<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 arc

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 th ma for a | ong tlne a

projection end of<%P%%gﬂ§é§(S§?face having finely

i rregul ar shape becones a plasma em ssion point in

t he cat hode surf age ]t pl asma, and anot her

proj ection end bgﬁﬁﬁﬁgkghﬂﬂgﬁggﬁgsna em ssion point in

next start of plasma when said projection end is
mo&ﬁnsuned by em ssion of plasma, so that the plasm

can be produced intermttently for a long tine.
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di anond-1i ke carbon film(called DLC filn) being a

m xed lizhﬁ consi sting of dianond structure and
<BArRHROLAN ¢ture. [0003] As a nethod to generate the
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asma erating portion of the
[00p3lasma gener at or, under the state that an 1 electric
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an bAEdischarge 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 ete.) 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 arc plasma constituent particles such as

cat hode material ions, electrons and cathode nateri al
neutral particles are emtted by vacuum arc
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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

rotating said cathode 104 in which the rotational axis of cathode 104 is a center line



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,
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trigger electrode 106 and the cathode surface 104a,
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perpengdiciifg te A botdamrbthe Plomna gERRTR ’§’§|PGT MR posed with an
abrm&rﬁbﬂﬁﬁhg the c{aﬂQﬁS]surfEtter Hyhegtmtee, <hatés @ saptindhe case

gengrgggglﬁgen?eézg Q%SFW@ eﬁ l%f&%ﬁ%%? d e1r:]n tslzzl]oe baor% gl?fﬂue cﬁ‘rdraxaﬁ)eassure
a deaeblesaitact lmtwbéxet}mamggmielgzﬂmﬂaé%‘ _a_mﬂthe qathdde sgrf@@mw‘ia, the
conty cﬁng g{' fit ﬁqﬁgis,ﬁ?g% gﬁ\éﬂrﬁcge ﬂ% vﬁh‘?ﬂﬁ' cﬁ&mﬁgqori {bts%ﬁﬁ%ﬂtfaﬁﬁtshﬂted

on o one Si nce
by t@mlb,gd@e @[hhﬁdad@‘l 1eing spisl Cfa@hqqle @W‘i}lat‘}?% ‘Ilﬁ"éceabr aS| on
[ogspcess, the trigger electrode 106 and the flat

cat hode surface 104a alwa r'se od,,con

st ERBhSHROTPEIGgEtIe ShEPUTEY bopr S b U g grece
1048 %9 irfpeatitie W@é/\%[cuum_falrl: &sﬂ’faegé; ailh ﬂd@s@my faxche dBUale ssirface 104a
w3 L D S Rl RSB P RS Wt
108rztaie tintehe Sipee titei ftat cefhiolle funfary 1064 istframes) veyri by this abrasion
progﬁg etﬁlgttxqé@r MecAddL §b@0na BlNES FRle QSth& m%%ﬁhfglcoh[bmse a

process pollute the vacuum chanber 9
goodetmrtactr stade t4ne ¢hal gepgragiont of r?é%ﬁnm 1108 crwy) eedflﬁl‘bcﬁ ofgain.

Hob&Rr Wik e %&th@ﬂ@s&k&%@ AD4is %fem@%@odtﬂ?théﬁhfehﬁiﬂﬂ@ft ge¢ration of

plaglgg\(iﬁg gr lp:;]]:@? af oql%tngl]?e\régﬁ éfé e owﬁe ]ﬁr'l erﬁ{am{l el gé (r)é)e%gmc:)l'nogfﬁmency
of fAthasRa gehdrace. 1Clﬁaadd11ﬁoﬂ hiiscecaie, dubbd ecquonag i@ rthefabrasion

the tr] el ectro e r
pro&g@ﬁ o’%o ]&9‘? gﬁ%lvggwgnl an d n% ?&gp&ia%@ thg cpl%ﬁﬁp%? fbltméds film,
collaetidar aftiee tolivat dest evdroleanied of @et\’hemm chagyebperayaze pﬁ@a@rioa
Sﬁfollates and is mxed to plasm 108 as
ntam nati on matter so that the probl ens to o

ad Cenventishabiriggen cletoly Woihowghn Hbodos af‘lﬁmg?‘ga’r pyEgimity to
theSQtH&ae! ﬂﬁ‘?&f&e ledagl ens, this e.rs.sev aet@nlamiaamfsmnmdggag clettnede 106
trigger electrode to a 0
bec'gglg;; telagﬁ l?egalbﬁed\‘(,ﬂa é;&p%eﬁ HOt %sn&s‘\ &b%aan%n%% e?dat 0?19 addition, the
medibsaleoard doyurhhalstedPat theNeigghi3 éE%@BllQGDaXfe]mte@@t}dlﬂemmed to

plaaé@&ﬁg %§ E h%‘?‘g'mf%l n ma}que E? @atglge %Bl%m%%%%stﬂﬁtc Iﬁtg‘s;aélce of plasma

10% Hemedhitabditagr Enerder torelysl theserrrollpmpor fTiGRe Grechapsmjnoving
theért ,%%Qy gg%{'o(&@ a) 3 pﬁls?rﬁ:%ll&%eiv@m{g pRitfodlih Qe idEAGkiki the plasma

ow porti gl and outfl o

scpssntor diclos B UsS- G0l Nh oo 850 BR1eBH LG oand e plasm
geﬂe@%m@ﬁ&tﬁﬂ 8f fabhndRuAe4: 3 & showfth FIG. 8 he upper part

sald cat hode cooling nenber 164 by a fixing menber
[mm@b A magnetic coil 168 installed around the anode
140FIRkeS a sRveNGeifpiraniod thealasromgerientirg posHomigh eqnventional

pla[sli:{)g.ltgd %ef‘%&?{l ngA cali]t%oé)e ao%fTR }ngm%e?iﬁg(ﬁg%h n ﬂb@h&piél %9{31 outflow

I recC
postibali X62afi A cbdﬁﬁit z@ 1pstali@15bnﬂag1m pPr-868i *ihﬁéat@de (564 15 fhed to

the upper part of said cathode cooling member 164 by a fixing member 169. A
magnetic coil 168 installed around the anode 140 makes converge plasma, and an
induction magnetic field leading the plasma to a plasma drawing portion (not shown,

upper direction of drawing) is formed. In addition, baffle plates 173 suppressing the



progress of droplets reflected by a side wall,

i ntroduction portion 134 of reaction gas and
observation wi ndow 166 are arranged. [0011] In FIG 8,
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<DifAsErd 68 the Invengibab | ed by opening the vacuum chanber,
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supplying number of times of cathode material increased, it was hard to avoid the
pollution in vacuum chamber.
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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
provided with the conventional plasnma generating
portion, so that the generation of plasma had to be
stopped at one tinme in abrasion processing of cathode
surface 104a. Nanely, the abrasion processing
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position and a plasma collision avoiding position by said driving mechanism.
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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
anode tip end portion of wde width, and a tip end
surface of said anode tip end portion becones said
anode surface. [0019] The fifth formof the present

i S Ias era or acco d|n 0.an of
of it Gytbieg Totsie oo B A WP 200 e eL i Mgt Shape
haviag aal ﬁmﬂe baegasi pdmtloarolf angetbwatvidthaind an anode tip end portion of
widd Widd n&igdt 61?1%8&1 %Urfg&oétogau?- QSodSel té%%n& g)o{:@m%f bécm%gs sa1d anode
prese tor accor to
surfagey of flrst to fifth forns mhereln atip end
[mngrrtlon of said trigger-and- anode i s conposed of a
asnma generatlng substance. [0021] The seventh form
oletenféfﬂp; faaeefithe pyesaRy igneyption is dhe)plasmg sguerabastagpording to any
of fiR€ €T tAJortn®s, whBdei0h phinifilent Magheotioh ah QledFomWAItd Srr@nged at
cat hode nat rlal | oadi ng devi ce which supplies
salddpigerAndAno9e-a cat hode material forming said cathode
OOZDb said plasna generating portion is installed, so

hﬁfm ﬁgtofﬁ{%% ?%fng 51{‘1%11%1%1}0 1%a & glagha%g d‘%? acg&'ﬁmgnco any

sTarra
of fitsé @oﬁﬁb fcs*a:;sdwbanehn@l &ip ead gortiongif baiditrigger sndoahede is composed of
a plgg;ﬁgéén@yatﬁﬁys%@gﬁﬁceso as to becone new cat hode when

sal d cat hode was consumed. [0022] The eighth form of
[002lhe present invention is the plasma generator

acTiey gﬂveﬂtht form SE Vigpies érﬁrlmredﬂ'c)ﬁ ekl plashe rgag@afdmm:ording to

sai d cat hod ter d,. so_ ..
any 0 SEoRR ot OB e hedB ST BhseT ating oG 3Bl Septies
sequuatielly alcathodehmageriad dundeg sm&ﬁﬁthodtstocsfald Plestha gendraigmg-portion
is inaifed sé\%ﬁ&{)%g %ash%dg DathhibiSlocd @ T Che Wit REPIE Y plurality of
I nvent ? € project at hode

cathode fnmtenﬂa\ﬂrreglgfeql am ﬁé@@ brcomieh gid @ﬁ@d@nh@%@ féH@ml@g cathode
matbAhIG A EE a¥id KbcothPReR RGBS HEE AR BAYbAGwES @fnsumed.

surface, the are plasma generation can be induced
[00 %ﬁrough flow ng of electric current into said contact

poTHY e1gm13fbrﬁ13<'bﬁh§ eéRat ibRnted is ﬂ)\éqﬂﬁﬁrﬁi @dnebytor according to

e ssi are pl asma, at
seveifh ProadErah = BIORELEPEN SO RICI RSPty e BpB Gipteriats i
dispiosddp sc cbhma,s:am whthods anateawiod supphiddatresdié cathmde anatexial loading
asma em ssion point, and the plasma can be generated
pérsistently. The tip of conventiona
trigger-and-anode is forned in the shape of a stick.

<EREGQr tHd @k ¥ntioden the plasma is generated by making

t he trigger-and-anode cone 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 into 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 contact 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

ayin const an oi nt,, the cathogde su fac
cathiyliryation! 06 /TUPRAE | PolaYg P Oe Shntier Cbmere phsaid
trlg@!f-aﬂd-lahodet isifernsad @l @dd cathodl sefhas.ge Ink vams&m fafre ﬂlsd’&atrge the

r_around
curhfl PSSR D5 BET8Ny b PETRORL 5 SHEGUTLEAIGR o
droplegs.er Medldltmfrrsemc@ft:@ﬂ@de pmnt h@s phrepey gememwdhout staying in a
cons@aﬁ'ft Q{rﬁ‘ ﬂ]lg cQﬁfoﬂé §151@'5Ue|1¥ d&lﬁﬁgdd@ﬁl%ﬂ'ﬁimcre[aﬁﬁgtof EHeq{llmber of

such sust al ni ng for alo tinme,

It
tlmwgemﬁefe@§atre}eeFlﬁ(éﬁlS@h?é%%@%@}%hhmﬁéWPu@c} ?E’r\’ﬂ}“ﬁﬁ @eqoraés In

genéi’é‘lt B@gﬁnﬁbﬁnﬁflﬁﬁﬁﬂeﬁ)lﬁemﬁ aaea@@géme&ﬁdmdﬂaswvha@% dr&ded.
oun, ul ar

The £ %&bﬁp SH? & e%xgraé? DRy 0%1%%gég@ngﬁ ¢ t Q,l.ite]g% repetition
suc}pmal d;taru, smtamm@mmmop Hand bmgvihse,dhwse d].ecdsslaxadﬁat themgbrasion
memsb%r 1[\18 u%hfe]?ci%glllv@%c:%?&]pe %Shdi%%#%g Sanﬁacére] ec?la otd!;I %uffacet 8 ground
regUMnhss maHgeneras targe qumﬁéy pf edeerdust pascarg bioihe grhpdnm rrosrss and
therO§utidEiSn i P REChaRIRS WRs 8t 0fn RAkHon! 23d pbiliRion was one of

projection end formed on_ cat hode surface contacts with
causgp Sangs theroneration gficansr of the H1a5Ps 4ELTAM- end

eViapledil@sha gbnd?eiol of tiad brésbﬁﬁn@éntwnaﬂi@plasﬁﬁoécbﬂs from the

o B B B r Ben SSLRS Y bl S0 i
anodxonefape,cindCvhanthes dmjeviap @ndlbealmeattaé,m;tl ekt whart tiee of plasma,
anotgger ;115 cgeclﬂ%ﬁ %ngﬁ)%bfehgfpgoni) tﬁgtvp&ﬁlgoﬁluﬁ sﬂrﬁacg edegomes new

rojecti on en In sequ
plasg@ domagion p@nbl a@n‘an Faen [semg endecicagnge ﬁ'sﬂp@r?éntsequepﬁlem the

min¥@! ¢hevBiNag %hapcéJSff BtRoRNGirfle 10888 rb%t:zhi%@ tRf pRbiBSHR én'ﬂs are
real1zed stably and intermttently w thout b’dgemn

formegdn GegugnaPR, e%ﬁ%éhe Plagap gagbe gqq%ffete@ Rersisigntlydeo awga?e@ode
surfhde SQNShTBeherbiiod Of Fagm@Uisi fRalitcdngakblyand trim:ﬁawehﬂsal @vithout

operis o e J-SEHE ubSt | PP Sk e AelF Mo & Sonsumen
umfohrrs]&plpemgslo@mhne,rtm cathbiiasotse ggeieilgtretveatsfsophalsiim vesnum
arc gﬁs%ﬁargg 44 mu ‘%ﬁlf 8Ed . g@a@ RERLARE %mgpggﬂg hode ind Q%A uous

e second formo sent 1 nventi on,

gengrptionef nlamﬂga w@@hblﬁﬂ yntil erfagt éwmyérwce af eaffleode.
[oodsf | gger - and- anode and by this driving nechanism t he

tri gger-and- anode can \fg for repetiti ﬂ get ween

ol AGHHIRg t thersgeopd dommn RICEHE Gt abe G Pg Ao i
proxad/ééll Owitl PRSi thHgder- a\ﬁvﬂ%ﬁo@e’il find r bﬁge]ihs al’aldwafg)dﬁed:}&mmm, the
G T e
plasplaenilisiors afrmdlgmgd)odltfohuséwheﬁ swith tsigizel-aut drode ipepparated from
catthfif8ldade'E o %@&’ﬁ_&a?ﬁ%méad& il chffcht Qi Y. 0Hg IPhéaf‘acuum arc

rc Jr er nore vacuunlare asna
plasm:m farened ddiffaseli | fore aid éa@@ﬁ@ PoBtgvoRRrh gthgufal@gﬁ‘yand -anode

direBBo BPod e dlé@HE Eél@nd F«\ﬁﬂ%@nfoﬁb a8t tﬁivﬁ&ﬂlﬁn aﬁ@fblhérﬁé\ edturred
aVOIdIng pOSItlon |t|0n %lnce one

diffynelyssan PRt te alé?q‘tfmﬁaﬁl(f% bVt i Ji Gt spfptod % the plasma
collibioh @geidirgbsiaivade, Intddditnggined eediastéfalgencamstidient particles

arriwrrreEl %I':ltn‘gh% Itrqggdér-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
[0023 i ving mechanism the stable swi ng notion of said

i gger - and- anode can be realized. Swing of the
t rA@gﬁiﬁn@imd'haﬁﬁd:Efom ofitHe jregemirinivantiére sthice Vhadyiving mechanism
g n_ar hape . pi

is ‘{Jgg%ggeyr %ang{ anodé ecngn rr%b\l/og1 il goér)%n?h%ig&fﬂg%?r%sn de £} that said
triggrysintiaonde Gutsvengpfoa seretition btiveen fheplasndi stgripmqusutmm and the
plas?dﬁo&ilﬂlléﬁ aMH1£§ peMRGPLOY ﬁlﬁ?ulﬂlﬂ%gﬁ A¥vik dﬁ' ﬁie\fﬂéﬁﬁﬂethe(sstable

bet ween cat hode and trlgger and- anode
t

SWHJ@c cla?fmrh ooft saidh etrigger-and-aends 6rnt Re pradigetht | n@@fﬁl@g oﬁ] the
trigSdr@8-a90dél as brfulgeh-iate @Bi@dm% thScha@IsAB Bradwt A 8rd ¥ HAPBd orbit,

e havi anode bas ortion of a . narr
R T T T N 1 A TR g A -
colligiah Iaoaidlwofsama smmthl}z,ompleav&leymgtthé plaisinia Hyhibe enltagecapplied
sur f at the time of plasma start,
betweeacg&l%d %C?pn 3# ﬁ&fe bet ween the anode surface
[0026hd proj ection end can be assured. In addition, since

theeBRsid | B e CORLAT Bfm I0AV iy Pesddt Qﬁ%xftﬁﬁd éﬁ@@esald

is located at the anode tip end portion side, said
triggaxiang-anets wiomgredinithe hppgerharn é‘a’élﬁS&é apgge ‘E?éeéﬁﬁﬁ%@’éﬁ ofa
narfoORMdih Sinf Hre a IRl WAl lpbknsSsfakide widflgtsaid @nhsdy stfhce can

IO YN TR TRERET AR R AT ——

a goed eaitadisbgn dbtwesn dlie amge duefheet dnol ;arn;@cqmmndmandk asqirdd. In
g d- e I
addlttmn %S%ecﬂ'ﬂs o%q:goglnofbc%ngegﬁ)z g%tht? &f&%éroﬁl@écx{ebﬁ? rlg] chﬁd at the
anogimmlo emxhpmws aidg, said $wjigemagied ofitoeiwiggartand-ageds dga be composed
fronPh %%Iét;ﬁeﬁdﬁf&% 1iRe BBEARBMRItRANAS MO Circunference of
sai d"tri gger-and-anode.” When an el ectro-conducti ve
[00Zfnbr ane bonds to an insul ator of anode

Ci A&ufm@g ﬁﬂﬁh@ fifit f]:énﬂ af ihe@irS@nﬁﬁiv‘énﬁﬁn afhea mw@emae@smagnet
the use e tlon

or S B S S Bt B0 20 P AR BT BB R plasma
strefhmomnhdietai dichoddigpbange caus bé cmsqﬁmamé do tlevwmntrab perdion of said
tr1gg%rat.nrc]1 an% Qgﬁi& Eﬂ c%g besﬁhgenttéd ﬁlg,i@r Ry x%gg %gn t%rbéