<SPECIFICATION> RADIALLY ENLARGED TYPE PLASMA
GENERATING APPARATUS <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 a vacuum

atmosphere and cathode naipgd iaciaerdfgierred to as droplets)

by-produced from a cathode at a plasma generating time.
<BACKGROUND ART> [0002] In general, it is known that thin film is
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characteristic is improved by injecting an ion. Film formed by using of a
lasma including metal ion and metalloid ion can strengthen the
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from a cathode spot existing on the cathode surface, the plasma is
f % h' I%ﬂ;le evaporation material. In addition, when a reactivity
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gas an or an Inert” gas (rare gas) were introduced as ambient
[Ooﬁﬁ]osphere gas, the reactivity gas and/or the inert gas also are ionized at
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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.

[0003]

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 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 bond on the object surface to be treated, the uniformity of thin
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[0006]

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 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 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
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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 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.

[0009]



document 1, as described above, since the plasma flow is bent by the
curved magnetic field and the plasma moves efficiently to the plasma
processing portion, the charged droplets and small droplets mixed in 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
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<MEANS TO SOLVE THE PROBLEM>
[0012]

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
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 enlarged tube. [0013] The

pafiECREIRIA Qél@ep%éﬁ?é‘tr%vlﬁa ‘ﬁé'ﬂﬁoﬁ’{aﬁ@%&@ge&a%@l ahPefititged

of said first form, wherein tube axes ot said introduction side radially

tule g @b dIRLUGos Side diadialtye"etiicediltp $-A0088 FiRE dped Plasma
intiodiredty siidpdsdéibfioe adwdiesais raiosally radialy exhtariged duthschadgaiside

radiHTRﬂ P@HBEe‘édﬁJF?é"é‘H-‘rﬁ ﬁ%@‘t@&‘]{éuer‘T’é‘éVﬁ’é %ﬁ%ﬂ%@@@é‘?@rmé‘%nd

reduced tube are connected to said radially enlarged tlbe. [0014] T

of gatd F&%%‘rytr?é‘[ﬁ&%ﬂt%%nﬁ&?@iﬁeﬁﬁgs%{ ﬁ%ﬂ%r&ifﬁ@egp%taﬁaﬁ’s ipjtial

endaddirshin sEeoimhfend ohsadthrsalhtiyberdaegenf salck.introduction side

[Odcfé;La"y reduced tube and said discharge side radially reduced tube are
iIsposed so as to intersect each other. [0015] The fourth form of the

preseREIRRGANG (91 ¢ dbm PRI APPAr RS B RIaRMa @rrResAting
apﬂardtimnmfv@mobmsalﬁmiaslwa@mmnmb@ patsingfustad dratr@dgidtion side

raoﬁgﬁ?’ﬁﬁgéaﬁiem%aéddﬁ Ui 4 8”¥|of8%{8‘?9|é}”?%dﬁc?é’&'lﬁﬁt@%re

vert or almost vertical y 1o sal I’al advancin

inchppby &ﬁ@@ﬁﬁ?@ ﬁ@Ftl%rTLi@ﬁl%&&i gél éﬁ%’iﬁﬁv BARHYSHi L paigingy said
intestiaeorg didee r ANA6Y Teeldibdfaun ofihe/preseaitt digehtéogdsdie radially

e fIREAA AR STAgL ABRRCEYS SL ANy of S AEROdda fpun forms,

wherein sai arged tube 1S conipose an inner
[0Q%Adumferential tube and an outer circumferential tube, and said inner

circunifgremitial tobe iofreedy | éed I@mﬂutﬁm@vadefrpmmé @éRerating

anGArATLES G| 08%74%0%} SR AT R SIE
sma generatlng apparatus o sa| thTorm, Whereln aplura

'ntmﬁlék‘ét%llé@(ﬁ\g' se6lunagddash andnﬁaldmsis@hgdmrmée radially

rediiisednferrRntiabtdishd9BE8 S as to intersect each other.
[0015]

The fourth form of the present invention is the plasma generating
apparatus of said second or third form, wherein 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.

