DROPLET REMOVI NG DEVI CE AND METHOD | N PLASMA GENERATOR
<FI ELD OF THE | NVENTI ON> [ 0001] The present invention
relates to a droplet renoving device in plasm
generator by which a plasma is generated by a vacuum
arc discharge performed in an are discharge section
set under a vacuum at nosphere and cathode nateri al
particles (referred to as droplets) produced
subsidiarily from the cathode at a tine of plasma
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[0003]

Generally, in the vacuum arc discharge, vacuum arc plasma constituent
particles such as cathode material ion, electron and cathode material neutral
particle (including 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 nanometer order to several hundred micron (0.01-1000um) is also
emitted.  When this droplets bond to a base member surface, the uniformity



[0004] As a nethod to solve above probl em of droplets,
there is a magnetic filter nmethod (non-patent
docurment 1). As shown in Fig.12 illustrating an
outlined schematic diagramof internal structure, in
this magnetic filter nmethod, the vacuumarc plasma is
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In order to solve this problem, Japanese Patent Laid-Open No.
2002-8893 (patent document 1) is published and a plasma processing device
shown in the outlined schematic diagram of Fig. 13 is proposed.  Additionally,
in Fig. 13, reference numeral Gt is a gas introduction system, numerai Gh is a
gas exhaust system, and numeral V shows a power source. In this



conventional plasma arc processing nethod, as shown in
Fig.13, a vacuumarc discharge is done under the
vacuum at nosphere in which reactivity gas was

i ntroduced if necessary, so that plasma P is generated
and this plasma Pis flown into the plasma processing
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3 that the droplets D travel into the plasma traveling
passage, so that it was difficult to forma film of
high purity. [0009] The present invention is done to
sol ve the conventional problens described above, and
the object of the present invention is to provide a
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[0011]

The second form of the present invention is the droplet removing device
in plasma generator of said second form, wherein a plurality of said apertures
are arranged in said tubular traveling passage, said eccentric passing holes
next to each other are disposed for their positions to be shifted each other, said
droplets passing through said eccentric passing hole of said upstream side
aperture with said plasma are removed by collision against said wall surface of
next aperture, so that said plasma can pass through said eccentric passing hole



next aperture, so that said plasma can pass through
said eccentric passing hole 4 of said next aperture.
[0012] The third formof the present invention is the
dropl et renoving device in plasma generator of said
first or second form wherein said magnetic field
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[0016]
The seventh form of the present invention is the droplet removing device

in plasma generator of said fifth or sixth form, wherein said traveling magnetic
field generator is formed by an electromagnet arranged on said outer
circumferential surface of said tubular traveling passage and said radial
direction magnetic field generator is formed by a permanent magnet.
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The eighth form of the present invention is the droplet removing device in



direction magnetic field generator is fornmed by a

per manent magnet. [0017] The eighth formof the
present invention is the droplet renoving device in 5
pl asma generator of said fifth or sixth form wherein
said traveling magnetic field generator is formed by
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<EFFECT OF THE INVENTION>
[0020]

According to the first form of the present invention, the apertures more
than one are comprised in the tubular traveling passage and the passing hole is
formed in the eccentric position of this aperture.  The magnetic field of which
the line of magnetic force passes the eccentric passing hole in the shape of
curvature is formed by said magnetic field generating means arranged on the



than one are conprised in the tubular traveling
passage and the passing hole is forned in the
eccentric position of this aperture. The magnetic
field of which the line of nagnetic force passes the
eccentric passing hole in the shape of curvature is
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plasma can be removed. As described above, by disposing the multistage
apertures, the droplets traveling with the plasma can be decreased more, so
that the surface of the article being processed disposed ahead of the tubular
traveling passage can be treated with the plasma of higher purity.
Furthermore, when the number of apertures disposed in the tubular traveling



curvedly through the third step aperture, the small
droplets traveling with the plasma can be renoved. As
descri bed above, by disposing the nultistage
apertures, the droplets traveling with the plasm can
be decreased nore, so that the surface of the article
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coil of super-conducting wire), it is expected that there is arranged the slant
magnetic field generator of which energy loss hardly exist, so the droplet
removing device whose electric power consumption is hardly can be provided.
Besides, in the case that the slant magnetic field is formed by the permanent
magnet, by means of adjusting the direction of the permanent magnet, the slant
magnetic field can be formed to match with the eccentric passing hole of the



