SPECIFICATION PLASMA GENERATING APPARATUS RENDERED
ELECTRICALLY NEUTRAL ON THE PERIPHERY OF PLASMA GUN
<FIELD OF THE INVENTION> [0001] The present invention relates to a
plasma generating apparatus installed with a droplet eliminating portion by
which a plasma is generated by a vacuum arc discharge performed in an arc
discharge portion set under aSREGIRGATEINhere and cathode material
particles (referred to as droplets) by-produced from a cathode at a plasma
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injecting ions. Film formed by using of plasma including metal |on and
metalloid ion can strengthen the characteristics of abrasion resistance and
corrosion resistance of a solid surface, so that its film is useful as
protective film, optics thin film and transparent conductivity film. In
particular, the carbon film using carbon plasma is a diamond-like-carbon
film (referred to as DLC film) comprising of amorphous conglomerate of
diamond structure and graphite structure, so it has a high utility value.
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As an approach to generate plasma including metal ion and
metalloid ion, there is a vacuum arc plasma method. A vacuum arc
plasma is formed by an arc discharge generated between cathode and
anode, namely after a cathode material evaporates from a cathode spot
existing on the cathode surface, the plasma is formed by this cathode
evaporation material.  In addition, when a reactivity gas and/or an inert
gas (rare gas) were introduced as ambient atmosphere gas, the reactivity
gas and/or the inert gas also are ionized at the same time. By
performing the thin film formation and the ion injection on solid surface by
means of such a plasma, surface treatment process can be carried out.



material neutral particle (atom and molecule) are emitted from the cathode
spot, and at the same time, the cathode material fine particles referred to as
droplets of size of less than sub-micron to several hundred micron
(0.01-1000pm) are also emitted. However, a problem appeared in surface
treatment such as a filming is the generation of droplet. When said droplets
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In Japanese Patent Laid-Open No. 2002-8893 (patent document 1),
the plasma processing apparatus including the droplet collecting portion is
disclosed. FIG. 13 is a schematic outlined diagram of conventional
plasma processing apparatus. In plasma generating portion 102, the
electricity spark is occurred between cathode 104 and trigger electrode
106, and the vacuum arc is generated between cathode 104 and anode
108, so that the plasma 109 is generated. In the plasma generating
portion 102, the power source 110 is connected to generate the electricity
spark and the vacuum arc discharge, and the plasma stabilizing magnetic
field generators 116a, 116b are disposed to stabilize the plasma 109.

The plasma 109 is guided from the plasma generating portion 102 to the
plasma processing portion 112, and the object to be treated 114 arranged



processing portion 112 and the reaction gas and the plasma flow are
exhausted by the gas exhaust system Gh. [0007] The plasma 109 emitted
from the plasma generating portion 102 is bent in the direction not facing to
the plasma generating portion 102 by the magnetic field and the plasma
flows into the plasma processing portion 112. At the position facing to the
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<DISCLOSURE OF THE INVENTION>
<PROBLEM TO BE SOLVED BY THE INVENTION>
[0008]

In a conventional plasma processing apparatus shown in FIG. 13,
the droplets 118 which do not receive the effect of said magnetic field are
collected to the droplet collecting portion 120, but there was the case that
the charged droplets in which electric charge was given by interaction with
plasma 109 were guided to the plasma processing portion 112 by the
magnetic field.  Furthermore, the droplets of small particle size which are
not collected in the droplet collecting portion 120 are accompanied with
plasma flow and guided to the plasma processing portion 112. Therefore,
since the droplets mixed with plasma flow without being collected such as
charged droplets and small droplets bond on the object surface to be
treated, the uniformity of thin film formation and surface modification on
said object surface to be treated is lost, and a problem to decrease surface
property of the object to be treated has occurred.



processing portion, the charged droplets and small droplets mixed with the
plasma flow are guided to the plasma processing portion without being
removed, so that it can not be prevented that they collide or bond on the
object surface to be treated. [0010] In recent plasma filming technology, the
filming with the use of various kinds of material is done, and the
iff¥89Ement of filming precision such as smoothness due to the filming
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can be collected by colliding and absorbing them on ribs when said rib
(protrusion member) is disposed on the inner wall of the plasma flowing
path. Moreover, on the basis of the knowledge of the present inventor,
since the more droplets scatter in said plasma generating portion, the
attention was paid to the possibility that the effective droplet removal is
performed when the ribs are disposed in said plasma generating portion.
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FIG.12 shows a plasma generating apparatus in which a plurality of
ribs 303 are arranged in multilayer as collecting member in a plasma
generating portion.  The plasma generating portion is constituted from
an arc power supply 307 and a plasma gun constructed by a cathode 304,
a trigger electrode 306 and a housing 309, and the housing 309 made by
electroconductive material becomes an anode by connecting it to the arc
power supply 307 through a connection cable.  Said housing 309 is



said housing 309. It is preferable that rib 303 is formed from the same
electroconductive material as cathode 304, so that the purity of plasma can
be held even though ions are generated by thermal emission based upon
temperature rise of rib 303 at the plasma generating time. [0013] However,
in the plasma generating apparatus in which the ribs 303 are disposed on
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Nathode 304. When such a discharge generates, energy loss occurs
and stability is lost, so that there was a problem that the quantity of plasma
generated from cathode 304 reduces.
[0014]

Therefore, the purpose of the present invention is not to reduce the
effective quantity of plasma generated by vacuum arc discharge in said
plasma gun, to remove efficiently droplets mixed in the plasma generated,
to constitute the droplet removing portion easily and cheaply, and to
present the plasma generating apparatus by which the surface treating
precision such as filming can be improved by using of high purity plasma.

<MEANS TO SOLVE THE PROBLEM>
[0015]

The present invention is proposed to solve the above problems.
In a plasma generating apparatus including a plasma generating portion by



that an enclosure member surrounding the periphery of said cathode is
arranged in said plasma generating portion, a collecting member catching
cathode material particles (referred to as droplets) by-produced from said
cathode at a plasma generating time is disposed on the inside of said
enclosure member, and at least said collecting member and said enclosure
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The third form of the present invention is, in said second form, the
plasma generating apparatus, wherein said collecting member is
constituted by an annular member in which a hollow portion is formed to
flow said plasma, and a plurality of said annular members of the same
shape are disposed in multilayer.

[0018]

The fourth form of the present invention is, in said second form, the
plasma generating apparatus, wherein a plurality of said collecting
members include the annular members of which size of said hollow portion
is different and a plurality of said annular members are disposed in
multilayer so as that the size of each hollow portion increases gradually.
[0019]

The fifth form of the present invention is, in any one of said first to
fourth forms, the plasma generating apparatus, wherein a duct portion
forming said plasma advancing path is set to be in the electrically neutral
floating state.

[0020]
The sixth form of the present invention is, in any one of said first to



The seventh form of the present invention is, in any one of said first to sixth
forms, the plasma generating apparatus, wherein a droplet removing portion
removing said droplets is disposed in said plasma advancing path, and said
plasma removing portion includes a radially enlarged tube, an introduction
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The ninth form of the present invention is, in said seventh or eighth
form, the plasma generating apparatus, wherein said tube axes of said
introduction side radially reduced tube and said discharge side radially
reduced tube are disposed so as to intersect each other.

[0024]

The tenth form of the present invention is, in said seventh, eighth or
ninth form, the plasma generating apparatus, wherein said plasma
advancing path includes a straightly advancing tube connected to said
plasma generating portion, said introduction side radially reduced tube is
connected vertically or almost vertically to said straightly advancing tube,
and a droplet collecting portion is disposed at a terminal end of said
straightly advancing tube.

[0025]
The eleventh form of the present invention is, in any one of said



The twelfth form of the present invention is, in said eleventh form, the
plasma generating apparatus, wherein a plurality of droplet collecting plates
are installed on an inner wall of said inner circumferential tube. [0027] The
thirteenth form of the present invention is, in said twelfth form, the plasma
generating apparatus, wherein a rough surface processing is made on a
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sHid t%{nathlrpeen RS, th uﬁasm%reg]ngr d N '?theo ec'?mg

pﬁiﬁéﬂﬁ/%ﬁ ﬁ%ﬁ&ﬁr‘%ﬁﬂ#&@@hl@r‘b@d"‘t%é& a?édc@r@ﬁé&'éﬁuﬂméti@ﬁ@'rwglly
réao@ep tube. [0031] The 17th form of the present invention is, in any one of

said sevepdhied SHHIET, 6?‘%8‘ E&Qﬁﬂﬁfé&%@@?%%ﬁﬁi YWIHRIN SR

qrod ctlon side ra(?Ja ly reduc said radiall enlafggd tube and said
d

Sh%rﬁsmglé’ee PG rggﬁge%? eW ar%ree'l%cq”ca insUIAE WRREEAY 1S
plBaAftOfeharataRs forsial sherdalpliestrcurRiatig portion. [0032] The 18th
foom2si the present invention is, in any one of said seventh to 17th forms, the

plasma gRaeafiIgARPaIAHS SRR ABHABHYL! PLIRICRI PR Ofne

BTsma is measured b msertmg atf)robe intoad uc ort|t/)eglnclud| at least
s

MRS GEREANE e RRASAY FadiHELPHIEY Saflf °§ g Hhé Snd
stieligiedhya@irporrRArtligMc dtfuedddlitie BBy adiRiring dareddgbportion as
spdgepbe. [0033] The 19th form of the present invention is, in any one of

said firstrig, 181 1RHM% a0 BRNBIRIEIVIEPRALAT S RPEI AT ith

comblna tion , ,
to 14th forms, the plasma generating apparatus, wherein an aperture for

collecting the droplets is arranged in said introduction side radially reduced
tube and said discharge side radially reduced tube.
[0030]

The 16th form of the present invention is, in any one of said fifth to
thirteenth forms, the plasma generating apparatus, wherein a plurality of
said radially enlarged tubes are connected through a radially reduced tube.
[0031]

The 17th form of the present invention is, in any one of said seventh
to 16th forms, the plasma generating apparatus, wherein said introduction
side radially reduced tube, said radially enlarged tube and said discharge
side radially reduced tube are electrically insulated with said plasma
generating portion and said plasma treating portion.

[0032]

The 18th form of the present invention is, in any one of said seventh
to 17th forms, the plasma generating apparatus, wherein a quantity of
physical property of plasma is measured by inserting a probe into a duct
portion including at least said introduction side radially reduced tube, said



of effective total length, diameter, bending number and summation of
bending angle in said plasma advancing path is set so as to satisfy a droplet
reduction condition. [0034] The 20th form of the present invention is, in said
19th form, the plasma generating apparatus, wherein said effective total
length is set at 1600-900mm. [0035] The 21st form of the present invention

i aiti alhicendargeiriy beeaplasaich gisnbedtagsspradiakly weruegddaice or by

diamgiey safetiat2perlomas siia3sobee 22nd form of the present invention
isfl?gggiid 19th form, the plasma generating apparatus, wherein said bending
numbe

is set at 3-1. [0037] The 23rd form of the present invention is, in said

19th fordNenE R4S FTA Y& RIIRECAD PRYSRIO WiSe IBiF RAINSLRImAalb TS} to
bedlifeymegkh éspisraa EOOG[00 38PENat adttwluenaiof ehe presembimasiotion

i%firb%&il«%ﬁé%ﬂéﬁ@tk@'@ﬁméﬂ?b@mr@omﬁw ‘éihélr%iﬂ‘rﬁﬁhé‘tﬁ@n of
c rrr(]ant value in slald gllésrrﬂa ﬁener@u?g.ﬂortlon |s.adélé§tgd in a,[rans% i%f a
1 6%%3 SER EeTS ‘Pl-ﬁg TN R%§9FAccorcﬁngsto thatiretiotm
of iAR!pré8eHELIRERRABAIIGACe said plasma generating portion includes the
eftflBdlire member surrounding the periphery of said cathode, the collecting

membergRiching Harreriels MepERtuseeHiem rRaidhcatigdeih disRASEHLN
th(—f- inside of sai .enclosuret memReFéa}]nd at Ieﬁst galdtec[lcllqsurimembéert
R L ASNELARGhARRALS Uike HATIS I 2R eeHREANY HRlftAPHI My Bthed!
saRPPIAPATollides with said enclosure member and said collecting
njeodmdr, so that itis 9 suppressed that the transporting efficiency of plasma

o wniiie- A EAEHPTy (RPARSBIR MURHIE I8 SR TSI the
AT SR Ao SrATHED: RRM R trSIak e AL a0,

di86R&ige phenomena do not occur in the case of droplet removal due to

said colfeefingmaefohar gnechthe eeitlyilnasdoasisotrgeariatetiBydiis, siace
plasma generating apparatus, wherein said bending number is set at 3-1.
[0037]

The 23rd form of the present invention is, in said 19th form, the
plasma generating apparatus, wherein said summation of bending angle is
set at 150-90°.

[0038]

The 24th form of the present invention is, in said 19th form, the
plasma generating apparatus, wherein an arc current value in said plasma
generating portion is adjusted in a range of 140-30A.

<EFFECT OF THE INVENTION>
[0039]

According to the first form of the present invention, since said
plasma generating portion includes the enclosure member surrounding the
periphery of said cathode, the collecting member catching the droplets
by-produced from said cathode is disposed on the inside of said enclosure
member, and at least said enclosure member and said collecting member
are held in an electrically neutral floating state, said plasma collides with
said enclosure member and said collecting member, so that it is



said collecting member can be installed in proximity to said plasma gun, it is
possible to remove the droplets with high efficiency and to send out the
plasma with high purity and high energy to said plasma advancing path. As
said collecting member (also called [catching member]) is held at the
electrically neutral floating state, it can be formed from the same material as
tise pPeds eA ddiab tiadyirantoding gtcisacycollavisg andaibapigtegmedn
fradaitiehsame rpeteiisleasothe salwdre pV ey ibidiieciong are tl‘@ﬁﬁﬁl'hgeﬂéﬁ@d
”19 %?SS%UQE&B& the Eﬁq@pgéﬂgﬂs 6oL des 'c?ﬁ r?gmse eéoﬂ%%g
fa generating time uri plasma can Id because 1tist
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ANders aaitiesasrds) and“ﬁ@lﬁleaﬁumcmet&ab@%%é%b%ﬂc%{e}:tlng
Fudheserdeeiomibd tase thatshe diaiitgesisheppditd e salkplagmaons

aQP@'?ﬁE}%QﬂEJ‘ eWﬁﬁQosﬁ‘}Grﬁ“ﬁl@SQ[ﬁfH@Wrtf%cfé}ﬂ Eatlie theelnifial £pd
ofs Iasman%(?jvana path throu%%ﬂthe insulator |t is oss*ij to hold

sa?d IS TR MREMBE ASBIESS0AI R ) FroiFBU LhKRT RIBREIR &AM
iPmdrelpreraase tHatssaie piasnsa malaeingspianssinsdbat phrsaectrichy
n@x@rrabi@aaméta&esmmahé isapossible trALnIRES it daesyrofilasmas in
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asma. 0040 cording to the second form of t resent invention

sﬁ?dB%Cﬁﬁf?&”itfoPé‘é%&%(ﬁi‘é%ﬁda Hhenfizes Yr! oﬁgﬁb%e’d’ﬁPFﬂlﬁ!nQ&ﬁéﬂ“&ﬁ%e
irsiderrefisaitl theclpeuiermeimtid acoliectisgiontenioele andtanigeyedo not

asy@@@iegw@mﬁy@wﬁ seibcylaseaatip sakerialieinied ohdreplaljbecetes
ﬁi%%(ﬁ%c} [ARROR W'ﬁ]éopiﬁﬁ%se thﬁc{%\f"r’”\%r?éﬂcfﬁgcéfoﬂég{%%%e%%%‘?
rople €0

s not on ystra advanc in the plasma advan ?
dF%egipth product is”used, they become |mpur|ty Still, said collecting

member may be formed from material different to the cathode and anode
materials, and it is possible to select the optimum material without
distinction of electroconductive substance (W, Mo, Ta, Fe, Al, Cu or
stainless steel) and non-conductive substance (ceramics etc).
Furthermore, in the case that the bias voltage is applied to said
plasma advancing path, when said enclosure member is connected to the
initial end of said plasma advancing path through the insulator, it is
possible to hold said enclosure member at the electrically neutral floating
state.  Moreover, it is more preferable that said plasma advancing path is
set at the electrically neutral floating state, so that it is possible to suppress
the decay of plasma in said plasma advancing path and to increase the
transportation efficiency of plasma.
[0040]
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but also scatter to the periphery of said cathode by rebounding backwards
after colliding with the inner wall of said enclosure member, it is preferable
that said collecting member is also disposed at back and side of said
cathode. That is to say, when said collecting member is disposed in
multilayer in the whole area around the cathode including the back, it is
possibléAecostthahie ditplescdispdaimg ob the ercisantd itheesidenofsinee a
Cgtbﬁéiﬁy anddnipEwsntihah W@M@&oﬁ@b@gédimﬂnﬁ@ theeprirafieeisast
wih s st e (S Aeapreing ip A e JRem.al b REesBlh ncing
invention, said collecting member Is constituted by an annular member in
whiesUPRAoRRISoRIR S, 1R 65 HENE SMRARASHEP A P SComEit Sesans
airialporsphbdes iof thessatine shapeiage efispesey of rdutil@yer. Fince the
ed%’ﬁrélﬁs _HMtLb’ﬁi'I]Q sf??eﬂg ﬁW%‘HVé?{c@HﬂFﬁWQtHE%}Q%%M‘WHM r.té/é‘l%ﬂnd
by dispasing iherp i, multiaveryih a predatsrpincd el on deyinshe
wall § said enclosure rﬁe er,ylt IS po.ss?gle 0 entance the dr%r?le? removal
effitge ce)lie Wi tpbie dAnegWRIER SRKLREEISBIE 2 FBEBPAFOY S PEH A RPIe
febdttisaibigiopectipgplasméaen vehizls arodisiets ebrat reachvedavitideight said
effigirngy. to thedllasnia. afvansiig Balh sidremepthlyiiyouah dasReliemin
POk Leaeh coliceto member J9042] Ageording ta e JouhyJerin of e
pred nﬂﬁventlo iS, a p u?a‘?%/%to_ said c;gll&a, Ny enTueTs the ude e
aPPERLR! émeRiEoNRHERRIRIE 6F SREasIRGIBwiPBriesiisatdRtmeidri ¢ the
pandliy f aadcd @preNanmeatoees diepldispesed alimy lidayer fsonaatbat thed
s{,gmp{r%aﬁlégmlg)%gprtion increases gradually. For example, each collecting
:Egﬂbjr has the ring type shape, and by using a plurality of collecting

Wérs of which size of hollow portion gradually increases and by
disposintceachimiciniibe iteiEaraT SizthepeerenhdNvenoriciidwareeag

plasmMBerdyasiRg isipes® planisheatbedee fioat im Mulidaye helidwaportion is

e D TR B el i

possible o ance

YO SABRE PE8 Y RBBI SIRLLIEKS form BB PIREIRa BUVAFIER P @
sphuwelity whiehllgating lloanpeetionk lufl aehingriy e e dis py stispikeing veese in
tiaeAteh EQh GEpraaELframezRidteataPeR tffétl?_ﬁ]éfmblitdfﬁ ogsstvlelt_ure
o R B aled TR YA o
upon enlargement of collectable area of droplets and to feed the high purity
plasma in which droplets were removed with high efficiency to the plasma
advancing path side smoothly through the hollow portion of each collecting
member.
[0042]

