<SPECI FI CATI ON> DI VI DED ANNULAR RI B TYPE PLASMA PROCESSI NGAPPARATUS
<FI ELD OF THE | NVENTI ON> [ 0001] The present invention concerns
a plasma processing apparatus processing an object to be treated by a
pl asma generated by an arc-discharge in a plasma generating portion
under vacuum envi ronnent, and nore specifically, it concerns a plasm
processi ng apparatus equi pped WBPRCRFHEABI@N>r enovi ng portion that

renoves c ial i o) t m a
cathode SpIVAEDTNSLIAR RAB LT EEPIAISARROF RSP RRRR A GS
referred to as "droplets”). <BACKGROUND ART> [ 0002] By doing a
plasma treatnment in which a material is made into plasma and then

deposi t ed<BHIAA UoTBE INVENIIONSat ed, a strong fil mcan be formed on

sai d obj eﬁ)tOO%JO be treated. In particular, when carbon is used as said
material ," a di anond-1i ke carbon (DLC) film conprising an anorphous
congl oner at e of Thcredhtinmwadicitoconcdrng £ plhanta plreegimpdpphtistproassingacan

be obtained on the object to be treated. This C fil mhas good .
mechan; cattieRihs E‘éﬁt?& B PEﬁ‘é‘F‘Pc&&PerﬂFégéfa{liﬂ&&ls‘%&%]‘ a plasma gegergting
met hod tggclﬁﬂg{ﬁ?uﬁ?ér %é{%hﬁéﬂx@oniﬂahea&aﬁﬁg?ekﬁéaﬁy, itoofiodtR MPBshR Whi ch

said mat I's made 1nto a cat hode, plasma is formed from said
cat hode byrogssiegappargtuanquppeddividic b drapéet uerdeving petiomtlnd reveeres icathadel

the trigger, electrode that .is an ano The pl as formed.this way is
ed 11 om ERESHERIREERER RN CHBRERg A 2P S S RPARE Meg P as
a pl asme gt uRemarke(subfqbéRBTRIPlateas digplaRnar at us, introduced into

the plasna processing portion, and used for the filmtreatnent of the

object to be treated. [0004] In this arc discharge, at the sane

time as tQEAWB[%%rﬁ;on, cathode material particles called

droplets, Tanging 1n size tromless than subm cron up to several

hundred njogozns, are al so produced as a byproduct. Wen these

droplets By doing a plasma treatment in which a material is made into plasma and
then deposited on an object to be treated, a strong film can be formed on said object
to be treated. In particular, when carbon is used as said material, a diamond-like
carbon (DLC) film comprising an amorphous conglomerate of the diamond structure
and the graphite structure can be obtained on the object to be treated. This DLC film
has good mechanical, chemical, and optical properties.
[0003]

As a method to make said material into plasma, there is a method in which
said material is made into a cathode, and plasma is formed from said cathode by
generating an arc discharge under vacuum between it and the trigger electrode that is
an anode. The plasma formed this way is led from the plasma generating portion to a
plasma advancing tube as a plasma stream in the plasma processing apparatus,
introduced into the plasma processing portion, and used for the film treatment of the
object to be treated.

[0004]
In this arc discharge, at the same time as the plasma generation, cathode

material particles called droplets, ranging in size from less than submicron up to

several hundred microns, are also produced as a byproduct. When these droplets



arrive at said plasm processing portion and adhere to the object to
be treated, defects occur on the filmof said object to be treated.
Therefore, a neans for renoving these droplets is necessary to
maintain the quality of said film [0005] As a droplets
capture nmeans, an annular rib placed in a plasm advancing tube is

di scl osedattiye ghsaid plesme procrasingnoritien andgshareNo theoavet 9 haueaied, defects
(Pat ent Docunen and the.Japanese P nt ~Lai d- Opnen No. 200 8347
bul | ot | n gl Bherehinfilonld Gy e REOEREniE dRlegnd LB bR B To

of this amoyledyisnbtesdA)to Mamdiathe dualithAsE shidsfilpl. asma advanci ng tube
joining portion 141 and rib portion 142, and annular rib 140 is
posi ti oneH)OB§] joining plasma advanci ng tube joining portion 141 with

bl asma_advanci g b i d 06 e ML SnGEHRLARE a1 ANIBLAS My ancing

generating portion and®are captured
ot her hanthbe ishdisqibsed im tetJaparspPased didyOpeagNot P@08ePHB4 pallttirofPatant t he

e A o e
upstream ﬁbé&ﬁ%ﬂt% of said plasma streamin conparison to the central

axis of said plasma advancing tube, and the efficiency of the capture
of said dropl etBIG 39 isyppasredtitydiagiam éfitbisianatlaonb 14@@0nhlar rib 140 hgai d

ext Fenel yPPEE BT DE CraT e S S POt A2 AT g 1 sy
droplets jt)é%s_itmh byldggfr%fﬂﬁsﬁla RVvaiting tubk %Jiﬁihh%oﬁfdhnﬂﬁ@ﬁ& B&a ar rib,

because it is crus the shock at the tinme of the fall, it does
not renmi #lviapcingauibg ?ébmérogl@ﬁaea@ﬁatﬁg ip ha playmagengratiag gertipngelide with

fragment. . n I t t hi rib
10 cont ribateeriegsporst b SRE0AROH B 1R st B Ae,
processi ngpedRRet@l inghe cnte RE dnmilithrita ) laad advancdsAD thaslagnd pedessing

i ndustrial success. [Patent Docunment 1] Japanese Patent Lai d- Open No.

2008- 91182°THYM| etin [ Patent Document 2] Japanese Patent Lai d- Qpen No.
2008- 2483¢gopp | etin

Usually, rib 142 is inclined toward the upstream direction of said plasma
strcam in comparison to the central axis of said plasma advancing tube, and the
efficiency of the capture of said droplets is improved by this inclination.

[0007]

Said droplets are deposited on said annular rib. This deposited matter is
extremely fragile, because the binding power between the constituent droplets is
weak. Therefore, even if it falls from said annular rib, because it is crushed by the
shock at the time of the fall, it does not remain in the plasma generating portion as a
large-sized fragment.

[0008]

It has been confirmed that this annular rib 140 contributes highly to the
removal of droplets, and the plasma processing apparatus equipped with annular rib
140 has gained an industrial success.

[Patent Document 1] Japanese Patent Laid-Open No. 2008-91184 bulletin

[Patent Document 2] Japanese Patent Laid-Open No. 2008-248347 bulletin



<DI SCLOSURE OF THE | NVENTI ON> <PROBLEMS TO BE SOLVED BY THE

| NVENTI ON> [ 0009] However, this annular rib has a
characteristic that should be inproved. That is to say, the materi al
in the plasnma stream aggregates on this annular rib, formng a
deposited matter. This deposited matter falls into the plasma

gener at i nGDPYCLOSHRIE A THESBSVENIRON> circuit in the plasma

generatin i i i is not only exposed
to dropl eggﬁ%%SS%Bgﬁgg?m%%wgiﬁ\b@he material of this

pl asma st [opag) aggregates on this annular rib, and a deposited matter

is formed. Because this deposited matter is forned b

recrystal | i zat i daverertthis anaelar ihhas ;characisristis that él}m{l%b@ Enprevede Aat
Rt . _ T > Very
depos: t ot iarBaribidnlR b RUBEEdehAsatdlies BEAR AR A Kyl

from sai ddgpositddakiattariThis Hepositéd mettst fhids inty the iprdsmagzechatties poregirent .
[ 0011] FI 20 is.,a_ transparent schematic di agram showi ng a
causat i on°@fe cé‘i‘"’PEEl‘Hheti’iaSH@rﬂ%f’rPE% RARIPBr fragnent 191 in
conventi o '10?' asma processing apparatus 101. In plasna generating
portion 110 of this plasma processing apparatus 101, a positive

el ectrical vol t$aédanmlap isedt ¢dy expapge to doplets; baealsbl&posaddo glasma

negative electrjcal  voltage i.s applied to cathode 111. A.vacuum arc
di Schar ge"Teemy THE Matelti! BERRRIREY S isgossrogaes SRANS P9 Ai%, A8 de 111,
and the n@¢REied mhtedls fPMed. Bdsher (R lUBRskRed httbeRk omsedyasna. This
pl asma i s conducted to tube 130 as a plasma stream conducted to

hor i zont atecpistadlivation oBie immgerial beplagna sthtcoligre ibaery 1ide glapnbamdarydha

conduct ed_furthernore to t I I in [t i jch the
object t ocaﬁlgest r%@dﬁﬁcaagseb%glﬁg’p@%{:%g.&l%g%gﬁer Ha&)m%hg E?rl“rzgh’\tlgg?re of the
vacuum ar thefbfgeali@eit Ak Fnetsd antulari ude Ukels tatupy pitodlabe fragment.

si mul taneouslﬁ with the generation of said plasma, but these droplets
are capt ub®4lby annular rib 140. Because this annular rib 140 is

cxposeC L0 Sa 6l a9, gt LIS ok Shu RO

shown i n ¢iR@A)by depbsitegenaticr fdgherghPe nh cdidnobnd blasmd ppasstiegl mat t er

[188 1;? ' Saplprz;;['a?usp f O%S {Baplgs%qae égr;[elrart]i%g%%{'th)lnoﬂolojf%iis p aSI%Q %\P&elss?n azp%B atus
101, a positive electrical voltage is applied to trigger electrode 112, and a negative
electrical voltage is applied to cathode 111. A vacuum arc discharge is generated
between trigger electrode 112 and cathode 111, and the material that constitutes
cathode 111 becomes plasma. This plasma is conducted to tube 130 as a plasma
stream, conducted to horizontal plasma advancing tube 160 through bent portion 150,
and conducted furthermore to the plasma processing portion in which the object to be
treated has been placed.
[0012]

At the time of the vacuum arc discharge, droplets are produced as a
byproduct simultaneously with the generation of said plasma, but these droplets are
captured by annular rib 140, Because this annular rib 140 is exposed to said plasma
stream, the material of this plasma stream aggregates on annular rib 140, and
deposited matter 190 is formed, as shown in (20A). A large-sized fragment 191 of
this deposited matter 190 falls into plasma generating portion 110, as shown in (20B).