changi ng the slant angle of said el ectromagnet.
Furthernore, when said electromgnet is constructed
by super-conducting nagnet (el ectronmagnet with coil
of super-conducting wire), it is expected that there
is arranged the slant magnetic field generator of
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of the apertures can be set appropriately, and the resultant magnetic field
matching for the position of the eccentric passing hole can be formed easily.
[0027]
According to the seventh form of the present invention, since said radial



strength. Therefore, there can be formed the resultant
magnetic field that guides the plasnma to the
eccentric passing hole of the aperture. In addition,
when two sets of radial direction nmagnetic field
generator are fornmed by electromagnet, the direction
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[0030]

According to the tenth form of the present invention, the slant magnetic
field oblique for axial direction of the tubular traveling passage is formed at the
position of the eccentric passing hole.  Since the line of magnetic force
passes curvedly through the eccentric passing hole, the plasma passes
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captured. Therefore, droplets traveling with the

pl asma t hat advances curvedly through the

suppl enental traveling passage can be decreased.
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traveling passage.

Fig. (BA} is an explanatory diagram of radiall direction magnetic field due
to the horseshoe-shaped magnetic body wound with coil, and (5B) is a
sectional outlined diagram of the tubular traveling passage on which two sets of
horseshoe-shaped magnetic body forming the radial direction magnetic field
are disposed with right angle or almost right angle in X-X axial direction and Y-Y
axial direction.

Fig. 6 is a sectional outlined diagram of the tubular traveling passage on
which two sets of radial direction electromagnet forming the radial direction
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the eccentric passing hole at the left side, and (3B)
is a perspective diagram of the aperture having the -
eccentric passing hole at the right side. Fig. 4 is an
expl anatory di agram of the slant magnetic field
resulting from traveling magnetic field and radi al
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B2 radial direction magnetic field
B slant magnefic field

BX radial direction magnetic field
BY radial direction magnetic field
BA resultant magnetic field

1 arc discharge section

1a cathode

1b cathode protector

1c anode

1d trigger electrode
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P plasma D droplet K container body 131 traveling
magnetic field B2 radial direction magnetic field B
slant magnetic field BX radial direction magnetic
field BY radial direction magnetic field BA

resul tant magnetic field 1 arc discharge section 1 a

cat hgde 1a gatifadenM&rRat 8Eld ghheide 1d trigger
el ec%rode 12 Jb..e talrc stabi | % thon magnetic field
genéf at oraC sfabiizatin @egm%ﬁq ‘gﬂe%{@ﬁ’éti c field
gendhat or insfilation fifoaiuiction temhih@duction terminal 1 i arc
powaf Su%%éo%elnéﬁp%ﬂ stance for limtation 2 main

g p

travel i ng passage”3 ‘tubul ar traveling passage 4
dropnet rrepistangg ferdimitedion pl asma processing section 6
apept ur enfamh #8GAIAEPaSsdESSi Ng hol e  6A aperture 6b
cenrtar al gﬁ% [ nl% h]ol e 7 slant magnetic field generator
8 ePectr Baﬁé VE8INSER3i§A8Rt magnet 10 el ect romagnet

10A4el ectrophegerebvihd deviceeshoe- shaped magneti ¢ body

11agmai npRgh p156ddsHy skbfiofO! !

6 aperture 6a eccentric passing hole
BA aperture

6b central passing hoie

7 slant magnetic field generator

8 glectromagnet

9 permanent magnet

10 electromagnet

10A  electromagnet

1" horseshoe-shaped magnetic body
11a  main body section

11b  call

12 slant electromagnet

12a  slant electromagnet

12b  slant electromagnet

12¢  slant electromagnet

13 droplet traveling passage

14 supplemental traveling passage
15 electromagnet for bending

16 droplet baffle

17 electromagnet for traveling

<BEST MODE FOR CARRYING OUT THE INVENTION>
[0033]

