<SPECI FI CATI ON> PLASMA GENERATOR [0001] The present
invention relates to a plasnma generator in which
pl asma can be generated by perform ng of a vacuum are
di scharge. Mre particularly, the present invention
relates to a plasma generator in which, in a case of
repeati ng a sequence operation including start,
sustai ning and stop of the plasma for a long tine, a
projection end of aSPRECRAMATEION>ace having finely
i rregul ar shape becones a plasma em ssion point in
the cat hode surface emtting the a and anot her
proj ection end becRidsMa GeE @%ha em ssi on point in
next start of plasma when sald projection end is
consuned by em ssion of plasma, so that the plasm
[0@Mh be produced intermittently for a long tine.
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an arc discharge occurring between cathode and anode, and is the plasma formed by
cathode evaporation substance of the cathode material that evaporates from a cathode
point existing on the cathode surface. In addition, when reactivity gas or/and
non-active gas (rare gas etc.) are introduced as atmosphere gas, the reactivity gas
or/and non-activity gas also are ionized at the same time. By performing film
formation and ion injection to solid surface using such plasma, the surface treatment
can be done.
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In a plasma generating portion of the plasma generator, under the state that an



trigger electrode. In the plasma generating portion,
vacuum are plasma constituent particles such as
cat hode material ions, electrons and cathode nateri al
neutral particles are emtted by vacuum arc
di scharge, and at the sanme tine, cathode material fine
particles (called droplets as follows) in size from
subm crons to several hundred nmicrons (0.01-10000m
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cathode material surface to the shape of a plane is disposed with a driving device to turn
the cathode material. It is not illustrated, but even when the plasma generator of
FIG. 7 is intermittently operated for a long time, a cathode turning mechanism device
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abrasi on devi ce abradi ng the cathode surface by a
grinder. That is to say, in the case generating the
next plasna after the formati on of em ssion bore 104b,
in order to assure a desirable contact between the
trigger electrode 106 and the cathode surface 104a,
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In addition, since a plurality of emission bores 104b are formed on the cathode
surface 104a with increase of the contact number of times with the trigger electrode 106,
there was necessity to form the flat cathode surface again by grinding the cathode

surface 104a regularly to operate the plasma generator intermittently for a long time.



Therefore, the abrasion device of cathode surface is
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The third form of the present invention is the plasma generator according to said
first form, wherein a driving mechanism is connected to a base end portion of said
trigger-and-anode, so that said trigger-and-anode can swing for repetition between an
arc plasma starting position and a plasma collision avoiding position as a fulerum in
said driving mechanism.
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The fourth form of the present invention is the plasma generator according to any



of first to third fornms, wherein said
trigger-and-anode is forned in a hanmmer shape having
an anode base end portion of a narrow wi dth and an
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| em ssion n asma can be generate
deyies-si stently. The tip of conventiona
trigger-and-anode is formed in the shape of a stick.

Accordin when the plasma is generated by making
<Eiffgets of thy Fgﬁﬁ@>anode come in contact with said 6

[0023] :

According to the first form of the present invention, by bringing the projection
end of cathode surface having flatness or minute unevenness shape into contact with
the anode surface having flat surface, the arc plasma generation can be induced through
flowing of electric current inte said contact point. When said projection end
evaporated by emission of arc plasma, at the time of next plasma start, another
projection end which can be brought into contact with said anode surface becomes a new
plasma emission point, and the plasma can be generated persistently. The tip of
conventional trigger-and-anode is formed in the shape of a stick.  Accordingly, when

the plasma is generated by making the trigger-and-anode come in confact with said



cat hode surface, the em ssion bore having the size of

tip dianmeter of said trigger-and-anode is fornmed on

said cathode surface. In a vacuum are di scharge, the

cat hode material with which the em ssion bore was

filled is emtted as plasma or droplets. In addition,

since cat hode point has a property to nove w t hout

staying in a constant point, the cathode surface is
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rlgger and- anode and by this driving nechanism the
[00g4]i gger - and- anode can nove for repetition between the
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arrive at the trigger-and-anode, the electric discharge can be maintained.




7 [0025] According to the third formof the present

i nvention, since the driving nmechanism is connected

to the base end portion of said trigger-and-anode so

that said trigger-and-anode can swing for repetition

between the plasma starting position and the plasnma

collision avoiding position as a fulcrumin said

driving nmechanism the stable swi ng notion of said
[00BB]i gger - and- anode can be realized. Swing of the

tri [1= I riVi - .

e éﬁ:g%ldlsn%qg rtg%s ﬁﬁgdnﬁgz}l%f \tél#: %%ﬁk 11'Bre%1p§n, g:ﬁlgé/ %}Eegdrwmg mechanism
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ent

menrane bonds to circunference of
ffo@é’i FGH@P pgRrEuEniikesyiakle renghiEien a¢PtRect r o- conduct i ve
[oopgbr ane bonds to an insulator of anode
ci rcunferen s an. angde an

al
¢ o ATPEIETS 108 SRbRP PR PR PSSRt GUSROTaCTen IR g ognes
or ﬁe&l&a&mghetma usenighkagtippod pbiton ofasid rriggerendibmpde a plasma

str%am?] L h1enta élgéh[lg qg dﬁ% g fgn hd %%gﬁgﬁt&g t %Wegtrﬁﬁxgoqtion 8f said

i"On,
trlgsr -and an@da/@lctm@de bem@tent@l t s agemiwinnes benvds toehrameagence of

L Q- agllaﬁ? el\?ﬂ‘féx{mgﬁﬁi cdnﬁu&[vreq{iaﬁgraﬁﬁ bbite tB'aB 1nsu1ator

en ortiron of sald tri gger - and- anode_ so that an
of a@loé% Elr g BEaceris Pt A GER I FGHoTDThE® & B aRe use efficiency

of é%ﬁf)&ﬂaﬁen QhateAhlddcid BELhecaRsk ﬂl@cﬁﬁporhﬁ@l 1r&|t@$d1&ccurred from the

ing in front of t nod of s
cathloqaaRt I oA SathSBR UL it “AgPyreg ysser-and-anode
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plaglﬂg sﬁ%ﬂ'ﬁlé)ﬁcﬂ&ﬁeof the anode surface of said trigger-and anode is converged
and accordingly activation and high ionization can be achieved. Magnet can be
disposed in the inside of trigger-and-anode or the outside. Especially, when the
magnet is buried in the inside of anode, the effectiveness of magnet increases because

the magnet surface does not touch with cathode. Plasma is concenfrated to the



t he magnet surface does not touch with cathode. Plasma
is concentrated to the 8 vicinity of anode surface by
el ectromagnetic interaction (Lorenz force) between the
magnetic field of the permanent magnet or

el ectromagnet and the plasma, so that a plasm

hi gh-density donmain (plasma plune) can be forned. Wen
neutral atonms emtted fromthe cathode is incident to
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cathode material instantaneously when the cathode was consumed. In the vacuum

arc processing methed, it is desirable for vacuum chamber not to be opened as much as



cat hode material instantaneously when the cathode was

consuned. In the vacuum are processing nethod, it is

desi rabl e for vacuum chanber not to be opened as nuch

as 9 possible to prevent the m xture of inpurities

and contami nation fromthe outside. By installing the

cathode material |oading device of the present

i nvention, cathode naterials can be supplied w thout
poszidea tapreventahe sitxigre tf ivgpuuities ehd rdpdamirsdion fieein tHeeutside. By
. f N L1y [ :
e B o B e BB ioh, cathoce
maggrialp capbe seppliginvitheutomeniag o irtosingorageu s shpmher so that the
p1a%&fm1ﬂp%d\aa&1git9 B8 gerBRitRY bRy RIr3C8Hy titdae cat hode

materials can be supplied to the cathode materi al
[0938hd| ng device, so that the plasnma can be generated