Wal | surface 113 of plasma generating portion 110 is in conductive
state with trigger electrode 112. Therefore, a positive electrical
voltage is applied also to wall surface 113. Because of this, if wall
surface 113 and cathode 111 are bridged by said deposited natter, a
short circuit is caused. In the wirst case, an electric danage of

pl asma priB¥éski ng apparatus 101 is caused by this short circuit. Even
i f said damage s;0N0t. C e a | arge quanti. . d

generated by a gfﬁaléa%rrt]‘ac Zlggr?%glsais?]fl R %té gc%ortl{zl%lﬂ{elgtlﬂii g(gAd%{EéYeZ%t%g-si zed
fragment 498 trighd clebeodd BSMBhérefad, ABkitiof elebeicaibjobage isapphed dlsatoed

becomes uneven. Groove portion 114 is installed between cathode 111
and wal | 9all purdece1ll3. Begause ofdhisif wiall sirfpgel] 31ad cathods Bd arpbedgrddn e

portion 114 : oY t4=Ci Leubt I f 13.
Fovever, T FRESA0RadaR) bick! Gftic)s GRERR 1 b Wpr s el Bt
that it cefipladmd processing agpaeue 1pbistdaosedbyZhisshod csbdt. tEven ifcsaid 1S

caused. < NS . TO SOLVE THE PROBLEMS> 014 he present
i nventi on %é%ged_%ﬂ%t P Sof ec‘HJé‘nHB'(I\)‘% r‘%iﬁﬁtﬁl enF’ﬁ‘tqd& ap&élg%‘ht
I nvent| OndecBbhg@lki‘cibQ ihdtote ﬁ@ﬂﬁ&?%@ldr%@si&éﬁ AR 908, £ARGAHBshA O

multiple rib segnents, a size reduction is achieved fromthe
begi nni ngtrestmemterfitior phjedt dmbeo freatedbebopss hednn@tdore phoiomi Idg iomsteHed

annul ar rib by aggr ion of the eri in.th sna, stream By
the s ze Qe P! AR vl stadfeed e b bshah oS Rty

nmatter fakbsvd pirfioh N84 BOATTRSIILNEFRH dAthoREN 1] &t wall SurfdcadMBHowdet,S
fragnent enters the groove portion installed between the cathode and

the wal | e deeoigfagseng 1) alssaid dppasitesimattpr posuch dat ittogeotgiténtent i ng
an electrj . Ci L [ at hode and said wall surface.
[ 0015] ér%ﬁéllﬁge&rlgﬁg;%%{dﬁgg#l%ﬁgpt%%F‘?nsegf t he present invention is,
in a plasma processi ng apparatus transporting a plasna generated in a
pl asma generati ng}é)orti on % an electric discharge to a plasm
processi ngVEENP dif) LY T RHE PROBEEMSTanci ng tube in which nultiple
annul ar r'0@§4]f or droplet capture are arranged on an inside surface, a
di vided annular rib type plasnma processi ng apparatus, characterized
in that a firstTlepredeat inveltioavposiate tosdwe thepbasnprobleat In thetphesent
furthest advanced anmo said annular . ribs is conprised of at |east a
il gy YOOk ANGHaR & P HbBEoroRl HarEF ST TP Ie B seHpEhy

I nt er posi NgzEdbERine s afidevHdatdl e begRRfH of the formatifeosRe ABsbsited m of
the present invention is the divided annular rib type plasm

pr ocessi ngadggaraing onshidanaulpr vk by pagmgativhed dhamatesaldn il plasmd ar ri b
that is pQsitien further, dawnst.r i .sal d stream
than 11 r e B9 30e S RaHidntEiu SHURRER RIS el B PRI 173
mul tiply filyimethea)mutpgentiakisg panidnsshdrageean thiafaghait ehidds the groove
positioned to shield all said indentations of said fjirst annular rib
by rib seRffEpR instailed hetyes therrathedp andithesyall surfgen of said plasma gepsratyg d
formof t : ﬁlm; | Dy i i L \AL : i sma
pr ocessi e{g%gr at'u g‘ln{)ﬁ},lﬁghié%%gfé%ns E’Eﬁ S glr:nlwc g‘/ﬁg/? %?%%%lﬁ%deﬁaunﬁiélglgl vg:ilfi
annul ar rsubface.hat are placed at a further downstream side of said

pl asma sg[(r()%?ﬁthan said second annular rib, an annular rib placed at
a positi t which it is easily exposed to said plasma is conprised

of said multiplyh&iyicdfd BHHYHARGS febresent invention is, in a plasma processing

apparatus transporting a plasma generated in a plasma generating portion by an

electric discharge to a plasma processing portion through a plasma advancing tube in
which multiple annular ribs for droplet capture are arranged on an inside surface, a
divided annular rib type plasma processing apparatus, characterized in that a first

annular rib exposed to said plasma that is the furthest advanced among said annular



[ 0018] The fourth formof the present invention is the divided
annular rib type plasma processing apparatus of the second form
wherein all annular ribs placed at a plasma stream downstream si de of
said second annular rib are conprised of said nmultiply divided
annul ar ribs. [0019] The fifth formof the present invention
is the di mb@@@ommﬁdaﬂfatietastta,npeltlpba@mﬂeéa@mé@'smhw@lvaﬁ@éamamdtlmﬁ Ny
one of the sec 10 fo erein a spacing between said
first annuear. Srhglg% OSI UI lg%ﬁlad anrtlllﬁ’flar rib can be adjusted freely
to be w dmoiey narromer than a nmutual spacing between other annul ar

ribs. [0020] The sixth formof the gresent invention is_the divided
annul ar rib typEeieaeithiopn of dresprasenbispantions therdigdyd spmlasmibiiee second

to fifth nul ar
ribs haveIE 8%@?& en {n?oaﬁp %Bdrs ;6 ﬁ%ﬂé‘é‘@ﬁo%yﬁ?&%n%e&éxﬁ}é&@%}‘/gﬂ?ﬁa i or m of
t he presemdsitioneéat a fimthesddnestidami stiiechfamidyl]l mar stieatytie ﬁxisaanmlar rib in

processi ng ap. arat s of any one of f|r t to I Xxth f rnms,. wherein

t
said i ndeReghy coie Tation & Hmarse Qfivad TR DRHed RIS b
sai d mul tighyq Q{n\ﬁ[a‘ii?ﬁ 18 pHUHied'th Bnieldd2ald 1ndentat10ns of said first annular rib

by rib segments of said second annular rib.
[0017]

The third form of the present invention is the divided annular rib type
plasma processing apparatus of the second form, wherein among multiple annular
ribs that are placed at a further downstream side of said plasma stream than said
second annular rib, an annular rib placed at a position in which it 1s easily exposed to
said plasma is comprised of said multiply divided annular rib.

[0018]

The fourth form of the present invention is the divided annular rib type
plasma processing apparatus of the second form, wherein all annular ribs placed at a
plasma stream downstream side of said second annular rib are comprised of said
multiply divided annular ribs.

[0019]

The fifth form of the present invention is the divided annular rib type plasma
processing apparatus of any one of the second to fourth forms, wherein a spacing
between said first annular rib and said second annular rib can be adjusted freely to be
wider or narrower than a mutual spacing between other annular ribs.

[0020]

The sixth form of the present invention is the divided annular rib type
plasma processing apparatus of any one of the second to fifth forms, wherein at least
two of said multiply divided annular ribs have different configurations.

[0021]
The seventh form of the present invention is the divided annular rib type

plasma processing apparatus of any one of the first to sixth forms, wherein said



The eighth formof the present invention is the divided annular rib
type plasma processing apparatus of any one of the first to sixth
forms, wherein said indentations are fornmed so that they span a
partial width of said nmultiply divided annular rib fromthe inside of
said multiply divided annular rib. [0023] The ninth formof the
present i mdertafions argformed a¢ thatithey apamthe full width pperipmadtindy givededs si ng
appar at us of}agg%) one of the first to eighth fornms, wherein said

mul tiply iRy annular rib inclines dowward from outside to

i nsi de. [[024] The tenth formof the present invention is the
di vided annular _rib type plasma processing apparatus of any one of
the first to eiBhﬁ%gh%rfW Of/mépeqswtsla‘re@tlﬁ%i&tﬁﬁﬂvldﬂdm@@la Bear rib

i s perpengi . I i ! v g Lube.
[o055] - Pladit Block e BRuA of iy Spr GPEL | SRR AeldFgd

di vi ded aindedtationsiabe foyped pb tatthep spmessdrtig widtesfatidsnoitippndivideé of
the first to _eighth forns, erei n, areas, . shapes, .and/ or angl es of

i ncl i nat | YR rgeff‘ﬂn Fliedngléﬁj\igrg??ﬂ‘gmémﬂ’/%ﬁlvkdéﬂ&“{lwa@ﬁ?-ati ons in said

mul tiply ﬁjoggfed annular rib are nonuniform [0026] The twelfth
formof the present invention is the divided annular rib type plasm
processi ng appaflsnisthdbranfthepeesefit inhention s thetdovidédeanmntan ribaymes,

wher ei i ' nt ti.al tube, i I {nsid id pl
Advanci ngPPIBEbogHEAPaATR CF ARy Sth O hE AL e oty pR g
placed i ngfRIPavcH ARRTlaCHE HéThAr R rivakd FeRoutdi@OAhside. The

thirteenth formof the present invention is the divided annular rib
type pl asi¥@2¢ ocessi ng apparatus of the twelfth form wherein an

i nsul ation portj.on i.s 4dn d_be . j |: v i t ube
and sai d i nner  DRetf LML ST ASRRECRINGER IS A ERBRBRLANTHRY Ve
and sai d plagigd pRicesinga@paatus aff atypbe: ¢ffthe flRde ¢ighthdoms, ulklcin said

i ndependent el ectrically. [0028 i ] .
multiply divided annular rib is perpendicular to a central axis of said plasma
advancing tube.

[0025]

The eleventh form of the present invention is the divided annular rib type
plasma processing apparatus of any one of the first to eighth forms, wherein areas,
shapes, and/or angles of inclination of said rib segments and/or said indentations in
said multiply divided annular rib are nonuniform.

[0026]

The twelfth form of the present invention is the divided annular rib type
plasma processing apparatus of any one of the first to eleventh forms, wherein an
inner circumferential tube is placed inside said plasma advancing tube, and said
multiply divided annular rib portion is placed inside said inner circumferential tube.
[0027]

The thirteenth form of the present invention is the divided annular rib type
plasma processing apparatus of the twelfth form, wherein an insulation portion is
interposed between said plasma advancing tube and said inner circumferential tube,

while said plasma advancing tube and said inner circumferential tube are made to be

mutually independent electrically.



The fourteenth formof the present invention is the divided annul ar
rib type plasma processing apparatus of any one of the first to
thirteenth forns, wherein a starting end insulation plate is

i nt erposed between said plasma generating portion and said plasma
advanci ng tube, while said plasma generating portion and said plasma
advanci ng[Q0dBe are nmade to be nutual ly i ndependent electrically.

[ 0029] The fifteenth form of the.present invention is th
Givided annul ar 19 BUEHE RrcHopseal aeg R Ep s hE et Ao e,
the firstphand ploctRRptdpphatudirf avefied Mhe disd (dihashthfonasSdichgn por ti on
t hat processes an object to be treated by a plasma supplied fromsaid
pl asma adsiamia sad t%bi@tlalh Hlateis dntpipasqdeb ehvGafeldijatmEengrabing fgeionangd e
mutual ly |n@ i . i nt i L.0§ Shi d
Msul at | ofopaRas itpSing shds. 4Rl fua pashld HAREHerloh b S04 PRSEY

pl asma adabaating tubeee mpOOBMe mutually ihdepsideditetertdicallor m of the present
invention is the divided annular rib type plasna processing apparatus
of any on089] the first to fifteenth forms, wherein said divided

| ib t ' is | i id
annul ar ri yg%eoﬂi{?éeﬁﬁl G R fggseﬁ BRIEAtSs bR cﬁ@iﬁ&% hxgrgl?aé‘?%l tzgérra

cat hode arranged at an electric 'discharge position o

gener at i nglapoa prooessing appdtandef iy oexafithe et pd fooetderdh famst whetbip said
position separated fromsaid electric discharge si.tion, a cathode
Dol 1 shi nGPBER PORSHEPOEIT CHOTOR S AN AL b or A L oBa R aPpIcs
exchange, 8RGaRl FAMOHAR afiRH BB AndBAN PRsmAaH BRlciRXEhENE @%ade 3b He

cat hode with sai'd cat hode for exchange. <EFFECTS OF THE | NVENTI ON>

[0031]  mutually wlepénsignt deatrieallyi byintdrpesingd finsbingroad awulating plate on,
the annular _rib e t he pl as treamis. divi. into multiple
b scqnuniubl sl PEREH e bilE IR AR ol e et o e

materi al @o3gpi d plasma streamis deposited on the tip end of said

annular rib, the formed deposited natter does not, becone |arger than
said rib segnenthe spreenih &g ofdhe prepent dniicationisdhe divyledgppupr geb@ehes

and falls L | | gr.oqve
port i on RtVECkOfrErE PRRGaT iy RRFGHIAP it (FERGHY kg iER a0
ge nﬁr at i ndjvided fahmﬂarl rlab e plasmia peedetsingappatatgein eompa'gbdbﬂ‘tsu&drmﬂmd@: d
N T
ribs by afpkagiiReshlheaMt AREANBY pbi ALsPhrafid R kaill cRItrR! B&Bdrge

position, a cathode polishing portion that polishes a surface of said cathode for
exchange, and a cathode exchange mechanism that exchanges said cathode with said

cathode for exchange.

<EFFECTS OF THE INVENTION>
[0031]

According to the first form of the present invention, the annular rib exposed
to the plasma stream is divided into multiple rib segments by multiple indentations.
Because of this, when the material of said plasma stream is deposited on the tip end
of said annular rib, the formed deposited matter does not become larger than said rib
segment. Therefore, even if said deposited matter detaches and falls from said rib
segment, because it enters into the groove portion between the cathode and the wall

surface of the plasma generating portion, a short circuit is not generated between said



upstream of the plasnma stream and beconmes snmall on annular ribs

pl aced downstream Therefore, a sufficient size reduction effect of
the deposited matter is provided, by making only the first annul ar
rib placed nost upstream of the plasma streaminto a nultiply divided
annular rib. [0033] In a nmultiply divided annular rib of the
present i iand saitlovdllawi@ese the droplets capture area, a surface
rougheni nﬁ{oﬁg]ocess may be done, in which innunmerabl e unevenness is
formed on surface. Also, to increase the efficiency of droplets
capture, the nuivheRkald dhivilgathbsandmiuiply blaceB yhdriepssiteatnated @matoal
toward the central axis of the plasma advanci ng tube. [0034 In

a mul ti pl 90 tievnaear @by aplapme siggam becopics dage on ayaarirdys placed | s not

necessary t a fol i i h of the

mal 1 o P s e i B Gkoftles WGh LOBAGR AXBIEAE" BT 03

i ndent at i énsnsteemUMhdrefore, a\safficidnesieatdduetion dffectof the depited mahianist he

concentration of droplets i he pl asma gdvanci ng tube i s nonuniform

" the. veapioytss bypaang et oy alﬁ}ﬂi%rr?& @ecfegamst Epireamay|tet Blagmpt ur e

efficienc i i zing the inclination angles and
YréaAinRFa ﬁgﬁ%‘?@%ﬁrﬁheﬁéﬂﬂlﬁwﬁ 17,

t he areas anong ot sai iple rib segnents for those rib
segnent s EWPdsed to droplets of high concentration. [0035] The

nunber of suffigcient rjb.s nts i |tiply divided.annular rib
of the present PrivBRtpbrivaedamuianih tohe presp ipvimiion thiririgre te
infinite. drHE}é%V&Fturé SreAGuB¥Ee Aughdfing FEe: Ny wRfdonepasitias matter,

it is nore advantageous that the nunber of rib segnents is |arge, and
t he pref einpeaersbls upgretingssas foumed ontthesipfagetAlealto iexgase theatfigipgey of
segnents | term.n i feasi bi | n f n Lpn,
and the s epER BRI bl RN Ryt SR P RGP o SEVRL R
second f othecedtrdl Agispr Gegilismandeaidiontubbecause all indentations of
the first annular rib is shielded by the rib segnents of the second
annul ar ri%34Mropl ets that have passed through the indentations of

the first annul@r, i EER{j r [

second annul ar I?Ilabrﬁh]'ﬁlﬁgra[{al?@?% t %rg’?%@{%?%g%‘g'b‘?ﬁ?g éHé?:l? pllges&&gry
i mpr oved. thal the arebythmrakglagof inelirstionadd suvhudfale minkipleninderdatians tang the

di vi ded ann invention, the size red%(r:éli.igq%?f

ul ar .rib of the esent .
deposi t ed™HEPIEHD ?er%’ber‘i‘é“nfgn}"%[ 'F%%Féé frdeptafionsAre paiform over the en

example, when the concentration of droplets in the plasma advancing tube is

nominiform in the vertical cross section of plasma stream, the droplets capture
efficiency can be increased by optimizing the inclination angles and the areas among
others of said multiple rib segments for those rib segments exposed to droplets of
high concentration.

[0035]

The number of sufficient rib segments in a multiply divided annular rib of
the present invention is a minimum of 2, and a maximum of infinite. However, to
achieve a size reduction of deposited matter, it is more advantageous that the number
of rib segments is large, and the preferred minimum is 6. Also, the practical
maximum of rib segments is determined by the feasibility and ease of construction,
and the preferred maximum is about 100.

[0036]

According to the second form of the present invention, because all



[ 0037] According to the third formof the present invention,
because the multiply divided annular rib of the present invention is
pl aced at a further downstream side of the plasm stream conpared to
said second annular rib, the size reduction of the deposited matter
is made even nore conplete. Al so, a decrease can be achieved for the

per cent agadedtatimspif thesfinsharmuppasid is sloelded b theirioregmgnis of thegseconsny

AR RN CTEWGE RN R T Y

her e usuatdnybesdagfiicdd ©5tha ribl slegimentd bf fidlstéddld@nadatHaITHetdTorepihe desplae Xt
to the second annular rib at the downstream side. However, when the
pl asna st eapiKe BEe@ ApEMPYe. Adsocbriaakingdhe snsord anpulys gibtinton BRkpint

fromthe §fi 3 rib. . . i he
ol asm priviBl aflia 880 e eIV Bln. h oL Ak T 5Nl ofiuct
whi ch it fregreanid madxmosedmpletehere. [ 0039] According to the
fourth formof the present invention, because all annular ribs are
made to bE@V3EN d mul tiply divided annul ar ribs, the size reduction of
sai d deposi t ed gBltgihe {3 AYTRM HrbF tRErRGA BNEHdL bbMbbe thb Biitipi§! SO,
a decrease can be ac&%eveg o?{tﬁl‘g pelgﬁpent age g‘?lcinge %r oept;hets t%glt
pass t hr odighiet henuiladdénofthe preserdfinventipn muladedlay a dirttied ddwastreaineside ¢ibs
and reach,th | asma_processing.portion. [[0040 . Accor di,ng to
the 11 1% SRTGRTERE SHEEENLo FHil SerO R ot FHRsedisiOR a0 ot veen
sai d firsicpasiid Battdr iPmandleraintbors @6@PR(AANY, 8dedredse @AM bd ecHis A fir
adjusted to be long or short |engthw se, the spacing can be adjusted

t o opti mi the peiventegpeidrepletsithipastciioesh e ipleataonmef many rauliplyodivided
constructjon,..lf th ing. is short.eped,. the capture efficiency of
dropl ets %%ﬁ“ggkfn%f§%§§§¥ %%?’s%gsﬁggggggébility decreases that the
curvedl y mdgginci ng droplets pass both the indentations of the first

annular rib and the indentations of the second annular rib. On the
other hand, if 'tIRePepEen wiehst iseagbremesrd” ihBersuseRlytS Brfieia unge 85
Processi uﬁ@?@{rﬁhﬁ% n‘BF gfa'%!@d ngéx‘%%c?ﬂ% stdbhg %h@&r H@&ﬁqﬁsao By sifiécause
placing the first annular rib and the second annular ri econes

easi er. [B6vdyer, when thAplaemeistreganh bedoneesdiigit in coocamtrafion ften Erséantistant

i nvention, anpng said nultipl i vided annul ar ri.hs that have been
i ¢4 pl v radBrsLan thesseondatlar et M Aesien ot R FoRC S8 EaUse
of this, AR.ARR MR pEEForCRbMEs FRE hOHE wIHéhtit!iBIeé(sigr'ékFé's%ﬂ"m%ﬂ ar rib
can be used, depending on the condition inside said plasna processing
appar at us[00B®r exanpl e, by | eaving an undivi ded area on the second

annular rib by Ki he i.ndentatiaons of the second annul.ar rihb
hal | ower than ARe el FarPRACORH of I esebt SuRRPPocAPR dngbled
that passribdureuide td1be didaltadly evsdedfanhtiier fibd, Sie sy veliadtioniod sand
advance curvedly can be captured by said area of the second annul ar
ri b. [004ggposited matter fragments can be achieved to full limit. Also, a decrease can be
achieved of the percentage of the droplets that pass through the indentations of many
multiply divided annular ribs and reach the plasma processing portion.
[0040]

According to the fifth form of the present invention, because the spacing
between said first annular rib and said second annular rib can be freely adjusted to be
long or short lengthwise, the spacing can be adjusted to optimize the capture
efficiency of droplets and the ease of construction. If the spacing is shortened, the

capture efficiency of droplets can be increased, because the possibility decreases that

the curvedly advancing droplets pass both the indentations of the first annular rib and



According to the seventh formof the present invention, because said
i ndentations are forned so that they span the full width of said
multiply divided annular rib, said rib segnents are conpletely
separated from one another, and the size reduction of deposited
matter formed on said rib segment can be acconplished to perfection.
[0043]  the indgotatipns eithe seaohé ariudan rib. fy the ofher handp ridbesnacinguent i on,

because said.indentations are fornmed so that th an a rtiak
wdch of - Cabnerd MedrotiRoR bEarBiTE P tepea i T R BB b efien
portion Ofecoities cabidr] bdehiseqlatinetlc Etuhmilar 1P andthk Q&dbad aahamorit he
inner wall of said plasma advanci ng tube. Therefore, the size

reduct i onb@PMERPSt ed matter on said rib segment can be achieved,
and at thﬁ)oaf\]ms time, a droplet capture function can be obtained.

[ 0044] As described in the explanation for FIGS. 2 and 3,

dropl ets are eaAtdoydiagpd the atktlaforinhe theprebdhe irvention, among aaid mudtiplén t he
ot her hand, . dgposi te tter froma _pl asma streamis easdjggfy formed at

the i nsi d&Vised gpnularfifsthathage begnanulitigheplagsd, Hdeast fomharg GifeeRt ded rib
segnent i(gb%gﬁgg' : i I i i i he

si ze reducti nrag H%g%g%%t@ tggﬂﬂrrgta? g?@ﬁ{jg@ﬁghﬂgﬁ%&ﬁe&g‘?ﬁgtﬁﬂp efd g& can be
achi eved amwlulkibanebasked, depentling qurtbs emiditiar impidd 6816 PGSt prquesdieg abl e
as the ratio between th i dt hs of the. tial |.ndentations t he
annul ar | riperadisl gaTs BY St anind iBehes o P SERgpiitar 5y
Accor di Nngmhleinf R iREEHEY InQ bftiRfsetdiR) ANEREAD shaAoE tRA thdRaamaRorsfd
multiply divided annular rib slants dowward, droplets are easily

r ef | ect edthe dimstianudarstily, dsenlofs diat pagsdhiopph hednddmtationnef thadirst apnuleniil

pl asma adyangil ng..t he dropl et r.e; hal [ nt,l nuous
et eet | e SHARE AP B IR T MR bER Bt dnin GRS o
capture bmwogzes efficient. The angle of inclination used coomonly is

15-90 with rezﬁect to the central axis of said plasm advanci ng

t ube. From experfsring tq the sesnfhiprn o dheprstent myemting: PeisustRaBb [ 0046]
Accor di ng: ek, r i I gdsRqsai d
mul tipl yglgﬁél}t%ltg%sannupgégéﬁgi tél%{p?g?%etﬁ%?‘gwg@%fq%aﬁp@é‘gﬁ’ﬁt todt he
central aainslaofibssuidirip lsemnentadeanmpiegely séparatedifromame ahather, bid thecimes
par al | el ann r rib. Because of.

ot i gur AERBON RSP BAER B o0 ar FEPCFBNGtdrG paBT oPTSBB B on
becones eﬁé‘décti&p_o47] -
[0043]

According to the eighth form of the present invention, because said
indentations are formed so that they span a partial width of said multiply divided
annular rib, a continual base end rib portion of said multiply divided annular rib is
formed along the inner wall of said plasma advancing tube. Therefore, the size
reduction of deposited matter on said rib segment can be achieved, and at the same
time, a droplet capture function can be obtained.

[0044]

As described in the explanation for FIGS. 2 and 3, droplets are easily
captured at the outside of an annular rib. On the other hand, deposited matter from a
plasma stream is easily formed at the inside of an annular rib. Therefore, by
positioning a divided rib segment inside, and a continual base end rib portion outside,

the size reduction of deposited matter and the capture of droplets can be achieved

10



According to the eleventh formof the present invention, because the
areas, the configuration, and/or the angles of inclination of said
rib segnments and/or said indentations are nonuniform the
configuration of the rib segnents can be varied according to the
necessity due to the deposited matter formation in each part of the
pl asma adsinitamapuslyble the prebent derop|18YsdWa it preterabip anihe satia bréwedndbem

stream or_the | et.s; .concentratikon i s uneven.. [ 0048 .
Accor ai g SR ReREREIRAATBTIG AR AR AsPullt P el ke PrpEalls an
i nner ci rgsmfaeential tube is formed, said multiply divided annul ar
rib may be placed in said inner circunferential tube beforehand, and
sai d i nnelP085k cunferential tube can be fitted in said plasma
advanci ng tube . . DR i
I 11 ply i vi aea SPLS e PR Bl e pnEpRRe SR o RIVBERRE nfa pihly
omtted, dieriddagmilar réb slampklbwhwaid, drophedts drbeagilyadflette¢deonpinoesds of

id pl ' t bt ai ni f .t he st t h of
251 A pl acHEYHERHLRRGTE HISanIer PR FAd pesma I BN oE o HEHEOR Fe Rl ent h
form of UfigRhg3ms Lokl khRctde G SHAAEd bR ThBRF:E Afe Bbplet
pl aced between”said 1nner circunferential tube and said pllasma
advanci ngcdptibe beddneesicifidiele. Dlic saddbof intlatation nsadrdoemently & 13-2bé | withut
in an electrically floating state. Therefore, the control of the
el ectri c TepreacHtoi the erdral Axis @said plaana adyassingdnbe: Hrre ceprticars thie
beconmes easy, and .control of said.plasma stream can be done
carefulIyqﬁ%UH%GTQGO?mdﬁﬁﬁ%ﬁd?%goto'the fourteenth formof the
pr esent i@mg tion, because a starting end insulation plate is

i nterposed between said plasnma generating portion and said plasm
advanci ng t ube,Aeoerding ke dentlbformnaf the present mvieniedrd beeayas stad thulfipds nma

generatin ortion tg said plas vanci t ube, can.be. r ced.

Ther ef or e‘,gv{%ﬁg a%‘ﬂ?rrl?c}? lsﬁﬁmseﬁﬂlﬁugl?‘évitﬁ'ﬁesgf ?tggﬂ?el cﬁanggl] a(ﬂilsp&af’gﬁpt%s&?ﬁanci ng
t ube becosRan@As hde; safd@mblar rib becomesSpiralidl € the rineldnefdregidtandiar m of
the present invention, because a finishing end insulation plate is

i nt er pos etdb-BRacorse T tha confianaiionr bedsadusiopef saidbmuliipdy dixided sibaortion
advanci ng,t.ube a%ﬁ i nfluence by the electric field fromsaid plasma
generating por% “and said plasma advancing tube to said plasma
processi n@ogdrti on can be reduced. Wen both a finishing end
insulation plate of . the present formand a startin nd i nsul ati on
plate of the LAFFOFERHTN e&%@é?ﬂlb%@&ﬁ@_&%@&ﬂ Vﬂlgga%ca&sg}w?@ t ube
becones i gekatmairfldRC hid/6tthk ¥nfl¥s SiRcliiBoh BE gﬂi@hbge%;ﬁa{tg hiSp satdhe
inside of said inner circunferential tube is put into an electrically
f1 oat i ng ietettationfher minondprny.libe carfiguoitionfof theaile$eguteniscan belvariédh t he

inside of said inner circunfereptial tube becpnes,.eas nd_ ceptro
of sat o paaHine BB Afe bR e Bap i Frsief REBauT i each B EEG ng
to the sixhanidvahhi e driige BOEREMapiuRY SHeh&Rr tHRAMMSLstiewm rahdrodes
are equi pped, one berng in an operational state, the renaining one

bei ng pol dreplsts dopcentratigmibynesemt e, and they are exchanged by said
cat hode egﬁggnging means, sai d cathodes can be exchanged while the
vacuum i nsirde said plasma processing apparatus is kept. Therefore,

during the operatdoedingto aitalelthashmopihe pesentrigvapipa) iichisse ahineg at hode
whose surface has been consunmed by use can, bhe exchanged for the

cat hode v#iBsymfegntial teba s fommednsaibimulipdy divided apaelaydl may bemplaced fthe

said inner circumferential tube beforehand, and said inner circumferential tube can be
fitted in said plasma advancing tube afterward. Therefore, a placement process of
said multiply divided annular rib to said plasma advancing tube can be omitted,
leading to a simplification of the production process of said plasma processing

apparatus, and an obtaining of the strength of said plasma advancing tube.

11



filmtreatnent of the object to be treated can be done with high
efficiently. This exchanging neans is easily damaged by a short
circuit caused by said deposited matter fragnent, and al so the
mechani sm of this exchanging neans is easily jamed by said fragnent,
but the nmultiply divided annular rib of the present invention can

pr event sﬁ@ﬁ?ﬁan&ge and janmm ng by reducing the size of said

fragnment. <BRI EF DESCRI PTI OF ..THE NGS> [ Q05 FIG 1is
e ect v aherie i thi et Wb e e iRl becase |

present ii¥satiorOportion is placelilbetweenissidanses bitwhiegertial tbeeaid ¥ad glaggsam
I ndicating a | ack of influence by a fragnent of deposited matter in

the pl asniivpreassdiende aside ofisald ippercheupfaiial tubaieptioan elepideally | s a
concept .”ahcﬂ{ng%h?épﬁg%‘f&ﬁ,gthg %&&?dé?o?ﬁ{% e?éctrﬁr[ A8k gL ﬁﬁ%sd'&‘é‘oiaé& ity 11D
FIG 4 is an outlined schematic di agram show ng e deposition of
pl asma st cismmfomheslitabe otomps edspldndrconirtl. of said plasnfal sGearh das ba done
perspectivg§%lagran1of a nultiply divided annular rib having parti al
i ndent at i GHEUlY. FIG 6 is a perspective diagramof a nultiply
di vi ded ghar rib having rib segments placed horizontally.
FIG 7 is a perspective diagramof a nultiply divided annular rib in
whi ch t he ar ea, Acwnding ty theifonteanidt famg béthegiresest ioferttion, bachussaptating
and the in ent%tlon ar.e. on-ug%fornl . . . .
end insulation plate is'interposed between said plasma generating portion and said
plasma advancing tube, an influence by the electric field from said plasma generating
portion to said plasma advancing tube can be reduced. Therefore, the control of said
plasma stream in said plasma advancing tube becomes easier.
[0051]

According to the fifteenth form of the present invention, because a finishing
end insulation plate is interposed between the plasma processing portion and said
plasma advancing tube, an influence by the electric field from said plasma generating
portion and said plasma advancing tube to said plasma processing portion can be
reduced. When both a finishing end insulation plate of the present form and a starting
end insulation plate of the 14th form are placed, because said plasma advancing tube
becomes isolated electrically by the two insulation portions, the inside of said inner
circumferential tube is put into an electrically floating state. Therefore, the control of
the electric field in the inside of said inner circumferential tube becomes easy, and
control of said plasma stream can be done carefully.

[0052]

According to the sixteenth form of the present invention, because two
cathodes are equipped, one being in an operational state, the remaining one being
polished in a standby state, and they are exchanged by said cathode exchanging
means, said cathodes can be exchanged while the vacuum inside said plasma
processing apparatus is kept. Therefore, during the operation of said plasma

processing apparatus, the cathode whose surface has been consumed by use can be

exchanged for the cathode whose surface has been polished, and because of this, the

12



FIG 8 is a perspective diagramof a nmultiply divided annular rib on
whi ch an undivided rib portion without indentations is partially

f or med. FIG 9 is a transparent perspective di agram show ng
the state in which only a single first annular rib, a nultiply

di vided annular rib, is glaced in a plasma advanci ng tube.

FI G 10 i §imtreatarenpel thapbjsettobe dichizd can bedenn withhishgiEcientht Ehisn whi ch

two multiply di.vided annul.ar.ribs.are placed.in a nnlas adv.anci ng
tube. FI xpagite peepsenibidamagst Pu bl et SRt ale i
whi ch t womaiieH fedgddent,dind iathe dh @mBeHadisnt bi1GisxEhadlepatednd ifeadiiP ffmed
advanci ng tube so that each divided rib portion is shifted toward a
rotating @y sad{iagment, but the mpjtiply divided agnelapnb phiepresgeligpationgan

ol aced ai Prnet g BT R e IR SRR BRI S

ribs. FIG 13 is a transparent perspective di agram show ng a
state in which all the annular ribs_in the Elasna advanci ng tube are
made to bEBREEFIRRSCRINTIZN QRABERPRAWINGS FIG 14 is a
transparegbsggrspective di agram showi ng a state in which the nmultiple
mul tiply divided annular ribs inside a plasma advanci ng tube are nade
into multiply dfid diesla perspecave diagsmw i himdlitiplediented comflaguly af thens.
FIG15 is a transgarent per spective di agram showi ng the state in

whi ch t hePSHFRE TG W& ween first annular rib and second annular rib

has been narrowed; 2 is a schemfati&perbfective iakfANRRRAENS a PREDPBATIHE: by a

di agram showi ng a state in which an inner circunferential tube is

pl aced i nEagheem op Hepnsiedupatierci e platies pronessmgmpparaiys pf theyireseat annul ar
ribis placed.as the first annular rib inside said inner

ci r cunf er BRYTE™ t ube. FIG 17 is a transparent perspective

di agr am show ngFi&. pliss Bencpprasiedisirag shp@aigaleyssitioh vhdropless dni ahi saRulag
end section insulation plate has been placed in a horizontal plasm
advanci ngrit-ube.

FIG. 4 is an outlined schematic diagram showing the deposition of plasma

stream material on an annular rib.

FIG. 5 is a perspective diagram of a multiply divided annular rib having
partial indentations.

FIG. 6 is a perspective diagram of a multiply divided annular rib having rib
segments placed horizontally.

FIG. 7 is a perspective diagram of a multiply divided annular rib in which
the area, configuration and angle values of the rib segments and the indentations are
non-uniform.

FIG. 8 is a perspective diagram of a multiply divided annular rib on which an
undivided rib portion without indentations is partially formed.

FIG. 9 is a transparent perspective diagram showing the state in which only a
single first annular rib, a multiply divided annular rib, is placed in a plasma
advancing tube.

FIG. 10 is a transparent perspective diagram showing a state in which two
multiply divided annular ribs are placed in a plasma advancing tube.

FIG. 11 is a transparent bottom view diagram showing a state in which two

13



FIG 18 is a front perspective diagramof a plasna processing
apparatus in which a cathode exchange portion 80 has been set up.

FIG 19 is a perspective diagramof a conventional annular rib.

FIG 20 is a transparent schematic di agram showi ng a causati on of
short circuit by a deposited matter fragment in a conventional plasna

pr ocessi nguliphadiaided anmpENGRAre placaHnRERERENTET ankIVE RS tia) o)

oo PR IAAORE S R B PRLAS 0L o L1 hode

14G oove porti oFiR Dt psdtraishaentiPeddpective diagram showing the state in which
multiply divided annular ribs are placed at the downstream side of the first and the
second annular ribs.

FIG. 13 is a transparent perspective diagram showing a state in which all the
annular ribs in the plasma advancing tube are made to be multiply divided annular
ribs.

FIG. 14 is a transparent perspective diagram showing a state in which the
multiple multiply divided annular ribs inside a plasma advancing tube are made into
multiply divided annular ribs with different configurations.

FIG. 15 is a transparent perspective diagram showing the state in which the
spacing between first annular rib and second annular rib has been narrowed.

FIG. 16 is a transparent perspective diagram showing a state in which an
inner circumferential tube is placed inside a plasma advancing tube, and a multiply
divided annular rib is placed as the first annular rib inside said inner circumferential
tube.

FIG. 17 is a transparent perspective diagram showing a plasma processing
apparatus in which a finishing end section insulation plate has been placed in a
horizontal plasma advancing tube.

FIG. 18 is a front perspective diagram of a plasma processing apparatus in
which a cathode exchange portion 80 has been set up.

FIG. 19 is a perspective diagram of a conventional annular rib.

FIG. 20 is a transparent schematic diagram showing a causation of short

circuit by a deposited matter fragment in a conventional plasma processing apparatus.

<DENOTATION OF REFERENCE NUMERALS>

[0054]
1 Plasma processing apparatus
10 Plasma generating portion
11 Cathode

12 Trigger electrode

14



21Pl asma stream 22Dropl et s 30Pl asma advanci ng tube 311 nner
circunferential tube 32Insulation portion 40Multiply divided annul ar
rib 40aFirst annular rib 40bSecond annular rib 41Pl asma advanci ng
tube joining portion 42Ri b segnent 43Base end rib portion

44] ndent ati on

13 Wall surface of plasma generating portion
14 Groove portion

20 Insulation plate

21 Plasma stream

22 Droplets

30 Plasma advancing tube

31 Inner circumferential tube

32 Insulation portion

40 Multiply divided annular rib

40a First annular rib

40b Second annular rib

41 Plasma advancing tube joining portion

42 Rib segment

43 Base end rib portion
44 Indentation

45 Undivided rib portion
50 Bent portion

60 Plasma horizontally advancing tube
61 Finishing end section insulation plate
80 Cathode exchange portion

81 Cathode for exchange

82 Motor

83 Cathode exchange platform

84 Cathode raising and lowering platform
85 Grinder

86 Motor for grinder

90 Deposited matter

91 Small-sized fragment of deposited matter
92 Droplets deposited matter

101 Conventional plasma processing apparatus
110 Plasma generating portion

111 Cathode
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45Undi vided rib portion 50Bent portion 60Plasna horizontally

advanci ng tube 61Fi ni shing end section insulation plate 80Cat hode
exchange portion 81Cat hode for exchange 82Mdt or 83Cat hode exchange
pl at f orm 84Cat hode rai sing and | owering platform 85Ginder 86Motor

for grinder 90Deposited matter
112 Trigger electrode

113 Wall surface of plasma generating portion
114 Groove portion
120 Insulation plate

130 Plasma advancing tube

140 Conventional annular rib

141 Plasma advancing tube joining portion
150 Bent portion

160 Plasma horizontally advancing tube

190 Deposited matter
191 Large-sized fragment of deposited matter

<BEST MODE FOR CARRYING OUT THE INVENTION>
[0055]

In the following, an embodiment of the present invention is explained in
detail by following the figures. FIG. 1 is a perspective diagram of multiply divided
annular rib 40 of the present invention. In FIG. 1, this annular rib 40 is comprised of
plasma advancing tube joining portion 41 and rib segments 42, and rib segments 42
are completely separated from one another by indentations 44. Because of this
separation, the size of deposited matter deposited onto rib segment 42 does not
become larger that the size of this rib segment 42. Rib segments 42 of annular rib 40
in FIG. 1 are slanted downward toward inside. This inclination, as described in the
explanation for FIG. 3, is useful for capturing droplets by successive reflection.
[0056]

The surface of rib segment 42 may be smooth, or unevenness may be
provided onto it to increase the surface area. When such unevenness is provided, the
droplet capture efficiency of rib segment 42 becomes greater than in a case that rib
segment 42 is smooth. On the other hand, cleaning becomes easier when rib segment
42 is smooth.

[0057]
FIG.2 is a schematic perspective diagram indicating a lack of influence by

fragment 91 of deposited matter in plasma processing apparatus 1 of the present
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91Smal | -si zed fragnent of deposited matter 92Dropl ets deposited
matter 101Conventional plasma processing apparatus 110Pl asma
generating portion 111Cathode 112Trigger electrode 113Wall surface
of plasma generating portion 114G oove portion 120l nsul ation plate

130Pl asma advanci ng tube 140Conventional annular rib
invention. In plasma processing apparatus 1, the material constituting cathode 11 is

made into plasma by an arc discharge between trigger electrode 12 placed inside
plasma generating portion 10 and cathode 11, and it is conducted to plasma
advancing tube 30 as a plasma stream. Furthermore, this plasma stream 1s conducted
to plasma horizontally advancing tube 60 through bent portion 50, reaches a plasma
processing portion set up at the finishing end portion of plasma horizontally
advancing tube 60, and it is used to plasma-treat the object to be treated placed in
said plasma processing portion. At the time of arc discharge, droplets are produced at
the same time as the plasma as a byproduct. These droplets are scattered, and are
captured by multiply divided annular rib 40 placed in plasma advancing tube 30.
[0058]

Annular rib 40 is exposed to said plasma stream, and as shown in (2A), a
part of the plasma stream material aggregates on rib segment 42 of annular rib 40,
forming deposited matter 90. However, as described in the explanation for FIG. 1, the
size of deposited matter 90 does not become larger than the size of rib segment 42.
Thercfore, as shown in (2B), even if deposited matter 90 falls as fragment 91 into
plasma generating portion 10, fragment 91 enters into groove portion 14, and
therefore do not cause an electrical short circuit between cathode 11 and wall surface
13 onto which positive electrical voltage is applied in a similar manner as trigger
electrode 12.

[0059]

In plasma processing apparatus 1 in FIG. 2, insulation plate 20, which is a
starting end insulation plate, is equipped between plasma generating portion 10 and
plasma advancing tube 30. This insulation plate 20 electrically separates plasma
advancing tube 30 from wall surface 13 of plasma generating portion 10 onto which
positive electrical voltage is applied. By removing the electrical influence from
plasma generating portion 10, electric field control and thus plasma stream control in
plasma advancing tube 30 are made easier.

[0060]

FIG. 3 is a conceptual diagram showing deposition of droplets 22 on an

annular rib. As shown in (3A), while plasma stream 21 advances straightly, because

droplets 22 are scattered, they are dispersed to the inner wall of plasma advancing
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141Pl asma advanci ng tube joining portion 150Bent portion 160Pl asm
hori zontal | y advanci ng tube 190Deposited matter 191Large-sized
fragnment of deposited matter <BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON> [ 0055] In the foll owi ng, an enbodi ment of the

present invention is explained in detail by followi ng the figures.

FI G 1 istuhepérBpectitered dioptptsa?d edllidaivith phyulali it 4 @ndafien eing i b 40 of
the present, inventiqn. .In FIG 1 this nul ar rib 40 . s copprised of
bl ashe. acPaReE Y etif dratlsmrangppt B B P00 bt Bl o RSB e,
segnment s Ad siadven OB, &fr6hlits D2 R adsBdl chptordi ang lkpedhdar bitd Wadentfatd ons
44. Because of this separation, the size of deposited matter

deposi t ed(sertebed pussideq lag7ibg¥Bs not becone | arger that the size of
this rib @@g\ﬁnt 42. Ri b segnments 42 of annular rib 40 in FIG 1 are
slanted d rd toward inside. This inclination, as described in the

expl anati on f orDidpfets B areaptaidn dndnlae 8p10f fongindrdepplet depbyited matter
successive reflection. [0056] . The surface of rib segnent 42 may
be snoot h92-dhuisHeplehdrpssitsiaatti 93in ortermrely fegls. beqayss the mpeilarfarce
surface & i r:eVi Ifelsl) re
ef fici enc@é%%F en\rlg}gﬂlggs;%gﬁ% 4 '%g%ﬁﬁé%@égyggﬁﬁoggﬁ\ﬂa calgéem?ﬁfaa%lyri b
segnment 4idto plasnogéneratitg pohtenol(h becdusni js absrd by ghdmqerefreasorthavhen

10 SCTERY 2 AL 905 1 s P RS on o
deposi t ed.fddea1 ahd vRlllaSPRePIPCcessi ng apparatus 1 of the present
[0062]

Annular rib in FIG. 3 is inclined downward toward inside. This downward
inclination promotes a continuous reflection shown in (3A) of droplet 22 between
said wall surface and annular rib 40. Droplet 22 is stopped by this continuous
reflection, and is captured on annular rib 40. Therefore, the capture of droplets 22
becomes efficient. The inclination angle used commonly is 15-90 ° , with respect to
the central axis of plasma advancing tube 30. The optimum inclination angle is 30-60
° , based on experience.

[0063]

FIG. 4 is an outlined schematic diagram showing the deposition of plasma
stream material on an annular rib. As shown in (4A), because plasma stream 21
advances straightly inside plasma advancing tube 30, plasma stream 21 in the vicinity
of the central axis of plasma advancing tube 30 does not come close to the wall
surface of advancing tube 30. However, plasma stream 21 in the vicinity of said wall
surface comes close to the inside of annular rib 40, and as shown in (4B), deposited
matter 90 is formed by aggregation of the material in plasma stream 21 onto annular
rib 40.

[0064]

Because this deposited matter 90 is formed by an aggregation of the material

in plasma stream 21 in a recrystallizing or near-recrystallizing state, its strength is

high. Therefore, when it detaches and drops from annular rib 40, it can easily endure
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invention. In plasma processing apparatus 1, the nmaterial
constituting cathode 11 is nade into plasma by an arc di scharge
between trigger electrode 12 placed inside plasm generating portion
10 and cathode 11, and it is conducted to plasna advanci ng tube 30 as
a plasma stream Furthernore, this plasma streamis conducted to

pl asma hothezmpadltdgeadvanci ng t ube 60 t hrough bent portion 50,
reaches agﬁlggna processing portion set up at the finishing end
portion o 8 sma horizontal ly advancing tube 60, and it is used to

pl asma-treat thgsetivacin (PIB) bigis HegRtted matteCris lefsiS ol @618 inside of
processing portion. At the tine of arc discharge, droplets are

produced amuiaﬁ@bsﬂ&r@h@rﬁfme,awﬁh@wpﬂ@é aralzasedacwb%iﬁp@wedm@% 90 can
droplets are scat ered t nul ar
rlbp40 plgc%é' ﬁd Vdnﬂmnggggﬂégﬁéﬁ@(%aﬁgﬁgxﬁg%@ Hlkiéequ’lé/h[%rlnu ar rib

40 i s expasedudis waheht ghvading Adnutamb 4rithvag sabiovanfigurdtidf)is stowisint of
the plasna stream material aggregates on rib segnent 42 of annul ar
rib 40, fB%Png deposited natter 90. However, as described in the
expl anat i r FIG 1, the size of deposited matter 90 does not
becone | arger- than the size of rib segnent 42. Therefore, as shown in
(2B), even if dlétﬁbsils eﬂerﬂpetctiee dia@rafre¢f raultiplyf divigow atnBdr ritrdbhaiirgs ma
generatin on 10, fragnment 91 enters. i.nt oove 14, and
Sher ef or oA ibicNbtisgs SRt il b b Aivids e bl et 10
and wal | g4inf@afndods BREnAIHTbrRAS 13 Is"f@nﬁé@%’il’e%‘ segl%ﬁt@g@ aténpp! i ed
inasimlar manner as trigger electrode 12. [0 In plasma
processi neprapptelysgenaratedifronEp® aothatsul at i on pl at e 20 which is a
starting g%gzhnsulation pl ate, is equipped between plasna generating
portion 1 pl asma advanci ng tube 30. This insulation plate 20

el ectrically sepai@cAbedinabérax amr&wlsubehégeﬂefmwaépcﬁuéd ace 13
of plasma generating portion 10 onto which positive electrical

vol tage | WAty RemByrepmRegTsgnarp sasslyed thei ipgifle phannylan s 40r Bherposs ma
generat i I S{fanst ream
contr ol |nlgb p Séﬁ%ﬂ% var??iong;{tl}%%lfnggle g?rg%nﬁélghtggg%ééragg%%% ¢

FI G 3 i sdepositsdanpitaradn dieaghamaﬁ&m\aﬁda@ndieqbﬁsﬂmiemﬂanﬁtiodrfoﬂlﬂ 3, 22 on

an annul ar rib. shown in |Ie rea van

strai ghtl QPPOE;‘E%AE@TO@ GhPEs %%‘liéﬁ“é %%“atﬁ gél‘m“? éﬁ’ ‘{fﬁr gﬁﬁﬁe g%d to
the i nner plets
22 col |1 daPay A roRERSTR rekaR ey b‘i’??“%ﬂl% iﬁ%}?“eﬁ%%&m

wal | sur f diwledritheamdth mtio bietvet0 pattiabindentaticradt amb@nbiaraubrﬂﬂ 1aranmular 40.

Sai o a1 R PEIo CaR Bl 0%k S hetat R AP e B T Bl

Droplets @@sgre captured on annular rib 40, form ng droplet deposited
matter 92 This _droplet deposited matter 92 is extrenely fragile,
because t he molH&uf a2 pesrestivediasam ofowitiplydivided gniypdarialb Athasvingile,
even if it f I i I ating
por ti on 158 Bals R AR, At fREd TS by BT RRRRT

and ent er ®wiafd ms@eoon ¢hepahiérihand, Jaﬁnullat ribl 4@ hefedk papbmtgaﬂmdlth Fagpect to
short-circuit cathode 11 and wall surface 13. Annul ar

rib in FIibecontral a#ﬁc@ﬂ@i@ml%mﬁwe@t&mem%@ﬁ%of mﬁP@r HbviRwWAhgn
i nclinatign, %%%Qfofi?pﬁraﬁg%ﬁl%@%'e%tI&Jaﬁiﬁﬁ#?@né%@%gI1 cﬁﬁéﬁ }RJ dropl et

22 between sal surface and annu
st opped bpyrotittondendmeueasr,raal hiso ttheac:igearm’gjl3|f$c1hiamiu1rmbnmanmmlcasesr ib
40. Therefore, the capture .of droplets 22 becones efficient. The
|ncI|nat|Wﬁw§ itingdi s 15-90 , with respect to the
central agbgégf plasna advanci ng tube 30. The optimum i nclination
angle is

Rib segments 42 of annular rib 40 shown in FIG. 6 are completely divided

mutually by indentations 44. However, rib segments 42 do not have to be completely
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based on experience. [0063] FIG 4 is an outlined schematic

di agram show ng the deposition of plasnma stream material on an
annular rib. As shown in (4A), because plasnma stream 21 advances
straightly inside plasma advanci ng tube 30, plasma stream 21 in the
vicinity of the central axis of plasma advancing tube 30 does not
cone cl osgepamtadfeomane arnihdralay instead dvise endyrih podiog descrbliag the ongl asna
stream lei n t-hjs éié:i gi égfé)f aai d wall surface cones close to the

I nsi de of he?HWJP rI 1 B2%6¢ "Ui¥ as shown in (4B), deposited matter 90
i s formedooyopggregation of the material in plasna stream 21 onto
annul ar rib 40. k8064] . Because this deposited matter 90 is
formed by an adgfedit s paspsetivediagamesfrapltiply dividedranadaraihAlin whicly
recrystal }izing =T LZl ﬁﬁ%lﬂf it ' i gh.
Ther ef or et!,hE %hc%ﬁgﬁgﬁggﬁggglﬁ%@%}%%% ro aeﬁtr?tflzaa?id?é({?%%giwsl Ji@%%n
easi | y emturenifdrine Ini smmabir riboiOdere, [10ibd rib segmends 42 olorizon(adiBp, thi s

deposited matter 90 is easily fornged on the inside of nul ar rjb 40.
Ther ef or eSCEMERISSORKHEHAT tgﬁ&flg Blagp fgeaw_g%&h . ale. g@ﬁ&gﬁ %&Oﬁm 590
can be acﬁhﬁx&%lpﬁé ggxﬂtqfﬂﬁ rglg'(%fm_at afﬁl?b%gﬁﬁomeﬁjlﬁofelﬁbé%n&@

keepi ng the outs ont 1 nuo out drviding. Annular rib ™0

havi ng suéhwithnhiigusraatd arexist Bytsown co-exisligg 6f mplipsafib scgmentsA2Gvh@ei s a
perspect e A i Pt G S5 RS LR 40 hav 00, LT
et e, ISR LR 0l e
[ 0067] plasma advancing tube 30.

[0071]

FIG. 8 is a perspective diagram of multiply divided annular rib 40 on which
undivided rib portion 45 without indentations 44 is partially formed. Here, undivided
rib portion 45 can be considered as a rib segment whose area is relatively large.
Therefore, multiply divided annular rib 40 here can be considered to be a variation of
multiply divided annular rib 40 shown in FIG. 7, whose areas, conﬁguratidns and
inclination angle values are uneven. Similarly to multiply divided annular rib 40 of
FIG. 7, by using annular 1ib 40 here, a formation of uneven deposited matter can be
dealt with when a plasma stream whose density and/or velocity is uneven is present
in plasma advancing tube 30.

[0072]

FIG. 9 is a transparent perspective diagram showing the state in which only a
single first annular rib 40a, a multiply divided annular rib, is placed in plasma
advancing tube 30. As described in the explanation for FIG. 4, the deposited matter
formation on an annular rib by re-aggregation of plasma stream tends to occur easily
at the upstream of the plasma stream. Therefore, by making the annular rib placed
most upstream to be a multiply divided annular rib of the present invention, the most
effective placement configuration is obtained for size reduction of the deposited

matter fragments.
[0073]

20



As described in the explanation for FIG 4, the generation of
deposited matter by plasnma stream occurs nore easily at the inside of
annular rib 40. Therefore, rib segnent 42 fornmed only at the inside
can sufficiently decrease the size of the deposited matter. On the

ot her hand, as described in the explanation for FIG 3, deposition of
dropl et s occur sFléas0 s wanspareniperspedieyegfiagramshawing dostate in Fhishdirsir e

the capture r ets _can _be .made, certain b

b port i B AttBienneoR e TR 408 Mttt bulB s R R FE on

44 and anﬁf@gﬁ’fced iPa fAsihA adviidbin@rutid. badéBtabbnd44are Sorinfedih S aalyr rib
10% 90% even nore preferably, 25% 75% [0068] FIG 6is a

per spect i 4@a. Ehagm}ﬁt@pasmhrw@ frspipmmudps gibA%a by pessipsthaenghidhestg ri b
segnent s h
e e L
I s per penstigfichtsr42wiflsbcondupadlar b 40 ereqaued 86 agni verinderpaiaisl4diofwi t h
respect to the rin | ane of annular_rib 40. Wen annular rib_40 is

paral | el st #opdas pibet0a; bhergioge, eerOB]IeQd’éS%%g thRpehdrdatony 44 pRETSt
pfoduct'%mfaﬁ&%%a%aﬁbeaaprﬁﬂé 2@ gﬁa tghQ%?'sébgn& n@@{ﬁ%&@&ed in

conparison to cases In 40 1s 1 nc 0069]
Ri b segnehD§4H2 of annular rib 40 shomn in FIG 6 are conpletely

di vi ded nut ual | en i 0 ver ri,b nments 42 do not
hove o bo. comtndid |0 R of OF oD hC Tl i 4O St 5 B51 o base
end rib pﬁfnhla?%br@%eﬁbkrbw %G@d&@%éﬁh@%ebﬂdfe&aﬁt@ 1ﬂ§¥uﬂﬁ%1eﬁﬂhﬁﬁﬂl

[ 0070] FIG 7 is a perspectlve dlagkan1of nul tiply divided

annul ar ringentations 4dtnif disstiansular vl 40z aafshiglied by aib S&gmleatndlz@f vedogés of

rib segnments, 42 |ons 44 ni f.or a' AR

20 her o, THLIS FRcrep) TSt R 0B A B Rl Sl e A o .
on the rimigsépntdnes 4% inadediidahniilabrid G0b A B@sanbﬁ&&h@ﬁldasrmﬂ deafigiationk3 1 s
formed onuélat a part of_ the rlng of annular rib portion 40.
Fur t her motferib sagmeatsqianifgstannylas Hb ¢83-i ous area coexist. By such

co- EXiStIR@ ?ﬁ multiple rib segnments 42 whose configurations are

di fferent, can deal with an uneven formation of deposited matter,
whenever a pI asﬁiﬁ} 51 rsesatmnsdmsﬁ babéetnsi tiyw aieghton sheliag iatstate ® winelveh i s

B;reiggf:t : ! 35 By ﬁﬁ] # : ubfaagg48%8%%#?8%?@@5'%@#%&@%

undi vi dedtowaﬁi PRIt ifberidh 5@5@&9 %rpna%ma%%&ﬁng bR dudh )b for med.
Here, undivided rib portion 45 can be considered as a rib segment

whose ar esegimsnisel2anfisowing ahawlgerib Fieamsfpdaced soras tof q@wr indestetens drodl ar
rib 40 hege, can, be. consjder d to be variation o l.tipd di ided
Cnnul ar 15t SRR SRR B R ot & Bob Qe B i

i nclinat l £6m %gie?af{cﬁi s asti-CmbtRANIEE achRevdd] Ad it thedsams ttm@laycagtuve sed
annular rib 4 FIG 7, by using annular rib 40 here, a formation

of unevendraplsisiandg madewcartalBan be dealt with when a pl asma stream
whose den%by and/or velocity is uneven is present in plasna
deng %]e
advanci ng t
FIG. 12 is a transparent perspective diagram showing the state in which

multiply divided annular ribs 40 are placed at the plasma stream downstream side of
first annular rib 40a and second annular rib 40b. As such, by arranging multiply
divided annular ribs 40 at the downstream side of first annular rib 40a and second
annular rib 40b, a size reduction of deposited matter 90 from aggregation of plasma
material can be achieved furthermore.

[06077]

These annular ribs 40, first annular rib 40a, and second annular rib 40b do
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[ 0072] FIG 9 is a transparent perspective diagram show ng the
state in which only a single first annular rib 40a, a nmultiply
divided annular rib, is placed in plasm advancing tube 30. As
described in the explanation for FIG 4, the deposited matter
formati on on an annular rib by re-aggregation of plasma streamtends
to occur metgictdtodtave hsampsonfemmatioh. A%e, 1 ismrrmestssary that Ty divededpy

maki ng the annul ar,ri b pl aced nost st.reamto he a mul tiply diyided
annul or  re5UE TR0 e doBRftan s oD S ER M eBnlfe B Rk, b Bttt ey
confi gur afnhBe biaiRtiat A RstafiO 29 ot QBT Arimhr @ib 40beis taRasithgthreat 4 er
fragnents. [0073] FIG 10 is a transparent perspective di agram

showi ng asitstintvehi¢hhdepnpissd maties froghaagregatien pf losma pigcageiseasilyafonuedr rib
40b, whic Oé}%ﬁ mul tiply divided annular ribs, are placed in a plasm
advanci ng-tube. Indentations 44 are fornmed in first annular rib 40a.