As follows, the preferred embodiments of the droplet removing device in
plasma generator concerning the present invention are explained in details
based on Fig. 1 to FIG. 11.  Fig. 1 is a sectional schematic diagram of the first
embodiment of the plasma generator including the droplet removing device
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B CoHUD: PRRRE BhIMIISHIS 5P A1 St ohpyhe

edoaddioas | efnvaporization in plasma processing method, electric current:
1-600A (preferably 5-500A, more preferably 10-150A).  Furthermore, voltage
5-100V (preferably 10-80V, more preferably 10-50V), pressure; 107'°-10? Pa
(preferably 10-10% Pa, more preferably 10°-10" Pa).
[0036]

The plasma generatfor including the droplet removing device shown in
Fig. 1 comprises arc discharge section 1 formed in vacuum chamber K, and
main traveling passage 2 in which plasma P and droplets D generated in said
arc discharge section 1 propagate in a mixed state. Furthermore, said
plasma generator includes the droplet removing device 4 providing the tubular
traveling passage 3 communicating with said main traveling passage 2.
Moreover, said plasma generator includes the plasma processing section 5
which performs the surface treatment process of article being processed T by
the plasma P advancing through the tubular traveling passage 3 of droplet
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material from cathode la of arc discharge section 1,
or charged particle (ion, electron) generated by

i oni zing evaporation material and introduction gas,
but also neutral particle of nolecul e and at om of
pre pl asma state. As the conditions of vaporization
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processin on whi ch perforns the surface

ecti
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G e, el iy g iy n e nvao ith iy, a0,
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ormation material is
46039t ed from metal sinple substance, alloy, inorganic

si npl ;%alcféélgbwﬁl%tt?‘dté}?ﬂg@@ teolEAe té’r'ﬂa (aﬁ}%tx@épt for the cathode
oenrlevvl ut_ askin rticul.ar

6 BLaireleR: fra SBreRA bl 5Dy biskiefg, e it i
m@%‘]tedxﬁwamaalbumlamblasms;&rwnmed beheean cathode 1aBind anode
Zoﬁ: d@use%%a&gﬂr @A @réllg J@%rpg r%%t r%@ﬁm@ﬁggﬂgg can be
SMplgyed [@s %lél‘fﬁtb?ﬂe REOEFPBY b et adgBRPoWYieN, ap Heleetrical
ansuldtiny layé (Shereleﬁﬂ: 2BFANSI0s opmorvﬁdéslhw@@hdech@cﬁ is formed

L, E R B CHN Pl Erdilinose) s iEsS "sBlr or
catwdwnsakiﬁy ean e @ployadO, SddifipnaliyCesaid cathode protector 1b is
(drafé'ré’d‘!é T Barsh Afste i) G W CHAHR IR @FhoMRdlistddidon and teflon
lmpregnatlon carbon({trademark) of freatment temperature around
800-2000 C).

[0040]

In addition, said cathode protector 1b can be formed by heat-resistant
ferromagnetic material such as iron and ferrite instead of stainless steel.  Ifit
is done so, the cathode protector 1b in itself can be magnetized by magnetic
field applied by arc stabilization magnetic field generator 1e and/or 1f disposed
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Cd2SnA4 and CuO. Furthernore, there are al so nom nated
carbide and nitride such as TiN, TTAIC, TiC, CN and
Ti CN. [0039] Said cathode protector 1 b is a tool by
which a part except for the cathode surface to be
evaporated is covered with electrical insulation, and
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te&mﬁrodeddal r' Whealthe glecitipaspafiOfetidates, elelctiit rexistatdecbetween
ARGl At 18 diRfedsbldrBCRAALLH 3 Yoblrs' Bethen
cathode and anode. As formation material of trigger electrode 1d, there is
used the general-purpose high melting point metal such as Mo (melting point;
2610°C) and W (melting point: 3387°C).  In addition, trigger electrode 1d is
formed from carbon material, preferably graphite.
[0044]

Arc stabilization magnetic field generator 1e and 1f are disposed on the
outer circumference of vacuum chamber K in arc discharge section 1, and they
stabilize the cathode point of vacuum arc and the plasma P generated by arc
discharge. When the arc stabilization magnetic field generator 1e and 1f are