COMdcbtddhd Yo fireighthl fong of tHEprelie inenplotl) & fHe)st@bge room that

B Ro o e stais B R oF Eareh e g B TR e BRht fdbtied to the

cathadematpidl doaddig ddeceproties shaplapmeces be gefaratddaonbneslly for a
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1011%&%6199" NL J‘g%galﬁg q%&*a?é%e@g ects PR %eF% %%?%%%?é@g&tmn, the

erial's can ‘sequentiall :
plagparpneceseingtdaa Reaearviad ohhivbidout Sverrnaiionpither proegssing process.

FubifRHA el §5eRNHe EOMLANMDALAND afAR Rl ShkAtAE matBF A8 can be
Description _of the Draw.ngs>

, g , _ 0031] [FI 1] F 1
supplied segEeRtiHl WitbRwhapsn i°5§¥‘%r¥?6fdné %ﬁ%ﬁa sgewé Jeigpare of
imPhritifeard @8 enhinhfive bl béwestthink®& 21 FIG 2 is an

enl arged di agram of the plasnma generating portion in

FIG 1. [FIG 3] FIG 3 is a schematic diagramof a
<BeiehDagtipsibabftHeddraeengst-he proj ecti on end of cat hode
[Oa%li{/f ace and the anode surface concerning the present

I'nvention. [FIG 4] Fig. 4 is an explanatory di agram
[FIé%. 1t he tri gger-and-anode of active anode type

FIGONRE! QAo dt Qﬁl&ﬁeﬁﬁﬁﬁ&#&&vﬁ' A1 8na Edefatoddf th Grestnt iBvéntion.
schemati c diagram of the trigger-and-anode of active

[Fi4ndHe type concerning the present invention. [FIG 6]

FIE! s £ drBarkes Abgp@hiof tii gemadp@lerdthey pris Heehar at i ng
]ggrii on providing the cathode nmaterial |oading device

Floiter ni ng the present invention. [FIG 7] FIG 7 is a

FIG&chenmbilenditzgliagraof ofteh@npichstmte jewerathaprojpotien emd pieathode

su%a(%oﬁl\ﬁecﬂg iaﬂQ@é surface concerning the present invention.

[FIG. 4]

Fig. 4 is an explanatory diagram of the trigger-and-anode of active anode type
concerning the present invention,

[FIG. 5]

FIG. 5 is a schematic diagram of the trigger-and-anode of active anode fype concerning

the present invention.
[FIG. €]
FIG. 6 is a schematic diagram of the plasma generating portion providing the cathode

material loading device concerning the present invention.

[FIG. 7]
FIG. 7 is a schematic diagram of the plasma generating portion in a conventional

plasma generator.
[FIG. 8]
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pl asma generator. [FIG S| 10 FIG 8 is a schematic
di agram of the plasnma generating portion in a
conventional plasma generator. <Explanation of
Ref erence Nuneral s> [0032] 1 vacuum chanber 2 pl asma
generating portion 3 cathode material |oadi ng device
4 cat hode 4a cathode surface 4b, 4f projection end 4c
cathode extra material 4d, 4e projection 5 plasm
FIGI 8nis 0 kthchghtitudiagrsm of ithE @lasaiadgaResttng pértioh Pines Gonventional
1 ortion 6b base end portion 6c anode surface 6d
P ®B&Dl asma col i sion avoi ding position 6f
pl asma generating substance 8 plasma 9 first plasm
el bt LA Kxpepand pl asta gul ding port] on 12
processing portion 14 processed object 16
Kﬂﬁﬂplet capturing portlon 18 dropl ets 20 dropl et
1 em ssi QRcelih@ehiBE: 22 are power supply 24 limt
reS|stance 26 insulation introduction term nal 26a
2 i nsul alag seesRtiRg PSHR er i nal 28 dri vi ng mechani sm

3 cathode material loading device
4 cathode

4a cathode surface

4bh, 4f projection end

4e cathode extra material

44d, 4e projection

5 plasma transporting duct

6 trigger-and-anode

6a tip end portion

6h base end portion

6c anode surface

6d magnet

Ge plasma collision avoiding position

6f plasma generating substance
plasma

first plasma guiding portion

10 second plasma guiding portion

12 plasma processing portion

14 processed object

16 droplet capturing portion

18 droplets

20 droplet emission direction

22 arc power supply

24 limit resistance

26 insulation introduction terminal

26a insulation introduction terminal

28 driving mechanism

30a are-stabilizing magnetic field generator
30b arc-stabilizing magnetic field generator

11



30a arc-stabilizing magnetic field generator 30b

arc-stabilizing magnetic field generator 11 32

connection term nal 34a gas introduction system 34b

gas exhaust system 35 induction magnetic field

generator 36 induction magnetic field generator 38a

cat hode material ion 38b cathode material ion 40

el ectron 42 neutral atom or nol ecul e 43 pl asna
32hi gh- depsshdcyiofesrmiinal( pl asma pl ume) 44 magnetic field
3446a neut r al ai‘ogn em ssion direction 46b cathode

Fat eri A2 BRCBITSE P B i rection 46c cathode nateri al
34bon enigssiegmawit spteinon 48 el ectronic orbit 48a

el ect r qpj j oom 52 | oadi ng nenber
3554 vacaggﬁg%%ﬁr}%%%leégﬁgﬁ 8%%??%9 menber 58 pushing out
36 mec haniisfuctop hagngtip feldaenegir102 pl asma generati ng
38pOr t i onaeddfid neathgden 104a cat hode surface 104b

em ssion bore 106 trigger electrode 108 plasma 118

38Br opl etcainyedrypratioRni ssion direction 122 arc power
40suppl y elédfrohi Mt resistance 126 insul ation

42i ntrod %%hitr%? a%o%{ gx]: 1%8‘llecule

43 plasma high-density domain (plasma plume}
44 magnetic field

46a neutral atom emission direction

46h cathode material ion emission direction
46¢c cathode material ion emission direction
48 electronic orbit