The dropl ets paBls. | hiscrgdhsparestpesspoetivardidgrim4Bewing axesas imghich ab wigh
t hese i ndentations 44. Second annular rib 40b is f),o itio gd t?
t’é’i%‘t%il" AIElA0b are

capt ure tHewargibsH) plagma pdvanglag fihsd) aromgfle tbeiy

pl aced so .1 taak | i r:o ks :
Ther of or cr 0% R WP pBIEDURE A b Ror S oI Ay Wy Do
annul ar rieduetiba faepdrited apmttor ¥tcambermirlesregamninsthd 2amé neeoarad tlennul ar

rib 40b. [,0074 .Iln FIG 10, the .cqnfiguratjon, of cond annul ar
b 405 | MRGkRA o i Chbl gheap i g By af ot 40, Mo e AR g
passage 0fodaRPiRbSd arlrduldr $ib40bfdoGlo Rbed tBdav@h barh® tdiens 44 of
first annular rib 40a are shielded by rib segnents 42 of second

annul ar rf®790b. Therefore, there is no need at all for the areas and

configurations i b seqments 42 in.second apnul ar rib.40Dh. be
Come Jar L one o 1 B SRR ook g JB0 e i Which P
annul ar  rinRitPemuitPdr&lided annuldm ribs idsidé pladnd hénBPiABNte 300irt anlde irktw
di agram showi ng a state in_which rib segnents 42 of each of first

annul ar rBltipiadizided sapyacribsiwidh differsns cordigusgtions B sush coexiating of
rotating ﬂ?gﬁ%&g@eﬁggﬂﬂ%ﬂ?@%}?dé? %%@%’g@n%@é}%ﬁg 8ﬁy%theﬁsans uc

rib segnen second annu are placed so as to cover
i ndent at | mesedforoifatién oSdepasinad msttarichn BOhandByd whaha plasrangemmantvhose Si ze

reducti on,of. the, deposi.ted matter, from aggregati on of plasnma materi al
i s achi ev&@sityarl/ %‘i‘Pe?‘PFétyééﬂ%e"FP ﬁ?ﬁtsén%%ﬁg?rﬁgavaﬂ?l% I“&f‘)@%c an be nade

certain. QaP] FIG 12 is a transparent perspective diagram
showi ng the state in which nultiply divided annular ribs 40 are
pl aced at the pfléshhisst raapardovpesipeetin dagtamshowingststatemuwhich thiey 40a

and second annul ar -rib 40Db. ch.. by arrangin tiply divided
annut ar  rITBERRyeaeeb s anida o 30K SiistoRl +RRg: M nh it i,
second anp&dadse dropletkOIR, ard sdlidQateB sl tHeirRnGly i€ BRMSdohf¥drd8th (pRismdDarfd OmM
aggregation of plasma material can be achieved furthernore. [0077]
therefore the pathway of droplets 22 becomes curved by influences of gravity and
others. Because of this, there is a possibility that the droplets pass though
indentations 44 of first annular rib 40a and of second annular rib 40b. By narrowing
the spacing between first annular rib 40a and second annular rib 40b as in here, the
possibility of droplets passing through two multiply divided annular rib can be
reduced.
[0081]
Also, the spacing between first annular rib 40a and second annular rib 40b

may be widened. In such case, the placement procedure of these annular ribs into

plasma processing apparatus 1 becomes easier.
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These annular ribs 40, first annular rib 40a, and second annular rib
40b do not need to have a sane configuration. Also, it is not
necessary that nmultiply divided annular ribs 40 be arranged in a
proximty of second annular rib 40b, but instead they may be arranged
at a location far fromsecond annular rib 40b as |long as they are at
a site i n[00BREh deposited matter from aggregati on of plasma streamis

ly f d FI G 13 t t
i 21 am show ngtI% 46 S BPIPHERLIFESHe Ve oG ar 8 R 17 BHder
advanci ngcitdifrerBti ArtBbdROR ﬁ]&e@%siﬂ!:l ﬂlﬁs%z%’adi‘ﬁaﬂélﬂﬁﬂlbeﬂﬂUdrfﬂrmﬁl't@@ By

using mul tiply divided annular ribs for all the annular ribs in this
way, a si dieideddooulponb 49 Idemslms§mstmanmlevnlgéoa:mﬁldbma@écmmtlhl I n

Lo o TRERT I Al AR, R RMnd fipE aFis cabpplb SEREHIEIHE) L,

rib 40b derdd9tudeade preshiay giffréreBet@sh tEbxddriod Bnd (HQdBior of plasmd| G
14 is a transparent perspective diagramshow ng a state in which the

nul ti pl e PECESSingEPHAreiuaddBR prRAessing § lftma ﬁ@amlagﬁaﬁzeéavﬁaﬁ@mgplpube
30 t
con?{gu?aﬁgghsIﬁﬁﬁqéﬁgﬁ&%ggg%g |ngﬁo OPF Pﬁ“%ﬁ§ﬁgggh %%urar ribs

whose conﬁergmnalty ofsaghhd idanéing mbernd cﬂﬁlﬂtﬁb&ﬂeakaﬂi’eduﬂe\gmh be pmtwmng of
deposi ted be handl ed when a Ias I nS|ty
and/ or vely i yd g divided savunr w5 @tlgnqrﬁgrplae ai?%?“%@nﬁ

[ 0080] SRa %QQW a
state in S‘t‘%“%%%““é%é@ﬁge‘%i@men 3fq|r1 Elg% g%%g%adr%fgl tgb%ggaf%d seéﬁd
annul ar rpmc&@behummbenphﬁ@&ammﬂwoﬂB@uawgbaddbpmﬁﬂsnﬁzfphsnsol|d

mat eri al , helr ns; ity is hi ared to plasma, and therefore the
pat hway ofd" 8?883%&? 2%Bb85aﬁgneﬁﬂggﬁiby i nfl uences of gravity and

ot hers. e of this, there is a possibility that the droplets
pass though indent ations 44 of first annular rib 40a and of second

annular rib 4odnf§9 Haonbiinshannmtar sibdangpleesdmsanuliiphyshividedhanmagarr i b
40a and S86. %gwg\%? %eg(he S t? \%%Q %ﬁplg pl\ngédeangé@?ngg ﬁ'ﬁﬁggis b%%n%ﬁg%l as

dropl ets passi ng hrou annu can
reduced. {nOO&E] 10-15. Also t he spaci ng between first annular rib
40a and second annular rib 40b may be w dened. In such case, the
pl acenent [998bkedure of these annular ribs into plasma processing

apparatus 1 b ecﬁféﬁﬁn%&' 4, insu 1608 %Lrtlon 32 is installed between inner

circumferential tube 31 and plasmé advancing tube 30. This insulation portion 32
does not need to be installed in the present invention, and if it is not, the production
of plasma processing apparatus 1 becomes easier. However, when insulation
portion 32 is placed, it becomes advantageous in that, because it can make inner
circumferential tube 31 electrically independent from plasma generating portion 10
and others, the control of the electric field inside inner circumferential tube 30
becomes easier.

[0085]

FIG. 17 is a transparent perspective diagram showing plasma processing
apparatus 1 in which finishing end section insulation plate 61 has been placed in
horizontal plasma advancing tube 60. In FIG. 17, insulation plate 20 that is a starting
end portion insulation plate and finishing end section insulation plate 61 are set up,

but even in a state in which insulation plate 20 is omitted, one can remove an electric

23



FIG 16 is a transparent perspective diagramshowing a state in which
inner circunferential tube 31 is placed inside plasma advanci ng tube
30, and nultiply divided annular rib 40 is placed as first annular
rib 40a inside inner circunferential tube 31. It is necessary that

pl asma advanci ng tube 30 is capable of enduring the stress due to the
pressur e iffiésreaiplshetgeaentindportxn 0 iothe plednialprodentieg partion fetpipas ma

processi ng apparatus 1. By. processing. thi,s pl.asja. adyanci t ube 30,
For  exanpile ShREoRoaf fip KRRl PRy GNRERe R SPGRE 1S BECHSng
others, tHesstdRI9bPIRMGiNTRMGL the bbjcab veh@ak@ advancing tube 30

coul d be weakened. As such, by positioning nultiply divided annul ar
ribs in if086] circunferential tube 31 beforehand, and positioning

i nner circunferential t i n_pl.as advangci n ube 30 afterward,
Lhe br ocess. becshatona i 7Y Sy By R ERGoT alstactte RbRREE 1t
of pl asmetBe¥a s PImhdd odpleeBNinBEyehBrt AIUCHicANY Rofttle ofH2O8ats of

In FIG 16, only first annular rib 40a is placed as nultiply divided
annul ar rplasmapinesssing appai@iusds t dhewfore.rtibecopiey pessibletsehfisely e ri bs

may al so i i G
16, insul gaig ?@%\ ﬁ%@?’ﬁ g%a%ﬁ.?f Iaivgrlﬁ@s?)é??%gmgg?%%?ﬁ Onfr;freered(():lﬁlrogghn%ﬂégsgg i al

t ube 31 agitkapl @sfrel Bdvaesedg tube 30. This insulation portion 32 does
not need to be installed in the present invention, and if it is not,
the produd®B8h of plasnma processing apparatus 1 becones easier.
However, when i i [ ECYTY I i q :
advant ageous | nﬂt !aﬁs ﬁ%@%&b?%vg?ﬁdﬁn%ﬁg%%%g?bI(’:QlClracu gr?ﬁsa 1Ilt ube
31 el ect r whizhlcpthbdelembmzengorfiorndd hidalsen sefarpe Cathiode epdhatgeportion &hd

others, the control o he electrig, field. jnside inner
Tt or Bt FPPRSHs ebele fr GraBnEL &1 ndiof th 8aih00e cXhEhge platfom ..,
transpar efifo RecIR94ikinY And I AELTRP pRiRIMNE 84 PHARRRS /08 fctoN@r 8RR 8bUs 1

in which finishing end sectioninsulation plate 61 has been placed in
hor i zont afor gtisiwgwaiddriader fgthode éoregchapge Bl G placed at fwtaadby pogitien e 20

or i zont afor i thodporsachang Fl &
Sect i on |+ heda TRk F SRt PRk Gl A0 R ARl MUl .,

i nsul at i ofhapik #catidbde polshihd poHioNEath@le 1IN e \cathade Rlrekthange 81 nfl uence
of plasma generating E)orti on 10 to the plasma processing portion set
up at t hereaRpRetiBly @roiet Bp op rathpds faising ad I@W%wlaﬁv%éﬂ-ﬂ% exghrnge

| eading t i i : Of: (e i ect: 0 be
troat q,  TODUEE: dlckal SRRzt Abat 1L PPyl bt FSbRrkink

i nsul at i opositicat, #e, twplcatwde adhinnaidigweribg pfonan8bercimaered omlode el vy

i ndependent _el ectri cal éqyitgf romthe, other parts §f&1} pl asma processin

?ppia(rj at usexlfh%%rfﬁ?tg}r@, : rejaiedriSd’ pbYnePesd: gnd die trogeihpde Fising hr ic
p: SS mal 2 t E)grgeﬁpnggﬁg’r\é%g %3% glie:{gigg% :Sgéf Gth%%%thtoﬁg e)gc%gﬁgeepoq{ioﬁ é@,ec%@dé? f11 the

whose surface has been consumed by use can be exchanged with cathode for
exchange 81 whose surface has been polished, while the vacuum is maintained inside
plasma processing apparatus 1.