16



thing obstructing total traveling of arc plasma. As
shown in the diagram its shape is the pipe body
(barrel or angle pipe is not asked), but it is
preferable even in coil-shape and U shape, and
besi des, they may be arranged to becone a couple
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[0047]

Introduction gas may be introduced from said arc discharge section 1 or

said plasma processing section 5, or said gas may be introduced from both of
said plasma processing section 5 and said arc discharge section 1.  When it
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secured through diffusing the plasma P in the em ssion
direction (nanely, flat «cylindrical shape) and the
arc discharge is stabilized. In addition, for said
magnetic field generator le and if, an el ectronagnet
(electronagnetlc coil) or a permanent magnet is
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(@ggtl vity gas reacts with the evaporation partl cI e

&rtl cle) generated from source such
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front and back of the tubular traveling passage 3 of the droplet removing device
4. Additionally, in starting end and termination end of the tubular traveling
passage 3, there are arranged the apertures 6A, 6A having the central passing
hole ©b. Furthermore, in the communication path connecting the main
traveling passage 2 with the tubular traveling passage 3, there is disposed the
electromagnet 10A to forward the plasma P toward the tubular traveling
passage 3. In addition, many droplet baffles 16 are arranged on the wall
surface in the tubular traveling passage 3.
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so on), and carbon oxide gas (CO CO2). Here, in order
to control the reactivity, it is possible to adjust
the concentration of said reactivity gas by m xing
said rare gas. In addition, it is possible to enpl oy

t he vapor of alcohol, organic netal gas or organic
@ h liquid etc. as saldreactiwty gas. [0049] In
I's” pl asma processi ng device c rising said

f undamﬂatheﬁ&%”ﬁ frgoes Qt'ﬁ@ﬂélﬁ epMain; saveling papeage 2 to

FRVRBUGH iraesling ;{a@g’a 3d<!tsr¢ao;b@’lt ormw@mgtsdpmmg th the plasma
0ssess.t, n e u ar ravel 1 n SSa Wa

SR R TRyl Slah BY Ber R AT A e A U LErthd oo

ianddlogn ere removedi s bT@drbm@‘\ tind plasnep Pareneating iruthei tagular
|

ftrﬁ%‘ﬂny]:?%sgé‘%@ 9‘?%;131%@&%%@?19 A ?ﬁétf&rﬁeﬁd é?éte@ b@ﬁﬂ@ sFént

ace er ure

magpetiedieich Qﬁﬁ%"aﬁ%m and it A¢4pNGES B%%Sé%&””@d §reveh the

bb@éhtﬁé asra@rﬁgmglé 6d @fOtE@]atharsds opltehs big @roplets Drgn Straight,
oae

|
i Eﬁaﬁ‘ﬁv 5135t e Vo Slden Stk et g, AR S ffnovea.
Medtey, woberithee plama Iafphesgs ofrvediy temough ﬂln@ledcentnc PhAssing
fhbfeséa Sf“ﬁfé Lfre %S t!'%hQWQII HFprétQ tra@‘ehrfgv‘@lth %R—;eblbgﬁﬁsP jump

aV|n eccen

shbindfe aHgile. AR Uiy GRlIoRNAIBE KAl SUFTRE PLBGRRRTLIE 6 So that

élragop@ds_sage 3 of the droplet renoving device 4.
ﬁf{l onally, in starting end and term nati on end of

ubul ar traveling passage 3, there are arranged

the alverthiar fest sEnbedimenti g Shnt cosgnelic digkkigeperdiol & is
%antﬁ}&éoh By e, Calebiforhighet W@@Hb:@ﬂhg QRe F’(?é\)éhﬁ@ &g dtie dield

mal n velln

isRosrd g Mimeusperaierand suErale S ety fetiaRing passage 3
ahecthe mm&bnﬂﬁﬂghet Boyeveratirigh thep raaliatedirectioman agnetie field

gt’sg)é% bh{égélreeﬁ?éargﬁcegof ggtoag% frbr%gf;?&agy The slant

are arran
imagnetic tﬁalﬁlulrs aff)rrmecbmé |cpﬁ@09139'§ @@éﬂestra\ﬁlnpdoﬁgﬂqtlcvﬁm due to

ke éi’écﬁﬁ%’ag‘ﬂego@sar&t e Ofabial r@rctibe magretl #erl idag to the
passa e bular tr vel