[0016]

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 form of the present invention is the plasma generating
apparatus of said sixth form, wherein a rough surface processing is made
on a surface of said droplet collecting plate. [0019] The eighth form of the
present invention is the plasma generating apparatus of said seventh
form, wherein said droplet collecting plates are inclinedly disposed for
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[0QR¥éntion is the plasma generating apparatus of any of said first to tenth
formshwhaesisraRer@fm of the present invention is the plasma generating
apparatus of any of said first to tenth forms, wherein one or more rotational
magnetic field applying means generating a rotational magnetic field in a
cross section circumferential direction of said radially enlarged tube is
installed, said rotational magnetic field is applied to said plasma by said
rotational magnetic field applying means, and said plasma progresses
through said radially enlarged tube while rotating, so that said droplets are
removed by a centrifugal force.
[0023]

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 thirteenth form of the present invention is the plasma

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



6 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
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The 15th form of the present invention is the plasma generating

apparatus of said thirteenth or 14th form, wherein said magnetic field
generating means is configured with a slant magnetic field generator, by
which a slant magnetic field is formed in a slant direction for an axis
direction of said radially enlarged tube and said plasma passes through
said eccentric passage hole of said aperture by said slant magnetic field.
[0027]

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
forms, wherein a quantity of physical property is measured by inserting a
probe into said duct portion or by utilizing said duct portion as said probe.
[0030] The 19th form of the present invention is the plasma generating
aratus of any of said first to 18th forms, wherein one or combination of
effective total length, diameter, bending number and summation of ,
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[0032]

The 21st form of the present invention is the plasma generating
apparatus of said 19th form, wherein said diameter is set at 200-90mm.
[0033]

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 terminal end of said radially enlarged tube, and stepped
portions formed at said initial end and said terminal end of said radially
enlarged tube, the plasma flow derived from said introduction side radially
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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.
[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



without bending, it is possible to efficiently recover and remove the
droplets diffused in said radially enlarged tube by the radially enlarging 9
action and the radially reducing action of said plasma advancing path by
using of said radially enlarged tube. However, according to the second
form of the present invention, since the tube axes of said introduction side
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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.

[0038]

In parallel arrangement that the tube axis directions of said
introduction side radially reduced tube and the discharge side radially
reduced tube are parallel or approximately parallel each other, since 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 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
10 each other, the plasma flow ejected from said radially enlarged tube
collides with the inner wall of said discharge side radially reduced tube
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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.

[0040]

In the case that the droplet removing portion is installed in the
plasma advancing path, though the cleaning by exfoliation and 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 enlarged tube, said inner
circumferential tube polluted by the droplets can be changed at the
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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 enlarged tube, said inner
circumferential tube polluted by the droplets can be changed at the 11
optional time, the cleaning efficiency of droplets improves and the plasma
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[0(;2 of the present invention, as a rough surface processing is made on a

surtace of said droplet collecting plate, the collecting area and adhering
strerlftmanyasieptiiaalieibiagiries of said sixth 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
adhere easily on rough surface made on the surface of said droplet
collecting plate by performing the rough surface processing, and it is
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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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 12 the inner wall of
said inner circumferential tube. However, according to the eighth form of
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[OOVX%i]Ch the plasma mixing the droplets advance is installed and said

According to the tenth 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.

[0046]

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 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

plé@rﬁ‘f‘é‘%&'&‘ﬁ Eettana é%@%‘?ﬂﬁé@%@)’?@d’%{}}fh@éﬁ@em}%ﬁ% rY‘éﬁE‘rﬂ pretic

asma advanced to the region not apf)gle with said rotational

f'e'ﬁ#aﬁnéh@ FERION ARGy TRERRI IRy ARR RdidLISiderqrinRl end
Sidie romi trad emiclo ke def cratider adialkyod sk dyed inllyes rilaegeld sube, 2ppnolashes to

theaEBFﬂéF*é‘?ést%ftE‘éleet’%‘ISfaﬁWSeﬂ‘ié@@c’ﬁ‘?}s‘gy SF‘@F §tu bpead%fa?‘i@ég%ythe

advances to the termlna end of said radially enlarge e. Because the

terminal @ﬂﬁ’r@élét”“ rQFB@ 'Yh%ﬂ'ﬁﬁa?gftb'@@ma c%ﬁ%ﬁ&%ﬁ'b%r‘?@éstﬁédmp'et
is ldrgeetican tiodffafopa imea auid stitaege phtiieladvheaingpsecmraditiellow

th&@%@i&iﬁﬁeﬁ?%ﬂ{ﬂ 'Eﬁv&ﬁ&ﬁﬁt{ﬁ@%{%ﬂmﬁﬁé“ﬂlﬁgrﬁ’é”i'lﬂ“ﬁ 'droplets

sur radla enlarged ase on the'inertia force, That Is to

CarAREL (B YRFhE 68 Fgé?sgfr‘ﬁlﬂ‘ the ro@li val 26 i Raid Spdia yisstasged
tulsaiskhrodadionbenmagnitiolietsl, snﬁdmsa@tdrgmetwaww@elrﬂgecﬂﬁérw@gﬁirom

