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The present invention relates to a plasm generating
apparatus installed with a droplet elimnating
portion by which a plasma is generated by a vacuum

arc di scharge perfoespgGIFIGATEON>dI scharge portion
set under a vacuum at nosphere and cat hode nateri al

particles (referred to as droplets) by-produced from
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As an approach to generate a 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.
[0004]

Generally, in the vacuum arc discharge, vacuum arc plasma



spot, and at the sane tinme, the cathode material fine
particles referred to as droplets of size of |ess
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106, and the vacuum arc is generated between cathode 104 and anode
108, so that the plasma 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
in the plasma processing portion 112 is received the surface treatment by
the plasma 109. Additionally, the reactivity gas is introduced as



processing portion 112 and the reaction gas and the
plasma flow are exhausted by the gas exhaust system
Gh. [0007] The plasma 109 emitted fromthe plasm
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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 in 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.
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docunent 1, as descri bed above, since the plasma fl ow
is bent by the curved magnetic field and the plasma
noves efficiently to the plasna processing portion,
the charged droplets and snall droplets mxed in the
pl asma fl ow are guided to the plasma processing
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The present invention is proposed to solve the above problems.
In a plasma generating apparatus including a plasma generating portion by
which a plasma is generated by a vacuum arc discharge under a vacuum
atmosphere and a plasma advancing path in which said plasma generated
by said plasma generating portion progresses to a plasma treating portion
side, the first form of the present invention is said plasma generating
apparatus characterized in that a droplet removing portion removing
cathode material particles (referred to as droplets) by-produced from a
cathode at a plasma generating time is disposed in said plasma advancing



tube, an introduction side radially reduced tube
connected to a plasma introducing side initial end of
said radially enlarged tube, a discharge side

radi ally reduced tube connected to a plasma di scharge
side termnal end of said radially enlarged tube, and
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The fifth form of the present invention is the plasma generating
apparatus of any of said second to fourth forms, 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.

[0017]

The sixth form of the present invention is the plasma generating
apparatus of said fifth form, wherein a plurality of droplet collecting plates
are installed on an inner wall of said inner circumferential tube.

[0018]



The seventh formof the present invention is the

pl asma generating apparatus of said sixth form
wherein a rough surface processing is made on a
surface of said droplet collecting plate. [0019] The
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The twelfth form of the present invention is the plasma generating
apparatus of said eleventh form, wherein said rotational magnetic field
applying means is constituted from a plurality of vibration magnetic field
generators generating vibration magnetic fields, a plurality of vibration
magnetic fields with different phase and different vibration direction are
generated by said vibration magnetic field generators, so that said
rotational magnetic field is synthesized from said vibration magnetic fields.
[0024]

The thirieenth form of the present invention is the plasma

generating apparatus of any of said first to tenth forms, wherein one or



6 nore apertures having a passage hole at an eccentric
position are arranged in said radially enlarged tube,
a magnetic field generating nmeans is disposed on an
outer circunference of said radially enlarged tube to
pass said plasma in said eccentric passage hol e of
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The 16th form of the present invention is the plasma generating
apparatus of any of said first to 15th forms, wherein a duct portion for
transporting said plasma includes at least said introduction side radially
reduced tube, said radially enlarged tube and said discharge side radially
reduced tube, and said duct portion is electrically insulated with said
plasma generating portion and said plasma treating portion.

[0028]

The 17th form of the present invention is the plasma generating
apparatus of any of said first to 16th forms, wherein a bias voltage is
applied to said duct portion.



applied to said duct portion. 7 [0029] The 18th form
of the present invention is the plasma generating
apparatus of any of said first to 17th fornms, wherein
a quantity of physical property is neasured by
inserting a probe into said duct portion or by

[Ooy%ilizing sai d duct portion as said probe. [0030] The
19th forn1q% thefg%esent i nvention is

/ he pl asma .

genEhatii Tosmpat AbePreserhynvIntiof ésftlt‘?sii?'atsﬂ‘aigﬁﬂerat'“g
apphPatis, oMEey BF BafNArditoCOMAifBAhsOWhelreined iR@intivye of habkical

IeIR t.h, di ame%(?r, ben%,na nunber and sy tion of
Propeityiisgmeasyred ity MHItpY R RIOREY KR $RIY pH Peruqst oy
utilighhgt Saidaductiportiodrazps#itl proggucti on condition. [0031]

The 20th formof the present invention is the plasm
[003&her at i ng apparatus of said 19th form wherein said

$Lfﬁgﬁim?tm?ml ]gf eﬂet;ﬁreisenstemyaitiorilﬁ@QhSQﬂagma{ l@@aé}ating
e 21s ormof, & resent inveptian is the plas
aPPgERLEAR Ay OhBR HRu<0 JETE dpamSobHergR e, pprafisadten of
eﬁe@Eaa&bﬁl lérsgtaetizah e200b &g ndlrﬁﬁéfiiandlserrﬁﬁ!atjohmfrmmlﬁing
e_present..invention.is t as nes at |

ancld Ga 4R Plrerts VARG il B SRERe 85 I selihng droplet
redoctidre conditeet at 3-1. [0034] The 23rd form of the

[00121 sent invention is the plasna generating apparatus

said 19th form wherein said sumation of bendi ng
andlee i20th sfermaof 16€-@e@sdatyimeantigro@sShe Thlasadt geherating
¢ o . e C ; C ot Lng.
aprrafisCobsERE Touh R  Whore, o, BBSTR FERRIEhGRIS set ot
1608~9@0mneur rent value in said plasnma generating
[00:?%“ on is adjusted in a range of 140-30A. <EFFECT OF
E | NVENTI ON> [ 0036] According to the first formof
t hel e &lehtformy efthemresent énventipn s 4beeplasms igggerating

appBRatsThY S4if PRl l, WA SR ANAECISL A Fb0-o0mm.
[0088le radially reduced tube

The 22nd form of the present invention is the plasma generating
apparatus of said 19th form, wherein said bending number is set at 3-1.
[0034]

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

[0035]

The 24th form of the present invention is the plasma generating
apparatus of any of said first to 23rd forms, wherein an arc current value in
said plasma generating portion is adjusted in a range of 140-30A.