Baitgant cwasnat Sores TRPRIRR IS g R aR et dPte el
csoltlhatotha plasnichPtpassemtlrvedly ftiaoeglmtheaqimentmaoa’SAmg hole 6a of
Q‘%ﬁﬁ at the starting end, and then are renoved.
ron, the plasna P penetrating in the tubular
t[@%ﬂél ing passage 3 is guided by the slant magnetic

fiel dlrﬂﬁ@eﬁatr%deédéntrhepﬁsmgtho!@@@ﬁ@tfmr(méd &l thegemeldatinrthe
@PE&W&%’ of 8}%%@‘?‘{ hf%]%sg‘l'gé‘ﬂgeslf §1d| %gf, : n?utﬂg ecggntn% passing
tiotp 8l mploehed Bt the right sidghn the gpertiiatt oftibe teolinatins etict side
(GG Gldans YHERC e 10hdbifien, ARE Jelh8néhtanayritt © SfRB\e@slHing end
side has the N pole at the right side in said diagram, and the permanent magnet
9 of the termination end side has the N pole at the left side and the S pole at the
right side in said diagram.  Therefore, the radial direction magnetic field
flowing from the right side to the left side is formed at the starting end side of the
tubular traveling passage 3, and the radial direction magnetic field flowing from
the left side to the right side is formed at the termination side. By composition
of said traveling magnetic field and the radial direction magnetic field due to the
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Moreover, when the plasma P passes curvedly through
the eccentric passing hole 6a of the aperture 6, the
small droplets traveling with the plasma P junp out
in the outside, and they collide with the wall surface
of the aperture 6 so that they are renoved. [0052] In
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[0056]
Fig. 3 shows the perspective diagram of the aperture arranged in the
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slant magnetic field leaning to the right at the
termnation end side, so that the plasma P is curved
to the right and passes the eccentric passing hole 6a
of the aperture 6 at the term nation end side. [0054]
Big droplets D going straight through the centra
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central portion of said main body section 11a. By flowing the electric current
through said coil 11b, the N pole occurs at one side of said main body section
11a and the S pole occurs at the other side. By means of using said
horseshoe-shaped magnetic body 11 instead of the permanent magnet 9, the
radial direction magnetic field can be generated in the tubular traveling passage

3. As shown in (5B), when the magnetic fields generated by two

21



3, so that the plasma P passes curvedly through the
eccentric passing hole 6a of said |left side at the
starting end side. As shown in (3B), the eccentric

passing hole 6a is forned at the right side of the

drawi ng for the aperture 6 arranged at the

g@fsgéﬁ@]éﬁ%{be%nﬂagbé’t% Q&Eég‘ 911 ppula Fje @&%ELHJ %a%ﬂst?ﬁé}e the

Eskial direptiopmaanels iride B%(ag)%? ggaﬂceur 3ﬂ|tbﬁ¥< -Xjaxial altre@tw@ and
tr@r\vwrmm @ireetish, $e§i%ctl‘[l&@5t7hh5lf Sﬂal}tlﬁglrésdlgé?t ma@har@taa BA
n ne |,e resu 1.N
B BREUS! chiBeRlifiar TRERS il e dtohrRphettd il (8% B
ﬂf’agﬁé:tre cthiei gasma cantbe guideslitaathet ecaestricripspitgsage 6aAd said
'srbgﬁE% reQuItatr{Pﬁ‘latgh@N@ idlg@Aregnetic field Bl is

enerate ectromagnet arranged on the outer
Bunferential surface of the tubular traveli ng

passagg 8is mécbédﬂenélaﬂjtlﬁiedchlagr@tﬂ @Iﬂh@ﬂmﬁlﬁéﬂ favdiinglpds&iye

b T 4 b Pl RO oBE00 oot 0o 1B Tt greotion

maguetid figjd mng diésposed withdigl angie oraalinabt dghteangleim X-X axial

H?&'ﬁ@ﬁ'r&df el %x%? dlrjéef?orpl a%@‘asr%v&rﬁ :rg'!*lgj tﬁ¥ 2@fafl direction
| ant passes t