thef°F8F‘FHE§)rPé1”&‘?ﬂﬁJo‘|‘P1§?8 éﬁ(%qr%?@ﬁ d%?)g'?)‘ﬁ'%g?ddr%? Hﬁaﬂ" flc_field,

droplet can be separated asma mixed with drop e

singgntfflifaldHRedeAnHaE R YRS sThe &ﬁf&%t{aé'huﬁ}f%&mﬁiwﬁé fiewthe
rot!aﬁ|add||tlnmghletppﬁelld%mrmesmaébwmerﬂ@waanrb@sgmaafaﬂw from

salBSH R0 R SENE oo e dppSta Y08 I ERbssiole

icienc % sal orce. ore t e dro
to f@%%@ﬁb&f&%‘ ‘Pﬂw@'ﬁﬁé@éﬁﬂ%‘(fentlon can form the highly purified

thin filnagaithenobiciet puatsdade draatas sandlcaroprsiermythadiaéeiny of
v RGRAICY S PN VB RBIn a6 I e BBlEtt IRl i occ
h Sal asma mlxe with drop %S aavance can ese ea

witgeiied ﬁiféqt@/mubungané eRIjTBHE fkltPiRRnsityT Resqiossibidier droplet
remu'matyréz;@p@@djemttmnpvmapmwemEtﬁﬁrerrmﬁetﬁs@ww@/ purified

ma flo anc sal the htI dva cm etic
th'@lfjc |c())nnt;[\3p/{ e'fee net| ai gn With the Stl%lgﬁ% é nuc?r'lfgorm

suragheledibratios mﬁb%@&mﬁammbmm@éﬁd fueldlg@;@at@n the
pafianaescht Hwooytaém@me@mﬁﬁpafaél@w Nanees dapepehdet to be a

cogiayna el R BT Ssanelees s ey SRRLa| R 5Re 1o
miniaturize the droplet removmg apparatus.

Furthermore, since the plasma flow advances along the straightly
advancing magnetic field direction by the electromagnetic interaction with
the straightly advancing magnetic field due to the straightly advancing
magnetic field generator arranged at the outer circumference of radially
enlarged tube while drawing helix track, it is possible to increase the
centrifugal force acting on said droplet by applying the rotational magnetic
field rotating in the turning direction of said plasma to said plasma mixed
with droplets.  Therefore, it is possible to separate and remove said
droplets from the plasma mixed with droplet with high efficiency.

[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 mixed
with droplets. Therefore, it is possible to separate and remove said
droplets from the plasma mixed with droplet with high efficiency. [0047]
According to the twelfth form of the present invention, said rotational
magnetic field applying means is constituted from a plurality of vibration
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In the case that said rotational magnetic field applying means is
composed of two vibration magnetic field generators, since said vibration
magnetic field generators can be disposed so as to make said vibration
magnetic fields vertically or almost vertically each other, various rotational
magnetic fields can be synthesized when said two vibration magnetic fields
are assumed as X-axis component and Y-axis component, respectively.
When the phase difference of said two vibration magnetic fields to be
vertically or almost vertically 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 rotational
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 almost vertically 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 rotational
magnetic field. When the amplitudes of said two vibration magnetic fields
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radially enlarged tube, and since the magnetic field is enhanced by winding
around said magnetic material, it is possible to generate the vibration
magnetic field with high efficiency. = Therefore, it is possible to set the
self-inductance of said coil small and to increase the maximum frequency
of vibration magnetic field.  Furthermore, it is possible to eject the heat
occurring from said coil through said horseshoe shape magnetic material.
[0048]