<EFFECT OF THE INVENTION>
[0036]

According to the first form of the present invention, since said
plasma removing portion disposed in said plasma advancing path includes
a radially enlarged tube, an introduction side radially reduced tube
connected to a plasma introducing side initial end of said radially enlarged



connected to a plasma introducing side initial end of
said radially enlarged 8 tube, a discharge side
radially reduced tube connected to a plasma discharge
side termnal end of said radially enlarged tube, and
stepped portions forned at said initial end and said
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[0037]

In the present invention, even if the tube axes of said introduction
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
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wi t hout bending, it is possible to efficiently recover
and renove the droplets diffused in said radially

enl arged tube by the radially enlarging 9 action and
the radially reducing action of said plasna advancing
path by wusing of said radially enlarged tube.
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aX€8ach other, since the droplets mixing in the
[0038] ghborhood of center of the plasma flow passing

| DR R e Ea s O BB i Cele Y i
introadmtwm wide dadallyt veducad tubat antethdr didattsge nsidet radially
redge%i éggle:]ag% BAATIER o "B rb R BRTY baAPal&iatd G oBh&S Thce the
droplets mixing in the neighborhood of center of the plasma flow passing
through said radially enlarged tube are not separated, the droplets pass
through said discharge side radially reduced tube, so that the droplets
might pass to the plasma treating portion (called plasma processing
portion).  However, according to the third 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
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portion). However, according to the third formof the
present invention, since said tube axes of said

i ntroduction side radially reduced tube' and said

di scharge side radially reduced tube are disposed so
as to intersect 10 each other, the plasma flow
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[00 hering on the inner wall is necessary, the
sassenbling of plasma advancing path i s acconpani ed

wi tlh ihes cabeathiatgthesdrapiat rehmoving gratiooniseinstebey iof the

p]aéntllg a?ilv%f‘lgﬁ"lggﬁgﬁ'lr %68&1 e @[éaatrﬁ'ﬁg Wfoﬁéﬁ& ah@l recovery of
the droplets adhering on the inner wall is necessary, the disassembling of
plasma advancing path is accompanied with its cleaning, so that the
operation efficacy of the plasma generating apparatus might drop. In
there, according to the fifth form of the present invention, as said inner
circumferential tube is freely inserted to and removed from said outer
circumferential tube in said radially entarged tube, said inner
circumferential tube polluted by the droplets can be changed at the
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there, according to the fifth formof the present

i nvention, as said inner <circunferential tube is
freely inserted to and renoved from sai d outer
circunferential tube in said radially enlarged tube,
said inner circunferential tube polluted by the
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collgfinf o lte 8% Heifarhyip i oFfah RuBAcE (fRCo8SRE. A% it s
possible to improve the collecting efficiency of droplet.  That is to say,
according to the seventh form of the present invention, as a rough surface
processing is made on a surface of said droplet collecting plate, the
collecting area and adhering strength of said droplet collecting plate
increase and the collecting efficiency improves, so that it is possible to
contribute to improvement of the droplet removing efficiency.
[0043]

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
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i ncrease and the collecting efficiency inproves, so
that it is possible to contribute to inprovenent of
the droplet renoving efficiency. [0043] There is a
collecting effect even in the case that the dropl et
collecting plate is installed so as to be
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According to the eleventh form of the present invention, since a
rotational magnetic field applying means generating a rotational magnetic
field in a cross section circumferential direction of said radially enlarged
tube in which the plasma mixing the droplets advance is installed and said
plasma mixed with said droplets advances while rotating by said rotational
magnetic field, the charged droplets and small droplets can be separated
from this plasma mixed with the droplets by a centrifugal force.  Since
said plasma mixed with the droplets advances with bending in the cross
section circumferential direction of said tubular advancing path while
rotating, the rotational radius enlarges gradually.  Furthermore, when the
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plasma m xed with said droplets advances while
rotating by said rotational magnetic field, the
charged droplets and snmall droplets can be separated
fromthis plasma nmixed with the droplets by a
centrifugal force. Since said plasma mxed with the
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[0047]

According to the twelfth form of the present invention, said rotational
magnetic field applying means is constituted from a plurality of vibration

magnetic field generators generating vibration magnetic fields, a plurality
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field rotating in the turning direction of said plasma
to said plasma mxed wth droplets. Therefore, it is
possi bl e to separate and renove said droplets from
the plasma mxed with droplet with high efficiency.
[0047] According to the twelfth formof the present
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ma s Tefis B ST Wb e R BBkl s
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whh thel BRakL Miferafed R e Cdd Shibftio MARMUIEACRR to be
vertically or almost vertlcally each other is set to be 90 degrees or almost
90 degrees, it is possible to control easily the rotational magnetic field by
said two vibration magnetic fields and to generate the stable rotfational
magnetic field. When the amplitudes of said two vibration magnetic
fields are set to be the same, it is possible to maintain the rotational
magnetic field intensity to be constant and to advance said plasma mixed
with droplets in the tubular advancing path while rotating circularly.
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When the phase difference of said two vibration
magnetic fields to be vertically or alnbst vertically
each other is set to be 90 degrees or alnost 90
degrees, it is possible to control easily the
rotational magnetic field by said two vibration
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[00%] said coil snmall and to increase the maxi num

equency of vibration magnetic field. Furthernore,
i t Accqrdigl b éhe dhiteentht fremheditthe present invention, one or

more apertures are arranged in said radially enlarged tube, and a passage
hole is arranged at an eccentric position of said aperture. By means of a
magnetic field generating means disposed on an outer circumference of
said radially enlarged tube, there is formed the magnetic field of which the
magnetic lines of force pass curvedly in said eccentric passage hole.

As positive ion and electron composing the plasma are charged particles,
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occurring fromsaid coil through said horseshoe shape
magnetic material. [0048] According to the thirteenth
formof the present invention, one or nobre apertures
are arranged in said radially enlarged tube, and a
passage hole is arranged at an eccentric position of
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small droplets accompanied with said plasma can be removed. As thus
described, by means of arranging the multiple apertures, the droplets
accompanied with the plasma can be removed, and the object surface to
be treated disposed ahead of the tubular advancing path can be treated
with the still more highly purified plasma. Furthermore, the eccentric
passage holes of the adjacent apertures can be disposed so as to shift
their positions by 180 degrees in the circumferential direction, and said
shifting angle such as 90 degrees and 60 degrees can be selected
arbitrarily. In addition, it is also possible to form the position of the
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aperture. \Wen the plasm passes curvedly the third
step aperture, the small droplets acconpanied with
said plasma can be renoved. As thus described, by
means of arranging the nultiple apertures, the
droplets acconpanied with the plasma can be renoved,
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select freely the positions of N-pole and S-pole of the permanent magnet
disposed on the outer circumference of the radially enlarged fube, and it is
possible to installed simply N-pole and S-pole of this permanent magnet.
When the slant magnetic field is formed from synthesizing the
straightly advancing magnetic field generated by the straightly advancing
magnetic field generator and the radial direction magnetic field generated

