movi ng saitd s sksiselsmavingdigictiest i on i ntersecting with the side-by-side
arranging direction with respect to said object, wherein the extending
direction of each of said hole-rows is slanted with respect to the

rel ativel yommng direction. [CLAIM 5] An apparatus for processing the
surface of an object to be processed by spraying a processing gas onto
sai d object, sahuampphesaiousrocompeitlsd sugface of an object to be processed by

spraying a processing gas onto said object, said apparatus comprising:

a processor having a group of hole-rows composed of hole-rows each
extending in one direction and arranged each other in a side-by-side relation at equal
pitches in a direction intersecting with the extending direction of each of said hole-
rows, the processing gas being blown through each of said hole-rows; and

a moving mechanism for relatively moving said processor in a direction
intersecting with the side-by-side arranging direction with respect to said object,

wherein the extending direction of each of said hole-rows is slanted with respect
to the relatively moving direction and the side-by-side arranging direction of said hole-

rows is orthogonal to the relatively moving direction.

[CLAIM 6]

An apparatus for processing the surface of an object to be processed by
spraying a processing gas onto said object, said apparatus comprising:

a processor having a group of hole-rows composed of hole-rows each
extending in one direction and arranged each other in a side-by-side relation at equal
pitches in a direction intersecting with the extending direction of each of said hole-

rows, the processing gas being blown through each of said hole-rows; and



a processor having a group of hol e-rows conposed of hol e-rows each
extending in one direction and arranged each other in a side-by-side
relation at equal pitches in a direction intersecting with the extending
direction of each of said hole- rows, the processing gas being bl own

t hrough each of said hole-rows; and a npving nechanismfor relatively
novi ng said processor in a direction iﬁdtersecting with the side-by-side
arranging direction with respect to said object, wherein the extending
direction of each of said hole-rows is slanted with respect to the

rel atively novih@odingaschyism i relbvaly gV s8jdduogsssay dgediofect i on of
sai d hol e-; rows,:l S 0 | to the.rel.ati.vel Vi [: ti.on. [ CLAI M 6]
An apparatﬂ%g OPﬁ W@é@gggﬁﬁ FIEC BBREdiEeugT 6%?%%?&?%g%é8%thessed by
sprayi ng a proGaseidec gasnding Qir&diof 0P BIBWS saif Abl-RPR N Aiisd *RRBEh&itNg: a
processor having a group of hole-rows conposed of hole-rows each extending
in one di riedkd wirtixpkt naeviahdiecttionend techsste-yrside srabgingyditsrigen ¢fehutliodnr at
equal pitches in a diregtion intersecting with the extending direction of
each of sdpﬁ$ﬁ%wg¥%P8ﬂé? HEPIEESLEFHRY- gas being bl own t hrough each of
said hole-rows; and 61 a noving nmechanismfor relatively noving said
processor in a direction intersecting with the side-by-side arrangi ng

di rection WlAIM @spect to said object, wherein the extending direction of
each of said hole-rows is slanted with respect to the relatively noving
direction and theWCEPrspsERLPATHURGFITYINGite aex purpictaigartdo AovReCinons i s
or t Nogonal o} 0,y A G ANeind L EGHoh O ond EAM M rdl SHLIREL. BIARLGSI NI
appar atus according to any one of clarns 4 to b, erein one end part in
the extendivey Hed@einiQnl e s)F allwaid 1l @rdvans |dhenos adaadliaeanineor every
predeterm ned hole-row(s) of all said hole-rows is |ocated on a sanme |inear
| i ne al orfidongtibe raddtivel wmb yingrdireatignd thectthayrend part fretho ekhiendisadirpetion dfn t he

ext endi ng (p:(r)t%(e:}(l)'sgido&o hto egro%sher of said two hole-rows. [CLAI M 8]

[CLAIM 8]

A surface processing apparatus according to any one of claims 1 to 7, wherein
said pitches each are set to be generally equal to an effective processing width when a
distance between said hole-rows and said object is set to a neighborhood of the upper

limit of an effective range.

[CLAIM 9]
A surface processing apparatus according to any one of claims 1 to 8, further
comprising a swing mechanism for relatively swinging said processor in a direction

intersecting with the relatively moving direction with respect to said object.