48a electronic orbit

50 storage room

52 loading member

54 vacuum bellows

56 supporting member

58 pushing out mechanisimn

60 loading portion

102 plasma generating portion

104 cathode

104a cathode surface

104b emission bore

106 trigger electrode

108 plasma

118 droplet

120 droplet emission direction

122 arc power supply

124 limit resistance

126 insulation introduction terminal

130a arc-stabilizing magnetic field generator
130b arc-stabilizing magnetic field generator
134 introduction portion

12



130a arc-stabilizing magnetic field generator 130b
arc-stabilizing nmagnetic field generator 134
i ntroduction portion 12 140 anode 161 inflow portion
162 outfl ow portion 164 cat hode cooling nmenber 165
fl ange 166 observati on wi ndow 167 controller 168
flange 169 fixing nenber 173 baffle plate <Best Mdde
for Carrying Qut the Invention> [0033] Enbodi nents of
140 plasnaugenerator of the present invention are
16$xplalneﬁ bas 1011on the attached draw ngs in detail as
ol | ows FPhe present invention, the plasna
16@eneraﬂm¢ﬂmn@hddms both the device that installs the
| asma n processing the processed
16gbject(Bﬁgﬁg%gag&V@%gB?gat does not install the plasm
16%r ocessfiangeporti on. The pl asma generator having the

160! asma JM:06a855h MndF tion nay be called the plasm
roceSS|n9HﬂeV|ce In other words, said plasma
generaﬁBPr " be also called a vacuum arc evaporation
168evi ce,flangeacuum are pl asma evaporati on device, a
16gathodeﬁare evqporatlon device, or an are ion plating
evi ce.""S¥ BEVipor ati on device may be referred to as
178 | ayerbaffledk¢ ce, a nenbrane fornming device, or a
coating device. In addition, said plasma generator
~can be used for ecting ions. FIG 1 is a sectiona
<Bsethénta for C@F%?%@P%)’fheﬂﬁée%’ro&? ma generator concerning
[odd3¢ present invention. By prOV|d|ng t he pl asma

processing portiqn with s asma ener tor

erErRp ORI IE= P BT el 1 SEBE0 Fgeri g oo ined based
onlt80 3ﬂﬂacﬁé&dﬁmﬁmmﬁ at dolloofs. FIIG.thd presehgiventidn, the plasma

configured fr a na I, 0 i
ge{lﬁ-agorv %ﬁfﬂ’ﬂs ﬁ%’}}b g]$ %{"?éwge gt(r%o? | J_g%ﬂagg tthgr F)falsﬁ’lg Echersn%d portion
précefding tthpl lasmsec’g whrhngng e @chg th;tt SEED ntgpt pqnﬁga,lﬂa the plasma
pr%flssq?agorﬁ%ét | Of 102804 oBnddhfds ﬂﬁvﬁ%@ﬁ@ﬁﬁbﬁg p@&’é&dng@portmn may

sal gener ating I on a, cat

beaﬂﬂeththpmlaj@@ﬂrpr@ﬁ%fs@ﬁéé@% all@oth@awra@a% plsmA sgprafqanay be

Al S1IPPUE Lo SR Bl YevaBor bR U cd B vafiiulsh atd ;nmsmmwa@dtmonmme,
termnal 26. For_this arc power

ca@@ﬁé A5G ewp%g)@ d@amﬁ,oqw bcm g,lat?igg gﬁ‘%/ N 2, s&a evaporation device

may be referred to as a layering device, a membrane forming device, or a coating device.
In addition, said plasma generator can be used for injecting ions. FIG. 1 is a sectional
schematic diagram of the plasma generator concerning the present invention. By
providing the plasma processing portion with said plasma generator, said generator
becomes the plasma processing device.

[0034]

The plasma generator of FIG. 1 is hasically configured from a plasma generating
portion 2 formed in a vacuum chamber 1, a droplet capturing portion 16, a first plasina
guiding portion 9, a second plasma guiding portion 10 and a plasma processing portion
12. In said plasma generating portion 2, a cathode 4 and a trigger-and-anode 6 are
connected to an outside arc power supply 22 through an insulation introduction
terminal 26.  For this arc power supply 22, a general-purpose de power supply, a pulse
power supply, a de superimposed pulse power supply, or an ac superimposed de power
supply can be used as a power supply which can occur a vacuum arc discharge. In

addition, a limit resistance 24 (0.1-10 0) for restricting (adjusting) an electric current
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power supply, a do superinposed pul se power supply, or
an ac superinposed do power supply can be used as a
power supply which can occur a vacuum are di scharge.
In addition, a limt resistance 24 (0.1-10 0) for
restricting (adjusting) an electric current 13
flowng into the trigger-and-anode 22 naybe i nterposed
bet ween the trigger-and-anode 6 and the arc power

ﬂo‘?fﬂ%glny o e tr1§§ér» ar@sarfoﬁé ob Ry RRIiftepp REEDEtOded d{dmrigeﬁ-iﬂm&mode

ot her ortln ano are install El G
6 apd tbte PERROVES @BB]P y 224 gg amq rgoze pﬁe%gﬁg%orm in! this case, other
su d;!i At g‘agﬁde%%rd lﬂﬁslttglged so%ielémislsggdgpf agply {v @nseded ;cggplasma
u
trapEprgng et ot S plee Pﬁéf”?g"fémﬁl@?ﬁ%g{“%ggﬁg‘ls%% g s said
sufptitin® ahsde | 0OF covebep it thewmtd th yhadfysaidmdadas frensbonfies @mt is float
rting_an t ;
ele&ﬁ'g r})ar r]%ﬁ@la%gg % éu!gg&tt{n% rﬁl@ie REsth@led) tdh Be laid in a

ernor’e, anode can be used

duats aﬁuahewm@eaﬂmﬁfelpppﬂ!)&‘&}noﬂﬁ C@abeausmi 88 AR agavedeng

oﬁﬁﬁt'on 2, the plasma 8 and the droplets 18 from
cathode 4 are generated in m xtur e st

h L& RS Robite 18 from

t helrdpaig Wesma eeeer@ﬁmg.%h% Snihes Bl R £ ABHARS 94

caﬂﬁ‘:ﬁe l4&re %%ﬁ&fagé&?ﬂﬂ 4 )ﬁnﬁdﬂ@e 8jae. NOBedanfé ﬂ&;ﬁz@ﬁlehylS occurring from
net i C | e e r.t Q

sk ot # RS PSHER AT . B 1 gy el soGPr dmsti fpld. they

hadé apkeiesty cE@omadtmightog rpeens}mdnne EIGoh agfrogrkssstizecior pldroplets

18dﬂ-?ip 5 EJ?‘C?%‘%% tfhﬁecl%wn of }Tﬁﬁﬁsg %I’% BMLQ‘?E@ likk r’la&%@ r}h'ﬁﬁg plasma

en sai I's curvedly | ed
rasporithgpliadi gl Fufieg i cresie Bby SYYREReAL bl ifn e lasms

ABHRmed hhe fdr@nguibingyportion
&% ﬂlgﬁ g o %%?cdfuct}}e%%r%gdrrfg Eln e%tfagi fiel 3 gener atrg?ﬂSS %%1036]
9lsaméaleﬁprll@%@omsnat&nﬁ?}%ﬁelfi@e?ﬁé 9r8pl et capturing

