1 [ 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 method 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 relates to a so-called renote type

pl asma processi ng apparatus and gEELARATTONHI ch an object to be
processed is arranged outside the space fornmed between adjacent el ectrodes

and a plasma fornmed between the el ectrodes is sprayed onto the object.
[ BACKGROUND ART] [0002] In Patent Docunent 1, for exanple, there is
described a renpte type plasnma processing apparatus as a surface

processing appar at atus ,in es a pI ocessqgr conposed
of a plurality of ]:}'Msl‘)@émg%g?‘{» BRA Pgta«gg ﬁp‘?‘lﬁ aving tho ot
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pl ates aCRiydATRE! eThiyd A 020074 r$APADEY do hereby solemnly and sincerely

declare:-

(1) THAT I am well acquainted with the Japanese language and
English language, and

2 THAT the attached is a full, true, and faithful translation into
the English language made by me of International Patent
Application No. PCT/JP2004/008899 filed in Japan on June 24,
2004. |

AND, I, Misogi HARADA, being sworn state that the facts set
forth above are true.

Signed this _ 22 vd day of . Mo vembey 2005

______________ Disegs. Heosde,

Misogi HARADA




power source and the remaining every other el ectrode plates are grounded.

A slit is formed between every adjacent two of the electrode plates. A
processing gas is introduced into this slit fromabove. 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- nmentioned every other electrodel plates fromthe power source. Owing

to this arrangenment, the processing gas is plasmatized and the slit

between the adjacent electrode plates is turned out to be a plasmati zing
space. ThEDOSIG A& SBEFIE6ATI@Nfrom a | ower end of the slit and
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sprayed to an object to be processed whilé noving the object in a

di recti onfBECHOJHDAIL FIELD$ ext endi ng direction of electrode plates and

‘thus, the eéﬁndi ng direction of a slit forned between adjacent two of the
el ectrode[Qﬁ< es. By arranging such that the el ectrode plate and thus the
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el ectrode plate pair are arranged in"a side-by-side Trélation.” An object to
be procespeessinggdastantelap ohjeetdtioddoppceksed, such as plasma CVD,

thermal CVD and the like. Particularly, it relates to a so-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 includes 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 is formed between every adjacent two of the electrode plates. A
processing gas is introduced 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-
mentioned 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




extending direction of a slit formed between adj acent el ectrode pl ates.

[ 0003] [Patent Docunent 1] Japanese Patent Application Laid-Qpen No. HO5-

226258 (page 1) [Patent Docunment 2] Japanese Patent Application Laid-Open

No. 2002- 143795 (page 1) [Patent Docunent 3] Japanese Patent Application

Lai d- Open No. 2003- 249492 (page 1) [DI SCLOSURE OF THE | NVENTI ON] [ PROBLEM

TO BE SOLVED BY THE | NVENTI ON] [0004]2 The apparatus described in the

Pat ent Docunent 1 is unable to cope wth an object having a vast area

because the nunber of the electrode plates is too limted. In contrast,

with respebject to be podgassed mehichgs arranged beaeath, Bhdomaéera plaselaect r ode

pl at es becones nore t.han necessary d excessive electric power and

processi n@lﬁggge Br¥CHRBE4P GPTS uggﬂgﬁﬁgaeg)ecw g’lﬁ/&ﬂ,ﬁ’c?-n the Patent Documents

1 and 2, the | oby - - the slit and
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thus, the electro e nust 'be I MENSI one and the

el ect r odephisataeisaspeayidmensi obprdt kobgerocedsbe vehite ifdeg phabbjdcs i eadi | y
bent by its. own gravity, Coulonb force,  thermal stress, etc. It is also
not easy gdigstianprihngonakintheoeendmadigegtion of electrode plates and

thus, the extending direction of a slit formed between adjacent two of the
electrode plates. By arranging such that the electrode plate and thus the
slit are made to have a length extending over the entire width of the object,
the entire 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. HO5-
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 1 is unable to cope
with an object having a vast area because the number of the electrode
plates 1s too limited. In contrast, with respect to an object having a small
area, the number of electrode plates becomes more than.necessary and

excessive electric power and processing gas are wastefully consumed




of the slit and the electrode plate. Mreover, the processing unit is
exponentially increased in weight in accordance wth increase in nunber of
the el ectrode plates. In the apparatus of Patent Docunment 3, the pairs of
el ectrode plates and thus, the slit formed between every adjacent two of
the electrode plates are not arranged at equal pitches and the processing
intervals are not constant. Moreover,3there 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 fgas j et
means. [0005] Morgever; hethsf Batent Boguimmty 1 atnde2 tthoflatges the esamf i nventi on

to provid .t echni que aé)ftble , {.p a,surface r%c ssiing such as film
eposit1 ofte Shipgidomies, &R Theks the ety Riis B5C ebeiods biA mitkibe
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efficiently and further capagl e o} ma m%l %he processi ng mger’val S

const ant thesledtioddrplate spaadilyebergibivtiss Osin gravitws Coudsmbeforde)g processi ng
gas is designed short and snmall. [MEANS FOR SCOLVI NG THE PROBLEM [0006] In
an appar atgEmRbptrpsse €t sltiig alspenefigasyde adramthgjimensionabaccyagressed
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' of the electrode plates. _

In thé apparatus of Patent Document 3, the pairs of electrode plates
and thus, the slit formed between every adjacent two of the electrode
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 1s, 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 i 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 hole-rows, the processing gas being bl own through
each of said hole-rows, and a noving mechanismfor relatively noving the
processor in a di recti on intersecting wth the side-by-side arranging
direction with respect to the object. Oning to this arrangement, each

hol e-row can be made short. On the other hand, even if the object has a

| arge area, the surface can be processed eff|C|entIy and the processing

i nt er val sdicestidreofreaich obthst bole-rows, tthe pabaassingessi ling bdowartheomglt | t he
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hol e-r ow diregtion thith resbatt toethy olgeditng direction) and the side-by-side
arranging direction are desirably orthogonal to each other but they may be
sl antwi se i nt éP¥angde thstarragemantheach -rmWanu §rn@@¢ ety et to be
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In the above-mentioned arrangement, the hole-row may be
composed of a single slit (clongate gap) or may be composed of a plurality
of small holes or short slits arranged in a row.

[06007]

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 mtersected 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 setto 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 1s conducted by plasma jetted through a single hole-row, and

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




OnM ng to this arrangenent, the regions processed by the plasnmas com ng
fromthe respective hole-rows can be nmade continuous in the side-by-side
arranging direction. The effective range of the distance between the hol e-
rows and the object refers to a range where a processing rate at a certain
poi nt on the object can be held in an effective definite valve or nore (see
FIG 4). Simlarly, the effective prockssing width refers to an effective
range of wi dth dinmension within the whole range where the surface
processing is conducted by plasma jetted through a single hole-row, and

t he proceseimegpeidingito ke sapde hokf-srw Hemomasanpeedeternened patds €8si ng rate 5

correspondin ot si.ngl e hole-r becones a predetermned ratio (for
exanpl e, %@&‘Piﬁd‘ﬁ/gtgrﬁ%ﬁ}@rﬁow %WWH%IV@@%GIOO%] Each of the

hol e-rom[@%]be sl antwi se extended with respect to the relatively noving
di rection. ng to this arrangenent, uniformty of the surface processing

can be enhanceBach ofthé hol-Avyhes BXERRGWLE ©apsdéd®hifhorspédt tbs al so
accepted that each of the hole-rows is slantwi se extended with respect to

t he rel at therslativelyimgviig dicedtion. awmgdotbiscanrangement, anifangéty efach ot her

I n side-by- sige relation in g}directian orthogonal to the relatively
novi ng di ﬁéec widce Prgrestae sandscaliaieedi t i s also accepted that each of the
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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 the relatively moving direction.
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




are arranged each other in side-by-side relation in a direction orthogonal
to this extending direction. In this slantw se extending construction, the
pitch may also be set to be approximately equal to the effective processing
wi dt h when the di stance between the hole-rows and the object is in the

nei ghbor hood of the upper Iimt of the effective range. [0009] In the
above- nentioned sl antw se extending construction, it is desirous that one
end part in the extending direction of one of two hole- rows disposed

adj acent or every predeterm ned hole-row(s) of all the hole- rows is

| ocat ed oarrangament, ithe aurthee pradesmmgt den behatre waliforrozédgltdsr ecti on as the

other end part in the extending direction of the other of the two
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object. Oning to this 6 arrangenent, the surface processing can be nore
uni formi zed. | The procgssor may michide mplwalifgohstages ef thoholesraw ong t he
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processing can be conducted sufficiently.

The hole-rows of adjacent hole-row groups are desirably deviated in
the side-by-side arranging direction. Owing to this arrangement, the
surface processing can be 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 1/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 1n 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]




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 conducted sufficiently. The hol e-rows of adjacent hol e-row groups
are desirably deviated in the side-by-side arranging direction. OMng to
this arrangenent, the surface processing can be uniform zed. Especially,
in case the extending direction of the hole-row and the relatively noving
direction are in parallel relation, striped non-uniformty can effectively
be prevented from occurring. [0012] The anpunt of deviation is desirously
1/n (n is. the hheberfacé préowesssigaapgmaratustiha desliee favyweympup prafessing pi t ch.

OnMng to this arra ment , uniform’t)éof tlh surface processj can be
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stages of the Rl ¢usaldftthe pligpeprotesdntdi 4GsdraeR, itnbt es@ons ttatwhé h the
relatively noving direction with respect to the object and a second sw ng
mechani snPisiessorriachides @ pluraliiynefselactiofde membepsqupangedtine sitdadry-of the two
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mechani smyoraddBetien two adjacent electrode members of said plurality of '
electrode members, and the hole-row group (group of slit-like hole-rows,

1.¢., slit group) is constituted by the gap formed between the adjacent
electrode members, a processing gas for plasma processing the object
being passed through the gap. When 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
area 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
mdividual 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




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 plasna processing apparatus, a
thermal CVD apparatus. In case of the plasma processing apparatus, it is
desirous that the processor includes & plurality of el ectrode nmenbers
arranged in a side-by- side relation at equal pitches, a slit-like gap as
one of the hole-rows is fornmed between two adjacent el ectrode nenbers of
sai d pl urapmsﬁeqbolaatﬁcetndoaiﬁllmnhmrml gasdistthe pnodessmpgay isyaséed oup of

slit-lik hoIe sli royp constituted by the gap forned
bet ween t ﬁﬂla%@mr@m h ‘ﬁ‘&fi’éssémf?d) a8tY.or pl asma
proceSS|ng% object bei ng passed through the gap. When the present
I nvention having such a construction as just nentioned is applied to a

pl asma proceSSIMemevreameﬁtloné@ﬁlm prowigsitigrdjaraas, fes Akde small in

size and light in weight, and e apparatus can be prevented from being
bent by i#aedepied thetthe proasspeminciudesta phgahty abelsotrede navdilasi on accur acy
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size of th
members arranged in a side-by-side relation at equal pitches and

constitutes a part of the hole-row group (slit group). Owing to this
arrangement, the size of the entire hole-row group can be made to flexibly
cope with the size of the object by adjusting the connecting number of the
electrode modules.

[0016]

It 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]

It is 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




i ndi vi dual el ectrode nenbers. The el ectrode nenbers each have, for

exanpl e, a plate-like configuration. The adjacent el ectrodes are given
with, for exanmple, nutually opposite polarities, and each gas serves as a
pl asmati zi ng space, and a processing gas passed through the plasmati zi ng
space is plasmatized and jetted. In the plasma CVD, etc., it is also
accepted that a specific electrode méhber has a sanme polarity as that of
an el ectrode nenber adjacent to one side of the specific electrode nenber
and the specific electrode nenber has an opposite polarity to that of an
el ect r odeammanding dadjcioaneach of themoidnds usitsleommpriseathé elecgadeas t he

processi ng gas, ich is excited by | asma, 1§ passed between the adj acent
el ectrodé%ﬁng?e?fgﬁ] A me%ﬁc@wrbﬁmﬁﬁ@@O%P@Pattﬁﬁ%ﬁ ciradey rnpéﬁ{]eeri al gas
as the pr ' [ . '- t rode nenbers
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appar at usyniférohisisg pfboe@@i@gﬁesgah@hbléiﬂsw@rmné%Ra_rcnidal@l modaledarel ural ity of

el ectrode nodul es " separatably connected in the side-by-side arranging
di r ect i oncasmestaditonibiedlow aastifieataon path suchethat thoblelerinivg ae i ncl udes a
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passed through a plurality of hole-rows and processing corresponding to
those hole-rows can be conducted more uniformly.
[0018]

According to another feature of the present invention, 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




cope with the size of the object by adjusting the connecting nunber of the.
el ectrode nodul es. [0016] It is desirous that the adjacent two el ectrode
nodul es each have an end el ectrode nmenber arranged at nutually opposing
~ends, the end electrode nenber of one of the two el ectrode nodul es is put
together with the end el ectrode nenber of the other of the two el ectrode
nodul es so that these end el ectrode hBnbers constitute a single conbi ned
el ectrode nenber, the conbined el ectrode nmenber being equal in thickness
to the other respective electrode nenbers of the adjacent two el ectrode
nmodul es. elesirnde eembes ofitheasegond rdectt e piddule afe adengdd atdqued hol e- rows
can be made equal to the rest part even at the conpecting part between the
two el ecPieRgs Wﬂhlﬂe&“?(’t[t@@ll?]am&@fs feeonding tq Hus cop@cttkssor i ncl udes a

a0 cont 1 RBSGELSEER,BRY oLt Bhlet FaR A REEE AR DR AE R oy o°r e

are br anchgghbel bf thecRcasds m@dﬂ%@%ﬂa&h@edgﬁ@,kﬁ—wvsi(ﬂé rdlatighso desirous that

t'he processor includes a plurality of ‘nodule units separatably connected
in the siNomggvel, geoessurg eargbagoddnetetliasihe eamk pofchehesnodt e units
conprises_the el ectrode..nodul e.and a fl ow({?ct I fication mg.dul e connected
to the el BR§FGR&LOEsRPRdIng 10 each electrode module even in the position

corresponding to the connecting part between the electrode modules, and

uniformity of the surface processing can be obtained. This electrode

module construction can also be applied to an apparatuses having no

moving mechanism, i.e., 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 is 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




the flow rectification nodule includes a flow rectification path for

uni form zi ng processing gas, and hole-rows of the el ectrode nodul e are
connected to the flow rectification path such that the hole-rows are

bl anched in each of the nodule unit. Oning to this arrangenent, a
processing gas uniformzed in a single flowrectification path can be
passed through a plurality of hole-roh and processing corresponding to

t hose hol e-rows can be conducted nore uniformy. [0018] According. to

anot her feature of the present invention, there is provided an apparatus

for pl asrawarddes firsigelactrods evadutle, el pr dreessmnbineyd clgeatrodameanipmrocessi ng
. th h I tizi. | yi t.h ' t
ob ect. anfigrgshoaarasdihieRaSH i and 1ho e damiieducefBhRAe T BYA R at us
I se: ' . I . I d
cach ot hath toEftir A EAE B GBI Er AR YR RoBES PRt GY, © 4T 2000

el ect r odesgroddlcpdargadithickeleus patt 4k pudltogotheoividl ehr sitier. nEvigpsoar r anged
in side-by-side relation in the same direction as the side-by-side

ar r angi ngtha awangenent, the first anst sepeandsensbelgctrede membersmaafiasly and a
support part for ceonnecting and s orting the electrode nenbers, a gap
serving a e?ﬂ%neﬁﬂt%‘g'rfﬂlﬁé]inﬁg @@g%aeglflg'gb? %?H?gﬁtegbet ween every adjacent

el ectrode[r(mg ers, a first end el ectrode nenber of all the el ectrode

menbers of the first electrode nodule located at an end on the second
el ect r ode nodulnethsd preeferrdd @nseahinoengnioh eisedhe oztapematiner of the first

end electrode member is to be adjusted, a temperature adjusting path for
~ allowing a flumd for adjusting the temperature of the first end electrode

~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]




of all the el ectrode nenbers of the second el ectrode nodule |ocated at an
end on the first electrode nodule side are conbined to forma single

conbi ned el ectrode nenber, and el ectrode nenbers other than the first end
el ectrode nenber of the first el ectrode nodul e, the conmbined electrode
nmenber and el ectrode nenbers ot her than the second end 10 el ectrode nenber
of the second el ectrode nodul e are ardanged at equal pitches with respect
to one another. According to this characteristic construction, the size of
.the object can flexibly be nmet by adjusting the nunber of the el ectrode
modul es arrang/&dempesatdssbdgustlugpaelhﬁdm alhowinga fané for pdjosesgiting can be

conducted at the sane as .in th si.tion corres onding to each

el ect r odet eﬁﬂ%ﬁf?@“@\%ﬁa?%ﬁ’teﬁ%&ﬁ F%We(af@@% v Eorames wathin the,p necting part
bet ween t ocessi ng -
can be ob a?ﬁégghglfﬁﬂ %cg% e%@%ﬁ‘@{lé&@%@%{ﬁ’ nﬂ%‘?rz)l%%gggéi appl [ eg to

an appar ab¢aeslerthi, e DEmpoRitintgadastiagipath cin easilyabpdoahed ln whi ch
processing is conducted w th respect to a processor including an el ectrode

nodul e in 2663| tionally fixed manner. [0019] The first end el ectrode
e AN e e I A bR PR AR L e
second el %bhﬂ%qe&%ﬂ{eﬁmodul@s cddMeh SRR IRE-like configuration intersecting

with the side-by-side arranging direction, the plate-like respective

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

electrode module, the plate-like combined electrode member and the

- plate-like 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.

10025]

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.




el ectrode nenber, are electrically grounded. OMng to this arrangenent, an
el ectric | eakage can be prevented. [0020] According to one preferred

enbodi ment of the present invention, in the first electrode nodule, the
first end electrode nenber integrally includes a first enlarged-thickness
part protruding toward the second electrode nodule, and a first
reduced-t hi ckness part which is snmall &3 in thickness than the first

enl arged-t hi ckness part and withdrawn to the opposite side of the second
el ectrode nodul e side, in the second el ectrode nodule, the second end

el ect rode nmendéns desiegusathiay thanpiteld esset te deoapproxadateddeqhaldbreess part whi ch

is wthdr to the oppositge side of . .the fjrst electrode nmodul e side and a
second en?afig%\eﬁ PHICERHBE IV Isih Whigm 2 distance, @d‘&eﬂitheﬁ"ml%'ﬁﬂ%éﬂﬂaﬁgﬁ t he
second enlar. -1 hj ck: riudi e, fiast

el ect rodeé%gﬁﬁe%lma%%%ﬁﬁa?@ c%ﬁgll%n égllggit&%‘ e _?r%f%ng%@, Plar{é%ear{cil {;h%t

enl ar ged- piuiceksiagds panducted under seclp adondituse thdt the Wiresscdrih aare  put
together with each other and the first reduced-thickness part and the

second enneighbarhagdahdeqipnartimatefghe effagbiviaangg.t h each other. Oning to
this arra nt, the first and second end el ectrode nmenbers can firmy be
connect ed; I ned and easily be separated. [0021] In this preferred

enbodi ment, i NtGagesitHEs HRAFBRS Arde8s&Y islddstitftéd by arranging a
plurality of stages of hole-row groups composed of hole-rows having the
equal pitches in the extending direction and the adjacent two stages of the
‘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 is 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 is also desirous that a swinging width of the swinging motion is set to be




end el ectrode nenber is to be adjusted, a tenperature adjusting path for
allowing a fluid for adjusting the tenperature of the first end el ectrode
“menber to pass therethrough is desirously formed within the first

enl arged-thi ckness part. OnMng to this arrangenent, the tenperature
adjusting path can easily be forned. [0022] According to another preferred
enbodi ment of the present invention, l#he conbined el ectrode nenber is
divided into a plurality of partial electrode nenbers along a width
direction intersecting with the side-by- side arranging direction, one of

t he adj acbtompslighitht laepecthande? ndithepstchs Owupg oo thed abganghmentipport part of

the first electrod dul e thereby. constituti he first end el ectrode
menber . aWTORBIG TS ST ﬁ%pa%?eéégxﬁcmb&:#ﬁ%iy beibieinede menbers (s
suppor t edrgystihe support part of the second electrode nmodul e thereby
constitut[ t]he second end el ectrode nmenber. Owmng to this arrangenent,

the first and Fheendeasttthelseainpatemmivieisdesiransly dettty bed /aoinggt ed and in
addition, since there is no need of partially reducing the first and

second endneidegerddd amsapied, timafor theokjeet ty tilatyvely anove byt ai ned and
e v G TR BB BEY Bl B SRR TR, o oo 1Y
fluid foraadhyshen vntfrmity of the surface processing can more reliably be

obtained.

[0032]

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
9.331 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




tenperature to pass therethrough is preferably forned within the parti al

el ectrode nenber. Since the partial electrode nenber is not required to be
made thin, the tenperature adjusting path can easily be forned. [0024] It
is desirous that the respective el ectrode nenbers of the first and second
el ectrode nodul es each have a plate-like configuration intersecting wth

t he si de-by-side arranging direction, 1fhe plate-1ike respective el ectrode
menbers other than the first end el ectrode nmenber of the first electrode
nodul e, the plate-like conbined el ectrode nenber and the plate-Iike

r espect i vglass substoate amenbsemicatidactdrhaaterhmdee annppendmattiyenommdd nenber of

the second el ectyode nodule are equal in thickness. ing to this
arrangeneH’EQSSWFe(%dFEﬁé%m%léhpri'ﬁggl# thﬁé“ﬁ@ﬁpléﬁlglpﬁéSH’%Ae equal . [0025] A
surface p[ sing nethod according to the present invention conprises the
step of blow rAg a processing gas through each of a plurality of hole-rows

arranged in a Theréyessimbeoiehaipl9Roufed? dedc@¢éd Mleréih £6ugle oPat ches on a
processor so as to be sprayed onto an object to be processed while

rel ati vel plurslityngf prasessingegaswomponents e gas on liqnidpbasssi nhegah t he _
T e by e e AT N8l SELL L eaeel (o L ol e ou o to 11
processi ngofRnghis, shRMeYqRa RS GFthEsk ¥hd BomPORERTs oo alhiRLl 86t

produce a processing gas in accordance with a processing purpose.

[0035]

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 ps 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
set 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 5 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 1s reciprocally moved, or while it 1s moved in a forward

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




even if the object has a |arge area. [0026] The processing gas jetting may
be conducted while relatively noving the object along the extending
direction of each hole row or the processing gas jetting nay 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
approxi mately equal to an effective précessing wi dth when a di stance

bet ween the hole-rows and the object is in a neighborhood of the upper
limt of an effective range and the processing is conducted under such a
condi t i onrdrhated fimnditlsd mmkpieseitabla 5.nHiighdbedree, afcepted thppthie | init of the
effective r e. [.0027] sirou Ehat t.he processor ] s constituted by
ar r angi ngWeTXPICGE a 1§>90@¥tl(§&ailge§?€%daﬂ It GPHWIQBJ& erhadspdkBd of hol e-rows

havi ng t h@?lﬁg&{g‘% t(P kﬁe ﬁ/teoce'sﬁng%eeaﬂxf FOn ngdg Sglnger}ﬂgit;ﬁ%nl%gﬂ ZF cent two

st ages of ["e-row groups are devra arrangi ng

di rectionm, afrgllat cvieveyr rRhé 1kl Na @esae@ffatl%tﬂle%bﬁvéﬁ&pﬂ% to the
plurality of stages of the hole-row groups altogether. to this

arrangerrewvtorkpwﬁedeauybe directie ssmlﬁ@ctbegoblcesenwamndo‘@e asced. [0028]
The procealsl n as tri pg, ay li) onductgd whil e further
€ workpiec setta € can eeltmnate.

[0037] ,

As shown in FIG. 2, a workpiece temperature adjusting device SH
(object temperature adjusting means) such as a heater is éttached 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 1 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 recetving 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-




relatively swinging the processor in a direction intersecting with the
relatively noving direction with respect to the object. Omng to this
arrangenent, uniformty of the surface processing can further be enhanced.
[0029] It is also accepted that the processor is constituted by arranging a
plurality of stages of hole-row groups conposed of hole-rows having the
equal pitches in the extending directildn, in parallel with the relative
novenent, the hole-rows of the adjacent stages being relatively swng in a
way as to be deviated in phase in a direction intersecting with the

rel ati vel hikenbot spptik@dlowreviifinaties hobs ZBm dtbe Thigj @stﬂo‘{VOOSO] A swi ngi ng

wi dth of the. sw.n nis desirously small epou orrpared W th
t he rel at ?%ﬁi’aﬁ‘ﬁ |Iﬁgdgfesi(g?f§c@0%§?‘*@t% WEY end partjtgergod v (b‘ﬁs that a
SW ngin t o8 sllghtly
Iarggr tghan%{g}’fﬁtj%l ;{lﬁte% ?Qhw&&@d@%ﬁg&grangeérén?&l{) ormty of the

surface ppheelsi @ﬁﬂomercqﬁcaﬁbn mﬂemmwﬁomﬁ&ﬂﬁﬂﬂheﬂt@wmﬂ}ﬁc@tﬁoﬁ he
swinging notion is desirously set to be 1/mtjmes i nteger) of a

requi red Plate28qt egual piighes on the lefband sight awsles. diac ﬂ@wgteaﬁiﬁ@atlon

Gt  or it JOBr2- s 18he 308N ot SACFER R Rohe Bkt iredlis R OT=N"
(directions orthogonal to the paper surface of FIG. 2). Instead of a slit
form, the rectification holes 23a may be a plurality of spot-like holes
which are arranged on the front and back sides in a dispersing manner.
Those flow rectification holes 23a are connected in one-to-one

- correspondence with slits 10a formed between electrode plates as later
described. That is, a plurality 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 into the electrode
‘module 10. |
[0040]

As shown in FIG. 1 and 2, the electrode module 10 of the
processing head 1 includes an insulating casing 19, and an electrode-array
(electrode-row) recerved in this casing 19. 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




obtai ned. [0032] The present invention is applied to plasnma processing

under the circunstance of, for exanple, generally normal pressure

(pressure in the neighborhood of atnospheric pressure). The generally

normal pressure wused in this invention refers to a pressure range of 1.0

13 x 104 to 50.663 x 104 Pa, preferably 1.333 x 104 to 10.664 x 104 Pa and

more preferably 9.331 x 104 to 10.3978x 104 Pa when easiness of pressure

adjustnment and sinplification of the construction of the apparatus are

taken into consideration. [BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON]

[ 0033] Enthwedtmens is lafger barp thes endthi dinestisiom ofithd woekpiese W hrdhéier ei naf t er

W th refe%%pce t.o dramﬁngs. FIGS. 1 and 2 show a first enbodi nent according

to a basi Gt 3FhEEhE AIeEHoBs. ¢ he present invention. A nornal pressure plasna

processingnﬁﬂgaratus M as a surface processing apparatus conprises a

pl asma processi ng head 1 (processor), a processing gas supply source 2, a

- power source 3Thodleztivoé-digayBedeivddsin the Jdmhs% pbds oengtitacrbsf A9 apparat us
o)

M is adapted to plasma process the surface a workpiece W as an object
to be proekssly (I7apicaes tn ther dravangs) elibinstandsecogdiedecirads platess! 1,

12 (plate-like electrode members). Those electrode plates 11, 12 are each

formed of a square flat plate made of a conductive metal having the same

configuration and dimension. Each electrode plates 11, 12 is arranged

vertically and along the back and forth directions. Those electrode plates

11, 12 are arranged in side-by-side relation at equal pitches each other.

The front and rear end parts of the respective electrode plates 11, 12 are

ﬁXedl’y 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 in 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 1 are
grounded through an earth line 3b and functioned as ground electrodes
(carth 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 clectrode plates 11, 12 by thermal spray.
[0043]

A slit-like gap 10a 1s formed between adjacent electrode plates 11,
12. This gap or slit 10a is vertical and extending in the back and forth




gl ass substrate and a sem conductor wafer under an approxi mately nornal
pressure (under a nei ghborhood of the atnospheric pressure). [0034] The
processing gas supply source 2 reserves therein a single or a plurality of
processing gas conponents in gas or liquid phases. The gas conponent in a
|l i-quid phase is evaporated and in case of a plurality of conponents,
suitable quantities of those gas conpdBflents are admixed to produce a
processing gas in accordance with a processing purpose. [0035] f The

- power source 3 is provided as an electric field applying nmeans which

out put s, divectexmrimheying PrecmnsaifithgevakpaeocoW)agh simglefshit ddag  pl asma in

t he processing head,l. It is desirous th t t he ,pu time and/or
fall Png t GORst ll%étei@ Rolgropeeden W@lﬁ‘tﬂ%"e HEFHOM L JEE%SI iél%f@@@?‘% or less,

the el eCtEét%eege%vgrgﬁhgi&%ggglec@ HEE apd éétﬁé%%ﬁ flaRdl.aca l‘lgi‘l ct rodgs as

| at er descri be cm and e wave requency 1s

nore. Thedipesveonss oDke apgei sndphrth ofithe dedpectne elesmrmtsmtloa@r@ pul se
vol tage but it mag/ be one for out putt| n%{a si nusoi dal hi gh frequency AC
93

vol tage oformsicteslitpiher¢argesponding oo saltifitasionheley 28 cifdhesm 4 i s
connect edﬂ oW recﬁflcg{llolzl Omng)(?ule% rgspec%lvely The flow rectification holes

23a serve as mntroduction paths for introducing the processing gas into the
electrode-to-electrode slits 10a, respectively. Each electrode-to-electrode
slit 10a serves as a path for allowing the processing gas to pass
therethrough and also functions as a discharge space where a glow
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 lower 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 slit-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 is 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” is constituted by the slits 10a arranged in .




set table 5 (only shown in FIG 2). A workpiece Wis set on this workpiece
set table 5 in its horizontal attitude. The noving nmechanism4 transfers

t he workpiece table 5 and thus, the workpiece Win the back and forth
directions (directions as indicated by a two-headed arrow of FIG 1). By
doi ng so, the workpiece Wis passed under the processing head 1 and

subj ected to plasma surface processi ng0 The wor kpi ece Wnmay be processed
while it is reciprocally noved, or while it is noved in a forward

direction or backward direction (only a single novenent) and then 16
renoved f siderbyreidearckatierc eThalslie ghoup 100ds estendeddsrgerathanphedefi hat t he

wor kpi ece VVi§¥£OSitio?§gl fixed §g t he novi ng nmechanism4 is connected
to the prﬁ%@§ ﬁ“ﬁgbﬁ & YORBRECE LY. The novi ng nechanism4 may be a
roller copﬁﬁﬁﬂr or the like. In case of a roller conveyor, the workpiece W
can be difectl'y set onto the roller conveyor and therefore, the workpiece

set table 5 camhbelisthh¢e betveskn (HRUSWerAndshaniet ?oftb of tie sli Yo kPi ece
t enper ature adj usti n&@ggvi ce 5H (object tenperature adjusting neans) such

“as a heat the procasting tloandithe workpicee Vsie., verkingdistandeeWdppar at us M
B R e R T T SR
E erper ‘g‘f UGStHARIHS LERALIE Yhkse. (THe"BIud VB, 18N22Lind Wes | [ ferkbE t4Vas k_pi ece set

the set working distance WDy .) As shown in FIG. 4, the effective range

of the working distance WD refers to a range where a processing rate

measured at a certain point on the workpiece W is held in an effective

definite value or more. When the working distance exceeds this effective

range, the processing rate at the measuring point is abruptly lowered. That

is, 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 (heremafter 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 a range Sy 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 1s able to be carried out. If the processing rate

conducted by the plasma gas jetted through the single slit 10a is

represented by R and its maximum value 1s represented by Ry, the

effective processing range S, refers to a range where the processing rate R

becomes a predetermined ratio o or more with respect to the maximum

value Ryax.  That is, it refers to a range where R > a0 % Ry is satisfied.




[ 0038] The plasma head 1 of the plasma processing apparatus Mw |l 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
hi gher 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
modul e unit 1X. The nodule unit 1X i B¢l udes an el ectrode nodule 10 and a
flow rectification nodule 20 installed on an upper side of this el ectrode
nodul e 10. The el ectrode nodule 10 constitutes a plasnma di scharger and the
flow recFof éxanple oedli% 3@ X%%nsThé poas vehdreRvbeesmics Rep,x 1§ 0039] A
receiving port_21 and-.a flow_ rectificati path are fornmed on the flow
rectifica@‘i’%alll’bbﬂﬂp‘éedz@tei%uﬂd% apq%%vﬁgiqﬁlsrh%hglﬁrmﬁlﬁg gas supply

ath s cUeEiY Arador et TERFRERoe Rt Phard Boilind I 1177 TRe
(or spot -Jifetard thngssddii5ahé pOiok Rerd R bedbfies T, 025 {1 ow

rectificatron nmodule 20 is provided at a | ower end part thereof with a flow
rectificall®8]pl ate 23 as a flow rectification hole form ng nenber. A

Fect (11 cation TF gtbel I binsarsiprranes S e BRI gt *si des. Each
flow rectyfdedlih@Range SO depends on the working distance. When the working

distance is m the effective range, i.e., in the range where WD < WDy is
satisfied, the more increased the working distance is, the more increased
the width of the effective processing range Sy, i.e., the effective processing
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 WD, 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 processing gas coming from the processing gas supply source 2
is 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 1s
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, 1.e., the directions

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




hole 23a is in the formof a slit extending in the back and forth
directions (directions orthogonal to the paper surface of FIG 2). Instead
of aslit form the rectification holes 23a nay be a plurality of
spot-like holes which are arranged on the front and back sides in a

di spersing manner. Those flow rectification holes 23a are connected in
one-to-one correspondence with slits220a fornmed between el ectrode plates
as later described. That is, a plurality of slits 10a are connected to a
single flow rectification path such that the slits 10a are branched

t her ef r onspriayed ®nad shus vaordkeptcedW Habughwiach alit 1 9a 0By doivgrsecthé i cat i on

pl ates 23 are arranged in _upp and lower relation, so that a.flow
rectifi cabWSACTRERRSEFINGSHCRES, ﬁkﬂtc{]qn%maieﬁ@lyng, pleanmg ﬂﬁii e tions. The

processin ] from the supply source 2 is received in the
recei vi ngg%lgrﬁg Cgﬁﬁg&étdhe gas flow rectification nodule 20 via the tube 2a,

then rect[(030)/ uniform zed by a flow rectification path which is
constituted of the chanber 20a, the flow rectification holes 23a, etc.,
and t her eaf t er A procesting gas uniformecdine single flow dedteickion] pBAGianAs shown

S LB TR e LG TR 530Sl 8 nBL SRR RE s e s
1 200 i 8 ensast gl rORen g o Sptting oo s o
ri ght diré&6aicandeardrdogtetbimiformhe noving direction of
As shown 1n FIG. 3, owing to the above-mentioned relation
between the pitch P of the slit 10a and the effective processing width, the
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




t he workpi ece W The length of the casing 19 in the left and right 18
directions is larger than the w dth di nensi on of the workpiece Win the

| eft ‘and right directions. [0041] The el ectrode-array received in the
casing 19 is constituted of a plurality (12 pieces in the draw ngs) of
first and second el ectrode plates 11, 12 (plate-like electrode nenbers).
Those el ectrode plates 11, 12 are eacB3 formed of a square flat plate nade
of a conductive netal having the same configuration and di nension. Each

. electrode plates 11, 12 is arranged vertically and along the back and
forth di radeilpnsideTebemme! Eo¢ dudengioat afsthe Fespetlivaredectrodmplates hl,

side-by-sjde relatign at equal pitches .each aother. The front and rear end
parts of Lﬂé‘a? d@@&?\?gla&@WPSS@“?)PE?I&S@EP%IQ"Mkpﬁcﬁe Iy supported on
the front : I i . Raol ar4:1:1 es of the
electr odeAgpglidenggrgf g%??%&lé?\?&{l}r%wgg@%a%g% Oﬁ%ﬁgé%elﬁsaﬁf éﬁ?ﬁ si de

ar r angi ngthdi wedht @an behatuted. Thus harbdrdifi @molint afpevelectrdep! y |ine 3a

| eadi ng fromthe &?Wer source 3 is branched into a plurality of lines
whi ch ar ePlagembbit Bicausedvsr heut bie its @ivee gravity . fleulembi foree, thissmapr ocessi ng

read . SRR e THAREf SELLOH R BT DR RIS o8 o 0L
every ot hgh o8tk eldcaRlePIateds] 114 200exBpt Me0QesEbMIpheadiotafiFon the
' both left and right end sides) from the both sides and the Coulomb forces
are offset as a whole, bending can more reliably be pfevented.
[0052]

Moreover, since the working distance 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
mcreased 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 bﬁeﬂy
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 1X. 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 plurality of module units 1X are arranged |




grounded through an earth line 3b and functioned as ground el ectrodes
(earth electrodes), respectively. A pulse electric field is formed 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
Is coated on the surfaces of the respective electrode plates 11, 12 by
thermal spray. [0043] A slit-like gag#i0a is fornmed between adjacent

el ectrode plates 11, 12. This gap or slit 10a is vertical and extending in
the back and forth 19 directions (noving directions of the workpiece W. A
si ngl e sl letftviarsl argbnighiwartdeen aacihetager diheentoeknde ngits A Xgrvehidhraeet i on”. The

slits 10a forned.. between every adjacent el ectrpdes are s in wdth in-
Che left abifted giith thasedecateon thedr s SlesraddeTiand Fighbect i ve

el ectrode sy, t Cﬁlﬁn o] ' ki~ 1i ke flow
rectifi Ca?@%%, eﬁ‘gﬁs%@a%%blgf t ge{eﬁd%évé)?}égﬁeﬁi %?FE‘%S%EE@ &g respectively.
The flow cegiprisesals @nthBdirgs emdddiment, einaslettndd® eiustul©n O palds flosy

i ntroduci ng the processi n&@gas into the electrode-to-electrode slits | Qa,
respect i vigofificasion mpdule Gee-flex &) anstallad onsits uppo=ider vesondinglyat h f or

AR T R EREN LN O R
el ectric &8k esn BRMROnk SideSHRPIHEShER chNBe Bt &HAOIRd BLAlngedl from the
power sourcé 3. OMng to this
leftward and rightward. The electrode modules 10, which are abutted with
those located on the front and rear sides and the left and right sides, are
separatably connected with one another. If one of adjacent two electrode
“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 lefiward 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 m 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




arrangenment, a plasmatizing space is provided where the processing gas is
pl asmati zed. [0044] The | 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 bottom plate
serving as a jet port formng nenber25%the bottomplate is abutted with the
| ower end faces of the electrode plates 11, 12, and slit-like jet ports
straightly connected to the electrode-to-electrode slits 10a are forned in
t he bott omogludese]10 on thhatar side sfageheHati inginethisqirecessnig head dnthtei t ut ed by

the el ectrode-to-elI@gttrode' slits 10a ang &he sljit-ljke jet po&hs connect ed
to the sl SHIZPYRS OB Bt BN Stagess QNG on the Akqrl st ‘Z‘:’H*rrg’(?s CHPNARCi nsul at i ng
material gugh: ceramic. [0045] In the processing head 1, a slit group
100, i.e., the "hole-row group” consisting of slit-like hole rows" is
constitut pE)3Hj the slits 10a arranged in 20 side-by-side relation. The

slit group 100 is extended Io&r than the left and right width of the
wor kpi ece W [ bbasjectrdeplotasnie IFetandateridescribodrthessiclsatrodej et port) of

~the slit ]])'EI%GSOIH’G denoted by reference characters 12R, 12L, respectively) located
at the opposing ends in two electrode modules 10 which are adjacent to
each other in the leftward and rightward directions on each of the front
and rear stages are put together with each other to constitute a single
combined electrode plate 12X (combined electrode member). The
combined electrode plate 12X is same in thickness as all the other
clectrode 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 2 1 , respectively.
[0058]
As shown in FIGS. 7 and 8, the two flow rectification plates 23U,
23L within the housmg 29 are vertically spacedly arranged. The inside of




the processing head 1 and the workpiece W i.e., working distance WO (FIG
2) is set to a value Wbo in the nei ghborhood of the upper Iimt wthin the
effective range. (The value WDo is, hereinafter, referred to as the set
wor ki ng distance Wbo .) As shown in FIG 4, the effective range of the
-working distance WD refers to a range where a processing rate mneasured at
a certain point on the workpiece Wis2held in an effective definite value
or nore. Wien the working distance exceeds this effective range, the
processing rate at the neasuring point is abruptly |lowered. That is, the
above- nenthedmatking 9ve partitgonidsto thredxiags (muliirskige) chiaatbenc20aj nmedi at el y

ae. Shown #0baAts B the AvrbeRioabionatatoen & Btk s e Topaviag BTt A0 T s set.
to be app{s%né‘%&f‘é&’toelﬂg?éhah%e?@(qﬁaf&?Eﬁe‘ i

arsqggessi ng wi dth conducted by
the plasmatiz processing gas crernattRY Ye8%rs to as the "plasma gas",

wher e appfG#djate) jetted through each slit 10a in the set working
di stance WDo. The effective &r(r)ﬂ(;essi ng width refers to a wi dth dinmension

of a range So Mehewa wuFiGc odbusiregfildontteplateshl3Und3blass ma gas
L0 e RS P OBl B BB S R S RS S,
o Sor I, 21 ORISR MG 1 ok ESN3  100 1

formed in those flow rectification plates 23U, 231.. The holes 23¢, 23d of

the respective flow rectification plates 23U, 23L are arranged in a row at

the lattice points and at intervals 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 1s 2 mm. |

A “flow rectification path” is constituted by the chambers 20a, 20b,
_200 and holes 23¢, 23d of each flow rectification modulie 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 baékwardly (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 is, the lower-stage chamber is divided into five by the

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




effective processing range So refers to a range where the processing rate R
becones a predetermned ratio a or nore with respect to the maxi num val ue
Rrax. That is, it refers to a range where R > a x Rmax is satisfied. 21

For exanple, a 15%to 25% The point where R becones Rmax is normally

I nmedi ately under the center of the slit 10a. The processing range S and
the effective processing range So sprédd |leftward and rightward with
respect to the point where R becones Rmax. [0048] The wi dth of the
processing range S and thus, the effective processing range SO depends on
t he vvorkifgtgvsdtir tyaamkbasiweardly én wdok g nganmtirs t Hims ehambien 20bas ef f ect i ve range,

o kA $80 ok e RO TG W GERRS °
oL ANIE iyl 0 AP EOETOILIR, Ll pocor oL

i ncr easedbagormuslatead4 pos singlechymbet L08gs iheorrefidrideacdivatiagiee S to the
val ue Wbo i n the nei ghborhood of the ui)per limt, and the el ectrode pitch

i s i ncr eagdacert tweslitgs GaosEhasis, dpluralighiofiglitst Hia aeasmnedteddiotths P to this
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manner.
[0061]

The processing gas coming from the processing gas supply source 2
1s passed through the supply tube 2a and the pair of front and rear
receiving ports 21 of the flow rectification module 20, and thereafter
imntroduced 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 23c 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 into 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 is 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.




The processing gas conmng fromthe processing gas supply source 2 is
rectified in the gas flow rectification nodule 20 of the processing head 1
and then uniformy introduced into the electrode-to-electrode slit 10a. In
parallel with this, a pulse voltage conmng fromthe power source 3 is
applied to the alternate electrode plates 11 of the el ectrode nodule 10. By
doing so, a pulse electric field is f@8nmed in each el ectrode-to-el ectrode
slit |1 OGa to generate a glow di scharge and the processing gas is

pl asmati zed excited/activated). The plasmatized processing gas is
unifornTy{QQﬁékxl downwar d. Sinultaneously, the workpiece Wis passed under
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cl eani ng anthe dwtet sface af thxeimendiull BbmbOOR®)] ANapsoeass N6f (REG.
uniform zed in a single flowrectification path can be introduced into the

slits 10al2} fer esecang angfiggerant, aadateir deserivedde fermed in theoauigan be
uni form zed and us, processing c esponding tQ those i.ts 10a can be
conduct ed>WiffBP _fnﬂgrgﬁﬁgﬂlepgoqﬁ@. ?Be&)\ﬁtﬂgw?ﬁ IRHY Sf)i@ég’ nment i oned
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1s formed of metal such as stainless steel, and the inner wall member 17 is
formed of resin. The reason is that an electric discharge can be prevented
from occurring to the metal-made outer wall member 17 from a 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 ¢longate
configuration and mutually spacelessly arranged forwardly and
backwardly.
[0064]

As shown 1n 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 electrodes are alternately arranged leftwardly
and rightwardly. The second electrode plates 12, that are earth 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 1s to be




range where the surface processing is effectively conducted by plasnma gas
comng froma single slit 1 Ga and be nmade continuous wth the range where
the surface processing is effectively conducted by plasma gas comng from
its next slit 10a. At positions i medi ately under the respective
~electrodes plates 11, 12, the processing rates conducted by the plasma gas
jetted through the sllts 10a, 10a on Rfie 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

mul ti pli edisti@gished dirdmi cthersy drgearendenatéd byoekperoenivhesal 12owifhr ocessed
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el ectrode“pj@gfgﬁ(ea]ther&g can be made smal | |rrespect|ve of the size of the
morkplece
[0065]

Of the leftwardly and rightwardly adjacent two electrode modules

10, 10, if the left one is referred to as the “first electrode module™ and the
right one, as the “second electrode module”, the right-end electrode plate
12R i the left-side electrode module 10 is the “first end electrode
member” and the left-end electrode plate 121 in the right-side electrode
- module 10 is 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 lefi-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 left-side electrode module 10 is the “second end electrode
member”.
[0066]
The nine electrode plates 11, 12M other than those on the both ends
1 the electrode module 10 have flat plate-like configurations of an equal
thickness. The léngth of those electrode plates 11, 12M 1in the forward and
backward directions is, for example, 3000 mm, 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
‘n FIG. 6, the filling blocks 14 are abutted with the front and rear end




Accordi ngly, dinensional accuracy can easily be obtained and in addition,
the wei ght can be reduced. Thus, the bendi ng anount of the el ectrode

plates 11, 12 caused by bent by its own gravity, Coul onb force, thermnal
stress, etc. can be reduced. Since oppositely directing Coul onb forces act

- on each electrode plates 11, 12 (except the electrode plates | ocated on the
both left and right end sides) fromtB6& both sides and the Coul onb forces
are offset as a whole, bending can nore reliably be prevented. [0052]

Mor eover, since the working distance is set to be as |arger as possible

and the efdcestof'\tiee prspeetist elecitadietplated Thu9Mtand fikédthelPetarlgy aettalt o be

| arge, the el ectrode plates 11, 12 can be sufficiently increased in

t hi cknessboﬁlﬂ'i rtue of this feature, the electrode plates 11, 12 can be
i ncreased mtrength, and bending can nore reliably be prevented. [0053]
O her enb nts of the present invention will now be described. 1In the

embodi ment s t oTh@lelodeRatcdeIIl AR 6ATREHRM 2ndS, wRichMs@BOYR-asment i oned
enmbodi ment are denoted by identical reference numerals and description

t her eof i thesoutpt mfallscf th@@ﬁekjtrcﬁimodﬁle he paghext8nddtblurigee tleacted enbodi ment
W1 bri okt ehetisp tssdl Ly kM BrBs dnosdane becksvind drecitons, o
' abutted with the filling blocks 14 on the left and right ends and the left and
'right end faces of the inner wall member 16, and abutted against the outer
wall member 17 and bolted thereto.
[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
12L 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 m FIGS. 6, 8 and 9, a slit having a narrow and a
predetermined thickness, 1.e., electrode-to-electrode slit 10a 1s formed
between the adjacent electrodes 11, 12 (more strictly, between their solid
dielectric 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 1s 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




The processing head 1 of a normal pressure plasma processing apparatus
according to the second enbodi nent conprises a |large nunber (a plurality)
of nodule units 1X. Those nodule units | X formtwo stages, one on the
front side (upper side in FIG 5) and the other on the rear side (I ower
side in FIG 5). A plurality of nodule units 1X are arranged 24 |eftward
and rightward on each stage. The noduBé& units 1X, which are abutted with
those located on the front and rear sides and left and right sides, are
separatably connected one another. Each nodule unit 1X conprises, as in

the firsteleohodtneiectendeslestliladelhogittleesiP babseen thaye cleseddd-teat i on
nodul e (see FI G 7_% I nstalled on its upper side. Accordingly, ..in the
processi nejegade slitsal O areagqua) to thegedhativsga the glacteode platem khd 2. st ages, one
onthe fr Igii de and the other on the rear side and arranged |eftward and
ri ght war d- el ectrode nodul es 10, which are abutted with those |ocated

on the front agdshgfn il FESS aD hAE 10e5haRd 1RIH0kash Merpsied@ sSeparatably
connected with one another. |f one of adjacent two el ectrode nodules 10,

10 is r efbffmmmtheaﬁaontkfédé fehdqiarﬂlzgrdb@d&mtha Iredr-sideeend: peats 06  referred
bl ur al 1 £y1%68 SPIisleiia piakes bh HioghREs DBSeR SinReis S eRERODb hon the
(100t 2 S behale gl 0 8y A oRE ISk
nodul es 28raagemEhiGthd Yesplective sohiddielevtiid plates YWhiaehuogsbsiddingtehthe
' electrode plates 11, 12, respectively and the width in the left and right
directions of the electrode-to-electrode slit 10a is kept in a predetermined
value. The electrode-to-electrode slits 10a are, for example, 1 mm in
thickness.
As mentioned above, the upper end part of each clectrode-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 uppér
and lower reduced-thickness parts 12g, 12g. The central part in the up and
down directions of the left-side electrode plate 12L 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 12¢g
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
- 18, for example, 7 mm in thickness and the reduced-thickness part 12g 1s,
for example, 2 mm in thickness.
[0072]




processing head 1, and a "plasna di scharger"” is constituted by all

el ectrode nodul es 10. [0055] As shown in FIG 5, each el ectrode nodule 10
is constituted by a predeterm ned nunber of electrode plates 11, 12 which
are arranged l|eftward and rightward at constant pitches. (It should be
noted that in FIG 5, the nunber of electrode plates of each el ectrode
nmodul e 10 is reduced when conpared w32h those of the specific construction
shown in FIGS. 6 through 11 just for the sake of sinplification.) The

el ectrode array on the front stage and thus, the slit group 100 on the
front stage ar®nchesthérdiad, by shoha wl EEKES ofland!1d{ &) thd ceritRalgparal |

el ectrode. npdul es 10 on the front _side  stage, The el ectrqde array on the
rear stagd IR fiobﬂﬂbngﬁifﬂOl@ﬁ‘éﬂ%lelI@@hfoﬁmg elestrodgplatedlgR af gaelnst it ut ed

o e st ageecirRdr TRAENGRobFiRa Btk FHESH fo%atin B PGB 00 Form
two stagether&e OWihfo thidMonsirdetiandthiehRndfal parton thBep dikPdownde. [ 0056]

The el ectrode plates 12, 12 (as later described, those electrode plates
ar e denot dutetiyon of theright-ehdredotterde plar; 12RIconsttpes niredhgdd-l ocated at the

TP the T oRNHRReS A | Pl S e P e omBa e g
enlarged-thickness part 12k which is thicker than the reduced-thickness
part 12h. As shown in FIG. 2, the reduced-thickness part 12h and
enlarged-thickness part 12k are extended back and forth over the entire
length of the right-end electrode plate 12R. The reduced-thickness part
12h of the right-end electrode plate 12R 1s, 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 12g 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




‘and rear stages are put together with each other to constitute a single .
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 ect B38de nodul es and the equal pitches P
are provided all over the entire slit groups 100. [0057] A detailed
construction of the second enbodinent will now be described with reference
to FIGS. patth2béughtht3iglisershelsctrode fpl@e 2R tinéhd ledinsideatledtrede | on nodul e 20

'n the  fBIENG LeBRak chegpPAgederSl-H kR RITEIRAT | BHORAr d di oot ] ons
:opovﬂjgd g@‘ﬁ%%%’*%“ﬁ‘?@%%[ﬁ%‘%*ﬁgﬁ&ﬁwﬁm r g:‘:t :‘ ]; Io(r:IfIt iat(r)\g Plag efecz:giU(/i ﬁngor ts
21 are d;@{ppged at the upper surface of the housing 29. A supply tube 2a
| eadi ng roma processin as supply source 2 is branched for each unit 20
and connect edAsshoka meEgGgl hi(tponds121in eaebdecntians sear foEE8If the shown in
nousi ng 2Bi2sfia Derest Rl hdburp iRt Biin Rt S he e B

protruded configuration of the right-side module 10 of the adjacent left

and right two electrode modules 10, 10 is fitted to the reduced-thickness

part 12h having a recessed configuration of the left-side module 10. Also,

the enlarged-thickness part 12k having a protruded configuration of the

left-side module 10 is fitted to the reduced-thickness part 12g having a

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

is 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 1s, 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 is uniformized to a specific size P over the entire slit group
100.
[0076]




the housing 29 is partitioned into three-stage (nulti-stage) chanbers 20a,
20b, 20c by the flow rectification plates 23U, 23L. The receiving port 21
is connected to the chanber 20a on the upper stage. [0059] As shown in FIG
13, the flowrectification plates 23U, 23L are each constituted of a
porous plate. The upper, m ddle and | ower chanbers 20a, 20b, 20c are
comuni cated with each other through Béles 23c, 23d forned in those flow
rectification plates 23U, 23L. The holes 23c, 23d of the respective flow
rectification plates 23U, 23L are arranged in a row at the lattice points

and at i ntervals showbOonnifhG.B, tRe eiscticale moduajd &0 id provatied htla bewaot ed,
however, th

t no, hol is forned in a position imed ately. under the fl ow
rectificaf® H%ﬁh@@@@@%ﬁ%@%@é@ﬁ lg)tlagéfhe botiose pie d Lg@c, 23d are
equenti a I Is ' . . I4f | ' ate on the
isO\C/]v:r slt a%(ge%pﬁgéridjégg% %ﬁhﬁﬁ%%r%g{ %"chloéé gég@ﬁh S%ol edlgg%ﬁgtﬁ tﬁ%ﬁe flow
rectifi caldvadt surfices 9F¢hoBldch®denfiafe B1.ad. i &\ glumlity éhRt dlignEdler of each

hole 23d of the flow rectification plate 23L on the” |lower stage is 2 nm A
"f1 ow r ecateffiormedan thatiottons plase 0Lt uThdsdhjet shts thaateestended back, 20c and

R ST A T T e 2T
24 thereofuifel AQUR the cBS&HAH the MovetRRBDhe® R Rrctfé-to-electrode

slits 10a, the pitch of the jet slits 10b is same even at the connection part.

between the two electrode modules 10 adjacent in the left and right

directions as at the rest part.