by the radial direction magnetic field generator, this slant magnetic field is

18



field. Additionally, in the case that said slant
magnetic field is fornmed by said permanent magnet, by
adjusting the direction of permanent magnet, it is
possible to formsaid slant nmagnetic field at the
position matching with the eccentric passage hol e of
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plasma treating portion is the processing portion treating the object surface
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insulating plate is disposed between the final end side of said duct portion
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processing portion). That is to say, said duct portion
corresponds to the whole region of plasna
transporting tube of the present apparatus except

said plasma generating portion and said plasma
treating portion, and in many cases, the whole duct
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prevent theafalldfqiasmaatrayspdréinduefficipmcyi on  (pl asma

[00 nsporting porti on). Usual Iy, since the plasm

nerating portion is set at high electric potential
andAcdurdpigsordher E&hi fogmp of tthe rpriesentyinvantiah, $ince A dias

worfbSCIY P BEEAE 8 A PO AP e B
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danﬁpﬂﬂﬂgpérﬁ'f@ gér %Ies'equn E%%n?é/tltam o?ﬂlr?%term&eﬁbgat"ﬁﬁere are

ence to sma transportin
pos#ive @a%apdur@mw@ ca@a i th&t%actr@mtemlat ﬁfetheodlaq:t portion.

In bea&fo[g\ Othd hmngw%.r@wé t:%fCRQSFeS ih88ded! intbSthe radially

0SS e to suppress 'asma quantity and
enlwg@siwéula%r@ ﬁ&sOamcluaedpwb\taﬁtduﬁfeppamqm of pVB8hgthe bias

pot?ﬁt‘?éﬁ@ %’ddh@z@ f tfh'ecl*a%!“élw eh?§8d phyr&en dit ”Q pﬁ'@fetrélﬁly]tﬁbhthe

present invention, since a
biag §°é®@fq‘ﬁ’|e'§ @QJP'&QQ tp dbednper GirsHMiglEntig! Jgggn@ﬂtﬁﬁt"&g Fith

the Y18&thkl C lrw%emulak |ﬁfthéa¢ai~,edufatt tn@nhn@ﬂclrt:umb@@@mss tube
possible to su

s Shehically ined R futer M BT ngranrenana) ubfer the, bias

pot@ﬁl?élt i'tsVSpﬁlf’éd? t@nHenA@ar icieuaderentmlttogee! eq'lhre blas voltage
pot ent i

portion n, nner
ma be ik bekveelobia REat Slfcumraii b ® the Slter
crro@ﬁﬁf@f@ﬁfbl tubbecand adsthe hmlsudﬂ'kiagermhbdaeiappllmbetwaen the
ot e | ot he radial .

innghERuBteraofal Wl £54 R, i &P §ordsaind AebRfngebration
canpbé eseliectiedi srefprabiled tlo theepositiee poteatiaf, ehempositive ide is

t act ul h
pusFage Tt hE A Portiod® aeRfR ok TePlidibfipatar in thb"Regative
potehialt elemrdr_yls aisulpaiséﬂdvmtthettlm\snﬂrengdnremhtmheb)er&plﬂslon
Wh&:llﬁbgl’ecil]iqc,e p%'té?ﬁtial of positive and negative is applied is selected so
as to increase the plasma transporting efficiency. In addition, the
magnitude of potential is regulated variously, and it is selected the
potential intensity to increase the plasma transporting efficiency.
[0053]

According to the 18th form of the present invention, a quantity of

20



potential is applied to the inner circunferenti al

tube. The bias voltage nmay be applied between the
inner circunferential tube and the outer
circunferential tube, and al so the bias voltage may be
appl i ed between the inner circunferential tube and
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the piush @orfionused &y sasd phevelssetegbed dren grositinah oasieigative,
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cona@etelytamolamgpmebﬂtma’rhr@ltagﬁbéheomasn@ paraweterdcan be

me&S 4R 'fr%n?eih%‘:gﬁ%ﬁ‘lgr h)BE’éJltYa[agpgpgd Olro hﬁ %B?t'ion by

ortlon In use

meastymg ithgy violteger belevaan e iduct mog’uoauasndjﬁfdﬁee Tﬁ%e is a
cas@ol]hé'i 'tﬁé’ ﬁlu@é Qtikhi &s é%nfdrﬁ{ aﬁgm\lb%’ Hé?%ﬁ?bﬁtg?ﬂféﬁ?from

ortion us as sal rove I
thefnr@ﬁep@yr%wdydnms@mtwéald ﬁmmﬁeoq;'@mi@r%u and it is also

pos@ﬂﬂ@'tb Lﬂjeﬁ'l\}estﬁ@blé?#ﬁé )bafl‘ghié‘ié!egy ddfulatiBngddi Ft'l@rheedless
sl nce [asma has the el ectric conductivit

to Sy LBRh i TeAnnIaR! MeaaARRIEE 9 th%er%me@&we%ﬁn.t fan be

adj§stBHadcoriing fohthe PhamiEecoddigbasor e, W t hout
[00 &rrpl etely applying the external voltage, the plasma

ramet er can be neasured fromthe plasm potenti al
apnhl e b@o@@ssdtldalcthewré's@m hwem@swacrrgad iaem/;ﬂétiag,ein
d é& n _the duct grtloP aq'}.éct (ﬂﬁ e t
ordgtia Senevs arLaen of aronel rEetial o mventor
got@ttué mm:m@trfamhe ddmgm@tvm moebpoomeﬂ uhecéﬂfecttv@ slambnt,
hﬁp asma ar apet er,s ?c& is also osst Ve tal
whdiRl Seiek SRR B Pt dsicht af eaRBPngfon of et fo
lendth, slaamefea’; beheirgestimbea landesura metion efdb¢ndingeanyleve said
pladfaSHiFIRhg RS  ROUMIECDARIANT 1 the 18 POAR'EY 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.
[0055]
According to the 20th form of the present invention, since said
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[0054] In the process that the present invention
reached conpletion, in order to achieve an ai m of
dropl et reduction condition, the present inventor got
the finding that the configuration factor becones the
effective elenent, wherein said configuration factor

eﬁebﬁv@nﬁ)tar |EAHIH ﬂ:?élh@no% %&fsaw \eFfctival e|érﬁ@at his set at
di anet er, behdi ng nber and tion of ben

1609rifiamm,’ &dﬁdpowaquéoeﬂmﬂarﬁapngt dnare (thet t "Yemoving
effedf C6F €héOsdig Hb@pwetﬂérﬁ@\hquobot—tttﬂq dp6SEd inn\S%rdlp@I@sma
(0]

si nce on?l or conbi nation effective total length
advangimgtR3th- bendi ng nunber and summation of bending
[o0®a)gl e in said plasma advancing path is set SO as to

sat sf dro | et ction_condition
¢ o Acarafie 18 hE 2usE Weim 8 957 GreseRbnkenion o aitg said
diarhjbﬁersaem dh@pbﬁbar(fhléﬁfécﬂggp@lbmw %l SQD%@dZOhm-QSmrﬁI it is
s vanci ng, pat cordi ng to.t he
posBibTe B TOHEBVE SRuPiars, s Rihefel Rnid Wfloy Srredf of thé said
drogikt esimbving pddion ¢ispbbed én said pkasrha waiveneligepathve
enment is set at 1600-900nm it is possible to

[00% n]prove still nore the droplet renmoving effect of the
saiAbabrdipigeto rtaeo22nd foomt pbrthdi preseed inveshonl, piresemaaid

TN AT R L
possible dodirepfae istill slczeetite idsoplet rm@dogoeffert iof 1|h® said

dro;glfo—,-f ?érglog%r}qoﬁb%noa %pggéb lin @% c? zﬂ:%gl %ﬁ%ﬁbr{ﬁe@&s 50sed

ect o 2R GePEPEPI Rt V|n
[0G58]sai d pl asma advanci ng path [0057] According to the

CoMEABMto L PIRP TBHm) B 3G | Fiselt IRGeRfol since said

Ing one O EC lve
sumyaatian . mndmg@glgmn@met of paisk elfective plementis et at

150%@reiegfr é@ﬁﬁvsg;gas%ﬁtﬁze% ﬁ.f.;ﬁetd% §fm thordr i @Fo;ﬂ@f’géh‘n%gjng

said asma_advanci ng pat
effeAt:chr ahe.gsald dﬁ@plggr@m@vlﬁgopom@ piispeped | i said oplasma

advéhEﬁFg ?%1 sunmmat i on of bendi ng angl e bei ng one of
sai d ective elenment is set at 150-90 degrees, it

[00%9] possible to inprove still more the droplet renoving
ef fsa@;sar@ielwemﬁasavld Ct!cﬁﬂigﬂraf@ﬂ%tm dicddidl affetitiveosiethent,

’thelpnreg'.glngI |n\|/<3:ir?trcr)?‘1 go n%[ d?né)athat t[1 arJ 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>
[0060] |

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

FIG.2 is a partially enlarged cross section diagram of the inner
circumferential tube 36 having the droplet collecting plate 38.
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Separately from said configuration factor of said
effective elenent, the present inventor got the
finding that the arc current value in said plasnma
generating portion can becone the effective el ement of
the droplet renoval, too. That is to say, according

t o Hi3e3 34 tdh Lol e&B%rféﬁi%ﬁeﬂtagrbﬁV%'ﬁtthérUrofb'létcéol?ébtlng
arc current value in said plasma generating portion is

platg(ﬂ%gpgdts,ﬁrtéptp%ge of 140-30A, it is possible to
| MEoVe i$ ki {;ﬂapﬂ"Pﬂ%germ s6RINEthd PERYIDAKMbhE theOdffédifre

totab FraBIR g 245 TS B CREDRIH DR VR gs D), The
bena%ﬁiﬁhrﬁﬁe@ NBi $ndth® Wrbp e barrhiegaiusber aariae objead to be
e of the plasma generating apparatus concerning

trea??épﬁfé@étrﬂre@nventl on. FIG2 is a partially enlarged
Cr (G, mejgt Iaorgrdphgdaargrafn tstmawmgelthe ccmulﬁtﬁmermmg the

sumeefian o BEACh pgle oLk ars & SRE I SgTE A ianals Path, the
arc durphevane I(AqeinUchemmptetBr&rrm\dngtratlet ructure. FIG 4

. et 10 S\ A o A PSR oo

tubd.(mMm), the dianeter D(n'rr) the bendi ng nunber NB and

tr EAELER B ot ePUB BB, RGBT edfyjan forms of
twosbdmllg@rtlhfg&cbmtmsatl on anong the sunmation of

berﬂb@ |§%91 Su{?]%%%g rp%%: tcng%l%{rﬁsd% r@f %x%g%r@gt& the

arc current I ng
plasma igeneFaith appaeatuemdncaemingdheu preseant tm/eant@@r am of

P! Lﬁlg‘am@dér?lé é)[&ﬁgt?&rgeoqa f & rgtét?or‘??lcmémn%th'coﬂe[d

showi Ng vari ous c nnec ion forns
form@dj rathe radiglly gatrrgeddyber.G 8 is an outlined

schgapdd G Anadi@REA! s AHRHBEE dBXGaRh BF Hhofd 8nofléSEBample

generating apparatus CONGer ning the present LAvent:on:
of th@ glaMa geneeiiNtARPAtHUEIRNCEMIBD theePreseht inyeation.

fmimetw .é Eit @xpfaﬁ{aﬁm uragtram SAgvihd thendtdIee WHiRR the

is an outlined schematic i agram of nore
plasm@t ﬁe$8%s<aw;5o'égh ofhe HEGaNiERaPgesrIet hole aipHie: arerture

dlspﬁ)‘%'éﬁlqw’th@g'aﬂi'tﬁlypéﬁléﬁg’éd tipention. FIG 11 is an
expl %gatl on di agram showj.ng the state |n m'q%@;the'
pl ddfral H48 s PIMIARIPN e "@é@rﬁf}%m@a gPerBire with the
eccéhRicApPRsddgechole disposed in the radially enlarged tube.
FIG.13 is an outlined schematic diagram of the conventional plasma

processing apparatus.
DENOTATION OF REFERENCE NUMERALS

[0061]
1 plasma generating apparatus
2 plasma generating portion
3 radially enlarged tube

3a wall surface

cathode

plasma advancing path
trigger electrode
connection advancing path

~N O A
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di sposed in the radially enlarged tube. FIG 12 is an
expl anation di agram showi ng the aperture with the
eccentric passage hole disposed in the radially

enl arged tube. FIG 13 is an outlined schematic diagram
of the conventional plasma processing apparatus.

DENGYATI %,%mﬁ@@mmUNERALS [0061] 1 plasma
genger at i n appar at us asrra r(tgener at i ng port ion 3

radf Rl | y TERPGHGHGD ?@@ebe iNGeRQ80r f ace 4 cat hode 5

pl apgre adiwheirgd sidhd BenBirg p@drin el ectrode 7
conpection gdvancing path 23 7a main bending portion

7b ¢ ntr o80BHPon side bending portion 7c discharge
si dg benilamn@mkeanm& aneslet 8dpistnmixihy gla bl
|

dr opl et 0 m xi ng plasma) 9a plasma flow 9b
pl asta f g@?’ﬁ@?tﬂ% power supply 12 plasma processing

por@p on EMsRgHlow eating portion) 14 object to be

tre,g(ﬁed 16 pI asma S%ﬁlbl l'izing magnetic field generator
opl & P Ycollecting portion 22 vibration

magheti c pilaahd pgenessahgrporﬂaa (pladsnad ibeatimgopetioa)fi el d

OEFL LG Rt o Ranet e 11 e ogperator
st rt6 ght Ipyasads astabifigingapaghieticffiedd degenatoat or 25
ape{éuredgéaeeteccent ric passage hole

20 droplet collecting portion

22 vibration magnetic field generator

22a  vibration magnetic field generator

13 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

38 discharge side radially reduced tube

40 stepped portion

41 straightly advancing tube
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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 35pRighed gehefatiig periomkidelinguRfiingplete
ci (rﬂcégm‘ erential tube, 3 %ro,pl e[ col ||e?tl ng plate for
radthl | yPRSARSING papion sileginghlatingpiet®ct i ng pl ate 38a

rou sulfsatstireP niiteéalnr ge side radially reduced tube
40 eppEd portion 41 straightly advancing tube 24 42
pl zfié‘ra gRIAS RPWRESHBPYi on side insulating plate 44

pr ofessi pg;m:pgbmm stipéy i nsul ating plate 46 insulating
mat eri al 4% i as power supply 49 probe power supply
50 Apert BPEMHHC apert ure 102 pl asma generating portion
104 tat hagertl®d trigger el ectrode 108 anode 109

pl 110 power supply 112 plasm processing portion
11215@1' egfaﬁrﬁaggn@rgﬁﬁ%ﬁoiq% pl asma stabilizing
magtrGet i c chtheddke generator 116b plasna stabilizing
na icf.iedlgg er tor 118 cathode nateri al

jros

par I etrd%q p‘? O droplet collecting portion
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

<BEST MODE FOR CARRYING OUT THE INVENTION>
[0062]

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.

plasma generating apparatus having the plasma processing portion may
be referred to as the plasma processing apparafus.
[0063]
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200 radially enlarged tube 201 radially enlarged tube
202 internediate radially reduced tube 203

i ntroduction side radially reduced tube 204 discharge
side radially reduced tube <BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON> [ 0062] As follows, the preferred

entd, s tan St I@bﬁéﬁﬁt@:eﬂ}%\rgaéhﬂ@f tﬁ@RﬂQthaSgeneratmg
concer ni ng%rt he present inventi ? are:ﬁ]éi i ned
apPgEAtys| SORCRIBINT dhet REPSRU olyERTIel dﬁ aspg gﬁgeratmg
appBF&SEN shoWATIhiseid fighe i BsNAgUERIRA itfegpiaeres i gonsrating
sbth thea ar at us \Nglchl st a

I
porligia AratTey BESTYS rmioRes ST BPeRIaR: Adpead the Blgst Adyapeing
path Irseat af thadplabma aﬂpa?emgSp?rﬁh shtld@@snswdtsporsezjame tiroplet
asma pr.oces i on e rati,n
rem DR RAOREHER  REhbLES e aroBdR By AGRELE Rt ndpm the
cathc&iﬁnré&clihecplasmef%nﬂraang timec es Said) pagnaa aelmmvnig)ﬁﬁﬁ]on
| U |
s Ghsicgd ol Ry Fadisfly SEERR, GuPe” s Withg! B plasma
advanwugt panth 5 1t_he |ptradqet|@ese:¥eatamglly sephacet tubel34 twmected
. t
o (B a kBB R A NS AR SR e o
the plissharged sideciradiallyarédidced rtubbeS@I mrmmdedam:ithg plasma
dlsca}?réﬁeélaﬁgf/eé‘gd fé%gﬁgiobfest OIFHO%IC}/d eggg?qéﬁg l?%té OBnd the
stemmd"npdélmsatiOtfheﬂptiaﬁnhblegleﬁale&nchgnd|the tegainal s of said
I
rad |%|ﬁp% g&%e‘&o{)dg'eg@ e or Tﬁh%g@&%ﬁ%%ﬁf)ggaﬁdya%dﬁgﬁafﬁﬁ' i8 é:'toﬁmgcted
to thenprecrdiog siage of éh@@trta@mqlqrysud@or@@e@ﬂ&t askuceyl tube 34.
[00@ nnected to the plasnma introducing side initial end

said radially enlarged tube 3, the discharge side
radTbﬂ siraightlycadvangipg 2abechhde penged abead afnthe plasma

gen@\‘%ﬁr@rp%‘f’tléh d?ﬁ Akd 'Ea"@'co@lrr‘\@c%nsé’d\%ﬁcﬁﬁ’g aﬁdtM p it za"r%ibed

stepped portions 40 forned at
thraugiht the rea Qﬁadtrrge postion ncd vdHy the Bapding aaglﬁ W of 90

degﬁ%}%i@g gbw)@tr&grﬁnﬁae@%ﬂﬂ@ﬁgltgaeawanﬂ]n@ d@@bl%t%dv%ncmg
path 3dds feaned |m J SPRtRREN e ity b@sz‘a Bnead e fﬁ?ﬁ'yain
bena@l@rwrn@ntmn@f%us %oahbaﬂ@ﬁobwmﬂn@fpatheml aghe radially
eni 150 Y, BO o o g e AT AR By aro
conhécd ot he feendtiengectngheh 8dthetr 1®Pough the introduction side
bending portion 7b, and the bending angle 82 of said introduction side
bending portion 7b is 30 degrees in this embodiment. In addition, the
bending angle 83 between the discharge side radially reduced tube 39 and
the radially enlarged tube 3 is also set at 30 degrees, so that the
summation of bending angle 8(=81+62+83) becomes equal to 150 degrees.
The radially enlarged tube 3 is composed of the inner circumferential tube
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
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degrees fromsaid straightly advanci ng tube 41. The
dropl et advancing path 32 is fornmed in said
straightly advancing tube 41 ahead fromthe main
bendi ng portion 7a of this connection advanci ng path
7. The radially enlarged tube 3 and the introduction

circihfferdrtfli atube rwumfé’?ﬂa*ﬂ@@ whhatife FROMAMEIMaRME Y8 is

i nt ersect each othe hrough th |ntroduct| n: si

conglitiedlg Sporas dR AL beRdi gk ehgPHt goRy 'g‘gl puter

circuifeRshird! itGbe Y5de bend| ng portion 7b is 30 degrees in
is enbodinent. In addition, the bending angle 83