According to the thirteenth form of the 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 from said coil through said horseshoe shape magnetic material.
[0048] According to the thirteenth form of the 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
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[odypg]ets accompanied with said plasma passing through the passage

hole pf the first step,aperiure. straightly advance based on the inertia and
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appHusageaicicasangrd troprits eadipdinove@igecoiidiey @i tHenadijiacent
ecSEHRRE phtasecHHlsienf aperture are disposed so as to shift their

positions each other.  Therefore, the small droplets accompanied with
said plasma passing through the passage hole of the first step aperture
straightly advance based on the inertia and jump out outward when the
plasma passes curvedly through the eccentric passage hole, and the
droplets are removed by colliding with the wall surface of the second step
aperture.  When the plasma passes curvedly the third step aperture, the
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. When the plasma passes curvedly the third step aperture, the
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
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possqgle {o modify and adjust the angle of the slant magnetic field easily.
When the super-conduction magnet (electromagnet in which the coil is
made by super-conduction line) is used as said electromagnet, there is
hardly the loss of energy and it is possible to generate the strong magnetic
field.  Additionally, in the case that said slant magnetic field is formed by
said permanent magnet, by adjusting the direction of permanent magnet, it
is possible to form said slant magnetic field at the position matching with
the eccentric passage hole of the aperture.  Furthermore, it is possible to
select freely the positions of N-pole and S-pole of the permanent magnet
disposed on the outer circumference of the radially enlarged tube, 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
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field. Additionally, in the case that said slant magnetic field is formed by
said permanent magnet, by adjusting the direction of permanent magnet,
it is possible to form said slant magnetic field at the position matching
with the eccentric passage hole of the aperture. Furthermore, it is
possible to select freely the positions of N-pole and S-pole of the
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[0 sage hole. [0051] According to the 16th form of the present invention,

a duct portion for transporting said plasma includes at least said .
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(3 t
reduced tube, and sald duct portion is electrically insulated with said
plasma generating portion and said plasma treating portion (plasma
processing portion).  That is to say, said duct portion corresponds to the
whole region of plasma transporting tube of the present apparatus except
said plasma generating portion and said plasma treating portion, and in
many cases, the whole duct portion has the electric conductivity.  But, in
the case that the inner circumferential tube is inserted into the radially
enlarged tube through the insulating material, said inner circumferential
tube is in the electric floating state with other duct portion, and said inner
circumferential tube constitutes the duct portion even in this case.  Said
plasma treating portion is the processing portion treating the object surface
to be treated. = When the insulating plate is disposed between the initial
end side of said duct portion and said plasma generating portion and the
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 plasma transporting tube of the present apparatus except
said plasma generating portion and said plasma treating portion, and in
many cases, the whole duct portion has the electric conductivity. But, in
the case that the inner circumferential tube is inserted into the radially
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the p a(l)s%ea{ crey n par |ncyu Ia{[rUkl)re1 t hee géasse that the inner circumferential tube
is electrically insulated with the outer circumferential tube, the bias
potential is applied to the inner circumferential tube. The bias voltage
may be applied between the inner circumferential tube and the outer
circumferential tube, and also the bias voltage may be applied between the
inner circumferential tube and GND, in other words, the applying formation
can be selected preferably. In the positive potential, the positive ion is
pushed in the transporting direction by repulsion, and in the negative
potential, electron is also pushed in the transporting direction by repulsion.
Which electric potential 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
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potential is applied to the inner circumferential tube. The bias voltage may
be applied between the inner circumferential tube and the outer
circumferential tube, and also the bias voltage may be applied between
the inner circumferential tube and GND, in other words, the applying
formation can be selected preferably. In the positive potential, the positive
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[0054]

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.

[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 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

efoéﬁ@'@gtéfégleI@ﬁéﬂild ARG N RAURHBANGES. AEFREHRYLO Y at

19th form of the, present invention, since one or combination of effective
1608008 HidmesHRIGIHY HTRIRYEA R LR S dreobaRtEhg SRENINg
effecsaad plasmsaiad\dmopiet pegmisviey sead itonsatisiycs ddplet saddcpdasma
adggﬂgmgnpgtﬁ_ possible to improve still more the droplet removing effect of
the said ‘droplet removing portion disposed in said plasma advancing
h. [0055] According to the 20th form of the present invention, since
said Azt eftintvedotadedd st Heimy wietbesaicbaBadtireseletioent sreed agaid
_ ) “itis.passible: (o : o i o
BTN biACOTe IR AUUTE dodesgmogin. 1 o
POSRPARCIRY iRROKO 5] hEReFgin B BHORIESt FEMPYINRe piissdnp! the said
drap¥entismnosiimes saiti odialisples being suid plsaideHdotveigigmelit s set at
[ -90mm, it is possible to improve still more the droplet removing effect
of the said droplet removing portion disPosed in said plasma advancing

path.Amﬂi %c’tﬁdﬁh@ t82RE JORA R BPtF@%@%nﬁH@@H%ﬁ, siRee said
besdidgbenditg nuehey keieg sihedtisaffieefivetidaieone nisissett at 3-1, itiisis
ible to. impr i re the dro f ' ct i :
PO ot et AR SR AN et i e
droRiebrainy e P 28He foris RA B8l presaist PIdsHIBrAARAC Mt immation
[o@E83nding angle being one of said effective element is set at 150-90

e SERETTISE AR AN Bl S8
sumaRRatjoosw bending angle being one of said eftective element is set at
150-90 degrees, it is possible to improve still more the droplet removing
effect of the said droplet removing portion disposed in said plasma
advancing path.