[0077]

A step is formed on a lower side part of each jet slit 10b and each
jet slit 10b 1s 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 1X of the second embodiment are deviated
leftward and rightward by a portion equal to a half of the pitéh 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




- The support posts 26 are extended forwardly and backwardly (direction
orthogonal to the paper surface of FIG 8) in a |long manner and nutually
separately arranged |l eftward and rightward. The flow rectification plate
23L on the l'ower stage is supported by those support posts 26. The chanber
20c on the |l ower stage is forned between the adjacent support posts 26.
That is, the | ower-stage chanber is dB¥ided into five by the support posts
(partition walls) 26. Each division chanmber 20c extends 27 forwardly and
backwardly in a | ong manner. This chanmber 20c is connected to the upper

end part glit dgrbapdlOfcireattsited dbfrotarddad sightwhdad byfa %bﬂiorﬁé@ﬁlﬁode nmodul e 10
t hrough a gas.introduction hole 24a fornmed in the ottomplate 24. A
single c Pitchd®/2)s in correspondence with the adjacent two slits 10a.
That is, @éﬁlggrality of slits 10a are connected to the flow rectification
path of e | ow rectification nodule 20 in a branching manner. [0061]

The processi n%%ﬁg@@%i@ﬂlaﬂf—gﬁbﬁ*El%vi%{tﬁﬁf?%iiﬂ@icﬁ?e%l SV tvS Pk eRath 1S
passed t hrough the supply tube 2a and the pair of front and rear receiving

ports 21 kifie oR&IGL. A, thecvalléyc parito nausedubye tiROpromedsinggras afon@ng i nt r oduced
the. m dal Ereyh I RpbamEroinaRPBOgN GHEDT Y HAMOHDBITHIE BPRs 23¢ of { he
flow rect) Lol W fleSprottssithB5§ dothifiglthrdith R faF-WBide slit
group 100 and the front-side hump parts can be overlapped with the rear-
side valley parts as indicated by the broken line of FIG. 14. As aresult, as
indicated by the solid line of FIG. 14, the processing rate can be
uniformized in the left and right directions and the processing
irregularities 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 1X of the second embodiment will be described.
As shown m FIGS. 7 and 8, five (a plurality of) power supply pms
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 is connected to the power source 3 through a hot line (power supply
line) 3a and the lower end part is embedded in the first electrode plate 11
on the electric field supply side. Similarly, the flow rectification module
20 1s providéd 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 is embedded in the second electrode plate 12 on the
ground side.




I medi atel 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 into the m ddl e-stage chanber 20b. Thereafter, the processing
gas is flowed into the respective division chanbers 20c on the | ower stage
t hrough the | arge nunber of holes 23d of the flow rectification plate 23L.
The processing gas is then introduced3énto the slits 10a between every

adj acent el ectrodes of the el ectrode nodule 10 via the introduction holes
24a of the housing bottomplate 24. [0062] As shown in FIG 6, each

el ectrode[0f8d]l e 10 of the second enbodi ment includes a plurality (for

exanpl e, el evsﬁﬂ of electrode plates 11, 12 (gl ate-li ke el ectrode nenbers)
arranged | ef t weheielgsirodegnoduiedl Giof theosesoadicmbedineent iapiowdadwal | s 15

ci ect r odeh it eestHh (e ofui AR e dor WiSelsrR04e BIAleR 35 LEor var aly and
backwardl'y in gndQAgalRMEhovd®in W@@fﬁhaﬁ&h@m (’egg]llai!r?ﬁzr@f)and 7, the

wal I's 15 on the front and rear ends each include wal | nmenber 16
and an outedrigerdnt patdmbic, I0ddleed a tempdretura tadyussimpf @ath aoé fotmeed nner wal |

Tater desifingady elERREa e {heisaich ik v arerpased mbder wal | member
- 16. The oyl &b di9ldn dESWhilvaldly' SThe respective refrigerant paths 10¢ 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 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 14¢ 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
14c 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 14b is connected to the middle-stage refrigerant path
10d and the path part 14e of the lower-stage path 14¢ 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




functioned as a lid for closing this recess 16f. The outer wall nenber 17
I's formed of netal such as stainless steel, and the inner wall nenber 17 is
formed of resin. The reason is that an electric discharge can be prevented
fromoccurring to the netal -nade outer wall nmenber 17 froma netal bolt 51
as | ater described. Resin-made filling blocks 14 for the nunber

correspondi ng to the nunber of the el 8¢trode 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 a6$ arc elmainferedanidyprepadee] wsthl @-dnga66ettshectiasld) Whasd O-backwar dl y.

[ 0064] As .sho in FIGS. 6 through 8, the respective electrode plates 11,
12 of t he''BE bt agducsierilapse W@%ﬁﬂ&&i@ %k conductive netal such as,

for exarrpt(fqgﬁl um num and stainless steel, and arranged in the posture

w th thei ong direction directing forwardly and backwardly, their

t hi ckness d!rQAEbﬁBw%HhﬂQK}ﬂHthék?ﬂ@ﬁdhﬁlﬁantﬁahﬂM@ﬁ@k hand their width
di rection dlrectlng vertically. shown in FIGS. 16 and 18, the first

el ect r odedwéetiens afitheqreghs 1 daithopught 14 atcthecdese beight etleeiimg el ect r ode
B 11 gt DEARhR 4 s ot et s Pt il AR SIS AT (ol oot  otles,
el T L R
el ect r ode[0085]
As shown in FIGS. 8 and 9, a refrigerant path 12b is formed in the
enlarged-thickness part 12f of the left-end clectrode plate 12L of each
~ electrode module 10. The refrigerant path 12b is extended back and forth
over the generally entire length of the left-end electrode plate 12L. 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
reservoirs 16f through the paths 16b on the left-side parts of the front and
rear inner wall members 16, reépectively.
[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 side. 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 left and right




nmodul e 10 are constituted. Wien the left-end el ectrode plate 12 is to be 29
di stingui shed fromothers, they are denoted by reference nuneral 12 with
"L" affixed thereto and when the right-end electrode plate 12 is to be

- distinguished fromothers, they are denoted by reference nunber 12 with

"R' affixed thereto. Wen the second el ectrode plates 12 other than those
on the left and right sides and on tha8front and rear sides are to be

di stingui shed fromothers, they are denoted by reference nuneral 12 with
"M affixed thereto. [0065] O the leftwardly and rightwardly adjacent two
el ect r odepathahartss] 416k thedpwiet-stdpe pahtlﬁkm&eicsmmetedrtectheo as the "first

G 2 S s S e e 0 T
L
g AR DDA B, 1S

the contrgey, 1charbfwnnec@ﬁtm&heeeﬁh@fhﬁ%@em# Boflifiringghi eHeepathd to as the
"first electrode nodule" and the left-side el ectrode nodul e, as the

"second eléxtltwden theorighesidetpastd ef tl}eeﬁhdnteam:bteamdnnﬁpn weH members t he
right-sid electrod? nmodule 10 is the "first end el ectrode nenber"” and the
right-end @’Irgéf’?‘i}&’ &Yplate 12R in the left-side electrode nodule 10 is the

"second eqghgyjectrode nmenber”

As shown in FIG. 7, the electrode module 10 is provided at an
upper surface of the front-side inner wall member 16 with a refrigerant
mlet 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 1s 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 16c. 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 10¢ of the respective electrode plates 11,
12M and flown backward. The refrigerant passing through the middle-
stage path 16b on the left side is flown into the refrigerant path 12b of the
left-end electrode plate 121, a part of the refrigerant is flown directly




[ 0066] The nine electrode plates 11, 12M ot her than those on the both ends
in the electrode nodul e 10 have flat plate-like configurations of an equal

t hi ckness. The I ength of those electrode plates 11, 12Min the forward and
backward directions is, for exanple, 3000 nm their thickness in the

| eftward and rightward directions is, for exanple, 9 mm and their width in
-the upward and downward directions is39% or exanple, 60 nm As shown in
FIG 6, the filling blocks 14 are abutted with the front and rear end 30
faces of the respective electrode plates 11, 12M and fixed thereto by netal
bol ts 51.bidk36atk Whde ¢hec¢maianglpariest thelrefiigfRRaonis flewnahto #reds, which al so

han tho MRlerstaseARolb BF e BoRt S hiach AMEheEl Prand e d
directio 1 ] t bl k f I ght ends
and the |l e tmand(;lE S??%%Mglﬁc} I?)?ia‘gfe‘gleor?g?%% iene:’]lgééag?pie{rlésn%g,r E%@Sédnd abutted
agai nst t figwahfskwandl |Tlﬁ@féiﬁge%t%sih@'th@&aflhﬂfe@b@vegﬁ@@%gbaﬁsl@chOWﬂ in

0

FIGS. 6 through 9, solid dielectric plates 13 conpose al um na (A1303)
or the |iwe the sighppidedd flova metopbetovied staperefivgeraot pathel2eptthe ode pl ates -

11, 12M rrigﬁp-gﬁctl ieYeecltyddeSIi)lgjtel ?ﬁR,Sglpiagt gf" t?lleer%%rri;igé:raﬁtl. a ﬁ(s)w%l?’directly
' backward while the remaining part of the refrigerant is flown into the
lower-stage path 14c¢ of the front-side block and thereafter branched into
the lower-stage refrigerant paths 10e of the respective electrode plates 11,
12M and flown backward. Owing to this arrangement, the electrode plates
11, 12 can entirely be cooled (temperature adjustment).
[0090]

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




are also applied to the flat right side surface of the left-end el ectrode
plate 12L and the flat left-side surface of the right-end el ectrode plate
12R, respectively. Those solid dielectric plates 13 are, for exanple, 1 mm
in thickness. Instead of application of the solid dielectric plates 13,
filmmay  be coated thereto by thermal spray of solid dielectric, or the

|l i ke. [0069] As shown in FIGS. 6, 8 adfl 9, a slit having a narrow and a
predeterm ned thickness, i.e., electrode-to-electrode slit 10a is forned

bet ween the adj acent electrodes 11, 12 (nore strictly, between their solid
di el ect ri to thisasangenenfthe muniteeraefsrdevbyhsitlb erfangsmentdofltient , t he

ot ocossi nBlecRdC PBAAL: | Aeiel e Slgst i oreles tedlecst 10 &R {é%g,ilﬁé‘ﬁaﬁ_e uhere
caused by’ AT ARTANE, B Ao 2R ARk 8 sfoRRldd Fobifblar <o co

3, ther ebghis atraageeient, e dtzero PihrsWBEkFAESD VE RaA €18MiBR<bd ikt Ppr ocessi ng gas
is plasmatized. The entirety of a single electrode nodule 10 has ten 31

el ectrodel@®2d| ectrode slits 10a. The pitches P between those el ectrode-to-
oot o 511 e S0 DS s G R R, 222 11
bet ween t fRetiiong, thé dppBaitgRaId-SleRRSIRINREN 2R & 21e8f a) dBc@hde Parts of
 modules 10, 10 can firmly be connected and combined by fitting the
enlarged-thickness part 12f (12k) having a protruded configuration to the
-other reduced-thickness part 12h (12g) having a recessed configuration.
The separating operation can also be done easily. _
Since the end-electrode plate 121, 12R have the enlarged-thickness
parts 121, 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 easily 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 is 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




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

el ectrode-to- electrode slit 10a is connected to the introduction hole 24a
of the fl|uerseeldng Witdatheopapesdurtac2f(H G 18) Asjsbown] indSlGhbYg).iof FI G 8

d 11(a), th d,l t . the,left-. sid I d | ate 12L
of Cenon shost patBRTaagTeds BYEFs P2R thedirst Atk Hiird ales Soms Hopat ber

| ectrod ] ; i | ] wer
equceq. i ftadbiothe o iR ERY DI Ul Ml BArbd iR BBRYCUEL

di r ect i onsomtittrhing ltled tight-@adalentodeplant 428 dfheHaft-Adeetdotodieng
configuration which is protruded toward the adjacent el ectrode nodule 10

and f or memakiudm L8y e thensesondsandotrurth opes arecatiached da thetefi-sad qwat
enl ar god hSiETEsigER B bt F1 Thel oSS SRRHETRE B BIERSI Re entive ™
l'engt h of elebgobiefpllaten@Iebe e AgRt-RldRt dedifbde hirlAS 1 B JRtbgN fdness part 12f
is, for exanple, 7 nmin thickness and the reduced-thi ckness part 129 is,

shown in detail, the longitudinal two ends of each partial electrode plate

12p are connected to the end walls (see FIG. 6) of the corresponding

electrode modules 10 and supported 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 combined electrode plate 12X.
[0096]

According to the modified embodiment of FIG. 15, there is no need
of forming the recessed part nor the protruded part on the end-electrode
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 electrode
plates 11, 12M and thicker than the enlarged-thickness parts 12f, 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, 12R and the




for exanple, 2 mmin thickness. [0072] 32 On the other hand, as shown in
FIGS. 8 and 11(a), the central part in the up and down directions of the
right-end el ectrode plate 12R of each electrode nodule 10 is provided with
a recess forned in an outer surface thereof. OnMng to this construction,
~the central part in the up and down girection of the right-end el ectrode
pl ate 12R constitutes a reduced- thic Aess part 12h, and the upper and

| ower parts each constitute an enlarged-thickness part 12k which is

t hi cker than, the reduged-thi cknes part 12h. As shown in FIG 2, the

r educed- t?ﬂa}&aﬁi%ctﬁ&rlﬁatfﬁﬁ aanpqlf‘éﬁ fefed-Anpdrats s gable plarmarcanext ended

back and . r i . ' LLaghts- e el.ectrode plate
12R The l?‘géh{(;hélgé[ ‘hi c‘%%é’gg‘tﬁ%?tsm g%ﬂ“%*% ﬁéﬂ%F% l?lye%edg%fleaétar ode plate 12R
is, for eswmﬁepitahrwenratm@bsiﬁm&rggﬁt%@éﬁﬁw&@tﬁﬁdﬁ gss part 12k is,
for exanple, 7 mmin _ thickness. [0073] If the left one of the adjacent two
el ect r odeclgpote nadnles 30 and potformdty ebthessurfase frocsssimg ean bode nodul e”
and the right one, as the "second electrode nodule”, the enlarged

t hi cknessm%éi?fmﬁﬂceéﬁd reduced-t hi ckness part 12h of the right-end

el ectrode pl atRiokdfRdr thd FarltBil kit eeﬂlﬁfésr%gﬁ%ﬂégg&wiﬁg e gfgve as the

"first enlarged-thickness part” and "first
electrode plates 121, 12R can easily be manufactured, the number of

processing steps can be reduced and the same configuration can be applied
to each and every partial electrode plate 12p. Owing to those features, the
member cost can be made inexpensive,

[0097]

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. 1 and 2) relating to a fundamental construction of the present
mvention.