[00 ween the discharge side radially reduced tube 39

andrhé helagmei glelnyer@u’\@rmﬁdohu}aec@mmusebsmeseiatr%déoa, the

o,t myat i on of bend|
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| rcunf erenti ter (of rcum‘ er
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(elepEa TR £of oranaSnetiifior oh0f sthdie @ ot RiEbHsplree
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cort{ AL LA BRUEG RS 45 Frd Ppla Y HE'SEBBBHA, oy
mongalmmm‘lélpdaantmdjstaum aidtlhoogaﬂict bemiposinda(medallic oxide /
o) B P AL o S A B0 el B 4 nges
or mmh:e 35 Tdvee catkade i pratéctor idll eleeticadghinsulaies gxeept the
eva:pgpftlﬁr}ﬂ Zgaﬂord%u'gtg'rae%g' At YPeig3! rb%ﬁfgoatﬁ%t thji% bR&ma

I Ng mat er constitute SO as
genseptedabetiveen thaleathode 4 v thee a@@derS diffuses backwardly.

Thecfofan%Hfr?W ﬁ%"téﬁél diupe %ﬁbdé QQleotP“a%t ﬁu@ﬁyﬁ.rﬁﬁ 06 3P Gs it

rrses
is aescdtdt WMO@S mqtee\eamat%even@téh@ Phasiea t@trmﬂ@tt!tr@ andhare
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aghg

magnet | ¢ gener at or ectromagnetl c.coil
Shaﬂ&g@fe’&h)e qwdqﬁelsmtrﬁm@cular@ imiteg AS far g dddogsy ot shield
the PoASEResSRITE Lot URRSlcMBIre! ifdsmand t MRukIpEM@éieONthe plasma
material is a sqglid havin conducti vi t
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tube 41 is electrically in the floating state, and it is constituted so as that
the plasma is not electrically influenced in the plasma advancing path.
Additionally, the processing portion side insulating plate 44 is aiso
disposed between the discharge side radially reduced fube 39 and the
plasma processing portion 12.  As a result, the whole duct portion for
transporting the plasma from the straightly advancing tube 41 to the
discharge side radially reduced tube 39 is set in the electric floating state,
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shape of the anode 8 is not particularly limted as
far as it does not shield the progression of whole
arc plasma. Furthernore, the plasma stabilizing

magnetic field generator 16 is disposed on the outer
circunference of the plasma generating portion 2 and
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[0067]

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 material and the reaction gas, and the
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plasma in itself has the plasm potential, the
potential of the duct portion becones the synthesized
potential in which the probe potential and the plasm
potential are superinposed. Wien the synchroscope is
connected between the duct portion and G\D, the wave
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discharge side radially reduced tube 39, but the plasma flow curves along
the discharge side bending portion 7¢ by the magnetic field and the plasma
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
Oa is supplied fo 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 that it is possible to remove efficiently the droplets in the
plasma advancing path 5. Besides, it is possible to constitute easily and
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many droplets distribute at the outer circunference of
the plasma flow. By this distribution change, the
droplets collide with the nei ghborhood of the stepped
portion 40 and the inner wall surface of the inner
circunferential tube 36, and they are adhered and
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3. ¢ Sl the EPalble st PEMRREMR M O BP Fndtited
with migbveffickency, t 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.
[0071]

In the present embodiment, the tube axes of the introduction side
radially reduced tube 34 and the discharge side radially reduced tube 39
are connected to the initial end and the final end of the radially enlarged
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possi ble to performsnoothly the plasma generating
treatnment without decreasing the running efficiency
of the plasnma generating apparatus. [0070] As for the
i ntroduction side radially reduced tube 34 and the

di scharge side radially reduced tube 39, their tube
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[0073]

FIG.3 is a partial cross section diagram of the structure of the
droplet collecting plate 38, (3A) is its partial cross section and (3B) is an
appearance diagram of one sheet of droplet collecting plate 38. The
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arrangenment, after the droplets were adhered and
recovered by colliding wth the nei ghborhood of the
st epped portion 40 and the inner side wall of the
inner circunferential tube 36, even if the droplets
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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,
by inclination of about 45 degrees, the collected droplets collide and reflect
with the collecting surface, so that it is possible to prevent the jumping out
from the collecting plate again. In FIG. 1, the similar droplets collecting
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| i neage el aboration and the pear tree place

el aboration can be used for said rough surface
processi ng 38a. For exanple, as for the |ineage

el aboration nethod, the polish treatnent with abrasive
paper is used. For exanple, as for the pear tree place
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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
connection advancing path 7, the plasma flow of which a part of droplets
were removed beforehand flows into by the bending action of the plasma
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In FIG 1, in the straightly advancing tube 32 to

whi ch the connection advancing path 7 is connected,
the first magnetic field generator 26 and the bendi ng
magnetic field generator 28 are disposed, and the
second magnetic field generator 30, 30 are di sposed on
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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.
[0078]

According to the findings that the present inventor got, in order to
achieve an aim of droplet reduction condition, the configuration factor
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collecting aperture 50 is arranged in the vicinity of
the connection portion wth the connection advanci ng
path 7. The droplet collecting aperture 51 is
arranged near the opening of the plasma processing
portion 12 side of the discharge side radially
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compaiyizoi with fisé dragletponding wimbetr &0 & ting objeh:& 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 FIG.5 (5A), since the summation of the
bending angle is set at 150-90 degrees, said droplet reduction condition
can be satisfied.
[0082]
From said verification results, when one or combination of effective
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bendi ng nunber NB and the droplet renoving ratio.
FIG5 (5A) is a graph diagramshow ng the correl ation
anong the summation (=61+e2+63) of bendi ng angl e of
the plasma advancing path and the droplet removing
rati o. Longitudinal axis Nin FIG 4 shows the dropl et

totag?@@m%@ﬁ'[‘égﬁf Zmdlﬁ@ﬁuﬂmﬁ%nd feuhﬁnaf@@w%eminyahgle in

X ne en, for

saidy R A Pl S et e Ds b ket B! SrpietCsitdlon

conéﬁﬂoh ﬁﬁktpdﬂs?ﬂ@q?mrﬁeé stifl rhbre tf&é:»ldr(ﬂ:@levaémevm‘g_ éffect of

the S8 fiopiaty EMaEs paition dishaskd s P RS yR SfvaTAng patn

In sld::‘déezﬂiodlﬁ!@md dt tran effentivé itotal Iéﬂ@ﬂg]tpésdrhmetérfﬂmbendmg

| ro on con
numbir, ad 36ty Tl of RePiitd Al b ool FRsht, agyancing
pathl@g@ Q@lolmwmommtm@nmmes (ummeeob?smbns @ft n24if- Bénding
an i n i ng. nu
portfia s it i iBf Bl BoffieR 78 find) biikod  §ice
bendimgp portiam 7ad)t dnd MBS GHegpees (EOFESNumbepediDaly, ahe the
I I I

offeffit& BlarhBnt 8t {0 EMigurRioh et §s dyed! \v P} 25

[OO&Bjder t he conpl:_tl on of N NO<1, the hi gher t he surface
?\o %?@"’Qoa‘p'r]ét‘éiytﬁrﬁ?"ﬁi%t8'!’93 pf)gggﬁ?'eg’g (%‘itt']ﬁ?e&l%r

sepmraéeufrfoplmesaidemnﬁgwatlcn Ractor o saith effiestive rejemedit ethiesarc

cu rrgﬂte VQ u%l in %Id }ﬁﬂé&ﬂ atdl}z%e"rlélﬁfu% \;\J,% r&fﬁ‘?oéa% b{er Gmi gl‘ﬁ%r@’fékﬁlve

elergem) Qf @BrﬂT@DiQte’emﬂﬁﬁb,tﬁO@n ofFIEh8 (5B sbipmg thegetation gkthe
arc %turﬂc%g \%luge?f Teftgé %%ét‘n%] deRBlfing &h O GNP the

can satl s From said verification
longitaiimals axighen Tt B 1@ o8 nBINEENthE aset@uient valie in the

plas‘n?é éﬁaﬂhg pc%aﬁez 6.3 @a@ldnm m&r%h érwlf mnmm R the

e ln sal asna_ advan IS set
san@owrtew %%ttth‘%Pﬁflﬂé“'GP%'ﬂlfgf’tqre‘afm??!doﬁ% .qlﬁmﬁntq gaid

dro;ﬁlé’% %ﬁﬁbﬁbﬁt %(anélgﬁg%‘ﬁn shé! éatr%ﬂefa t B H=apltels pFBILIAGo
|

VI n ortion d d
mpsay e Sl o e alet oot T angu Y L aR RS Wi

the Hhﬁpléf feapbling petiah éfetlh@tmesbhtEemmfmtr@rnt the bendl ng
[oo%ﬂ er and the sunmation of bending angle in said

asma advancing path are set at 1500nm 200mm 3
(t hwaen @opllutramgs)foéd rmlymmangi;mmbqo@wa t¢a@nmeeted through the

iy PR 5% 35, RENSUA OIS LBlhntRe 20 Bl Bopovin
efficiespectivel y, . and the

FIG.6 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
arranged to the radially enlarged tube 201, the radially enlarged tube 201
is connected to the radially enlarged tube 202 through the intermediate
radially reduced tube 202, and the discharge side radially reduced tube
204 is connected to the radially enlarged tube 200. By these connected
radially enlarged tubes 200, 201, the droplets can be removed over plural
stages and the high purity plasma flow can be generated. Besides, as
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effective el ement of said configuration factor is

i ncl uded. [0083] According to the findings obtai ned by
the present inventor, separately from said
configuration factor of said effective elenment, the
arc current value in said plasma generating portion 2
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separated from the plasma flow P by this sigmoid meandering, the
collection effect of the droplets D at the stepped portion of the radially
enlarged tube is strengthened. FIG.(7E) shows the case that the
introduction side radially reduced tube 203 and the discharge side radially
reduced tube 204 are inclinedly arranged (862=30degrees, 83=-30degrees).
In this case, the introduction side radially reduced tube 203 and the
discharge side radially reduced tube 204 intersects.  The plasma flow P

meanders curvedly, and since the droplets D are separated from the
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FIG 7 is the conception di agram show ng vari ous
connection forns of two radially enlarged tubes. In
FIG (7A), the case coinciding the tube axes of the
radially enlarged tubes 200, 201 is shown. In this
case, the plasma flow P advances |inearly, so that
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straightly advancing magnetic field generator is configured from the
electromagnetic coil wound on the outer circumference of said radially
enlarged portion. Therefore, said droplet mixing plasma advances
through the tubular advancing path by said rotational magnetic field and
the straightly advancing magnetic field while helically rotating. By the
centrifugal force based on this rotation, the droplets 18 are separated from
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transporting efficiency is suppressed at largest. If
the present invention 1is used, it becones possible to
spread the width of choice variously. [0086] FIG8 is
the outlined schematic di agram of anot her exanpl e of
the plasma generating apparatus concerning the
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controlled, so that it is possible to generate the desired rotational magnetic
field BR(t).  Additionally, in the following, the time expression (1) is
omitted, and the vibration magnetic fields BX, BY and the rotational
magnetic field BR are used.

[0089]
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formed in the radially enlarged tube 3. In FIG (9A),
there is shown the relation anong the vibration
magnetic field BX(t) at the time t based on the

vi bration magnetic field generator 22a, 22a, the

vi bration magnetic field BY(t) at the tinme t based on
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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.