According to the fourth form of the present invention is, a plurality of
said collecting members include the annular members of which size of said
hollow portion is different and a plurality of said annular members are
disposed in multilayer so as that the size of each hollow portion increases
gradually.  For example, each collecting member has the ring type shape,
and by using a plurality of collecting members of which size of hollow
portion gradually increases and by disposing each member in order of size
of each hollow portion toward the plasma advancing space of said cathode
front in multilayer with a predetermined interval on the inner wall of said
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with said collecting member while removing the droplets with high efficiency,
and it is possible to advance the high purified plasma smoothly through said
plasma advancing space, so that the efficient utilization of the generated
plasma can be performed. Further, the form of the collecting member in the
present invention is not limited to said ring form, and it may be anti-annular
femeloauhea® labslbtisisapesisibrentaren baogasion dtembeldr cfioen ahrifitianey
cpasef Qjﬁibﬁn@hl@rfgf@rﬁﬂ@nth@f/ 3 s6RBIS0 Aeto be dlisnessd radialy ands

tﬁé}}ﬁf@ {18 ﬁgéh AneLAl ok \;’i‘e %‘8%'9?1% %eﬁolﬁg%“ﬁlﬁ%“r%dd"f‘%é%h

form'o e present in on smce ortioh forming sal
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tl,% OVI g dPo%Feets |'smffi\r/] '8”[&7“0%12? 8rd & gixH TorAY f‘&he
pP@séﬂt'TQOQH!ﬁinf%mcéuﬁﬁcﬁsaﬁ@dé'% éh%{?ﬁﬂﬁ&f 8] b BECH] %ﬁ@%&h@ﬂ?@
elentticalty insulate ddeamofsaictieachgaref orembes pratau e sdiamneter s

Sgid LR GISHTAAE erEayThAlRNhARARYRBFIES JEREHNL AL RigSBRY.
t?ﬁggb nerated plasma is guided to the plasma advancing path with high

cy, and it has also the function of aperture, so that it is possible to
suppresAeharding drophetdifiRgierss pitdheerasia adaiRmEe® . [G048EL2
A@@ﬂra&ng)tmthg sawmas‘ﬁfmazfmmgmhirw%ﬂqe tneethaicd | edhstady
YEIQlB%{ﬁ@s‘ﬂé?B § §§J |8'ﬁ§§lﬂ§}3 'ﬁdﬂﬁ&ﬂﬂ?ﬁf %l%%‘?@'y

ge tu introductjon side rad e connected'to a

pié%?ﬁﬁ‘?ﬁ%&ﬂcuﬁé‘@ﬂé%ut?&%%f L% r%r&‘éﬂi)tﬁﬂlaﬁ*baédﬂfﬁbénﬁ "GEclPsYe
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epergbaaid naddyiesaraes preemangsiendiad path means the path from
plasma generating portion to plasma treating portion (including plasma
processing portion) along which the plasma is induced. In general, the
plasma advancing path is constituted from the duct portion in which the
magnetic generator guiding the plasma by electromagnetic interaction is
arranged one or more, and the function of filter tube removing droplets is
given.

[0044]

According to the sixth form of the present invention, since said
anode is an annular electrode disposed to be electrically insulated from
said enclosure member and an inner diameter of said annular electrode
decreases along an advancing direction of plasma, the generated plasma
is guided to the plasma advancing path with high efficiency, and it has also
the function of aperture, so that it is possible to suppress that the droplets
ingress into the plasma advancing path.

[0045]

12



portions formed at said initial end and said terminal end of said radially
enlarged tube, the plasma flow derived from said introduction side radially
reduced tube to said radially enlarged tube is diffused by the radially
enlarging action of said plasma advancing path based on said radially
enlarged tube. By the diffusion of said plasma flow, as the droplets mixing in
said pladeeodiffigddan Baideaveidlyfernmafcit eubee stet drygleto rcaiitieevdeid
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|ﬁ€§HM8FP‘év%?| Pl tipPLaREOr goa.r&m%% gigntly the droplets in said
plasma advancing path. Moreover, when the center axes do not
coincide with decenter among the radially enlarged tube and the
introduction side radially reduced tube and/or the discharge side radially
reduced tube, it becomes easy to separate the droplets from the plasma
flow and the collecting efficiency of droplets becomes higher.  Besides,
by forming said radially enlarged tube in said plasma advancing path, it is
possible to construct the droplet removing portion easily and cheaply, and
the precision of surface treatment such as filming is improved by using of
the high purity plasma obtained by improvement of droplet removing
efficiency, so that it is possible to improve surface modification of the
object surface to be treated and uniformity of the formed film still more.
Still, in said radially enlarged tube, a rotational magnetic field
applying means generating a rotational magnetic field in a cross section
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side radially reduced tube and/or the discharge side radially reduced tube
are disposed linearly with the tube axis of said radially enlarged tube without
bending, it is possible to efficiently recover and remove the droplets diffused
in said radially enlarged tube by the radially enlarging action and the radially
reducing action of said plasma advancing path by using of said radially
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t@@é”%@ﬂ?&f?ﬁé’ @ijqjéémth the stepped portion and are recovered so that
it becomes possible to remove the droplets efficiently.  The bending
portion of said plasma advancing path can be disposed in the introduction
side only, the discharge side only, or both of the introduction side and the
discharge side.  Therefore, it is possible to separate the droplets mixing
in the plasma flow with high efficiency, and by ejecting the highly purified
plasma flow from said discharge side radially reduced tube, it is possible to
improve the droplet removing efficiency.  In addition, by decentering the
tube axes of the introduction side radially reduced tube and the radially
enlarged tube, or by decentering the tube axes of the discharge side
radially reduced tube and the radially enlarged tube, it is as mentioned
above that the droplet recovering efficiency is improved than the case of
coincidence of tube axes.
[0047]

14



might pass to the plasma treating portion (called plasma processing portion).
However, according to the ninth form of the present invention, since said
tube axes of said introduction side radially reduced tube and said discharge
side radially reduced tube are disposed so as to intersect each other, the
plasma flow ejected from said radially enlarged tube collides with the inner
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p %Qpﬁoadvancing path is accompanied with its cleaning, so that the
a

operation efficacy of the plasma generating apparatus might drop. In
According to the tenth form of the present invention, since said

plasma advancing path includes a straightly advancing tube, said
introduction side radially reduced tube is connected vertically or almost
vertically to said straightly advancing tube, and a droplet collecting portion
is disposed at a terminal end of said straightly advancing tube, a part of the
droplets generated in said plasma generating portion advance straightly
along said straightly advancing tube and they are collected and recovered
in said droplet collecting portion.  Therefore, since the plasma flow that a
part of the droplets were removed flows into said introduction side radially
reduced tube connected vertically or almost vertically to said straightly
advancing tube by the bending action of the plasma advancing path, the
highly efficient removal of the droplets becomes possible based upon the
synergistic effect with the droplet removal due to the droplet removing
portion in the plasma advancing path of the present invention.
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there, according to the eleventh form of the present invention, as said inner
circumferential tube is freely inserted to and removed from said outer
circumferential tube in said radially enlarged tube, said inner circumferential
tube polluted by the droplets can be changed at the optional time, the
cleaning efficiency of droplets improves and the plasma generating
@49 nt can be done smoothly without decreasing the running efficiency of
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[0050]

According to the sixth form of the present invention, since a plurality
of droplet collecting plates are installed on an inner wall of said inner
circumferential tube, the droplet adhesion surface area increases in said
radially enlarged tube, and a large quantity of droplets can be adhered and
recovered surely, so that it is possible to realize the high purification of the
plasma flow.

[0051]

If many droplet collecting plates of said twelfth form are installed in
the plasma advancing path, it is possible to increase the droplet removing
area, but it is produced a problem that limit occurs in the installed number
because of form conditions such as advancing path form and inner
diameter. As a result that the present inventor examined zealously
concerning said problem, he paid his attention to that the droplets get to
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increase and the collecting efficiency improves, so that it is possible to
contribute to improvement of the droplet removing efficiency. [0052] There is
a collecting effect even in the case that the droplet collecting plate is
installed so as to be perpendicular to the tube axis for the inner wall of said
inner circumferential tube. However, according to the 14th form of the
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[0053]

According to the 15th form of the present invention, since an droplet
collecting aperture is arranged in said introduction side radially reduced
tube and said discharge side radially reduced tube, by way of example only,
the tube diameter of the plasma advancing path can be reduced, or the
opening shape can be transformed by decentering, so that it is possible to
contribute to improvement of the droplet removing efficiency by collecting
the droplets straightly advancing at the initial end and the final end of the
plasma advancing path.

[0054]

According to the 16th form of the present invention, since a plurality
of said radially enlarged tubes are connected through a radially reduced
tube, it is possible to remove the droplets at plural stages and to generate
the plasma flow with high purity. In this case, if the tube axes of the
radially enlarged tubes are decentered, it is as described above that the
droplet collecting efficiency increases.
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introduction side radially reduced tube, said radially enlarged tube and said
discharge side radially reduced tube, when said introduction side radially
reduced tube and said discharge side radially reduced tube are connected to
said plasma advancing tube through the insulator, the duct portion of said
plasma advancing path is held at the electrically neutral floating state, and at
thelshe time, they are electrically insulated with said plasma generating
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transporting portion).  Usually, since the plasma generating portion is set
at high electric potential and the plasma treating portion is grounded, by
this electric insulation, the duct portion is held at the floating state
separated from the high electric potential and GND. As the
electromagnetic action for the plasma is eliminated by this electric floating
property and the influence to the plasma transporting efficiency is also
eliminated, even if the total length of the duct portion becomes long, it is
possible to suppress the fall of plasma quantity and plasma density and to
prevent the fall of plasma transporting efficiency.
[0056]

According to the 18th form of the present invention, a quantity of
physical property can be measured by inserting a probe into the duct
portion for plasma transportation including at least said introduction side
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as little as possible. The number of the inserted prove is selected variously
as one or two. The duct portion in itself can be used as a probe without
inserting the probe to avoid this disturbance. The polarity of electric potential
applied to said prove or the duct portion used as said prove is selected from
positive or negative, and the potential magnitude is variously adjusted, too.
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conditions.
[0057]

In the process that the present invention reached completion, in
order to achieve an aim of droplet reduction condition, the present inventor
got the finding that the configuration factor becomes the effective element,
wherein said configuration factor is one or combination of effective total
length, diameter, bending number and summation of bending angle in said
plasma advancing path. In there, according to the 19th form of the
present invention, since one or combination of effective total length,
diameter, bending number and summation of bending angle in said plasma
advancing path is set so as to satisfy a droplet reduction condition, it is
possible to improve still more the droplet removing effect of the said
droplet removing portion disposed in said plasma advancing path.