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]




t hi ckness part", respectively, and the reduced-thickness part 12g and

enl arged-t hi ckness part 12f of the left-end electrode plate 12L in the
right- side electrode nodule 10 serve as the "second reduced-thi ckness
part” and "second enlarged-thickness part", respectively. (O course, if
the right- side electrode nodule is referred to as the "first el ectrode
nmodul " and the |eft-side electrode Addule, as the "second el ectrode
nodul e, respectively, the enlarged-thickness part 12f and
reduced-t hi ckness part 129 of the left- side electrode plate 12L in the
ri ght-si de el €onrtbdethedhdrsd, i0 thetlued ambadément,ithe ielett ategadteshilcknes s

part" and,sfirst reduced-thjc part~.,. respectively,. an he
reduced-t ht @E‘?‘lélt??t%ﬂ?ttall?ﬂgh]’&ﬁfiqsé@efdz)t)rﬁvé@rfg’%e%éo ﬁlrrt‘“‘%z&ybf t he

ri ght-endg; zﬁ%gﬁ 1 [ n f ; : : e 10 serve
as the " sselggg%fr u%gg‘% %ﬁ?%éﬁéés"slegg%d ﬁgﬁgabggggﬁﬁ%felﬁ?%gg_ 1:i ckness
part"”, resmpbotimehy . ThepavdilaAtediamnanglerd / 23(bD) with @pedtiioeach front
and rear stage of the . plasma processing head 1, the enlarged-thickness

part 12f Heineyme dpeetiewdeeckond ik ditestions) @%@ergﬂiplgwi@v-rmdulg 10 01;]
art L el ' e
! odueen . kpidbbly. 3¢ chiint UR-EHGR EIRE IR oeaPdh 3t 1hae” 1 1"

I ef t - si dejsalgysRintéd a%ﬁ@ng%e}}i‘ﬁ((?mle)rgegzﬁ%gé% sbtoPMetmbginghavi ng a

protruded configuration of ef t'- si ufe 10 is fitted to the

r educed- t direktiness of plag workpiecaWndnehe third embodiment, although the
clectrode plates 11, 12 and the electrode-to-electrode slit 10a are slanted
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.¢., 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 in the Ieft 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;

L x cos 8 =(t+d) x cosec &

Wherein L represents the length of the electrode-to-electrode slit 10a, ¢,

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

electrode-to-electrode slits) and d, the width of the electrode-to-electrode
| slit 10a (interval between the adjacent electrode plates 11, 12),

respectively.




recessed configuration of the right-side nodule 10. In this way, the right-
end el ectrode plate 12R of the left-side nodule 10 is put together with the
| eft-end el ectrode plate 12L of the right-side nodule 10. By those

el ectrode plates 12R, 12L, a perfectly flat conbined el ectrode plates 12X
I's constituted. This conblned el ectrode plate 12X forns an earth

el ectrode. [0075] The thickness of thé4conbined electrode plate 12X is sane
(9 M as those of the other electrode plates 11, 12M Owing to this
arrangenent as shown in FIG 11(b), the electrode plate pitch is equal in
size (forl0 Widnple, P = 12 i) even at the connection part between the |eft

The el act r oddii st g Shoghy &b ey reriBladonbia 435 B ElGni noa |
el ectrodey phaff ﬂgﬁre?}ﬂﬂchﬁﬁngﬁg%oﬂﬁd{gga nﬁ(?oﬁ][he ﬁﬁg&%ld éght si de

nmodul e 10 are at t sane | S arrahgenen e pitch of

the slitselt0mods mwdiilerld 13@(15(15 Qlamecbﬁﬁnfalt@h siigethe eﬂ&’ﬁrodehﬁo-entl re slit
group 100, £_007%Ll 34 As shown_ in FIG 8, the electrode npdule 10 is
provi ded @lectode tl@ﬁ@ndﬂalgwéy@@ﬂne@tpd tgﬂm@@wnﬁmrulmgleactrod@e bot t om

bl ate | Clyd 31ccRUMBRTEY08To AP OB [AgTRLGEF! Such as ceranic and
[0102]
In the above-mentioned construction, the plasmatized processing

“gas 1s sprayed onto the workpiece W. Simultaneously, the workpiece W is
moved back and forth by the moving mechanism 4. At that time, each and
every pomnt of the workpiece W is slantwise moved 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 exposimg 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 is hardly dispersed. The above-mentioned-arrangement
can effectively prevent such an occurrence of irregularity .

The respective electrode plates 11, 12 can reliably be shortened
urespective 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




| ower surfaces of the electrode plate 11, 12L. A plurality of jet slits 10b
are formed in the bottomplate 10L. Those jet slits | Ob are extended back
and forth and arranged | eftward and rightward at equal pitches P in
parallel. As in the case with the above-nentioned el ectrode-to-el ectrode
slits 10a, the pitch of the jet slits 10b is sane even at the connection
part between the two el ectrode nodul d 10 adjacent in the left and right
directions as at the rest part. [0077] A step is formed on a | ower side
part of each jet slit 10b and each jet slit 10b is increased in width
upwar d t hbneér bne Liha thebeckemd foatht direttionharetvas 1anited toitledsect ri ¢ pl at es

13, 13 which are posite.to each other wt t he el ectrode-to-el ectrode
sTit 10a WighAEhSHCT L ASCREBAtLFaS ﬁ@@F{H@CVﬁH@YhPéwﬁF%@dpart of the jet
slit |QOb. r - t.0- s) i . id

di el ectri (E:lﬂ;p g?é;elg(i%s&% T%ts?g@g%%fﬂe{g@?@g-t{o(—)élg%@\c}\g?fﬂéé.’i.eglghétgg,r#@?gé?nﬁt he step

of the jetnshgh ifldbl. sliiheohpWeD sandfipatic &5lldwing @iprebdibn WAkichiis open to a
1 ower surface of the bottomplate | OL and serves as a Jlet port for the
pr ocessi ngbtpaned hy gemeralizing/th¢ aboversnéntionsd ¢xprassomglys el ect r ode-

Lo electrode oLl Adp and phedover,end part of (he el sl 10h comect o
and 1 ear viHeagh APEpteSertttiah el ofNCoSRELAY bR NEN{thBES adR kAt ed

to cach other at intervals of one), n=1,

[0104]

FIG. 17 shows the electrode module 10 where n = 2 is satisfied in
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 slit
next to the adjacent slit) are aligned on the same linear line L1 in the Back
and forth directions.

[0105]

As shown in FIG. 18, even if the respective electrode plates 11, 12
are orthogonal to the side-byuside.arranging direction and the construction
of the clectrode 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 entiréty. |
[0106] |

In FIG. 18, the entire processing head 1 is slanted by an angle 8’ (=
(m/2) —0) in the clockwise direction in a plan view. Owing to this
arrangement, the longitudinal direction of the electrode module 10 is
slanted by the angle 6 with .respect to the left and right direction. Also,
the electrode plates 11, 12 and thus, the electrode-to-electrode slit 10a are




“leftward and rightward by a portion equal to a half of the pitch P. Thus,
the front-stage el ectrode nodule 10 and rear-stage el ectrode nodule 10 are
deviated |l eftward and rightward by a portion equal to a half pitch (P/2).
On ng to this arrangenent, the front-stage slit group 100 and rear-stage 35
slit group 100 are deviated leftward and rightward by a portion equal to a
hal f pitch (P/2). [0079] OnsM ng to thid6half-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

?\éer | appesi;;mietdkb;lt ﬁ:}: mytp B’p)?iéléses;?afadﬂtwbac?eamgﬁmﬁhﬁMQﬁg?& 160 Bg t hr ough
e rear-stage slit . grou an ont - si unp,.parts. can be

0}/e.|r: : gppi@q}ﬁ%ﬂglﬁ!fﬁﬁtlpﬁé&lﬁ§ Wﬁgk%ﬂ%e‘g’?pﬁ% %’ o ena_cnaé%eﬁa CEKIa’flhg br1 2 ke '[]hl i ne
of F : , the
processi n@eg?@%@géﬁé’ig‘é&o%ﬁ - toir(sn%iélg@tﬂ?%r%g&]pgﬁ%é%gwr ¢1§§?8§?'r%é'ct i ons and

t he proceglgcigde islit ¢0alimmhédiatel¢ adjhent eaire® mefe ridhtefiM@tionsdirace the slit
group 100 is at the specific rate even at the connection part between

the | eft kedted gnhthesaoedower hingll by tig badk andifortlodmiections. {méepr ocessi ng
can be oL RNt 18P P PR IRURRE b LM il s e ©f eotrode
equivalent to the expression (2), is satisfied.

Lxcos(m /2-0)=nx(t+d)xsin(x /2-6")

.. (3) |
- L, t, d and n of the expression (3) are same as defined in the expression (2).
In case of the electrode module 10 of FIG. 18, n= 1. Of course, the
clectrode 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 1in 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
in 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
directions. 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




nmodul e unit 1X of the second enbodi nent will be described. As shown in
FIGS. 7 and 8, five (a plurality of) power supply pins 31 are arranged

| eftward and rightward, in side-by-side relation, at a front part of the
flowrectification nodule 20 such that the pins 31 are vertically passed

t hrough the front part. The upper end part of each power supply pin 31 is
connected to the power source 3 throudff a hot line (power supply line) 3a
and the lower end part is enbedded in the first electrode plate 11 on the
electric field supply side. Simlarly, the flowrectification nodule 20 is
provi ded and rightdmrepaons.t hboegh noit showngagasdlpy me@2lication npple part  of

th ' ' ded t. h th i d i 3b d
the Iower2 i ifilledhedtircpper sife of dachalcittade maguls Mo 12 on the  ground
i de. 36 00 I . . Lment i

;S)IrO\e/i ded \[NI tﬁﬂ%ﬁc@)g}%’raq?{({é%g]gt}lgﬁﬂ?iéﬁ%%g%%ﬁeg?%%ﬁﬁgﬁgeﬁ@ﬁ?ode p: Zt es 11,

12.  Specwhidnédtisficashs kapressivr{ G that i8Nt isetofiee 1(ef tleur al i ty of)
- refrigerant paths 10c, 10d, 10e as a tenperature_adjusting path are fornmed
Wit hi n ea®mprepgen(de itomay deiset ta anwalue whinhsatisfags mpe2 offlaeed apart

upwardly an wn dly. The respective refrigerant paths 10c through 1Ce
are exten%@dffegégﬂ\@id forth over the entire length of the electrode plates

11, 12™M According to such a two-stage slanting construction, surface
processing can be conducted in a more uniformized manner. Moreover,
the respective electrode plates 11, 12 can be made smailer in size.
[0108] -

FIG. 20 shows another embodiment in which the slanting electrode
module 10 of FIG. 18 is 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 slightly deviated in 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.




[0082] As shown in FIG 7, three paths 14a, 14b, 14c are forned in each of
the filling blocks 14 applied to the front and rear end faces of the

el ectrode 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 #8ftward and rightward, and the paths
14a through 14c each have a T-shaped configuration in a plan view. The
path part |4e of the_upﬁer-stage ath 14a is connected to the upper-stage
refrigerant pahlproggrsing head 1 gecosdipgrtdithy ehleodinoais cqonapresekla 12M t he

th part, 14e of .th I ddl e- st 14b i ct t. '
ol b- 11458 PORbeB G SlReRuernogH cant) {3 Al AR HAATEYCHAS! over -t age

path 14c @a&\f(ﬂ{igﬁﬁ%t‘?gtaﬁ%ﬁg%%e{)fgé\ﬁfaé? ﬁe%?.sfcﬁefs.r i”ﬂf‘é@% gﬁ@eg of Qe [0083] As

shown in a comnector ving a circu cylindri cal

conf i gur agriowpsil®Oparoangelomthd frene andees: sidepard cdigtiogd Byhehis ref ri ger ant
pat hs 10c through | 0e of the electrode plates 11, 12M and the path 14e of

the filli#gangesaents [ herpeticeoprasessinahead loistslaetadthyeamangle 6 parthpher al
chant or e SRRV GRS A PBin Fige B el i piaRgineRt 8¢ §0e? 1o 06 Tar e
press col hpRfRIaRInEing iR tRMsIoT thé electrode modules 10 are slanted at an

angle 0" with respect to the left and right directions (directions ofthogonal

to the moving directions of the workpiece W). The respective electrode

plates 11, 12 of each electrode module 10 and thus, the respective slits 10a

of each slit group 100 are orthogonal 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 0’ is set such that the following expression
which is equivalent to the previously-mentioned expressions (2) and (3) is
satisfied; |

0’=tan” (nxP/L) . (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
shts 10a, L, the length (for example, L = 300 mm) of the electrode-to-
electrode slits 10a and n, an integer of 1 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 slit 10a are located on the same linear line L along the moving

directions of the workpiece W 1n the back and forth direction.
[0111]




[0084] As shown in FIG 9, the path parts 14f in the left and right
directions of the paths 14a through 14c at the same height in the filling
bl ocks 14 which are arranged | eftward and rightward in side-by-side
relation are nmutually linearly connected |leftward and rightward. [0085] As
shown in FIGS. 8 and 9, a refrigerant path 12b is formed in the

enl ar ged-t hi ckness part 12f of the | ef#®-end el ectrode plate 12L of each

el ectrode nodul e 10. The refrigerant path 12b is extended back and forth
over the generally entire length of the left-end electrode plate 12L. The

| eft and ri ght Abtholghdhe spddificoforshreichinvd difeths edeysrquiet inoddle bd ig he | ef t - end

filli bl ock 14 ted to t.he nejghborhoaod, parts of the front and
oo 02088k o FRBREGE B bt ey AL S P ek oy 5
i h ?ﬂ& ) r: rt e

Ir(ra]f re?g]erghlt?&bteg 1%#% %%?fnfejgfeé%é )?lo%rc 8@ Eﬁgéﬁgn’{ﬁﬂggs@re v%?t(rzéelll f through

t he pat hsinlfie medified bafbodsmdat piiss@ondnanbodimientowredy FIGNES wal |
menbers 16, respectively. [0087] Simlarly, a refrigerant path 12a is

formed i niniskeadenf thegent aedordmgsts theaecondiendbodimentip pdthasighethef t he
(1 ot endgel pelgode, Pk 2B 80 oo S AASHALPRRFIRGH BAPITEY 11 the
' the left and right directions, this deviation is not necessarily required. The

mclination angle 6” may be set such that n > 2 is satisfied in the expression

(1). The electrode modules 10 may be slanted in the counterclockwise

direction 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 is relatively swung in a direction intersecting with the
moving directions of the workpiece W.

That is, 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
éupport base (not shown) in the left and right directions. A swing

o 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 1s 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




| ower side. Those refrigerant paths 12a, 12c are extended back and forth
over the generally entire length of the right-end el ectrode plate 12R The
|l eft and right path parts 14f (FIG 7) of the upper-stage path 14a of the
right-end filling block 14 are connected to the nei ghborhoods of the front
and rear ends of the upper-stage refrigerant path 12a, and the left and
right 38 path parts 14f of the |ower36tage path 14c 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 dwectommotticectspoctive shisfis iy pasaile] rveitle thoime/agiditestionglft he pat hs

16a, 16c¢ on the right-side parts of. the front and rear.inner wall nenbers
respe@]lei‘(y@fkﬂle‘?% trlasﬁgwwufﬁrmmofmeW% 62 bedecYRilEfe 10 i s

1 ! . . . . .
Verri gor et nepPREL ok GhAGERRY {ife shORka T Ao Bt B cnBBIRRL 16, 4"

refrigerafdi13upply tube 6a extending fromthe refrigerant supply source 6
is connected to a refrigerant inlet port 61. On the other hand, the
el ectrode nodufke syimgingranplenlesavand bypbe svaugfmechasfismifeis; e - si de i nner

e A B Qe BRSO E BoBES e
from thi sygrdeti®de slits 10a, but actually, the singing amplitude is desirably

optimized in a range larger than P/2 in view of positional accuracy and
acceleration/deceleration. Owing to this arrangement, the striped non-
uniformity can reliably be eliminated.
[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 pljocéssing head 1 1s
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
10a. 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
1 of this modified embodiment comprises two stages of module units 1X
arranged in 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) sfage 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 1s
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.




[0089] A refrigerant such as a cool water coming fromthe supply source 6
via the tube 6a is tenporarily reserves in the refrigerant reservoir 16f of
the front-side inner wall nenber 16 fromthe inlet port 61 and thereafter,
branched into three paths 16a through 16c. The refrigerant passing through
the upper-stage path 16a on the right side is flown into the upper- stage
el ectrode plate 12R, a part of the refldigerant is flown directly backward
while the renmaining part of the refrigerant is flown into the upper-stage
path 14a of the front-side block and thereafter branched into the

upper - st ajhe feditisgde atagepaodslenut dX ishmmesmekwithen Ststcivinge pl ates 11,
12M and fl o backward. ., The refrjgerant passing i rough the m ddl e- stage
path 16b WSchpRIsPEPA and S o (SMlmSTRRE QIS uBHt 5 sAnngeted Wbh agt ¢ he

eft-end eleclyaif Hhalidigh 88 AlldscQwibiS EalARL AN dipphl oy direct!y

39 Dback e remnai ning part o he rerrigerarit i own into the

i ddl e- st ggfe Rahhridio®hs theabsanmditidmed! Bl gandchidias @ hed ths anched into
the mddl e-stage paths | Od of the respective electrode plates 11, 12M and

f1 own bactegiude umid X etrthgeoaresppadiignfagh ivtghng e tholedt and sight pat h 16¢
on the right side is flo I\t o the Jower stage refrigegan ath 12c of the
1 aht - enclBpeltiinsBerarays Moredyis, 1Ho5E syl MectiapiattBA S5 Rtshn i rct |y
backwar d whigefed f8tH2 TRENLAIIPAREe h8&!. alhisl own into the
| ower - st age E,'pat h 14c of )?he front -dglfndée‘p%lgglg%bag%\ét helrselg%aftsgr branched into
difference ¢ is, for example, ¢ =x /2. The swinging amplitude and the
cycle are same as in the above-mentioned swing mechanism 8. Owing to
this arrangement, processing non-uniformity can reliably be prevented

from occurring and uniformity of the surface processing can be more
enhanced. |
{0116}

The present invention 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 mn the side-by-side arranging directions of the slits 10a.
This deviation is preferably pitch + (number of stages). Especially, in
case the ektending 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
processing where no uniformity is required, only a single stage of the slit
group 100 i1s good enough even if the extending direction of each slit 10a
18 in parallel with the moving directions of the workpiece W.

It is accepted that instead 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”. Itis also accepted that instead of the slit group 100, a plurality of

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




the | ower-stage refrigerant paths 10e of the respective el ectrode plates
11, 12Mand fl own backward. OmMng to this arrangenent, the el ectrode
plates 11, 12 can entirely be cooled (tenperature adjustment). [0090] The
refrigerant reached to the rear end parts of the refrigerant paths 10c
t hrough 1'0e of the respective electrode plates 11, 12M are passed through
the rear side block paths 14a through324c, and then converged to the rear
end parts of the refrigerant paths 12a through 12c of the el ectrode plates
12L, 12R Then, the refrigerant is passed through the rear side inner wall
pat hs 16adw¢etouyinteBectingavithére extsadurgidiractidreso aato sexe asrdfaleger ant
reservoir 161. Thereafter, the refrigerant discharged fromthe .outlet port
62 via th@W & Bb. [0091] In case a workpi ece Whaving a large width in
the left d7ight directions is to be processed, the nodule unit | X and
thus, the electrode nodule 10 may be additionally jointed. OmMng to this

arrangenent, tlach eldohredeaficiber sf dee Aystsindeseavndr@@mmlesmotiulerds el ectrode
plates 11, 12 and _the electrode-to-electrode slits 10a can easily be

i ncr easednefieacheilymeguirstite hgve apflatoplasehke aonfiguriian bugtced. 1n case a
ok ece MR BeuSblutl dylfelfion gl 90 rections s to be
- partly wi thdrawis a[d¢ ft@effd that the first-end electrode member of the first
~ electrode module and the second-end electrode member of the second
electrode module are about a half in thickness of other electrode members,
respectively and the combined clectrode member consisting of the former
and the latter is equal in fhickness to other electrode members.
[0118]

In the respective embodiments of a slanting construction shown in
FIGS. 16 and 17, although the inclination angle 8 is set such that both n =
1 and n=2 ar¢ 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 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. Moreover, the
inclination angle of the slanting construction is not necessarily required to
satisfy the expressions (1) through (4). The inclination angle 6” 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, it is also accepted that the workpiece W is fixed




to this arrangenent, the nunber of side-by-side arrangenents of the

el ectrode plates 11, 12 and the electrode-to-electrode slits 10a can easily
be reduced and thus, the slit group 100 can easily be shortened. Onng to
this arrangenent, the size of the workpiece Wcan flexibly be net. [0092]
In the two. el ectrode nodul es 10, 10 adjacent in the left and right
directions, the opposing end-el ectrodé3plates 12R, 12L of the el ectrode
nodul es 10, 10 can firmy be connected and conbined by fitting the
enlarged-thi ckness part 12f (12k) having a protruded configuration to the
ot her r edukthe priockswng headtl Baw i) theaeifirandarightdsestiomowhilgur at i on.

The separat.ing operati.on | so be done easily. Since the end-el ectrode
pl ate 12L,e@§%nﬂ§%{s ??lléa’éaffgftged-t hi ckness parts 12f, 12k, respectively,

the refrigera : : : : raad, L.t Q.

enl ar ged-t hi c%%ggsv%?ag]%é%ffz%&ﬁ%%grﬂoﬁgggggﬁi ?@Eﬁ{/ﬁgn t hug,é}i)%%mgef ri gerant
pat hs candeestidns dfthelsias 16d bul @08d]enbaghelsdohpadehpl di@gioklis 12 can be

made as thick as possible by setting the working distance and the
ef f ect i velnierseelsdiwigh wheimoasg|diregéions of the svaskpiesadWi hlles swalkging t he pitch

P as | args. - possi bl.e. +OMNg o this. rangenent .. the refrigerant paths
10a thr ouglﬁ&itﬁﬁl aelgg ib%,‘s"l%rg(eflg? ﬁﬁ% .SldeF%%'é HANSIPg " nodi fied
enbodi ment of [ heREBAHNSIRUH IBRIng mechanism shown in FIG. 23,

~ although the slit groups 100 (hole-row groups) are arranged in two stages,

they may be three or more stages and they may be swung for each stage so
that the adjacent stages are deviated in swinging phasé. This phase
difference ¢ 1s, for example, ¢ = 7 / 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 1s 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 1 the slanting mechanism in FIGS. 16 through 21. |
[0120]

The present invention is applicable to those of the type that a
processing gas is 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




As shown in FIG 15(b), in this nodified enbodi nent, a conbined electrode
plate 12X forned by two el ectrode nodules 10 adjacent in the left and
right directions is divided into four partial electrode plates 12p (that
is, aplurality of plate-like partial electrode nenbers) in the up and

down directions. Each partial electrode plate 12p has the sane thickness
inthe left and right directions as thA# other electrode 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
t hose parhy: %ﬁoﬂueﬁcm \{ﬂp@ﬂr@ﬁ the hiket hhe presenbmyentionuhiikdwasees from top

are attach tb %he r.i Bart of the,left: S|d€ el ectro nodul e 10
fher ooy Suitable i FafioRosuiaeg @?&S@PgéPFB&éaﬁha’cge X?@B?OF e 'of t-si de
el ectrod <] dtothe
|l eft- endelpaﬁa&ﬁ]?lg]}ﬁ’ec??g)ﬁ{tﬂgll gm&%é fﬂul e 81 by constl tuting
t he | ef t - miodifiedtant ﬂgdhophﬂioeprlﬁbsﬁﬁglmtdrllgFéHaltqﬁoebmmgmeth@de e 10.

Though not. shown in detail, the |ongitudinal two ends of each parti al
el ectrodemé‘Fate 12p are connected to the end walls (see FIG 6) of the

core=00nd 10 4 BELLGRE RIHER AR ARL BB AT OORRL T, 1
-l eft - si denghraltpredeuretiiliemhd Whdnddien fQRRRE- ﬁb@ﬁﬁe%‘ﬁ‘émﬁs@éﬁéé" stage
partial el ectrode plates 12p, 12p attached to the right-side

[TEST EXAMPLE 1]

[0121] |

One test example will now be described. Needless to say, the
present invention 1s 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

workpiece temperature: 100 degrees C

processing gas

CF4 : 200 sccm
O, : 800 sccm
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.




el ectrode nodul e 10 are engaged with each other, thereby constituting a
singl e conbi ned el ectrode plate 12X. [0096] According to the nodified
enbodi ment of FIG 15, there is no need of formng the recessed part nor
the protruded part on the end-electrode plates 12L, 12R, manufacture can
be done very easily and plane accuracy can also be obtained easily. Omng
to those features, the end-el ectrode 3plates 12L, 12R can reliably be
surface contacted with the solid dielectric plate 13. Mreover, the
partial electrode plates 12p constituting the end- el ectrode pl at es 12L,
12R are same i'bh¢ estithmsshoasn irhEIGt Bér Inlpeod:esssdg onnlbfaib)eﬁle]franZM and

t hi cker than t d-t hi ck parts 12f the second -
enbodi mentt@8% etfﬁ%%wggge%wa%gﬁsé Y nencwpEeEn iﬁl thgyprocessng -
Accordin [ can be

restrai nng%S&MH tidrﬁcl)@{w%ose éej%%rtggqegeﬂg 1rlgI?ﬁuf)lﬁﬁlc e&gr‘g%ent ed that gaps

are forneglnlp@t\mﬁforhhgedespectlve end-el ectrode plates 12L, 12R and the 42
solid dielectric Iates 13 applied thereto. As a result, a stable plasna
can be obBRIBED %MBT&ON&THEDW @ can reliably be held at a

- specific git even at the connection part between the left and right

el ectrode |l es 10, and uniformty of the surface processing can be nore

~enhanced. [MpGeQYEIG. | RAORA thedirsB bRMJIANRnPb AHRSpA2BnCoRehiibH @9 t he end-
1s a plan sectional view of a normal pressure plasma prdcessing apparatus
taken on line I-1 of FIG. 2.

[FIG. 2] FIG. 2 1s a front sectional explanatory view of the normal
pressure plasma processing, apparatus taken on line II-IT of FIG. 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 1s a side sectional view of a module unit of the apparatus
of FIG. 5, taken on line VII-VII of FIG. 8.

[FIG. 8] FIG. 8 is a front sectional view of the module unit, taken on line
VIII-VIII of FIG. 7.

[F1G. 9] FIG. 9 1s a plan sectional view of the module unit of the front and
rear stages, taken on line IX-IX of FIG. 8.

[FIG. 10} FIG. 10isa plan sectional view showing the detail of a
connection part between a electrode plate and a filling block of the

electrode module.




el ectrode plates 12L, 12R can easily be manufactured, the nunber of
processi ng steps can be reduced and the same configuration can be applied
to each and every partial electrode plate 12p. OmMng to those features, the
menber cost can be nmade inexpensive. [0097] A refrigerant path IO
(tenperature adjusting path) is formed in each partial electrode plate
12p. Though not shown in detail, thosé6 refrigerant paths 1Of are connected
to the refrigerant reservoirs 16f (see FIG 9), respectively. The
refrigerant paths 10c, 10d, | Ce of those electrode plates 11, 12M ot her
than the .dilddil{odd (p) mt ®frobpkecti®al anew showingtthel admcehe refri ger ant

55oer " bt shiiles o AT ol AAEET i BT Saimited b o e
third enbgdi: | Vi | . ' ' t FIGS. 1
an:JIr 2) er eﬁgéllﬁﬁgg’tdcl)ﬁiaﬂq'lr)\gg@ﬁggﬁ%@ﬁ%ﬁ@%ﬁ@ﬁ%?@‘h%@i@ﬁ&@Rven§i on. In

t he thir doedudel methieir ddithecas] psitiBnof the processing head 1 is extended
leftward and ri %ht war d and the respective electrode plates 11, 12 wthin
t he casi nfFlifd & 14r.r Bnigerifiont seefionnl va¢ weofithe mmodiHeiumin takareoni on

\%ﬁ Eg?gggiw%ggﬁ#(ﬁ;%fﬁ&s?i g%og: :rg(rit | ons, i.e., noving direction of the
[FIG. 13] FIG. 13 1s a plan sectional view of a flow rectification module
of the module unit, taken on line XIII-XIII 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 m their connected positions. |
[FIG. 16] FIG. 16 shows the third embodiment of the present invention
and is a plan sectional view of a normal pressure plasma processing

~ apparatus.

[FIG. 17] FIG. 17 1s 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 is a plan sectional view showing another modified
embodiment of the third embodiment, |
[FIG. 20] FIG. 20 1s a plan sectional view showmg another modified

embodiment of the third embodiment,




[0099] 43 On the other hand, in the third enbodi nent, the el ectrode plates
11, 12 are slanted at an angle of 0 (0 < (71 / 2) ) with respect to their
si de-by- side arranging directions, i.e., left and right directions unlike
inthe first enbodinent. They are slanted at an angle of ((it / 2) - 0)
with respect to the noving direction (back and forth directions) of the
wor kpi ece- W  Accordingly, the extendididg direction of the

el ectrode-to-electrode slit 10a is also slanted at an angle of ((it / 2) -
0) with respect to the noving direction of the workpiece W In the third
enmbodi mentFIGI2HdUgh 2 a plascviewdshgiaigean ¢mbodmantint thich

I t rode-to-el { slit 10 . d,. right . W th, t toth
Front dirBOPPBRCEBSO/BRHOMCEOT LB TirhERgmeBE s papird BithlFd. [0100]
As i ndi ca%ﬁganrgﬁ_rstégle%lg;g%ggﬂ& ctliftldinddnpe of FIG 16, the front end part

(upper en a certain €electrode-to-electrode slit |0a and the

rear end paiG. 22]owes. En 4 planl Gewlflowing fie foluedt srabedimerel eftheode adj acent
i mredi ately thereto are | ocated on the sane linear |ine along the noving
di rect i onBIeSENeINVePHER. and forth directions, of the workpiece W In other

AR E T L R R R R R
_ position fsurdhemdidimaag ri ght directions of the rear end part of the
[FIG. 24] FIG. 24 1s a graph showing the result of the test example 1.
[DESCRIPTION OF REFERENCE NUMERALS]

[0124]

M.....normal preséure plasma processing apparatus (surface procéséing
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
Lo 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)

12£, 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




el ectrode-to-el ectrode slit 10a adjacent thereto are aligned. Accordingly,
in the plasma processing apparatus M of the third enbodinent, the slit
group 100 satisfies the follow ng expression; L x cos 0 = (t + d) x cosec O
..... (1) Werein L represents the length of the el ectrode-to-electrode
slit 10a, t, - the thickness of the electrode plates 11, 12 (interval
between the adjacent electrode-to-el 88trode slits) and d, the width of the
el ectrode-to-electrode slit 10a (interval between the adjacent el ectrode
plates 11, 12), respectively. 44 [0101] Al though not shown, a slit-like
f1ow rect$Ai.cafirgsyingmedsmigmee FIG 2) of the flow rectification modul e
20 disposgﬁ on_the %P er side of the electrode nodule 10 is also slanted
in match Swth-19rend) JHECRYYUSE ectrode slit 10a and straightly connected
to the corresponding el ectrode- to-electrode slit 10a over the entire

| ength thereof. [0102] In the above-nentioned construction, the plasmatized
processing gas is sprayed onto the workpiece W Sinultaneously, the

wor kpi ece Wis noved back and forth by the noving nmechanism4. At that
time, each and every point of the workpiece Wis slantw se noved across
the area immedi ately under the electrode-to-electrode slit |0a and the area




i mredi ately under the electrode plates 11, 12. OMng to this arrangenent,
an exposi ng anount of the plasma gas can be equalized. Moreover, since the
end parts on the reverse side in the back and forth directions of the

adj acent el ectrode-to-electrode slits 10a are |located on the sane |inear
line in the back and forth, when the workpiece Wis passed once, the
exposi ng anount of the plasma gas cal%be equalized at each and every point
on the workpiece W OnMng to this arrangenent, the surface processing can
reliably be conducted over the entire workpiece Wand striped non-

uni f or m t PPOSHIMEENIDNAME] pCBAIMEd from occurring. Especially, under the
circunstaagg ?éggfnerally normal pressure, striped irregularity tends to
occur bec é‘ is hardly dispersed. The above-nenti oned-arrangenent can

ffectivel . - e m
ol ectrode. bl ot AN ppaPiS FBORKEMEENAE sht ok LA Wibitio bERABIRRE! 12

shortene Irrresp I've of the size

- of the wobkppepeniagaocesdiig ghs bato saidashjeembaid dppheahs Tomprising:
‘el ectrode-to-electrode slits 10a, 10a whose end parts on the reverse side
in the back andiPfefespohadsgicogioupr e helenows ¢ampaseshof heleseawes 45 | near

e R R e SRR b T S D IR, ren
e eSS e Tt g enouon
irection 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.

- [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]

A surface processing apparatus according to claim 1, wherein the
extending direction of each of said hole-rows is slanted with respect to the
relatively moving direction.

[CLAIM 5]
A surface processing apparatus according to claim 1, wherein the

extending direction of each of said hole-rows is slanted with respect to the




obt ai ned by generalizing the above-nentioned expression (1); Lx cos O = n x
(t +d) x cosec 0 ..... (2) wherein n represents an integer of 1 or |arger.
In FIG 16 (those adjacent to each other at intervals of one), n = 1.
[0104] FIG 17 shows the el ectrode nodule 10 where n = 2 is satisfied in

t he above-nentioned expression (2). In this electrode nodule 10, the
respective el ectrode plates 11, 12 an@0thus, the el ectrode-to-el ectrode
slits 10a are nore slanted than those in FIG 16. The front end part of a
certain electrode-to-electrode slit 1 OGa and the rear end part of the

el ect r oderelativedy exovingedistdtion fiad hd sideits/-adiearemtginpdirttontofone i nt erval

(i.e., the.sli next to the adjacent_s|it) are aljgned on the same |inear
line L1 i5aid h@ﬁ%a%ws l%ﬁﬁthf)swglﬁtﬁ@éﬁlaéwgiy ProBg GAECERBw in FIG 18, even

if the re g&ﬂy@Lelectrode plates 11, 12 are orthogonal to the
si de- by-stde arranging direction and the construction of the el ectrode

nodul e itsel f AsusRige procétn@agparants 4acotdinich® heetll edRereil dkes 11, 12
and thus, the electrode-to-electrode slit 10a can be slanted by diagonally

ar r angi ngexthediag direation pHead] of saidilelerewstinslanted matlprespestionhchead 1 i s
sl anted by an A0Ohe By o dGidn A indide by DA RS S Gucdeigg den 1 @ Pl an
- said hole-rows is orthogonal to the extending direction.
[CLAIM 7] _

A surface processing apparatus according to claim 4, wherein one
end part in the extending direction of one of two hole-rows disposed
adjacent or every predetermined hole-row(s) of all said 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 said two hole-rows.

[CLAIM §]

- A surface processing apparatus according to claim 1, 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 claim 1, 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 claim 1, wherein said
processor mcludes 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 deviated from hole-rows of the other of said two

stages in the side-by-side arranging direction.




arrangenment, the longitudinal direction of the electrode nodule 10 is
slanted by the angle 0' with respect to the left and right direction. Al so,
the el ectrode plates 11, 12 and thus, the electrode-to-electrode slit 10a
are 46 slanted by the angle O with respect to the back and forth
directions, i.e., noving direction of the workpiece W The front end part
of a certain electrode-to-electrode 6llit | OGa and the rear end part of the
el ectrode-to- electrode slit 10a inmediately adjacent thereto in the right
direction are |located on the sane linear line L 1 in the back and forth

di recti on§CLAIMHA] el ectrode nodule 10 of FIG 18, the follow ng

expression, which ks equi valent to the exgr essiqon, (2), is satisfied. Lx
cos (n /2-0 )=A acgPEeLessing appargtys aqeoydmg to claim 19, wherewrmn expr essi on
(3) are s . -1.A_ 1 hey expr Lon e C fi the el ectrode
nodul e 1021%?]1@?8?@1@%3@:&1& Il%QU%C ulirgggl,é %[u'r‘?é@greqfé%@ge&?efe ‘#gétﬂlg?ﬁ may be

sl ant ed sgqtamptg{h)afsﬂd@mﬂes an integer of 2 or larger. The el ectrode
nodul e 10 may be slanted in the counterclockwi se direction instead of the

cl ockwi se[@LAM 13h in a plan view. [0107] Also in the slanting

construction as shpwn in FIGS. 16 through 18, @ a.nulti-stage of..the slit
or oups 100" may \STACE AOEES AL ARSI ACH e AN Jo heren said

processor includes a plurality of stages of said hole-row groups in the
extending 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 claim 1, 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.

[CLAIM 14]

A surface processing apparatus according to claim 13, wherein said.

processor includes a plurality of electrode modules separatably connected

in the side-by-side arranging direction of said hole-rows,




For exanple, a processing head shown in FIG 19 includes two 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 electrode
nmodule 10 is extended in the left and right directions orthogonal to the
wor kpi ece nmoving direction and el ectrode plates 11, 12 are arranged in

si de-by-side relation leftward and ri§Btward within the casing 19 as in

the one shown in FIG 16. Those electrode plates 11, 12 and thus, the

el ectrode-to-electrode slits I0a are slanted at a predeterm ned angle O

with respect cashifesasi diechpdsimedales amglindgs diplealitpod electidde | ef t and
right directions. The corre%?%ndi.ag lits 10a OL t&_(la e‘_{lﬁgftrode nodul es 10
arr anged GRD305ES RFTgREC iy aside-Dyrside relagiogefiequabipghes f pitch in the

| eft 47 ' | ' ] t shown, a gas flow rectification
nodul e 2 |§{t?%giaﬂr£§?%%ﬁpﬁoele§§ggg}g%e of each el ectrode nodule 10. In
FIG 19, pTLAGNDHS]he inclination angle O is set to be a value which

satisfies the expression (1) (that is, in case of n = 1 of the _expression
(2)), it may bd systacepracessingapparefissaacosdingstorelaine 14f wheseinessapd essi on

(2 ookt R RSS2 SRS Bl 208, e
respect i vargh@sd A0 RAIR 85pdsing bAdS2hilnTRIEtP6R hRinbet ¢ff &R of [ 0108]
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 claim 1, 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 are branched.
[CLAIM 17]

L - A surface processing apparatus according to claim 14, 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
electrode module, said flow rectification module includes a flow
rectification path for uniformizing processing gas, and hole-rows of said
electrode module are connected to said flow rectification path such that
said hole-rows are blanched in each of said module unit.

[CLAIM 18]

A surface processing method comprising the step of:




FIG 20 shows another enbodinent in which the slanting el ectrode nodule 10
of FIG 18 is forned in a nulti-stage construction. A i processing head of
this enbodi ment includes two slanting el ectrode nodul es 10, which nodul es
10 are sane as those of FIG 18, arranged on the front and rear sides. The
| ongi tudi nal direction of each nodule 10 is extended in a direction at an
angle 0' with respect to the left and68ight directions. The el ectrode
plates 11, 12 and thus, the el ectrode-to-electrode slits 10a are arranged
in side-by-side relation in the longitudinal direction of the el ectrode
nmodul e 10 and ldomang adpriosessing gas thromghraachgedimpluralityhef holenginsudi nal

di rection of t%f. el e}cﬂ:éﬁr/gde.(grquﬁgl e 10, i,.e.,. direct iagn.f rmn the angle 0O
with resp®dAngef! itha SHRPREI Felatipnas aghrediionghegmat pdches e éhough t he

el ectrode Ql?’%% f r ' are slightly
devi at ed Pfr%gée&fsé% Sg{n%@r g Fag)ll‘ltrtggpi%bﬁgét [t%%yﬁlﬁr%;?s%e? Qg??anged in a

non- devi atdlagveignneving &8 YProfdGor Al ashssiontintdrséid@ithahbaiderent in

whi ch the apparatus of _the second enbodinment (FIGS. 5 through 14) are
formed i nb¥-sideptrapgingedirestiart wilbnrespect ta ssidebisstng head 1 according to
this enboctk:w rises a |large nunber of electrode nodules 10 laterally
arranged i i -%Tside relation in two stages on the front and rear

sides. The twoAShARBR® Hocéidifg method according to claim 18, wherein the
step includes blowing said processing gas while relatively moving said
object along the extending direction of each of said hole rows.
[CLAIM 20]

A surface processing method according to claim 18, wherein the
step includes blowing said processing gas while relatively slantwise
moving said object with respect to the extending direction of each of said
hole-rows.

[CLAIM 21]

A surface processing method according to claim 18, wherein said
pitch 1s set to be approximately equal to an effective processing width
when a distance between said hole-rows and said object is in a
neighborhood of the upper limit of an effective range and the step includes
processing under such a condition that said distance is in a neighborhood
of the upper limit of said effective range.

[CLAIM 22]

A surface processing method according to claim 18, wherein said
processor 18 constituted by arranging a plurality of stages of hole-row
groups composed of hole-rows having said eqﬁal 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 étages of said hole-row groups altogether.




groups 100 arranged on the front and rear sides are constituted by this
arrangenent. The entire processing head 1 is slanted by an angle 0" in the
cl ockwi se direction in a plan view Onmng to this arrangenent, the side-
by-si de arranging directions of. the el ectrode nodules 10 are slanted at an
angle 0" with respect to the left and right directions (directions
orthogonal to the noving directions 6# the workpi ece W. The respective
el ectrode plates 11, 12 of each el ectrode nodule 10 and thus, the
respective slits 10a of each slit group 100 are orthogonal to the

si de- by- ﬂﬁiﬁﬂﬁ&%ﬁblng directions and therefore, slanted in a direction

formng the afg "' Wth res ect oth back nd{ rth directions, i.e.,
movi ng directi etmecewn& WCCE 1118)}0 ovhersim angle 0" is

set such to t he

previ ouslg;}gﬁtén‘%lhgﬁgé de‘i%f e55| g’ﬁé&(@}r@%%ﬁ ﬁlﬁh%g él\éﬁj‘r ; = taxi' (n X
P/ L) (Swingih@earomoecssprigasdioectidn mt&sé@ﬁﬁ%&ﬁﬂi Said rl@lzitﬁfl&b(for exanpl e,
P= 12 mm) between the el ectrode pl ates 11 and the

el ect r odepying deeetdor with respecotp, said abiect ength (for exanple, L = 300 nm)

of the a@?’;ﬂd‘?&ﬁz%ﬁ el ectrode slits 10a and n, an integer of 1 or |arger,
respectiv e apparatus of FIG 21, n =1. OMng to this

arrangenent , 'Ash?&de%oc@ésﬁféﬁ%ﬁoéhhé@rdﬁ@g“t@@lm whefeltgal ef t and right

directions, the front ‘end
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.
[CLAIM 26]

A surface processing method according to claim 18, wherein said
processor 1s constituted by arranging a plurality of stages of hole-row
groups composed of hole-rows having said equal pitches in the extending
direction of each of said hole-rows, |

in parallel with said relative movement, said hole-rows of the
adjacent stages being relatively swung in a way as to be deviated in phase
in a direction intersecting with said relatively moving direction with
respect to said object.

[CLAIM 27]

- 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:




part of the left-side electrode slit 10a and the rear end part of the
~right-side electrode slit 10a are located on the sane |linear line L along
the noving directions of the workpiece Win the back and forth direction.
[0111] 49 Although the specific construction of the electrode nodule 10 is
sanme as that of the second enbodi nrent shown in FIGS. 6 through 13, the
end-el ectrode plates 12L, 12R nmay be é6nstructed in the same manner as in
the nodified enbodi mrent of the second enbodi ment shown in FIG 15 instead
of the one according to the second enbodi nment. Although the front-side

st age and thearfﬁatebbﬂedehﬂg@larmmyécairﬁﬂelbytradélﬂhddlﬂbTaﬁﬂfangE’dZ) in the
~left and right direct ons deviation.is not necessarily required. The
~inclinati®# ‘P@Pél@ﬂ Y'l§ f‘s”é’taté%ﬁl ppadisection, j s satisfied in the

expression (1 e.sha h

count er cl ockw i)’saédﬁél %Acfgécﬁ?ﬁ%e%ng‘%d%&%&%gi%@b l?@%%%&) 'I&P’§fpl an view.
[0112] | nelebioda@sthBBR! frraeaddein ﬁﬂé-ny' 5idd relRDrPMOGeSahiOdeatnl 1S fixed
to the support base and non-Trovabl e. Fowever, it is also accepted that the
processi ngs theasdd Q—hyssﬂelaman@mgdmmhgmof salchfnﬁcandmecnnd@mdmg with the

nmovi ng dlretllons af t he wor kpiece W That in the fo L? odi nment
shown in ﬁ‘gfoﬁﬁ‘aﬁ’%t SWPRATLR AN P cgrlo e of nodul e

units 1X ﬁi{em@@d in S|de by-

| 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
tirst 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.

[CLAIM 28]

A plasma processing apparatus according to claim 27, wherein said
first end electrode member and said second end electrode member, i.e.
said combined electrode member, are electrically grounded.

[CLAIM 29]

A plasma processing apparatus according to claim 27, wherein in
said first electrode module, said first end electrode member integrally
includes a first enlarged-thickness part protruding toward said second

electrode module, and a first reduced-thickness part which is smaller in




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
motion, and the like, and is capable ébH swinging 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 nechanism4 and the
pr ocessi nthitleads thas ssidufficst ienldrpedthicknasdpait ghtl withdeetn tonthe( di recti on

ort hogonal to .the noving direction of the rkpiece W. In the neantine,

t he proce@BP%tegﬁgei@SﬁldaWidﬁlCt&ﬂ@eﬁfﬁ? €d%nt o t he workpi ece W Ow ng

~to this arrange v i h ndj. ] ' 0 e _respective
slits is in p]glrsgﬁ@gf’c%(fﬁle? ﬁé’aﬁgﬁ%@%d%@%ie?g%‘% %{69%?%‘%'{%6%{}’1?%,%&56 W
striped niitegmll komehidesf saoRdasdi:oed-¢lackResspaY FHigh is Mitidrpgausri ng and
anpl |t udeihsmapseas eysideof sakgrars iwridamedis sifoandexeasphd, 1/ 2 of tho
pitch P between, t.he el ectrode .plategs and the el ecirode:.to-electrode slits
loa. but  SRBTER-JICKRESSShATD MIHC AR IEs 40 LaichBes B paibifiMsed i n a range

accel erat o et o o B R E0 T URPRMAEEN TP B o
an

in said combined electrode 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.

[CLAIM30]

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.

[CLAIM 31]

A plasma processing apparatus according to claim 27, wherein said
combined electrode member is divided into a plurality of partial electrode
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 electrode 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 1s
supported by said support part of said second electrode module thereby
constituting said second end electrode member.

[CLAIM 32]




uniformty can reliably be elimnated. [0114] The swinging cycle is

optim zed in accordance with the noving speed of the workpi ece Wcaused by
t he nmovi ng nechanism 4. Specifically, the swinging cycle is set such that
the processing head 1 is just swing naturally (desirously plural tines)
during the tinme the workpiece Wis noved by a distance equal to the | ength
portion of the slit 10a. Onng to thi6§ arrangenent, non-uniformity caused
by swinging notion itself can be prevented fromoccurring. [0115] FIG 23
shows a nodified enbodi nent of the fourth enbodi nent equipped with the
above- ment i oned plasmg precessmis apparapsoaassidmg tvecdim B lofwhdrem arodi fi ed
enbodi nenf _conpri ses,.t st ages of dule units | X arranged i

si de- by-sfea’ép‘?épgpiaé“u%ﬁ’&ﬂ%t ‘éffgr@gawliﬂﬁ'ﬁ‘ts parial shectepds memieront  angd

rear side is I I ol S r side in
Fa 23 apd 52 B EBUOREY SN for R e (berdhlE S BIE (Rt the
unit 1X i thestihdabgle in the left and right directions as one unit. Also, the
entire nodul e unit_1X on the rear-side (lower side in FIG 23) stage is

suppor t edl &l AdME 33lpport base such that the unit 1X is slidable in the |eft
51 The front - o Mg Re Y otREutF abmatis SRt h Bl 24 SYORH P8 “wing

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.




mechani sm 8A and the rear-side stage nodule unit 1X is connected with a
second swi ng nechani sm 8B. Those sw ng nechani sns 8A, 8B have the sane
construction as the above-nentioned swing mechanism 8 and the nodule unit
| X on the corresponding stage is swng in the left and right directions
respectively. Mreover, those swi ng nechanisnms 8A, 8B are co-acted so that
they are deviated in sw nging phase. $8is phase difference cp is, for
exanple, p = 7c / 2. The swinging anplitude and the cycle are sane as in
t he above-nentioned swing nechanism8. Oning to this arrangenent,

pr ocessi nBDQ&UMENErNM\%E&aWRHTEN )Qkﬁfe'l“]&%&”ﬁnt ed fromoccurring and

uni formt rface processing can be nore enhanced. [0116] The
pr esent |%’§E’E{|tl%}§cﬁj not limted to the above-nentioned enbodi nents but

many ot hegp}gmqupv@@]g@go@e\@ml oyed. For exanple, the slit group 100 is

not limted to one or two stages™ but it may be three or nobre stages. In

that case, thelmapaxfant psécgemgarpparpusifer aptay itken iprbeshsing gawonsiode- by- si de
arranging _directions of the s|its 10a. . This deviation is preferably pitch
- (nunber thersug; afcj‘@f)san ehisst fabe progessed darough ahelsngwgueh peatsiibn of each

slit 10a jis, d r | Wi N i rectd-ons of . the workpi ece W the
rore the RoRfRg A pnitohat iy B arel R SRR bhibForeed o
pr ocessi ngvépit the wikasead.shbft, case of processing where no uniformty is
required, onlg a single stage of the slit

IMEANS FOR SOLVING]

A plurality of electrode plates 11, 12 are arranged, in side-by-side

relation, on a processor 1 of a plasma surface processing apparatus M. A

slit-like hole-row 10a is formed between the adjacent electrode plates, and

a hole-row group 100 is constituted by the side-by-side arranged hole-

rows 10a. The object W is moved along the extending direction of each

- slit 10a by a moving mechanism 4.

[SELECTED FIGURE] FIG. 1




group 100 is good enough even if the extending direction of each slit 10a
isin parallel with the noving directions of the workpiece W It is -
.accepted that instead of a single slit, a plurality of apertures and short
slits are arranged (extended) in a row so as to serve as "a single hol e-
row'. It is also accepted that instg of the slit group 100, a plurality
of rows each consisting of the apertures and short slits are arranged in a
52 direction intersecting with the extending direction so as to serve as
"hol e- row group”. [0117] Each el ectrode nenber of the first and second
el ectrode nodules is not necessarily required to have a flat plate-like
configuration but they may have a circular columar configuration or the
like. It is also accepted that the first-end el ectrode nmenber of the first
electrodeEQDQQ*ghand the second-end el ectrode nenber of the second
el ectrode nodul™® are about a\half in thickness of other electrode nenbers,
- respectively and the conbi ne ctrode nenber ?onsisting of the former

and the latter is e } i ss—to other ellgectrode nenbers. [0118] In
t he respective enbodi nents anting construction shown in FIGS. 16
and 17, although the inclinati angle O|is set such that both n = 1 and n
= 2 are satisfied rgspectively in the expresi;on (1), it my be set
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such that n = 3 or larger is satisfied. In the respective enbodi nents of a
slanting 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 5@Q§truction is not necessarily required
to satisfy the expressions (1) through (4). The inclination angle 0' may
properly be set in a range fromlarger than O degree to smaller than 90
degrees. [0119] In the enbodinent of a swi ng nechanismshown in FIG 22, it
is also accepted that the processing head 1 is fixegd_ang—tigEjworkpi ece W
is swng in the left and right directions while being npved lpack and
forth. In that cas® the swi ng mechani sm may be assenbl ed,ich|t he moving

mechani sm O cours it is also accepted that the workp .Ec,@ Vis fixed 53
' i wung in the left and right Ltions while

£

bei ng noved bac Q’Q‘Qcés%i%? swinging direction is nots Pnited to the
si de- by-si de arkangi ng ons of the slits 10a but gogd—enough as |ong
~as this direction[1s intersected with the noving direction?'of the
wor kpi ece W The pwinging { direction ffay also be slantedtq th
si de- by-side arrahging directions. In thé& enbodigent of a Jming chani sm.
shown in FIG 23, I
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al though the slit groups 100 (hole-row groups) are arranged in two stages,
they may be three or nore stages and they may be swung for each stage so
that the adjacent stages are deviated in swi nging phase. This phase
difference cp is, for exanple, 9 = 7C/ n wherein n is the nunber of

stages. However, the present |nve% ?%n isnot limted to this. It may
properly be set in accordance with e processing conditions, etc. In case
of three.or nore stages, the sw ng nechani smconnected to one of the

adj acent stages is referred to as the "first swing nechanisn as defined
in clainms, and the sw ng nmechani smconnected to the other stage is
referred to as the "second sw ng nechaniggsn. It is also accepted that the

slit group (hole- rd® group) 1df one jaceTﬁ stageslis fixed, the
wor kpi ece Wis swing\by the first $w ng nec an'ﬁ)‘nandthe slit group
(hol e-row group) of t ot her ag svung i fsuch a frelnner as to

deviate in phase with espect t the W rgi ng potilon of {t he wor kpi ece W

The swi ngi ng operation de by the sw nhg fechanj smimay also be enployed in
the slanting nmechanismin FIGS. 16 thrpugh 21. [0130] The present invention
is applicable to those ¢f thg type th a| procpessilng gag is jetted through

groups of hole ,rows such as glits so tq be pppllied tp an object to be
processed. Theginvention is rot/ ¢nly plii cabl g ta pl aspa surface
processi ng butsal so be appli cap(l e 10 electrodel e surface processing such
as etching by gﬂher mal CVD, Hirgg 102 10a '
B Rmax
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54 (hydrofluoric acid) vapor or the like. The present invention is

| i kewi se applicable to various surface processing such as ashing by ozone
or the like, etching by CF4 or the like, filmdeposition (CVD), cleaning,
surface nodification (hydrophilic processing, water repellent processing)
or the 1like. The pressure condltloQ/Q% processing is not limted to the
generally normal pressure but it ma e under a reduced-pressure
circunstance. |[TEST EXAMPLE 1] [0121] One test exanple will now be

descri bed. Needless to say, the present inventionis not limted to the
foll ow ng test exanple. Etching was conducted under the follow ng
conditions using the sane plasnma processing apparatus for etching as in
the second enbodinment (FIGS. 5 through 14), el¢ptrode tenperature: 50
degrees C workpiece tenperature: 100 degrees C; processing gas CH#4 : 200

sccm 02 : 800 sccnl H20 : 1592%ccm pul se fregughey: 20 kHz 1
P 1|012R12 12 10a 1xj )
Vo4 \u// Ny
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appl ying voltage: 300 V [0122] Then, the thickness of the residual film
after processed only by plasm gas com ng through the front-stage slit
groups (hol e-row groups) and the thickness of the residual filmafter
processed in tw stages on the front and rear sides are nmeasured over the
width direction in the left and risghg directions of the workpiece. 55 The
result is shown in FIG 24. In proceSS|ng only by the front stage, the film
t hi ckness was slightly-non-uqlfornl en the %roce53|ng was additionally
conducted by the fl@ar stage, [ s was al nost uniform zed.

[ BRIEF DESCRI PTI ON\OF THE DRA NGS] FIG 1] FIG 1 shows the first
enbodi nent of the pyesent | |

“ecti1 al view of a
nor mal pressure pIa M proe¢ st ng—appatatuos takenman || -1 of FIG 2.
[FIG 2] FIG 2 is a front|sgkctional anaiory v|idw of the nornal
pressure plasnma procegsing] |ppRaFptys—pefen—pp—tiab H=tilJof FIG 1. [FIG
3] FIG 3 is an explanator]‘vi.m/ hcmA gla prnc b SStT erformance by
pl asma gas com ng through tﬁﬁ Jtlh I g §to el'dctrode sli
[FIG 4] FIG 4 is a graphfs ' n rd| e atacn between the morklng
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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 plasna processing apparatus. [FIG 6]
FIG 6 is a plan view of the respective el ectrode nodul es of the apparatus
of FIG 5. [FIG 7] FIG 7 is a sidggctional view of a nodule unit of the
apparatus of FIG 5, taken online VII-VIs o Mt & 8. o[dG 8] FIG 8 is a
front sectional view of the nodule ypit, t ke® I iBeT F11-ViII of FIG

7. [FIG 9] FIG 9 is a plan sectiowal vie of\\tbe rrﬂ)d)ﬁl,é uni.t™of the front
and rear stages, taken on |ine IX—I&( of R 8, ¥ &7 72071

IG 10 is a
pl an sectional view show ngE% defil ~ cpnmecy \p%u_between a
el ectrode plate and a filling blrockl ofl{hel gl d e. 56 [FIG 11]
FIG 11(a) is a front sectiongt—vj eWw-s el gctrode
nodules in the left and right diresgt U/t Ir [19€ d—pesi ti ons, and
5
FIG 11(b) is a front s i'pn@qu- é\m'_ s te é modul es in their
connected positions. [FIIG!I'12] FIGN 1H S§ | r{ S AT#p4l. vi ew of the
nodul e unit, taken lli ne ofe Xl IPXI g 3 . --\ 2
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[FIG 13] FIG 13 is a plan sectional view of a flow rectification nodule
of the nodule unit, taken on line XIII-XIlIl of FIG 8. [FIG 14] FIG 14 is
a graph show ng the processing performance by the el ectrode nodul es on the
front and rear stages in the formof positions on the workpiece and
processing rates. [FIG 15] FIG 15 )}9\/\5 a nodified enbodi nent of the
second enbodinent, FIG 15(a) is a front sectional view show ng adj acent
el ectrode nodules in the left and right directions in their separated
positions, and FIG 15(b) is a front sectional view show ng the adjacent
nodul es in their connected positions. [FIG 16] FIG 16 shows the third
enbodi nent of the present invention and is a plan sectional view of a
normal pressure plasma processing apparatus. [FIG 17] FIG 17 is a plan
sectional view showing a nodified enbodinent of the third enbodi nment.

[FIG 18] FIG 18 is a plan sectiona view show ng apother nodified

- enbodi nent of the third enbodi ment. N FEFG NI FIG 19 i $Na plan sectional

vi ew showi ng anot her nodified enbodi nent \of] tihepghiyd epbodinment. [FIG

20] FIG 20 is a plan sectional view showin npther| nod| fied @nbodi ment

of the trIELdeLodi nment. 57 | /
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[FIG 21] FIG 21 is a plan view show ng an enbodi nent in which conponents
of the subject of the third enbodinent is conbined wth the apparatus of
the second enbodinent. [FIG 22] FIG 22 is a plan view showing the fourth
enbodi nent of the present inventiong/pFlG 23] FIG 23 is a plan view
showi ng a nodi fi ed enbodi nent of the fourth enbodinent. [FIG 24] FIG 24
is a graph show ndlt hd2Mesdllt d&Mt helt esk2Mexdripl d2¥. [ DESCRI PTI ON OF
REFERENCE NUMERALS), [0124] {M....nornal /pressure |pl as processi ng
appar at us '(surface pr ocessi ng a paratus) W..\..warkpi ece (object to be

[ I

processe il B AFOGRES o ( CRBEIPT .y - modul e unit
..... 1) I“anlglg cdpe el det r%%e J .163I' [1( e% row, gap
EXS(: H 14
serV| ng a pliadnet i g zjac_L , | ¥ /ur hod;z ri i\éyl/g'[@wp) I
1..... el ectr odey| gl € | paiet |[nfie € afifetrefephr ogg)
12..... elgetraode [plvat pl By e Mk o4 5r) 31 @ffieqrth el ectrode
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12f, 12k..... first or second enlarged-thickness part 12g, 12h..... first or

second reduced-thi ckness part 12p..... partial electrode plate (parti al

el ectrode plate) 12a, 12b, 12c, 12f. ....refrigerant path (tenperature
adjusting path) 20..... flowrectification nodule 4..... movi ng mechani sm
8..... swi ng nechanism 58 8A. .... fi swi ng nechanism8B.. ... second sw ng
mechani sm 59 [ DOCUVENT NAME] CLAI CLAIM 1] An apparatus for processing

the surface of an object to be processed by spraying a processing gas onto
sai d object, said apparatus conprising: .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

hol e-rows, the processing gas being blowmn through each of said hol e-rows;
and a noving nmechanismfor relatively noving said processor in a direction
intersecting with the side-by-side arranging direction with
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respect to said object. [CLAIM 2] A surface processing apparatus accordi ng
to claiml1l, wherein the relatively noving direction is along the extending
direction of each of said hole-rows. [CLAIM 3] A surface processing
apparatus according to claim1l, wherein the extending direction of each of
said hole-rows and the side-by-side l@fzgangi ng direction of said hole-rows
are orthogonal to each other and the ‘rélatively noving direction is al ong
the extending direction. [CLAIM 4] A surface processing apparatus according
to claim1, wherein the extending direction of each of said hole-rows is
slanted with respect to the relatively noving direction. [CLAIM5] A
surface processing apparatus according to claim1, wherein the extending
direction of each of said hole-rows is, slanted with respect to the 60
relatively ngying directiofqgand the side-by-side arraggi ng direqpi on of
said hole-rows is@thpgonal {0zt ey ﬂ%‘gt i1 el yzmq\ddwgktgﬁrrgpt ion.| [CLAI M 6]
[ t '

A surface processing apparatus |accond yalyl, er@i\n t he
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extending direction of each of said hole-rows is slanted with respect to

t he
of

said hole-rows is orthogonal
surface processing apparatus according to claim4, wherein one

t he extending direction of one of t

predeterm ned hol e-row(s
l'i near

) of. all

relatively noving direction and the side-by-side arranging direction
to the extending direction.

[CLAIM 7] A

end part in

hgl e-rows di sposed adjacent or every

said hole-rows is
line along the relatively noving direction as the

t he extending direction of the other of said two hol e-rows.
wherein said pitches

: processing width when a
ck ig set to a nei ghbor hood of
A surface processing

~surface processing apparatus according to clalm
each are set to be gener@lly equal-tq& :ejr\ -ig
di stance between sagjl-holile-rows apd s ob
the upper linit of an efflective rang ALATPIAP 9]
apparatus according to cliaim1, fprtHer conpr
rel atively sw ngi sai d jprocessof ip a direct
relatively noving di rectilon with fesdect to sHid d (obj-ect .
surface processing appariat us acco] i-ng to C|aljll
includes a plurality of ﬂtages of ild group ofl h
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sing a swing mechani smfor
tlion intersecting with the

[CLAIM 10] A

wherein said processor
le-rows in the




extending direction, and hol e-rows of one of two adjacent stages of said.
plurality of stages are deviated from hole-rows of the other of said two
stages in the side-by-side arranging direction. 61 [CLAIM11] A surface
processi ng apparatus according to claim 10, wherein an anount of said
deviation is 1/n (n is the number ofjyybgges of the hole-row groups) of
said pitch. [CLAIM 12] A surface processing apparatus according to claim1,
wherein said processor includes a plurality of stages of said hol e-row
groups in the extending direction, and said apparatus further conprises: a
first swng mechanismwhich relatively swings a hole-row group of one of
two adj acent stages of%%ai d plurality stages in a direction intersecting
with the relatively no¥¥ng direction with respect to said object; and a
second sw ng rrechanismg\Ciz:jb rebggl vep (n993p hol e-row group of the
other of said two stageg in the s |rec lonras the relatively sw nging
direction of said first lng nec anl m Wit h tfhe phase shifted fromthat

of said first sw ng mecha’ni)ém/ DCL‘NM/K}]’ /
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A surface processing apparatus according to claim1l, wherein said el
processor-includes a plurality of el ectrode nmenbers arranged in a side-by-
side relation at equal pitches, a slit-like gap as one of said hole-rows is
formed between two adj acent el ectrode nmenbers of said plurality of

el ectrode nenbers, a processing gas i%223plasna processi ng said object being
passed through said gap. [CLAIM 141 surface processing apparatus
according to claim 13, wherein said. processor includes a plurality of

el ectrode nodul es separatably connected in the side-by-side arranging
direction of said hole-rows, 62 each of said el ectrode nodul es includes a
plurality of electrode nenbers arranged in a side-by-side relation at equa
pitches and constitutes a part of said hole-row group. [CLAIM15] A
surface processing apparatus according to claim 14, wherein said adjacent
two el ectrode nodul es each have an end el ectrode nmenber arranged at

mut ual | y opposi ng. ends, said end el ectrode nenber of one of said two

el ectrode nodules is put together with said end el ectrode nenber of the
other of said two el ectrode nodul es so that these end el ectrode nenbers
constitute a single conbined el ectrode nenber,
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sai d conmbi ned el ectrode nenber being equal in thickness to the other
respective el ectrode nenbers of said adjacent two el ectrode nodul es.

[ CLAIM 16] A surface processing apparatus according to claim1, wherein
said processor includes a flow rectification path for uniform zing
processing gas, and said hol e-rows apgygontinuous with said flow
rectification path such that said hole-rows are branched. [CLAIM 17] A
surface processing apparatus according to claim 14, wherein said processor
includes a plurality of nodule units separatably connected in the

si de-by-side arranging direction, each of said nodule units conprises said
el ectrode nodule and a flom/rectification nodul e connected to said

el ectrode nodul e, said flow rectification nodule includes a flow
rectification pachEor uni{fepr mi zi n§2Br ocessi nd2pas, a @ hol e- roh8R of said

el ectrode nDduI r nne ted t a ctii |cat on pat ueh t hat
Tone G2 Bl sziwsww—d@@@z o

sai-d hol e-

surface processin conprisiing tke /step of /63 blbwijng 3 pr
gas t hrough| gach j gf\h WS zfalal
relation in} g 0
olloflolicliollsilo 13 Yo
10d. ollollofiollofiollo —lo
olfo oliollo 13i§z§
9 I
T L
10e 10b 10d 10e 10f 10f 10b

FIG. 15(a)

FIG. 15Cb)




processor so as to be sprayed onto an object to be processed while
relatively noving said processor in a direction intersecting with the side-
by-side arranging direction with respect to said object. [CLAIM19] A
surface processing nethod according to claim 18, wherein the step includes
bl owi ng said processing gas while rel agy»ely noving said object along the
extending direction of each of said hole rows. [CLAIM20] A surface
processi ng net hod .according to claim 18, wherein the step includes bl ow ng
said processing gas while relatively slantwise noving said object with
respect to the extending direction of each of said hole-rows. [CLAIM21] A
surface processing nethod according to claim 18, wherein said pitch is set
to be approximtely equal to an effective processing width when a di stance
bet ween said hole-rows and said object is in a neighborhood of the upper
limt of an effecti¢®2 range and the step includes processing under such a
condition that said di nce is in a neighborhood of the upper limt of
said effective range. M 22] A surface processi ng nmethod according to
claim 18, whe CESSOT TS LPhStItUtEd by arranging a plurality
of stages of
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groups conposed of hol e-rows having said equal pitches in the extending
direction of each of said hole-rows and the adjacent two stages of said

hol e-row groups are deviated in the side-by-side arranging direction, said
rel ati ve novenment being conducted with respect to said plurality of stages
of said hol e-row groups altogether. f#23[ CLAIM 23] A surface processing

met hod according to claim 18, wherein the step includes blow ng said
processing gas while further relatively sw nging said processor in a
direction intersecting wth said relatively noving direction with respect
to said object. [CLAIM 24] A surface processing nethod according to claim
23, wherein a swinging wwdth of said swnging notion is set to be 1/2 or
slightly larger than 1/2 of said pitch. [CLAIM 25] A surface processing
met hod according to claim23, wherein the cycle of said swinging notion is
set to be I/mtimes m integer) of a required time for said object to
relatively nove by a di nce corresponding to the Iength of said

hol e-row. [ CLAI M 26] ace processqnp nmet hod according to claim 18,
wherein said [|
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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, in parallel with said relative
novenent, said hole-rows of the adjacent stages being relatively swng in
~a way as to be deviated in phase igygpgirection intersecting with said
relatively noving direction with respect to said object. [CLAIM27] An
apparatus for plasma processing an object to be processed by jetting a
processi ng gas through a plasmatizing space and applying the processing
gas onto an object arranged outside said plasmatizing space, said
apparatus conprising: 65 a first electrode nodule and a second el ectrode
nodul e arranged each other in side-by-side relation in one direction, said
first and second el ectrode nodul es each include a plurality of el ectrode
menbers arranged in side-by-gide relation in the sane direction as the

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

nodul es, and a support part fo onnecting and supporting said el ectrode
menbers, a gap serving as said
adj acent el ectrode nepbe

3b

4

" Mechanism

Moving

FIG. 18




a first end el ectrode nenber of all said el ectrode nembers of said first
el ectrode nodul e | ocated at an end on said second el ectrode npdul e side
and a second end el ectrode nmenber of all said el ectrode nenbers of said
second el-ectrode nodul e | ocated at an end on said first electrode nodule

side are conbined to forma single c®B8ned el ectrode nenber,
el ectrode nenmbers other than said first end el ectrode nenber of
sai d conbi ned el ectrode nenber and
ot her than said second end el ectrode nenber of said

el ect rode nodul e,

and

sai @ first
el ectrode nenbeérs
second el ectr

nmodul e are arranged at equal pitches with respect to one another. CL.IM
28] A plasma prﬁcessing appar atus according to claim 27, wherein\sai

first end el ectriodeq{reppe{{and 9@l digecongngend el rod : sai d
conbi ned el ectrode nenber,| are elect??cal?%gg%gung%%. [Eﬁ%ﬁgﬁ?é] A pl asna
processi ng appar‘tu- agcordging o chjagm 27, \'e[ewn I argfiTst™ 3a

el ectr ode nodul.e sai dlfij nd.electrode lpenber igtegrglll / incl ufles a
first enlH{yed \phcKny ﬁm’li zypale, r pde
nmodul e, ans a f e e

t hi ckness ! mml [ t he

LSS

N TTTTT

19—
3b
5
pr— \ N e N /AN /N 7 SN \\
= N N
100—N N
10 N
N N
19— §
6
ﬂ_,i N
: N AN — T _
2 Voo b N T \ ———3b
g 12 11 12 11 12 10a 12 10a  —
U%. _
=
g
=
E
& W
= -
=,
=3
@
2
| !
i
Moving 4
Mechanism
FI1IG. 19




opposite side of said second el ectrode nodul e side, in said second
el ectrode nodul e, said second end el ectrode nenber integrally includes a
second reduced-thi ckness part which is withdrawmn to the opposite side of
said first electrode nodul e side and a second enl arged-thickness part
which is bigger in thickness than s@/d3second enlarged-thickness part and
protruding toward said first electrode nodule, and in said conbined
el ectrode nenber, said first enlarged-thickness part and said secondl
reduced-thi ckness part are put together wth each other and said fifst
- reduced-thickness part and said second enl arged- thickness part put
together with each ot her. [(1J¥QA30] A pl asma processi ng apparatu
.according to claim 29, wher &l nia 14€e ature adjusting path

i part ang said@gath al | ows

d
uid for

m hickness
By f end (el ect
T i er

t her et hr ough. [CLAIM ‘-;V G120
27, wherein said co ,&!w od e\, erber |
a Q Q

N
partial el ectro '%)5 5\
si de- by-si de arran J.@ q
modul es, one of the ACE
sai d support _pagt

e {ppber, to pass
at us .ccord?feh‘g\to claim
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said first electrode nodule thereby constituting said first end el ectrode
menber, and the other of the adjacent partial electrode nenbers is
supported by said support part of said second el ectrode nodul e thereby
constituting said second end el ectrode nenber. [CLAIM 32] 67 A plasma
processi ng apparatus according to cheym 31, wherein a tenperature adjusting
path is formed within said partial electrode nenber and said path is
allowed a fluid for adjusting the tenperature to pass therethrough. [CLAIM
33] A plasnma processing apparatus according to claim 27, wherein the
respecti ve 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-

| i ke respective el ectrode ympbers other than said first end el ectrode

nmenber of said fjrstjpel e yde~ nodul e, said plate-like conbined el ectrode
menber and said ate-1i :

second end el ectrode nenb
t hi ckness. [DOCUNﬁNT NANE]
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[ PROBLEM TO BE SOLVED] In a surface processing apparatus for spraying a
processing gas onto the surface of an object to be processed through a
hol e-row such as a slit, the surface of the object having a | arge area can
effectively be processed even if the hole-rowis short. [MEANS FOR
SOLVING A plurality of electrode plages 11, 12 are arranged, in
side-by-side relation, on a processor 1 of a plasnma surface processing
~apparatus M A slit-like hole-row 10a is forned between the adjacent

el ectrode plates, and a hole-row group 100 is constituted by the
si de- by-si de arranged hole- rows 10a. The object Wis noved al ong the
extending direction of each slit 10a by a noving nmechani sm 4. [ SELECTED
FIGURE] FIG 1
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