22 January 2007 1 [ DOCUMENT NAME] DESCRI PTION [ TI TLE OF THE»b WEMJE,
PLASMA PROCESSI NG APPARATUS AND ELECTRODE STRUCTURE [ TECHNI CAL FI ELD

[0001] This invention relates to a plasma processing apparatus for

pl asmati zi ng a processing gas between el ectrodes and processing the surface
of a workpiece to be processed. [ BACKGROUND ART] [0002] For exanple, in
Pat ent Document 1, there is described b so-called renote type plasma
processi ng apparatus in which a processing gas is plasmatized in a

di schargi ace between electrodes and jetted so as to be contacted to a
wor kpi ece[Ifgélé)WﬁN&“aNAME nP&HCRIMEI@Nect r odes of the apparatus are of a

parall of “FENGF o TR MR ERTIONE T ASP S TR RSN R E ARARY “Cquat 1o
or Iongerﬁq\h?rE]]tﬁe wor(gblE &R Grger ection orthogonal to the feedl ng

di rection pi ece. ore, the discharging space between those
el ect r ode[ PEGHNI(AAL RIRLIP] asma jet port connected to the discharging space
al so have a | ength equal to or |onger than the wi dth di mension of the

wor kpi ecel 0084 Ing to this arrangenent, the entire width of the workpiece

m [ ,
which has beent B ERERo e Bisbuba PR Bt SbbeRlet i The set port
over an ﬁl&%hfaﬁzl@"'ﬂbho&%ﬁlgt #‘ﬁs’ 5&HwechUISOASEEY And pERR PR SuPfice

efficiency can be " inproved Pat ent Docunent 2, there I's descri bed an
appar at usofbwmkpwaettoﬂngpraacmmrm surface processing by converting a

S:';ur (rac'éf cg%gméwwfus wave by inverter and applying it between a
[0002]

For example, in Patent Document 1, there is described a so-called
remote type plasma processing apparatus in which a processing gas is
plasmatized in a discharging space between electrodes and jetted so as to be
contacted to a workpiece fed by a carrier means. The electrodes of the
apparatus are of a structure wherein two flat electrode plates are opposingly
arranged in parallel relation. Normally, those electrode plates have a length
equal to or longer than the width (in the direction orthogonal to the feeding
direction) of the workpiece. Therefore, the discharging space between those
electrode plates and the plasma jet port connected to the discharging space
also have a length equal to or longer than the width dimension of the
workpiece. Owing to this arrangement, the entire width of the workpiece
can be plasma processed at a time by uniformly jetting the processing gas,
which has been plasmatized between the electrodes, through the jet port over
an entire length area thereof. Consequently, the processing efficiency can be
improved.

In Patent Document 2, there is described an apparatus for conducting
a plasma surface processing by converting a direct current to a continuous
wave by inverter and applying it between a pair of electrodes.

[0003] | |



22 January 2007 2 [ PATENT DOCUMENT 1] Japanese Patent Appli Qggh%r 2007
Lai d- Open No. 2002-143795 (page 1, FIG 4) Japanese Patent Application

Lai d- Open No. 2003-203800 (page 1) } [DI SCLOSURE OF THE | NVENTI O\

[ PROBLEM TO BE SOLVED BY THE | NVENTI ON] [0004] Recently, upsizing of the
wor kpi ece such as a liquid crystal glass substrate has been and still

bei ng progressed. Among them even thode having one side so |arge as, for
exanple, 1.5 mMmto several nm appeared. |In order to cope with a workpiece
having such a wide width and a |arge surface area, the el ectrode plates of
t he pl asnbP pIEIEDPOGCIAAENEts are required to be nade | ong. However, the

11 cul lyeingt RBNESE EalanG AR ISat Rl EHEDaM At B 44685 BRYE 11

addi tion, }al ectrode pl at es becone readily bendable due to the Coul onb
force actl ng b tween the adjacent electrode plates, thermal stress caused
by di f f er enceldpantiiePatint expisition Lot Open b, mmessaor(pa 1yai n body
constituti n&éhe el ectrodes and a solid dielectric of the surface thereof

and di f f BPEHeBOSURENE BHE BNWEMTHONle el ectrodes, and the i ke.

Consequen : i i ce tends to be

non- uni fot@gﬁ&mim gﬁsﬁﬁﬁyﬁg $¥%W§g&6ﬁocessi ng tends to be

i npai red. fgop4grder to cope wth the Coulonb force, it is possible that the
el ectrode plates are increased in thickness so as to increase the
rigidity. If aﬂembngmrsmnglofthadmrkpletdﬂtaiuch\mw liquickogrstaltglassel ect r odes
are i ncreaﬁqsﬁr@) n 8 e .el ectrode port constructl on for

suppor ti ng ‘%Q §nﬁ8 § "éﬁtﬂr%gfeéaeq[o %&th‘?r@aﬁv%F ®so t he

met eri al o e

el ectr odegcrwlh %ﬁ?ggg@%ﬂ%scg% I ei léfrl 3 ﬁ?ﬁ% Se%fzﬁ%gtzrl%%éﬂré@r educed
per unit hreriecand cppecesh angorlgriéey hanag sugh a w1de width and a large

surface area, the electrode plates of the plasma processing apparatus are
required to be made long.

However, the more the length of the electrode plates is increased, the
more the difficulty is increased for obtaining the dimensional accuracy. In
addition, the electrode plates become readily bendable due to the Coulomb
force acting between the adjacent electrode plates, thermal stress caused by
difference in thermal expansion coefficient between a metal main body
constituting the electrodes and a solid dielectric of the surface thereof and
difference in temperature within the electrodes, and the like. Consequently,
the thickness of the discharging space tends to be non-uniform and thus,
uniformity of the surface processing tends to be impaired. In order to cope
with the Coulomb force, it is possible that the electrode plates are increased
in thickness so as to increase the rigidity. If an arrangement is made in that
way, however, the electrodes are mcréased in weight and the electrode
support construction for supporting the same is not only subjected to heavy
load but also the material cost and processing costs are increased.

Moreover, if the electrodes are upsized, power supplied from the

power source is reduced per unit area and processing performance is



22 January 2007 3 lowered. This problemcan be solved only bb jhligaiR0xeR
source is replaced wth one having a |arge capacity. However, this’is
practically not easy in view of production cost, etc. Another attenpt is
to enploy a plurality of power sources each having a small capacity and
connect themto a single electrode plate in order to increase the total
supply of power. In that case, howeved, those power sources are required
to be synchronized with one another. [ MEANS FOR SOLVI NG THE PROBLEM

[ 0005] The first feature of the present invention relates to an apparatus

for condimvered. al'lpk gsoblam candei sudvdry ophadthe ipoweg soupco® epilargdgas in a
di schargi ng_space and blown it off so as to he_contacted to a workpiece to
be proce¥dthonghavingralasge capacity Ylavem, thigds prrsicallyuwt sy ir f or mi ng

such a dj ' c S _j.ust | Qnhe bhove. This electrodg structure
i ncl udes V%W??gk&%@goﬁ §%s§, ?ﬂ W @ére%%dgpglsp Ou‘F‘BPP%a g:lurgjl 9fode
menbers app@eeedurded edch Aty a Shilfl ElRltyoshd BoR&tdhéeRGbl LEinghd a second
el ectrode row conposed of another plurali'ty of el ectrode nenbérs. One of

t he el ect elegtrodephatesnafrdento frioressedthedotaddeppbmofipdwene Inthatlaseel ect r ode
menbers og t he sg&ond el ectrode rows, which sre arranged, i n the _
subst ant i aPPyVEL O%E?WPBHOVW35%3§‘?‘H€I%§t—% ?iéy%?li’féﬁ‘i’%fﬁjgwéﬁhr(&ﬁ i ons, have
opposite pob@kities, and a rowto-row partial gap serving as a part of the
di schargi ng space is constituted therebetween. A rowto-row gap including

t he row t fMEANSEFORaSOIMING THERROBEEMEN the first and second

el ectrode ovvﬁ. That is, a rowto-row gap consisting of a plurality of the
row-to-ro q%;rtial gaps connected in arowis formed between the first and

second o et offe Srealle IO TR PR T R th s 2
wor kpi ececodducting a plasma processing by plasmatizing a processing gas in a
discharging space and blown it off so as to be contacted to a workpiece to be
processed, and more particularly to an electrode structure for forming such a
discharging space as just mentioned above. This electrode structure includes
a first electrode row composed of a plurality of electrode members arranged
in a side-by-side relation in one direction and a second electrode row
composed of another plurality of electrode members.

One of the electrode members of the first electrode row and one of the
electrode members of the second electrode rows, which are arranged in the
substantially same position in the side-by-side arranging directions, have
opposite polarities, and a row-to-row partial gap serving as a part of the
discharging space is constituted therebetween.

A row-to-row gap including the row-to-row partial gap is formed
between the first and second electrode rows. That is, a row-to-row gap
consisting of a plurality of the row-to-row partial gaps connected in a row is
formed between the first and second electrode rows.

The lengths of the electrode members of the first and second electrode

rows are each desirously shorter than that of the workpiece.



22 January 2007 4 The lengths of the first and second el ect Bagdanhsy208ach
desirously correspond to that of the workpiece as a whole. The rowto-row
gap is constituted by arranging a plurality of the row to-row partial gaps
in a side-by-side relation in a row and constitutes generally the whole or
nost part of the discharge space. [0006] OmMng to the above-nentioned
arrangenment, the workpi ece can be pro¢essed generally over the entire

wi dt h, a favorabl e processing efficiency can be obtained and the |ength of
each el ectrode nmenber can be reduced to about a fraction of the width of

t he wor kpi ece. Tha leigthalof ¢ha firstvmd $dvend glditrodeadbweleach desieonsigber s are
reduced in.length w thout, depending on the w dth dinmension of the
wor kpi eceCamasRo fathigt ot dhe woskpiesg@ssdwhody  can be made correspondent to

the width of t i -ad] N he i de- hy-si arg.angi ng nunber
of the el ect roggeﬁgw(ﬁ%r'go%é%ﬁg%ﬁg{%tgd%qurﬁﬁb%ﬁgﬁtglu{aﬂﬁyd?{ﬁgﬁgpg'%al
accuracy gafowarirtiy]l ot kiledby-sHaddafib®tn a rbieaepehdigufggount caused by
Coul onb force, 'etc. can be reduced and thus, wuniformty of the surface
processi ngenetallgdhe brizolaed mastqrat 06 timodisebdrge spaenl ar gi ng t he t hi ckness of
t he el ect{ menbers and wei ght increase can be avoided, thereby reducing
a |l oad on e support structure, and naterial cost, etc. can be

prevented fr OnOAGEGEHOTbTMURIGRILETahSeRERT ThE RoticpRlcaidaydly moved i
such a manner as t intersect wth the extendi g direction (aide-by-side
ar r angi ngputicessid gerseraily dviee tied eatircodidthe atfarveradic phecdssingt effivderzgcond
el ectrode rows)  of. the fi[]st and second electrode rows. That is, the

pl asma préRe phipingd andithe lenathofigach el@@ﬁ@‘fl‘? samberganchareiigeddoessor
! b R 5L SHBM BB T RARGED! FLY,
el ect r odeindlividehlieRcwoldle mhembeed arelikdubed dh 364BhILIRGACRGRing 88071 '

the width dimension of the workpiece and the length of the electrode row
can be made correspondent to the width of the workpiece by adjusting the
side-by-side arranging number of the electrode members. Owing to this
arrangement, the dimensional accuracy can easily be obtained, in addition,
the bending amount caused by Coulomb force, etc. can be reduced and thus,
uniformity of the surface processing can be obtained. There is no need of
enlarging the thickness of the electrode members and weight increase can be
avoided, thereby reducing a load onto the support structure, and material
cost, etc. can be prevented from increasing.

The workpiece is preferably relatively moved in such a manner as to
intersect with the extending direction (aide-by-side arranging directions of
the electrode members of the first and second electrode rows) of the first and
second electrode rows. That is, the plasma processing apparatus desirously
comprises a discharge processor including the electrode structure and a
moving means for relatively moving the workpiece in a direction
intersecting with the row-to-row gap of the electrode structure with respect
to the discharge processor. | -
[0007]



22 January 2007 5 The polarities include an electric field Q@ghﬁﬂgg@gbe
and a grounding pole. The el ectrode nenbers constituting the electfic
field applying pole are desirously connected to different power sources,
respectively (see FIG 2). Owning to this arrangenent, the supply power per
unit area of each electrode nenber can be sufficiently increased wthout
using a power source having a |arge clpacity, the processing gas can be
sufficiently plasmatized and the processing perfornmance can be enhanced.
Mor eover, since power supply is nade separately to each el ectrode nenber
per each power Thelpoctmuémmm:in ebantric deldapphghg podeanéd groubdin
synchroni ze& W'FE ach ot her. The el ectrode nenbers_constituting the

el ectric PP %6 pgegpem eﬁ’i‘a?‘)ﬁ‘gﬂ@ﬁﬁﬂeﬁh@@éﬁqtﬁczﬁfd@#ﬁplﬂ(lgl 8¥¢ power

may be  com i tBngreR L ACEAEPE iR PR B Centdciidn
comuni caOiwing tsapth@sea&m%lﬁ S5 the sapsl yﬁ?dw@f &M@t ARda SFeRH dlekirgdgd by a

partition wall [ 0008 | edst one t he eI ectrode nenbers which are
faced wi tmesaber carhbe suﬁicwﬂrtéy mmrsamd waﬁlﬂogat "sing ppeiver saunfe hehanglar st and

i ol ect r1 Bregabafydhapee SR Eavegn be Sebicistty Ritsraa el a 4P ayi ng d
' am c an
L O o1 AR forafids RLOBINGRTO BrSlvd Db DA BRI P!

al so accepiade sepatatelyetosdaehtelecteoderandigber serr @bl pc&den souirceotheqioveer
conposed of ceranmc or the like and this container is functioned as a
sol i d di efAECRS are agliequingd tehecsymsdsonized avidh sach peheri r st el ectrode row

be d d
the s de-by-si nc clFOREReflhel Cof STRpRedhERICALE At ABpIyiBE AT * he "
el ect r odemaghecsnidvited to arcgnﬁﬁ@ﬁ&(sir@épp@@@hs@hﬁer(sée/PIG”%)? than a hal f

of their Iengths correspond to those vihich are arranged in an opposing
rel ati on "subsiBarowHoyraw patieal mcbmrttltomach other miagdcby- si de arrangi ng
direction”

communicated with each other, either directly or through a communication
space (see FIGS. 2 and 42) or they may be partitioned by a partition wall.
[0008]

At least one of the electrode members which are faced with each other
at the substantially same position of the first and second electrode rows is
provided at the mating surface with a solid dielectric. The solid dielectric
may be composed of a thermal spraying film such as alumina, or it may be
composed of a plate such as ceramic and this plate may be applied to the
surface of the electrode member. It is also accepted that the electrode
member is received in a container composed of ceramic or the like and this
container is functioned as a solid dielectric layer.

The electrode members of the first electrode row and the electrode
members of the second electrode row may be deviated in the side-by-side
arranging direction (see FIG. 33). In this case, the electrode members which
are opposite to each other over more than a half of their lengths correspond .
to those which are arranged in an opposing relation “substantially in the

same position in the side-by-side arranging direction”.



22 January 2007 6 The intervals between the adjacent electrosignpiops7i n
each electrode row are properly established in accordance with processing
conditions, etc. [0009] It is desirous that the el ectrode nenbers, which
are adjacent to each other in the side-by-side arranging directions, are
opposite (reversed) in polarities, and it is nore desirous that an in-row
gap is forned between two of the el ecérode nenbers adjacent in the

si de-by-side arranging directions in the first el ectrode row second

el ectrode row (see FIG 2). Oning to this arrangenent, this in-row gap can
al so serve as Hhotiervaiabetwéen tie: adjactar dectrodaaecmbersavaachhe part of the
wor kpi ece correspondi ng to the baundary between the adjacent el ectrode
member s c&lCHIOds 18w qreintapeylysstatsbed jp @eeeriance with proesssutgn ty of

pr ocessi ngmg&ﬁogg Jore enhanced. In case the in-row gap is fornmed between
t he el ectrode neibéers, which are adjacent in the side-by-side arranging

di recti onpQ0@y another part of the discharge space, those adjacent

el ectrode nmenbers are provided, at |east at one end face thereof, with the
sol i d di el ect rltas drsirees/that the ekeatwdetmembers, vobliieh are midgacent dmsach ut i ng t he

electric fjeld |y pol e are conpected to different power.sources,
respect i vgh?,r Ilgﬁlggg%lﬁ%—s Falﬂ)%‘PgLfHWCt’é)rnéaa’@a‘i’Pp%ifef &EY&ﬁ\é\ﬁbube i ncr eased
and the p i.n i QhORNG&ILAR 1 Dﬁgf@ tl e is no
fear thatf)g%?%%’cf%}(ipg 1%?12 (S én\sot getﬁgtrg@lgg?g%ag ‘Sqi e dp%%eeggg{oces are

not synchobthiezeldctinodd neambestddiacde datbse sideshplsédd afranginpgedidecivalsyinng pol es
are not directly adjacent to each ot her. [00105I|\/breoverz it is desirous

that one the “_Wéelﬁ%" é’_é‘W/ &%@%@ﬂ_ﬁéﬁ@d? spVdige dl6d2dc Ahwingteluh ot her in
e A N T
and a secgieundl @en egRP6 66 tas woRksiest Co¥iesPondBSRBGhe dundary | 1 st
surface, and the other of the two electrode nenbersS

between the adjacent electrode members can also be reliably surface

processed. Thus, uniformity of processing can be more enhanced. In case

the in-row gap is formed between the electrode members, which are adjacent

in the side-by-side arranging directions, as another part of the discharge

space, those adjacent electrode members are provided, at least at one end

face thereof, with the solid dielectric. Moreover, in case the electrode

members constituting the electric field applying pole are connected to

different power sources, respectively, the supply power per unit area can

sufficiently be increased and the processing performance can be enhanced.

In addition, there is no fear that an electric arc is not generated even if the

power sources are not synchronized with each other because the electric

field applying poles are not directly adjacent to each other.

[0010]

Moreover, it 1s desirous that one of the two electrode members
arranged adjacent to each other in the side-by-side arranging directions in
the first electrode row and/or second electrode row includes a first surface

forming the row-to-row gap and a second surface disposed at an angle with

respect to the ﬁrst surface, and the other of the two electrode members



22 January 2007 7 includes a third surface generally flush whlhnfh$§ 2op7st
surface and formng the rowto-row gap and a fourth surface pl aced
opposite to the second surface and arranged at an angle with respect to
the third surface, and the in-row gap is formed between the second surface
and the fourth surface. It is also accepted that the first surface and the
second surface are disposed at a righf angle, the third surface and the
fourth surface are disposed at a right angle and the in-row gap is

di sposed orthogonal to the rowto-row gap. [0011] It is also accepted that
the firstimindecs tand stifacs genechlsufltisic evidr the filiss posfade anddbriabnvstheang! e,
the third surface and the fourth surface are djsposed at an acute angle
and the i FRVIR9Ip LR M%‘Pﬁﬁ@%é@%%os}t@i@&@ sePRhULLass t o- r ow

gap (see ] t j Lr e ; vor ahl i scharge is

readily Og%éira;%g;)gg\d/grﬁ“ aglt% ntg(rg%&ggfﬁ% eg{;ﬁ%ttgg ghlrflﬁ%lrga%teﬂgﬁg tﬁ%g’ri&é’i for med
bet ween t hefdridelt betweeaahe 8Bord SusREORAd $he fRfeh sBffdce Pr ocessi ng om ssi on
can be prevented fromoccurring. In the above arrangenent, it is desirous

that the cornelt isalschecosptied dfat thé Erstuufeesangl thefsecond soefaseane t he fir st
surface and second surface.is, R, chanfered with_.a relatjvely |arge radius
of curvat a}sé’f’s%ﬁﬁfj%f{g’iﬁ a@&l%ihegﬁfgﬁaff%gﬁaeyéﬁeiﬂ'éﬂﬁém Cagfe fornmed

bet ween t i 1 S8 e d: - ' a

rol at vel yERar 8t AR ABRREEd B s W ABER i A SRRSO 2

arr angenmengw-tbh®w gaper on the obtuse angle side fornmed between the first

sur face aﬂg)tr}e second surface can be made snmoot her and the coner on the
acute ang Lilde formed between the third surface and the fourth surface

o 0 0o P OF AP B ST e EBRRS LR "o,
favor abl edidpssédingsn ﬁ@ﬁs@@n%l@?bl{d Sreawithoe Al tHeefddh Yudhcé Bfe corner  part
on the obtuse angle side. 22 January 2007 ‘

disposed at an acute angle and the in-row gap is disposed slantwise with

respect to the row-to-row gap (see FIG. 34). Owing to this arrangement, a

favorable discharge is readily occurred even at the corner parts on the obtuse

angle side formed between the first surface and the second surface, and

processing omission can be prevented from occurring.

In the above arrangement, it is desirous that the corner on the side of

the obtuse angle formed between the first surface and second surface is R-

chamfered with a relatively large radius of curvature, while the corner on the

side of the acute angle formed between the third surface and fourth surface

is R-chamfered with a relatively small radius of curvature (see FIG. 36).

Owing to this arrangement, the corner on the obtuse angle side formed

between the first surface and the second surface can be made smoother and

the corner on the acute angle side formed between the third surface and the

fourth surface are protruded to greater possible extent so that a space formed

between those two corners and the other electrode row can be reduced and

thus, a favorable discharge can be occurred easily and reliably at the corner

part on the obtuse angle side.



8 It is also accepted that in the electrode row on the opposyi gagif§ 2007t he
el ectrode row having the first surface, the el ectrode nenber |ocated in the
substantially sane position as the el ectrode nenber having the first
surface 1is arranged astride the first surface and the end face of the
third surface (see FIG 34). OnMng to this arrangenent, discharge can nore
easily be occurred at the corner part8on the obtuse angle side forned
between the first surface and the second surface and processing oni ssion
can be prevented from occurring nore reliably. [0012] It is also accepted
that two in-roltigat® acoeptat thed iathnelettrode rost entthedppowinbeils ofttheh are
adj acent tp each other .in the side-by-side arranging directions in the
first el e@@l‘; QgeFSW ‘Gpgrth§§.€§hﬁlr&%lth%ﬁﬁcp&ﬂ% mgpper horaied Wbther- r ow gaps

are incli J I i I i I I

el ectr ode%ﬁ%ﬂ&%ﬁg%@%gﬁg ﬁt%(g?%’ﬁfénélggﬂ'\ll)\ﬂlggﬁé@iﬁ Iei:r g%?%%g@&%rﬁgz%rﬁg%pposi te
ends of t hearehOedd alfide ahe Tyt finY¥R etard tean] dide GombitHirdaurfite (Wbose
opposite end faces are synmmetrically inclined in the nmutually opposite

di r ect i onEIGa3dhr Qwisgdpithisdarcangementatisohaoge emy neeasy beraccurred
configuratjen. [0013] It isS sirous, that .t he stream end of.the in-row
gap is op@%ﬁﬂeﬁ&gﬁ%ﬂiﬁo t:l?ﬁéﬁ’%ﬁ? Slﬁgi %f%n?%éjﬁ\é\?wﬁelb&l?c‘g@g FRHagss

t her ef r ony g 6 ddadt j L 8%912 OW-t O-r ow
gap (see FI Gﬁshé/\%é? andsur35). %Er?g%?%ﬁ ﬁﬁg@a%%g%ﬁr, t gaglﬁgfclessi ng gas
pl asmat i zeccurninghmorareliablygap can be jetted directly through the in-row

gap and a i.ed onto the workpiece. [0014] 22 January 2007 9 Instead of
BRI pol ar i
t he stagg polarity arrangenent structure (FIG 2 and

« It is also accepted that two in-row gaps are formed among three
electrode members which are adjacent to each other in the side-by-side
arranging directions in the first electrode row and/or second electrode row,
and those two in-row gaps are inclined in the mutually opposite directions
(see FIG. 37).

All electrode members only excluding those which are arranged on
the opposite ends of the electrode row may have a trapezoidal configuration
whose opposite end faces are symmetrically inclined in the mutually
opposite directions, a paralielepiped configuration or any other square
configuration.

[0013]

It is desirous that the downstream end of the in-row gap is open in
such a manner as to be able to jet a processing gas therefrom and withéut
passing the processing gas through the row-to-row gap {see FIGS. 27 and
35). Owing to this arrangement, the processing gas plasmatized in the in-
row gap can be jetted directly through the in-row gap and applied onto the
workpiece. o
[0014]



el sewhere), the electrode nenbers adjacent in the side-by-sigejaiA52009
directions may have the sane polarity (see FIG 40). In the above-nenti oned
arrangenent, the el ectrode nenbers constituting the electric field
applying pole of all the poles (electric field applying pole and groundi ng
pol e) may be connected to different power sources, respectively (see FIG

- 40). Oning to this arrangenent, the suBply power per unit area can
sufficiently be increased and the processing performnce can be enhanced.
Moreover, an insulating partition wall is desirously interposed between

the el ectrode hesttad of Hwvitagedred pailadty anrafpemenagphotung (PG e2 aadj acent in
t he side-by-side arranging directions (see FIG 40). Onmng to . this
arr angeneﬁig?wabﬁr‘é)a ¢ elestiade membees pdiagent wthersids-bycilfde ARMugARSeen t he

ot h ench RGPS PSP ERE s S bolatg BB BT AL 501 g part it o vl | “is
al so_i nt er poseth g ygeve-hlttioned bk AdfcMRse e davirbde WidnBeaUNdi ng  pol e.

[0015] It is desirous that the discharge space is provided at_an upstream
end t her eonstiutingdheieleatdd distld apppdng fade wifadl themolés(eléctriv figlda

processin S introduction.port and at, a downstrea | de thereof with a
jet port 35‘?&%90&%??&]@59%%&9%6 ayibe,gonne Eﬂ)ﬁT IEPL PPWET ext endi ng
directiongd ' NLICE r i ' j ' and
second el Se(?:]tlr?ieg’ xtregggcﬂég?g%eeglt(g. ‘\}\n@jt héjgﬁg ggggp{sgaﬁ%%rﬁ%m{, Elge %]g{pﬁgort from
t he procepsegpgasinitiarta odnstfficieptlytbe eeckdidneg thegrbcerdéngrenbers of the

first electrode row and one of the el ectrode nenbers of the second
el ect r odePPdREMAnEE ean peenhaneethged at a first position in the side-by-side

TR T S A
part of thetvwieacthrelectsdds men@hists 2 vad da ¥ledRy ﬁeﬂcpa]ﬁiﬁ'l%ﬁ?boiﬁ the
el ectrode nenbers of the first el ectrode row and another o

adjacent in the side-by-side arranging directions (see FIG. 40). Owing to
this arrangement, an electric arc can be prevented from occurring between
the adjacent electrode members even if the power sources are not
synchronized with each other. It is also accepted that an insulating partition
wall is also interposed between the electrode members having the grounding
pole.

[0015]

It is desirous that the discharge space is provided at an upstream end
thereof with an introduction port forming part for forming a processing gas
introduction port and at a downstream side thereof with a jet port forming
part for forming a jet port. By doing so, the extending direction i.e., the
side-by-side arranging direction of the first and second electric rows
intersects with a direction toward the jet port from the processing gas
introduction port. One of the electrode members of the first electrode row
and one of the electrode members of the second electrode rows, which are
arranged at a first position in the side-by-side arranging directions, have

opposite polarities and form a first row-to-row partial gap therebetween, the

first row-to-row partial gap serving as a part of the discharge space, and



the el ectrode nenbers of the second el ectrode rows, which argzggﬁ@ﬁ?qgoﬁt a
second position adjacent to the first position have opposite polarifies
with each other and forma second rowto-row partial gap therebetween, the
second rowto-row partial gap serving as another part of the discharge
space. Moreover, it is desirous that the apparatus further conprises a gas
gui de whi ch gui des a processing gas flléw passing through a part near the
second position (part near the adjacent gap) in the first rowto-row
partial gap to a boundary between the first position and the second
posi ti on another af tht electroda membeds ofithesiosh eteopaxict iown agdianethteraf t owar d

5 thro 30), It is noye desirous that the

LBSJS{ 32&%@8@%@3&%@5 O%athsﬁcg{ﬁ%ze%msﬁrr%, adychgge arr@eggfi iahg gas
£l . : . - ) i 9. .. but
througn ¢ HERrRosSAbY aHMBHPIb i free defid AL opBRERO LRI 2! o0

r owt o- r ogagipothetlanddring {dvdnddicaeedirowspaltial Sap MBerebeteernhye- ment i oned
arrangenent, a plasma can sufficiently be sprayed onto | ace of the

a
wor kpi eceseassmdagyoietray partinhgapsendagyas anothergpart hﬁtlmjji‘mcgmger&pmco- r ow

tial 1 1 SS§ b ted fr. I ng.
s, “acconpang| BOURE B ERESBRHATAG (hE bRar- gL SVHBEL COMRFRY AEA9 of Sur face

. processin f i I : ' ih & ehiRROHES i case, if
t he el ect o%%rkxgir%le @Hﬁg%iﬁ%@f‘shsg%’ glﬁ%glt% ST gbﬁﬂé@d apgp?i ﬁzﬁglg gﬁ% e

connect edsedonid phsitfien épart peacthesadjacest, gap)ds phe firvietopy-tofrewspagpiay power per

unit area can syfficiently be obtained . w thout increasing. each, power
source caBRiq 9%&‘1‘&8?W gdﬁ’ﬁfqnoﬁl,e ft?%@@%me@n&]@mf‘@@@ﬁa?@w Ofdflired to

b Ny ! _ . ) ;
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gui di ng nEDGST 5hBtduph 30)088 igHictentsidud ahatahi a?@@?atuéis provideewitts said

|

gas guide, which is inclined in the second position direction
a gas guide which guides the processing gas How passing not only through
the first row-to-row partial gap but also through the side part near the
adjacent row-to-row gap part in each row-to-row partial gap to the adjacent
side.

Owing to the above-mentioned arrangement, a plasma can sufficiently
be sprayed onto a place of the workpiece corresponding to the boundary
between the adjacent row-to-row partial gaps and processing omission can
be prevented from occurring. Thus, accompanying with the bending
reducing effect, uniformity of surface processing can sufficiently be
obtained.

In the above-mentioned case, if the electrode members having the
electric field applying pole are connected with different power sources,
respectively, the supply power per unit area can sufficiently be obtained
without increasing each power source capacity and in addition, those power
sources are not required to be synchronized with each other.