[0058]
According to the 20th form of the present invention, since said
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diameter being one of said effective element is set at 200-90mm, it is
possible to improve still more the droplet removing effect of the said droplet
removing portion disposed in said plasma advancing path. [0060] According
to the 22nd form of the present invention, since said bending number being
one of said effective element is set at 3-1, it is possible to improve still more
tiedf eletphet tetalovimp Uffdeeintthensaidf degjidetetantivig glenientdispasdd
sagbplapna advianeinsbeaite[ Q86 kh Hrese ding tﬁ?m@ 2R¢ed desp af Hgﬁmamﬁgnt
(o] e t ne o e
'%éﬁ%*m'%fs RO LA N o S
RONRRGEIBRAHY effect of the said droplet removing portion disposed in said
plﬁ@ﬁﬂi advancing path. [0062] Separately from said configuration factor of
said eff%b’@r@i'ﬁ@@@tih@ezﬁﬁsﬁﬂhméﬂﬂ% q&bﬁ&f‘nﬁmmfﬁ tREnREC said
a{é?nné \é?] einsa sald pI sma,g & tlng %?ortlte)rr]]tcl%nsb?cow t(? }‘Tf]ectlveIS
element of 8r &t Yemoval, "6 say, accordlng rEAth

fcﬂ%%ﬂﬂe"%ré@@ﬁ@%v@%dﬂO%éaear%ﬁ@%hrf@mqyé'ﬂge ﬁ%ﬁid%la@ﬁa’sa'd

gerogriatimgrpoviiog o ridjusispdae ransgs d plaEdRa0A] Varscpas pibie. to improve
sf'@b@@re the droplet removing effect of the said droplet removing portion

disposeq in sg. Iasmaa?é/ n% h<eBR|rEsFD SCRI ng]O HQF
DRAWI M isan o J LR di ?am of &h 8xaﬁ?p‘fje

obﬁ'i@"@l@ﬁ#@@%’néﬁe\ﬂﬁg%ﬁpéfaﬁ@&c@ﬁ@@ﬂmﬁg@ﬁ@ﬁf@s@wﬁﬂvéh%ﬁ M ds2
iassividined sepenatistiiagem of @andexplapleofanegheffgtasoiahe said

SR ARG FOR RERO N R EREDIIENENHAPa Rl rﬁj%é’tﬁs an

0 tlnif schematfic diagram of an example of more another plasma
g ing apparatus concerning the present invention. FIG.4 is a partially
enlarged\eeosdisactvrithagrimh tirthedhribe dregaiferaveatione J6dtadalE

tfs@mrraal&src@ia@émmawé& b&m§ snencdwlinediexpianasiemdingiageobihe
dﬁ%@'%? 9, 3L n%c% Lﬁ?eﬁé‘r‘f\ﬁfgv% ElfF 8852 B BR A hoving

sh owmg ereatlona
effect “of the said dropl et removmg portion disposed in said plasma

advancing path.
[0062]

Separately from said configuration factor of said effective element,
the present inventor got the finding that the arc current value in said
plasma generating portion can become the effective element of the droplet
removal, too.  That is to say, according to the 24th form of the present
invention, since an arc current value in said plasma generating portion is
adjusted in a range of 140-30A, it is possible to improve still more the
droplet removing effect of the said droplet removing portion disposed in
said plasma advancing path.

<BRIEF DESCRIPTION OF DRAWINGS>
[0063]

FIG.1 is an outlined schematic diagram of an example of the plasma
generating apparatus concerning the present invention.

FIG.2 is an outlined schematic diagram of an example of another
plasma generating apparatus concerning the present invention.
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total length of the plasma advancing path L(mm), the diameter D(mm), the
bending number NB and the droplet bonding number on the object to be
treated per unit area. FIG.7 is a graph diagram showing the correlation
among the summation of bending angle O(degree) of the plasma advancing
path, the arc current value I(A) and the droplet removing ratio. FIG.8 is an
outlinedF&h8gsraaivroditigesimsehplueiicadiadyeeniafged axsenFc o iswre
caneemsiop sEatiays r@mwﬁggaﬁfmm@mm@tm Sedent iagdsiiion.

enlargeg fhes, FIG %Qt 13l g’r‘) il Hined sehiy %&cﬂ]&g fa[Q%Q%ﬁP%tP ohERmBe

of the plasma %ene atin S concerning the present invention.
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arc current value I(A) and the droplet removing ratio.

FIG.8 is an outlined configuration diagram of plural radially enlarged
tube.

FIG.9 is a conception diagram showing various connection forms of
two radially enlarged tubes.

FIG.10 is an outlined schematic diagram of another example of the
plasma generating apparatus concerning the present invention.

FIG.11 is an explanation diagram showing the state in which the
plasma passes through the eccentric passage hole of the aperture
disposed in the radially enlarged tube.

FIG.12 is an outlined schematic diagram of the plasma generating
apparatus concerning the problems of the present invention.

FIG.13 is an outlined schematic diagram of the conventional plasma
processing apparatus.
<DENOTATION OF REFERENCE NUMERALS>
[0064]
plasma generator
plasma generating portion
radially enlarged tube
3a wall surface
cathode
plasma advancing path
trigger electrode
connection advancing path

w nNnh =

N o o~
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10 arc power supply 12 plasma processing portion (plasma treating portion)
14 object to be treated 16 plasma stabilizing magnetic field generator 18
droplet 20 droplet collecting portion 23 radial direction magnetic field
generator 23a radial direction magnetic field generator 24 straightly
advancing magnetic field generator 25 aperture 25a eccentric passage hole
26 first magnetiodisl@ertisgapart@n cathode protector 28 bending magnetic

field germyator 3PoReih Haanssiediedd@enenator 31 third magnetic field
generatgr. 32 d aloy h 33 droplet collecting plate 34
Ton st iy et g PoRih

introduction side ra outer circumferential tube 36 inner
circumfdtential20BE837 droplet collecting plate for radially reduced tube 38
droplet &ollectipipphaterBBadough dwfiet (8oogisdaingesidasadially reduced
tube 409§teppe§]idgg{gq|[bﬁ,l straightly advancing tube 42 aperture 44
processgbq portigan sidqligwulating plate 22 46 insulating material 48 bias

power supply R rSJP(])%e power supply 50 aperture 51 aperture 102 plasma
generatiy) porfibh PRMEESHRRIY
12 plasma processing portion (plasma treating portion)

14 object to be treated

16 plasma stabilizing magnetic field generator
18 droplet

20 droplet collecting portion

23 radial direction magnetic field generator
23a radial direction magnetic field generator
24 straightly advancing magnetic field generator
25 aperture

25a  eccentric passage hole

26 first magnetic field generator

27 cathode protector

28 bending magnetic field generator

30 second magnetic field generator

31 third magnetic field generator

32 droplet advancing path

33 droplet collecting plate

34 introduction side radially reduced tube
35 outer circumferential tube
36 inner circumferential tube

37 droplet collecting plate for radially reduced tube
38 droplet collecting plate

38a  rough surface

39 discharge side radially reduced tube

40 stepped portion

41 straightly advancing tube

42 aperture

44 processing portion side insulating plate
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106 trigger electrode 108 anode 109 plasma 110 power supply 112 plasma
processing portion 114 object to be treated 116a plasma stabilizing magnetic
field generator 116b plasma stabilizing magnetic field generator 118
cathode material particle (droplet) 120 droplet collecting portion 200 radially
enlarged tube 201 radially enlarged tube 202 intermediate radially reduced
tube 20%introdhatiai iden ateli@ly reduced tube 204 discharge side radially

reducedsigibe %{p&gqﬁ&q@rtgmmasma-treated 301 plasma processing
portion 302 pl JQ :é] 03 rib 304 cathode 306 trigger electrode
307 arcgé)wer@r({)% %@ #)L?é 309 housing 401 plasma processing
portion 292 pl&RRY Léf&vancmg path 402a initial end portion of advancing
path 403linsulamerio4 plasma 23 405 anode 406 droplet removing device

407 cathege 4Q§§§Iﬂ eg@ﬁ@ggmqi@ pdPfoRrc power supply 411 collecting
member. 6%2 plgg{ng vancing path
106  trigger electrode
108 anode
109 plasma
110  power supply
112  plasma processing portion
114  object to be treated
116a plasma stabilizing magnetic field generator
116b plasma stabilizing magnetic field generator
118 cathode material particle (droplet)
120 droplet collecting portion
200 radially enlarged tube
201 radially enlarged tube
202 intermediate radially reduced tube
203 introduction side radially reduced tube
204  discharge side radially reduced tube
300 object to be plasma-treated
301 plasma processing portion
302 plasma flowing path
303 rib
304 cathode
306 trigger electrode
307 arc power supply
308 plasma
309 housing
401  plasma processing portion
402 plasma advancing path
402a initial end portion of advancing path
403 insulator
404 plasma
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413 droplet collecting portion 414 plasma 415 droplet 416 droplet removing
device 417 aperture 418 droplet collecting plate 420 enclosure member 500
enclosure member 501 collecting member Al A7 collecting member B1'-'B9
collecting member <BEST MODE FOR CARRYING OUT THE INVENTION>
[0065] As follows, the preferred embodiments of the plasma generating
apparatd€Tonceraitey the present invention are explained in details based

on the aggempariptediawiogimgdigwceresent invention, the plasma
generathpgé%lda éncludes both of the apparatus which installs the

plasma processing portion to process the object to be treated and the
apparatd8SvhichigeesHBEIFRI&I the plasma processing portion. The plasma

generati@Papparatosveivingie plasma processing portion may be referred
to as the plasma peeaagsiREnPparatus. [0066] FIG.1 is an outlined schematic
diagram4q the ’asma ggneratin aﬁparatus concerning the present