@@86‘#{@ é&%ﬁ%(gd%lt%h’%s%tﬁ qfﬁéd‘ab@'ﬁquﬁ G@Ct'[oﬁ'ﬁﬁﬁ'}?t 124,

. du@ds@dtuhexwpkuanatr@astwndamgwa‘mmaltcht@cf @ﬁilﬁherate to be

ﬁ%{gﬁﬁ 'b@Eng%ﬂﬁméét &Oérb\ngﬁcﬁc%%ugaéq:ogﬂg? ( 5%'5' g‘?@&%ﬁ and

siygrighm af seid tﬁdaajrcarmctwn ragnetidifigldsdBXe BiYi are adigaiediky the

Eurﬁérﬁ' |Hi!é@|sﬁy0 a?n@ecur?éﬁtsﬁﬂb%n ShaRgs t%ﬁpﬁtéeﬁd hﬁ@iﬁl dﬁf@é’tlon
pI anatory diagra

PP RGIe olo: 1201 (BT P iitlo aPYET AN sutegal of fhe fesultan
hnagsemﬁméd Ehagredset freglyet | Thareftye, ths psdfomad iresu(tan) magnetic

ﬁe% %P{’tﬁ |ﬁ<ﬁ%&%g§%§ o'tRd %Eﬁélrﬁn?ggé’si#holé ﬁqc&riﬁé 5@%&&9 8

Fect B
ean balfermedar ¢ For leéampbh@men%rﬁasméh% &m nurebeiorfreeilvifrane

élB@tr@rhég?riéleD\QﬁClQBd of sstmceéa%lm tﬁ@%ﬂ alireat, tHeofirtios B the
fz,e&m?aéﬁfﬂavgpﬁfsﬁa'ﬁ'%‘%?@a%g%ugﬁt R L TAX p—

fisie BX af¢hoélestomagnetni 28cmhihes sxlial dnectiblanag:mbth:ﬁelcsa]mlf the
t ot §i [
FEFUSEafi o il Bl 8 B sy e
fhegreswltﬁéﬁ “?9@6‘? i¢ figld, and ﬁhsn itimgaetible to form
ﬂ‘heqdrdfe@réﬁ réﬁ.ﬂ@ﬂﬂ Rlaghett figld mantad@uﬂd?ﬁcé meth? rp@ssftuon |°I:| the
en e magnetic fields
‘g%%@ﬁ%tpeaé g'@gﬁ%v%ggmﬁ]s%{(g Pégg%eél\g haped magnetic bodi es
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field are disposed with right angle in X-X axial direction and Y-Y axial direction.
As shown in Fig. 7, when the magnetic poles of two sets of permanent magnets
9A, 9B are perpendicular or almost perpendicular, the radial direction magnetic
fields BX, BY occur in X-X axial direction and Y-Y axial direction, respectively.
The slanting resultant magnetic field BA is formed by composition of these
radial direction magnetic fields BX, BY.  Therefore, the magnetic field guiding
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is formed by conposition of these radial direction
magnetic fields BX, BY. Therefore, the plasma can be
gui ded to the eccentric passing hole 6a of said
aperture 6 by this resultant nmagnetic field BA. [0059]
Fig. 6 is the sectional outlined diagramof the
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v%lgh moIFg one aperture 6 having the eccentric passing hole 6a at the left side
is arranged at more termination end side in the tubular traveling passage 3 of
said second embodiment. In addition, the slant electromagnet 12c is
arranged on the outer circumference of the tubular traveling passage 3 in which

the aperture 6 of this termination end side is disposed. Small droplets D
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resultant magnetic field BA. [0061] Fig. 8 is the
sectional schematic diagram show ng the pl asna
generator including the droplet renoving device of

t he second enbodinent. In addition, the sane nunerals
are glven to the same nmenbers or same portions as in
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eiiar ol Brrarae oo psbg o R appidimes): Since
big droplets D are removed by going stralght toward the droplet fraveling
passage 13,the plasma P arriving at the surface of the article being processed T
in the plasma processing section 5 becomes to have the very high purity after
passing through the tubular traveling passage 3. Therefore, the surface of
the article being processed T can be treated with very high accuracy.
[0066]

Fig. 11 is the sectional schematic diagram showing the plasma generator
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23 traveling with the plasma P passing curvedly
through the central aperture 6 junp out in the

out si de by curvedly passing of the plasma P, so that
they collide wth the wall surface of the aperture 6
of the termnation end side, and are renoved.
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<INDUSTRIAL APPLICABILITY>

[0069]

The droptet removing device in plasma generator concerning the present
invention can be principally employed as the plasma processing device used for
industries. By way of example only, It can be preferably used to the surface
treatment processing by which a coating film is formed on the surface of the
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[0066] Fig. 11 is the sectional schematic diagram

showi ng the plasma generator 24 including the dropl et
renovi ng device of the fifth enbodinent. Still, the

same nunerals are given to the sane nenbers or sane
portions in said first enbodinent, and their

exglsalzﬂa%&?o%e?%ﬁ%sot?"m?{aﬁ%%w mfh?ﬁ%afgﬁ@%ﬂl@tgeometw of
theae driicies baBgap®céSsads agr adiitgpey and theo protectivat #rabaade

Bkl B4R i £5raap i D gy o=

inflectinally in the vertical direction between the
mai n traveling passage 2 and the tubular traveling
passage 3. In addition, the electromagnets for
inflection 15 are slantingly arranged on the outer
circunferential surface of the starting end side of
the supplenental traveling passage 14 and the outer
circunferential surface of the starting end side of
the droplet traveling passage 13. Mreover, the

per manent magnet 9 is arranged at the starting end
side and the term nation end side on the outer

ci rcunference of the tubular traveling passage 3.
[0067] Therefore, big droplets D going straight from
the main traveling passage 2 are renoved by traveling
into the droplet traveling passage 13, and snal
droplets Dtraveling wwth the plasma P advancing in
the supplenental traveling passage 14 are renoved by
colliding with the wall surface of two apertures 6 in
the tubul ar traveling passage 3. According to this
fifth enbodi ment, since big droplets D are renoved by
going straight toward the droplet traveling passage
13,the plasnma P arriving at the surface of the article
bei ng processed T in the plasma processing section 5
becones to have the very high purity after passing

t hrough the tubul ar traveling passage 3. Therefore,
the surface of the article being processed T can be
treated with very high accuracy. [0068] It is needl ess
to say that the present invention is not limted to
the above-described enbodi nents and nodifications;
various nodifications and design changes, etc. are
included in the scope of the present invention within
the limts which do not deviate fromthe technica
spirit of the present invention. <INDUSTRI AL
APPLI CABI LI TY> [ 0069] The droplet renoving device in
pl asma generator concerning the present
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i nvention can be principally enployed as the plasm
processi ng device used for industries. By way of
exanple only, It can be preferably used to the surface
treatment processing by which a coating filmis forned
on the surface of the 25 article being processed of
metal or nonnetal. The ] and geonetry of these
articles being processegR%3g~§#bitrary, and the
protection filmcan be gracefully forned on the
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magnetic field.
[4] The droplet removing device in plasma generator according to Claim 3,

wherein said slant magnetic field generator is formed by an electromagnet or a
permanent magnet arranged in a slant shape on an outer circumferential
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pass through said eccentric passing hole of said
aperture by said slant magnetic field. [4] The
dropl et renovi ng device in plasnma generator according
to Caim3, wherein said slant magnetic field
generator is fornmed by an el ectromagnet or a
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droplets fravel in a straight direction from said main traveling passage is
disposed, and a supplemental traveling passage is disposed to be curvedly
communicated between said main traveling passage and said tubular traveling
passage, so that said plasma travels curvedly in said supplemental traveling
passage toward said tubular traveling passage.
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passage, so that said plasma travels curvedly in said
suppl enental traveling passage toward said tubular
traveling passage. 28 [10] In a droplet renoving
met hod in plasma generator by which a plasma is
gener at ed by a vacuum arc di scharge performed in an
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