@ jtion 16 and said plasma 8 travels to the second
asnma gui din ort 10.b et

Pr B fpists T8 el Pt SbieR o ok fafla end said. grome *
trBRId k@ Bhd Zedshit oilagrex fooidivg lphﬂllostu]:(} hpenagnetigtfipght Furthermore,

Bre 38 1 A BYHUISERSR thdasurs
oS o 1P BT TRRSEL 4 ks ot
trpatienb prd@ssiie &ot thei mycqgaesl ehirrtid hisiad gedbe EP??FBM raveling
thioy (ﬁ%[t% %355%%?1& shifhgmi-had1o.f R@Q@ﬁr&@fys chfbe introduced into

Adc asha processi ev“fe |nq;ud|n§n£q§omﬁmng

sepd &ém%@@@é@%ﬁlgw@?%?cfﬂ%ﬁe‘ieésaﬁgso Bt
adshehalfing the Jliend bﬁﬁ:@d’&lng poceod nmﬁ]lsandladsthemiasmhe genemator in

the technical t r
thpﬁges(egﬁ g)cvefl‘a%tﬁlmggsrlfl ti%d;m t?x %‘fcg‘%}?%f %X}Féqn%qtgggresh&qﬁzgntmn
(oot r al partlcles such as nDIecuIes and atons in

Bla?t | gor tjuen §f1QE$ rogﬁ)lm{a gaScluhe the rﬂe%@ﬁl Qﬁ&lﬁ@@ﬂ such as

inated fromth
n@lcepier and etpmmineplasha V@ﬂ@@?ﬁoﬁ B FRF 5 B EhititopeiZad gersed particles

(191!1 aslg%'agl gﬂa't&fgfrgﬁr ﬁHe%aﬁeraﬁSn heridlt va@orgihg drong asthode 4 of
it apor ation naten

pta@m@ gem@wénqgnpoaf‘ugqx gsﬁaﬁt F Egpgstp\ﬁ{ggtsegia%v&goratmn material.
ESYARoLAL | BRitIaRE had) ﬁl&&n@sprﬁéﬂsklﬁg\&nefﬁhé {Ehentm e evaporation
method? nawtrelasé follgvcs)rg/_\ 'Iqieeglceagt?gl %rren? /'i 60 [‘:‘preferably 5-5004, more
preferably 10-1504).  Furthermore, the voltage is 5-100V (preferably 10-80V, more
preferably 10-50V), and the pressure is 10-10-102Pa (preferably 10-6-102Pa, more
preferably 10-5-101Pa).

[0038]
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preferably 10-150A). Furthernore, the voltage is
5-100V (preferably 10-80V, nore preferably 10-50V),
and the pressure is 10-10-102Pa (preferably

10- 6-102Pa, nore preferably 10-5-10 Pa). [0038] 14
There is a case that gas introduction is not perforned
to the plasnma processing portion (treating portion)
12, but gas introduction system 34a and gas exhaust

S y ST 194 Qg&@ﬁma@ %a@!iﬁ?od%@ﬁ&?%t £R peﬁ‘oﬂﬁ&?foaflhe RIERES Brocessing

devi ce can or these “systens.

portinmt QttﬂaFmEg)Of'h@)d&sglﬂffﬁﬁsdHUE‘ﬁcﬁﬁn ﬁwﬁmqi%arﬂradt%ﬁs exhaust system
34H a0k d 1) 0 2R n Bt ed. 2d] AU b d36- %Ji@o@xﬂ‘éwéét cdrl BW BMAGML B¥r these

a vacuum degr (pressure) | e vaguum
syRR@Rber F POMEOHOR o e, SR C (A SoFpGdopRifaely sad by
adjd%hhg dhig bilRhsg A5wGRIRNIEY, AVt ot cegrek (piesdudre) ¢fl ths nhole vacuum

nd its gas nay be al so
Ch%WB ﬁé@ghgﬁ%%#gﬁ?ﬁhﬁﬁétplasna processing portion
QOﬂeatlng portion) 12 and the plasma generating

p or 'i‘fl% or%tﬁddtu\éﬁgﬁ g%g Cadl AL LAIMELLP @roﬂ?ﬁm‘ ﬁlaSﬁQ tg{ezQQlA%ﬁg portion 2,

Fasma processing_portion and pl asna
angetsegaatmmg bp @&qm ipfroduqed draey hetdr be @%%Pwaﬁﬁsw portion (treating

oghﬁctﬂ‘) ef£0hq the rﬂl%ﬁﬁ%ﬁeraﬁﬁg GRetiGASe tmtentﬂh@ mtroductmn gas is

react|V|t (% IS not used, rare gg @ é % .
infradnapd fromphaihétie plsmapiocerrbrgpatian Aad e pasme BRuFrape portion,
thé Rﬂfld' r&f 9iE mGASEdiffbhat. edatiheithyregBsoneapsdthat the reactivity gas

|atel 040] ThIS v
is ZBEREh PE SR BV OPa O e repitB0% I heBResze to be
coSSHRG aad irs titier edsectiicveattivitpizes inaly ) be goproprintelshemploptsl. e
10f ounds nenbrane can be forned easily. As

feactivity gas, there can be sel ectively enployed one
ki n@hisrrepitivital gakirpeiss wHOSEA evaOBHHOR RATHESS BHERAt0JEaR sources

su%llggg eatﬁ&i&ﬁﬁte&ﬁ%)ﬁﬁ AR O88IbIL d@pouﬁ&%@ﬁl@f&b@&aﬂ B8 formed easily.

C oXi d|
Asg@gc@w gqm;'xerq Wnol?edgqleqtnae]é'o%{lglgye e ]flg p@lﬁag Qihds chosen
frJrH 8 g@&ﬁﬁﬁﬂﬁfr@éérﬂm 2§ ijg%ﬂQOh)Vhﬁ@toMHﬁthtﬂl@caﬁpml gie@oHy, C2Hy,

I I ol
Clg;, ?gﬁp Etscﬁ'e"l“éf{ §§§cg?arggg%%d(§t , gg)n)g agino 81 to%%fi%roln%lte giaactmty,
the ieSptetration ob&act‘&etjr @S 1551 ek adgweted Ry Iﬂ}é{l%@_ld FOB&EP-