[0088]

Cathode exchange portion 80 is easily damaged by a short circuit between
cathode 11 and wall surface 14 of plasma generating portion 10. However, by
reducing the size deposited matter 90 by first annular rib 40a, second annular rib 40b,
and other multiply divided annular ribs 40 so that fragment 91 of the deposited matter

can enter into groove portion 14, said short circuif can be prevented.
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[ 0087] FIG 18 is a front perspective di agram of plasma
processi ng apparatus 1 in which cathode exchange portion 80 had been
set up. Cathode exchange portion 80 here conprises cathode for
exchange 81, notor 82, cathode exchange platform 83, two cat hode
raising and lowering platfornms 84, grinder 85, and notor for grinder
86 for dr«INDUSTRIAIAPPOECABIEITYHe for exchange 81 is placed at the
standby pogsition isolated fromthe electric discharge position, and
its surfall®8?k polished by grinder 85 that is the cathode polishing
portion. Catho o ] i set
up on cat hode ?%?gﬁﬁgﬂgﬁg o&g?ﬁ&gﬁ%ﬁ%ﬁ???ﬁ?gﬁﬁg¥@§§§§%gﬁgg%gg%ﬁ%de
f or exchaimgent®h, anide eddmction of diipssitedmyster atthbelachiclep by eggregationhd

di schar gi ition,, the t th i Si d | i | at f
84 are | oMEvBES i MatsECpRan R tieb A 8Fie Hrop B cbeers SRsg it or
82, and tg h\RorfatkhRde theplaéma g@ehting WRkidHbyadt ddpobkedBAatdr Rar BE Sed.

By this cathode exchange portion 80, cathode 11 whose surface has
been consemgeenttsly Bydbisqaeveptorgtiharigiguili  hfecatansign andan sprruegentsn

whose surface. begn polished, .while the vacu [ ' i hed

ar de - pl GEfiaBRT: 8L R R neeeritl mrBe e e B TR B ange
portion 8BfahizARaidf YretARIHDCENing bSTHQILIlALHSE Of plakied weem aat hode 11
and wal |l surface 14 of plasnma generating portion 10. However, by
reduci ng BHBEOYMeat eE@wFapé@rd@av pepclgevady Becauss obthisup grality gnprgyement
second angui I =raly e YA e (WA I i 40 so
that fr agér]r‘}eﬁrﬁ{ G fédgjf‘:ﬁtg {1}’8 dep%cgliétergg fdr%{Haléefg %ﬁ%kséh%g{r%?ﬂ%% %?no%é/égéd'
portion 14, said short circuit can be prevented. <INDUSTRI AL
APPLI CABI LI TY> [ 0089] By the divided annular rib type plasm
processi ng apparatus of the present invention, a size reduction of
deposited matter can be achi eved by aggregation of plasnma stream
material in an annular rib that is a droplets renpval nmeans. Because
of this, a short circuit in the plasnma generating portion by said
deposited matter can be prevented. By this prevention of short
circuit, alife extension and an inprovenent in the reliability of

t he pl asna processi ng apparatus can be achi eved, and al so, a
stabilization of treatment processing by stabilization of plasna
stream and i nprovenent of the standard can be achi eved. Because of
this, a quality inprovenent and price reduction can be achieved for
treated objects that have been filmcoated. <CLAIMS> |I. In a plasm
processi ng apparatus transporting a plasna generated in a plasna
generating portion by an electric discharge to a plasma processing
portion through a plasma advanci ng tube in which nultiple annular
ribs for droplet capture are arranged on an inside surface, a divided
annular rib type plasnma processing apparatus, characterized in that a
first annular rib exposed to said plasnma that is the furthest
advanced anong said annular ribs is conprised of at least a multiply
di vided annular rib divided into nmultiple rib segnments by interposing
mul ti pl e i ndentations.
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2. The divided annular rib type plasm processing apparatus of claim
1, wherein a second annular rib that is positioned at a further
downstream si de of said plasma streamthan first annular rib in a

nei ghbori ng fashion is conprised of said multiply divided annul ar
ribs, and said second annular rib is positioned to shield all said

i ndent at i e0B.AIMSai d first annular rib by rib segnents of said second
annul ar rib. The divided annular rib tﬁge | asma &{oce S|ng

appar at us!-dp 2QasmA BOCRRFEE SPPRTAND HERSRaTHIEA ngrateq 152 RIgSRA oy e
pl aced at ef'att'lrhg WS Fi AW &R gfs%r%\; to%gilﬁjsnpel FofRsiBEHBAMN AR @: d

second an i'b, an“annular rib aced at a position in which
is easil ypbm&@@ncmgmednmlamuusﬂ@mmpmr sibel fco‘fdrcspiﬁt:bapum el y

divided annular rib. .4. The diuyi rf éﬁa ﬁ&flpglasna

processi i8R PR AT ESHE U F‘?ﬂaéh“ "?IB’iu ré?l YRHMETRY PPCESS aced at a
pl asma st iRm0 Whdt&BdSh deit @firgahaules® Bthoaed e sard ;_El_béina'iﬂﬁt is the
conpri sed of sai d mul tiply divided annul ar ri bs. he di vi ded

annul % r fupthestpdvasicad amopg @@égsmui@rI@kppaptanmsedfofahlya%raemdﬂpbﬂ@wﬁed .
2- 4,
annul ar o5 AeER P e BT B SenliShy PP Bhe hisBl oS RutoRg "

mut ual spaci ng betmeen ot her annular ribs. 6. The divided annul ar

rib type flasna proce33|ggiapparatus of any one of clainms 2-5
wherei n at- Thealividedignnsfar gt eperlastng PrpcatsiApRata s of Slin; Ly wheminea

di f1erent . GOnti-Qu: i RS stﬁkﬁ o b RS dg&ga}egﬂgl Jidoft HREDI A M

proceSS|ng apparatus o one of ¢ erein sai
i ndent at | sireanathen fiost amhlamh nad ndi gidbpriap fashiohnes tmhpnauddif kaid fimd aplgt

mul tiply divjded nn lar rib, 8 The divided an b | asma
ot ocess! nividsh araitaa o Sty bHEORT it et eshealEsai?

i ndent at | ﬁ\ﬁéﬂtﬁt’kﬁlsfo@ %ﬂﬁ(ﬁrﬁ%n}lﬁ'@f rib B?Ylb%@éjﬁel‘ﬁs BREAid ¥cokd gﬁﬂhlﬁfnbs aid

mul tiply divided annular rib fromthe inside of said nultiply divided

annular rib. 9. The d|V|ded annul ar rib type plasma processing
vi ded

appar at us |nE 1-8, wherein sai i
ol ar e e io Rl S B ks pcETfie heb s Bl 20 ni
di vi ded agnedginultiphe mﬁrﬁmma&rﬂ@@aatﬁmrﬂﬁpaéxaﬁma@lfm@mfs@me of
clainms 1- 8, wherein said nmultiply divided annular rib is

per pendi celpspa stepamn (en said Iseqprd anplatil, @n@na@ﬁaanlaalﬂa%@trﬁgaqsuw in 11,
The di vi d\%ﬁlcﬁgﬂy \Agsﬁllféx oéeﬁé%s&lhgﬁa{mla% Q&Sn@féeﬁ%fﬁa?{? O¢i§ é?i“y one

of cl ai s ar eas or an |nc I nation
of said rabukegients and/ or said |ndentat|ons in sald mul tiply
di vided annular rib are nonuniform

4. The divided annular rib type plasma processing apparatus of claim 2, wherein all

annular ribs placed at a plasma stream downstream side of said second annular rib are

comprised of said multiply divided annular ribs.

5. The divided annular rib type plasma processing apparatus of any one of claims 2-4,
wherein a spacing between said first annular rib and said second annular rib can be
adjusted freely to be wider or narrower than a mutual spacing between other annular

ribs.

6. The divided annular rib type plasma processing apparatus of any one of claims 2-5,

wherein at least two of said multiply divided annular ribs have different

26



12. The divided annular rib type plasma processing apparatus of any
one of clainms 111, wherein an inner circunferential tube is placed

i nsi de said plasnma advanci ng tube, and said nmultiply divided annul ar
rib portion is placed inside said inner circunferential tube. 13.
The divided annular rib type plasma processi ng apparatus of claim 12,
wher ei n aconfigstdtiats.on portion i s interposed between said plasna
advanci ng tube and said inner circunferential tube, while said plasm
advanci ng tube and said inner circunferential tube are nmade to be

nutual 'y 4 ﬂﬂﬁnﬁﬂqedlamﬁlhﬁ%rtyﬁ@ijmm ﬁfbces-gh'% a‘ﬂ;bé{ﬂaﬂﬁ%faﬂﬁ%@&f dlAilstiype

pl asma processing apparatus”of any one of 3, wherein a
starti ng whereinraud mﬂcrdatlmsareefonged #1t @abﬂisléapayéhw‘ééhwsléh of saichmapiiply
generatin rtlo d said plasma advanci ng tube, while said plasna
generatin%‘B% dﬂﬂ sai d plasma advanci ng tube are nmade to be

nmut ual |'y |ndependent electrically. 15. The divided annular rib type
pl asma processing apparatus of any one of clains 1- 14, wherein_said
pl asma pr®dbediv pfg:d;ﬁ@nulﬁbﬁ ttmmlquafé@%eé@naﬁpwt@%@f ny qv@ of ceiipe ity a

pl.asme. supploesiteld AELARI s ALARIR.AYYRIFHRG 10 0 bk

advanci ng e are m rlcaIIy, by
i nt er posi mgltpl¥ dividediangulendb frﬁﬁuhatnsm qflsalﬂenﬂﬂaply&hﬂdecaardmwrmna
processi ng portion and said plasm advanci ng tube. 16. The divided
annular rib type plasm processing apparatus of any one of clainms 1-

15, where rat us
R e e A A T
posi ti on whersai didunakiply deided anmrg rgomnclings, dovneathide dutsidetoohside e

pl aced at a standby position separated fromsaid el ectric discharge
position, a cathode polishing portion that polishes a surface of said

cat hode fqy. mscahaaaﬁann@m 1i® tgﬁtﬁ]m ﬁ%@é&@iﬂ@%pﬁ&ﬁﬂ%@ﬁf 849 deadf cei@banges
said cathode with said cathode for exchange.
8, wherein said multiply divided annular rib is perpendwular to a central axis of said

plasma advancing tube.

11. The divided annular rib type plasma processing apparatus of any one of claims 1-
8, wherein areas, shapes, and/or angles of inclination of said rib segments and/or said

indentations in said multiply divided annular rib are nonuniform.

12. The divided annular rib type plasma processing apparatus of any one of claims 1-
11, wherein an inner circumferential tube is placed inside said plasma advancing
tube, and said multiply divided annular rib portion is placed inside said inner

circumferential tube.

13. The divided annular rib type plasma processing apparatus of claim 12, wherein an
insulation portion is interposed between said plasma advancing tube and said inner
circumferential tube, while said plasma advancing tube and said inner circumferential

tube are made to be mutually independent electrically.

14. The divided annular rib type plasma processing apparatus of any one of claims 1-
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13, wherein a starting end insulation plate is interposed between said plasma
generating portion and said plasma advancing tube, while said plasma generating
portion and said plasma advancing tube are made to be mutually independent

clectrically.

15. The divided annular rib type plasma processing apparatus of any one of claims 1-
14, wherein said plasma processing portion that processes an object to be treated by a
plasma supplied from said plasma advancing tube and said plasma advancing tube
are made to be mutually independent electrically, by interposing a finishing end
insulation plate between said plasma processing portion and said plasma advancing

tube.

16. The divided annular rib type plasma processing apparatus of any one of claims 1-
15, wherein said divided annular rib type plasma processing apparatus is comprised
of said cathode arranged at an electric discharge position of said plasma generating
portion, a cathode for exchange placed at a standby position separated from said
electric discharge position, a cathode polishing portion that polishes a surface of said
cathode for exchange, and a cathode exchange mechanism that exchanges said

cathode with said cathode for exchange.
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