. ) asma advancing pd : . ,
invention. The é)asma genera m%? apparatus shown in FIG.1 is configured
from théﬁl%smﬁ@@fﬁirﬁﬂ”@cﬁﬂﬁiﬁﬁr%éherating the plasma by vacuum arc
dischargd éndeplaacieum atmosphere (plasma gun), the plasma processing
portion 432 anqj;g@eqlasma advancing path 402. In the present specification,

the plas%]I adsz\annIErgath 4r(1)2 hows the path from the plasma generating
portion 24 indt?c%? e ﬁé)svr'ng é?é’é?ﬁa gun) to the plasma processing
portion 407, arP&8Wescribed later, the plasma advancing path is constituted

from thes tRict phdet peikdeadyyitaiene or more magnetic generators

inducingitte  plasanasiytlest@@agnetic interaction, which is given a function
as a fiIteé'8 ube removinagythe droplets. For example, though the plasma

advanci patﬁ%@%r 'BETRed so as that the plasma advances
straightl§0it is pPéRGABMIRNBAE or more bending portions inducing only the

plagma-@®®  collecting member

B1~B9 collecting member
<BEST MODE FOR CARRYING OUT THE INVENTION>
[0065]

As follows, the preferred embodiments of the plasma generating
apparatus concerning the present invention are explained in details based
on the accompanied drawings. In the present invention, the plasma
generating apparatus includes both of the apparatus which installs the
plasma processing portion to process the object to be treated and the
apparatus which does not install the plasma processing portion.  The
plasma generating apparatus having the plasma processing portion may
be referred to as the plasma processing apparatus.

[0066]

FIG.1 is an outlined schematic diagram of the plasma generating
apparatus concerning the present invention.  The plasma generating
apparatus shown in FIG.1 is configured from the plasma generating portion
generating the plasma by vacuum arc discharge under vacuum
atmosphere (plasma gun), the plasma processing portion 402 and the
plasma advancing path 402. In the present specification, the plasma
advancing path 402 shows the path from the plasma generating portion
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disposed. Furthermore, as described later, to the bending portion of the
plasma advancing path 402, it is connected the pocket-like collecting portion
that can catch the droplets advancing straightly. In the plasma advancing
path of FIG.2, the structure to remove the droplets is not described
concretely, but it is possible to select freely the structure of the plasma
ahiebnggthatklasthehépiasonngen) device atasmare@iacassoasPpihieplédtina
g@ﬂ@r@-&imw Hed inean e ipled fiaradbatheny 4fh isigaeselaesae #0he
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R8I H9aT doas ot evaporate even gf){h asma te gnpe hiUre and are both

ofli5BRRREY netity H{aﬁémaranasceﬁa%ee lﬂﬁéﬂalt@ar&?aﬁﬁ&mﬁ%@ftﬁée
aplasiar staicocene deaimgdeeliaily ialarog tiee jgldstha qubcedHigedicetigotiraond
fgﬁtrlf‘clgl}g:aﬁaf r%’?ﬁR?deﬁetHQ%r?oﬁeb%%:’o%\ﬁﬁﬁ&ﬁ‘gﬁrﬁf?thﬁyar??gs%@ a@sma
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eﬁ%ﬁ%th@qwﬁ‘@rmf@rtﬂwd)uthb'érk%§m@ rﬁ%ﬁ%@ﬁté@@e@ dBArfdEstIts t%fethe

inoteed reachdoaaomrﬁgtbetplmarmlaaacmgmatbéﬂeetlamumdbeawuIator 403.
ELO% I end opening of the plasma advancing path 402 is connected to the
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p%@@géumye@b'@@ﬁ 408, tien 0B 18 banglagrAanpveedsurRISh6GR) is z‘ﬁﬂe
dizsppeed altthesplasiupgryagiatien pesiieamsodbasiitispossile g pen@rme
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mem ere Is provide roplet remo ce 406 constituted

b&?‘%{y|ﬁb%{iblﬁr‘ﬁlﬁ§ﬁofﬁé’c9%6ﬁﬁ§ m%%%er?&i%%%‘%&%@r SURREANCEcR e
diopleanisy qerogaced florateiéccatideld MliTide kv plaambaesehtasgdinge
Moieauebeb theiinabaidwe ki efibeseniciaskse MERRI it eninéahl
e{}ﬁﬁg@ﬂ&@g% ,%*P%Qﬁ\é%n& Pﬂlﬂ?r%@dtﬁg“far as it is a solid that does not
evaporate even at the plasma temperature and are both of nonmagnetic
material and conductive material. Said anode 405 has the annular
structure reducing radially along the plasma advancing direction and the
function as aperture, too. However, the shape of the anode 8 is not
particularly limited as far as it does not largely shield the progression of
whole plasma.

[0068]

The periphery of cathode 407 is surrounded with the enclosure member
420. The enclosure member 420 is connected to the initial end 402a of
the plasma advancing path 402 through the insulator 403.  The final end
opening of the plasma advancing path 402 is connected to the plasma
introduction opening of the plasma processing portion to introduce the
plasma 404 generated from said plasma gun.  In the inside of the plasma
processing portion 401, the object to be plasma-treated (not shown) is
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connection portion, or its vicinity, there is disposed the aperture for collecting
the droplets by which it can be suppressed that the droplets penetrate to the
plasma advancing path 402. Further, the aperture 417 may be formed in one
body with said insulator 403, so that it is possible to dispose the aperture
more easily. Said enclosure member 420 and said plasma advancing path
A0 erstddi dhiaeliattinbdrdpettunpiGRioot seltaiding pats)klcethaldréetine
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achitzetiangd thee dodigletsdbin whgrcdllectioef sirpptets dbetleaiciveumroplets

%ﬁmé@%'w ﬁ,tn%ea%i@gﬁmay AP floaitmtﬁ@t%%oataé‘ﬁs gcipns
in_the gereerate pasm § are 1 not ttra ége en ure memb&ré‘
ey B e LA oS E L s o L B e
4@5%%@ APRUARRIHY 1P N QERIRAR V07 . Sﬁér@m@,sl%rﬁw@@ bfdfopRrd said
cplentian dyvihecthgpleithremoavitigaeding 406, iheiglestricabolisohadPa of
PRSNATENY '[fbmsawtmauat ﬁ@é@cﬁ{t‘%{ﬁg IR 908 R ARh §CSie B fﬂb%t

since the collecting, member 411 is dispose rox ity to Said plasma

o hE GRSTRBBE IR HIBHER AR AR K b GITNE b SaGbly
tmapmmmmﬁlnug r@wruﬂﬂar@nﬁugﬁa@h@r@q%}mfverpmhﬁ é@ﬁhﬁcm@oprmd
408n 00ELY 126 mattriepkeingBUB e Wisciotme d aviban amiddoplase
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0 car on graphite or S et removing device 4
pPYORIBASH T HE &m&GFBQHt&d?&Eﬁ%%m%{J&r BOBR FBERFACRI AR f
colltimoihg) M&mbers 411 of the same shape with a predetermined interval

svfletachably installed on the inner circumference of the enclosure

memberlrf’z%ém}ngs%%Ccakear?éill?aqing apparatus constituted above, the

electrically neutral droplets are scattered to the periphery of the cathode
407, and collide with each collecting member 411 disposed on the
enclosure member 420, so that they adhere and are collected. In this
collection of droplets, the enclosure member 420 is held at the electrically
neutral floating state, so that electrons in the generated plasma 404 are
not attracted to the enclosure member 420 side, and move to the initial end
portion 402a of advancing path of the anode 405 side apart from the
cathode 407. Therefore, in the case of droplet collection by the droplet
removing device 406, the electrical discharge phenomenon does not occur,
and the energy loss does not occur. By this, since the collecting
member 411 is disposed in proximity to said plasma gun, it is possible to
perform the droplet removal with high efficiency and to supply the plasma
with high purity and high energy to the plasma advancing path 402.

[0070]
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member 411 polluted with adhesion of droplets, it is possible to clean each
collecting member 411 by pulling out the droplet removing device from the
enclosure member 420. [0071] Since each collecting member 411 is
disposed in multilayer on the inside of the enclosure member 420 so as to
enclose the cathode 407 along the advancing direction of the generated
plasma,khelcoidicelig arembedrbpbletshéwoness WHyeasathutlarigppaissitie

L EMPRO ViR Gher AVRRIBthERIBRMBUtRIA dieN Sy wiigCeh Ehpl dseidels aatedlind is
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rEeVRE He RrYpie Wik ddpesiad o dhentier WiRIRGS$IE!BIsR fi§an each
achvideddiing patim$e? 4 itlidpeasivlg tuintpecie phet deopdeimgrdeving gtiimiehey

M8 oK0EZhEHHEria s outlined schematic diagram of another plasma
g ting apparatus concerning the present invention. In FIG.2, the

explanation of the same member as one of FIG.1 is omitted by giving the
same syPTH. S8 SIRKAGH e MEIRRY é‘dﬂaﬁ%ﬁﬂ@F?@?ﬁ@\ﬁi@léﬂq}\;lfﬁytﬁéoﬁlégma
aheideiong frashehtibtarreec smbbershapeaspoxTtidisdy tRerpehdicel 210D
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electrically neutral floating s aid droplet removing device
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detachapletnstleston taekinarr sHewiiereneeardihe enseawsiaaooand
4;%%%%@&&'!3%0%& the droplets rebounded forward are mixed with the
plasma flow. Additionally, if the collecting members for removing the
droplets are disposed on the inner wall of the plasma advancing path 402,
it is possible to improve the droplet removing efficiency more.
[0072]