Ing%l&tfo% .lsllscqlaol g%l géfagl?cdmgﬂaﬁggﬂpﬁé LA B IeDh A al liquid can

generati ng portlon 2 conprises
bdmmdaashddaﬂﬂwﬂwm@Strlgger and- anode 6, the
ﬁ stabilization magnetic field generator
?e ectromagnetic COI| or magn 30a and 30b. Sal% |
cat Fbde24s|an gnlagepdc diagtasp| Pﬁ@%’i‘%gel?‘?ﬁ%n%é’ﬁgboﬁlent g¢ plasma
gchbAsig, ot N oiyrRiel Othe natiedbalks ths etsgderdntiqubdyg 6, the

| t duct
S Gere A L0 A PLPR ARSI i
Sadd lﬂfﬁmdlé 418 x ecirselbsimdyiog tiof mpit @mposéntpll elasulss pah ks formation
me%aﬁlﬁ S, ﬁxae gélgfﬂ%x‘?mé'e'f&tu% - SHASHRAG Cof g | ABABRNIr6perties are not

especially limited.  One kind of substance or more kinds of mixed substance of metal

simple substance, alloy, inorganic simple substance, and inorganic compound (metal
oxide, nitride) etc. can be used as said cathode material.
[0042]

For said metal simple substance, there are Al, Ti, Zn, Cr, Sh, Ag, Au, Zr, Cu, Fe,
Mo, W, Nb, Ni, Mg, Cd, Sn, V, Co, Y, Hf, Pd, Rh, Pt, Ta, Hg, Nd, Pb etc.  In addition,
for said alloy (metal compound), there are TiAl, AlSi, NdFeete. Furthermore, for said
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oxide, nitride) etc. can be used as said cathode

material. [0042] For said netal sinple substance,

there are Al, Ti, Zn, C, Sb, Ag, Au, Zr, Cu, Fe, M,

W Nb, Ni, My, Cd, Sn, V, Co, Y, Hf, Pd, Rh, Pt, Ta,

Hg, Nd, Pb etc. In addition, for said alloy (netal
conpound), there are TiAl, AISi, NdFe etc.

Furthernore, for said 15 inorganic sinple substance,
ihdrgasic asimpls, sﬁhst:ﬁtc@ thdeidrk anadil ste. f oAddBbEhIIyD Q’!Szg Qﬂﬂcmorgamc

oA TR B9 pr M PR Eom o RO hip ey b miture

1@12&@46)@@8 Iﬁhﬂzﬁltche CubdndesherMaideay e Morborer cfar irbide and said
S t Ti A1IC, TiC, CrN,
nfi‘ﬁ?féle ﬁiege z'[@ 011}'3?‘931 V\ﬁéﬁlﬁf %rﬁr 8 &)-E\'T Q’:c

sited for the
3bger and anode naterlal not to be vaporized, nanely

whenwhbe ik a@nged%r £l tylggéftenﬂdeﬁm@éf AReL Al 'n‘a{]tol'%t\%ﬁabﬁked namely

houl.d be ene at ed material formn
“B“&Pt thsnPleg™ar o ARt Fartég%-*r e¥RRITaligdEmateriad e g%nerated the
neltedilr doeoingduchd viep asgd npdzrmrmg pet biC t5O! tispehigh- a@l@@es 6 is an

t t th t
D RR AL oo AP TR LA e g s
tmpta*htu@ ndmee kuinisbﬁmlmtamﬂelayymoarenbm@amfmmmhbstance of metal
ﬁﬁiﬁéts cemcea%ﬂo% L‘iﬁg%%g{scesdﬁmgf@%gmlg% %gean%l 1nox%lauc c‘:o(zjlzpound (metal

nitri etc
Oﬁidﬁ,é?ltr e) etpheanhstused a$ said Iﬁrazgerané-aenciﬂ regdedlaf or The materials that

a PO Sl PRINYo! 9!5@.»@-15@:&{!)91@@ céth@(qeetl GRASG LB &’s%& Qppropmately It is

appropriately. desirable to formth

desiyadieto dpdn a%éﬂsgqrr%lﬁﬁw%? § &em stazdpss é‘@B]pé\OPPﬁ’r or carbon

e (crapiied al s (graphite). [0044] By bringing the
@@igger-and-anode 6 into contact wwth the surface of

% cathode 4 tenporarily and separating themafter
t hatBy Wrfrezieg Bettriggerspal-kndds Ggﬂtmemﬂaetdwimﬂvmﬁfacs af the cathode 4

te‘ﬁ?ﬁeo@%qﬁ %@E\%&%ﬁ%m&@ gﬁcgr %qe%{%ro%gctgg &pa r(:f{ 1s C%enerated between

ctrrc
sai@dtophwde clamrb@@rd@rwg@r and-geygie-Gn dmamd@lsseldetwmels ogwrs, the

clebat Itesnstanv@%wmearc%tmw %@%ﬁg{&%&%@a& BtDeAL @Y, that the
said tri nd- anode formati on
vefREE: P G005 s%eean%ncbaﬁo% agf gid gugagr-and-anode.  As for the

fot-maggle inradértl8BDbEe dntl postidles 6fa£id3trfg(gér anhd- §nm§ &rik absirable for

r S st or copper.
it G o e e b s iR ot Shrctonde sy WO orm, the
ogbr whlltof bggemdanatien 60 ef ﬁ'iggsr-améanhcﬁiﬁa&ﬁls b didated ﬁn&ﬂ’i @&Famics ete,

hl(ét theﬁﬁnh!?ﬁ{ %§ Hﬁz fgﬂ{)ﬁg rlé g et dc%rﬁ)ﬁ l'genﬂgﬁg g F%gy% anode As

a of r-an
foﬁ@ﬁéfm mat@ﬁaltof tlgg@;ﬂmalddinaﬁ@ B® iBanaierisl m&ﬁleﬁenaﬂromsnatemals such

ascg@@sal Ju&gaaerms BLbRin p%&!r?th%ﬁﬁ(:)g & & c&%&g@&nl}@ B7°C) of high
[tin 610 and W (melting poi nt % o}

mﬁ g po |nf1? ﬂG FR ﬁ%fn&rﬂ%ﬂa angeiabhomaphiter i al s,
Opaﬁferably graphlte [ 0045] The arc- stablllzatlon

ar o : Ia%cwstaglhzaggr? ?nra%tngtgc 593 g%xqgra orgogra%ddf!;O% are %1sposed around
the vacuum chamber 1 in the plasma generating portion 2, so that the cathode point of
vacuum arc and the plasma 8 generated by arc discharge are stabilized. When the
arc-stabilization magnetic field generator 30a and 30b were disposed so that the
magnetic fields applied for plasma are opposite (cusp form) each other, the plasma 8
becomes to be more stable. When the drawing efficiency of plasma 8 is given priority

to, or when the trigger-and-anode 6 is disposed at the position to face the cathode

16



t he vacuum chanber 1 in the plasma generating portion
2, so that the cathode point of vacuumare and the

pl asma 8 generated by arc di scharge are stabilized.
When the arc-stabilization magnetic field generator
30a and 30b were disposed so that the nmagnetic fields
applied for plasna are opposite (cusp fornm each
other, the plasma 8 becones to be nore stable. \Wen

oot wha @oﬁﬁd‘ dh@ﬂu@ﬁ €e Plogitk@sMRladna 8, ﬂig\é@)@h&l hﬁr@‘h&tl/c ﬂelds can
is | ose

[ r - and- anode_ 6
eGP e A B 10t P CEier R BUBA TIPS T AL BRs ondn AGREEE n this
odbes tthie brctd'aebmmtgnﬁmg@fuc pﬁehhgma&toxt 302 iapplangel] smgnéthevacuum

%?ngnl})?lg rlcr?(l}rlo gver gf%rﬁ olls gedésc,})g)s% | grrl] St%enew?ilﬁgtgrc <t)il gkge insulation
1ntred1artmn§e1ammlal %@t Qf@mthwﬂgﬁ &t the dndef dagyanmechatmdrer 30a i s
Bhdg@nged around the vacuum chanmber 1. However, it can

be al so djisposed in the vicinity of the i nsul ati on

i nt r BHect isonschematin diaspea obthecantstigate haiwednethermaoiggtion end 4b

o\f?:ﬁ’tr}ﬂhbﬂb @%@{5@@{4&%01‘ E@p%ﬁ% thé @ntoﬁe |s§rf§0956@e”§‘lg @% qé4 %Hé &bhematic
Q e contac St at e e V\B n e r 0 e e
e 00 P atoat HAHT bevits Thb R oreR v R 4b 0 S angle surface 6o,

THegprdciian thd 45 chndntht ia®iod €l bwar@ica chOi;niehﬁtoC@mtzﬁﬁ tat 3t @heact point.

et .1 he Ject nd 4 andth anode surf
2R R (et BRI el SR UL GBRE when e

tcigger-dndtanodertt aes @palalt@bﬁpacthepmthode sﬂﬂﬁ@eeflaedherdectm spark
I, esﬁtthétsthfe ngH@'thx@Bf‘blérJ?ﬁéB £ARAaLE bp%zgglec&p%gghen After that,

g ger - and- anod was separate
W&ﬁ%@@ péarﬁmaa ar drgplet ISeﬁrr@é*terlr ‘egpaipqiondecitappears.

by the generation of plasma 8 is induced by this

elec ri ¢ spark. After t hat at, the plasma

dr opf €518 1Pe sehma i fliagrg! ?Jfrtg‘ﬁ SERRgEtats @F@%ﬁp@awgweﬁm end
4{f@ﬁé?ﬁ]1e Ehgda3Buifaettoe JalRigBB| dlallpxagabam afl of E‘eg O Aisappears, and

%% %%08 et Wegrllf %EQOIIP% eCtt!hOEe omt l%y con%ﬂ% 1r£t? Gt ggﬁlth the anode

fe®project on
sdifsep ﬁear §‘ur‘dwdmmteh evmnoﬂecmnomnh@m de Afisdppemee sbyt fie vacuum arc

d(fé%h?x%getl&o biMer ki% E&mnngpﬂr c@ur%) ﬂ{eagﬁod\éﬁ str,rtt]fat:e] %c %ﬂ&q Secomes the

sur urt er nor e, pr oj ection
cathodppetted Iytherrlasrer e Agreribegh abgtenepe projection

cﬁﬁﬁ)geﬁ &b k?ﬁssadim ?Lﬁﬁ RieRDré; Bttﬁ;m@rl@ femsd refoasﬁgt e cAB®He surface always
C S e ca P em ssS

hr?@é geiug?ﬁe&@gisrﬁuﬁ é‘ﬂg\yge Ca&h ‘{115 J%%%ag% WOLh ﬁﬂg@ﬁd fog tinues to

réi@eass RndhéhetrdsctieRutijode bmﬂzﬁbelaﬂiwiﬁrm the @nthaineidwhape, and

SRS RGBTV D B IR o 2,

E@QatSJ r et r eat In other words, the cat hode surf ace

| A ﬂ-ﬁ )?%%&?Yﬁ@%%ﬁm%ge@%-aﬁdﬁ% oPE&iw%Caﬁa'o@é‘type

of ace forns good cat hode poi nt
In ot}ws]trlegeg ang-qnede b «of phagivat arsfedismgr paapet tGsk (clectromagnet or

pefh SOt - ﬁ@re@)"ﬁdﬁ‘rﬁﬁgeﬁm | MBctR0gesihYdPthe mhPndthel is burled in the
t rig er an active anode t

trlgreé"- 8% &t Perﬁ’é‘Pﬁ%ﬁf@ﬁ%n%@ Fsy)to F Higafeih g g eﬁr magnetic field
4Radrkaa bl Yneatk BERafied cdpheelen&ty éfdink uf inagndtit foive increases near

the anode surface. Therefore, in the vicinity of the anode surface, the electrons 40
emitted from cathode surface 4a coils around the line of magnetic force by Larmor
motion, so that the density of electrons near said anode surface increases and the

plasma high-density domain 43 is formed with ions attracted to said electrons.
[0049]
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trigger-and-anode 6, the pernmanent nmagnet is easy to

be treated. By magnetic field 44 occurring by neans

of magnet 6d, the density of |ine of magnetic force

i ncreases near the anode surface. Therefore, in the
vicinity of the anode surface, the electrons 40

emtted fromcathode surface 4a coils around the |ine

of magnetic force by Larnor notion, so that the

den@iém e @baedni® eﬁmmw ci8tted RAAdetIHUES Meoh RENQAFESirection

3Pt L RRET el e 4B P s LT i

(Bhend ploumed acy ﬂyptcaﬂﬁ shenid, betcthé reiioddt sfeedeh padiele ionot illustrated.

TSR HREEL U A e R Gl ORI 87 e oo
c%rpbfaslﬁafqymdréyonat@ plppie geneyatigpsvbdtanont T éhls ease if the tip end
pglﬁwsaqifsea%ggaf éﬂtﬁéxﬁ:db% i @he hibddd %hffeéee& is f&ﬁedtff&n substance

tion sai d i gger - and- anode active
diffpsentofrom tie fathage darthe @éasee cognigsgsie ofafvey kmﬁlrs b plerpesyis can be
g&Q@m@Hasna generating substance. In this case, if the
ﬁ end portion 6a of said trigger-and-anode 6 or the
U584e surface 6¢c is formed from substance different
f r Oerrﬁ&rﬁﬁt'eh ate néutrhhetoplsanamit edfear daidlf cdtidiekd Bdghe neutral
ofon F Rl Sl Lo R Sl e e e P BY Bpaisi®es, onc
tlmuﬂle alaset @m;ene@e iag® fodined (elloth "t Gatinatéon” meifdbowts) bniopization
of {é Ré&mtﬁhglﬂz de %b}e\forgoﬂﬂ@'pfhsﬂ'é’caﬁ %g geﬁé}%dtﬁ% hlgh efficiency
asma conponents are forned re-activation
be@um%veggewnﬁ@ﬁpéeaﬁ fasms the aféla’ra&nﬁ%t ral atoms 42.
obser efore, the plasma can be generated wi th high
[ f fr dt d- de, 6 th
ef ficienc use sai r er-an ode, or. s
act i 8* AnlScfe Sa]f%%?éf] ipgram 8% %ge gl”@@ﬁ Predey Pagitih E&f’f"ae type.
By herangingghe p&@.d‘m@%ﬁdﬁtﬁfg sabdthnve oanade@attyiehe tri@ger-and-anode tip,
t}geF [ ng 9de ig gc}x%-ga%iz ng];‘}%?Ael{s %ts'cﬂ.g%m bc? 21 ﬁ%\%ngoig;ﬁg Igggeg'%nﬁ-anode 6
irf whwhd&he Eamagns’mrﬂ snd the pbma:lal geneliabige anbaf»ﬁnctehf‘d are arranged. The
959 g@@gﬁ 110 ti %fa anéﬁﬁ?%g%f H%@?ta'm@ ‘Aneﬁlad()‘ theg described