[0091] _
The slant magnetic field generator is constituted from the straightly
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vi bration magnetic fields BX, BY of the phase
difference 90 degrees vibrate at the sane frequency,
the rotational nmagnetic field rotates at the constant
strength. Therefore, said plasm flow advances through
said radially enlarged tube 3 while rotating
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[0093]

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.
Therefore, the surface of the object to be treated in the plasma processing
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straightly advanci ng nagnetic field and the radia
direction nmagnetic field, and the plasma P progresses
curvedly through the eccentric passage hole 25a of
the aperture 25 while being guided by this slant
magnetic field. [0092] In FIG 10, the eccentric
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separating efficiency is strengthened still more, and it is verified that the
droplets can be removed efficiently.
[0096]

it is needless to say that the present invention is not limited to the
above-described embodiments and modifications; various modifications
and design 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
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toward the plasma processing portion 12. [0094] FIG 11
is the explanation di agram showi ng the state in which
the plasma passes through the eccentric passage hole
of the aperture disposed in the radially enlarged
tube. As shown in FIG 11, when the plasma P passes
invefipnedl y through the eccentric passage hole 25a of the
aperture 25 disposed in the radially enlarged tube 3,
the small droplets D acconpanied with this plasm P
<INDUSTRIAL APFLICABILITYS bending time of the plasma P.
éﬁe smal|l droplets D junping out to the initial end
[00%lde are renoved by colliding with the wall surface

?f 1114@6t X pif@;@ﬁfaf géﬁg%&;n Tagpsrmhs of dg@@r@é@rlﬂlf?ng_éﬁﬁbﬂ_@r?ﬂges
(0] | nNal, en | de aj.e renove CQ | dl W
the (PePIaL TEMAHInG doDPN; RolG MACTER P arteag diatle soolitthe
unifbhhtttﬁéﬁmhef@bvlvl[\ﬁ%ﬁ?gl’i:b@giﬂgfcghwgtljfzd%dapftﬁelbfasﬂﬁamf@ﬁhg
| N radl. Y, € alr ge upe,. | a er ectl,l ve
portighe dr ARy byt pEa thi Ftiakt 5fasd D8 B Rptia
advﬂ@d;iﬁgaﬁﬁh?thd deoplef nergé\dﬁgqtfmiéﬂlﬁﬁh be canptiuipe @aisilg and
| ra (0) aperture avln e.eqgcentric assage .
chefafe 5EuftherfREe, Wbn' B BEUSRE thes nidi Fhirkeh SoB8RRA st is
genaptet une {26 plaspasgenatatingeappatatas afnithes possentt inlkention,

A

the plHaoa dP sndissmstaniahiedgsmacard tea uniformpasdfipationl &f the

f i . ' iRy (N
surfged cRardMBsliGh br SRS oafitye eiBhPaudRlut difin e dofects
andriapuritigs byl wraidtingsaid, plabmaachyrway of @xavatse ondy,ethe
abrefeidn! RAEARY, brichior | BUIsih 8 BinbRGrhbft fifm, Afididdife
pl'asnma asses curvedly the eccentric passagé hole
film26pties thini Bln iagiet transparend copsluctiyiy tfie af e eplid surface
PR A OR ' 2, 63, the
Canneané@%#ﬁgnggggbg?%@hﬂﬁéhgﬂgggﬁggﬁﬁﬂﬁs exanpl e, hence
the droplet separating efficiency is strengthened
still nore, and it is verified that the droplets can
be renoved efficiently. [0096] It is needless to say
that the present invention is not limted to the
above-descri bed enbodi nents and nodifications; various
nodi fi cati ons and design changes, etc. are included
in the scope of the present invention wthin the
limts which do not deviate fromthe technical spirit
of the present 42 invention. <INDUSTRI AL
APPLI CABI LI TY>
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[0097] The plasma generating apparatus of the present

i nvention arranges the droplet renoving portion in

t he plasnma advanci ng path, so that the uniform plasna

flow with high purity can be guided to the plasma

treating portion. In addition, by formng the
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nitla
said; bl geSrusan aRualisTh sk EafBiluracag Cpe 3Rg said

discRbASETBICRE RRdially Rad dpsd tathel Sré Aigscia sb @aCidintedsect each
wherein tube axes of said introduction side radially

oth&requced tube and/or said di scharge side radially
4, 1 emhéqﬂaémbegareeatméIappadéwsobmmde@ tooCladmt 2ibe 3awihgrein

saidCplasa AN diBg LTS 4nar ol a0upBbRg: B e
intrddaditieinl yideecadially tredacad dubenisecornkedted 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.

5. The plasma generating apparatus according to any of Claims 2 to 4,
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.

6. The plasma generating apparatus according to Claim 5, wherein a
plurality of droplet collecting plates are installed on an inner wall of said
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said radially enlarged tube. 3. The plasma generating
apparatus according to Caim1l or 2, 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. 4. The

,nn@@}ﬁjmn&egﬁf@mu@@ appar at us accordl ng to Caim2 or 3,
sai d pl asma advanC|ng
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G ER TG BBald Bl e FoBb 5B, 858 PheRfhg trouon o
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rota'tl'%rap Adife flé‘lhqﬁ 4 aidl éé’ctfcﬁ'fjb’i‘f@t?rnféflé‘ﬁtlapdlrér?ﬁon of said
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13. The plasma generating apparatus according to any of Claims 1 to 10,
wherein one or more apertures having a passage hole at an eccentric
position are arranged in said radially enlarged tube, a magnetic field
generating means is disposed on an outer circumference of said radially
enlarged tube to pass said plasma in said eccentric passage hole of said
aperture, and said plasma passes in said eccentric passage hole of said
aperture while curving in said radially enlarged tube by said magnetic field
based on said magnetic field generating means, so that said droplets are
separated from said plasma at said curving time and said droplets are
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that said droplets are renoved by a centrifugal force.
12. The plasnma generating apparatus according to Claim
11, wherein said rotational magnetic field applying
means is constituted froma plurality of vibration
magnetic field generators generating vibration
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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
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electrically insulated with said plasma generating
portion and said plasma treating portion. 17. The

pl asma generating apparatus according to any of C ains
1to 16, wherein a bias voltage is applied to said
duct portion. 18. The plasma generating apparatus
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di anmeter, bending nunber 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 Caim19, wherein
said effective total length is set at 1600-900mm 21
The plasma generating apparatus according to Claim 19,
wherein said dianeter is set at 200-90nmm 22. The

pl asma generating apparatus according to O aim 19,
wherein said bending nunber is set at 3-1. 23. The

pl asma generating apparatus according to O aim 19,
wherein 46 said summation of bending angle is set at
150-900. 24. The plasma generati ng apparatus accordi ng
to any of Clains 1 to 23, wherein an arc current
value in said plasma generating portion is adjusted
in a range of 140-30A. 47
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