[CLAIM 10]
A surface processing apparatus according to any one of claims 1 to 9, wherein
said processor includes a plurality of stages of said group of hole-rows in the extending

direction, and hole-rows of one of two adjacent stages of said plurality of stages are



A surface processing apparatus according to any one of clains 1 to 7,
wherein said pitches each are set to be generally equal to an effective
processing width when a distance between said hole-rows and said object is
set to a neighborhood of the upper |limt of an effective range. [CLAI M 9]
A surface processing appar at us accordiE%&to any one of clainms Ito 8,
further conprising a swi ng nechani sm relatively swinging said
processor in a direction intersecting with the relatively noving direction
with respect to said object. [CLAIM10] A surface processing apparatus
accor di ng deyides/frondolstropisail the otharof said iwesteges in i sitlegriogiés swangingc| udes a
plurality @ﬁ§§tages of said group of hole-rows in the extending direction,
and hol e-r ‘¥t one of two adjacent stages of said plurality of stages are
62 deviated fromhole-rows of the other of said two stages in the

si de-by-side arranging direction. [CLAIM11 ] A surface processing
appar at us [@dedMlihlg to claim 10, wherein an amount of said deviation is

I/n (n is the nunber of stages of the hql e-row groups) of said pltch
[CLAIM 12] A sﬁﬁaré@cwr%é%@ %@aﬁlﬁﬁﬁ%d@gé‘é&@ﬁﬂﬁHgWIE%ﬂ&ﬁS} APRENGH claims 1

to 8, mers%id‘dev?a% ﬁgﬁgﬁ@gﬁ%%rgﬁérg?%%% i AL Eé(wgi ug%fo?"séldg)fnc ai d

hol e-row groups and rat urt her
conprises: a flrst sw ng mechani sm whi ch relatlvely swi ngs a hol e-row group
of one of two adjacent stages of said plurality stages in a direction
i nt er sect i[8&AMM Kt he relatlvely nmovi ng direction with respect to said

object; and a ggco d sw % mec %§%3n1mh|ch rel atlv ¥ tgg a%Qq e-row
group of the ot RGP ARG S-S RGSCTHIRE!H & S GV BEL fof TeTERe
rel ativel ys3vir-B&s0g il RS ta'p‘RHalQS/ of §@ge!; JishiRthoRMoNdeBBSNATS MMMdidy t he phase
shifted fromthat of said first sw
direction, and
said apparatus further comprises:
a first swing mechanism which relatively swings a hole-row group of one of
two adjacent stages of said plurality stages in a direction intersecting with the
relatively moving direction with respect to said object; and
a second swing mechanism which relatively swings a hole-row group of the
other of said two stages in the same direction as the relatively swinging direction of

said first swing mechanism with the phase shifted from that of said first swing

mechanism.

[CLAIM 13]

A surface processing apparatus according to any one of claims 4 to 7, wherein
said processor includes a plurality of electrode members arranged in a side-by-side
relation at equal pitches, a slit-like gap as one of said hole-rows is formed between two
adjacent electrode members of said plurality of electrode members,

a processing gas for plasma processing said object being passed through said

gap.



mechani sm [CLAIM 13] A surface processing apparatus according to any one
of clains 4 to 7, wherein said processor includes a plurality of el ectrode
menbers arranged in a side-by-side relation at equal pitches, a slit-Ilike
gap as one of said hole-rows is fornmed between two adjacent el ectrode
menbers of said plurality of el ectrode nmenbers, a processing gas for plasm
processi ng said object being passed thﬁﬁhgh said gap. 63 [CLAIM14] A
surface processing apparatus according to claim 13, wherein said processor
includes a plurality of electrode nodul es separatably connected in the

si de- by- si §d-AR{ d4hgi ng direction of said hole-rows, each of said el ectrode

nodul es includeﬁxln@]urallt of electrod ers arran
a

a
. . TOCCSST appar accor wherel sa1d I‘OC SSOI
si de- by-side re 1 on & §|p% R ACOMH ons :%tes a ar? sai d hol e-

row group.intHéy %Iihr’%ht%f%ﬂéch@ﬁ@n@ﬂﬁl@@%a%bﬁpﬁﬁﬁl@étb@m&ﬁ@élﬂéhb?gideo cl ai m 14,
wherein said adjacent two el ectrode nodul es each have an end el ectrode

menber arrmemgahlemrua]smylmﬁpmt ng ends, said end eI ectrode nenber of
one of said two ct.ro t th sai d end el ectrode
Terber of the GERET St SERr eIty Pt HERGIET iR brSee and

el ectrode ﬁgﬁ?g{ﬁeggmsﬁ Ll &2 holeSai d

conbi ned el ectrode nenﬁ%f bgiﬁmﬁjpg ﬁﬂ na?%ﬁggﬁgggﬁ%%%ﬁﬁgqggﬁﬁh‘Efespectlve
el ect r ode mendrens of sai d adjacent two el ectrode nodules. [CLAIM16] A
surface processing apparatus according to any one of clains 1 to 15,

wher ein said processor includes a flow rectification path for uniform zing

processingl-1 ?ﬂd said hole-rows are continuous with said fl ow
rectification path such that said hole-rows are branched.

A surface processing apparatus according to claim 14, wherein said adjacent
two electrode modules each have an end electrode member arranged at mutually
opposing ends, said end electrode member of one of said two electrode modules is put
together with said end electrode member of the other of said two electrode modules so
that these end electrode members constitute a single combined electrode member,

said combined electrode member being equal in thickness to the other

respective electrode members of said adjacent two electrode modules.

[CLAIM 16]

A surface processing apparatus according to any one of claims 1 to 15, wherein
said processor includes a flow rectification path for uniformizing processing gas, and
said hole-rows are continuous with said flow rectification path such that said hole-rows

arc branched.

[CLAIM 17]

A surface processing apparatus according to claim 14 or 15, wherein said
processor includes a plurality of module units separatably connected in the side-by-
side arranging direction, each of said module units comprises said electrode module
and a flow rectification module connected to said electirode module, said flow

rectification module includes a flow rectification path for uniformizing processing gas,



[ CLAIM 17] A surface processing apparatus according to claim 14 or 15,
wherein said processor includes a plurality of nodule units separatably
connected in the side-by- side arranging direction, each of said nodul e
units conprises said electrode nodule and a flow rectification nodule
connected to said electrode nodule, said flow rectification nodule
includes a flow rectification path forfﬁhifornizing processi ng gas, 64 and
hol e-rows of said electrode nodule are connected to said flow rectification

path such that said hole-rows are blanched in each of said nodule unit.
[ CLAI M 18] 214 hiele e of 6pid stestiadsmagule A 9nRqcscieo sEAAIVOIFREEIPB PHE processed
by using ucHE}%??ﬁ&HB]le!rp&L H%'b’?%cﬁeﬂn‘{eraa% bﬁ%i&&oﬁhgﬁ{lﬂipde member s arranged
in a side-by-side relation at equal prtches, slit-Ti'ke gaps as hol e-rows
each fornmed between adjacent el ectrode nmenbers of said plurality of
el ectrode nenbers, each of said gaps being extending in a direction
i nt ersect i g-AMM k8t he side-by-side arranging direction, said gaps arranged
in a side-by-side relation at. equal pitches, .the nmethod c rising steps
of . "o asmat ) 7t o et 8B g R Ret S i PR R Phe
pr ocessi NG, gass@MhQudifea BRIARY of EAHAR 830 Ofir88bdinPa@Shy-fad relatively
novi ng sai'd processor in a difection intersecting wth the side-by-side
arr angi ng wlatiec bi apalpitches; elitpldct gapo askol eroby ech forhiEd Akt hdidcsur f ace
processi ng  net hod accordi%g to claim 18, wherein the relatively noving

S

step i ncl tdedrofe msmbes o spi v H Ity of glesbpdsapembohgathel Wit &RaPRYEdi rect i on
of each of,said :hql A )18y ; ' t:he surface
of an objé%%éﬁggﬂgggggégﬁﬁggh%ylﬁ%%ﬁghg%Kgﬁﬁgggg%?hﬁﬁ%ﬁﬁgéﬁgﬂga%Iurality of
hol e- | ows @a¢hrrgngee it fige-bi-stiReeldiifeetdqn AEes, tiemangRicdniprRig dgpsby- si de
relation a%_equal pitches, the method conprising steps of:
o1
plasmatizing a processing gas in cach of said gaps;
spraying the processing gas onto the object through each of said gasps; and

relatively moving said processor in a direction intersecting with the side-by-side

arranging direction with respect to said object.

[CLAIM 19]
A surface processing method according to claim 18, wherein the relatively
moving step includes relatively moving said object along the extending direction of

each of said hole rows.

[CLAIM 20]

A method for processing the surface of an object to be processed by using a
processor including a plurality of hole-lows each extending in one direction and
arranged in a side-by-side relation at equal pitches, the method comprising steps of:

blowing a processing gas through each of said hole-lows so as to be sprayed
onto the surface of the object; and
relatively slantwise moving said object with respect to the extending direction of

each of said hole-rows.



bl owi ng a processing gas through each of said hole-lows so as to be sprayed
onto the surface of the object; and relatively slantw se noving sai d obj ect
with respect to the extending direction of each of said hole-rows. 65
[CLAIM 21 ] A surface processing nethod according to any one of clains 18
to 20, wherein said pitch is set to be ﬁpproxinately equal to an effective
processi ng wi dth when a distance bet said hole-rows and said object is
in a nei ghborhood of the upper Iimt of an effective range and the step

i ncl udes pgﬁg@ﬁiiﬂg under such a condition that said distance is in a

nei ghbor ho £ upper limt of said effective range. [CLAIM 22] A

surface pr ocesshugRHaneALALISAOuRL Al MAN P08AN Elhndgid 0 21

wherein said processor Is constitute arr urality of stages of
hol e-row gidpiph is snposeshpobximalety s@iabiona\ffegieairekeasi@lviqth ntbbea in the
extending direction of  each of said hole-rows and the adjacent two stages
of sai d holiglap@helyssisaiddyote-ros\ang seid obigct inén & helghbyheridd tag yrpsglimy
direction, id.-relative vement ing conducted wi,th respect to said

ol U ai |ty G Bl o BT e PR SRR B S st e RR b
surface pr@geseiiomh m%mriﬁﬁa%mer@pmirﬁﬂt%fﬁﬁi@eﬁfa@weré;hfgep! aims 18 to 22,
wherein the steps further includes relatively swi nging said processor in a
direction intersecting with said relatively noving direction with respect
to said object CLAI M 24] A surface processing nethod according to claim
23, wherei M ging wdth of said swinging notion is set to be 1/2 or

et hod Sccor 4 i LB aT AR B e e o e B e ot o i s
set to be vHamihisaie prdcessol Bldgsaitptedby arrhgdin 4 elirdlityref fiogesddholeabvect to
groups composed of hole-rows having said equal pitches in the extending direction of
each of said hole-rows and the adjacent two stages of said hole-row groups are
deviated in the side-by-side arranging direction,

said relative movement being conducted with respect to said plurality of stages

of said hole-row groups altogether.

[CLAIM 23]
A surface processing method according to claim any one of claims 18 to 22,
wherein the steps further includes relatively swinging said processor in a direction

intersecting with said relatively moving dircction with respect to said object.

[CLAIM 24]
A surface processing method according to claim 23, wherein a swinging width

of said swinging motion is set to be 1/2 or slightly larger than 1/2 of said pitch.

[CLAIM 25]
A surface processing method according to claim 23, wherein the cycle of said
swinging motion is set to be 1/m times (m: integer) of a required time for said object to

relatively move by a distance corresponding to the length of said hole-row.



relatively nove by a distance corresponding to the |l ength of said hol e-row
66 [CLAIM 26] A surface processing nethod according to any one of clains
18 to 21, wherein said processor is constituted by arranging a plurality
of stages of hole-row groups conposed of hol e-rows having said equal
pitches in the extending direction of each of said hole-rows, and wherein
the steps further conprises reIativeré@M ng said hole- rows of the

adj acent stages in a way as to be deviated in phase in a direction
intersecting wwth said relatively nmoving direction with respect to said
object in M 201 with said relative novement. [ CLAIM 27] An apparat us
ol Plasmm, ProcRsairna A0 00hPabube B BEPECSSAY LB 100 A, WRERGeSSI Ng
gas through a plasmatizing ace and:app ylnacpﬁe processing’gas onto an
obj ect arr anpRdcaudSk d@xsﬁﬁit@ﬂlﬁl@&ﬂ@hgéim&aﬁ@aﬁ@tag%ﬂioww @buss conpri si ng:
a first electrode nodul e and a second el ectrode nodul e arranged each ot her
in side- bspmytoged efdioda-rasys Hiamingrseiddiqra piitclss, in g axtdnid ngtdivgaidorsefaetdotel ect r ode
nodul es each,, ncl ude a urality of.electrode nbers arranged in

T de by- o s PR A% AR bbde Rt RbErobi e PREVSY G g 2L ar rangi ng
di rection @fssaind dijabsl: sk ReCeRhseh 86 HEANEd PSS 2 &AL (i8 SUPPOrt part
for connecting and supporting said el ectrode nbers, a gap serving as

sai d pl asmaterzcting spased rdathvetymdvibe tinesionevidr igspdi @ceidtobjeet cjardide
menbers, a fi%%i nd el ectrode nenber of all said el ectrode nenbers of said
first el ¥l SHISHBHEPOVEBEHEE ed at an end on sai d second el ectrode nodul e
side and a second end electrode nenber of all said el ectrode nenbers of
said second el ectrode nodule |ocated at an end on said first el ectrode
modul e si deLatki zYbi ned to forma single conbined el ectrode nenber, and
el ectrode nenbers other than said first end el ectrode nenber of said first
el ect rode nodulde! apparagisdenplastediprebessingad @bieehtodre paertssildotietidea menber s

ot her than . o . :
processing gas through a plasmatizing space and applying the processing gas onto an

object arranged outside said plasmatizing space, said apparatus comprising:
a first electrode module and a second electrode module arranged each other in
side-by-side relation in one direction,

said first and second electrode modules each include a plurality of electrode
members arranged in side-by-side relation in the same direction as the side-by-side
arranging direction of said first and second electrode modules, and a support part for
connecting and supporting said ¢lectrode members,

a gap serving as said plasmatizing space is formed between every adjacent
electrode members,

a first end electrode member of all said electrode members of said first
electrode module located at an end on said second electrode module side and a second
end electrode member of all said electrode members of said second electrode module
located at an end on said first electrode module side are combined to form a single
combined electrode member, and

electrode members other than said first end electrode member of said first

electrode module, said combined electrode member and electrode members other than



67 said second end el ectrode nenber of said second el ectrode nodul e are
arranged at equal pitches with respect to one another, wherein the
respective el ectrode nmenbers of said first and second el ectrode nodul es
each have a plate-like configuration intersecting with the side-by-side
arranging direction of said first and second el ectrode nodul es, the

pl ate-1i ke respective electrode menber®s ot her than said first end

el ectrode nenber of said first electrode nodule, said plate-like conbined

el ectrode nenber and said plate-like respective electrode nenbers other
than sai d ¥edHRenGe dediofe sabapeiraid sseonskalertirode sdulearestangebainodul e are

equal in thj Al M.28] A pl,.asma processi ng apparatus according to
claim 27, u%ﬁ@%%é%gh r???%goé%armgpéctrode menber and said second end

el ectrode nenb@hercin e r&ptdive QRBIARMMEIRGE bOYRT fifEIRBIecordl Becilbget rical l'y
grounded. [CLAI M 29] An apparatus for plasma processing an object to be

processed bydyles dachlaee a privdésspnigguyasont inteogingwish dersdeini-fide space and
appl yi ng the processing gas onto an bj ect ~arr ed oytside said.

ol asmat | zi WG BBAAE ECa o SEErap i Sccop hc%%w%ﬂg% _ﬁw %F‘é‘gf FSB¥Bdul e and
a second eél&%ﬂ@ﬁﬁnme&%ﬁer%%@sams@%*!:Ié%ErB&E m'eHlbgls(?f%gfdt}ﬁétséléé?rofl@l ation in
one direction, sald first and second el ectrode nodules each 1 nclude a
plurality mbdiet estiddelikaembiinsd desterigaskmber shdlexidylasd Gl egleativeon in the
sane direction as the side-by-sjde arrang%ng direction of said first and

second el €dtGtedemeBrpaTsesher A saidsgensdrond shetrodeomempemiseidiserpndnd supporti ng
sai d el ect rS. n.serving as said plasmatizing space is forned

bet ween eJ%%@%ggﬁgggﬁ%ha%nggﬁ%ﬁémﬁ%nbers, a first end el ectrode nenber of

all said electrode nenbers of said first electrode nodule |ocated at an

end on said second el ectrode nodul e side and a second 68
[CLAIM 28]

A plasma processing apparatus according to claim 27, wherein said first end
electrode member and said second end electrode member, 1.¢. said combined electrode

member, are electrically grounded.

[CLAIM 29]

An apparatus for plasma processing an object to be processed by jetting a
processing gas through a plasmatizing space and applying the processing gas onto an
object arranged outside said plasmatizing space, said apparatus comprising:

a first electrode module and a second electrode module arranged each other in
side-by-side relation in one direction,

said first and second electrode modules each include a plurality of electrode
members arranged in side-by-side relation in the same direction as the side-by-side
atranging direction of said first and second electrode modules, and a support part for
connecting and supporting said electrode members,

a gap serving as said plasmatizing space is formed between every adjacent
electrode members,

a first end electrode member of all said electrode members of said first

electrode module located at an end on said second electrode module side and a second



end el ectrode nenber of all said el ectrode nenbers of said second el ectrode
nodul e | ocated at an end on said first el ectrode nodul e side are conbi ned
to forma single conbined el ectrode nenber, and el ectrode nenbers ot her
than said first end el ectrode nenber of said first electrode nodule, said
conbi ned el ectrode nenber and el ectrode nmenbers other than said second end
el ectrode nenber of said second el ectrdde nodul e are arranged at equal
pitches with respect to one another, wherein in said first el ectrode

nodul e, said first end electrode nmenber integrally includes a first

enl ar ged- t HidKerdode prmbepeiol el Flectiosnaantss of ssdsevmpdelestpdomedulpodul e,

and a firs ced- t.hi cki art .whi is, smaller in thi ckness than said
first enl %)rc %gg?%%ﬁeﬁ%&%%ﬁgﬁ’%&%ﬁf&d% 0&@? é%ﬁﬁ afeoC%énegBB(g%ﬂ %Slgglge of said
second el egdmifel cloMadE erefibde and N Sai d second el ectrode nodul e, said second
end el ectrode nenber integrally includes a second reduced-thickness part
whi ch is w t hdrdesirade neinbesppiosithan sidférsodnd daitrddd inesberdfeetdrfode nodul e

side and a_,secand en| arged-t hi ckness part which is bigger, in thjckness
Than sai o LECGRA TR i 9%*?18%3?@&?0&&%6‘1%%& s e HRSRIBELETY fir st
el ectrode gRAw-End &atiddRodehdnHernty s@ﬁi%e%rﬁc%&%ge Hﬁ)ﬂ@l@rare ﬁ?dngeé L st

enl arged-t hi ckness part and said second reduced-thickness part are put

t oget her wdquhl mabts withespant el ahofher,st reduced- thickness part and said

second enl arged-thjckness part are put together with each other. [CLAIM
30] A plasma pPBesdsh seddsstestrade medyediityinioend cacirrdomepfier iafograily

t enper at ur; i i ath.ihs formed wihin sajd.first. enlarged-thickness
part and slgflgg%aatuﬁit%%%}ﬁg%gg& Qnék?' Fsl?ip(ﬁlr{f%(lﬂcr)truadtélrjl %Jlsoﬁalndgsa Sem?nedrr(%fe:crn(ftdgre of said

first end mbegs nede e FaRiced-hid@ass pdtiekieh o8By in6Bickddst NaMsAdfirAn
apparatus for plasnma procesgg}%dan object to be processed by jetting a

pr ocessi nghiaged - thickoess part gh lapinrig thepapesitoraddeaqi phidisagpndiedecprde essi ng gas
onto an module side,

in said second electrode module, said second end electrode member integrally
includes a second reduced-thickness part which is withdrawn to the opposite side of
said first electrode module side and a second enlarged-thickness part which is bigger in
thickness than said second enlarged-thickness part and protruding toward said first
electrode module, and

in said combined clectrode member, said first enlarged-thickness part and said

second reduced-thickness part are put together with each other and said first reduced-

thickness part and said second enlarged-thickness part are put together with each other.

[CLAIM 30]

A plasma processing apparatus according to claim 29, wherein a temperature
adjusting path is formed within said first enlarged-thickness part and said path allows a
fluid for adjusting the temperature of said first end electrode member to pass

therethrough.



obj ect arranged outside said plasnmatizing space, said apparatus conprising:
a first electrode nodul e and a second el ectrode nodul e arranged each ot her
in side-by-side relation in one direction, said first and second el ectrode
nodul es each include a plurality of electrode nenbers arranged in
side-by-side relation in the sane direg{ion as the side-by-side arranging
direction of said first and second el ed®* ode nodul es, and a support part
for connecting and supporting said el ectrode nmenbers, a gap serving as

sai d plasnatizing space is forned between every adjacent el ectrode
menbers, al443thd el ectrode nenber of all said el ectrode nenbers of said

first electrod t._an end.,on id seco el ect rode nodul e
side and a sec oﬁ% %%E%S%*Ogg)?}rs%gg%ﬁg%n& anocfbj%i:lt foa%eal? 9@ e@ﬂ:}y Sde®fenber s of
said sec _Odepi'o@ésgiﬁk @@ rdipd Wl (Rasnlab6iah 8pacdtand BpM Pid o A raéddsihl 684 orb 8¢t r ode
modul e side are conbined to forma single conbined el ectrode nmenber, and
el ect rode ¢ohiederrengstivnisidersaid Masimitizing spacenshidhmotatodempeisingr of said first
el ectrode nodul g, sai d .conhi ned, el ectrode nber .and el ectrode nmenbers
other than s iR BRAuBRaLE ot R aTe BroW Pt G GrBCh T ode
modul e ar ;@ FARAE 1 Aon iRAHALIRILENES with respect to one another, wherein
sai d conbi ned el ectrode menber is divided into a plurality of partial

el ect rode menbewrsl fidsong sacaniddidetrdie motilenedchtimlisket plaglin dffeldchede

si de-by-side arranging. direction of said first and second el ectrode

modul es, dREMB§S fﬂﬁ%ﬂgég jimtiderbysidetrelation o) the sanerudireriormes the pide il t ed by
sai d suppay. rty:af. said Ligst el ectr Jmodul th iguting said
rrst end EroBPh S il il BRI ER SR B PELE RO R TRy

el ectr ode JoRAREng ahS s\gpBAREIsed dcusas thefWBROrt pail of said second
el ectrode nodul e thereby constituting said second end el ectrode nenber. 70

[ CLAI M 32] A plagsimsepingcsssidmipsappangtsparede tomdd hefwieen evesy adiddent wherein a
t enper at urei agéust ibnl\%epat his formed within said partial electrode nenber
and sai d PACHOPE 5P Red

a first end electrode member of all said electrode members of said first
electrode module located at an end on said second electrode module side and a second
end electrode member of all said electrode members of said second electrode module
located at an end on said first electrode module side are combined to form a single
combined electrode member, and

electrode members other than said first end electrode member of said first
electrode module, said combined electrode member and electrode members other than
said second end electrode member of said second electrode module are arranged at
equal pitches with respect to one another,

wherein said combined electrode member is divided into a plurality of partial
clectrode members along a width direction intersecting with the side-by-side arranging
direction of said first and second electrode modules, one of the adjacent partial
c¢lectrode members is supported by said support part of said first electrode module
thereby constituting said first end electrode member, and the other of the adjacent
partial electrode members is supported by said support part of said second electrode

module thereby constituting said second end electrode member.



a fluid for adjusting the tenperature to pass therethrough. [CLAIM 33] A

pl asma processi ng apparatus according to claimany one of clains 29 to 32,
wherein the respective el ectrode nenbers of said first and second el ectrode
nodul es each have a plate-like configuration intersecting with the

si de-by-side arranging direction of said first and second el ectrode

nodul es, the plate-like respective el ectly ode menbers other than said first
end el ectrode nenber of said first electrode nodule, said plate-Ilike

conbi ned e|] ectrode nenber and said plate-like respective el ectrode nenbers
ot her t hanldahid&cond end el ectrode menber of said second el ectrode

modul e are equaJ\ p'la@mtarﬁlr&ciégs(iaggsapparatus according to claim 31, wherein a temperature
adjusting path is formed within said partial electrode member and said path is allowed

a fluid for adjusting the temperature to pass therethrough.

[CLLAIM 33]

A plasma processing apparatus according to claim any one of claims 29 to 32,
wherein the respective electrode members of said first and second electrode modules
each have a plate-like configuration intersecting with the side-by-side arranging
direction of said first and second electrode modules, the plate-like respective electrode
members other than said first end electrode member of said first electrode module, said
plate-like combined electrode member and said plate-like respective electrode
members other than said second end electrode member of said second electrode

module are equal in thickness.