asna g{g ti ng st ance are arrange
eﬁ’éﬂ@h éhe Bighidengity dewgaid o5 mlasme 16 fosmed én thsrasiahy e%th@fanode surface
b]?~I Ei‘lﬁﬁgﬂhgaﬂéi aeesdon ﬂfe ﬂi’}?ﬁﬁ pdreidn, e@ﬂe';ﬂﬁsmé Bfnposing the high-

enslt
A O P kA th Sn e ers R SRR Spiegs P msh i Tiea Apgjqa lectron
béitdhaidnieht dndpthertapantibwnt plahea ghesating stipdsidceduried under said
anod% Surfgg nsi Htlafucggrml n heats and sputters said anode
% ans’ of heat and ion-el ectron
Uhﬁﬁbardnent and the evaporation of plasma generating

subsi;aBg €is b&" %éﬁ%dﬂﬁd(ﬁﬁgﬁ@ﬁ gf tl?en ﬁqj&é Whd %ﬁ@dé & dacad plasma

[0052] Fig.5B 1s a schematic di agram of t

senerefijes suépﬁ@ﬁnaﬁ 8tiis arypngrdch AsHe %F%@ﬁer-wwewﬁ g magnet is not
asdhsd@ance t@sﬁs daSe %hé ADARG. ca{féﬁe EI%B eﬁﬁﬂt&l from the anode surface, so that
trlgge£ 9 gnh t he nel

there ¢dn be torme e plasma which contains the materlal different from the cathode
material.
[0053]

FIG. 6 is a schematic diagram of the plasma generating portion 2 providing the
cathode material loading device 3. The basic structure of said cathode material
loading device 3 is composed of the cathode extra material 4c¢ and the loading portion 60.

With decrease of cathode 4 during operation, said cathode extra material 4¢ is pushed
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arranged. In this case, the plasma can be also emtted
fromthe anode surface, so that there can be forned
the plasnma which contains the naterial different from
the cathode material. [0053] FIG 6 is a schematic

di agram of the plasma generating portion 2 providing
the cathode material |oading device 3. The basic
structure of said cathode material | oading device 3

ohhsb)c%@ R%@ﬁmgoﬁorﬁ&? gg.at hﬂ@f‘efﬁ%t\{rﬁed‘@lte%ﬁilﬁhe 4%&%2}@1‘%&%7 worn out

| oadi n ortion 60. th decrease of cathode urln%
(spetaed orpe %Meé%%tﬁﬁalé aé%ﬁwlwat@rﬁhar thecplpgmp Gam g continually

gdreratet] mth&sw gtobpiagi dT0zepeFdtioanooPlashRer e$Qd Goadig Hhokfiéh 60 is

cat hode, 4 s per.fectl n out ons , the
c Ly B e g et o e ehctnd BRDCALRE e ledial, thg yecuum
bll&wesoit tdm&ﬂal %B.ld bedmgahadban Hﬂl'mm,ﬂacmnmpﬁiermlshfout mechanism 58 of

tlgeelr(}?&zﬁ% %fr 58 aﬁﬂ gﬁ? sui%hﬂnlg%%ﬂsﬂ& B%%r thjl QU s6c19d fogihﬁg member 52

con rom vancl n
sma@thbde Aﬁhewglailt is :nc}tellwttajednm beslel boenphly the cpﬂ@ﬁe exfirgmaterial

4t ?@Hm‘t {hd s%ﬂ%@fooﬁ?é’)d th\éﬁctﬂé‘ [BaqildGn OB 52Ul ARG ng&f& 28 length

g 52 and the supportlng ne
of saﬁhﬁ% eEbIg g qrt?éo%gl Fekiger deyice onpriprp phisl OP@ﬂﬁaglﬁember 52

bhdkwa®d Rty bd Indsdlleal edn AdBitRhd e &m& gisH-Yutl RecHaaishO#Ry be put
.extra nahgﬁ%§$ %ﬁ :@ stor room 50, when the

R Rz (simiivid o %H% é& Vﬁé‘%ﬁ %5 |l ength of

[Wathode extra material 4c, a driving device to return

tagldsﬁ‘tur%ermtog e \A?]HJB tln?‘l%u% Q@e%?%{ g%lggg t1bn% is %ﬁ%@e& %? anla@lgmg the

stpzageurnoro & fh with htbatcathrée usatepipl depidihay é@u@mﬁbel Thﬁ/vsathode extra
n{aQ&%}L;c FULd, ﬁ%ﬁi sthilGe GO HUOUSL OPETaL . qfwasqp&n out, the

time is enabled by arranging the storage room50 wt

follgwingaeaiberte staeripbrial dad AGVereld e Rasomy é%eaﬂa%aortwn 2, and
tHEOR! {1 cAYRSERS E;aJéa égatbﬁalswéﬁéed th sxad Qtoﬁig‘érﬁ)@ﬁl_ 5@@¢Nshfhlied as a
en the ode out oW
3o 40 ceiPEna ab BT ARG, LA 5oTE) s ipended frecly
agaeftﬁn@td g cpotifsomus oaeraaung tmtehen t he cat hode extra
Frlal 4c stored in the storage room50 is supplied

as a follower of cathode 4, sequentially. This
st orlhgis meeheBO te aanybéhadx plagn rweisent eiaiventicac dor wfitnjmited to the

abd¥e-de0R HeR AAR&EL A0y dri ¥R -mddf28bnd tnd %esﬂ?@ gil@r%%s ete. are

to say t at e present I nvention | S not
inchpled gp dhe S%P@g@f PR BT PIoEY RIS ]alﬁoth%ﬁakm&a é"’h“’h 3 no, deviate

AERHE teRhiANSHIAD Of e PréRntivbdes. etc. are included
in the scope of the present invention within this

limts which do not deviate fromthe technical spirit
<Ofdukhia] ppplieditilibypvent i on. <Industrial Applicability>
[&§8F6] The plasma generator of the present invention

configured fromthe cathode
The plasma generator of the present invention is configured from the cathode

surface having the flatness or the minute unevenness shape, and the anode surface
having the flat surface, wherein both surfaces are arranged so as that said anode
surface comes into contact at least with the entire surface of the cathode surface at the
time of plasma start. The projection end of said cathode surface coming into contact
with said anode surface becornes the plasma emission point. When one projection end
was consumed, the other projection end capable of contacting with said anode becomes a
new plasma emission point at the next plasma start, so that the plasma can be

generated intermittently. Therefore, by using of the plasma generator of the present
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surface having the flatness or the m nute unevenness
shape, and the anode surface having the flat surface,
wherein both surfaces are arranged so as that said
anode surface conmes into contact at |least with the
entire surface of the cathode surface at the tine of
pl asma start. The projection end of said cathode
surface conming into contact wth said anode surface