FIG.2 is an outlined schematic diagram of another plasma
generating apparatus concerning the present invention. In FIG.2, the
explanation of the same member as one of FIG.1 is omitted by giving the
same symbol.  This plasma generating apparatus is provided with the
plasma advancing path 412 formed in a bent shape approximately
perpendicular to the plasma generating portion (plasma gun), and the
droplet removing device 416 is installed detachably on the inner
circumference of the enclosure member 420.  In the same manner as the
plasma generating apparatus in FIG.2, the enclosure member 420 is
connected to the initial end of the plasma advancing path 412 through the

27



member 411 is formed with an annular plate like hollow ring of which hollow
portion for flowing the plasma is drilled and is made from carbon material
such as carbon graphite or metallic material such as Ti, W and SUS, but it is
preferable that it is made from the same material as the cathode 407, as
described above. In each collecting member, the inner diameter of each
hisisola sordOR diffet ShEhencitisotingemshedred2 Alatad AlTelqlatsdaahddansinige

Cp&hﬁdﬂ 4Qf AR Ry RNgedie drithiay et astibating etakee of each hollow
p@’§9 slightly enlarges along the advancing direction of the plasma 414. In

tion, the collecting members 131 to B9 are disposed even at the rear
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may be used.
[0074]
In said droplet removing device 416, since the collecting members
A1 to A7 are arranged in multilayer on the inner wall of the enclosure
member 420 with a predetermined interval in order of size of each hollow
portion toward the plasma advancing space ahead of the cathode 407, it is
possible to improve the droplet removing efficiency by enlarging of the
collectable area of droplets. In addition, the hollow portions of the
collecting members A1 to A7 form the plasma advancing space that is
disposed in a reverse truncated cone geometry from said cathode to the
front.  Accordingly, while removing the droplets with high efficiency, it is
possible to decrease the rate that the generated plasma 414 emitted in the
shape of about cone from said cathode to the front collides with said
collecting member, and it is possible to advance the high purified plasma
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[0075] Furthermore, since the droplets 415 generated in the plasma
generating portion are electrically neutral and they are collected by the
droplet collecting portion 413 faced to the plasma generating portion
because of straight advancement due to inertia force, it is possible to
introduce the plasma 414 from which the droplets 415 advancing straightly
asgnoollebtethioubb drajsleplasiveting ponttrg4 spacethes pldbata thevaiinient
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416, and the straightly advancing droplets 415 are caught by the droplet
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to the plasma introducing side initial end of said radially enlarged tube 3, t
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the plasma with higher purity to the plasma advancing path 412 side by the
synergistic effect of droplet removal.  Still, the high purity plasma is
guided in a bent condition to the plasma processing portion side by the
magnetic action based upon the bending magnetic field generator (not
illustrated) arranged at the plasma advancing path 412.

[0076]

FIG.3 is an outlined schematic diagram of more another plasma
generating apparatus concerning the present invention.  The plasma
generating apparatus 1 shown in FIG.3 is configured from the plasma
generating portion 2, the plasma processing portion 12 and the plasma
advancing path 5.  In the plasma advancing path 5, there is disposed the
droplet removing portion which removes the droplets by-produced from the
cathode 4 at the plasma generating time.  Said plasma removing portion
is constructed from the radially enlarged tube 3 forming the plasma
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[0077] The straightly advancing tube 41 is arranged ahead of the plasma
generating portion 2, and said connection advancing path 7 is arranged
through the main bending portion 7a with the bending angle 01 of 90
degrees from said straightly advancing tube 41. The droplet advancing path
32 is formed in said straightly advancing tube 41 ahead from the main
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36 and the outer circumferential tube 35.  The outer circumferential tube
35 does not participate in progression of the plasma, and it is the
protection member of the inner circumferential tube 36, which is installed in
the outer circumferential tube 35 through the insulating material such as
insulating ring, so that the inner circumferential tube 36 and the outer
circumferential tube 35 are electrically insulated each other.  The inner
circumferential tube 36 integrated with the insulating material 46 is
constituted so as to be separated and taken out from the outer
circumferential tube 35.

[0078]

The plasma generating portion 2 comprises the cathode 4, the
trigger electrode 6, the anode 8, the arc power supply 10, the cathode
protector 27, and the plasma stabilizing magnetic field generator
(electromagnetic coil or magnet) 16, and the anode 8 is connected to the
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magnetic field to the plasma in the reverse direction (cusp form) each other,
the plasma is stabilized more. In addition, the aperture 42 is disposed in the
connection portion between the plasma generating portion 2 and the
straightly advancing tube 41. Furthermore, the front portion from the
straightly advancing tube 41 is electrically in the floating state, and it is
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of that the potential of the duct portion” reflects the plasma potential.
potential or negative potential, so that it is possible to probe said plasma
parameter. The direction not to reduce the plasma transportation
efficiency is selected in relation to which of positive and negative is chosen,
and this is judged from the condition of plasma. The magnitude of
potential can be also changed, and it is selected from the point of view of
the plasma transporting efficiency to set usually the inner circumferential
tube at +15V. The probe power supply 49 is connected to the outer
circumferential tube 35, and the electric potential of said duct portion
connected to the outer circumferential tube 35 is adjusted. = Because the
plasma in itself has the plasma potential, the potential of the duct portion
becomes the synthesized potential in which the probe potential and the
plasma potential are superimposed. When the synchroscope is
connected between the duct portion and GND, the wave form of said
synthesized potential is measured, and the plasma parameters can be
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[0080] In the plasma generating portion 2, the electric spark occurs between
the cathode 4 and the trigger electrode 6, so that the vacuum arc occurs
between the cathode 4 and the anode 8, and the plasma is generated. The
constituent particle of this plasma includes the vaporized material from the
cathode 4, the charged particle (ion, electron) originated from said vaporized
naeasalrad dthen réfzistipaafayaduel el meutedl gieticlelof helease analt atoen

o RIBENPFOWEC RN Ftadencddstifiprativa at ke sarmetiime ampRSpition

C t | I I t t t 1€ O

S pae ae DAy %a%éﬁf%%éf@i@gg"faa%%%ﬁae%%%@%%&et
1B'3STRA RALCRIRL B RABN G thE BIAXRTA RIFORAPEBVEFR AR IGRPHEN
ptashaBvandingepathe7 ps the drafslelf rhasnthelatentrio. 008Ut tivitlye said

dé@ﬁ@nﬁ%ﬁﬁ%@%ﬁ@@i@fb@@mé% mmftﬁ@&ﬂ& ANging tRatBudtthsrtion
p}aﬁm SfI w guided frorp tqde%'[ntroductlon side radially reduced tube 34 to the

radially enlar tadc’%%g% T8 dtfused by the radially enlarging action of the
pl988fH advancing path due to the radially enlarged tube. Although the
plasma floviHah ppaeads, dmtenasieghedripret 2nitng ieldotriplagpadk adevances

saialaidn the Cionile ditiHaaesiFg g bR talys CHAREAHEER NI
collldlng ith the inner Walhsurfaae of(tjh hradlaII enéar ed t e3.|B this.
L BREVGEHIARE deariode i (AL HiE, RG9S For 00 o108 ARHR ol
tiepeaaiag flow chamgeansttvesiateaniviemahythidprRigsamaribifkideshehe
oudpiocirednmherenied b thehdasitieotiewd., e tbis chsidipatinol €lirnges|gagron)
deoRlrisicalidsnviy ihe apghhaihpRidiathenierre dpaian 4dandifene

inner W%” surf.afe of the inner circumferential tgbe 36, and theég’ are adhered

ANUHERVBALIC ShaMSIESHIfenaRd pRiSHa AbWPIRITRINREF Hf e tSialfial
st 3B Al isehHigea s tiheeraditly PERRBRgERIsHarRd pa e ligmeemitted,
ctreuatiepentied BavivlgetBé tozthefdiseharge side-radiadly 16 desedubenddethe

dORIRI (BHGEChINGs Rt Rlgle Wﬂ%‘;\/&?ﬁ@ﬂ@%@‘ﬁ% %8%%{1&8%518

f
can be prevented to join to the plasma to mix again. The
dPEHIdRe PRERmpil g b AT ATHAD CRSCHY Y BidRRIGSNG SR YRR e
saaidistidraptehreixew@pdasmbycolliding with the inner wall surface of the
digolayge side radially reduced tube 39, but the plasma flow curves along
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path 5, the plasma flow guided from the introduction side radially reduced
tube 34 to the radially enlarged tube 3 is diffused by the radially enlarging
action of the plasma advancing path due to the radially enlarged tube.
Although the plasma flow 9b spreads, because the droplet mixing in the
plasma advances straightly, the droplets diffuse inside of the radially
enlarged tube 3 while colliding with the inner wall surface of the radially
enlarged tube 3. By this diffusion, the droplets decrease in the center
portion of the droplet flow, and the plasma flow changes to the state that
many droplets distribute at the outer circumference of the plasma flow.
By this distribution change, the droplets collide with the neighborhood of
the stepped portion 40 and the inner wall surface of the inner
circumferential tube 36, and they are adhered and recovered. In
addition, when the plasma flow in the inner circumferential tube 36 is
discharged, by the radially reducing action from the inner circumferential
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flow is separated from the droplets 18. As a result, since almost droplets 18
are separated from the plasma flow 9b and collected, the pure plasma 9a is
supplied to the plasma processing portion 12. Therefore, the droplets are
adhered on the neighborhood of the stepped portion 40 and the inner wall
surface of the inner circumferential tube 36 and can be recovered fully, so
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of the radially enlarged tube 3 to the former may be around 1.2 to 3.

[0082]

The periphery of cathode 4 is surrounded with the enclosure member 500.
The enclosure member 500 is connected to the initial end of the straightly
advancing tube 41 through the insulator (not shown), and does not
electrically conduct to the straightly advancing tube 41.  On the inside of
the enclosure member 500, there are disposed in multilayer a plurality of
collecting members 501 which catch the droplets by-produced from the
cathode 4 at the plasma generating time.  The collecting member 501
has the same constitution as the collecting member 411 in FIG.1. As
explained in the plasma generating apparatus of FIG.1, the electrically
neutral droplets are scattered to the periphery of the cathode 4 by the
inertial force, and collide with each collecting member 501 disposed on the
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cathode 4. Accordingly, the electrical discharge phenomenon does not occur
between the cathode 4 and the collecting member 501 conducting to the
enclosure member 500, so that the energy loss is suppressed. By this, since
the collecting member 501 can be arranged in proximity to the cathode 4, it
is possible to perform the droplet removal with high efficiency and to
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of the ra}&@al%rem?égﬁ“ﬂrWC%H tlg?déevrgﬁﬁglly reduced tube 34 and the

discharge side radially reduced tube 39, their tube axes are inclinedly
disposed with the predetermined bending angle (62+63=60 degrees) to the
tube axis of the radially enlarged tube 3, and their conjugation surfaces to
the radially enlarged tube 3 become the shape of elliptic. By this, since
the bending type plasma advancing path is formed by the introduction side
radially reduced tube 34, the discharge side radially reduced tube 39 and
the radially enlarged tube 3, the droplets diffused in the radially enlarged
tube 3 can be adhered and recovered by colliding with the neighborhood of
the stepped portion 40 and the inner side wall of the radially enlarged tube
3. Therefore, the droplets mixed in the plasma flow can be separated
with high efficiency, and because the highly purified plasma flow is
discharged (ejected) from said discharge side radially reduced tube, it is
possible to improve the droplet removing efficiency.

[0085]
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direction with 30 degrees (03=-30 degrees), the tube axes of the introduction
side radially reduced tube 34 and the discharge side radially reduced tube
39 are intersected each other to the initial end and the final end of the
radially enlarged tube 3 in the same direction, and it is the case of
intersection arrangement (02=30 degrees, 03=-30 degrees). Hence, the
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and recovered by colliding with the inner wall of the discharge side radially
reduced tube 39, and it is possible to remove the droplets with high
efficiency.
[0086]

FIG.4 is a partially enlarged cross section diagram of the inner
circumferential tube 36 having the droplet collecting plate 38. A plurality
of droplet collecting plates 38 is installed on the inner wall of the inner
circumferential tube 36.  The slant angle a of the droplet collecting plate
38 is set in the range of 15 to 90 degrees, the range of 30 to 60 degrees is
empirically preferable and the angle is set a=45 degrees in this example.
In this slant angle, the droplets 18 separated from the plasma flow 9b can
be surely adhered and recovered while multiple-reflecting the droplet
collecting plate 38 as shown in the diagram.

[0087]
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droplet collecting plates 38 is limited by restriction due to the tube length of
the inner circumferential tube 36, the rough surface treatment is done on the
surface of the droplet collecting plate 38 to increase the droplet removing
area, so that the rough surface 38a having the innumerable unevenness are
formed. Because the surface of the droplet collecting plate 38 becomes the
rough sintface B8a, tryitallesting ectiontishadi@metotdhectitiyplate 38 the
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the droplet collecting plate 38.

[0088]

As explained above, since the droplet collecting plate is important, it
will be written down again here. The collecting surface of the droplet
collecting plate 38, as shown in FIG.5, inclines to the inner wall of the inner
circumferential tube 36 by about 45 degrees.  Therefore, in the state that
the droplet collecting plate 38 is installed in the inner circumferential tube
36, the collecting surface is inclinedly disposed toward the introduction
side radially reduced tube 34, so that the area receiving the droplets
flowing into the inner circumferential tube 36 increases.  Therefore, by
improvement of the collecting efficiency of the droplet collecting plate 38, it
is possible to raise the droplet removing efficiency still more.  In addition,
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needless to say that it is disposed inclinedly with appropriate slant angle at
the same manner as said droplet collecting plate 18. Besides, many droplet
collecting plates 33 are disposed on the inner surface of the tube wall of the
connection advancing path 7 and the droplet advancing path 32, but the
drawing is omitted. The inclination arrangement of these droplet collecting
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The first magnetic field generator 26, the second magnetic field generator
30, the third magnetic field generator 31 and the straightly advancing
magnetic field generator 24 are installed to advance the plasma forwardly.
The bending magnetic field is applied by the bending magnetic field
generator 28 inclinedly arranged at the bending portion 7a, so that the
droplet mixing plasma 9 (plasma mixed with droplet) emitted from the
plasma generating portion 2 is bent at the bending portion 7a.  Then, the
electrically neutral droplets 18 do not receive the influence of the bending
magnetic field, so that the droplets advance through the droplet advancing
path 32 by the inertial force, and they are collected by the droplet collecting
portion 20 arranged at the final end of the droplet advancing path 32.
Therefore, in the introduction side radially reduced tube 34 connected
vertically or almost vertically to the droplet advancing path 32 through the
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enlarged tube 3, it is possible to increase the droplet collecting efficiency still
more. [0090] The introduction side radially reduced tube 34 is only a little
radially reduced in comparison with the connection advancing path 7, and
the droplet removal is done by this radially reducing action, but the droplet
collecting aperture 50 is arranged in the vicinity of the connection portion
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thas theravailaBiliyehiie§ahese apertures 50, 51, the straightly advancing
droplets are collected at the initial end and the final end of the plasma
advancing path, so that it is possible to contribute the improvement of the
droplet removing efficiency.
[0091]

In the plasma generating apparatus 1 concerning said constitution,
by the collecting member 501 disposed on the enclosure member 500, the
droplet collecting portion 20, the droplet removing portion of the plasma
advancing path 5 and apertures 50, 51, the droplets are removed to form
the high purity plasma 9a, which advances by being guided due to the
magnetic field of the third magnetic field generator 31 arranged at the
discharge side radially reduced tube 39, and the object surface to be
treated 14 is treated by guiding to the plasma processing portion 12.
Therefore, it is possible to perform the uniform surface modification on the
object surface to be treated with the high purity plasma and to form the thin
film of high quality with little defect and little impurity.
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configuration factors is inspected. In this verification, the plasma advancing
path was formed by the duct of the same diameter over full length. [0093]
FIG.6 is a graph diagram showing the relation among the effective total
length of the plasma advancing path L(mm), the diameter D(mm), the
bending number NB and the droplet removing ratio. FIG.7 (7A) is a graph
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=0.1nm), N <100 was set as the desired value of the surface treatment
ability in the plasma processing portion 12, namely as the desired value of

fet
(A

the droplet reduction condition.
[0094]

As found from FIG.6, said droplet reduction condition can be
satisfied by setting the effective total length at 1600-900mm, by setting the
tube diameter at 200-90mm, and by setting the bending number at 3 to1.
[0095]

The N/NO of the longitudinal axis in FIG.7 (7A) shows the
comparison with the droplet bonding number NO on the object to be treated
in only the straightly plasma advancing path.  The smaller the value of
N/NO is under the condition of N/NO<1, the higher the surface treatment
ability in the plasma processing portion 12 becomes, so that it is set as the
desired value of the droplet reduction condition. = The bending angle is
the angle at which the duct is bent for the advancing direction of the
plasma flow. As found from (7A), since the summation of the bending
angle is set at 150 - 90 degrees, said droplet reduction condition can be
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In said embodiment, the effective total length, the diameter, the bending
number and the summation of bending angle in said plasma advancing path
are set at 1500mm, 200mm, 3 (three positions of main bending portion 7a,
introduction side bending portion 7b and discharge side bending portion 7¢)
and 150degrees (90+30+30), respectively, and the effective element of said
ceafigfiedtion factor is included. [0097] Furthermore, separately from said
cpovas)ration factor of said effective element, the arc current value in said
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(7B), when the arc current value reaches 150A, the droplet bonding
number exceeds 100.  On the basis of this test result and the findings of
the present inventors, when the arc current value in the plasma generating
portion is adjusted in the range of 140 — 30A, the target value of said
surface treatment ability is satisfied and it becomes clear that the plasma
larger than a predetermined quantity enabling the plasma treatment is
generated.
[0098]

When a plurality of radially enlarged tube are connected through the
radially reduced tube, it is possible to improve the droplet removing
efficiency.

FIG.8 is one example of plural radially enlarged tube arrangement,
and shows the plasma advancing path connecting linearly two radially
enlarged tubes 200, 201 through the intermediate radially reduced tube
202. The introduction side radially reduced tube 203 is inclinedly
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of the connected duct, it is possible to raise the droplet removing effect at the
stepped portion formed in the radially enlarged tube 200, 201. In addition,
when the intermediate radially reduced tube 202 is curvedly formed and the
plasma inducing magnetic field generator is arranged outside, a plurality of
radially enlarged tubes may be connected while increasing the bending
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rﬁ@éﬁ@eﬁﬁdhtﬁ@&ﬂ[&‘f@'ﬁ%ﬂ‘%t%'{ﬁ%“on of the droplets D at the stepped
portion is strengthened.  FIG.(9C) is the case that the introduction side
radially reduced tube 203 and the discharge side radially reduced tube 204
are parallel arranged (62=0, 63=0). The slant angle 62, 83 are defined
in the same manner as FIG. 1.  In this case, the plasma flow P advances
straightly and the droplets D are collected at the stepped portion of the
radially enlarged tube. FIG (9D) corresponds to the case that the
introduction side radially reduced tube 203 and the discharge side radially
reduced tube 204 are inclinedly arranged (82=-30degrees,
03=-30degrees). As a result, the introduction side radially reduced tube
203 is parallel with the discharge side radially reduced tube 204. In this
case, the plasma flow P meanders in sigmoid, and since the droplets D are
separated from the plasma flow P by this sigmoid meandering, the
collection effect of the droplets D at the stepped portion of the radially
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droplets D at the stepped portion of the radially enlarged tube is
strengthened. There is a choice of (9A) and (9B), furthermore there is a
choice of (9C)-(9E), so that the variability spreads by the combination of
both. In addition, when there are three or more radially enlarged tubes, the
variability increases still more, but the basis of selection is that the droplet
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two apertures 25 having the passage hole 25a at the eccentric position are
disposed in front and back. If it is explained by an outline, when the
plasma flow passes through the eccentric passage hole 25a while
meandering through the radially enlarged tube 3, the droplets 18 (written
as D) are separated and removed from the plasma flow 9b (written as P).
That is to say, when the plasma P passes curvedly through the eccentric
passage hole 25a of the aperture 25, the small droplets D accompanied
with the plasma P jump out outside and are removed by colliding with the
wall surface of the aperture 25. In addition, all of the straightly
advancing tube 41, the connection advancing path 7, the introduction side
radially reduced tube 34, the radially enlarged tube 3 and the discharge
side radially reduced tube 39 that constitute the plasma advancing path is
held at the electrically neutral floating state.
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25a of the aperture 25 while being guided by this slant magnetic field. [0102]
In FIG. 10, the eccentric passage hole 25a is formed at the left side in the
initial end side aperture 25, and the eccentric passage hole 25a is formed at
the right side in the final end side aperture 25. Additionally, in the radial
direction magnetic field generator 23 of the initial end side, N-pole and
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S&%}@aiﬂcmc%%%etic field due to the straightly advancing magnetic field
generator 24, the slant magnetic field to a little left direction occurs at the
initial end side of the radially enlarged tube 3, and the slant magnetic field
to a little right direction occurs at the final end side. The plasma P is
guided by the slant magnetic field to a little left direction at the initial end
side of the radially enlarged tube 3 and curved in the left direction, so that
the plasma passes the eccentric passage hole 25a of the initial end side
aperture 25.  The plasma P is guided by the slant magnetic field to a little
right direction at the final end side and curved in the right direction, so that
the plasma passes the eccentric passage hole 25a of the final end side
aperture 25.
[0103]

Small droplets D accompanied with the plasma P jump out outside

by the bending of the plasma P, and are removed by colliding with the wall
surface of the initial end side aperture 25 and the final end side aperture 25.
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plasma passes through the eccentric passage hole of the aperture disposed
in the radially enlarged tube. As illustrated, when the plasma P passes
curvedly through the eccentric passage hole 25a of the aperture 25 disposed
in the radially enlarged tube 3, the small droplets D accompanied with this
plasma P jump out outside at the bending time of the plasma P. The small
didysieatore juhp sy fagetoftteeivivigiothd BRitreatecbindbed g real ity saihg
tfmwath swrfageobtherapstingy 2thel egsmaldirdiopletsna jnotping ikt the
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<COLAHMS> 1. In a plasma generating apparatus including a plasma

e”era“ﬁ'gs LR ﬁ g epnﬂnﬁltaﬁ@ »%gwrmsﬂt%%sv%wme&a to the

discharge occurre efween a cath ean an anode under a vacuum
aBROLPIRGRC R PRI S MY Héﬁfﬂ [IFAIRER s YRY RURnTROGH RAUeSE

bgrshitesign changes etc. are included in the scope of the present invention
within the limits which do not deviate from the technical spirit of the present
invention.

<INDUSTRIAL APPLICABILITY>
[0106]

The plasma generating apparatus of the present invention arranges
the droplet removing portion in proximity to the plasma gun at the
periphery of cathode, so that the uniform plasma flow with high purity can
be guided to the plasma treating portion.  In addition, when it is used the
high purity plasma that is generated by the plasma generating apparatus of
the present invention, the high purity thin film hardly including defects and
impurities is formed on the surface of solid material in plasma and the
uniform modification of the surface characteristics of solid can be
performed without giving the defects and impurities by irradiating said
plasma, by way of example only, the abrasion resistance, corrosion
resistance reinforcement film, protective film, optics thin film and
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plasma generating portion progresses to a plasma treating portion side, said
plasma generating apparatus characterized in that an enclosure member
surrounding the periphery of said cathode is arranged in said plasma
generating portion, a collecting member catching cathode material particles
(referred to as droplets) by-produced from said cathode at a plasma
gass@tgrine s ditivi el wnofhid tnsielid of whid e rao suecf ormeesbwil ahipat
lepstiBRid i Heghingdorimaer and said enclosure member are held in an
electrically neutral floating state. 2. The plasma generating apparatus
according to Claim 1, wherein a plurality of said collecting members are
disposed in multilayer on the inside of said enclosure member around said
cathode and along a progressing direction of said plasma. 3. The plasma
generating apparatus according to Claim 2, wherein said collecting member
is constituted by an annular member in which a hollow portion is formed to
flow said plasma, and a plurality of said annular members of the same shape
are disposed in multilayer. 4. The plasma generating apparatus according to
Claim 2, wherein a plurality of said collecting members include the annular
members of which size of said hollow portion is different and a plurality of
said annular members are disposed in multilayer so as that the size of each
hollow portion increases gradually. 5. The plasma generating apparatus
according to any one of Claims 1-4, wherein a duct portion forming said
plasma advancing path is set to be in the electrically neutral floating state. 6.
The plasma generating apparatus according to any one of Claims 1-5,
wherein said anode is an annular electrode disposed to be electrically
insulated from said enclosure member and an inner diameter of said annular
electrode decreases along an advancing direction of plasma. 7. The plasma
generating apparatus according to any one of Claims 1-6, wherein a droplet
removing portion removing said droplets is disposed in said plasma
advancing path, and said plasma removing portion includes 46 a radially
enlarged tube, an introduction side radially reduced tube connected to a
plasma introducing side initial end of said radially enlarged tube, a discharge
side radially reduced tube connected to a plasma discharge side terminal
end of said radially enlarged tube, and stepped portions formed at said initial
end and said terminal end of said radially

45



enlarged tube. 8. The plasma generating apparatus according to Claim 7,
wherein tube axes of said introduction side radially reduced tube and/or said
discharge side radially reduced tube are inclinedly disposed for a tube axis
of said radially enlarged tube, and said introduction side radially reduced
tube and/or said discharge side radially reduced tube are connected to said
raidlAIMSarged tube. 9. The plasma generating apparatus according to
Claim 7)ar 8,pMgreingsaitduhg axpsapdisaidriplieiigti®prdemeadjai¥rating
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hollow portion is formed to flow said plasma, and a plurality of said annular
members of the same shape are disposed in multilayer.

4. The plasma generating apparatus according to Claim 2, wherein a
plurality of said collecting members include the annular members of which
size of said hollow portion is different and a plurality of said annular
members are disposed in multilayer so as that the size of each hollow
portion increases gradually.

5. The plasma generating apparatus according to any one of Claims
1-4, wherein a duct portion forming said plasma advancing path is set to be
in the electrically neutral floating state.

6. The plasma generating apparatus according to any one of Claims
1-5, wherein said anode is an annular electrode disposed to be electrically
insulated from said enclosure member and an inner diameter of said
annular electrode decreases along an advancing direction of plasma.

7. The plasma generating apparatus according to any one of Claims
1-6, wherein a droplet removing portion removing said droplets is disposed
in said plasma advancing path, and said plasma removing portion includes
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to 15, wherein a plurality of said radially enlarged tubes are connected
through a radially reduced tube. 17. The plasma generating apparatus
according to any one of Claims 7 to 16, wherein said introduction side
radially reduced tube, said radially enlarged tube and said discharge side
radially reduced tube are electrically insulated with said plasma generating
partiedialyl sidppdesmiubeatiag purodactisn Thislplaadialhenedcitierd tube
apPAiaBis AEERA BiRg rﬁﬁh&ﬂ%@d\@cﬂf@é@dﬂ@%ﬁié@ énd Whﬁéﬂjﬁé’dquémzﬂbed
physical p p . rti to_a
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value in said plasma generating portion is adjusted in a range of 140-30A. 48
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other.

10. The plasma generating apparatus according to Claim 7, 8 or 9,
wherein said plasma advancing path includes a straightly advancing tube
connected to said plasma generating portion, said introduction side radially
reduced tube is connected vertically or almost vertically to said straightly
advancing tube, and a droplet collecting portion is disposed at a terminal
end of said straightly advancing tube.

11. The plasma generating apparatus according to any one of Claims 7
to 10, wherein said radially enlarged tube is composed of an inner
circumferential tube and an outer circumferential tube, and said inner
circumferential tube is freely inserted to and removed from said outer
circumferential tube.

12. The plasma generating apparatus according to Claim 11, wherein a
plurality of droplet collecting plates are installed on an inner wall of said
inner circumferential tube.

13. The plasma generating apparatus according to Claim 12, wherein a
rough surface processing is made on a surface of said droplet collecting
plate.

14. The plasma generating apparatus according to Claim 12, wherein

said droplet collecting plates are inclinedly disposed for said introduction
side radially reduced tube.
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15. The plasma generating apparatus according to any one of Claims 7
to 14, wherein an aperture for collecting the droplets is arranged in said
introduction side radially reduced tube and said discharge side radially
reduced tube.

16. The plasma generating apparatus according to any one of Claims 7
to 15, wherein a plurality of said radially enlarged tubes are connected
through a radially reduced tube.

17.  The plasma generating apparatus according to any one of Claims 7
to 16, wherein said introduction side radially reduced tube, said radially
enlarged tube and said discharge side radially reduced tube are electrically
insulated with said plasma generating portion and said plasma treating
portion.

18. The plasma generating apparatus according to any one of Claims 7
to 17, wherein a quantity of physical property of plasma is measured by
inserting a probe into a duct portion including at least said introduction side
radially reduced tube, said radially enlarged tube and said discharge side
radially reduced tube or by utilizing said duct portion as said probe.

19. The plasma generating apparatus according to any one of Claims 1
to 18, wherein one or combination of effective total length, diameter,
bending number and summation of bending angle in said plasma
advancing path is set so as to satisfy a droplet reduction condition.

20. The plasma generating apparatus according to Claim 19, wherein
said effective total length is set at 1600-900mm.

21. The plasma generating apparatus according to Claim 19, wherein
said diameter is set at 200-90mm.

22. The plasma generating apparatus according to Claim 19, wherein
said bending number is set at 3-1.

23. The plasma generating apparatus according to Claim 19, wherein
said summation of bending angle is set at 150-90°.

24. The plasma generating apparatus according to any one of Claims 1
to 23, wherein an arc current value in said plasma generating portion is
adjusted in a range of 140-30A.
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