[0059]

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>
[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 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
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droglet removqu effect of the said droplet removing portion disposed in
Pladgid a8mh A4S VARG path. <BRIEF DESCRIPTION OF DRAWINGS>
[006B])GI& % ia gnetphl|dexgsahelstanxwmggltaaenrefaa:mexamplleg)thleeeffect|ve
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partially enlarged cross section dia m of t er circumferenti Itube
be@@'ﬂ%\ﬁH{ﬁH@HMﬁl&%l B@uﬁ@%%ﬁ %@”Qﬁ‘glé%ﬂg%rn%ﬂl?\%d)bleﬂ to be

treat@p)diapetlmmdlageam of the droplet coIIectlng plate 38 and its structure
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length of the plas path L(mm the diameter D(m
SU'B‘éﬂﬁiIﬂj“n%ﬁf‘é?%@a%%‘e e6orRdi G%Btﬁﬁgt%ﬁ%@%i%t@@%‘e the
ardreateshperalun B(mpaﬁdstlﬁeadawmtrmgw shoiwing the correlation

amo f

v A B T ST a P aslERy eniarged
tubeG 6 is an outlined configuration diagram of plural radially enlarged tube.

FIG.Flie.d torcepior pirgraiiaghaminh ywiogs/aeinacton iegonenffdwas of

tw(ga]%my’eﬁ #the %HQ%%J'G .8 is an outlined schematic diagram of another

asma generating apparatus concerning the present

inve G iy 2isoal Baslanaematie dinasameabameie naxHeRsiat the
plafﬁﬁﬁ@egeﬁéi’@tr@gilékb)pgfé@u@e@oﬁw@@rﬁldﬁ%wpﬁe@@@uthn@ﬂﬁ@hematlc

diagga é’fu DL AR a6t>‘8‘mpc!“r‘a§f fe BIRS A X9c>|an a@‘ﬁ'” ﬁfaogi% 1€ field

COI’]CG pres nventl 1 ISane

forgﬂﬁﬂvlﬁg{ﬂfﬁer@@@'l‘h eHrgefktlRema passes through the eccentric
passaE® 1ol o4 theaRABHréchematic diagram of more 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 explanation diagram showing the aperture with the
eccentric passage hole 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
plasma generating portion
radially enlarged tube
3a wall surface
cathode
plasma advancing path
trigger electrode
connection advancing path

N O o A~
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disposed in the radially enlarged tube. FIG.12 is an explanation diagram
showing the aperture with the eccentric passage hole 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 genﬁqgnpg)@,qgiiﬁa Ecgﬁ%q{ly enlarged tube 3a wall surface 4

cathode 5 plasma adyanchF]Eg path 6 trigger electrode 7 connection

advaiing gatho 94O SIS AFNAYEFREHOD introduction side bending
portidn 7c disdtzaggesgidderdidmggybotio8 anode 9 plasma mixed with
dropjet (droglet srixing plasma) 9a plasma flow 9b plasma flow 10 arc
power supply 12 plasma processing portion (plasma treating portion) 14
objeét to beRIBsRa THIRAsHENSBIBRSHJFRINSEIRINEIG RiAsmEdr 18
dropss 20 dpdgdehadlleating portion 22 vibration magnetic field generator
22a gigratio |g§gc?ef‘igyﬁeld generator 13 radial direction magnetic field
generator 23a radial direction magnetic field generator 24 straightly
advating rRAgRANeleRYBBherator 25 aperture 25a eccentric passage
hole12 plasma processing portion (plasma treating portion)

14 object to be treated

16 plasma stabilizing magnetic field generator
18 droplet

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

39 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 35 outer circumferential
tube 36 inner circumferential tube 37 droplet collecting plate for radially

reduged tubg % hopleiecaliedipe AIgie 188 fAuaMARgRAD discharge

side radially reduced tube 40 Stepped portion 41 straightly advancing
tube?94 42 PIRSHSSRAAAHY IR NSHERHIBIMG plate 44 processing
portidf sideimsuilating piatkedélinsulating material 48 bias power supply

49 pygbe pog\(ggw%/r 20 9rture 51 aperture 102 plasma generating
portion 104 cathode 106 t%%er electrode 108 anode 109 plasma 110

powé&PsuppRF228 PRWRE$HBRYSsing portion 114 object to be treated
116&plasmastahilizing magnetic field generator 116b plasma stabilizing
maggetic fieé(%gﬁu%ator 118 cathode material particle (droplet) 120

droplet collecting portion . .
102  plasma generating portion

104  cathode

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

<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. The
plasma generating apparatus having the plasma processing portion may
be referred to as the plasma processing apparatus.

[0063]
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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
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racaﬁlbfg%ﬁaw)@dst% Fhe sT@@éewﬁ@ﬁﬁzﬁﬂf@ﬁ@agapm@ |K|t&|09rﬁtmaﬁt¢d
to the isieaiealrendiabeast tiaglinityniatgad Sine S diarycarmneséanube 34.

[ \lancing path 7 is connected to the preceding stage of the introduction
Si

radially reduced tube 34. [0064] The straightly advancing tube 41 is
arraridi sifeieth By tae asiig Yeberdinty porasogdanbdeatddotiiedlasma

geﬁdV@mﬁ\%@ﬂ‘ibﬂ B, aém&qﬂdtbmwwmmgwﬁimizaawhged
thrE)huegRenfqm%aarl]ﬁ eoenélng portion 7a with the bending angle 61 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
bending portion 7a of this connection advancing path 7. The radially
enlarged tube 3 and the introduction side radially reduced tube 34 are
connected so as to intersect each other through the introduction side
bending portion 7b, and the bending angle 862 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 6(=61+82+63) 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 from said straightly advancing tube 41. The droplet advancing
path 32 is formed in said straightly advancing tube 41 ahead from the
main bending portion 7a of this connection advancing path 7. The radially
enlarged tube 3 and the introduction side radially reduced tube 34 are
connected so as to intersect each other through the introduction side
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circumierence o € plasma generating portion 2 and stabilizes the
plasma. When the arc stabilizing magnetic field generator 16 is
disposed so as to make the applied magnetic field to the plasma in the
reverse direction (cusp form) each other, the plasma is stabilized more.
In addition, the plasma generating portion 2 and the straightly advancing
tube 41 are electrically insulated by the plasma generating portion side
insulating plate 42, and even though the high voltage is applied to the
plasma generating portion 2, the front portion from the straightly advancing
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 also
disposed between the discharge side radially reduced tube 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 limited as far as it does not shield
the progression of whole arc plasma. Furthermore, the plasma stabilizing
magnetic field generator 16 is disposed on the outer circumference of the
plasma generating portion 2 and stabilizes the plasma. When the arc
stabilizing magnetic field generator 16 is disposed so as to make the
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synfﬁceusrpzfg ntIEPetH §|3ISS I%waecggﬁtree% Baer(fgu% pqasma parameters can be
measured from this peak value and period etc. In the case that the
probe power supply is not connected, the potential of the duct portion
becomes equal to the plasma potential, and it is possible to measure the
plasma potential by connecting the synchroscope between the duct portion
and GND. Since the plasma in itself has the electric conductivity, said
content can be understood because of that the potential of the duct portion
reflects the plasma potential.

[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 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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addition, when the plasma flow in the inner circumferential tube 36 is
discharged, by the radially reducing action from the inner circumferential
tube 36 to the discharge side radially reduced tube 39, the droplets
scattered to the inner side wall of the inner circumferential tube 36 can be
prevented to join to the plasma flow 9b and to mix again.  The droplets
18 jumping out from the discharge side bending portion 7c¢ advance
straightly and are recovered by colliding with the inner wall surface of the
discharge side radially reduced tube 39, but the plasma flow curves along
the discharge side bending portion 7c 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
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 that it is possible to remove efficiently the droplets in the
plasma advancing path 5.  Besides, it is possible to constitute easily and

29



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
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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.

[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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possible to perform smoothly the plasma generating treatment without
decreasing the running efficiency of the plasma generating apparatus.
[0070] As for the introduction side radially 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
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[0072]

FIG.2 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.

[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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arrangement, after the droplets were adhered and recovered by colliding
with the neighborhood of the stepped portion 40 and the inner side wall of
the inner circumferential tube 36, even if the droplets mixing in the center
neighborhood of the plasma flow are discharged from the inner
circumferential tube 36, the droplets advance straightly and are adhered
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the droplet collecting plate 38.