[0016]
The first row-to-row gap part may be provided at the inside of a part

near the second position with a gas guiding member having a gas guiding



toward the jet port (see FIG 5). OsMng to this arrangenent, 23 hgngias 200PW
near the adjacent gap can reliably be introduced to the adjacent direction
al ong the gas guiding surface. In that case, it is desirous that the gas
guiding mnenber is provided at the jet port side fromthe gas guiding
surface with a gas return surface which is inclined in the opposite
direction to the gas guiding surfacellsee FIG 6). Onng to this
arrangenent, a part of the processing gas flowing toward the adjacent
direction can be flown around toward the jet port side fromthe gas

gui di ng nantiace, asseidgar gariengvigel icaclinedsn the sequmd pdsitivhnaliseqelonc e
correspondi ng to the gas guidin nmber in the workpiece and_processing
oni ssi on EWATANE 4l RO 4S¢R El@ngbgaﬂ'@&todhﬁﬁfmmﬁﬁm‘f@@ﬂﬂ gahloyas gui de

gas | nductigrnE PRRERnEkebitan RURBR G MR AR (o e ach Higeltiof, Pl 22 s o™
accept ed jlak thbgak Pui dgCdur@ited At thunehded @iSis Aeshbad thutRhe lgak @R@ding to a

part near the second position of the first rowto-row partial” gap and this
branch pomembertsprovioedrat the getgund slepfvein thergastmiding swmst withta ng t he

as guide (see FIG .9). i,ng fo,.this arrangenen t he roocessin as can
DTt bl y B Ty v welinhd iy ek PRAGTTE Niserddn (U & pact Pa
gaps. [ 0048H; iy i ; oMi~da, nted toward
t he secon%%gg%igdtuiq%bnéﬁ%f%e@ raé égjﬁ}agittﬁﬂtl ?rfﬁegﬁlét#ggﬁp%ﬂhgat a position
cor r esponpiioegssing gakdlpantg toseardtthe asipaend dxestion eandfe floenfaroahdr ow t o- r ow

Can 1 ol | SMATIdne ok P SEISHTOB: TeeciSoBdan G s Oelo e HEOGeSHNE AT ar L) o
B R T e I A N
boundary Wwetsiete hhé procedsii@eniission can reliably be prevented from
occurring,
[0017]
The gas guide may also be disposed at the introduction port forming
part (the processing gas induction side from the electrode structure).
For example, it is also accepted that the introduction port includes a
branch port leading to a part near the second position of the first row-to-row
partial gap and this branch port is bent toward the second position thereby
constituting the gas guide (see FIG. 9). Owing to this arrangement, the
processing gas can reliably be introduced to the boundary between the row-
to-row partial gaps.
[0018]
A flow rectification plate, as the gas guide, slanted toward the second
position may be received in the introduction port at a position corresponding
to the part near the second position of the first row-to-row partial gap (see
FIG. 13). Owing to this arrangement, the processing gas can reliably be
introduced to the boundary between the row-to-row partial gaps.
[0019] -



row partial gap and the second rowto-row partial gap and opgpjyhgudryeedyea
.on the jet port side therefrom(see FIG 15). Onmng to this arrangenent,
the processing gas can flow to the boundary between the rowto-row parti al
gaps after being plasmatized in the rowto-row partial gap. [0020] It is

al so accepted that the introduction port of the introduction port formng
part having a slit-like configuration léxtending in the side-by-side
arranging directions and di sposed astride the first rowto-row part gas and
the second rowto-row partial gap, and the blocking part is received in the
i ntroduction plhe gas gidemidy orhedy a diguking part fortiec bagndoend patt\oaen t he
first rowto-row partial gap and the second rowto-row partial gap (see

FIG 15) the intyodugtion pere spleclocatesratithe benadanpbetveon fbe fist toiiet ses a
spacer hayi ' | I n rts and,a _connection part for
connect i ngg#ﬁglrﬁ?% 8@‘2 itlﬁgg%;(ﬁ{%;mgﬁg%w P%%Iail FER ﬁﬁ’gs‘?l?@l%ﬁesaq?éi ng

sandw chegnhké y&giort BRle thefSr62QeTT0LN 5) OCALRG Bithid&rrhhisheMOthd | on and
the el ectrode nmenber |ocated at the second position in the first el ectrode
row, the prouessiog gasecan floeripddierpundats bbevean tendw-thredwopdrikabn t he

el ectrode rreméf ocat first position and the el ectrode menber

d at .t
| ocat ed aB¥fh té%b%‘ﬁ'@ @Bgﬁfm@ﬁgﬁﬁthq OV 4RIONEP ©3Bde row and t he

connectio[})@%}t is arranged close to the end part on the introduction port
side of the Jundary, t her eby being provided as the blocking part (see

FIG 18). The Hrisabssicugpyabthat tlid mwastivctionhsonoaf theintrédectjcgipgert si de
fromthe gonnection part of the boundary via the rowto-row partial gaps.

[0021] It igrnigegerhiepeasihlke crafigustion enending spdesidedytside] et port
ot roduci Rgoae Y Uil BRI R Ry PR Bl T e
the seconthentbhiadwefo-+b® pdrtial ghpund Ore"K1Wc Ryl hat igAR hRMRIthEhe second
position (see FIG 21). '

introduction port at a position corresponding to the boundary between the

first row-to-row partial gap and the second row-to-row partial gap (see FIG.

15).

It is also accepted that the electrode structure comprises a spacer

having a pair of interposing parts and a connection part for connecting the

interposing parts, one of the interposing parts being sandwiched between the

electrode member located at the first position and the electrode member

located at the second position in the first electrode row, the other of the

interposing parts being sandwiched between the electrode member located at

the first position and the electrode member located at the second position in

the second electrode row and the connection part is arranged close to the end

part on the introduction port side of the boundary, thereby being provided as

the blocking part (see FIG. 18). The processing gas is flowed to the part on

the jet port side from the connection part of the boundary via the row-to-row

partial gaps.

[0021]

It is also accepted that the gas guide is disposed at the jet port forming

part {on the jet port side from the electrode structure) and introducing a



I'n the above-nentioned arrangenent, it is also accepted that 2} lygn@a§ 20841 de
I ncl udes a gas guiding surface inclined in a second direction and arranged
at a position corresponding to the part near the second position of the
first rowto-row partial gap in the jet port of the jet port form ng part
(see FIG 21). OMng to this arrangenent, the plasmatized processing gas
can reliably be applied to the part ild the workpiece corresponding to the
boundary between the rowto-row partial gaps. [0022] It is also accepted
that the gas guide is arranged at a position corresponding to the boundary

bet ween t peodessiblg gvedmingofioRpd phatinc@@ph@sdcoridposieionnsd theirkorgww parti al
gap in the jet port of the jet port formng part_ in such a manner as to be

cl ose to toreow psstinbgep tewakst ihesespad poaitpn treedd&s. 2Jui de i ncl udes a

bl ocki ng part fop bl.ocking the end part on the jet port sid of the
boundary (see bt fae SE5VE-RitnlidRed nhlemal Sl aifuleghiline oy "gas
flow ng t gﬁwhclﬂ&s@%bd%ﬁﬁd' sWEESE RSNl Led N dRAFdctRIn S/PS can  be
flowmn to The rowto-row partial gap and plasmatized therein, and the

pr ocessi ngrrgageghhs positiedcomespondingid the partpeat thd s@apdqeositien D own

around into the jet port on.the dowystream si of the blocking part. It is
al so accepicetrst kaW-thEC Y dartig gamm ihegehper Q’gq%ﬁu@tmffpgum pant (pee

connect ed | - S , : | a manner
as To ast Fi et e O BAECHEANEHE, IR pRINBALE, Hro08Rmd BaSUER, T YO
partial gegliablpbetdpplidaoahspag ifahe cosikipdede Omredpoiding to thv- t 0- row

parti al gap is allowed to disperse thereby to constitute the gas guide
(see FI G bomdary/lggagenithe rewaosiovapainleginshat the jet port formng part

i ncl udes %ous plate, a processing gas comng fromthe first rowto-row
partial g 1§ di spersed ‘and thus, diffused also toward the second
position and Jﬁtiggg@égceg{mpmgéaslggww praie edlaéia?d%\fﬁgﬁng t he porous
plate as the gas guide (See FIG 23)."OmMng to this rrangement, the

pr ocessi ngogaspaaingdo jthe bedndary tretWwicehlthe divdt towftomoisypartial gap and

the second row-to-row partial gap in the jet port of the jet port forming part

in such a manner as to be close to the electrode structure side, and the gas
guide includes a blocking part for blocking the end part on the jet port side
of the boundary (see FIG. 26). Owing to this arrangement, the processing
gas flowing through the boundary between the row-to-row partial gaps can
be flown to the row-to-row partial gap and plasmatized therein, and the
processing gas plasmatized in the row-to-row partial gap can be flown
around into the jet port on the downstream side of the blocking part.

It is also accepted that the jet port having a slit-like configuration is
connected to the first and second row-to-row partial gaps in such a manner
as to astride the first row-to-row partial gap and the second row-to-row
partial gap, and the processing gas coming from the first row-to-row partial
gap 1s allowed to disperse thereby to constitute the gas guide (see FIG. 27).
[0023]

1t 1s also accepted that the jet port forming part includes a porous plate,
a processing gas coming from the first row-to-row partial gap is dispersed

and thus, diffused also toward the second position and jetted out, thereby



and processing om ssion can reliably be prevented from occur b §onuary®984]

It is also accepted that a part of the jet port of the jet port forinng
part corresponding to the boundary between the first rowto-row parti al
gap and the second rowto-row partial gap is larger in opening w dth than
another part of the jet port of the jet port formng part corresponding to
the first row to-row partial gap, and4he former part having the |arge
opening width is provided as the gas guide (see FIG 27). Oning to this
arrangenment, the flow resistance at the part corresponding to the boundary
bet ween t peovidirsg theapatose pdatd asdive teas rgmid g fadei IG.@HDs Owihfeojtkis port can
be made smaller than, the flow resistance atf the part corresponding to the
first rowdfignggmepkhithe procegame &aﬁjcarhge ﬂﬁt@%{e@gﬁ @a&g apflagtarlyd i n the

first rowt Q- L al: oty . fil o [yesponding to the
boundary. a{‘@@%@‘}\é#@ é éﬁlaﬁ SO g%lggp 1%@%4%& etk/ﬁré{egf %@ﬁ{ é%‘gl?rﬁ@rgoer | ocat ed at
the first[0@2$] tion and the el ectrode nenber |ocated at the second position
in the first ‘electrode row have opposite polarities with respect to each

other and an i H-isradie aeaspiesd thot amprbef Weejet phosef tieget podefomambg part and t he

I ntroduction port..of t introduction part formn art includes

rowto-r oﬁPFﬁEngitgﬁﬁ%hPPn@?@ gv&eﬁstgp ifjﬁé{lf%g?ﬁpé’% p?’(}r\‘zﬁltg?l’r%\% parti al
ap and t SR ;8¢ : ' b Rt ' i on port
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t her ebet : ' i lykng 22
January. 200196845 Tl Buldo(s6e FREE) SNk RONIE SRabBErBREEE NG gas
bet ween t floseraligsicoaehe paancoespotiding nd Zes b d sy sdtindehzhedirkhose power

source devices (see FIG
and second row-to-row partial gaps in the jet port can be made smaller than
the flow resistance at the part corresponding to the first row-to-row partial
gap, and the processing gas plasmatized in the first row-to-row partial gap
can be flow to the part corresponding to the boundary.
[0025]

It is also accepted that the electrode member located at the first
position and the electrode member located at the second position in the first
electrode row have opposite polarities with respect to each other and an in-
row gap is formed between those electrode members, and

the introduction port of the introduction port forming part includes a
row-to-row introduction port disposed astride the first row-to-row partial
gap and the second row-to-row partial gap and an in-row introduction port
directly connected to the in-row gap (see FIG. 32).

[0026]

A second feature of the present invention resides in a plasma
processing apparatus comprising an electric field applying electrode and a
grounding electrode placed opposite to each other and forming a processing

gas path therebetween, and a plurality of power source devices for applying



44). Om ng to the above-nenti oned arrangenent, the supply pOQQﬂaﬂﬁﬁyzgﬂft
area of the electrode can be sufficiently increased even if the capacity of
each power source device is small, processing performnce can be obtai ned.
In addition, deviation in phase between the power source devices can be
elimnated and thus, a favorable plasma surface processing can be
conducted. [0027] It is desirous thatl5sthe plurality of power source

devi ces each include a rectifier for rectifying a commercial -use AC
voltage to a DC voltage, and an inverter for switching the DC voltage

af ter rechhfelestic $ield forpladmatiiigdes processiny dasthotgeeh ehes cleatiddede
synchroni zer controls the inverters for the “power source devices_such that

t he i nver aad g syneheymzer omisyaglironizing iese gowestsovrcaleviceatseediKar (see
FI GS. 45 gaiough 48). Oning to this arrangenment, the plurality of power
sources cdn/reliably be synchronized. The output fromthe inverter may be

a sine wave Ac()vﬂng% ke %M@eﬁﬁ‘enﬁoné@ﬁﬁrﬁﬁg%ﬂglé%‘ggéguﬁgkﬁgoﬁl%? &t ke. [0028]

It is also accepted that the synchroni zer n gate - signal
out put paunnitfavea bhithd eleetrode sanfbet hefpmsly swueaseddsrencié she aapatity sf gnal
outputted fromthe gate signal output part. being i nputted in ate of the
swi t chi ngeé‘FléH%WFré‘Pu@ﬁ VEFC IhENARyRIGCEPHNE PSH rgpq@p_c(a@@o 1€4-n the

~alternati i 1S e r.ani Is .a plurality
of gate !‘?gﬁ%ﬁ“dgﬂf‘ gt?‘?lgg'%@vﬁgcmé?%gﬁgﬁ%éﬁ%g S?' {g%ﬁ%ﬂlﬂﬁ\%&e? erﬁeof each
power sodligénstediape thng, & foesrable psaty antaat proresdigs danbepednduraed. f or

the gate sizqﬁal out put parts, a synchronization signal outputted fromthe
synchroni k n signal supply part being inputted into each of the gate

“siygnal . | hat i 1o i fqdh
01 OS8O LS B3 ot b e FEROSR R M 1
each i Nputeifpiatisr §éaﬁ§%ng' Blednifergat 8sohC §/3Ra§é!"k6 8O citAEEahd ah t he

corresponding inverter (see ) ]
inverter for switching the DC voltage after rectification to an AC voltage by

a switching element, and the synchronizer controls the inverters for the
power source devices such that the inverters are synchronized in switching
action with each other (see FIGS. 45 through 48). Owing to this
arrangement, the plurality of power sources can reliably be synchronized.
The output from the inverter may be a sine wave AC, a pulse wave AC, a
rectangular wave AC or the like. '

[0028]

It is also accepted that the synchronizer includes a common gate
signal output part for the inverters of the power source devices, a gate signal
outputted from the gate signal output part being inputted in a gate of the
switching element of each of the inverters in parallel (FIG. 45). In the
alternative, it is also accepted that the synchronizer includes a plurality of
gate signal output parts which are provided to the inverter of each power

“source device and a common synchronization signal supply part for the gate
signal output parts, a synchronization signal outputted from the
synchronization signal supply part being inputted into each of the gate signal

output parts in parallel so that in response to input of the synchronization



[0029] It is also accepted that of the electric field applyi ngﬁm&mﬁ'yz
and grounding electrode, at least the electric field applying electirode is
divided into a plurality of electrode nenbers and each electric nenber is
connected wth a power source device. That is, the apparatus nay conprise
an electric field applying electrode including a first and a second

di vi ded el ectrode nenber; a groundi nglél ectrode for formng a processing
gas path between the first and second electric field applying el ectrodes;
a first power source device for applying an electric field for

pl asmat i ziipgall fiee pateaessalntitpasphel veanidhie of atstsighaliigrotiel @at bde menmber
and the groundi ng el ectrode; a second power source device for applying an
el ectric thesmitahong ejgmentei terrprrespopdite sientsrdsee EHoGedh alﬂldé&gecond

di vi ded ﬁkﬁﬁPiOde menber and the groundi ng el ectrode; and a synchroni zer
for sync rzing the first and second power source devices (see FIG 44).
Oning to the L iTercta|Yata MVA r.ade nenber
can be reducegp?¥§§?ﬁgkgﬁ%ﬁgg§%§ﬁg cauggg:%gﬁggggy&gfgﬁ??%ggggﬁonb force
occur r abl grohetlingeclettredepatoleastgheledadtriodesdd appleg. cleatmobde is dudmkd as nmuch
as possible. is desirous that the first., power source devjce

030] It
i ncl udes 189 a[p&ﬂr I]émfﬁl%qtro eomenhars apfl each clesthismpember dbcomnertid age to a
DC vol ta%ith%”;?o@clt isé\%tce 4&Y@J.ter for switching the DC voltage after
VO

rectification o an tageé, and the synchronizer controls the

inverters for T ipaherappardias niey tompriid ahaglvetric B87apdlyifuch that the
inverters are synchronized in swtchi rhg action with each other (see FIGS.
45 t hr ougteatsyde jrpduding a first and a second divided electrode member;

a grounding electrode for forming a processing gas path between the

first and second electric field applying electrodes;

a first power source device for applying an electric field for
plasmatizing the processing gas between the first divided electrode member
and the grounding electrode;

a second power source device for applying an electric field for
plasmatizing the processing gas between the second divided electrode
member and the grounding electrode; and

a synchronizer for synchronizing the first and second power source
devices (see FIG. 44).

Owing to the above-mentioned arrangement, each divided electrode
member can be reduced in size and bending caused by dead weight,
Coulomb force occurrable between the opposing electrodes, or etc. can be
reduced as much as possible. '

[0030]

It is desirous that the first power source device includes a first rectifier
for rectifying a commercial-use AC voltage to a PC voltage, and a first
inverter for switching the DC voltage after rectification to an AC voltage,

and the synchronizer controls the inverters for the power source devices



I't is also accepted that the plurality of divided electrode #®iiflaiy2087
arranged in a side-by-side relation in a row, and the groundi ng el eCtrode
is disposed in parallel with this row (see FIG 44). Also in this
arrangenment, electric potential difference can be prevented from occurring
between the divided el ectrode nenbers by the synchronizer, and an electric
arc can be prevented fromoccurring Hétween those divided el ectrode
menbers. By virtue of this feature, the interval between the divided

el ectrode nenbers can be reduced. The interval can also be elimnated so

that the glich thadthelmeiteod araeyivhironzed iabwitddnpiactiogaeith ebdleothekhus,
processing irreqularity can be prevented fromoccurring at the part in
morkpieceSe@&ﬂﬁ%%ﬁﬁh@ﬂﬁgghésﬂhe i nterval between the divided el ectrode
menber s aﬂﬁ¥ﬂ favorabl e plasma surface processing can reliably be
conduct edt 4 groundi ng el ectrode enployed in the above-nenti oned

arrangement ey i@ﬁlso%c%?’ée%gﬂﬁ't HRNBIRALIH oM @BiiA&d dlecad hehbety endi ng
di vided el ectrode nenbers. The electri¢ field applying divided el ectrode

menber s aamtanged ima sidedbyeside véldadn aéh acbmodmdnteigoandudy elbctrode a3 r anged i n
t he sane

ositjon in_the . side-by-side r i di.rections, may be
correctlydgﬁe W?Wallgg@ﬂaba%?g‘é’r Sﬁ%ﬁ@ezggv' PR 40 LS AREANELRENLy - si de

. . Ml : et : de
ol et odeFE RO ial Jlre e S e Bl b S R e et B T T &
an i nt egrdividdibekottodehhembergby the egclironizee] shdpplejeditic@rechn bde i s

connected with a plurality of power_ source devices. Even_ in that case, the
el ect ri c preveateshivoprogruving befweendhpsr dbrided elesdrads mepdesysByt he

B I e
out put pagdn hoteditdl I TRS imBEya12a8Msd BY @lingnatedss tiiat 9Ré dividedal '
outputted fromthe gate signal output part is inputted in gates of the

swi t chi ngeletendanserobersnarefabdtedamdhsachbmdhémvEhugprocesspag al | el (see FIG
4%). irregularity can be prevented from occurring at the part in workpiece
corresponding to the interval between the divided electrode members and a
favorable plasma surface processing can reliably be conducted. The
grounding electrode employed in the above-mentioned arrangement may be
an integral one or it may be divided into grounding divided electrode
members. The electric field applying divided electrode members and the
grounding divided electrode members, which are arranged in the same
position in the side-by-side arranging directions, may be correctly faced with
each other or may be deviated in the side-by-side arranging directions.

It is also accepted that the electric field applying electrode is not
divided into a plurality of electrode members but it is an integral one and
this single electric field applying electrode is connected with a plurality of
power source devices. Even in that case, the electric field can be prevented
from becoming instable because the pluralit.y of power source devices are
synchronized.

[0032]



It is also accepted that the synchronizer includes a first apslya,eR¢2067
gate signal output part and a common synchroni zation signal supply part
for the first and second gate signal output parts, synchronization signals
outputted fromthe synchronization signal supply part are inputted into
the first and second gate signal output parts in parallel so that in
response to inputs of the synchronizd8ion signals, the first and second
gate signal output parts input a gate signal into the gates of the
switching elenents of the first and second inverters, respectively (see

FIGS. 6 and 47k is hRO3IRLepled thatdiRos yarteohdr imdbdéde chbinibon payer source

device is a resonance type high frequency power source which is actuated
at a resdrigngleoutpubpagriey the fisstrandssecoadriayerterse and argale sigmst i t ut ed by

the first _divjd |.ectrode. d th d ' f t put
 Tanct b el o 8 ot G R Bt DB S bRl Souer Do ce
devi ce | SsiirEIfin@aehRnts ¥Ph TSl ahll QLSRG In RINES if PUFAfe1(BeL PGS 437t uat ed

at a resonance “frequency of a second LC resonance circuit constituted by
t he secorld is dlsvi atedptideitiat duesynehibenizendndlhdes a dosdard/a secdndfaten out put
transforner of the second power source device. In that case, it is also
accept ed Y1842 eyfput EW@&&PQW%ﬁM@OW%MgnWY parptordhey current
wavef or m : ) ‘ t ' g r i ce) of
the 1 r sttt ondscPoh® e SERE1 GHERE plls) SihcisoplzabtRig AR 0B ERA Fo

det ect ed Fogndie syhietironizptios sighahepph patiaed ngiard st dsefirstmnide

oscillation frequency after correction to the first and second gate signal
det ect or ssecangd gade bignal putputpartsdmpnnallelsw thab i zesponse $0 dmputs iphe yi ng

P 20 4 B SRR L e S A Sl S B 0
the fir S_tgzité‘é?%]ﬂa? inf@ghe éh?esséﬁﬂf_éds\ﬁﬁ&lging &BRlen®Ub Pl RAK Tanhg,@%ﬁda gate

t
signal into e gate of "the switchin enent of the second inverter (see
FI G 48) .invpaesyjespectiveht GoeddCiptteand HAY). i n case el ectrostatic capacity

bet ween tf@foﬁ rst

It is also accepted that the first power source device is a resonance

type high frequency power source which is actuated at a resonance
frequency of a first L.C resonance circuit constituted by the first divided
electrode member and the secondary coil of an output transformer of the first
power source device, and the second power source device is a resonance
type high frequency power source which is actuated at a resonance
frequency of a second LC resonance circuit constituted by the second
divided electrode member and the secondary coil of an output transformer of
the second power source device. In that case, it is also accepted that the
synchronizer detects an output waveform (primary current waveform of the
output transformer of the first power source device) of the first inverter,
corrects the oscillation frequency based on the detected signal, and outputs
synchronization signals based on the oscillation frequency after correction to
the first and second gate signal detectors in parallel from the common
synchronization signal supplying part and in response thereto, the first gate

signal output part inputs a gate signal into the gate of the switching element



di vided el ectrode nenber and the grounding el ectrode is |argesjihaRvhoay
bet ween the second divi ded el ectrode nenber and the groundi ng electgode,
the second el ectrode device is longer inrising/falling tinme of applied
voltage than the first power source device (see FIG 49) or the second

di vided electrode nenbers are connected with a condenser in parallel (see
FIG 50). Owing to this arrangenent, 1®he vol tage waveforns applied to the
fi-rst and second divided el ectrode nenbers can be nmade coincident with
each other. [0035] Plasma processing of the present invention is

pr ef er abl gf thenfirst ievcertemumtet therseeendgzaté sighal oeipghparhepdtoh gatewignhkri c
pressure (norgal prﬁ sure). .The neigthrhood of,atnnspheriﬁggressure
refers tol}sp &8s gate ¢itherdichingeloment of the secood npedayresd66348). 104 Pa,
preferablggkglthe range of 1.333 x 104 through 10.664 x 104 Pa (100
t-hrough 8 Arr) and nore preferably in the range of 9.331 104 through

10. 397 x 104 Pr if 480 ddeepedhthal &0 cdsy é]bc%@t@ti@&:%hﬁ@ﬁ? betwBée Bedfifst _
adj ustment and sinplification of structure of the apparatus are taken into

account . dheded ekbstrodemembienandrthe eramding ehetioads isriargashag that gener ati ng
pl asma by, causi an at mgspher,i | ow di sgharge, ,i.e., g.glow di gcharge to
occur undlé?tv%ﬁeé‘sn@ﬁrsgc??&ah\é‘ ﬁ‘éi%@%& eré*%ﬁdélﬁr%weag?%@a%ae{ BEST
MODE FOR @GARR 4 : ; Qﬂsip? sent

i nvention wl I\éb%gegéegs&corl be%“%grl}%—ll n %rééggv%%/ﬁﬁggggpgﬁce hteﬁg%df‘{ i nNgs.
FIGS. 1 ttimanubb fBsspowernsowmetdevigpaediital4Prashesecphddimidedr ocessi ng
appar at us accor,di ng E)o the first enbodi ment, A workpiece Wof 22 January

2007 20 EIRFEOEREITTRPES are conpecisdayrpha condemsgeinspadiel (s Hleryk al gl ass
SURSL ot i o AR, S Oy B Tl 58,72,
about 1. <edond dibRiedveledpb@s mobals @@ healade .comrsidedt Aitheich dthep Nnor mal
t enper at ur e.
[0035]
 Plasma processing of the present invention is preferably conducted
under pressure of the neighborhood of atmospheric pressure (normal
pressure). The neighborhood of atmospheric pressure refers to pressure in
the range of 1.013 x 10* through 50.663 x 10* Pa, preferably in the range of
1.333 x 10* through 10.664 x 10* Pa (100 through 800 Torr) and more
preferably in the range of 9.331 10" through 10.397 x 10 Pa (700 through
780 Torr) when easiness of pressure adjustment and simplification of
structure of the apparatus are taken into account. |
The present invention preferably conducts processing by generating
plasma by causing an atmospheric glow discharge, i.e., a glow discharge to
occur under pressure in the neighborhood of atmospheric pressure. |
[BEST MODE FOR CARRYING OUT THE INVENTION]
[0036]
Embodiments of the present invention will be described hereinafter
with reference to the drawings.

FIGS. 1 through 3 show a remote type normal pressure plasma

processing apparatus according to the first embodiment. A workpiece W of



[0037] As shown in FIG 1, the plasma processing apparatus medﬁ.;%m
nozzl e head 1, a processing gas source 2, three (plural) power sources 3A,
3B, 3C, and a conveying neans 4. The nozzle head 1 is supported by a
support neans, not shown, such that the blowing direction is directed
downwar d. Processing gases suited to the purpose of processing are reserved
in the processing gas source 2. The p8wer sources 3A, 3B, 3C output the
same pul se-like voltage. It is desirous that the rising/falling tine of
this pulse is 10 as or less and the electric field intensity is 10 to 1000
kV / cm atlds apparfatiese fimyex amples alhimeasizedrbigaid orystajagla&Sputadrate,ramt t o- r ow

Conti ﬁﬁohﬁé%dﬂf@éékqgan&?i&heﬁ?@%@ﬁéiﬁ%aﬁi bl aha BEASVOR ng means 4
ubst r o cotPaeoRiab Y RABEE it L Pl FP AR In R0 EYT o TS ana

right di rmkmeseWzﬁhpbemea@ém deasaksr heldmoehstmal téxﬂﬁeﬂﬁﬂﬁé' e head 1. The
processin % s plasmatized in the nozzle head 1 is blown onto this gl ass

substr at el! d pI asma processing i s conducted gener aIIy under nor nal
pressure. it ted that the subhstrate Wis
P ved and che AS3BPEmbAbG ") Jhedieah Phe’ Rt ornilaRBalbESHS be
conposed RfzA 11;1%53 1€9 ter y be
conveyed byZ eel ng Sangﬁ%&% m%g?%\g@rll@gp ety?éaénﬁﬁ?rat\gﬁo% Igglrl@fég?’ 038] 22
January 28B73C2andheonzyieg hemis ¥.according to the renote type nornal

pressure plas processi ng apparatus will be described in detail, As shown
in FIGS. 1 anin©nogzlg 2E1&§$R999ﬂﬁd&aﬁﬁﬁpﬁﬁg rtHREARH A0t ShEREL SHRly gas

i ””Od“Cti@?tl}eoﬁ‘fo%%EtcﬁF&qu era ﬂﬁ%ﬁﬁaﬁr ocessor 30. The nozzle head 1

i's extendé ong | rectlon orthogonal to the conveying
directions (upP@iéssing gases suited to the purpose of processing are reserved in

the processing gas source 2.

The power sources 3A, 3B, 3C output the same pulse-like voitage- It
is desirous that the rising/falling time of this pulse is 10 @s or less and the
electric field intensity is 10 to 1000 kV / cm and the frequency is 0.5 kHz or
more in a gap 33p of a row-to-row part as later described.

Instead of pulse wave, a power source of continuous wave such as
high frequency may be used. '

The conveying means 4 is composed of, for example, a roller
conveyor and conveys a glass substrate W as the workpiece in the back and
forth directions (left and right directions in FIG. 1) and passes it underside
the nozzle head 1. The processing gas plasmatized in the nozzle head 1 is
blown onto this glass substrate W and plasma processing is conducted
generally under normal pressure. Of course, it is also accepted that the glass
substrate W is fixed and the nozzle head 1 is moved. The conveying means
4 may be composed of a belt conveyor. In the alternative, the workpiece
may be conveyed by being sandwiched between upper and lower rollers.
[0038] |



-down directions in FIGS. 2 and 3) of the glass substrate W §9§38]ary 2067
processi ng gas introduction part 20 includes a pipe unit 25 conposéed of
two pipes 21, 22 extending leftward and rightward (directions orthogonal
to the paper surface in FIG 1), and bilaterally el ongate chanbers 23, 24
arranged in an up and down relation. A large nunber of spot-like holes 25a
passing fromthe upper sides of the rédpective pipes 21, 22 to the upper
chanber 23 are arranged at short intervals along the |ongitudinal

direction. A processing gas source 2 is connected to the left end (near
side of the p#hemogalefizezel 1 ncédrdingd jo tie tdmote typeibrarad préssure ght end
(inner side of the paper surface . in FIG ., 1) of the ofher pipe t hrough a
gas suppl Qﬁ’ﬁ%%pm?&?&?gélpﬁﬁfﬂi% & IHd’f‘g‘g%S%khﬁdri& Ckiiéﬁi “heshnvga da ﬁé& gas

source 2 are 4f i - J -1i ke hol es
253 whi | e ARdage noRelcael SoRErE AR e heb PR b BREedRSlpr L5

Ther eaf t eparttXeamt 2d66et dischapte poceksB0. NThettezloneid ¢haskrended Vi a
slit-like gaps 20a formed_in front and rear sides of the pipe unit 25.