IDRGBBRS thd Qeﬁéa@@ﬂ? ﬁﬁéx&ﬁtt@ﬁ\t RQ#HBe 11?4\5&!?}11%” greﬁhﬁbzngtsh&? as ion
capable 0O

end vmsc suned ot n
BRI R PE o b g Sdeed RIS o gipig i semiconductor
pedtius bl prp@iskds. at Threhdraxie, pﬁh@:n&hstlaaﬁma Sgenklabr tdli@osmg the

Lasnma_can ener at ed |nt herefo
Cg‘%'lioa% 1%%e{1ﬁf;?o&d§§,r§evuéené  Ssed, tg]f,- %uﬁ%ce %aesagﬁ{ent goceésmg can be
perfumed lgrsupplygng @batatbde mmiteeahwtth@rttopsmng atihe vacuum chamber,
sb QR&@MHQ% %Je%@éd“écﬂhw? Yid @Tﬂlﬁ% aﬂcph(ﬁﬁglln%ti%ﬂdnn% G BGrface of
rformed continuo or
PS@Fﬁséé iset-or Thap eﬁjytﬁmrbypmse@égéése Plﬁﬁmﬁr&ﬁﬂﬁtﬁ’ﬁ@r ofpfhenpresent

ik Ratibh ASHRr 380 QAL Qfoldihgs RS hidd (%lﬁﬁty tﬁﬁ& hrél %gtmf)&rﬂya khe plasma
ace reat nen

Ioad devi ce use t he sur
@ggpw%%%%efloétm%m 8P ReFEPTBPC SOBISAVRY TBE 2 o time.
cathode material w thout opening of the vacuum
chanber, so that it is prevented to mx the
impurities and contam nation onto the surface of
processed object. That is to say, by using of the
pl asma generator of the present invention, under the
state holding the high quality and the high purity,
the plasnma treatnent for processed object can be
performed continuously for a long tinme. 20 <CLAI M5>
1. In a plasma generator in which a plasma is
generated by a vacuum are discharge perforned in a
pl asma generating portion set under a vacuum
at nosphere, and generate plasm, said plasm
generator characterized in that a trigger-and-anode
for starting and sustaining of said vacuum arc pl asma
and a cathode are arranged in said plasnma generating
portion, a cathode surface of said cathode is flat or
finely irregular, an anode surface of said
trigger-and-anode brought into contact with said
cathode surface is flat, said anode surface is so
arranged as to be brought into contact at least wth
sai d whol e cat hode surface when said plasma is started
and a contact point between a fine projection end of
sai d cathode surface and said anode surface becones a
pl asma em ssion point. 2. The plasma generat or
according to Claim1, wherein a driving nmechanismis
provi ded at said trigger-and-anode, so that said
tri gger-and-anode can nove for repetition between an
are plasma starting position and a plasma collision
avoiding position by said driving nmechanism 3. The
pl asma generator according to Claiml, wherein a
driving nmechanismis connected to a base end portion
of said trigger-and-anode, so that said
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trigger-and-anode can swing for repetition between an
arc plasma starting position and a plasna collision
avoi ding position as a fulcrumin said driving
mechani sm 4. The plasna generator according to any of
Clains 1 to 3, wherein said trigger-and-anode is
formed in a hammer shape havi ng an anode base end
portion of a narrow width and an anode tip end
*@OLAﬂms>of mﬁde width, and a tip end surface of said

no e ortlon s sai d ano ur f ace
df§| %%F‘ Fratog it g@tg‘ Pl AR 5 BRY e g‘?d 4V RRIUR ?‘8 discharge
pé:fommﬂ ém M a)lapmta“rgeummtmgrmgrtem eet andel ectaconmgahospbere, and

g%ér@’c’bgﬁ%xﬁg S giatsH g%%%ra%&d?ﬁ?jﬁ)&&zeg fnRHS%Q'tﬁg%@ and- anode for

ener a accor
starpjne pud spefeirien Of)'-fral% aﬁt@umr angrdgsmemanda cethofe amrp%r@@d in said

oW PR OSRELAL Eb@hﬂé%&ﬁ@@@f sald c&ﬁ@deolls 3B Br finely irregular,
generator accor di n Cains 1to wherei h _a

apatndaesuripae of isaid g%%rgge{ﬂé?ﬁecér%ﬁh‘t Frte Lﬁsﬁchtegmh said cathode

<SEAMERIa8| |piPakade @e@tﬁcdﬁatss bt@hgdDidHoNg lﬁ*&h%i:t lﬁ@tcb@ﬁet at least
“Fﬁhsald 1.as ener ort on is insta

24 A QOIE £F 1oL At S Bogeiagt point
batvdet raafind Mo@ﬁmﬂaéﬂtbd'&iahhctaeh@chl ssrface anfyedd bnodeetuirtzse becomes a

nNEeSs.. ... at hode, and a foll ow ng cat hode
p%%%%f?éfmégbgﬁges so as to becone new cat hode when

2sai d Thatiodes gereraionsyeedinggo Gipien di adereigendriving mechanism is

p?&v?&gdd 'af‘ Gt théér'Qn@anWH@f & Rha shiar B5set- Qﬁ@anode can move for
accomod atlng sald cath e materials is dIS osed

rORFAHIOB RRIESH B EC AR BIETHag pesitipn i2ed # slasgageollision avoiding
p6atibRYe samalieriad mbaadisng device. 21

3. The plasma generator according to Claim 1, wherein a driving mechanism is
connected to a base end portion of said trigger-and-anode, so that said
trigger-and-anode can swing for repetition between an arc plasma starting position and
a plasma collision avoiding position as a fulcrum in said driving mechanism.

4, The plasma generator according to any of Claims 1 to 3, wherein said
trigger-and-anode is formed in a hammer shape having an anode base end portion of a
narrow width and an anode tip end portion of wide width, and a tip end surface of said
anode tip end portion becomes said anode surface.

5. The plasma generator according to any of Claims 1 to 4, wherein a permanent
magnet or an electromagnet is arranged at said trigger-and-anode.

6. The plasma generator according to any of Claims 1 to 5, wherein a tip end
portion of said trigger-and-anode is composed of a plasma generating substance.

7. The plasma generator according to any of Claims 1 to 6, wherein a cathode
material loading device which supplies sequentially a cathode material forming said
cathode to said plasma generating portion is installed, so that said cathode material
located at the most top in a plurality of cathode materials arranged in series becomes
said cathode, and a following cathode material advances so as to become new cathode
when said cathode was consumed.

8. The plasma generator according to Claimm 7, wherein a storage room
accommodating said cathode materials is disposed, so that said cathode material is

supplied to said cathode material loading device.
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