[0074]

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.3, 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,
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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lineage elaboration and the pear tree place elaboration can be used for
said rough surface processing 38a. For example, as for the lineage
elaboration method, the polish treatment with abrasive paper is used. For
example, as for the pear tree place elaboration method, the blasting by
alumina, shot, grid, or glass bead is used, and especially, by using the
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thealRiter [BféBInference of the discharge side radially reduced tube 39.
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
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 which the connection
advancing path 7 is connected, the first magnetic field generator 26 and
the bending magnetic field generator 28 are disposed, and the second
magnetic field generator 30, 30 are disposed on the outer circumference
of the connection advancing path 7 and the introduction side radially
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[0077]

In the plasma generating apparatus 1 concerning said constitution,
by the droplet collecting portion 20, the droplet removing portion of the
plasma advancing path 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.

[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
with the connection advancing path 7. The droplet collecting aperture 51
is arranged near the opening of the plasma processing portion 12 side of
the discharge side radially reduced tube 39. As for the aperture 50, 51,

there is used the circular plate type aperture of which the opening shape
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[0080]

As found from FIG.4, 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 3-1.
[0081]

The N/NO of the longitudinal axis in FIG.5 (5A) 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 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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bending number NB and the droplet removing ratio. FIG.5 (5A) is a graph
diagram showing the correlation among the summation (=61+62+63) of
bending angle of the plasma advancing path and the droplet removing
ratio. Longitudinal axis N in FIG. 4 shows the droplet bonding number on
the object to be treated per unit area (2.5inchx2.5 inch). When, for
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droplet reduction condition can be satlsfled so that it is possible to

improve still more the droplet removing efficiency by using together with

the droplet removing portion of the present embodiment.

[0084]

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

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 element of said configuration factor is included. [0083] According
to the findings obtained by the present inventor, separately from said
configuration factor of said effective element, the arc current value in said
plasma generating portion 2 can become the effective element of the
droplet removal, too. FIG. 5 (5B) shows the relation of the arc current
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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 (7D) corresponds to the case that the
introduction side radially reduced tube 203 and the discharge side radially
reduced tube 204 are inclinedly arranged (62=-30degrees,
83=-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
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 (62=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 diagram showing various connection forms 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 linearly, so that the droplet D are collected by the
stepped portion and the inner circumferential surface of the radially
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straighd\plaagivancing magnetic field generator 24. The rotational
magnetic field is constructed by the synthesized magnetic field composed
of the vibration magnetic field BX and the vibration magnetic field BY, and
the combination of the vibration magnetic field generator 22a, 22a and the
vibration magnetic field generator 22, 22 is enumerated as the concrete
example of the rotational magnetic field generator of the present invention.
The helical magnetic field is formed by synthesization of said the rotational
magnetic field and said straightly advancing magnetic field. The
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 is
used, it becomes possible to spread the width of choice variously. [0086]
FIG.8 is the outlined schematic diagram of another example of the plasma
generating apparatus concerning the present invention. The same
numeral is used for the same portion as FIG.1, and its description is
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the operation and effect are described in détails for the different numeéral
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fieldBR FPRBHEisthig M wdlanaing drgastieffear@atiola sagnetieplet
m|>]2|n|é1j plasma 9 advances through said radially enlarged tube 3 while
being bent in the direction of the synthesized magnetic field. In the
same manner, in (9A), the rotational magnetic field BR(t2) is synthesized
from the vibration magnetic fields BX(t2) and BY(t2) at the time t2.  That
is to say, when the time t advances from t1 to t2, the vibration magnetic
fields BX(t1), BY(t1) change to the vibration magnetic fields BX(t2), BY (t2),
so that the rotational magnetic field BR(t) rotates from BR(t1) to BR(i2).
Therefore, when the phase difference, frequency and current value of the
alternating current supplied to the vibration magnetic field generators 22a,
22a, 22, 22 are adjusted, the vibration magnetic fields BX(t), BY(t) can be
controlled, so that it is possible to generate the desired rotational magnetic
field BR(t). Additionally, in the following, the time expression (i) 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 among the vibration magnetic field BX(t) at the time t based on the
vibration magnetic field generator 22a, 22a, the vibration magnetic field
BY(t) at the time t based on the vibration magnetic field generator 22, 22
and the rotational magnetic field BR(t) at the time t. In FIG (9A), itis
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of HesameywilugenmdttRg apparatus concerning the present invention.
The same numeral is used for the same portion as FIG.1, and its
description is omitted because its operation and effect are the same. In
the following, the operation and effect are described in details for the
different numeral.  As shown in FIG.10, in the radially enlarged tube 3,
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.
[0091]

The slant magnetic field generator is constituted from the straightly
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vibration magnetic fields BX, BY of the phase difference 90 degrees
vibrate at the same frequency, the rotational magnetic field rotates at the
constant strength. Therefore, said plasma flow advances through said
radially enlarged tube 3 while rotating circularly. In (9C), since the
amplitude BYO is set to be smaller than the amplitude BXO, and the
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ad S¥RtIAGIZMIheaERMtUe 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.

[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 advancing magnetic field and the radial direction magnetic 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 passage hole 25a is formed at the left side
in the initial end side aperture 25, and the eccentric passage hole 25a is
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[0 rture 25. [0093] Small droplets D accompanied with the plasma P jump
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shadvantce thaplasn@edaperture 25 disposed at the initial end side of the
radially enlarged tube 3, the eccentric passage hole 25a is formed at the
left side of the figure, and the plasma P passes curvedly the eccentric
passage hole 25a of this left side.  As shown in (12B), in the aperture 25
disposed at the final end side of the radially enlarged tube 3, the eccentric
passage hole 25a is formed at the right side of the figure, and the plasma P
passes curvedly the eccentric passage hole 25a of this right side. As
well as the droplet separation due to said slant angles 62, 63, the
meandering separation is added in this example, hence the droplet
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

diagram showing 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 curvedly through

the eccentric passage hole 25a of the aperture 25 disposed in the radially
mv%rp,lﬁégpd tube 3, the small droplets D accompanied with this plasma P

jump out outside at the bending time of the plasma P. The small droplets

D jumping out to the initial end side are removed by colliding with the wall
<INDIFSERFALeAPPILICABILTRY small droplets D jumping out to the final
00@1}1 side are removed by colliding with the wall surface of the final end

sid erture 25 not illustrated. [0095] FIG,12 shows the aperture
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[0097] The plasma generating apparatus of the present invention arranges
the droplet removing portion in the plasma advancing path, so that the
uniform plasma flow with high purity can be guided to the plasma treating
portion. In addition, by forming the radially enlarged tube in the plasma
advancing path, the droplet removing portion can be constituted easily
<Cing8eaply. Furthermore, when it is used the high purity plasma that is
generated by the plasma ?eneratln apparatus of then%resent invention,
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3. con Cteo‘asma generating apparatus according to Claim 1 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 plasma generating apparatus according to Claim 2 or 3, wherein
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.

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

44



said radially enlarged tube. 3. The plasma generating apparatus according
to Claim 1 or 2, wherein said tube axes of said introduction side radially
reduced tube and said discharge side radially reduced tube are disposed
S0 as to intersect each other. 4. The plasma generating apparatus
according to Claim 2 or 3, wherein said plasma advancing path includes a

inn%F%%WrﬁgYéﬁﬁE]Qﬁ‘E}é‘?’ said introduction side radially reduced tube is

connected vertically or almost vertically to said straightly advancing tube,
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of an inner circumferential tube and an outer circumferential tube, and
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that said droplets are removed by a centrifugal force.

12. The plasma generating apparatus according to Claim 11, 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.

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 removed by a centrifugal force. 12. The plasma
generating apparatus according to Claim 11, 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
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wh%?glﬁa'dbqggt\})(f{age IS applied to said duct portion.

18. The plasma generating apparatus according to any of Claims 1to 17,
wherein a quantity of physical property is measured by inserting a probe
into said duct portion or by utilizing said duct portion as said probe.

19. The plasma generating apparatus according to any 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
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electrically insulated with said plasma generating portion and said plasma
treating portion. 17. The plasma generating apparatus according to any of
Claims 1 to 16, wherein a bias voltage is applied to said duct portion. 18.
The plasma generating apparatus according to any of Claims 1 to 17,
wherein a quantity of physical property is measured by inserting a probe

saigtoaldl SHShRA RN Qi Afitjrdng sRidAuskpaten as said probe. 19.

The plasma generating apparatus according to any of Claims 1 to 18,

24 wheldiff SRS HRBFAEII ARMUGRS BETOLHGH [RiaRet ChRIRnG to 23
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in éqtaﬁ?gésopﬁﬂ}i_%@_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 46 said summation of bending angle is
set at 150-90. 24. The plasma generating apparatus according to any of
Claims 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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