Oni ng to lonigsinathedritpsorad direction mrtwganiahtp thpeon vexingidirastond (ap and|
it in t i [ at. it udi,pal . di rectj f th i
ot r oduct SeRm e iasaRd TGy 4 aiEa) ST B8 eldss SRR W or ocensor 30 0%

[ 0040] rThgygzg'acharge processor 30 conprises a frame 40, an el ectrode hol der
48 received in this frame 40, an electrode unit (electrode structure) 30X
di sposed wi t hi 'Bhe peodess ey gaSinandiuetioavpart B0 dnelud@s afipefunan®s 40 i ncl udes

e e ] o i 1S U 0T ok h e Bl
Lo oheped gubgssald SckogP s ML IG SRS (ARAIITAIR, ..
connect i N3 124 thangbaiwan wiathdowexiebitibmg Al Rirgyatehisichrdpabliiar d
(direction orthogonal to the paper surface ) )
holes 25a passing from the upper sides of the respective pipes 21, 22 to the
upper chamber 23 are arranged at short intervals along the longitudinal
direction. A processing gas source 2 is connected to the left end (near side
of the paper surface in FIG. 1) of the pipe 21 and the right end (inner side of
the paper surface in FIG. 1) of the other pipe 22 through a gas supply path
2a. The processing gas coming from the processing gas source 2 are flown
into the upper chamber 23 through those spot-like holes 25a while flowing
in the reverse directions within the pipes 21, 22. Thereafter, the processing
gas is flown into the lower chamber 24 via slit-like gaps 20a formed in front
and rear sides of the pipe unit 25. Owing to this arrangement, the processing
gas 15 uniformized at all positions in the bilaterally longitudinal directions of
the processing gas introduction part 20 and introduced into the discharge
processor 30.
[0040]
The discharge processor 30 comprises a frame 40, an electrode holder
48 received in this frame 40, an electrode unit (electrode structure) 30X
disposed within the holder 48 and a lower plate 49. The frame 40 includes :

an upper plate 41 and side plates 42 which are each formed of a rigid metal.



in FIG 1) is formed in the upper plate 41 of the frame 40. £y ghijqrli266792P
48a connected to the through-hole 4l1a and extending leftward and ri ghtward
is formed between upper . side parts of the pair of inverted L-shaped nenbers
in section of the holder 48. A slit-like processing gas introduction port
43a extending leftward and rightward is constituted by the through-hole
4l a and the gap 48a. An introductionZ3ort forming part 43 is constituted
by the upper plate of the frane 40 and upper side parts of the pair of
inverted L- shaped nenbers in section. The | ower plate 49 forned of an

i nsul at i nGhadhobder 4$hodalddss a pairidf-invketedjleshaped mdmbastirrditign | ef t ward and
rightward and constitutes a jet port.  formng part. The introduction port

f or mi ng p‘a’?leghérq @ﬁahuﬁrﬂbedt%éarbrwé@m&gwéagal Sl FeRamEe apdreSiM3a and t he
| ower pl a];(ﬁﬂ% including the jet port 49a are arranged in such a manner as
to vertic y “sandwi ch the el ectrode unit 30X. [0042] The el ectrode unit .

30X wi Il be deAdlithéit throdghadidle 41aXonnAstiah e9fhé Bhith&er 24 aadd 2, the
el ectrode unit 30X includesS a pair of electrode rows 3 I X, 32X which are

arranged ¢xicagpsslafigvard and gghiwandn@irdssion emliogenal o dhe papéosifackhe

el ectrode, r X, 32X ,are, each extended eftward, and rightward. The
front-sid® ﬁ,&sﬁ ] fgg{r}egdgeq:lg\}‘}pgf;(piage %gncbfl: h@e%amﬁf“fhgeﬂlt%ﬂ(%g% es)

el ectrod BHER - ' e oY) I righfvediged in

si de- by- gélmc]% r elictt?%%%ﬁ ﬁgrehguég%_l%lég@g‘ggigﬂ(%@g%ﬂg e rrgv'én?&é% conpri sed
of three grfopineddstwebr appedsidegrarer of 824 aiB2B,in éa@dvhichapadancimbesd er al | y

arranged in side-by-side relation.ip such a panner as (o be 22 January 2007
23 par al | % sechion the holder 48¢ Aonlit-Hgpaasessme gag mtm@ivcﬁr@mqﬁ Ad% gap 33s,

L R B A e o LAEBRR B
A t hr oughthdZfaped &a. e Adhink@dmtioAfpad forming part 43 is constituted by the

upper plate of the frame 40 and upper side parts of the pair of inverted I-

shaped members in section. ,

The lower plate 49 formed of an insulating member includes a slit-like
jet port 49a extending leftward and rightward and constitutes a jet port
forming part. _

The introduction port forming part 43 including the processing gas
introduction port 43a and the lower plate 49 including the jet port 49a are
arranged 1n such a manner as to vertically sandwich the electrode unit 30X,
[0042]

The electrode unit 30X Will be described in detail, next.

As shown in FIGS. 1 and 2, the electrode unit 30X includes a pair of
electrode rows 31X, 32X which are arranged in opposing relation in the
back and forth directions. The electrode rows 31X, 32X are each extended
leftward and rightward. The front-side first electrode row 31X is comprised
of three (n pieces) electrode members 31A, 31B, 31C which are bilaterally

- arranged in side-by-side relation. The rear-side second electrode row 32X is
comprised of three (n pieces) electrode members 324, 32B, 32C which are

bilaterally arranged in side-by-side relation in such a manner as to be



el enentary substance of metal such as copper and al um num az¥ghlargh00y
such as stainless steel and bronze, and a conductive nmenber such as
internetallic conpounds. The el ectrode nenbers 31A t hrough 32C each have a
bilaterally elongate thick and flat plate-like configuration. Their
bilateral length is about one third (1 / n) the bilateral w dth di nension
of the workpiece W The length of the2dentire el ectrode row consisting of
three electrode nenbers and thus, the length of the rowto-row gap 33s is
slightly |longer than the wi dth di nension of the workpiece W The | engths

of the el patallzdi¢o ﬁwﬁmt%l&ﬂtrdﬂ&tmmﬂjﬁﬂ@@laﬂhkei@wtoem@ap 3%, fty-odd cm
i n _side-by-side

respectivel arr ing t ctrode nenbers

rel ation Wrﬁ{ ‘f"lhée/ ligayi YgH‘EQ‘i‘QF dﬁﬁé@tf aid raghtavard cisi fpemed hedween ghosg dt h of

about 1.5g 0 el ectrode unit 30X. The | engths
&&Cﬁs& ér&fj (ie fo g Sﬁég)ge . 9

of the respe e different from one another but
t he | engt fB043] t he opp05| ng eI ectrode nenbers are desirously equal to each
other. [0044] As shown in FIGS. 1 and 2, a solid dielectric |layer 34
conposed of a Thaelenitade memiessi 31 through 32€ atedchaformedoafiad on each of

th | ect b h 32C f th k f f
cectr o eRtfen B R Taice ot el Sh 3 dobles AR Al ingns BIREONA LS Bey r | ¢
layer 34 §gcinad staﬁﬁ@%ste%@b?&ﬂeo%ﬂadt &ﬁdu?@ﬁe%ﬁbfn[%eij'sﬁ!:ﬁ%y' ¢ layer 34

covers the front surface opposing tfo t counterpart row, both end faces
inthe | omgeltmd]aﬂm cmnpeundmn'fémblamede arenbémVIrA shroahie3? Ofeaelach

Fur ther i latra iy Rets sk flat pliecHbgcofigasaaons Thetoar surf ace.
The o g0k O AR B B e B, o
mat eri al” woekpiege WerEHe kagdndf tl%bﬂtlf@éﬂebﬁodé @Qwsdbrﬁ%tﬁfg sedgeated on the
outer peri pher al surface of the el ectrode nenber. The width of the solid
di el ect r i elerlrgde ngembers and thus, the length of the row-to-row gap 33s is slightly
longer than the width dimension of the workpiece W.
The lengths of the electrode members 31A through 32C are, for
example, fifty-odd cm, respectively. By arranging three electrode members
in side-by-side relation in the longitudinal direction, an effective processing
width of about 1.5 m can be formed for the entire electrode unit 30X.
The lengths of the respective electrode members may be different
from one another but the lengths of the opposing electrode members are
desirously equal to each other.
[0044]
As shown in FIGS. 1 and 2, a solid dielectric layer 34 composed of a
thermally sprayed film such as alumina is coated on each of the electrode
members 31 A through 32C for the sake of prevention of electric arc
discharge. (In FIG. 3 and afterward, the solid dielectric layer 34 is not
shown, where appropriate.)
The solid dielectric layer 34 covers the front surface opposing to the
counterpart row, both end faces in the longitudinal direction and upper and

lower surfaces of each electrode member. The solid dielectric layer 34 is



at the rear surface is preferably 1 mmor nore, and nore prebgehablaty3067 or
-more. In FIGS. 1 and 2, the thickness of the solid dielectric layer” 34 1s
shown in an exaggerated manner. The corners of the respective el ectrode
menbers 31A through 32C are R-chanfered for the sake of prevention of
electric arc discharge. The radius of curvature of this Ris preferably 1
to 10 mm and nore preferably 2 to 6 mh [0045] As shown in FIG 2, the

el ectrode nmenbers 31A and 32A; 31B and 32B; and 31C and 32C bil aterally
arranged in the same positions in.the two electrode rows 31X, 32X are

faced w t furhahexsehded fron bieodeanisfared th thé fourdiidecof tsreat eapfacei vel y. That
Is, the e ctriqg nber 31A and el ectrode menber 32A which are arranged
on the | ef delectac é@)@ét%@é’rﬁfﬁrﬂbbmb%é) Phéed mm i Hueknesst her in

t he back Wt art.i al whi ch
serves asga%g}(feg tatl'g‘?“g‘k g’ﬁ‘%‘pﬁfﬂ? 12(% 5@?‘?31 eo% «ETB Iélg%m gglpqldﬁl‘%@cf‘ bet ween
those el egérapsies aRARESIH rﬁ&ﬁbe&%d sthas R .cEsade dﬂﬁé@fut@ﬂéﬁnﬁl’i&aﬂ ectrode
menber 32B which are arranged at the central positions ar aced with each
ot her in stfagaokthewletwodt naembet.i The widthiof Hee salvd tielectvic lpget 34l gap
33p, V\/mch erves a&aa cent ral art of the rowto- rowg p 33s, is forned

bet ween t i N %‘élsri%rr?g%‘ia? %1 BnnoiRmorg Aty Bare gwelerablyel mmor and
el ect roderﬂa%eb Hh FES Whaddi22(ife ERNAE Br o 664 HidBE R B5epsa isfaced wi th

each other 1 n the back and fort ctions, row parti al
gap 33p, siwwh isanwxaggeraied ngitinesi de part of the rowto-row gap 33s, 22
January 2007 2?1 Is forned between those el ectrode nenbers 31 C,_ 32C. The

t hi ckness ( di Thasemnesspfithe respschippslectepde membsus Ihédntepugh 32Chereback and

LoD R R S R B AR 3 i S Al 2001
of curvature of this R is preferably 1 to 10 mm and more preferably 2 to 6
mm.

[0045]

As shown in FIG. 2, the electrode members 31A and 32A; 31B and
32B; and 31C and 32C bilaterally arranged in the same positions in the two
electrode rows 31X, 32X are faced with each other in the back and forth
directions, respectively.

That is, the electrode member 31 A and electrode member 32A which
are arranged on the left side of the electrode unit 30X are faced with each
other in the back and forth directions. The row-to-row partial gap 33p,
which serves as a left-side part of the row-to-row gap 33s, is formed
between those electrode members 31A, 32A. The electrode member 31B
and electrode member 32B which are arranged at the central positions are
faced with each other in the back and forth directions, and the row-to-row
partial gap 33p, which serves as a central part of the row-to-row gap 33s, is
formed between those electrode members 31B, 32B. The electrode member
31C and electrode member 32C which are arranged on the right side are
faced with each other in the back and forth directions, and the row-to-row

partial gap 33p, which serves as a right-side part of the row-to-row gap 33s,



central rowto-row partial gap 33p, a communication space 33r 1s foine
corners of the four el ectrode nmenbers 31A, 31B, 32A, 32B. The left- side
row-to-row partial gap 33p and the central rowto-row partial gap 33p are
| i nearly conmmuni cated with each other through the communi cation space 33r.
Li kewi se, at the boundary between the Z%entral rowto-row partial gap 33p
and the right-side rowto-row partial- gap 33p, ‘a conmuni cation space 33r
for intercomruni cating those rowto-row gaps 33p, 33p is formed by the
four el ects fodmadebdterezn3hBse 8lkCirod2Bnedbers Th€, BDE- tPhe thickagss33a 1 s

by the three |left-side, central _part and right-side rowto-row

'SSB? éégt zﬁataﬁlﬁé Weé’éﬁ%ﬁpﬁ%msﬂ%&é&lrwm@ﬁﬁ A éhfcbmﬂgandi@m;g t hose f
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whi | e t hemmnindr@otepedferstilytabeut PV ®Z neReNi ng is connected to the jet
port 49a. It is also accepted that the lower plate or jet port formation

menber 49[004b6Jomi tted, the | ower end opening itself of the rowto-row gap
33s constitute he, et .port and the ocessing gas is direct | efted out
through the | egh}}ng%é(nlpq{&/egp tBﬁilgé'ercyﬁ ’EW'&BVFO@&B&@?S!.%&PO‘{;’%?#H As shown
in FIG 24 1+ LT OV B : Y ode
renber 31 handl PO KR fhrtifl L8 T3H, SEbARAMIIGoh Shhce 336% Rrffed
menber 3 bpcomerme{fthe fouetiectroddenerabe’13 ATHI B, BAA, 62@RyaPhe 3k i s

connected to the | eft-side comunication space 33r. The in-row gap 22
January 289 rosstoxsew partinlgan 83 newddbewsatral rewderiovs pagializag) rode

me g i - S]j hi i No
53015 consante soriEAt B FRkhaife TR I paflfuliion 1o, .0
i n-row gagsacdBBraricikedse '@ IREbLUNSAY, baRa thé}c\éﬁﬁﬁl reWabYrRFpaeRIt

el ectrode nenbers 32A, 32B, 32C in the second el ectrode o
: gap 33p and the right-side row-to-row partial gap 33p, a communication

At the boundary between the left-side rowto-row partial gap233pa@id 20bh€
d by

space 33r for intercommunicating those row-to-row gaps 33p, 33p is formed
by the four electrode members 31B, 31C, 32B, 32C. 7

The row-to-row gap 33a is constituted by the three lefi-side, central
part and right-side row-to-row gaps 33p and the two communication spaces
33r intercommunicating those gaps 33p.

As shown in FIG. 1, the entire length of the upper end opening of this

- row-to-row gap 33s is connected to the gas introduction port 43a, while the

entire length of the lower end opening is connected to the jet port. 49a.

it is also accepted that the lower plate or jet port formation member 49
is omitted, the lower end opening itself of the row-to-row gap 33s
constitutes the jet port and the processing gas is directly jetted out through
the lower end opening of this row-to-row gap 33s.
[0047]

As shown in FIG. 2, an in-row gap 33q is formed between the left-
side electrode member 31A and the central-part electrode member 31B
adjacent to the member 31A in the first electrode row 31X. This in-row gap

33q is connected to the left-side communication space 33r. The in-row gap



row 32X., and this in-row gap 33q is connected to the corresppyghagdy 2007
communi cati on space 33r. The surfaces of the respective el ectrode néenbers
31 A through 32C for formng the in-row gaps 33q are at a right angle to
the surfaces of the nenbers 31A through 32C for formng the rowto-row
gaps 33p. The in- row gap 33q is orthogonal to the rowto-row gap 33s. The
in-row gap 33q is preferably about 1260 3 nmin thickness. [0048] A small
spacer 36 for keeping the interval between every adjacent el ectrode
menbers i s di sposed at each in-row gap 33q. The spacer 36 is formed of an
i nsul at i ng3qnsl ajsoammeddwitseentheraertrabpa eddctaslcmearber.3 IBandshacer 36 is
arranged i.n,suc algmanger as. to F@ one-sided to thS rear surface

(one- si deBE0GStdfeclerdads member § [onand dus iATP vegaR 38 ds cpngCted taach

el ectrode 2 Lr f ol . | t in-row gap 33q as a space. The
dept h of %%iﬁgpﬁg?dgwé@%@y%&%' (the width of the spacer 36 is
subtract ed) i sLikewiseeharmy gapal3aytard algo re’é?ecﬁi%lzlm?ﬁﬁd(bﬁt%éﬂce bet ween
the bilaterally  adjacent electrode nenbers) of the in-row gap 33q may be
appr oxi mag¥ery adigeent alectrode membsis gagh, 39B .012¢ imthosecondpelecirade gap 33p,

or larger_th h -33q_or 3 by, for e e, about mmto 3 mMm

[0049] Aléé%ﬁ%ﬁw Sﬂd%ﬁ%m :%VY ggpé?gé%’pgggegmﬁﬁgggg(cpgegpo W€agger ed pol e

ar r angenegbmeRnsichti6h spice Ihat is, one of the electrode menbers, which are

faced with each other 1n the back and forth directions, serves as an

electric fiel Thasptipcegobtlectaspeatianelettredotthembers3 bBAghrougli 33Cel ect r ode,
22 Januar Thus, tho ctyode menbers have

respectivel 2007 7 _hose el e
opposi te ﬁB{f&HWP% WQ‘#W&%@&%Q@E@@W% t angie teghesydaces plethe ect r ode

menber s, %lnggb g Ai | BRER ach S e opposite
pol arities. pe@iﬁipggwyghi@r?qgﬁ% -éit er%\grf@m&%%%és é?éb?l;ﬁc:%\él unit 30X,
g Re frontrowigde 33eistorddspormirbe thSidAwits-0anpep38d. khd erdwlgap FRyws source

preferably about 1 to 3 mm in thickness.
[0048]

A small spacer 36 for keeping the interval between every adjacent
electrode members is disposed at each in-row gap 33g. The spacer 36 is
formed of an insulating and plasma resistant material such as ceramic. The
spacer 36 is arranged in such a manner as to be one-sided to the rear surface
(one-sided to the side farther from the other electrode row) of each electrode
member, thereby ensuring the in-row gap 33q as a space. The depth of the
in-row gap 33q as a space (the width of the spacer 36 is subtracted) is, for
example, about 5 mm. The thickness (distance between the bilaterally

- adjacent electrode members) of the in-row gap 33q may be approximately
equal to the in-row gap 33q or row-to-row partial gap 33p, or larger than the
gap 33q or 33s by, for example, about | mm to 3 mm.

[0049]

As shown in FIG. 2, the electrode unit 30X is of a staggered pole
arrangement construction. That is, one of the electrode members, which are
faced with each other in the back and forth directions, serves as an electric

ﬁ_eld_applying electrode and the other, as a grounding electrode, respectively.



through the power feed line 3a, while the rear-side el ectrodg FRmRgYy 28R i S
grounded through an earth line 3e. OMng to this arrangenent, a pul Se
electric field is forned in the left-side rowto-row partial gap 33p of the
el ectrode unit 30X by pul se voltage supplied by the power source 3A and a
gl ow di scharge is generated therein. In the central part of the electrode
unit 30X, the electrode menber 31B i £7grounded through the earth |ine 3e,
while the el ectrode menber 32B is connected to the pul se power source 3B
through a power feed line 3b. Omng to this arrangenent, a pulse electric
field is flousetthose eldotrodennenibers hawe oppovitppotariiesgaith 38gpdut tpehske vol t age

supplied by th ower source 3B and a glow.di scharge i.s generated therein.

In the riBﬁ"feIs;MngreFa @ﬁﬁ‘é@ﬁé}&%‘&% ulicinane lﬂfﬂﬁfaéfkégjaﬁﬁ’éﬂﬂenber 31C "

S connecgg(fh&@&Qﬁsgtﬁlﬁg@%@}e?{;wﬁeéc t hrough the power feed line 3e,
el ectrode |

“while the menber grounded through the earth [ine 3e.

OuM ng to this Specifigallpnin the lpfilside paecsf the dlectkddd finft VP dhictrofe
right-side : rowto-row partial gap 33p by the pul se voltage supplied by the

power sosideelgdredrimengrand ldh st pemercted toehepulsepovwerssitrce B ng to the

b - ' .t tnr. to- tial 3 f th
ol ot r oqetiEn SB5PANER Tea in® 8. WHER oGt Sifetlhafade nicmBEr 32A  hus,
t he genergfmﬁﬁreurtﬁnlmgn ﬁ&eﬁﬁﬂ’iﬂ%§3®v§ﬁ\%vt%sth?§aﬁmggéﬁgﬁf Ipulspace. [ 0050]

Moreover, a pulse electric field is |ikewi se forned”in ed the four

i n-row gaplkecBiyfibld isdioregd isuhplleftaidy roweopawe pagtialrgaps3 BAof Bk 3C and a
22 January, 2007 28 di scharge is generated therein. OMng to this
arr angema%]ﬁcupﬁﬁ “P&/v%ﬁ\%Ygﬁ‘&lSQ?&?tagﬁ @ugﬁﬂﬁéiwatgeé)od%ﬁfts%\m@ Reé: éﬁl‘g@har ge
-space of ' ose rowin gaps 33g connect the

di sconnecﬂbg‘r(\ﬁ%%?%%%t%@%a%ﬁéh?rg@lsi de and central rowto-row parti al
gaps 33p and bki theasentiad gaﬁmﬂthb edectrodginit 3DX0ahe @ledtrodeiiepddr al gaps

33p, respectively, thereby continuously fornin
31B is grounded through the earth line 3e, while ghe electrode member 32B
1s connected to the pulse power source 3B through a power feed line 3b.
Owing to this arrangement, a pulse electric field is formed in the central
row-to-row partial gap 33p by pulse voltage supplied by the power source
3B and a glow discharge is generated therein.

In the right-side part of the electrode unit 30X, the electrode member
31C is connected to the puise power source 3C through the power feed line
3e, while the electrode member 32C is grounded through the earth line 3e.
Owing to this arrangement, a pulse electric field is formed in the right-side
row-to-row partial gap 33p by the pulse voltage supplied by the power
source 3C and a glow discharge is generated therein.

Owing to the above-mentioned arrangement, the three row-to-row
partial gaps 33p of the electrode unit 30X each serve as a part of a discharge
space, and thus, the general entire row-to-row gap 33s serves as a discharge
space.

10050]
Moreover, a pulse electric field is likewise formed in each of the four

in-row gaps 33q by voltage supplied by the power sources 3A, 3B, 3C and a



the di scharge space over the bilaterally entire |length of thgngﬁgrg%g-;
unit 30X. The three el ectrode nenbers 31 A 32B, 31 Cformng t lectric
field applying electrodes are connected to different power sources 3A, 3B,
3C, respectively. If the left-side part of the electrode unit 30X is
referred to as the "first position” and the left-side rowto-row parti al
gap 33p as the "first rowto- row partd8al gap", respectively, the central
part can be referred to as the "second position adjacent to the first
position” and the central rowto-row partial gap 33p as the "second

r owt o- r ogleEdischargas' gerreeamelcihbms’hy Owing tiethae atraakensint, e rokeirel ect r ode
unit 30X is régferred to as the "first osition" and the central rowto-row

partial g&AP 336 als0 peres @s agpart ehihe disshargsasnacs offhg cleeteadrunit 30X: t he

pasi £ on AR Se - hoPs PR FQEsBRG HiskBRaRGiod BuRRhEIwERa B I st Sl e
row- t o- r owh@@ehiral ra¥@Ro-33m partidleap §%?rbdld1§>éwe%nrtﬁ%eﬁ@{allhﬂhr
respectivel If the right-side part of the electrode unit 30X s referred

to as thest effDW%*tO-p@wlnart}ﬁl gaprd3 dperaspettivedy dtherehy canhnumpﬁytfoahlr@p 33p
as the " S OW-t 0-r ow respectivel ntral part can
be referrg?f‘ﬁléc%%rgetsﬁgce Qé’g’bﬂ'&? @8@%{@%3 @Bth Pgﬁi‘%@ eICFrP?F UYndksi ti on" and
t he centrgbxrovv-to- row gap part 33p as the ‘'second rowto-row parti al
gap", respectively. [0051] As shown in FIG 1 (not shown in FIG 2 and

ot her succeedi'ﬁbcﬂh@@eﬂecﬁ@d&emm&érﬁ e B 2B, 31 @riomndeg tiad elebricdfiskhar ge
processor 30 with a p bolt 22 January 2007 29 (pull screw nenber) 601
hooked ona%p@%ebpgpaeaérwowt@f&@rél erenh PO UEE soHr¢assIA, 3BddChol t col | ar

603 and s&{g’% gto the respective electrode nenbers 31 A through 32C to
pul'l  the o, menbers outwardly in the back and forth directions, and

a push bolt ( plféthef’n@ﬂt%wid? )thé@EdtRyde RS BONTisiRFe2b@ b 9 Hifc FRFHET S
inwardly in the back and forth directions
position” and the left-side row-to-row partial gap 33p as the “first row-to-
row partial gap”, respectively, the central part can be referred to as the
“second position adjacent to the first position” and the central row-to-row
partial gap 33p as the “second row-to-row partial gap”, respectively.

If the central part of the electrode unit 30X is referred to as the “first
position” and the central row-to-row partial gap 33p as the “first row-to-row
partial gap”, respectively, the left-side part or the right-side part can be
referred to as the “second position adjacent to the first position” and the left-
side or right-side row-to-row partial gap 33p as the “second row-to-row
partial gap”, respectively.

If the right-side part of the electrode unit 30X is referred to as the
“first position” and the right-side row-to-row partial gap 33p as the “first
row-to-row partial gap”, respectively, the central part can be referred to as
the “second position adjacent to the first position” and the central row-to-
row gap part 33p as the “second row-to-row partial gap”, respectively.
[0051]
| As shown in FIG. | (not shown in FIG. 2 and other succeeding FIGS.),
the nozzle head 1 is provided at the discharge processor 30 with a pull bolt



through a hol der 48. The pull bolt 601 and the push bolt GOZZQJgn@ﬁ?qmggd
at an interval in the bilateral direction. The back and forth position of
the respective el ectrode nenbers 31A through 32C and thus, the thickness
of the rowto-row gap 33s can be adjusted by those bolts 601 602. Those
push/pull bolts 601, 602 are also functioned as a prohibition neans for
bendi ng caused by Coul onb force of thel ectrode nenbers 31A through 32C.
The el ectrode nmenbers 31A through 32C are each preferably provided wth

two or rmre sets of the push/pull bolts 601, 602. [0052] Operation of the
renot e tyfenlheenemt M@I&mwesmpm 42pdahatfmme HOsthoougtt r uct ed

i1l be d b d. Th bi | | | f d h
b ocessi ng gua-pde PofRlFEPBLATY Sgened e duridaeriive RETodsi _ufj. na
di rect i onppnidie 3r1%\¥)}‘tﬁ1‘6uﬁho3’ﬁa(?gtﬁpeﬁ%hgfel&laﬁocﬁ% l?&g oﬂ%ﬁircﬁ?r %pt he

I ntroduction port Sse voltage”i plied to

the el ectbmmieamxblﬁdnehsln&btlbns aiBa pﬁkEH&D(pdsh%c@@Mﬁheﬁ%iﬁ@&% 3B, 3C,
respectively. By doin a pulse electric field is forned in each

r oWt o- rowﬁangubw ogippmeal s)wwamdsl,y:hartb@ba@kané fortbrdarectoms t he

processin d/ agt, vat T, rocessi gas thus

pl asmat i zﬁggﬁghunl(ﬁg‘?ﬁdﬂg Ef)ﬁr(f) &R g‘%\i)?lf ?\/\ﬁrﬁm?% p 33p in

the jet pesintéOa @mgﬁhlﬁ%rﬁpdlré‘éuoﬁhm BatkRidd fotth gbﬁﬁ dﬁh@pp' led to a
Y

region Rl corresponding to each rowto-row parti al on the upper
surface ofespheilvg elestrodeanembers/d $4A thrinagh §ﬂ0‘ amckthprso testiicknesambe

TN I e IR O T T T
SR I e e L e AR
sour ce anbleriding mauseltbyr@plglamb forcplodshakeletttbdelinenibe?s 83 A figoggh t hus
plasmat | Z'ffC thteheele(l:t?oég Vr\{lgx%gers 391A through 32C are each preferably provided

with two or more sets of the push/pull bolts 601, 602.

[0052]

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

The processing gas bilaterally uniformized in the processing gas
introduction part 20 is introduced in the longitudinal direction of the row-to-
row gap 33s of the electrode unit 30X via the introduction port 43a. In
parallel with this, pulse voltage is supplied to the electrode members 31A,
32B, 31C from the power sources 3A, 3B, 3C, respectively. By doing so, a
pulse electric field is formed in each row-to-row partial gap 33p, a glow
discharge occurs therein and the processing gas is plasmatized
(excited/activated). The processing gas thus plasmatized is uniformly jetted
through each row-to-row partial gap 33p in the jet port 49a. By doing so, as
shown in FIG. 3, plasma is applied to a region R1 corresponding to each
row-to-row partial gap 33p on the upper surface of the glass substrate W so
that surface processing can be conducted.

[0053]



jetted froma part corresponding to the comunication space 33fahflardy¥o7et
port 49a. By doing so, as shown in FIG 3, plasma can al so be sprayéd onto
the region R2 corresponding to the conmuni cation space 33r in the glass
substrate W By doing so, the glass substrate Whaving a | arge area can be
generally uniformy plasma surface processed over the bilaterally entire
wi dth without any irregularity. Sinult¥#neously, the entire surface of the
gl ass substrate Wcan be processed by noving the glass substrate W back
and forth by a carrier neans 4. [0054] Even though the entire el ectrode
unit 30X has aAlpartoh thoprasssmgi gag cominghfrom thehindiodecsioarport 43hés gl ass
substrate. W each .el egtrode nenber 31 A rou 32C has  a.l ength equal to
about a thQiﬁthgflpgbﬁleo?ﬁmwl%ﬁﬁo%ﬁﬂaCQ%%‘? WIHIHEARS &P WaEHUr acy can

easily be ] I |ty ' ree | t rd by
appl i ot oo cperaptom: . B diUhanb Balh ocRHGR i ik oA 3
- di f f er encsupplytdfgruiee veknge $iom the pbiviesisenicdai rdcessifiBlpak igrai n body

constituting the el ectrode nenbers 31 A through 32C and the solid
di el ect r i lagmatizedo ke procersing gasdbus plasmeatized indtheendionggapddqris can be

ot Lo chell R & ol RAREET e ) ReteiGatidh snat® THndblite " ha’ (o
be hel d upbHa9a VB Rdiie sb Ox¢ §iRrwR\th G i3§‘?12&‘?15’a 33 afothe &ﬁ}ﬁ\gec}] g@h& g][ mty

of surface processing can ’be.obt ai ned. Moreover, there iIs
enl ar gi ngthelregion Renesrsesgfonidieg & tst camenursdidors spaco3 Siein the glascr ease t he

3171 educemsyal S ot AR, The ek subaats Mehauined Girse ted cut b can be
i e TN R
suppl y of widthewitheut any irregularity. '

| Simultaneously, the entire surface of the glass substrate W can be

processed by moving the glass substrate W back and forth by a carrier

means 4. |

[0054]

Even though the entire electrode unit 30X has a length corresponding

“to the width dimension of the glass substrate W, each electrode member 31 A
through 32C has a length equal to about a third (a fraction) thereof and

therefore, dimensional accuracy can easily be obtained. In addition, even if
Coulomb force is acted hard by application of electric field and a thermal

stress is generated by difference in thermal expansion coefficient between

the metal main body constituting the electrode members 31A through 32C

and the solid dielectric 34 disposed at the surface thereof, the bending

amount can be restrained. Owing to this arrangement, the width of the row-

to-row partial gap 33p can be held constant. Accordingly, flow of the

processing gas can be held uniformly in the row-to-row partial gap 33p and

thus, uniformity of surface processing can be obtained. Moreover, there is

no need of enlarging the thickness of the electrode members in order to

increase the rigidity, a load applicable to the support structure can be



unit area can sufficiently be increased even if the capacitya9fjaf Toner
source 3A, 3B, 3Cis small. Thus, the processing gas can sufficiently be
pl asmati zed and a hi gh processing perfornmance can be obtai ned. Mreover,
since the power sources 3A, 3B, 3C are connected to separate el ectrode
nmenbers, respectively, they are not QU|red to be synchronized with each
other. In addition, since polarities adle arranged in a staggered manner and
the electric field applying poles are not bilaterally adjacent to each
other, there is no fear that an electric arc is generated by abnorma

el ectric fadsicgd br)mvmdmgww@n inbeeaadjandehe nedteriat ook, eterbsn beeven i f the
power sources 3B, 3C are not synchronized with each ot her. [ 0056]

Ot her enbd§] ﬁB IO {{EC3BEent i nvention will be described next. In the
enbodi nentpsise be described hereinafter, the sanme conponents as in the
above-nmenti oned enbodi nent are properly denoted by sanme reference nuneral

in the draw ng‘j‘»lnaadhdpswermbumwtm[ 8Bf 3CSa1%I difployeddor tie §aimbodi ment
shown in FIGS. 4 and, 5, a é@xﬁ di ng nenber 51 Cconstituting a "gas guide"
i s recei véd@cirade seempets 3 pal &, s¢spgapivelyp the Twpplyfspamwenipery menber 51

is arran j.ace i ti.on), rowto-row
partial - g'glgit %}eaggﬁﬁglﬁff&i?ﬂt %&E E@Cdre&%\‘? 8}{%1} é’ic t%ﬁzfﬁpg'é%}' Ofﬁeﬁé}ﬂ pioé” eri n the

I ef t - si descupue Bk, IIBY DA slaﬂallgaﬂl&s?@heghé‘c&%ﬁl 50 0 UFFIERG L] s
arranged at its rlght side part. Inth centr rrowt o-row paytlal gap 33p,

the gas glnsatizedandrashizh progesning pgefbratancetcan bef abtaimbd: |Igmre6vaie parts
gas gl IRGE TR ok OVEeS PR GRire ConPEHeddo deDaie clesirogs Jantiary

200 2 AR, ST BTSSR RS TR T
confi gur actthen In( atlditimat, sircei gulgtities acoafragpedin Q@iag‘g@%d\ﬁlmraﬁd That is,
the gas qﬁ IleC%I‘IC field applying poles are not bilaterally adjacent to each other,

there is no fear that an electric arc is generated by abnormal electric field

formed between the adjacent electrode members even if the power sources

3A, 3B, 3C are not synchronized with each other.

[0056]

Other embodiments of the present invention will be described next.

In the embodiments to be described hereinafter, the same components as in

the above-mentioned embodiment are properly denoted by same reference

numeral in the drawings and description thereof is simplified.

In an embodiment shown in FIGS. 4 and 5, a gas guiding member 51

constituting a “gas guide” is received in each row-to-row partial gap 33p.

This gas guiding member 51 is arranged at a part near the adjacent (second

position) row-to-row partial gap in each first row-to-row partial gap 33p.

That is, in the left-side row-to-row partial gap 33p, the gas guiding member

51is arranged at its right-side part. In the central row-to-row partial gap 33p,

the gas guiding members 51 are arranged at both left and right-side parts

thereof, respectively. In the right-side row-to-row partial gap 33p, the gas

guiding member 51 is arranged at its left-side part.



nmenber 51 includes a vertical surface, a gas guiding surface23}anhdi§/200¢d
downward to the adjacent side (direction toward the second position) at an
acute angle with this vertical surface and a bottom surface connecting the -
| ower ends of those two surfaces. The .bilateral width of the bottom surface
of the gas guiding nenber 51 is preferably 5 nmor less. [0058] As

indi cated by arrows of FIG 5, a gas ffow f0, of all the processing gas
flowing into the rowto-row gap 33s fromthe introduction port 43a, which
I s passed through a part other than the part (part near the second

posi ti on) [#@%f] the adjacent in the rowto-row partial gap 33p in each first

position, is flowed directly downwar.dly. t he ot her. hand he gas flow fl
passing thr ougjlrﬁplgé”s &E@nﬁéﬁ?m@’ﬁé\gﬁdfafégﬁt%’ﬁ%sm asH¥ j al gap
33p of e | Ikl | Saped odie ' _Agi l.fection al ong
t he qgui di ﬁ%&ﬂstgfdi;?fggég‘ihglshgﬁgfs Ct%ﬁéelﬁ%%s gu?%sl ‘lﬁg" érﬁblggé ggﬁﬂ#ﬁgdtgoﬁlocessi ng gas
i s pl asnttlongatedrinngglar icoafigueatiss). fathey ppaardt Thatisgase fhovuidings j etted
t hr ough the&'let port ggg via the communication space 33r. OmMmng to this

ar r angerefemberslincludesa vertical suplage i gap eniding sntface Ad ariaglioed R2

2 resur 1 oW g AAEEE R J0iRARE rahrd o P B WRIGRT A Fom
occur ri ngacwechnghe Harthnihiiy vefticall khAface BhA GESSH e sﬁﬁfhc‘é@:e?i?x%%tpiﬁ%?ﬁ@ ced.

[0059] OF the gas flow 110 in.the rowto-row partial ga each first
posi t i on, lowgrendstof thpse o gasfaceswThedvilatgral midth af Sie/baomvemnrdice al ong

the vertigc surface.of th ui di.n er 51.is flowed around to the
| ower si d%fslg}e 42y énggmemelﬁ%ai]e f@‘%blig?' TR kess; ¢ possible to reliably
22 Januar 7 33 conduct the plasma processing even at the place
corresponding“to the lower side of the gas guiding nenber 51, and
uni formty of Asadndissieddcamoles offBIG. £rbhgaetldow Aadiall g procesgiapi nent
conduct ed bsy the inventors, the tine ) )

gas flowing into the row-to-row gap 33s from the introduction port 43a,

which is passed through a part other than the part (part near the second

position) near the adjacent in the row-to-row partial gap 33p in each first

position, is flowed directly downwardly. On the other hand, the gas flow fl

passing through the part near the adjacent in the row-to-row partial gap 33p

of each first position is introduced in the adjacent direction along the guiding

surface 51a of the gas guiding member 51. The processing gas is

plasmatized during this process. The plasmatized gas flow {1 is jetted

through the jet port 49a via the communication space 33r. Owing to this

arrangement, plasma can more reliably be sprayed onto the region R2

corresponding to the communication space 33r in the glass substrate W. As

a result, processing irregularity can more reliably be prevented from

occurring, and uniformity of surface processing can be more enhanced.

[0059]

Of the gas flow {0 in the row-to-row partial gap 33p of each first

position, a part 2 of the gas flow flowing immediately downwardly along
the vertical surface of the gas guiding member 51 is flowed around to the

lower side of the gas guiding member 51. This makes it possible to reliably



required for enpty discharge could be reduced in the enpty dbsghasfs 2007
process whi ch was conducted for heating the electrodes, etc., before .
procéssing. [0060] FIG 6 shows a nodified enbodi ment of the gas guiding
menber. This gas guiding nmenber 52 is provided with a gas guiding surface
52a inclined downwardly to the adjacent side (direction toward the second
position) fromthe apex angle and a ga&3 return surface 52b inclined _
downwardly to the opposite side to the adjacent side fromthe | ower end of
the gas guiding surface 52a. According to this gas guiding nenber 52, a
part f3 otomdwctdhe plasoma procdsaingoeiereat the plae: eolrespnidinite ¢thé towed ong t he

gas guiding s ace 52a.can relighly he returned to the opposjte side
al ong theS’gﬁsolﬁtEf’L&aﬁ gé%lﬁl&c@egg)&fgadan Mlﬁgmlb)bp§PB@qSﬁW3d} ®ind to the

| ower sidg,ft i n@@cﬁ gui ding nenber 52. Owing to this arrangenent, plasna
processing can also be reliably conducted i mediately under the gas

gui di ng nenber Agomtidg wnickperiniant @bndpéiedassitiRdineafitdis, e menhanced.
[0061] The gas guiding nenber is not limted to the configurations shown in
FI GS. 5 arpfuarasforiempiydinehargetcould barpducedionthequmpty discharge ong as t hey

can introduce the.gas flow near,the seco pesition of the.first rowto-row
parti al gg'goc"??,%“&dgﬁﬁveasa(‘tﬂ"é@gﬁqd @‘EMWE@F&R 1o PCLCXa C4€ the gas

gui di ng ﬂ?fﬂ&gsj_ﬁgy have a configuration resenbling a regular triangul ar
~configuration in"section as the gas guiding nenber 53 shown in FIG 7 or a

flat platE60e configuration inclined downwardly in the adjacent direction
merbers 53, B TR1ie Shawah WOKIE] FRNSELMEAE T ez o BHURBIYeRhet e ad acent
L St T S8 DRI ST SEFARC B BEPLuIE e 406 0o

inclined downwardly to the adjacent side (direction toward the second

position) from the apex angle and a gas return surface 52b inclined

downwardly to the opposite side to the adjacent side from the lower end of

the gas guiding surface 52a.

According to this gas guiding member 52, a part f3 of the gas flow {1
introduced in the adjacent direction along the gas guiding surface 52a can
reliably be returned to the opposite side along the gas return surface 52b and
can reliably be flown around to the lower side of the gas guiding member 52.
Owing to this arrangement, plasma processing can also be reliably
conducted immediately under the gas guidiﬁg member 52 and uniformity of
processing can be more enhanced.

{0061]

The gas guiding member is not limited to the configurations shown in
FIGS. 5 and 6 but it may have other various configurations as long as they
can introduce the gas flow near the second position of the first row-to-row
partial gap 33p to the adjacent second position. For example, the gas
guiding member may have a configuration resembling a regular triangular
configuration in section as the gas guiding member 53 shown in FIG. 7 ora

flat plate-like configuration inclined downwardly in the adjacent direction as



[0062] In an enbodinent shown in FIG 9, the gas guide for iptyesiay00%he
gas flow in the adjacent direction is disposed at a gas introduction port
form ng part 43 on the upper side (processing gas introduction side) from
the electrode unit 30X Specifically, an introduction port of the
processing gas introduction port formng part 43 is constituted by a | arge
number of tiny branch ports 43b, 43c drranged at short intervals in the
bilateral direction instead of the bilaterally elongate slit 48a of the
first enmbodinment. O those branch ports 43b, 43c, the branch port 43c

cor r espontliengad guidiveg meddber ﬁ)falshmaﬁfint}l;]l@.(rj&\l\h’; ﬂact)seWnEﬁih Heir, @53%%4;, thdp is open
I medi ately downwardly. On.the other han the branch port 4 .

corres ponafé‘HQW%S@ cgp @giﬂéﬁdc deyamardbam theeadjaeaudihir g (dangrtigBar t he

2d) acont rvaRtheschihd DKM BPRI IR IR it Bt tdot 3P4 ncl T nat i on
branch poréspédtivelgnstitutes the "gas guide". [0063] O all the processing

gas, the gas flow f0O passing through the vertical branch port 43c is
plasmati zEO&Hi | e f1owing i medi ately downwardly through the rowto-row

artial gap 33p,and then.spr d ontq.,t ass substrate On the ot her
Pand. “t e as [1rom ptpauRhl EarBunTIchD. The eas stndm foGreducs b i's
flowmn sla ' gmﬁ : [ j[ﬁg@& rectd kst on toward the
second po ?yfviﬂgn |Y%{jgée‘%hr¥gdl|%§é§§)rrr€§ Iz [ ﬁ tﬁegérgo%ﬂmtdéglrhg\%%dg? tial gap
33p. Thenformhiagpat4hibinzhe upperisidd Girbeessiroyvana intrydwdtiort Sidey Gmmitheat | on

space 33r. Onmng to this arrangenent, plasnme surface processing can
reliably E’@CHSHE&’&I%&& s tieflvripmptnsuctiopandt o thopronsssipgasuary 2007

3 cominAdRRGHRASE bl Bhas NSHBL LY SRS R 10,
gas i ntrobugichqforly 43b,43R arranged at short intervals in the bilateral direction
instead of the bilaterally elongate slit 48a of the first embodiment. Of those
branch ports 43b, 43¢, the branch port 43¢ corresponding to the middle part
of the row-to-row partial gap 33p is open immediately downwardly. On the
other hand, the branch port 43b corresponding to the side part (part near the
second position) near the adjacent of each first row-to-row partial gap 33p is
inclined in the adjacent direction (direction toward the second position).
This inclination branch port 43b constitutes the “gas guide”.
[0063]

Of all the processing gas, the gas flow f0 passing through the vertical
branch port 43¢ is plasmatized while flowing immediately downwardly
through the row-to-row partial gap 33p and then sprayed onto the glass
substrate W.

On the other hand, the gas flow fl passing through the inclination
branch port 43b is flown slantwise downwardly in the adjacent direction
(direction toward the second position) while being plasmatized in the row-
to-row partial gap 33p. Then, the plasmatized gas is jetted downwardly of
the communication space 33r. Owing to this arrangement, plasma surface

processing can reliably be conducted at the region R2 corresponding to the



serving as the processing gas introduction port formng partzzgaﬁhgﬂg;agw at
an upper part of the electrode unit 30X (only reference nuneral

shown). The gas introduction pipe 43P is extended along the first
row-to-row partial gap 33p and curved in such a nmanner as to be warped
upwardly at the parts corresponding to the longitudinal both [eft and
right sides of the first rowto- row p¥rtial gap 33p. A |arge nunber of

pi nhol e-1ike branch ports 43d, 43e serving as a port for introducing the
processing gas into the first rowto-row partial gap 33p are formed in a

| oner si deopemunichtivhapges of the ghiss substratep®, addRudforatioy bf préckyiplgs i n the
Iongltudlnal d|r cthg of the pipe 43P. The branch port 43e correspondi ng
to the m#8 the first rowto-row partial gap 33p is open
generally[(ﬂgﬁdlately downwardly. On the other hand, those branch ports
43e which*are-nearer to the both ends are nore heavily inclined in the

adj acent di reCInQﬂi\ehﬁ)d(ﬁﬁidr@@hbﬁmhq?lt@el@%gﬂ@mtﬁﬁﬁicrtﬂo‘ﬁ ipe B3¢ branch
ports 43d |located at the both ends, that i's, "the side parP (part near the

second po§¢1fVmgl)15 ﬂ@%.perSm@j gasdntrodfictibe pfqrt ﬁnrrmmwpant rsodisp@sedt atan gap 33p
are nost t he t rections ectively. This
br anch po}’lgp 1?582?3 Titel.}gut 3&?@]5‘1%& ferf”@%@fm?@% ‘gas is

i ntroduceght essi ng
gas is f1owdt Ef?‘%ﬁg‘i‘:ﬁﬁi@ﬁlﬂ% #350s pRAHRCH O A8 e RS O3 i IOV P UARSS " nlo
t he fir st gapidpandocvuyadtin asuchagmatpert acat lael vedrped Lﬂpmdlyp@trmef ag1y t he
branch ports 43d,,.43e. O allmdq as, the gas flow fl' flowed out of the
br anch po??”ﬁ%??l}déng towhe lengitudisal fEtr andrght sides Oﬁtﬂljl%lflé‘ﬁtmw-f%ct i on

bart il ony PR et aSE A Be R Ao LN LG n T henS 3L STy 2007
36 processdmvingcadaporefirdueioddcii ﬂi&%rb@@&ﬁ% @s GRId l‘h%ﬁ?f@@'td‘ﬂ-tbqwe
conmuni cati on_space of the glass substrate uniformty of processing
can be enb#hi@dgap3dpeaE formed in a lower side part of the gas introduction pipe

43P at short intervals in the longitudinal direction of the pipe 43P. The

branch port 43e corresponding to the middle part of the first row-to-row

partial gap 33p is open generally immediately downwardly. On the other

hand, those branch ports 43¢ which are nearer to the both ends are more

heavily inclined in the adjacent direction (direction toward the second

position). The branch ports 43d located at the both ends, that is, the side

parts (part near the second position) near the adjacent of the first row-to-row

partial gap 33p are most heavily inclined in the adjacent directions,

respectively. This branch port 43d constitutes the “gas guide”.

[0065]

The processing gas is introduced to one end part of the introduction

pipe 43P. This processing gas is flowed through the introduction pipe 43P

and gradually leaked into the first row-to-row partial gap 33p located at a

lower part from the branch ports 43d, 43e. Of all the gas, the gas flow f1°

flowed out of the branch port 43d is flown slantwise downwardly in the

adjacent direction (direction toward the second position) through the first

row-to-row partial gap 33p. Owing to this arrangement, plasma surface



I n an enbodi nent shown in FIG 11, the opposing end faces of 24 pgouary 2007
respective el ectrode nenbers 31A through 32C (only reference nunerals

, 31B are shown) with respect to the bilaterally adjacent el ectrode
menbers are slantwi se cut, and the upper side part of each opposing end
face is greatly separated fromthe adjacent el ectrode nenber and brought
closer to the adjacent el ectrode downwdrdly. Accordingly, the

comuni cation space 33r and the in-row gap 33q are nore reduced in width
downwardly. As indicated by arrows in FIG 11, the processing gas is

i ntr oducegrodestmgtdum bovotidudtedvapdid ircdiog R SSpegmirtiag iy tied the same angle
as that of the .Jinclination_of each end face. OnMng to this arrangenent,

t he passi fgmraRicatien spase phtheglass subsisatgly and waidormity of gwoeessingy parti al

gap can b incr and processing gas can sufficiently be plasmati zed.
[ 0067] |n&§%bS%E§%ﬁ§%%t shown in FIGS. 12 and 13, the processing gas

i ntroductjagnglort formng part 43 is provided at the introduction port 43a
with three (plurality) insulating resin-nmade flow rectification nenbers 60
serving as t helyas emhabmenhehownriodii€i.i b theoppdSing end faceheftle m of slit
extending over .the entire length, i.e., thr owto-row partial gaps 33p,
of the rBAPPELYSREAPIeIRe oAbl firhugh &2 (pnly selcrencs nvmerals P cat i on
menber 601i [/t | [gﬁ,h t rall f flow
rectifi ca%llgﬁe%{%tag%sré , ggﬁﬁf ‘235 gggtog aﬁé‘?#g#ﬁp%(g? %ﬂéeé}%#hﬁée) base pl ate
61. The imestberkaire sihtwise cutt ied tle appér side plasngéaht bpposph@eadhavi ng a

| ength coQrresponding to that of each rowto-row partial gap 33p. As shown

in FIGS. face i3 gaeathy Seppsatedsisom thecadacent elegiredamgmberamsl b tside

‘surface o 7 i t-1i4 ke, thr hole 41 s of the frane
upper pl a{lgggl’lfjoa%#\ézﬁ[qjﬁ%ée}g ef‘?‘%a? &%@%}s"?’f"fﬂggh-oﬁ%ﬁ%ﬁﬂg ? are bilaterally
arranged ¢dmamii@gHsy spacie3 3 ehmd ﬂ%‘iﬂ-ﬁowa%a&ﬁ_%cfl% fBpe At dintWRItA! 1 L -1 1 ke
t hrough-hole 41a in that condition. The 'ow rectification nmenbers 60 are

in one-todewawasdhespondence with the

As indicated by arrows in FIG. 11, the processing gas is introduced
into the row-to-row partial gap 33p generally at the same angle as that of the
inclination of each end face. Owing to this arrangement, the passing
distance for the processing gas through the row-to-row partial gap can be
increased and processing gas can sufficiently be plasmatized.

[0067] .

In an embodiment shown in FIGS. 12 and 13, the processing gas
introduction port forming part 43 is provided at the introduction port 43a
with three (plurality) insulating resin-made flow rectification members 60
serving as the gas guide. The introduction port 43a is in the form of slit
extending over the entire length, i.e., three row-to-row partial gaps 33p, of
the row-to-row gap 33s. As shown in FIG. 14, each flow rectification
member 60 integrally includes a base plate 61 and a plurality of flow
rectification plates 62, 63 disposed at a single surface of the base plate 61.
The base plate 61 is in the form of an elongate thin platé having a length
corresponding to that of each row-to-row partial gap 33p. As shown in

FIGS. 12 and 13, the base plate 61 is abutted with one inner side surface of



row-to-row partial gaps 33p. The boundary between the adj acess ghhpity 2007
rectification nmenbers 60 is in correspondence with the conmunicati space
33r. [0068] As shown in FIGS. 13 and 14, the flow rectification pI ates 62,
63 are arranged at intervals in the longitudinal direction of the base
plate 61. The slit-like through hole 4la is partitioned by those flow
rectification plates 62, 63. As showddn FIG 12, the flow rectification
pl ates 62, 63 are abutted wth the inner surfaces on the opposite side of
the base plate 61 in the slit- |like through-hole 41 a, thereby the flow
rectifi cathoslitvikbehrot@h-laole 4lisrof tjne ﬁ‘amedlptper plete 4t end ehreef flo e

t hrough-hol e . 41a, As shown in Fig the flow rectification plate 62
arranged Redifi¢ation rs 80i 4 t’ék‘é"e@llﬁ'ﬁf@%e@ll&rﬁ hibﬁhitﬁafreéﬂryoft Bhard the

ol s 634D BREfesch G PRk Btpuehnsl PRI AR Tha i RALOE” ] nc”

i ndi cat ed floyw FedtHicin Mefiticr 6t)Chrbrin bhe-toldne B@ﬁ%sﬁlﬂ{den@fs vh'ﬂ‘i‘ thepr ocessi ng
gas introduced to the |ntroduct|%lrl gmrt 43a is flowed strai y
f %WW

downwar di yowHoerqw paetsali gapsgedp. i dngan betwasadhbyadjdoent

rectificati t.he ot her hand, as. | cat ed b ref erence
amer al - PR eBligr 6 Ogdn FpBFspaidtgs i as FOMREURat her o t he
fl ow recrsg{iéégyon plate 62 is arranged, by the flow rectification plate

62. This antw se flow fl is passed through the part (part near the
second pof0@6B®n) near the adjacent of the first rowto-row partial gap 33p

Second o oo PGhoRu i BFGSan3 306 Lihith TIser s tiicatim PIAES 65 haa o i s
arr angerreﬁ gl:ﬂlﬁfrﬁlte Roatd in) R %@1%91%}1 (ﬁﬁec?i%rﬁ @éﬁ% lﬁl@e %tteeéil t?héhe | ower

side of t RNt et oon space rface pr ce55|ng can
reliably BhEt-tikBdhesigh ldletd1Q & mﬂoﬁed ﬁgﬁh@&pﬂ@w ratificatiofglarRmen)i cati on

space of t he zgsl gﬁc?wrslu1r?81;[IrGatle2 the ﬂov&lfJ pégt?f{cr;]tlto¥1 Olf
_ plates 62, 63 are abutted

with the inner surfaces on the opposite side of the base plate 61 in the slit-
like through-hole 41a, thereby the flow rectification member 60s are firmly
fixed to the interior of the through-hole 41a. As shown in Fig. 13, the flow
rectification plate 62 arranged near the communication space 33r is slanted
downwardly toward the adjacent flow rectification member 60. All the other
flow rectification plates 63 are disposed generally in their vertical postures.
[0069]

As indicated by reference numeral f0 in FIG. 13, most part of the
processing gas introduced to the introduction port 43a is flowed straightly
downwardly. The processing gas is hardly disturbed by the flow
rectification plates 63. On the other hand, as indicated by reference numeral
f1, the processing gas flow is slanted near the place where the flow
rectification plate 62 is arranged, by the flow rectification plate 62. This
slantwise flow f1 is passed through the part (part near the second position)

_near the adjacent of the first row-to-row partial gap 33p and flowed closer to

the communication space 33r and thus, the adjacent second row-to-row

partial gap 33p while being plasmatized. Owing to this arrangement, plasma



processi ng can be enhanced. The flow rectification menber 60288¥n{fy 2007

di sposed only at the upper part in the vicinity of the conmunicati On space
33r. O the flow rectification plates 62, 63, the flowrectification plate
63 may be elimnated and only the flowrectification plate 62 may be

enpl oyed. In the enbodi nent shown in FIGS. 12 and 13, although the flow
rectification menber 60 is disposed o8y in the through-hole 41a of the
upper plate 41 of the frane 40, it may be di sposed at the gap 48a of the
hol der 48. [0070] In an enbodi nent shown in FIGS. 15 and 16, a bl ocking
menber  ( bhwalsonige jEted) toABeflowee didaf ofthel cusninabicigionespatel 331f pldsath to the

I ntroduction, port 43a of the, Brocessi ng gas introduction port formng part
43. The BYHaKe REPGRsHBE canpreliably basgrducicd at the regipJhdspYreBRORMRE t he

cor respontf HF et R0 s Ba S ERET ¥ R FABM B o Dbrt 43
i n such app@iERSing &n bOehkamddl | de adj acent two rowto-row partial gaps
33p. The end part on the introduction port 43a side of the communi cation

space 33r is bTbekbuwv redtificativms msinadodi 6 meantedisposedrbalcanthenipgeri on space
33r on the jet port . side.is nmade open. by the. hl ocki nber 70 and
communi caPd %tﬁﬁvf%“yicﬁttthﬁ&?@%mb‘ﬁf)%‘rﬂp SﬁﬁeﬁaFowﬁﬁgﬁg‘Fm [ OW-t O- I OW
partial g ; e Tol : As lind of ce

nuner al ffé?hé’éﬁ*&mﬁ , L 2é 65??%%2@%5&3@“@5@?%@?%% egﬁ]{olgl?feﬁnear t he
conmuni cahndondp duefld8r rectificationgdatet 6 masclsoenhployed.o- row partial gap 33p)
of the first rowto-row partial gap 3& Is 22 January 2007 39 plasmatized

and then, fl owht fh@t%mbﬁ@“@_@%ﬁhﬂ%ﬂll %ﬂa §p&;@n§3}3,ia%t®mh the f@‘ﬁner as to
“ar r angenshec R Eler LR Bondttp SPI  TERR a1 E 10 1
upper plate 41 of the frame 40, it may be disposed at the gap 48a of the
holder 48.
[0070]

In an embodiment shown in FIGS. 15 and 16, a blocking member

(blocking part) 70 formed of an insulating resin is fitted to the introduction
port 43a of the processing gas introduction port forming part 43. The
blocking member 70 is arranged at a part (boundary between the first row-
to-row partial gap and the second row-to-row partial gap) corresponding to
the communication space 33r in the introduction port 43a in such a manner
as to be astride adjacent two row-to-row partial gaps 33p. The end part on
the introduction port 43a side of the communication space 33r is blocked
with this blocking member 70. The communication space 33r on the jet port
side is made open by the blocking member 70 and communicated with the
introduction port 43a through the two row-to-row partial gaps 33p adjacent
thereto.
[0071]

As indicated by reference numeral f1 in FIG. 15, the processing gas
passing through a part near the communication space 33r (thus, near the

second row-to-row partial gap 33p) of the first row-to-row partial gap 33p is



conmmuni cati on space 33r, plasma surface processing can reliabj ya,f@ry 2007
conducted at the region R2 corresponding to the communi cati on space”of the
gl ass substrate Wand uniformty of processing can be enhanced. [0072] In
an enbodi rent shown in FIGS. 17 through 19, the spacer 36 of FIG 2 is
nodified so as to be provided as the "gas guide". As showmn in FIGS. 17 and
19, a gate-shaped spacer 80 fornmed of 3n insulating resinis inserted in

t he boundary between the bilaterally adjacent el ectrode nenbers of the

el ectrode structure 30X. That is, the gate-shaped spacers 80 are each

sandwi chegldsetatied dritetheaf flosvidintolthe tondrunieabienspade A3r 324udngd t he
central part electrode nenbers 3113, 32B.and between the central part
el ect r ode DraIsE A8 ta tloy anoundiinithenlowar side of the bloskingmemberd).s 31 Cc 32C

| eg part s Citing 18 aFngtRER o san e BB H b s RS Re par 1 o
of those Lemmahicatida sphee 83€blaimasuifade processant Cathaply beat plate-like

~configuration. The outer contour of the gate-shaped spacer 80 is
coi nci dentondudted lak thoregian RE cotrespaidieg $e thé commiunicatientspasce ef tut r ode

unit 30X As sh i i 19, one of the.pair of | parts 81 is

S andvi che s SHBRRAERY i wedhroRS S procetifaaen esibnEeds *t ne £ r st

el ectroderg@ys31X and the other leg part 81 is sandw ched between the

adj acent gecorid el ectrode nenbers of the second electrode row 32X. Those

l eg parts 81 shr ae easbddimehit shewnosi Figi$ar7 thrbaghdén thdepauti 36anit el ect rode
menbers ", [0074] 22 January 2007 40Q The Ieggapart‘s 81 of the spacer 80 are
arranged A&Sr 2tk @qsbrASorasiode predded pe the deasagide”s rnshawn d her

eyt oteria 10 S BGNRTEIEE 10 LIS DI HPATBB SRR £, 25
wi dth to jrixertelidatthe8eufdaBeberwtbh thebilieérabd@difcent etectrode members
of the electrode structure 30X. That is, the gate-shaped spacers 80 are each
sandwiched between the left-side electrode members 31A, 32A and the
central part electrode members 31B, 32B and between the central part
electrode members 318, 32B and the right-side electrode members 31C, 32C,
respectively.
[0073]
As shown in FIG. 18, the spacer 80 includes a pair of leg parts 81 and
a connection part 82 for connecting the upper end parts of those leg parts 81
to each other and has a gate-shaped flat plate-like configuration. The outer
contour of the gate-shaped spacer 80 is coincident with the contour of the
side section of the entire electrode unit 30X. As shown in Fig. 19, one of
the pair of leg parts 81 is sandwiched between the adjacent first electrode
members of the first electrode row 31X and the other leg part 81 is
sandwiched between the adjacent second electrode members of the second
electrode row 32X. Those leg parts 81 serve as the “interposing part
between the adjacent electrode members “.
[0074]



that in-row gép 33qg is completely filled with the |eg parts %Jaﬁu@ﬂ?%mAS
shown in FIGS. 17 and 18, the connection part 82 is arranged near he

upper side of the in-row gap 33 and comuni cati on space 33r, i.e., near

the introduction port 43a side. The end part on the introduction port 43a
si de of the conmunication space 33r is blocked with this connection part

82. The conmuni cation space 33r on thé&0jet port side fromthe connection
part 82 is open and comruni cated with the introduction port 43a through

the rowto-row partial gaps 33p adjacent thereto. The connection part 82
is provided asThekeg el of thaspadeo8Odreckragpddecaenbe pack soffatbe

I ntroducti ré%alort side of the boundary between the first rowto-row

partial g & Hde apardreny hgother escraderaw) gdphe slectinsle mpmbsrow por t

ide th ) -Q0 i i h f. . I £l 4i FIG 17,
She or ooed iy thlilG0R ¢AB 330U A R SRR PR b attegifial s, of
the both Slb?%?rt@fé}lti&%e_ecﬁﬁmrﬂ@%iﬂﬂﬂtooﬁfetel%&r@ﬂén@éﬁﬁ@ﬁ@l_zﬁ(ihfd?.?rknﬁ’%%‘%%m t hen,

flowmn into the conmunication space 33r on the |ower side fr

connect i orthpain-r®g gapGiqiis canpletaly dillechgattethe legipestse8 kur f ace processi ng
can relia IOb gi conducted at the region R2 corresponding to the

conmmuni cath K pace of the glass substrate Wand uniformty of processing

can be enhancedy, n ' |G :

i rorent n polar 1y VadR EIGEATERN g, Mo AR poft 821 BSnTEITERS | e
31X, 32X, thaapper siule afathedBrovagap 38 \wndasomnparitatidn specedd 3G e, greaspace
and the prggessi ng gas can alsqQ be_  plasmatized therein.. OMng to this

ar r angenert ‘IHFQQWI%PP%%?@%e;@iC@d pat opoihe inodugtion pericddriuct ed at

of “t e gt 2idPef e CPRNGERODHRE, 75 4 HDBe SABL g SoRBRTH RRREY SPoce
enhanced. TIROIThmuhioMiGNspsiaTEN o1 Rt ior LGS frad MR¢ohheckibR pagids gui de”

is.

82 is open and communicated with the introduction port 43a through the
row-to-row partial gaps 33p adjacent thereto. The connection part 82 is
provided as the “blocking part for blocking the end part on the introduction
port side of the boundary between the first row-to-row partial gap and the
second row-to-row partial gap and open the blow port side therefrom”.
[0076] '

As idicated by reference numeral f1 in FIG. 17, the processing gas is
passed through the row-to-row partial gaps 33p on the both sides of the
connection part 82 and plasmatized therein and then, flown into the
communication space 33r on the lower side from the connection part 82.
Owing to this arrangement, plasma surface processing can reliably be
conducted at the region R2 corresponding to the communication space of the
glass substrate W and uniformity of processing can be enhanced. Moreover,
by making the adjacent electrode members different in polarities with each
other in the respective electrode rows 31X, 32X, the in-row gap 33p can
serve as a part of the discharge space and the processing gas can also be

- plasmatized therein. Owing to this arrangement, plasma surface processing

can more reliably be conducted at the region R2 corresponding to the



di sposed at the |lower side Cct port side) fromthe el ectrodezyghﬁua}.gﬁogifhat
is, the lower plate 49 is provided at its bilaterally elongate sl

jet port 49a with a gas guiding part 49B as the gas guide at a position
corresponding to the side part (part near the second position) near the
adj acent of each first rowto-row partial gap 33p. The gas guiding part
49B is integral with the lower plate #9. The gas guiding part 49B has a
triangul ar configuration in section having a gas guiding surface 49c
inclined dowmnwardly toward the adjacent side (direction toward the second
posi t i on) canunuricdfjen spaceefithenglass substratedWramt usifgemityrdfgmesessing he j et

port 49a. sho in FIG 21, of the processing gas plasmatized in
the first L‘?gﬁf}@%‘w \Mfii gap 33p, the gas flow fl" flowi ng out of the

si de partrg 'pﬁ{t near the second position) near the adjacent is introduced
in the ad[ac direction (direction toward the second position) by the

gas gui di ng suld asembtRiimeht thewgds BIGS 20 apd 21, ﬁ%‘%z@%ﬁlﬂet’@s this
t

arrangenea pl asma surface rocessi n can be conduc the region R2
15

cor r esponflispgsed at Hie logemmide Gat port sigakfrost thenelegirade lmuib%@Xat"HlaM@,nd

fos By ecloyBIERoAST iR s RO R R Ak Shdibpue Mt Ter Puffeliaur ee S0
is fittedwith#® gas ﬁhidmg'ﬁﬁﬁt 498 RhE gﬁ@%u%e at Q?okﬂi’éﬁfccﬁ’ﬂrésﬁ ft ?g%t he gas

gui de. The porous platé 90 arrangedsliTg way downwar-dl omthe
el ect r odethggide pax (amdt mesarthe lseCCbr(d/\posmmhé rpar the adjacémt ¢feeaghofitst 49a.

partial gupvIedobe banfal sapokip-i Fhaga gyedindhret UECR sgtal BAIRE por ous
Bl Sl o LSS G TR g
pl asmat i zsabtiom kaxdhgraoyas guiding surface 49c mclined downwardly toward the

adjacent side (direction toward the second position) and bridge between the

front and rear edge surfaces of the jet port 49a.

[0078] _

As shown in FIG. 21, of the processing gas plasmatized in the first
row-to-row partial gap 33p, the gas flow f1” flowing out of the side paft
(part near the second position) near the adjacent is introduced in the adjacent
direction (direction toward the second position) by the gas guiding surface
49c of the gas guiding part 49B. Owing to this arrangement, plasma surface
processing can be conducted at the region R2 corresponding to the
communication space of the glass substrate W and uniformity of processing
can be enhanced.

[0079]

In an embodiment shown in FIGS. 22 and 23, a porous plate 90
having a large number of apertures 90a is fitted into a slit-like jet port 49a of
the lower plate 49 as the gas guide. The porous plate 90 arranged slightly
away downwardly from the electrode unit 30X and near the lower side part
of the jet port 49a. |
[0080]



to-row partial gap 33p is .also dispersed to the |ower side 052 ThGuary 2007
communi cati on space 33r. Then, the gas is uniformy jetted out of gge | ar ge
nunber of apertures 90a. CMAng to this arrangenent, uniformty of
processi ng can be enhanced. [0081] In an enbodi nent shown in FIGS. 24, 25
and 26, the lower plate 49 serving as the jet port formng part of the

di scharge processor 30 is constituted2by two upper and | ower plate parts
49U, 49L. Three slit-like wupper stage jet ports 49d corresponding to the

" respective rowto-row partial gaps 33p are forned in a row at the upper

st age pl ate paThe pddesTing gaf comirgefrouptear r(atragerome arnmlt gafpBBsaRd t he
central upper stage jet port 49d are cut off e part49E.
Sinmilarl lspﬁ@eeéntanarpmﬁéde §1@<’8§‘g?e4? fmmrthe Pgﬂ)%rﬁlatqﬁ%& ofithgjetgione upper

e ey apth P ST, DX S A R (Endinee) So
row t 0- r oM(RREA1 3 in FEI03. 350 a P b tid Fd&sﬁﬂ%e%as?lﬂ%atlﬁédB?Ehclﬁl%lwlS | ar ger

than the width of the rovv-to r ow par ial ga | ower stage jet port
49f havi nip-row @agtidl grm@3pid glsedlispersed théehelnwerside efighér of the row to-row

oo ot ageuRiGch Siteq S35 TG heleah it NG aren Jtod gt O fscarest age | e
port 49d @Tmﬁbgﬁaﬁggéﬂgure%@rﬂ O%ihB %o this'drleddin ARG LE P2 | 'al gap

33p. [008 ge part S arrange I 'medl a r the

conmuni caprozessipgcan derenhbimeeioner end of the communi cation space 33r is {
22 Januar% 2007 43 bl ocked with this bridge part 49E. Onng to this
arrange Idhe bri dge part 49E constitutes the " bl ocking part for

‘Dlocking the o pahbaRinkNF kSl JRHGS A 23 ard 55 VISR plE P L

adj acent tow t0-ToW
serving as the jet port forming part of the discharge processor 30 is

constituted by two upper and lower plate parts 49U, 491.. Three slit-like
upper stage jet ports 49d corresponding to the respective row-to-row partial
gaps 33p are formed in a row at the upper stage plate part 49U. The left-side
upper stage jet port 49d and the central upper stage jet port 49d are cut off
by a bridge part 49E. Similarly, the céntral upper stage jet port 49d and the
right-side upper stage jet port 49d are cut off by another bridge part 49E.
[0082]

Each upper stage jet port 49d is directly connected to the upper-side
row-to-row partial gap 33p. Width of the upper stage jet port 49d is larger
than the width of the row-to-row partial gap 33p.

A lower stage jet port 49f having a length generally equal to the entire
length of the row-to-row gap 33s is formed in the lower stage plate part 491..
The width of the lower stage jet port 491 is smaller than the width of the
upper stage jet port 49d and generally equal to the width of the row-to-row
partial gap 33p.

[0083]
The bridge part 49E is arranged immediately under the

communication space 33r. The lower end of the communication space 33r is



the jet port”. The |ower stage jet port 49f is arranged bel oy hhgadyi200¢
part 49E. That is, the bridge part 49E is arranged near the upper Side in
the entire jet port conposed of the upper and | ower stages jet ports 49d,
49f . The conmmuni cation space 33r is conmunicated with the jet ports 49d,
49f only through the rowto-row partial gaps adjacent thereto. The plate
parts 49U, 49L may be integral with eath other, and the jet port forning
menber may be constituted by lamnating three or nore plate parts instead
of two. [0084] As indicated by reference nuneral fl in FIG 26, the
processi nleded withithiy biodge patt9IE.t Daviogromthiscatnogempat; ethd3dridge

flow ng directl othe jet port fromthe conmmunication

rohi bited fr ot
gpace 33r PRt fﬁw%ﬁw&é Sr't bl@@éreg@aﬂef@ébé@m@thq ene partomthsniet he

rowvto-ro 3! ' ' r I tized.t,herein and then,
t he pl as ngto ﬁisrégé g’géﬁ? gﬁu{;l@%m?(ﬁwtegh:} ﬁg%?g%C%ggF&%ég‘%“mgg&lMﬂ?zed gas is
then fl owthejerpod’t oThid foweosape 5éaast UOE iPRrhnd@] belvw fke bAWeE Ipﬁftde of the
bridge 49E and jetted thereunder. Oning to this arrangenent, “plasna

surface pA8EesEhatyscthe ridgepad 4Okt arranges negitbe u@peceideeinﬁhmégtigeto t he
i cati i f 1t f ' . [0085
Froe 2y i dorBbaRBRRET o it PBRCLANRL S wE Ragr it PorCskt 485 Theor med it he
over Pl aksnftSudicatibh sphée 1B N OSARRNEARARGHALLE jet pdrRMO@ 4diyHIL et Port
I t shor

49h extending long 1n the bilatera rection and I'n--row j et
ports 49i thewughdhegowatokrampatbal gapsradjacéntdhemmer as to intersect with

the rowto-rowjet port 49 t pl aces of jts mddle part are formed in
" the lower plat Q@.lﬁ?ﬂ@rfso%@ oﬁﬁo\mf‘.‘é ejtagrabfithcaghniber,aaditbeiele | ower
©22 Januar -4 {10- J roit ntire
Cengtn. cherdpipide pRfbBRtiay e LA G L AR RGOS Ind b AE:

boundary pettveteddef twbt - si de el ectrode nmenbers 31 A, 32A and the central
el ectrode nenbers 3 1B, 32B
[0084]

As indicated by reference numeral f1 in FIG. 26, the processing gas
coming down within the communication space 33r is Iﬁrohibited from
flowing directly to the jet port from the communication space 33r by the
bridge part 49E and necessarily flowed through the row-to-row partial gaps
adjacent thereto and plasmatized therein and then, the plasmatized gas is
flown into the jet port 49d. The plasmatized gas is then flown around to the
lower stage jet port 49f on the lower side of the bridge 49E and jetted
thereunder. Owing to this arrangement, plasma surface processing can be
conducted at the region R2 corresponding to the communication space and
uniformity of processing can be enhanced.

[0085]

FIGS. 27 and 28 show a modified embodiment of a jet port 49a
formed in the lower plate 49 of the plasma processing apparatus. A row-to-
row jet port 49h extending long in the bilateral direction and two short in-
row jet ports 491 extending back and forth in such a manner as to intersect
with the row-to-row jet port 4%h at two places of its middle part are formed

in the lower plate 49. The row-to-row jet port 4%h is connected to the lower



and connected to the in-row gap 33q between those el ectrode #eyheisy20d7
the I ower end part of the communication space 33r. The other in-row’jet
port 49i is arranged just at the boundary between the central el ectrode
menbers 31 B, 32B and the right-side el ectrode nenbers 31 C, 32C and
connected to the in-row gap 33q between those el ectrode nenbers and the

| ower end part of the communication spéce 33r. Oning to this arrangenent,
the jet port of the lower plate 49 becones |arger in opening width at the
part corresponding to the boundary between the adjacent rowto-row partial
gaps 33pendpartatf theeopata-reergapsitsaivergtd entbzclengthy Onerofsheawbiial gap 33p

and is reduced in flow resistance. [0086] . Th rocessi ng gas plasmati zed
in the i nCOBIFIRAITtS:EY Sarfaigedgust 4t t&?ﬁ%quf’i’élaﬂﬁ%ﬁgﬂ??fbﬁhep'@%rsﬁgi connect ed
to i medi hhAl p 1 a10 r i a m ng out
of the si %%agéggﬂ?%glr)?{snﬁeg& %%‘é ésh\gc%%ac eglglglll £ }%sz{)dr?\?e@% éggéjgaégn of each

first rovaddesmveded to ehe 'ﬁﬁ-ﬁb@?g@ilpi%ci bétvwRskn tholse @lderdie mkmverd anar d t he
in-row jet port 49i having a small flow resistance. OMng to this

ar r angeneibe lower eadmary obthepeomenuingiomspaes 33nhihe etheriherovnjetow j et port
491 (jet port.part _of the | arge enin or r espondi t.0 the boundary
between (REATT R arribeed st g, PPundaly, befieer 1hc Gantdl clbctnde et port 49a
const i t ut @enifes 30 30 %] thd ABATHideIEctk9aE MerhBlraPPIC, R aha ef fect i ve
in an arrangenent wherein the ntire i n-row gap gis filled with the

i nsul at i ngpreestal tosthetinatow igap 3o wsiendghgses ekkatrodasacmbkeys amd thegh t he

rowto-rol\f/)v&gap 3s, or.in an arr angement erein. the ﬁl ectrode nenbers
adj acent T 50d Rarhef the comupnication spack A3 83K WingJodhis akangamenleen have

e, Sae B b ot cBRE U 0, TR
as | ater msespobdéhg deie bounddie Heiwees shdgd@esnt RIVRIBBOMWZ Bartial ghPs '
respective row-to-row partial gaps 33p attenpts to flow i

33p than at the part corresponding to each row-to-row partial gap 33p and is

reduced in flow resistance.

[0086]

The processing gas plasmatized in the in-row gap 33q is jetted out of

the in-row jet port 49i connected to immediately under of the in-row gap 33q.

The processing gas coming out of the side part (part near the second

position) near the adjacent of each first row-to-row partial gap 33p is jetted

while being flown toward the in-row jet port 491 having a small flow

resistance. Owing to this arrangement, uniformity of processing can be

enhanced. The in-row jet port 49i (jet port part of the large opening

corresponding to the boundary between the first and second row-to-row

partial gaps) of the jet port 49a constitutes the “gas guide”.

[0087]

The m-row jet port 491 is effective in an arrangement wherein the

entire in-row gap 33q is filled with the insulating spacer so that the

processing gas can pass only through the row-to-row gap 33s, or in an

‘arrangement wherein the electrode members adjacent to each other with the

in-row gap 33q disposed therebetween have the same polarity so that no



into the in-row jet port 49i having a |arge opening and a sy . fLl-8%2007
resi stance, thereby uniformty of processing gas can be obtal ned. 0088]
The length of the in-row jet port 49i can properly be increased or reduced
and is not required to be made coincident with the length of the in- row
gap 33gq. Moreover, as shown in FIG 29, the in-row jet port 49i may be

di sposed at only one side (for exanpl &5 the second el ectrode row 32X si de)
of the rowto-row jet port 49h. The in-row jet port 49i nay be conbi ned
with the gas guiding part 49B, etc. of FIG 20. It is also accepted that
the | ower dpchtiggeocan etcuranttht on-ronggaeiBgrasdl an embbdimaat @GS 4@ i n-row
gap 339 and tHe Iovve[) end opening itself of the rowto-row gap 33s

const it ut 80d Ad, pawelbas elsgwherd) a5rlatargiasaribgds That isthe procrssug ggs

opentng. _BamatBR i A EREV G SAle-On dtaidRetit s Y pleRiedmma | O
r OW-t O- r OlMtoRBRE Eﬁ&bﬂgﬁgoﬁmiiﬁv}i‘% alplhgrc%'é ﬁg?ﬂiﬁgtamg Sthbtlfds configuration

as in the case wt i n-row 0 or exanple, as an openi ng

49j shownrésmstanes, thamba)ynifermmity of eracasisinppats tarkbe obtdingdir ati on or as an
opening 4@9@}2\,\“ in FIG 30(b), it may be a triangular configuration
protrudin rd one side of the rowto-row jet port 49h. It nmay al so

have ot her vari AR | i - : -] i guration. [0090]
22" Sanuary zoo) e JRER Qe A 80 0l DUEDAOEh SR Y BRI °The! gas
gui de or reduceddmnct is ot peqiirédtabagnady toitidideht pride esslengtioas thein-oduct i on

port 43a connected to a chanber 24 in a |lower end of a processing gas
i nt r oduct Y% 82Pat3d-20 not shown is formed in the introduction port forning

pgrt 43. The Moreover, as shown in FIG. 29, the in-row jet port 49i may be
disposed at only one side (for example, the second electrode row 32X side)
of the row-to-row jet port 4Sh.

The in-row jet port 491 may be combined with the gas guiding part
498, etc. of FIG. 20.

It is also accepted that the lower plate or jet port forming member 49
is eliminated, the in-row gap 33q and the lower end opening itself of the
row-to-row gap 33s constitute the jet port and the processing gas is jetted
directly therethrough.

[0089]

The configuration of the jet port part of the large opening
corresponding to the boundary between the first and second row-to-row
partial gaps 33p is not limited to the slit-like configuration as in the case
with the in-row jet port 49i. For example, as an opening 49j shown in FIG.
30(a), it may be a diamond-like configuration or as an opening 49k shown in
FIG. 30(b), it may be a tfiangular configuration protruding toward one side
of the row-to-row jet port 49h. It may also have other various configurations

such as a circular configuration.
[0090]



processing gas introduction port 43a includes a rowto-row isj oy i1l
port (main introduction port) extending long in the bilateral direCtion
and cut-off shaped in-row introduction ports (auxiliary introduction
ports) 43i fornmed on the both sides of two places at the mddle part of
this rowto-row introduction port 43h. [0091] The |l ower end part of the
row-to-row i ntroduction port 43h is di4bectly connected to the rowto-row
gap 33s over its entire length. The in-row introduction ports 43i are each
arranged at the boundary between the adjacent el ectrode nenbers 31A, 31B

and at the bouRbaby31 hath¥eshdwe mdditeadendlodimeatef durbay sudled 3 1 C of
the first. el ectrode I’O\%{ 31X, and at the boundary_ between the adjacent

el ect rode wmpoit fepmmingspyt 4:3. t Adrpeessing gab stieductionepedjeeent

el ectrode gﬁﬁ@ . 1 n | ectrode row 32X .and they are
directly gonneﬁééégggh?ﬁé)%ﬁp 3 Qg%‘%g{)%?(?oﬁ}a RIRECTS IS &4 b‘ﬁ_ﬁé@’f?g_l%t ween
those el epaftaienomsterysis fRRRA inTihe iﬁtz@ﬁﬁéﬁbﬂg;o%ﬁ)rﬁﬂhgq{aﬁﬂ 48d e the
processing gas introduction part 20 is introduced into the respective

r ow- t 0- r olrgRessing gagaprodsption port 43 indudesoa row-iortawdntrodoctigopbri33g and
directly tntroﬁg&{e l.nto the in-row t he i‘n-rO\g I nt rgduction

aps 33q.fro

ports 43i\ ctigparthextsadmisg I,O%gtlﬁéﬁﬁg’é@é%rgl Hyeghen andsartigf:

i nt roduce lpﬂatd)int TN : : ?fﬁﬂﬁ _ | } flecting
the pr ocegg;ii ng ga@?@g%@%&ltgggp?ﬁgt(ﬁgﬁh?@sggt |ve{¢f§§?¥i%%%ﬁ?w parti al
gaps 33p onibe botthsidboufitaoyplaetsiiethe thitkllé pastof thie towitowoparti al gap 33p
and the secon r.ow-to-rgﬁ/ partial gap 33p, and an anount of plasma can
reliably BRr ORRPEA 3 Bhe boundary 22 January 2007 47 between the first
“and seconlgbdga[ to-row partial gaps 33p. As a result, uniformty of
processi ng carl be enhanced. [0093] The length of the in-row introduction

port 43i may prRe&WYr &&d part of the row-to-row introduction port 43h is directly
connected to the row-to-row gap 33s over its entire length.

The in-row introduction ports 43i are each arranged at the boundary
between the adjacent electrode members 31A, 31B and at the boundary
between the adjacent electrode members 31B, 31C of the first electrode row
31X, and at the boundary between the adjacent electrode members 32A, 32B
and at the boundary between the adjacent electrode members 32B, 32C of
the second electrode row 32X, and they are directly connected to the upi)er
end part of the in-row gap 33q between those electrode members.

[0092] |

The processing gas uniformized in the processing gas introduction
part 20 1s introduced into the respective row-to-row partial gaps 33p from
the row-to-row introduction port 33q and directly introduced into the in-row
gaps 33q from the in-row introduction ports 43i. Owing to this arrangement,

the processing gas directly introduced into the in-row gap 33q can be
plasmatized without deflecting the processing gas plasmatized in the
respective first row-to-row partial gaps 33p toward the boundary between
the first row-to-row partial gap 33p and the second row-to-row partial gap

33p, and an amount of plasma can reliably be obtained at the boundary



increased or reduced and is not required to be nade coi nci deQQJ%ﬁJ}P,tzhg-,
| ength of the in-row gap 33q. Moreover, the in-row introduction po

may be di sposed at only one side of the both front and back sides of the
row to-row introduction port 43h. [0094] 1In the present invention, the
el ectrode nenbers 31A and 32A; 31B and 32B; and 31 C and 32C of two

el ectrode rows 31 X, 32X are not requi4Zed to be correctly faced with each
other in the back and forth directions but they are required to be faced
wi th each other at the substantially sane position. For exanple, in an
enbodi nenbethesmthien(ifst @nd 38condheo whtectow pertidngmpss3 3B 1Astdresuth 31C of the
first elect rt?)de row. 31X and the eI e trode nenbers 32A through 32C of the

second el SAHPHREY G PresRSHRE canibseniiangedi atedly arranged in the bilateral
di rection 95] The deviating arrangerrent construction of FIG 33 may be
appl i ed tg e el ectrode structure having an alternating polarity

ar r angenent ofTEhGen@h (ﬁ&hﬁﬁhlroﬁslrﬁf&ﬁjm%ﬁpoﬁm@ﬂﬁayﬂﬁyopﬁr bbe applied to
an el ectrode structure having the sane pol arlté per” each row as in FIGS.

40 and 41incggasgd qr r@ducmlgadn@n@t reguired &r bel cmmcldm@ndnﬁ@ to the
experi nmen the nv tors entire a of t r kpi ece W
in the wi jﬁl}g?@ 0?@%‘? Pbﬁ W ?W@é’grsetg‘eé{}é'ﬂ“f *nt{ %\‘% &3¢ i ghtly
devi at ed wivhea d8f of [ t

structure pe}}[r10 eagS 0rgé(é)w batg;a?lg%g?ﬂr? ({Thtgegg)streiq?@t%ﬁ &ﬁi?%gﬁsate?ng g%) arity

st r uct ur efof@@dsirodactiomperty43007 48 In the embodi nents descri bed

her ei nbef E‘ﬁ(ﬁ% the in-row gap 33qg is orthogonal to the rowto-row gap 33s
but the f 41 nay be inclined with respect to the latter as shown in

| 1|‘: ||'j ?sst 2I4egtn ?o er o IT;érSE lh%ﬁhﬁ&ﬁl fr?%\% Iéétgg@%n{e o?ljr%%ﬁltj& gﬂ?f?d{gb fgécgl;ldt e -

surface) ofid308; haft3 1<l dﬁd@lzﬂlbf 39/5) efl@d”t‘r’lﬁie ﬁikﬁs B$X, 32X are not required
to be correctly faced with each other in the back and forth directions but they
are required to be faced with each other at the substantially same position.
For example, in an embodiment shown in FIG. 33, the electrode members
31A through 31C of the first electrode row 31X and the electrode members
32A through 32C of the second electrode row 32X are slightly deviatedly
arranged in the bilateral direction.
[0095]

The deviating arrangement construction of FIG. 33 may be applied to

the electrode structure having an alternating polarity arrangement of FIG. 2
as well as elsewhere, and it may also be applied to an electrode structure
having the same polarity per each row as in FIGS. 40 and 41, as well as
elsewhere, as later described. According to the experiment conducted by the
inventors, the entire area of the workpiece W in the width direction could be
processed even if two rows are slightly deviated with each other not only in
the case of the same polarity structure per each row but also in the case of

the alterating polarity structure.
- [0096]




‘di sposed at an obtuse angle of, for exanple, 150 degrees withj tob®
the rowto-row gap 33s formng surface (first surface). On the othér hand,
the in-row gap 33q formng surface (fourth surface) of the right-side

el ectrode nenber 31B is disposed at an acute angle of, for exanple, 30
degrees with respect to the rowto-row gap 33s formng surface (third
surface). Oning to this arrangenent, 48he in-row gap 33q of the first

el ectrode row 31 X is declined rightwardly at an angle of, for exanple, 30
degrees with respect to the rowto-row gap 33s away fromthe rowto-row
gap 33s. [0097In Senethbodimentt delstribbe hesdinbefode ) thghin-town gap 88griede menber s
of the second el ectrode row 32X, tﬁa 'En-row gap 339 form ng surface
(fourth Sihpgeryl tgrthegawi-t1owigap diebet hedopmepaaybaingingdwibed at an

t . h to-
358 T or notpeld to MR B AP 0w AR daE R M 357 SPR G fork BRa Figh 0O 92P
surface (&e6elstrald meather®bfthe firstdlecttddier®heID ote iBoResaP3Bqi S

di sposed at an obtuse angle of, for exanple, 150 degrees with respect to
the row t tormunggapfagsdsecandwurdacerattbe l¢ftiside elgtiodeanember AgAtis t hi s
arrangenment, the jn-r ap .33 f the sec el ectrode row 32X.is

decl i ned 3@?9&%‘?8‘?8%&% %‘r%?é’go T exﬁmpisxgﬁ@ﬁsgméfé "H’gglr‘é%l’sec q e espect
to the ro r AR r \iRShandh

i ncl i nat i Wgﬂg@g’ Bap 338 ot rogvﬁ%“gg&%éﬂé‘%it é%%?fér%{ltgég’%out e o
degrees. itheowigapidiesfemiof sultfacediourth sonfagapoBpe dghit-sideredectgaie 33q are

each preferahl ut 1 to mm The | engths_of the el ectrode nenpers 31A,
31B, 32A, H@a?%r@bﬁé“cﬂisae at apacyieAElC ofs fariexaapleodB deepswidkn 22

Jantar . 208 o AR B ol A AP RRS ) SOMIBTo k™
55,5 Ean U S o jamowp gad ket el s gt e o
’ declined rightwardly at an angle of, for example, 30 degrees with respect to
the row-to-row gap 33s away from the fOW-to-row gap 33s.
[0097]
Similarly, of all the left and right two electrode members of the
second electrode row 32X, the in-row gap 33q forming surface (fourth
surface) of the left-side electrode member 32A is disposed at an acute angle
of, for example, 30 degrees with respect to the row-to-row gap 33s forming
surface (third surface), and the m-row gap 33q forming surface (second
surface) of the right-side electrode member 32B is disposed at an obtuse
angle of, for example, 150 degrees with respect to the row-to-row gap 33s
forming surface (first surface). Owing to this arrangement, the in-row gap
33q of the second electrode row 32X is declined leftwardly at an angle of,
for example, 30 degrees with respect to the row-to-row gap 33s away from
the row-to-row gap 33s.
The inclination angle of the in-row gap 33q is preferably about 30 to
60 degrees. The thicknesses of the row-to-row gap 33p and in-row gap 33q
are each preferably about 1 to 3 mm. The lengths of the electrode members

31A, 31B, 32A, 32B are each about I m, and an effective processing width



surface (first surface) and the in-row gap form ng surface (segafthryv0bRCe)
of the left-side electrode menber 31A is R-chanfered with a relatively

| arge radius of curvature. The acute corner 31 e formed between the rowto-
row gap formng surface (third surface) and the in-row gap form ng surface
(fourth surface) is Rchanfered with a relatively small radius of
curvature. Though not shown, in the s¥tond el ectrode row 32X, the acute
corner 32e formed between the rowto-row gap formng surface (third
surface) and the in-row gap formng surface (fourth surface) of the

| ef t - si deoélabout ddm is fierrhed osentheseriRire ededteodelunit (30 3aby elrsarigyeg ywenal |
radi us of cur ure, .and he, obtu oy.ner. 32d fornmed between the
rovv-to-rO\?/f 5‘}9 Jflﬁ{f’r@%mh}sﬁzl@ng&tpﬁf@ﬁ ‘é{ﬁqﬂé’@e) and the in-row gap forning
surface (£ surface) of the right- side electrode nenber 32B is
R-chanfered wth a relatively large radius of curvature. For exanple, the

radi us of curvalswheved in FEGoBE(HOICaH BRI 3d@a51s§ﬂﬁthe3ﬁ@bewcufb@emnd the
radi us of curvature of the acute corners 32e is about 3 nun. Not only

the acut e3dngithe obtusstenyacnadd domned bﬁé‘@e@l thctmvméa -Ipa gap berminige

ey aai v SuBpEE L Fib By REREag Bk for'y eRp Rling SURER et etk |00
i nclinati gffROBrEsRie él@@trbae h%s@fm BRaid R-¢1panfred YiflPa Q@l@.ﬁ%ﬁ; t For

exanple, as shown in FIG &), when the angl e fornmed betwee he in-row
gap 33q bﬂi‘getrhéwtsawﬁctmabmﬁg ;inemte eoa‘mﬁle@rﬂw@ﬂ:ﬁﬂéwmﬁm hewetadi us of

curvature of t car ner é ({ fa l.j le side | ge r adi us of
curvature %‘V&aﬂ? OrgypgSurag (gH" 6‘5‘?@5{1 "%’Y&@P HBF@@% %‘F‘%/ abogt
40

M As wsﬁﬁa@eg ﬂggeﬁaaﬁg&%Q ltﬁ% félﬁlvqu/(sg%agl g@g@ ébg %%%o or me

bet ween the i n-row oW to-ro degr ees,

if the raﬂhoaghfnatlshm&ﬁunﬂ tod sédmdceiw&ode&}daw IX| e |t eopgliResi de is 3
mm the r%()jl us. of curvature of the corner. 31d on the obtuse an Ie side is

pr ef er abl Jorzsl beigvesn thegrpopfo-row gap forming surface (third surface) and the
in-row gap forming surface (fourth surface) of the left-side electrode

member 32A is R-chamfered with a relatively small radius of curvature, and
the obtuse corner 32d formed between the row-to-row gap forming surface
(first surface) and the in-row gap forming surface (third surface) of the right-
side electrode member 32B is R-chamfered with a relatively large radius of
curvature. For example, the radius of curvature of the obtuse corners 31d,

32d is about 40 mm and the radius of curvature of the acute corners 31le, 32e

is about 3 mm.

Not only the acute angle or obtuse angle but also all corner parts of
the respective electrode members 31A, 31B, 32A, 32B are R-chamfered.
[0099]

The radius of curvature is preferably reduced in difference as the
inclination angle of the in-row gap 33q is nearer to 90 degrees. For example,
as shown in FIG. 36(b), when the angle formed between the in-row gap 33q
and the row-to-row gap 33s is about 45 degrees, if the radius of curvature of
the corner 3 1e on the acute angle side is 3 mm, the radius of curvature of the

corner 31d on the obtuse angle side is preferably about 40 mm. As shown in



As shown in FIGS. 35 and 36(a), the rowto-row gap 33s form 5 yaskiry2967 Of
the el ectrode nmenber 32A on the left side of the second el ectrode f{ow 32X
is arranged astride the rowto-row gap 33s formng surface (first surface)
of the left-side electrode nenber 31A and the rowto-row gap 33s formng
surface (third surface) of the right-side el ectrode nenber 31B of the
first electrode row 31X. Simlarly, tH® rowto-row gap 33s forning surface
of the right-side electrode nmenber 31B of the first electrode row 31X is
arranged astride the rowto-row gap 33s form ng surface (first surface) of
t he ri ght FEGda6@)euwthendhe anghbforn8Fbetwekentthe inweo togap 33 gamd3@s rbarm ng
surface (third surface)  of he |l eft-side el ectrode nmenber 32A of the
second el %f@‘@c@ﬁ%\% @?koumbrﬁggﬁe%Hgﬂ@d@d@l&mufé’ﬁ@ﬂe@rfrthﬁ@@mﬁ, an

i ntersect .t .Nal O d.t [OW-t 0-row gap
33s of thgep‘?f)ggb&éjﬁ étét #@é‘é’f'&fé;% %ﬁghaﬂ{ei %@@%ﬁ%ﬂﬁ“ﬁ%ﬁ%@&%&ﬁmen t he

i n-row gapl@3a thedbtise amleside IlsredaRbB3abalt § Atmsecond el ectrode row are
deviated in the bilateral direction. Infour corner parts 31d, 3le, 32e,

32d whi ch[@ldidlne the respective intersecting parts 33u, 33v, two obtuse
corner parts 3,1d, 32d. an utside in the bilateral .direction,
and t hel_or enai nﬁﬁéh{)ml ‘&%‘?@S-a%?ﬂgs%ﬁéﬁaﬁge ﬂ@jto§?§v &R 3§§$fléﬁ§é‘&g bet ween the
obt use cogf@hcdsf the éié@tro@@ﬂwmlﬁ%ﬂ?éA d%‘?fh%glgﬁ;;é?é"of ki s&%nc?el%%&@' row J et

port 49mextending long In the atera Ion and a palr of In-row
j et portsrod93 2 spasanizeant asthide e howsiodesw @hptls foemingkurface (Hfstt hi s

26, The romies)he detsid Jesions memher a4 armbisamvtg 28053 835w th t he
1 _ ] ) )

engt b TikiheShefadE (Y HATRCY BRe A ERARDAE HHeb e ST e <

i ncli ned thieditsweladinodetroan3aNgl e of, for exanple, 30 degrees, away fromthe

row-to-row jet port 49mand directly connected to the | ower end part of the
inclination i nSighdythgzgvofo-row gap 33s frevingsuefacowf3hxrightsider- r ow j et

electrode member 31B of the first electrode row 31X is arranged astride the
row-to-row gap 33s forming surface (first surface) of the right-side electrode
member 32B and the row-to-row gap 33s forming surface (third surface) of
the left-side electrode member 32A of the second electrode row 32X.

Owing to the above-mentioned arrangement, an intersecting part 33u
between the in-row gap 33q and the row-to-row gap 33s of the first electrode
row and an intersecting part 33v between the in-row gap 33q and the row-to-
row gap 33v of the second electrode row are deviated in the bilateral
direction. In four corner parts 31d, 31e, 32¢, 32d which define the
respective intersecting parts 33u, 33v, two obtuse corner parts 31d, 32d are
arranged outside in the bilateral direction, and the remaining two acute
corner parts 31e, 32e are arranged between the obtuse corner parts 31d, 32d.
[0101]

As shown in FIG. 35, a row-to-row jet port 49m extending long in the
bilateral direction and a pair of in-row jet ports 49n disposed at the both
sides of the central part of this row-to-row jet port 49m in a cut-off fashion

are formed in the lower plate 49. The row-to-row jet port 49m is coincident



‘port 49n on the second el ectrode row 32X side is inclined |ebswapglyy 29h7an
angle of, for exanple, 30 degrees away fromthe rowto-row jet port~“49m
and directly connected to the inclination in-row gap 33g of the second

el ectrode row 32X. The |ower plate 49 may be elimnated. [0102] According
to this enbodi ment of FIGS. 34 through 36, since the <corner 3ld forned
bet ween the rowto-row gap 33s forni nglsurface and the in-row gap 33q
form ng surface of the el ectrode nmenber 31A and the corner 32d forned

bet ween the rowto-row gap 33s form ng surface and the in-row gap 33q
formi ng soviththe lowarrendeparé of thie ronribero v8 2Bp 33 amdodormectdst tsits eatird e, a

favorabl e, gl L,scharge.is al readil y occurred at e.corner parts
31d, 32d, I%Pﬁiwpﬁl(;@e@éﬁogﬁjgrﬁ%lagﬁ%&w %F&?EW%@JOW E&iﬁ?@ﬁr‘?i ng at the
pl aces co j ( I jnce the
obt use co%@%ﬁ%@%ﬁw gg?%ﬁ%@@ﬁﬁ%@ﬁﬁé%@%ﬁ?%h@y@éﬁn @rfcgot hly be
formed asroweto-mev pergswirbHenamad dirotly cohavoredibehellowetead paross dhe readi |y

occurred. h%‘th'e ot her hand, since the acute corner parts 3le, 32e of the
el ect r ode IHEHAEIE 1B1MOW gap I4ceidthg first elagtrodstrose3 t¥r nbhe parow jstl d, 32d

i ght] L) oyed. T o h a i bl
20"t at -t ROt FEITIE b B BUE B3R Sig B R RBuTya 30 and < he
r ow- t o- r ounghof336r GafinpR:, BOUEREes a W, TEHhThe fﬂbﬁ-ﬁﬁf&\ﬂgne 49 favorabl e

gl ow di scharge can nore reliably be obtained at the co parts on the
obt use anghd ditegtly casngciedsol the ipeleatéyi ingrowrgaps3 dmot the saoadr el i abl y be

onthe. obPReBodRgHY L e, Tholoiietafils 30a%y bS BEaer . an ar o di scharge
‘can be pr Fggm ed fromoccurring at various corner parts of the electrode
menber by R-chanfering. [0103] The processing gas plasmatized in the
rowto-row parAcebrdiagso 83ip emsbodiaidmbtFIGEIY tHreush 6! eiicewheet port 49m
and the p(rzgrcnee%%ilagfo%%sed between the row-to-row gap 33s forming surface and the

in-row gap 33q forming surface of the electrode member 31A and the corner

32d formed betWee_n the row-to-row gap 33s forming surface and the in-row

gap 33q forming surface of the electrode member 32B are each an obtuse

angle, a favorable glow discharge is also readily occurred at those corner

parts 31d, 32d, and processing omission can be prevented from occurring at

the places corresponding to those corner parts 31d, 32d.

Moreover, since the obtuse corner parts 31d, 32d are heavily R-

chamfered, they can smoothly be formed as much as possible and a more

favorable glow discharge is readily occurred. On the other hand, since the

acute corner parts 31e, 32e of the electrode members 31B, 32A faced with

the obtuse corner parts 31d, 32d are slightly R-chamfered, they are allowed

to protrude as much as possible so that the intersecting parts 33u, 33v

between the in-row gap 33q and the row-to-row gap 33s can be reduced.

Owing to this arrangement, a favorable glow discharge can more reliably be

obtained at the corner parts on the obtuse angle side. As a result, processing

omission can more reliably be prevented from occurring at the places

corresponding to the corner parts on the obtuse angle side.



plasmatized in the in-row gap 33q is directly jetted _throughzihgnﬁd}yrzgmj_et
~port 49n. In parallel, by relatively noving the workpi ece Wback and forth,
not only the region corresponding to the rowto-row partial gaps 33p of the
wor kpi ece Whbut also the region corresponding to the in-row gap 33q can
reliably be plasma processed. Al though a glow discharge is hard to occur at
the corner parts 3 1 e, 32e on the acui%e angle side and the part between
two intersecting parts 33u, 33v, the regions corresponding to those parts
can also reliably be plasma processed by plasnma jet fromthe in-row gap
33g. By virtuMafeovhi,sarf amtd.iscd}]arge @aﬂmip}gvexmﬁe];dif[rﬁm @@h{fi@fgaiﬂ zv be
revented from occurrin nd the entire area Q e wor kpi ece can
Eni form yVBQOU§FQEé§MSgT€tb@qlectw mephrrdns Reelraraéersae.uni f or m processi ng
experi menfoging the apparatus of FIGS. 34 and 35. The center |engths of
t he el ectiode menbers 31A, 32B each were 987 nmm the center .|l engths of the

el ectrode nmenb&he pidlessiiBoeaptasniitzed(hIhe M- @ Halrtisl é%ggjj%gf each

el ectrode row was 2 m and the thicknesses of those electTt mbers each
vere 30 niftterhidirongl khesewdoabw jas posiddm, and\lxhg@]?oe?1@g?s n-{_ow gap 33q
were 1 I ecti.v ... The inclinati.on .angle t nclinatjon in-row
gap 33q%?5§§ﬁ%&l§3¥ IRHaVaER géq(ﬁ d{rﬁﬁtlya\%ﬁ‘?‘y SPBErtthé?tfgwa]eé, 32e of
t he el ect t se corner
parts 3l d?ggg‘dgﬁm%ﬁ%rg\éﬁ%?f%e@&% gﬁ?g | he&?@réﬁ{i%%{ﬁ&r/;bagpégdg? e corner
acut e par nst Gulysthe3zgiomecerréspondamg to tse roaditd-roof patial ataps S3pf ofthef t he

obt use corne ar 31d,  32d were 40 nm The solid_ 22 January 2007 53
di el ectri W[é@/ e&f{ R<lso £ 1 gRFIEFPORAINE thtbe indraw grp ﬁéﬂicﬁg a

" ke srlohi g 98k PO UL BT EMRaBl PR bl 127
kHz and atteesimepparts 31e, 32¢ on the acute angle side and the part between two
intersecting parts 33u, 33v, the regions corresponding to those parts can also
reliably be plasma processed by plasma jet from the in-row gap 33q. By
virtue of this feature, processing omission cau totally be prevented from
occurring and the entire area of the workpiece W can uniformly be
processed.
[0104]
The inventors conducted uniform processing experiment using the
apparatus of FIGS. 34 and 35.
The center lengths of the electrode members 31A, 32B each were 987
mm, the center lengths of the electrode members 32A, 32B each were 1013
mm, the entire length of each electrode row was 2 m, and the thicknesses of
those electrode members each were 30 mm. The thicknesses of the row-to-
row gap 33s and in-row gap 33q were 1 mm, respectively. The inclination
angle of the inclination in-row gap 33q was 30 degrees, the angles of the
: acute corher parts 3le, 32¢ of the electrode members were 30 degrees, and
the angles of the obtuse corner parts 31d, 32d were 150 degrees. The radii
of curvature of R of the corner acute parts 3 1e, 32e were 3 mm and the radii

of curvature of R of the obtuse corner parts 31d, 32d were 40 mm. The solid



peak voltage Vpp of 15 kV was applied. An ITO substrate usedz} ghngarly 20d7d
crystal panel was used as the workpiece W The contact angle of watér to-
t he unprocessed substrate was 95 degrees. A nitrogen gas was used as a
processing gas for washing the substrate Wand washed the substrate W at
800 s1lm The speed for conveying the substrate was 2 in per mn. Total
power was 4.5 kW [0106] After washin® the contact angle of water was
neasured at intervals of 3 mmwth respect to the surface area of the
substrate gver 10 cm corresponding to the nei ghborhood of the intersecting
parts 33udiggetriclaygr 3dewas a thetwmalspraviog finglof alani2bhaeigreethickndsess at
al | neasur?q% oints. Wien water was applied to the entire surface of the
substrate, 't face was evenly wet. It was thus confirnmed that
processinqoggg sion was not occurred. [0107] In an enbodi nent shown in
FI GS. 37 and , the first electrode row 3 IX includes four electrode

menbers 31 A Bbi&r s3ifte ddvibepof ARAL 7.5 kWi arRAldel A thd HaReer huces
si de- by- si_de | at.ion and three inclination in-row gaps- 33q are forned
bet ween tﬁé‘séﬁ&@@ﬁpﬂlﬁﬁé’ﬂl@gé@ﬁﬁ%a heagpensy ofviér kHrend apeacent gaps of

o1 Che cerk aptB i of TRV veRDihled, "K't et yPlpRE b for aiaid T oce 1 ow

31 X eachchayal Farfdl vadsaistld! a6 SérwBEEiS W ' [ jon. The
| ong si desh?ﬁd short sides of the ak?j!lacent g?%zﬁtgﬂéet a'nr%g%grgtgt?l{%, 31C
each havi Hep Bnproggesest sidistrasmivag Hadégreenr A nittognl yaso®ad apedny a2007 54

3T haPrETes e e T i RSl l ik vAS e s HbgLEaYY B om { he
gap 33, 1 pe Sant (RN A0 e R R AZR, d I om Che
i nt er sect pnyepavas hétkWen the in-row gap 33q and the rowto-row gap 33s,

[0106]

After washing, the contact angle of water was measured at intervals of

3 mm with respect to the surface area of the substrate over 10 cm

corresponding to the neighborhood of the intersecting parts 33u, 33v. Asa

result, the contact angle was 25 degrees or less at all measured points. When

‘water was applied to the entire surface of the substrate, the surface was

evenly wet. It was thus confirmed that processing omission was not

occurred.

[0107]

In an embodiment shown in FIGS. 37 and 38, the first electrode row

31X includes four electrode members 31A, 31B, 31C, 31D bilaterally

linearly arranged in a side-by-side relation and three inclination in-row gaps

33q are formed between the adjacent first electrode members. Every two

adjacent gaps of those three inclination in-row gaps are mutually oppositely

inclined. That is, the central two electrode members 31B, 31C of the first

electrode row 31X each have a bilaterally symmetrical trapezoidal

configuration. The long sides and short sides of the adjacent electrode

members 31B, 31C each having a trapezoidal configuration are mutually



and the right-side in-rowgap 33q is inclined rightwardly away jhhe4pyi2897

I ntersecting part between the right-side in-row gap 33q and the rowto-row
gap 33s. [0108] Simlarly, the second el ectrode row 32X incl udes four

el ectrode nenbers 32A, 32B, 32C, 32D bilaterally linearly arranged in a
side-by-side relation. Every two adjacent gaps of those three inclination
in-row gaps 33q formed in the second5dl ectrode nenbers are nutually
oppositely inclined. The central two el ectrode nenbers 32B, 32C each have
a bilaterally symretrical trapezoidal configuration and arranged with their
| ong si dexevanskly docated siQiemgntat thad hyrangeeienelin thodateelectrbde sol 3oXaccept ed
that the gentr.al. _el.ectrode ngnbers 31B, 31C, 32B, 32C each have a

paral | el etg! g'%‘éﬁfmﬁﬁ%gﬁlibﬁ A inglnesk rig bpesldy away fgemxthgur ati on and the

wh one Deeefib pfihdtivent tut KIFSiAL - BWIBR130 Buf e R 0rt 6m
having a gap 83| tﬁeecemmﬁihqwa%a;pgz,qnsiiﬁeqhﬁftnienr@varﬂl}v aﬁfa}?iﬂr@ﬁl%%' di rection

and coincident with the rowfo-row gap 33s and in-Tow jet ports 49n

di sposed fersceliieg partdrasweenithe ironowi gap 8hq anddhe mawi-orrow-gapvd Iaps 33q are
formed in | 0 | ate 49. e | ower ate 49 js optignal . [0110] The
inventorsali(gﬁlﬁjggﬁ{ls i IR g%gggslﬁﬁﬁcl@q%ingﬁgwr EiaT‘i‘%i% em Ynar at us of
FIGS. 37 pipstsed : ohPRi Lent he _el.ectrode
menbers 31 A,S B%Agggém%gn%ﬁg%%l%%% g(gﬁt@rrp #%ﬂg@@?@b‘%ﬁg [gdvgctrode
menbers aB3382B each were 526 nmm the center lengths of the electrode

nmenber s %hj% 32C each were 487 mm the center |engths of the el ectrode
menber s ,8i2D each were 474 mm the entire length of each el ectrode row

was 2 in, and gig1ddy GKBSESES Hectrode row 32X includes four electrode
members 32A, 32B, 32C, 32D bilaterally linearly arranged in a side-by-side
relation. Every two adjacent gaps of those three inclination in-row gaps 33q
formed in the second electrode members are mutually oppositely inclined.
The central two electrode members 32B, 32C each have a bilaterally
symmetrical trapezoidal configuration and arranged with their long sides and
short sides mutually reversely located.

It is also accepted that the central electrode members 31B, 31C, 32B,
32C each have a paralielepiped configuration instead of trapezoidal
configuration and the inclination directions of the three in-row gaps 33q are
made coincident with one another.

[0109]

As shown in FIG. 38, a row-to-row jet port 49m having a slit-like
configuration and extending in the bilateral direction and coincident with the
row-to-row gap 33s and in-row jet ports 49n disposed in a one-to-one
relation with the inclination in-row gaps 33q are formed in the lower plate
49. The lower plate 49 is optional.

[0110]

The inventors conducted uniform processing experiment using the

apparatus of FIGS. 37 and 38. '



those el ectrode nmembers each were 30 mm - The thi cknesses of 5P 9ah@iy2007 1 OW
gap 33s and in-row gap 33q were 1 nm respectively. The inclination” angle
of the inclination in-row gap 33q was 30 degrees, the acute angles of the
el ectrode nenbers each were 30 degrees, and the obtuse angles each thereof
were 150 degrees. The inclination angl5 of the inclined in-row gaps 33q
each were 30 degrees, the acute angl es’~of the el ectrode nenbers each were
30 degrees, and the obtuse angles each thereof were 150 degrees. The radili
orner parts were 3 mm and the radii of

f ture o R of t acute
gur\(i;{ \tj?euof PCFW@YH Efiiéocféﬁﬁ@lle mdesmgarhers 3 1 Am3 2 eaclowege §ildl ectri ¢

oy Toz11 ﬁﬁ@ﬂ%mﬁn%%%@%c%ewbﬁ% AP A Beh FEEDTRE O v
same as him} e c%?me}eﬁgﬂisl@ﬂ‘ﬂiéélé@l%&ér&%mﬁéﬂsrﬁlé E) @RRER 3fS A4 FI GS. 34

and 35. Total power was 8.9 kW After washing, the contact angle was 16
degrees ofmethe eanten lengthsasilthecelpoirade mermbevas ]ID;L&’Z]chfchnm 4 Hat

d. 0112 I nt sh [
P & C5e. " hiB et de el s R hSalRt G O Watks 2onoand Hhe MCkmBSEs BEL 11 ¢
field appfﬁﬁs@%l&ﬁf&i@ﬁﬁnﬁ’é&?%ﬁ&ﬁ%éﬂ% F mﬁegé k?l%'s@s "oSPyg.ce 3

I nstead of the separate power sources 3 e above- nenti oned

embodi mentew gapdisdimigingrow fpap g serellani,ires édtﬂzlefliﬁ fl"threfiﬁdlmz!ihéthe

respective row artial gaps 33p can rel] ably be 22 January 2007 56
synchr oni %%%i%f{tﬁe é%f\gﬁf%t%m-r%v aaur 4@ Was Y dearegiiithe acute angles b€ appl i ed

to this s e r 0 enbodi nt hown in
“FILG 40, { e 1%% ari E@@%@nﬁ?&e‘ﬁ&eﬁﬁgﬁ%re %&d( ﬂl?d‘gbtﬂllﬁ?tang uch that
the el ectileteof weke BlXdegdrdésead e BRRatiBA angles of the inclined in-row gaps

- 33q each were 30 degrees, the acute angles of the electrode members each

were 30 degrees, and the obtuse angles each thereof were 150 degrees. The
radii of curvature of R of the acute corner parts were 3 mm and the radii of
curvature of R of the obtuse corner parts were 40 mm. The solid dielectric

- layer 34 was a thermal spraying film of alumina having a thickness of 0.5
mm.
{0111]

Kind of the workpiece W, kind of the processing gas, etc. were same
as in the above-mentioned experiment using the apparatus of FIGS. 34 and
35. Total power was 8.9 kW. |

After washing, the contact angle was 16 degrees or less at all
measured points. It was thus confirmed that processing omission was not
occurred.

[0112]
In an embodiment shown in FIG. 39, the electrode members 31A, 32B,
31C constituting the electric field applying pole are connected to a common
(single) power source 3 instead of the separate power sources 3A, 3B, 3C as

in the above-mentioned embodiments. Accordingly, the plasma electric

fields formed in the respective row-to-row partial gaps 33p can reliably be



same pole instead of the alternating arrangenent as in the aboygagiiybiogned
enbodi nents. That is, the electrode nmenbers 31 A, 31 B, 31 C of the"first
el ectrode row 31X are connected to the power sources 3A, 3B, 3C,
respectively and 2 thus, they all have an electric field applying pole. On
t he ot her hand, the el ectrode nmenbers 32A, 32B, 32C of the second el ectrode
row 32X all have a grounding pole. I®6this polarity arrangenent, a gl ow

di scharge al so occurs in the rowto-row partial gap 33p and the processing
gas can also be plasnatized therein. [0114] The in-row gaps 33q are fully
filled w syngiuenizedonithaiach o3berc cDposurse, die gasghalci cay @lsol bel gpiliedr esi st ant
mat eri al %ijﬁ_a as ceramcs and the bilaterally adjacent el ectrode nenbers
are insul i BRWCL SOLHS STUGHHfS g to this arrangement, an electric arc

can be prgy nied fromoccurring between the bilaterally adjacent
el ectrode .ﬂ[(;115] It suffices if the partition walls 35 each are disposed

between at | ealtan thhoddineneskowhaatilgsel0Tend polardy dridpean@tt o¥h€ havi ng
the electrjc field, aé)ﬁl_yi ng pole, and the partition walls 35 are not
necessar i egchede 93 i suchtkadhe ¢lessradeoiowha ] Xopadesactchaw thede menber s

32A t hroug V] e oundi n ol e. The grounded el ectrode menbers
32A thr oug‘ﬂngég@%b&%ieoﬁﬂ}?n%hr&ﬁ .mﬁgéﬁi emgnt Péaot'?"i@ PﬁW?)‘é‘i“?rftéﬂn p 33pis
provi ded @mbadiipehtsnear the second position with a gas guiding nmenber 51

| i ke the one shown in FIGS. 22 January 2007 57 4 and 5 as the "gas guide".
I n the alternabhatds, herlectroge manbergas! AUl HB! 3 &€ ofthofirst eleotrode FI GURES

ot 30% R ST i ook BT HE RNCERICR DAl T Feepeltinely Bdel et r ode
- menbers 3@, they all have an electric field applying pole. On the other hand, the

| electrode members 32A, 32B, 32C of the second electrode row 32X all heivé

a grounding pole. In this polarity arrangement, a glow discharge also occurs

in the row-to-row partial gap 33p and the processing gas can also be

plasmatized therein.

[0114]

The in-row gaps 33q are fully filled with partition walls 35 composed
of insulating and plasma resistant material such as ceramics and the
bilaterally adjacent electrode members are insulated from one another.
Owing to this arrangement, an electric arc can be prevented from occurring
between the bilaterally adjacent electrodes.

[0115]

It suffices if the partition walls 35 each are disposed between at least
the adjacent electrode members 31A through 31C having the electric field
applying pole, and the partition walls 35 are not necessarily required to be
disposed between the adjacent electrode members 32A through 32C having
the grounding pole. The grounded electrode members 32A through 32C
may be connected.

Each first row-to-row partial gap 33p is provided at a part near the

second position with a gas guiding member 51 like the one shown in FIGS.



through 31 C having the electric field applying pole are conggggﬁpals,@(;@‘;
common (single) power source 3. Although the respective in-row gaps®33q of
t he enbodi nent shown in FIG 41 are fully filled with the sane insulating
partition walls 35 as in FIG 40, the partition walls 35 maybe el i m nated
to open the in-row gaps 33q because the applying voltages to the el ectrode
menbers 31 A through 31 C are reliably synchronized with one another. It
is also accepted that not only the adjacent grounded el ectrode nenbers 32A
t hrough 32C but al so the _adi acent powered el ectrode nenbers 3 | A through
31C are ditrasét? gs thongatgede’s dntthanltermmative, otherdypss 88d° gasaudd” dor ned.

[0117] shown in F in the electrode unit 30X having an
al t er nat ﬁgBOWB&Pé’FFF&#E?PﬁB%%W Bﬁ?“ﬂﬁ"ﬁ”ﬁ@ first embodinment (FIG 2), it
is also apgefged that the bilaterally adjacent el ectrode nenbers of the

respective electrode rows 31X, 32X are abutted with each other so that the

i n-row gaps 33kn anemtmdimendshdwnNoriel G pegiifithalkloctrerizainieBOX mode nmenber
has solid g)kel_ll‘ectri C laygrs 34e each coated on its side end faces, and the
sol i d di ePddeh each ggwihas the samespolsrasind’I6h. 40, dhel clestiosleanembersd) Acent

el ectrode r e it Kt matel v adhered,to _each other.
Those sol ?tgsgggl‘%c(? p?g%e%rese%ﬁfg’fkfelggig)phqng%olgiaggcgﬂaec?‘tg@ég %each have a
role for eemmaoy(dagh) poised hurdg3l ayer between the adjacent el ectrode
menbers. The width of the conmunication space 33r between the adjacent

rowt o- row parfithioughgbe zespeacsivedntrosggaps 33q ofttke eothaiditient khewa inf t he
two soli ek ect i.Cql IS 34e. [0118] 22 January 2007 58 It is also
accept edd{:ﬁé’:{thgﬁ@e g?llyﬁ'ﬁf%wﬂﬁﬁhg Sapist éﬂll"‘F RarBbionowalls ggr?ﬁé?i:lﬁé

-pr/ovi ded gl i N e fod ' t id diel Ri ayer
34e, and ﬂ’eﬂﬁgi dagtﬁg%g%??és;?»g?nﬁ ger?czlt%glp\ﬁ%rgadlltr? %Jflﬂ{cﬁ‘&t ﬁde&&%&%r?’gél ectrode
nenber i sbevauseéble applstingtvodiages to thd sleofrodemaabeacdbaahyoudiad 1Che sol i d

dielectric | a)(.e{) 34e (i](}at ed .on, Bhe si de end face of the afore-nenti oned one
are reliably synchronized with one another. It is also accepted that not only

the adjacent grounded electrode members 32A through 32C but also the
adjacent powered electrode members 31A through 31C are directly

~ contacted, so that the in-row gaps 33q are not formed.
[0117]

As shown in FIG. 42, in the electrode unit 30X having an alternating
polarity arrangement as in the first embodiment (FIG. 2), it is also accepted
that the bilaterally adjacent electrode members of the respective electrode
rows 31X, 32X are abutted with each other so that the in-row gaps 33q are
eliminated. More specifically, each electrode member has solid dielectric
layers 34e each coated on its side end faces, and the solid dielectric layers
34e, 34e on the side end faces of the adjacent electrode members are abutted
with and intimately adhered to each other. Those solid dielectric layers 34e,
34e on the side end faces each have a role for serving as an insulating layer
between the adjacent electrode members. The width of the communication
space 33t between the adjacent row-to-row partial gaps 33p is just equal to
the total thickness of the two solid dielectric layers 34e, 34e.

 [0118] |



el ectrode nenber alone can insulate the two el ectrode nmenber$s yhi 40200
enbodi nent of FIG 42, it is also accepted that there is a provisidon of a
gas gui de such as the gas guiding nenber 51. Onvng to this arrangenent,

pl asma can be jetted even in the comuni cation space 33r, i.e.,

I mmedi ately under the solid dielectric |ayers 34e, 34e and uniformty of
processing can be inproved. In the ent¥8di ment of FIG 42, a partition wall
35 as in FIG 40 may be inserted between the adjacent el ectrode nenbers.
In the enbodi nent of FIG 42, the separate power sources 3A, 3B, 3C are
provi ded for tHds alsecaaceptedtbabens of them@esllyabutedrtespaetcirodey as in the

Sour ces. SERMURE i Bio B ML oL Phg SIS R acq o1 G ils dpHOHTIe B0 r, g 30,
0119 ' : [ el ' '
E)ol ar ? t yAﬁlgr% ? gﬁgbﬁ@%ﬁ%ﬁ fggé :82 nt%hlggﬁearrlrb%g%ﬁrﬁe}jr@ %:@i&ﬂgl,e%{%?ggdj acent

el ect r odememerdras €xpbsexhchn tHatchsqdeiy ofic@irs¥ned@ssarpyhfiehakuliied with each
other. The,side end i&ces of each el ectrode nenber of this enbodi nent are

not coat BIGGtE layrr 345 cepted endbeside eng dres of themfore-manjioned ot net al

mai n body,y.j | o. L ran nt.. the side end faces of the
metal nai %llebﬁgglégxgétgﬂm{ ?%gn%%aa lgggaf@%dﬁgggﬂ%ﬁ&dgé?f’@gr%nber s are

directly abut tiedtheidnibediefeRidTHIG. U i€ RNATNG a6SépteN tRRAREr3R a has hardly no
size dinension and the adjacent rowto-row partial gaps 33p are generally

di rect |y Revidened a gaseguidesubbras tht gas lguédingonembso o c d9vwidig t8Ehis3C are 22

January 2007 59 desi rablx S mretrttrAcaI wi t.h one anather. In cgie they are
not synmed FRETTCR PHSH %gf’ﬂ‘é‘? SYCR 4L LHC pRMITHERNOR SPRGE Bgf-vi ng

o et odapmals e ESHED e s SHELLOMRY B g o Pr oV ded
i nsul at i qrocaysang aanibe infyrovedbodi ment of FIG 42. Instead of the separate
POWIET sources I%ljtﬁé e%nszédiment of FIG. 42, a partition wall 35 as in FIG. 40 may

be inserted between the adjacent electrode members.

In the embodiment of FIG. 42, the separate power sources 3A, 3B, 3C
are provided for the electrode members 3 1A, 32B, 31C, respectively as in
the first embodiment but a single power source 3 instead of the separate

power sources 31A, 32B, 31C may be employed as in the embodiment of
Fig. 39.
[0119]

As shown in FIG. 43, in the electrode unit 30X having a same polarity
arrangement per row as in the embodiment of FIG. 40, the adjacent electrode
members of each electrode row 31X, 32X may be abutted with each other.
The side end faces of each electrode member of this embodiment are not
coated with the solid dielectric layers, respectively but the metal main body
is exposed. Owing to this arrangement, the side end faces of the metal main
bodies of the bilaterally adjacent electrode members are directly abutted
with each other. The communication space 33r has hardly no size
dimension and the adjacent row-to-row partial gaps 33p are generally

directly connected to each other. The three power sources 3A, 3B, 3C are



31C, a single power source 3 may be used as in the enbodi nenbs gfinEliF200%-
In the enbodi nent of FIG 43, a gas guide such as the gas gui ding nber

51 nmaybe applied. [0120] FIG 44 shows an exanple of a basic construction
of a normal plasnma processing apparatus according to the second feature.
This apparatus conprises a pair of electric field applying el ectrode 100
and grounding electrode 200, two (pl u5r9al) power source devices 301, 302,
and a synchronizer 400 for those power source devices 301, 302. [0121] The
electric field applying electrode 100 is divided into two (plural di vi ded
el ect r odedesindlelysymmetriced withhendiaiotieet. dnamse shiey aembet symatktricall2 each
have a fl at..,pl ate-|j ke nfiguratign linearly bilaterally arranged in
e do- by Rrfefts BotnE, A %rthe Rie ety rppRini et sts bimbers TIX S vi ded
into two I =~ Hi g /4 I 212, and
t hose di viﬂglgggglg)elg ngéé)érrlgﬁgglriglf?‘f%”%%?f?é%:eﬁggﬁﬁfﬂpﬁgﬁ élffé%?% arranged
in a si deadyméﬂrlﬁlerml'mltalielectﬁhéaj/cﬁ‘f34esﬁﬂ&ndhsdlﬁlﬁdg tdyeetasadehoenbers 111,

211 are faced with each ther. The right-side divided el ectrode nmenbers
112, 212 SEdodament ﬁf I%HG -8%cﬂn$i@ﬁérqf the sopgraterpewer sewraes Xlidel 32 Byppl yi ng

cor  espondd cr § THERAR soull P abd B5pSH R b HE sBRE Rt B Mot men s,
whi | e t helyaveaibodiRbecst PUS. 290a 2ds daileduch2iOthe £} GATRNS AfbnPhert he

di vi ded el ectrode menmbers 211, 212 correspond to the 'Second el ectrode row
of the abdVanaeheiappbigdenbodi nents. The |eft-side divided el ectrode nenber
111 of thm@(ﬁctri c field applying electrode 100 corresponds to, for
exanpl e, first divided electrode nenber” as defined in clains, and

‘the ri ght - si deppG;V44!8Ho §% @kl dxafiple of a basic construction of a normal plasma
processing apparatus according to the second feature. This apparatus
comprises a pair of electric field applying electrode 100 and grounding
electrode 200, two (plural) power source devices 301, 302, and a
synchronizer 400 for those power source devices 301, 302.

[0121]

The electric field applying electrode 100 is divided into two (plural)
divided electrode members 111, 112. The divided electrode members 111,
112 each have a flat plate-like configuration and linearly bilaterally arranged
in a side-by-side relation. Similarly, the grounding electrode 200 is divided
into two (plural) flat plate-like divided electrode members 211, 212, and
those divided electrode members 211, 212 are linearly bilaterally arranged in
a side-by-side relation.

The left-side divided electrode members 111, 211 are faced with each
other. The right-side divided electrode members 112, 212 are faced with
each other.

[0122]

The electric field applying electrode 100 composed of the divided

electrode members 111, 112 corresponds to the first electrode row of the

above-mentioned embodiments, while the grounding electrode 200



menber 112 corresponds to the "second divided el ectrode nenbes Januhe 2007
electric field applying electrode 100 nay be divided into three or re

el ectrode nmenbers instead of two. In that case, selected one of those three
di vided el ectrode nenbers serves as the first divided el ectrode nenber and
anot her one of the remaining twd, as the second divided el ectrode nenber,
respectively. [0123] A gap 33s is foffed between the two ki nds of

el ectrodes 100, 200, i.e., first and second el ectrode rows. A processing
gas com ng froma processin gas source, not shown, is introduced into
this gap @8spesad of hendividestielectrodeimennpers 2kt ,r2 2 Eombspaupta det from t he

' 301, . Ih ' .th I tized is
(ot ayed oEOni USRSt o1 1Be alghe BYSr P RPaEERn surface. processi ng
under gener al 'Vhé‘@fﬂ?ﬁde%i%?&é&@l?ﬁgaigﬁ iy bgﬁg\;\%%@fﬁé efeiflo Mg P>°) 19 998

path and a plasmati zi ng space. ctric field

appl yi ng sgeinpoelecttode 400 ddreespondsing, folr exhingsle, 2R0‘fasedividyd ded .at | east
at one of the confronting surfaces thereof with a solid dielectric |ayer

conposed YeclEedamemberias defingd in elaimsaudthe mpht-sigds dvidadrlagiradsi ded

Fespect | JERDDLId 2cbrespoadtis o8t “HRERAH M s Gk dnemBoR1 1The connect ed
to the féleéﬁriﬁbqggmrlagﬂyﬁfgeelé@tfbae 1@@]11121% e dilvitid Hitd eheeGdoft Vi ded

el ectrode ne I's ‘connected to the second power source device 302
di f f er entele¢trode membensdnsteadadt tvourkethdecass ssittedrnee pdtlosesthuece devi ces

oxanpi o, TN Ipgods HenbFrs e w0 Grsscivided SR BABRIIE 11 of
9L BIGRLCGNEAOR e AL  GeekBn edpamrer
the di vi dedpadtbely.ode nenbers are
[0123]
A gap 33s is formed between the two kinds of electrodes 100, 200, i.e.,
first and second electrode rows. A processing gas coming from a processing
gas source, not shown, is introduced into this gap 33s and plasmatized
therein by electric field applied from the power source devices 301, 302.
The processing gas thus plasmatized is sprayed onto the workpiece to
achieve a desired plasma surface processing under generally normal pressure.
The gap 33s serves as a processing gas path and a plasmatizing space.
Though not shown, the electric field épplying electrode 100 and the
ground electrode 200 are provided at least at one of the confronting surfaces
thereof with a solid dielectric layer composed of ceramics such as alumina.
[0124]
The two grounding divided electrode members 211, 212 are grounded
through carth lines 3e, respectively. _
The left-side first divided electrode member 111 is connected to the
first power source device 301. The right side second divided electrode
member 112 is connected to the second power source device 302 different

from the first power source device 301. The power source devices 301, 302



enpl oyed and they are connected to each other in one-to-one selahdd9200%
that case, the power source device connected to the first divided electrode
menber of those three divided el ectrode nenbers serves as the "first

el ectrode device", and the power source device connected to the second

di vi ded el ectrode nmenber serves as the "second power source device". The
first and second divided el ectrode mefers 111, 112 are not required to be
arranged in a side-by-side relation in the sane row but they may be
arranged in different rows, respectively. It is also accepted that the

el ectric ¢addi ouippppigh freprencyddDicdtdge, foi oxatepld, nna@ pulse statd oty of

di vi ded e].ectrode nbers and the grounding electrode 200 is not divided
and renaiﬂgﬁ‘yﬂw%mgﬁ%gle unit. It is also accepted that the electric field

applytng el ect iPRe e eleutiR fidl ipptrin Ul RIR 100 i RiAded i@l drel! L and a

plurality of power source devices onnected to t single unit

el ectri c 6r siode apgityadegmehdsdrs oidés degirousthaetlecsamd austberaifipevérs not
limted to the parallel flat plate-like,  structure but it may be a dupl ex
annul ar stQWEe deyicesasthy nambened the divided:electrpde mgnabersareone has a

eyt naii <G PIOREL SRl ey ot Rl Sl Rl BlenSonstlfind B So1 500

are connegiaedaie) the ﬁ§m@quez@évié@<éonﬁbaeaxmhé Fisedivid@Pelrfoheoni zes the
out put phases of _the power source devices 301, 302. [0126] 22 January 2007

62 Accor dnggnhes afitbose duee wividedralecteods meambérssersismsetheridirst vi ded
SsCL OISO ERGE Sehth 7, R ODSELEth 0. e ROUER SOt £ g ces 301,
con sur ekl ueecuesssaned g i TR SR meREn J01, 07 1o
| n addition, tTHee st mm/mcmdﬁiwﬂéﬂbwkcaedémm%% tah He gpeausnt ed

required to be arranged in a side-by-side relation in the same row but they

may be arranged in different rows, respectively.

It is also accepted that the electric field applying electrode 100 is
divided into a plurality of divided electrode members and the grounding
electrode 200 is not divided and remained in a single unit. It is also accepted
that the electric field applying electrode 100 is not divided and remained as a
single unit, and a plurality of power source devices are connected to this
single unit electric field applying electrode 100.

The electrode structure is not limited to the parallel flat plate-like
structure but it may be a duplex annular structure. It may also be of such a
structure that one has a circular cylindrical (roll-like configuration and the
other has a circular cylindrical recessed surface.

[0125]

The two power source devices 301, 302 are connected to a
synchronizer 400. The synchronizer 400 synchronizes the output phases of
the power source devices 301, 302. -
[0126]



from bei ng deviated in phase by the synchroni zer 400. Accor dyfghYuar? 2008S€
di fference can be prevented from occurring between the divided el ectrode .
menbers 111, 112 and thus, an arc di scharge can be prevented from
occurring between those divided el ectrode nmenbers 111, 112. OMng to this
arrangenment, the interval between the divided el ectrode nenbers 111, 112
can be reduced or the nenbers 111, 11%2can even be abutted with each other.
Thus, processing irregularity can be prevented fromoccurring at a part
correspondi ng to the space between the divided el ectrode nenbers 111, 112.
As a result, aAteaustinglte theabavenmemvmes cupstimction, sionddlt diidatr eover, by
di vi di-ng t;he el.ectrodes 1200 into plural .parts as in the first
erbodi martiecpts MeRBeRL tEck et bt tetSonde dedisse b1 n

| ength a h KO S l‘,&r;gj | t G be
reduced. %%%%%f@?zﬁéﬂﬁ&%g sp c%rgﬁg?%&égﬁ%ﬁg@%#&g{oon%ﬁgr@gf i%?p of FIG
44. The dan suffpoewtly beuncreased even Hltheipualerdwniree Heviies BO1L 802 iaké er 311
connected tg a comercial use AC power source A a first inverter 321
connect edQtdaFgs N Capadty. D@W@%ﬁlglb’e Progessingnperdormange ¢arnabe eoharsed331

xanpl e, o o Sl N bershurek fattte’ il 1 Gl BR abt St i 1) e
comer ci afroufbeifl d@liardengihasé &@%&H&iizm.p%\&brcﬁﬁ L% phdse DC. 22

January 2007 63 The first inverfer Jincludes a bridge Circuit of first
swi t chi nglifisrepemean be pievaned fren necusing betweers the: dividedaelecrodes, and

LTS AT 32 A5 L G S S SR B0, hovi 192,
o et ORISR e EIOP | U8, SRk
i nvert er @Pdngemdersiy phpt irgtsrvial beowedrettfd dstided electrode members 111, 112
can be reduced or the members 111, 112 can even be abutted with each other.
Thus, processing irregularity can be prevented from occurring at a part
corresponding to the space between the divided electrode members 111, 112.
As a result, a favorable surface processing can be conducted.

Moreover, by dividing the electrodes 100, 200 into plural parts as in
the first embodiment, etc., the respective electrode members can be reduced
in length and bending caused by Coulomb force, dead weight, etc. can be
reduced.

[0127]

FIG. 45 shows a specific example of construction of FIG. 44. The
first power source device 301 includes a first DC rectifier 311 connected to a
commercial use AC power source A, a first inverter 321 connected to this
first DC rectifier 311, and a first transformer 331 connected to the first
inverter 321. |

The DC rectifier 311 includes, for example, a diode bridge and a
smooth circuit and is adapted to rectify the commercial use AD voltage of

the commercial used power source A to DC.



di vided el ectrode nenber 111. [0128] The second power sourcezgg%hﬁgg @gy has
the sanme construction as the first power source device 301. That 15, the
second power source device 302 includes a second DC rectifier 312 _
connected to the comrercial use AC power source A a second inverter 322
connected to this second DC rectifier 321, and a second transfornmer 332
connected to the second inverter 322. ffhe second DC rectifier 312 includes,
for exanple, a diode bridge, and a snooth circuit, and adapted to rectify
the comercial use AC voltage of the comercial used power source A to DC
The second inv@hﬁéﬁﬂ@ﬂﬂ@ﬁntgﬂ&éBChHhmhmbmﬂg&chuﬂﬁodﬁhshgwﬁehnmm swi t chi ng

I t 2 3 . v 222 d of i st d i tches and
Comvert o BETHEA A no T Mo ics 920 ARTREOSRE o SIEoRm AR PRt erm ned

f i : : I I LS nected to
the ! SecosdioEraRIDE e (Edficalibh S 7Ol IR ET prodéiekmibl 120

i ncr easeswialve fommput vol tage comng fromthe second inverter 322 and
supplies it to_the second divided electrode nmenber 112. [0129] The
synchroni zer 4bbessppnrdargside ebthe brstiransiomagr 3 hkis¢annectashto thecond

inverters . ' I h c 94 Laverten .controller) 40

i ncl udes g@é“&ﬁ%@%‘?ﬁ"g{’@ &beé’ﬁl%&sFgﬂaﬁ’i’%&irﬁﬁ{raéﬁﬁmﬂg3fldpc¥%§e§gﬁ% ching 22
January ZQQ%ut%lﬁge@eMiﬁg?@dﬁ thB e thv2dd 32324371 §lialgne 8281 Bfstt he two
(plural) inverters 321, 322. The output part 410 is provided wth four

t er mi nal sdwided elertipde member 410d. A gate signal line 420a is extended from
the termpal,410a. The gate signal |line 420a is branched to two |ines 421a,
422a. The ch line 421a is connected to a gate of the swi tching el ement

321a of the fifgg seMY&ﬁﬁ?ﬁf@PE g cheﬁ’é\ﬁ@e 302 h%?gﬂ%’g&g@go%#gﬁ'g?ﬁ?ﬁ%ftﬂé mer

431a. The other branc I ne I'S connecte e sw tching

el ement 3figs pafwditewurce device 301. That is, the second power source device 302
includes a second DC rectifier 312 connected to the commercial use AC
power source A, a second inverter 322 connected to this second DC rectifier
321, and a second transformer 332 connected to the second inverter 322.

The second DC rectifier 312 includes, for example, a diode bridge,
and a smooth circuit, and adapted to rectify the commercial use AC voltage
of the commercial used power source A to DC.

The second inverter 322 includes a bridge circuit of the second
switching elements 322a, 322b, 322¢, 322d composed of transistors and
switches and converts DC after flow rectification to AC voltage having a
predetermined waveform.

The secondary side of the second transformer 332 is connected to the
second divided electrode member 112. The second transformer 332
increases the output voltage coming from the second inverter 322 and
supplies it to the second divided electrode member 112.

[0129]

The synchronizer 400 comprises a control means for the first and

second inverters 321, 322. That is, the synchronizer (inverter controller) 40

includes a common (single) gate signal output part 410 for the switching



second power source device 302 through a pul se transforner 3423.,,{{430d7
Simlarly, a gate signal |line 420b leading fromthe termnal 410b 1§
branched to two branch |ines. One of the branch lines, 421 b, is connected
to a gate of the switching el enment 321b of the first power source device
301 through a pulse transformer 43 | b and the other branch line 422b is
connected to a gate of the switching &fement 322b of the second power
source device 302 through a pul se transformer 432b. [0131] A gate signal

| ine 420c | eading fromthe term nal 410c is branched to two branch |ines.
One of t helementicB21a teoughA0 ld, 322adhroextt $20d of thagwe (plurahenventetschi ng

chement 3237 Sl s st BT 0 RS ST GRS BT OE. e o
e St LA BT3Bl WM OSBRI A 02 L ough o

term nal Fhe@itd §i§hahhﬁhda0acis brawchedaoakyd lines42 Bnel 2%k, t'hiee brangh | i nes,
421d, is connected to a gate of the switching el enent 321d of the first

pover soulae 4ddeiissonuacted tpagateof the switchmgselement 323a of thadist he ot her
b h 1ine 422d i : t t f th i 4 Chi l.ement 322d of
The  socontopatasuich FYARGE0F 'ched BhfRe hnstondilt (3 hle SIRE "asoa 29
January 2Qfshch8md 938315 cq‘iﬁﬁe@féﬁf&gagﬁtté@ﬁt DRV HTRB lANBH: 32PSbFYed i on, the

gate signal can be distributed Int he switching el ement 321a of the

i nverter $Xbndfpawer $durse depmeei0Stupugh dguilse traosfoammer 3d&aswi t chi ng
el emrent 3 f the second power source device 302 in parallel. OMng to
this arral nt, the swtching elenents 321 a, 322a can be turned on/off

symul taneous! ygim PRy REhte sibfa 58 4506 Whdihg TththétrhindP4R063¢9 Pe turned

on/ of f
branched to two branch lines. One of the branch lines, 421b, is connected to

a gate of the switching element 321b of the first power source device 301
through a pulse transformer 43 1b and the other branch line 422b is
connected to a gate of the switching element 322b of the second power
source device 302 through a pulse transformer 432b.

[0131] |

A gate signal line 420c leading from the terminal 410c is branched to
two branch lines. One of the branch lines, 421c, is connected to a gate of the
switching element 321¢ of the first power source device 301 thfough a pulse

transformer 43 1¢ and the other branch line 422¢ is connected to a gate of the
switching element 322¢ of the second power source device 302 through a
pulse transformer 432c.
[0132]

A gate signal line 420d leading from the terminal 410d is branched fo
two branch lines. One of the branch lines, 421d, is connected to a gate of
the switching element 321d of the first power source device 301 through a
pulse transformer 431d, and the other branch line 422d is connected to a gate
of the switching element 322d of the second power source device 302

through a pulse transformer 432d.



sinul taneously, and the switching el ements 321d, 322d can bezj §4fipdy 20091 f
simul taneously. [0134] OmM ng to the above-nentioned arrangenent, the
switching operation of the inverters 321, 322 of the two power source
devices 301, 302 can reliably be synchronized, and the output phases of

t he power source devices 301, 302 can reliably be synchronized.
Accordingly, a voltage having the sarf® phase can be applied to the two

di vi ded el ectrode nenbers 111, 112. Thus, a potential difference can
reliably be prevented fromoccurring between the divided el ectrode nmenbers
111, 112 Bﬁﬂﬁﬂn arc discharge can reliably be prevented from occurring.

OmM ng to this arrangenen a, stabl e .and favorabl e pl asma surface

processi ng cangrcgf)f(gﬁgioglge 8‘89%’5’9@&.“”{%‘1 S?I:Pﬁ ofip then £aie BRI FARE pl asmm
processi ng;dsi L€ BRPAVALR [ I -‘]g}ﬁe b it Ghj equency
was 30 nglSlﬁglr)lg&td hlggopeak-to‘%%%ﬁa ei\?%lntt ggﬁ@fﬁiéﬂn t ers%%legﬂﬂc%%{sﬁlo, 20 was
Vpp = 15 pvweAsoaraeadarite 301 andstheawitohirg eldinéntedB2abf thesdcoddschar ge such

as arch discharge d‘%ﬁ?_nogﬁgccur bet ween  t he adj acent divi ded el ectrode
menbers 1RYWer $@uree @ pasalitlo@Wig i s spasgemensxtiepl e of

construct L Qf i i i .ent,. 1N _construction of
t he synch?%ggnré: é(\_]%{\l/egl?% (33%{%%%{; gé g%‘;a Ogéggﬁﬁu&qngpy Pt om t he
appar at usSihilktH, tiths witbling! dlementd B2115Y3THY Qi BE turkd orfofat e si gnal
output part is provided per each o he power source devices 301, 302.

f the
That is, steulianeomshniandrthaswitchipg elerdents\iild, 322drcen batwned gnédffout put
part 411 for ihe fifst power source device 301 and a second gate signal
out put pa?lfmﬁl PO Y% he second power source device 302, and those gate
‘si/gnal oufpui4iparts 411, 412 are synchronously controlled by a common
synchroni zati on signal- supply part 450.
Owing to the above-mentioned arrangement, the switching operation

of the inverters 321, 322 of the two power source devices 301, 302 can
reliably be synchronized, and the output phases of the power source devices
301, 302 can reliably be.synchronized. Accordingly, a voltage having the
same phase can be applied to the two divided electrode members 111, 112.
Thus, a potential difference can reliably be prevented from occurring
between the divided electrode members 111, 112 and an arc discharge can
reliably be prevented from occurring. Owing to this arrangement, a stable
and favorable plasma surface processing can reliably be conducted.

[0135]

The mventor conducted plasma processing using the apparatus shown
in FIG. 5. The switching frequency was 30 kHz, and the peak-to-peak
voltage between the electrodes 10, 20 was Vpp = 15 kV. |

As a result, it was confirmed that any abnormal discharge such as arch
discharge did not occur between the adjacent divided electrode members 111,
112.

[0136]
FIG. 46 shows another specific example of construction of FIG. 44.

This apparatus is different in construction of the synchronizer (inverter



[0137] The first gate signal output part 411 is provided W th §9uary 2007
termnals 41la, 411b, 411c, 411d. Agate signal line 421la is extendgd from
the termnal 41la. The gate signal line 421a is connected to a gate of the
swi tching el enent 321a of the first power source device 301 through a pul se
transforner 431la. Simlarly, agate signal line 421b is extended fromthe
termnal 41 Ib and connected to a gat®&5of the switching el ement 321b
through a pulse transfornmer 43l b. Agate signal line 421c is extended from
the termnal 41 Ic and connected to a gate of the switching el enment 321c
t hr ough acenfraléen) feomsithe appaggucof EI@agé. sityptas, inithe syachronszendMhded from
the sw tching, el.ene 321d

the t inal 411 d ted. t
L ough cEBEISE CHRY VLA BN Beych e e B AL acE TR War t 412

is provid ' 0 ' ¥ a@ﬁF 2¢, L.gral |ine
422a is e%?ze'\r,\\%rggt fsr’ gﬁrﬁ %ﬁ%@g?iﬁeﬁgﬁa lifga. ﬁﬁggtaeﬁg%%?g#%ﬂ%goﬁ@g IS
connect edpard 44 1 dat ¢hofirsthm sy sartadevrked®Bnandd3ecofid ichee sigaahd power
source device 302 through a pulse transfornmer, 432a. Simlarly, a gate

signal | i ftpubpartid Ztardhe sacondpowies sonenewire 202pang thessrgaet ed to a

Gat e oi gragn it BRnF TR 86 SynoRBHEL ks B3R I onnec ed o
‘a gate ofsﬁﬂ&r@yﬁhﬁbﬁ@wlgﬁpﬁ?%qmthrough a pul se transforner 432c. A -

gate signal line 422d is extended from 22 January 2007 67 the term nal
412d and Hdddcted to a gate of the switching el ement 322d through a pul se

SUppl i 05 & conthIrIAPh SIS QEYOH FEFGRLI 1% BrevidoR ast 400 rBRals out pur
LA B L MBSO Rl e o1 endd
The synchteomiizdtdldn. sTignghtel sipealdiede 421a is connected to a gate of the
switching element 321a of the first power source device 301 through a pulse
transformer 431a. Similarly, a gate signal line 421b is extended from the
‘terminal 411b and connected to a gate of the switching element 321b
through a pulse transformer 431b. A gate signal line 421c¢ is extended from
the terminal 41 1c and connected to a gate of the switching element 321c
through a pulse transformer 431c. A gate signal line 421d is extended from
the terminal 411d and connected to a gate of the switching element 321d
through a pulse transformer 431d.
3 [0138]
The second gate output part 412 is provided with four terminal 412a,
412b,412¢c, 412d. A gate signal line 422a is extended from the terminal
412a. The gate signal line 422a is connected to a gate of the switching
element 322a of the second power source device 302 through a pulse
transformer 432a. Similarly, a gate signal line 422b is extended from the
terminal 412b and connected to a gate of the switching element 322b
through a pulse transformer 412b. A gate signal line 422¢ is extended from
the terminal 412¢ and connected to a gate of the switching element 322¢

through a pulse transformer 432c. A gate signal line 422d is extended from



is branched to two |ines 461, 462. One of the branch lines, g@;anﬁﬁ?mm
connected to the first gate signal output part 411 and the other bfanch
line 462 is connected to the second gate signal output part 412. [0140]
According to the above-nentioned construction, the synchronization signal
com ng fromthe synchronization signal supply part 450 is distributed into
the two gate signal output parts 411, %12 in parallel, and based on this
synchroni zation signal, the gate signal output parts 411, 412 output gate
signals, respectively. OMng to this arrangenent, the sw tching operation

of the tﬂmtpm@mb%fﬂcbmmemmmm;i @&0e of dhe seiichhig/eleeneny3@Adoni zed with
each ot hey, and, t he .out put .phases, of the power source devices 301, 302 can
reliably Oggh@mﬁﬁwgﬂsf ,m'tage havi ng the same phase can be |
applied te two divided el ectrode nenbers 111, 112, and an arc di scharge
can reliably be prevented from occurring which would ot herw se occur due

to potential dThéesyack@ngenpredigdabaipslerpdrnasdisup gkeairhede nenbers
111, 112. Omng to this arrangenent, a stable and favorable plasnma surface

processi ngynchwonizatign sigmd te dhe tvoegate [stanal jougpas parts $hbwkl 2 Fbat isi ed
enbodi ment of FlG. 46. A s hr qnizer _of . this di fied enbodi e S

provi ded é\fyﬂclgaﬁqai{m{:%lgpggﬁn? %%Qﬁ ef(gqnqqﬁiefrpm : 0%%&%‘%@ vi ce 301
and a sec Isq:gﬂ o ; i . The
first con%mlg%iz?%gni ncl uakggggy?gﬁcﬁgnmggr@ espgﬁz%f%p%‘gﬁﬁgﬁge%g? 68 to
t he synchisdmianehedto swgries didplp2pdone 450habhrichrlsnesgdbé, s gpradectad put

part 411 of FLG 46. .Th IS, the first control IC 413 has_an oscillation
circuit ¥ ettlnfsﬁglagq ﬂg&g]to("y&gé&agn‘uﬂsé?‘il thg pther & ﬁﬂﬁgﬁgﬂﬁed fromthis

oscill ati ghned ' ' r to the first inverter 321
fromthe ter rﬁart\%(fgﬂ {}fl&%gﬁd?f%%?i@#lo?;@%l%h%‘r eover, the oscillation

circuit of(ndeg first control 1C 413 is connected to the second control |IC

414 through an osci)lation signal line 463. On hg to this arrangenent, the
oscillation sigfgprdiug o theabove-mentioned construction, the synchronization

signal coming from the synchronization signal supply part 450 is distributed
into the two gate signal output parts 411, 412 in parallel, and based on this
synchronization signal, the gate signal output parts 411, 412 output gate
signals, respectively. Owing to this arrangement, the switching operation of
the two power source devices 301, 302 can reliably be synchronized with
each other and the output phases of the power source devices 301, 302 can
reliably be synchronized. Thus, voltage having the same phase can be
) applied to the two divided electrode members 111, 112, and an arc discharge
| can reliably be prevented from occurring which would otherwise occur due
to potential difference generated between the divided electrode members
111, 112. Owing to this arrangement, a stable and favorable plasma surface
processing can reliably be conducted.
[0141]
FIG. 47 shows a modified embodiment of FIG. 46. A synchronizer of
this modified embodiment is provided with a first control IC 413 for the first
power source device 301 and a second control IC 414 for the second power

source device 302. The first control IC 413 includes a function corresponds



fromthe first control I1C 413 is also inputted into the secopslyaaniy 2ot C
414. [0142] The second control I C 414 includes a function corresponding to
the second gate signal output part 412 of FIG 46 and outputs gate signals
from the termnals 412a, 412b, 412c, 412d to the second inverter 322 based
on the oscillation signal comng fromthe first control IC 413. OMng to

t he above-nentioned arrangenent, the $f#itching operation of the two

i nverters 321, 322 can reliably be synchroni zed, and the out put phases of
t he power source devices 301, 302 can reliably be synchronized. [0143]

FI G 48 stwike smohherizatok sighl supplii pamdS6fand st 4ate fighal stutpu€pagsonance

ind . secohhafyTEbap. ofaiie the et%&é&é#ﬁﬂéﬁbﬂ%ﬁiS%hﬁégggir?ﬁ?ﬁcz”' -
renbor o 11901 Gifsbinie BacAUEonHaRtn eIt EERRT froth MREPSRIARLSL” ac

t he powercsouitcgatd sifimds adddutpa@dd ta the sppRInertey B2 1 fhomNthbreatnagy power
source for resonatlnz those LC resonance circuits 351, 352 is used. [0144]
e

A f eedback! ka,ghdib, éilhe, 4bbd.i Meneoratdhe oseilation aneytiof thaifirgwontly  si de
f th f.qr. 3 f the j t f the first
Gevi co 300 TR SpodakaR (he Rechf hettiebr ¢ T4 hiGatidr pstlieBoncer | on

circuit 2gsAanNae w630 wirfidtdHids ahAnSdment L8 RENEAHAEBRAI tERe

detection Circuit 452 i s connected Ihgg a correction ci rlgw téﬁ@g stored in
t he synchfrom gt ficit contnoblCstiFpisyalpainputtesDintd Ohel S¢corriecatetrelchG dbdci rcui t
452 det ecméﬁ output current (primary current of the first transforner
331) of t irst inverter 321 through the feedback signal |ine 459 and

outputs it to-phe s@_&frfde&;ﬂtﬁﬂ ¢ B4 iihctiads a TfcASh BftesPOnding to the
second gate signal output part 412 of FIG. 46 and outputs gate signals from
the terminals 412a, 412b, 412¢, 412d to the second inverter 322 based on the
oscillation signal coming from the first control IC 413,

Owing to the above-mentioned arrangement, the switching operation
of the two inverters 321, 322 can reliably be synchronized, and the output
phases of the power source devices 301, 302 can reliably be synchronized.
[0143]

FIG. 48 shows another modified embodiment of FIG. 46.

A first LC resonance circuit 315 is constituted by the first divided

) electrode members 111, 211 and a secondary coil of the first transformer

| 331, and a second LC resonance circuit 352 is constituted by the second
divided electrode members 112, 212 and a secondary coil of the second
transformer 332. As the power source devices 301, 302, a resonance type
high frequency power source for resonating those LC resonance circuits 351,
352 is used.
[0144]

A feedback signal line 459 is extended from the output side (primary

side of the transformer 331) of the inverter 321 of the first power source

device 301. This feedback signal line 459 is connected to a detection circuit



circuit 453 corrects the oscillation frequency based on the gf\ghﬁ“d‘r&qmj he
detection circuit 452. That is, when the output frequency of the Inverter
321 is lower than the resonance frequency of the first LC resonance
circuit 351, the oscillation frequency is increased. On the other hand,
when the output frequency of the first inverter 321 is higher than the
resonance frequency of the first LC rfsonance circuit 351, the oscillation
~frequency is | onered. The synchroni zation signal supply part 450
distributes the synchronization signal of an oscillation frequency after
correcti oft52 ﬁt(n‘edm the sgnclyanezesidgtial Thﬁdptﬁchopeﬂltcudﬂ%&ﬂﬂd%ﬂu&@@i:ond gat e

si gnal 412 thi.s arra the two
power soult cabiee %@%ﬁ'}‘g‘gﬁswg?ﬁﬂé%s%ﬁﬁvem@eanéw ASSRBY DN, ¢ he
out put frgggency of the inverters 321, 322 of the power source devices
301. 302 can reliably be nade coincident with the resonance frequency of
the LC r epdlEjce circuits 351, 352, and high output can be obtained.
[0146] The sizes and thus, the electrostatic capacities of the first and

second el ect r bae detachioncirguit $52 deteass 9n§alhwta<§1rr¢ntt(pémamfdwrﬁ@m0i of

FIGS. 44 4 t e diff For .e N an

appar at usthseﬂfé&xgr%ﬁgq’f%é ?t’zt’gﬁ mlﬁis? ’fnr‘f&{%a%? 1&@5"%%@1‘3’%&3"%& s 111,

211 are |§1Eﬁ§f lih® 459%&‘1@%@3 H't@@ﬂéb@ﬁ‘e@ﬂ@n%h‘éﬁlt 4% Whe'e@r@cﬁ%hr ostatic
capacity than the second divided el ectrode nenbers . I'n that case,
as shown ¢incuHt 653 copdas)s thdqesmliaﬁmg feempieocy babéd g the mq:mtffrohet}mut put pul se
vol tage 't the secon uary@%OO? 70 di vi.ded el ectr.ode menbg& 112 from
the secon (iR CERHH B 2od Gy pAienche (REPRY swencafn@él;het nyRreRd2]

rilsi ng/ f al lb%rtthﬁil&{ résBﬁaﬁ(’:E fl‘éhu py78f ‘ﬂ?é hpd ¢ ges&r{b?lcfaé:rd%u t]d35/ ded

el ectrode nenber romt rst power source devlce

al t er nat i the, osgsllatinfreqoeihd Gis i@rezsedo O tiseothbt handy when memmpuhted to the
di vi ded e ectrode nmber 112 which is smaller in size. OmsMng to this
ar r angemeHequensy %?%nmrt%?r%la@ehrgbsr than the repenangegiyequencatoli vi ded

el ectr Odethm?iégésoﬁgﬂcé QﬁcﬁH%JSII & §&ift ﬁoﬂ%’eq%e%%gzrlgqgwered The

~ synchronization signal supply part 450 distributes the synchronization signal
of an oscillation frequency after correction into the first gate signal output
part 411 and the second gate signal output part 412 in parallel. Owing to
this arrangement, the two power source devices 301, 302 can be
synchronized and in addition, the output frequency of the inverters 321, 322
of the power source devices 301. 302 can reliably be made coincident with
the resonance frequency of the L.C resonance circuits 351, 352, and high
output can be obtained.
{0146]

The sizes and thus, the electrostatic capacities of the first and second
electrode members are preferably same as in the embodiments of FIGS. 44
through 48 but they may be different. For example, in an apparatus shown
in FIG. 49(a), the first divided electrode members 111, 211 are larger in
lengthwise dimension and thus, larger in electrostatic capacity than the
second divided electrode members 112, 212, In that case, as shown in FIG.

49(b), the rising and/or falling time of the output pulse voltage to the second



menber 112 can be nmade coincident with each other. [0147] Thsz}?{uﬁ?ﬁgtzom
invention is not limted to the above-nentioned enbodi nents but mahy
changes and nodifications can be nade without departing fromthe spirit of
the invention. For exanple, in the electrode structure, the adjacent
rowv-to-row partial gaps 33p nmay be isolated fromeach other by filling a
partition wall such as an insul ati ng7Pesin between the communi cati on space
33r formed between the adjacent rowto-row partial gaps 33p. Milti-stages
of electrode units 30X nay be arranged in the back and forth directions.
It is al sdivadmbeleettodbanember 312 drah thesetond pomgagodis devicdd0prioper |y

adj usted so _.as io serve, as a pr_oceﬁaif' ng gas Fath by adjusting the dinension

and ar r anij&terab Sbgglgqréhﬁ_‘fi the ﬁ?lnigé %Hm%ﬂ thegpy _ ipléil'@.mll 33\/ﬁodt h of the
oroper |5 e ARAGEP IR ool TIIURRE AR P BOLA BAR BN S, o,

smal ler t3@h Lbdie slterhbtiveoxs sKowAw FGL 58] a @dRd3aser TenRgIRNti al parts of

the various enbodi nents may be conbined such as, for exanple, the gas

gui de or ¢mectad wothetdividadeelestrode mhembers 112 mhriolds simadlepan sizéor i ng part
43 of FIGS. .9 thr h 16 and .31 through 32, wel | as, el sewhere, the gas
gui de i nc_@Wénaitgéﬁgm%@tS WFV?%&%S Qf@%aMIWdZW e%@ “hr ough 8,
as wel| fiz&d ARMNEA Blectilc MenfiR? 194! A1 ik dRI1IRAe POl PERLIBdPATt 49 Of
FI GS. 20 through 30, as well as el sewhere. e processing gas 1 ntroduction
part 20 magntber dll2rdamabbe dhaaledcdiheident edssachgoihes. may be directly

introducel,l% i 350 t he di scharge processing part 30 fromthe processing gas
source. IAd] a1 s0 accepted that a pressure adjusting valve for preventing

orcssue, chant PR 06 Pt R ABRLBIHITT o, FuemY P
deposi t i embedietdnty bus widrAcehametsfdreiediodfications can be made without
departing from the spirit of the invention.

For example, in the electrode structure, the adjacent row-to-row

-partial gaps 33p may be isolated from each other by filling a partition wall
such as an insulating resin between the communication space 33r formed
between the adjacent row-to-row partial gaps 33p.

Multi-stages of electrode units 30X may be arranged in the back and
forth directions.

It is also accepted that the size of the in-row gap 33q may be properly
adjusted s0 as to serve as a processing gas path by adjusting the dimension
and arrangement position in the back and forth directions.

The width of the in-row gap 33q and the width of the row-to-row
partial gap 33p are properly established. The width of the in-row gap 33q
may be larger or smaller than that of the row-to-row partial gap 33p.

The essential parts of the various embodiments may be combined
such as, for example, the gas guide or gas introduction means in the gas

introduction port forming part 43 of FIGS. 9 through 16 and 31 through 32,
as well as elsewhere, the gas guide in the discharge space 33s of FIGS. 4



(hydrophilic processing, water repellent processing, etc.) anm@%oyt
can also be applied to plasnma surface processing using not only

di scharge but al so corona di scharge, surface discharge, arc dlscharge and
the like, and it can also be applied to plasnma surface processing
conducted not only under generally normal pressure but al so under reduced
pressure. [BRI EF DESCRI PTI ON OF DRAW NES] [0148] [FIG 1] FIG 1 is a side
sectional view showing a renote type normal pressure plasna processing
apparatus according to a first enbodinment. [FIG 2] FIG 2 is a plan

sect i onal thrpegh 8f as weelt &smlsewhypfe andrthelgagrgddeiie thejc poet foratiagsi ng

WAt chan RALADRIAIGE T Hpweh sl aaliIeTs gl ass substrate as & |
uor kpl ece of it pRIBLEER. MACHRLGORSARIS0 A BURpAEARERI LM APDal AL us.

[FIG 4] FIG 4| anV| g an e % which a

gas gui di pcessihgrgas may bamhmétlynn&oﬂamed ntooiveGHECHRIT %@ lpeGEdsaHRSs ?m an
el ectrode structure. 4 22 January 2007 72 [FIG 5] FIG 5 is a front
sect i onal Q/f@méhepﬁéceéslé@gwuswu&tlaraésqaqz@pt@hthatmqarewsweof FIG 4.

| ([iFl -gcgias GLLﬁFchﬁﬁténgrgﬁ{)veq, orr&,\'r%t[:@n %g' Bpeaslsure C alisgréols di gposego Iﬁeegvaenbom ment of
' The present invention can evenly be applied to various plasma surface
processing such as cleaning, film deposition, etching, surface modification
(hydrophilic processing, water repellent processing, etc.) and ashing, it can
also be applied to plasma surface processing using not only glow discharge
but also corona discharge, surface dischar‘gé, arc discharge and the like, and
it can also be applied to plasma surface processing conducted not only under
generally normal pressure but also under reduced pressure.
[BRIEF DESCRIPTION OF DRAWINGS]
[0148]
[FIG. 1]
FIG. 1 is a side sectional view showing a remote type normal pressure

plasma processing apparatus according to a first embodiment.
(FIG. 2]
S FIG. 2 is a plan sectional view of the remote type normal pressure
. plasma processing apparatus taken on line II-II of FIG. 1.

[FIG. 3]

FIG. 3 is a plan view in which an electrode structure is projected onto

a glass substrate as a workpiece of the remote type normal pressure plasma

processing apparatus.

[FIG. 4]

FIG. 4 is a schematic plan view showing an embodiment in which a
gas guiding member is disposed in a row-to-row gap of electrodes of an

electrode structure.



FIG 7 is a front sectional view show ng a nodified enbodi megs yofuarlBBogas
guiding nenber. [FIG 8] FIG 8 is a front sectional view showng a
nodi fi ed enbodi mrent of the gas guiding nenber. [FIG 9] FIG 9 is a front
vi ew showi ng an enbodi nent in which a processing gas introduction port
formng part is provided with a gas guide. [FIG 10] FIG 10 is a front

vi ew showi ng anot her enbodi nent of the2gas guide disposed at a processing
gas introduction port formng part. [FIG 11] FIG 11 is a plan view

- showi ng an _enbodi ment in which an end face of each el ectrode nenber is
slanted i Fl¢atdh with the slantwise flow of processing gas. [FIG 12] FIG

12 is a side s i onal view taken an |i XlJ-XI'l of FIG 13, show ng

anot her enbodiﬁ'g(rtitg) &affw%éﬁgtl r]d‘é‘e?ﬁ ggﬁéee?}e‘é oée Bweﬁggitﬁilgﬂb% Ine

i ntroductyoy pertgfermng part. [FIG 13] FIG 13 is a front sectional view
taken on line XIII-XIIl of FIG 12. [FIG 14] 22 January 2007 73 FIG 14
is a persfdd€i.io6je view of a flow rectification menber as the gas guide of
FIG 12. [FIG ] FIG. 15 is a front sectjonal view show ng an enbodi nent
in which a prBlasing st seetionplydenoshgpsing a sredifigd smbodimentefiaded wi t h

?o\?\l ?gklr NG %E@?%P?%%%éslﬁ gas guide for c! osi ng the .boundar y between the
[FIG. 7]

FIG. 7 1s a front sectional view showing a modified embodiment of
the gas guiding member.
[FIG. 8]

FIG. 8 is a front sectional view showing a modified embodiment of
the gas guiding member.
{FIG. 9]

FIG. 9 is a front view showing an embodiment in which a processing
gas mitroduction port forming part is provided with a gas guide.
[FIG. 10}

FIG. 10 is a front view showing another embodiment of the gas guide
disposed at a processing gas introduction port forming part. |
[FIG. 11]

FIG. 11 is a plan view showing an embodiment in which an end face
of each clectrode member is slanted in match with the slantwise flow of
processing gas;

{FIG. 12]

F1G. 12 is a side sectional view taken on line XII-XII of FIG. 13,
showing another embodiment of the gas guide disposed at a processing gas
introduction port forming part.

[FIG. 13]

FIG. 13 is a front sectional view taken on line XIII-XIII of FIG. 12. -

[FIG. 14]



[FIG 16] FIG 16 is a plan sectional view of the embodi ment 2®fafil ey 2087
[FIG 17] FIG 17 is a front sectional view show ng an enbodi nent 1h which
a gate type spacer serving as the gas guide is disposed between the
electrodes. [FIG 18] FIG 18 is a view in which the gate-type spacer is
viewed square. [FIG 19] FIG 19 is a front sectional view of the

enbodi ment of FIG 17. [FIG 20] FIG7320 is an expl oded perspective view
showi ng an enbodinment in which a jet port formng part is provided with a
gas guide. [FIG 21] FIG 21 is a front view of the enbodi nent of FIG 20.
[FIG 22] FIG FKZ. 14 ina pexgpentisd iewspx floveredtefwasionvmemban agrthedi nent i n
whi ch the jet f) rt mpgvi ded with a porous plate as the gas guide. [FIG
23] FIG £ (?fr - Sectional view of the enbodinent of FIG 22. [FIG

24] 22 Ja[.pﬁ;_yl 007 74 FIG 24 is an expl oded perspective view show ng an
enbodi nent 1 n ich the jet port formng part is provided with a bl ocking

part as the gaBIGgL} @ea fontaleosibngl viees Seaniiar i beiboRgmehheh HAMER @- F oW
partial gaps. [FIG 25] FIG, 25 is a side view taken on |ine XXV-XXV of

FIG 24. Plaessinggaspniodpetips prt faymingipant tsgevided Withea ModkingVl of FI G
gﬁbo di[ ELS{neﬁl;erFe{s ezg?alsi gsuigfr:] 57 ogglegdtl%el:;osl?ne atriy\()%t\}\/fieggv tl%eh?g%-v[]t ur%r\]zv

partial gaps.

[FIG. 16]

FIG. 16 is a plan sectional view of the embodiment of FIG. 15.
[FIG. 17]

FIG. 17 is a front sectional view showing an embodiment in which a
gate type spacer serving as the gas guide is disposed between the electrodes.
[FIG. 18]

FIG. 18 is a view in which the gate-type spacer is viewed square.
[FIG. 19]

FIG. 19 is a front sectional view of the embodiment of FIG. 17.
[FIG. 201

FIG. 20 is an exploded perspective view showing an embodiment in
which a jet port forming part is provided with a gas guide.

; [FIG. 21]
FIG. 21 is a front view of the embodiment of FIG. 20.
[FIG. 22]
FIG. 22 is an exploded perspective view showing an embodiment in
which the jet port is provided with a porous plate as the .gas guide.
[FIG. 23] '
FIG. 23 1s a front sectional view of the embodiment of FIG. 22.
[FIG. 24]



whi ch the downstream end of the in-row gap is open through ang&“;é}gmg&
port. [FIG 28] FIG 28 is a plan view of the jet port form ng nenb

(lower plate) of the enbodinment of FIG 27. [FIG 29] FIG 29 is a plan
view showi ng a nodified enbodi nent of the in-row jet port. [FIG 30(a)]
FIG 30(a) is a plan view show ng anot her nodified enbodi nent of the
in-rowjet port. [FIG 30(b)] FIG 30(M) is a plan view showi ng anot her
nodi fi ed embodi ment of the in-rowjet port. [FIG 31] FIG 31 is an

expl oded perspective view show ng an enbodi ment in which a processing- gas
i ntroduction pBky. 24 1qoa1mexpknﬂedq perSpective- view shmnrgjmcerrﬂmcbment if FI G 32]

22 J 200 7 FI | th

instfﬂﬂ?f%(h%a PO faring Hp) R pTON oA wthgmo ki pRH % Bsi@ow ng an
nmbodi f the f t
enbo '”E”% idd ot Ibg%lltlg?hém&ﬁﬂaér bARRRA't Qrﬁiv%t f&?%ag‘igfgg;{p%lzo efirs

and secon OWs are ghtTy devi at ed G 34 is a
pl an sect [Eil(thZS\]l ew showi ng an enbodl ment in which the in-rowgap is
slanted. [FI G _35]

FIG. 25 is a side view taken on line XXV-XXV of FIG. 24.

[FIG. 26]

FIG. 26 is a front view taken on line XXVI-XXVTI of FIG. 24.
[FIG. 27]

FIG. 27 is an exploded perspective view showing an embodiment in
which the downstream end of the in-row gap is open through an in-row jet
port.

[FIG. 28]

FIG. 28 is a plan view of the jet port forming member (lower plate) of
the embodiment of FIG. 27. .

[FIG. 29]

FIG. 29 is a plan view showing a modified embodiment of the in-row
jet port.

[FIG. 30(a)]
FIG. 30(a) is a plan view showing another modified embodiment of
} the in-row jet port.
| [FIG. 30(b)]

FIG. 30(b) 1s a plan view showing another modified embodiment of
the in-row jet port.
[FIG. 31]

FIG. 31 is an exploded perspective view showing an embodiment in
which a processing gas introduction part is provided with an in-row
introduction port.

[FIG. 32]



FIG 35 is an exploded perspective view of the enbodi nent of 3¥hGinars®007
[FIG 36] FIG 36(a) is a plan view show ng an intersecting part between a

row to-row gap and an inclination in-row gap on an enl arged basis, and (b)

and '(c) show enl arged plan views, respectively show ng nodified exanpl es
in which the inclination angle between the inclination in-row gap is
varied. [FIG 37] FIG 37 is a plan sictional view showi ng an enbodi ment
in which the in-rowgap is slanted and the el ectrode nenbers of each
electrode rowis four. [FIG 38] FIG 38 is an expl oded perspective view
of the enbodi nEHb. 82 iFa@lan Sew EOGInGHie prddesSifgi gasanpiraction partsifowi ng an
enbodi nengbén3$hi ch a coommon (single) power source is used. [FIG 40] 22
January 2 S 4]

el ectrode Fm\/jt%s the sane polarity. [FIG 41] FIG 41 is a plan view
show ng a[‘n enbodi nent in which each electrode has the sanme polarity and a

common (singl eFIGOI® s & Plart @idv® sHSRehg ah Rnfbodidledtlifewifidhithe aniually
sectional view of an enbodinment in which the end faces of the adjacent
el ect r odeOpROYAg lesttredamesnkars oddbe fissh andeseromd: eldctrodle rowsate ot her so

that the [p-row.gap.is.elimnated. [FIG 43] FIG 43 is a plan sectional
view of a lmggﬁﬁﬁ?&i n whi ch each row

[FIG. 34]

FIG. 34 is a plan sectional view showing an embodiment in which the
in-row gap is slanted.
[FIG. 35]

FIG. 35 is an exploded perspective view of the embodiment of FIG.
34.

[FIG. 36]

FIG. 36(a) is a plan view showing an intersecting part between a row-
to-row gap and an inclination in-row gap on an enlarged basis, and (b) and
(c) show enlarged plan views, respectively showing modified examples in
which the inclination angle between the inclination in-row gap is varied.
[FIG. 37]

FIG. 37 is a plan sectional view showing an embodiment in which the
in-row gap is slanted and the electrode members of each electrode row is
four.

[FIG. 38]

FIG. 38 is an exploded perspective view of the embodiment of FIG.
37.

[FIG. 39]

FIG. 39 is a plan view showing an embodiment in which a common
(single) power source is used.

[FIG. 40]

FIG 40 is a plan view showi ng an enbodi nent in which each



has the same polarity in FIG 42. [FIG 44] FIG 44 is a cireaiphni3o0em
showi ng a basic construction of an enbodi nent provided with a synchroni zer
for synchronizing a plurality of power source devices. [FIG 45] -FIG 45
is a circuit diagram show ng an enbodi nent which has a specific
construction of FIG 44. [FIG 46] Fi % 46 is a circuit diagram show ng
anot her enbodi nent of the specific c Astruction of FIG 44. [FIG 47] FIG
47 is a circuit diagram showi ng a nodified enbodiment of FIG 46. [FIG

48] FIG 48 is a circuit diagram show ng another nodified enbodi ment of

FIG 46. [FI GFUS(4) ]s 2plaramear shee0i an enriadimeaf &) wisclaeach cui t di agram
show ng ary enbqdi nent im which the first and second divided el ectrode
renber s aECHPAE sowhas e SAmE polafiy 44, [FIG 49(b)] FIG 49(b) is a
graph Shﬁ]}fl"lﬂﬂ 413e wavef orns of output voltage of the first and second
power source devices of FIG 49(a), wherein the horizontal axis shows tine
and the verti calGakl & s pbusviest slagwing &th mtalinkehGin Shiclseaclei rcuit di agram
showi ng an -enbodi ment in which another solving neans is applied to FIG
49(a). | Dﬂs@w&rmt@smm@w Wmn]mql(i;s_m}e) power source 1S used.

[FIG. 42] |

FIG. 42 is a plan sectional view of an embodiment in which the end
faces of the adjacent electrode members of each electrode row are abutted
with each other so that the in-row gap is eliminated.

[FIG. 43]

FIG. 43 1s a plan sectional view of an embodiment in which each row
has the same polarity in FIG. 42.

[FIG. 44]

FIG. 44 15 a circuit diagram showing a basic construction of an
embodiment provided with a synchronizer for synchronizing a plurality of
power source de‘vice's.

[FIG. 45]

FIG. 45 1is a circuit diagram showing an embodiment which has a

specific construction of FIG. 44.

) [FIG. 46]

| Fig. 46 1s a circuit diagram showing another embodiment of the
specific construction of FIG. 44.
[F1G. 47]

FIG. 47 1s a circuit diagram showing a modified embodiment of FIG.
46.

[FIG. 48]

FIG. 48 1s a circuit diagram showing another modified embodiment of
FIG. 46.

[FIG. 4%(a)]



W....workpiece 2..... processing gas source 3A, 3B, 3C. ...2P9%6iars900%€

3..... common (single) power source 30..... di scharge processing par

30X.. ... el ectrode unit (electrode structure) 31X .... first electrode row
31A, 31B, 31C, 31D.....electrode nenmber 32X .... second el ectrode row 32A,
32B, 32C, 32C. .... el ectrode nenber 33s..... rowto-row gap

33p..... row-to-row partial gap 33r...77. communication space 33q..... i N-row
gap 31d..... obtuse angl e side corner 3le..... acute angl e side corner
32d.....obtuse_angle side corner 32e..... acute angl e side corner 22

January 2007 FHG3%%(a) is acircuitstiagrang shawingenwesbodineerftiin svhiehaher ode row

and the ig-r.0owaa V... . Lntersecti art .between the s d el ectrode
row and tﬁégtr%gﬁepfmagw”&&ﬂ gjeptrode P‘r?l“f“gqgé'f? éﬁ%ﬂf 1} BIZ8i 1R 4.

~43a. . ... p[ms@(ﬁgj gas introduction port 43b..... branch port (gas guide)
corresponding to a part near the second position of the first rowto-row

partial gap 43BIG.49(b)asalgrpsh sh¢wasg the dayefensashongungoltag ofdié near
t he secon osi tion,of thefirst-r_ovv-to-rowgartial gap 43h.. ... r oOwt o-r ow

intr oductﬁﬁﬂp riecPRdPRWeiSOYIRR devicp et FIG. 43(a), whereinrtbe harizastalct i on
| port  (auxiiis3h%wsHih8 A th8ePAliPaxis shows voltage.

[FIG. 50]

FIG. 50 is a circuit diagram showing an embodiment in which another
solving means is applied to FIG. 49(a). |
[DESCRIPTION OF REFERENCE NUMERAL]
[0149]

W.....workpiece

2.....processing gas source

3A, 3B, 3C.....powef source
3.....common (single) power source
30.....discharge processing part
30X.....electrode unit (electrode structure)
31X.... first electrode row

31A, 31B, 31C, 31D.....electrode member
32X.....second electrode row

32A, 32B, 32C, 32C.....electrode member
33s.....row-to-row gap

33p.....row-to-row partial gap
33r.....communication space
33q.....in-row gap

31d.....obtuse angle side corner
31e.....acute angle side corner
32d.....obtuse angle side corner

32e.....acute angle side corner



49. . ... | ower plate (jet port formng part) 49a..... slit-1i keap Ly 12007

49B. . ... gas guiding part (gas guide) 49c..... gas gui ding surface

49d. . ... upper stage jet port 49E. .... bri dge part (bl ocking part for

bl ocki ng.the end part on the jet port side at the boundary between the
adj acent rowto-row partial gaps of the jet port) 49f..... | ower stage jet
port 49g.....upper side space fromthe&8porous plate of the jet port

49h. . ... rowto-row jet port 49i..... in-row jet port (jet port of a large
openi ng wi,dth, gas guide) 49j..... di anond- shaped opening (jet port of a

| ar ge opeRPHg - windkrsectins parfietiwedn dlok first electiade ndwrandotheiingroty gapport of a
I i i dt h id 49m . . . . t O- j et t
aon . Pr RaP Plntosnes S plttetpen thestsond clapBanS ok amsiot of the

| ower pl a}@w?g%pJanuary 2007 79 49L..... | ower stage plate part of the | ower
plate 51 ...7. gas gui ding nenber (gas guide) 5la..... gas guiding surface
52..... g43. guintiodyctrontpent f@asingpade) 52a..... gas guiding surface

52b.. ... g% return syrface 53...., gas guiding nenber (gas guide) 54.....
gas gui di gawerﬁ;efwmg@wa@qdu@m pPoda. . . .. gas gui di ng surface

pl at e arranged near
position of the first row-to-row partial gap

60.. ... tawreqhhLf @%go@g%ﬁcﬁéc) a@g&%ﬁ%@g&ﬁg ﬂ)ugt%%rtfsr%égir' théfsleg&(i ectification
43d.....branch port (gas guide) correspondihg to a part near the second
position of the first-row-to-row partial gap
43h.....row-to-row introduction port (main introduction port)
431.....in-row introduction port (auxiliary introduction port)

49.... lower plate (jet port forming part)
49a. ... slit-like jet port
49B.....gas guiding part (gas guide)

" 49c..... gas guiding surface
49d.....upper stage jet port _
49E. ... bridge part (blocking part for blocking the end part on the jet port
side at the boundary between the adjacent row-to-row partial gaps of the jet
port)

) 491.....lower stage jet port

49g.....upper side space from the porous plate of the jet port
49h.....row-to-row jet port

491.....in-row jet port (jet port of a large opening width, gas guide)
49j.....diamond-shaped opening (jet port of a large opening width, gas
guide )

49k.....triangular opening (jet port of a large opening width, gas guide)
49m.....row-to-row jet port |
49n.....inclmation in-row jet port

49U.....upper stage plate part of the lower plate



70..... bl ocki ng nmenber (bl ocking part) 80..... gate type spacgzggnuary.jggy
part (insertion part between the adjacent el ectrode nenbers)

82..... connection part (blocking part) 90..... porous plate as the gas guide
90a. .. .. plurality of apertures 100..... electric field applying el ectrode
200. .. .. groundi ng el ectrode 301..... first power source device
302..... second power source device 400. . . .. synchroni zer 11..... first
di vided el ectrode nenber 112..... second di vided el ectrode nenber 211,
212. .. .. di vi ded. el ectrode_ nmenber of the grounding electrode 311..... first
DC recti f 8k 32lpwer stage plate pagrofethe lgoer platef i rst transformer 321a, 321b,
321c, 321? AR A rstd.svm' t chi n? el ement . 22 January 2007 80 312..... second
DC rectif &r““gﬂﬁg}l}.mgé}?g © rgg%sr e)332 ..... second transfornmer 322a,
322b, 322§]3322¢xas gui(ﬁﬁggﬂgfagy tching el ement 410..... common (single) gate
signal output part™ 4117.... first gate signal output part 412..... second
gat e si gnal..ougpsigupding mémber (gascguitelh synchroni zation signal supply part
A ... cor‘rg&rci al use.dAC power source 22 January 2007 81

a..... gas guiding surface

52b.....gas return surface
53..... gas guiding member‘(gas \‘guide)
54..... gas guiding member (gas guide)
| 33a, 54a..... gas guiding surface

) 60.....flow rectification member as the gas guide
62.....flow rectification plate arranged near the communication space
70.....blocking member (blocking part)
80.....gate type space
81.....Iet part (insertion part between the adjacent electrode members)
82.....connection part (blocking part)
90.....porous plate as the gas guide
90a.....plurality of apertures
100.....electric field applying electrode
200.....grounding electrode

oy 301.....first power source device
302.....second power source device
400. ....synchronizer
I11.....first divided electrode member
112.....second divided electrode member
211, 212.....divided electrode member of the grounding electrode
311.....first DC rectifier
321.... first inverter
331.....first transformer
321a, 321b, 321c, 321d.....first switching element



Cainms: 1. An electrode structure of a plasma processing apggggﬁ%gfm-,
pl asmatizing a 5 processing gas in a discharge space of approxinatély

at nospheric pressure and jetting the plasmatized gas so as to be contacted
to a workpiece to be processed, said electrode structure formng said

di scharge space in said apparatus, said electrode structure conprising: a
first electrode row including a plural8ty of electrode menbers arranged in
a 10 side-by-side relation in a direction intersecting with a direction
froman upstream end toward a downstream end of said discharge space, a
second el 8¢2r.odiecood DEaleatdfing anot her plurality of el ectrode menbers
arranged aﬂa a side- y-sig&e relation with each other and in a parallel

rel ation with <HCNIFNVEHER| ectrode row, 15 each of said el ectrode menbers
of said fgrtst rode rows extending to the side-by-side

arr angi nggg??'é'%gﬁgﬁ%g&gﬁgéai d el ectrode nenbers of said first el ectrode
row and 0B22&f3225,$22e| 822dodeserentiavstatingalémegcond el ectrode row, which
are arranged in substantial|ly sanme positions in the side-by-side arranging
di r ect i on#l0haviamspnisingle) gatearignaleeutpot pad forning a rowto-row parti al
gap therepetwe id.r -row partial gap serving as a part of said

di schar geﬂgi)'acgﬁrsg%%t%]gﬁﬁ%&p&&?a xtendi ng to the side-by-side arranging
directi OMI,@.QQ.schﬁngiitélgigﬁﬁl guwfptagtrow partial gap between said first
and second el ectrode Tows;” and 25 two of said el ectrode nenbers of each of
sai d el ec#5dde.qoonmonr yachednizatdpasegnal supphcpardt her in sai d side-by-side
arr angi ngAdi rections.heing &prﬁfsi tein polarity wwth respect to each
other. 2.%an-EPBEEI UserHEIRACIIOUCH| asma processi ng apparatus accor di ng
to claim1, 30 wherein an in-rowgap is forned between two of said

el ectrode nenbers arranged adjacent to each other in said side-by-side
arranging directions in said first electrode 22 January 2007 82 row and/or
said second el ectrode row, said in-row gap also formng a part of said



di scharge space. 3. An electrode structure of a plasnma processi tus
according to claim2, 5 wherein the downstreamend of said ?ggggalgapo?s
open in such a manner as to be able to jet a processing gas therefrom and
Wi t hout passing the processing gas through said rowto-row gap. 4. An

el ectrode structure of a plasma processing apparatus according to one of

10 clains 1 to 3, wherein said polarit8ks include an electric field

appl ying pole and a grounding pole, only those of said el ectrode nenbers
constituting said electric field applying pole being connected to

di fferent jpgyRr sources, respectively. 5. An electrode structure of a

pl asma processi ng apparatus according to one of 15 clains 1 to 3, wherein
said polarities include an electric field applying pole and a grounding
pole, only those of said el ectrode nenbers constituting said electric field
appl yi ng pol e Bl dlgcteasientiuciare eba plasmempserepting appasatus $0r Wasmgtizngat r ode

P74 Bl R SRR s SOPRAh RS Mgt Rar G Elpr 0L
gas flow passs i pPlAneHEBd 8aSidiss Add corericd (0% WOkPIRB o bEYrd@sdedVsHaP part
in each rowto-row partial gap to the adjacent side.

electrode structure forming said discharge space in said apparatus, said electrode

structure comprising:

a first electrode row including a plurality of electrode members arranged in a

10 side-by-side relation in a direction intersecting with a direction from an upstream
end toward a downstream end of said discharge space,

a second electrode row including another plurality of electrode members
arranged in a side-by-side relation with each other and in a parallel relation with said
first electrode row;

15 cach of said electrode members of said first and second electrode rows
extending to the side-by-side arranging directions,

one of said electrode members of said first electrode row and one of said
electrode members of said second electrode row, which are arranged in substantialty
same positions in the side-by-side arranging directions, having opposite polarities

20  and forming a row-to-row partial gap therebetween, said row-to-row partial gap
serving as a part of said discharge space,

a row-to-row gap extending to the side-by-side arranging directions and
including said row-to-row partial gap between said first and second electrode rows;
and

25 two of said electrode members of each of said electrode rows arranged
adjacent to each other in said side-by—éide arranging directions being opposite in

polarity with respect to each other.

2. An electrode structure of a plasma processing apparatus according to claim 1,
30  wherein an in-row gap is formed between two of said electrode members arranged

adjacent to each other in said side-by-side arranging directions in said first electrode
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row and/or said second electrode row, said in-row gap also forming & part of said

discharge space.

3. An electrode structure of a plasma processing apparatus according to claim 2,
wherein the downstream end of said in-row gap is open in such a manner as to be
able to jet a processing gas therefrom and without passing the processing gas

through said row-to-row gap.

4. An electrode structure of a plasma processing apparatus according to one of
claims 1 to 3, wherein said polarities include an electric field applying pole and a
grounding pole, only those of said electrode members constituting said electric field

applying pole being connected to different power sources, respectively.

5. An electrode structure of a plasma processing apparatus according to one of
claims 1 to 3, wherein said polarities include an electric field applying pole and a
grounding pole, only those of said electrode members constituting said electric field

applying pole being connected to a common power source.

6. An electrode structure of a plasma processing apparatus according to one of
claims 1 to 5, wherein further comprises gas guide means for guiding a processing
gas flow passing through a side part near the adjacent row-to-row gap part in each

row-to-row partial gap to the adjacent side.



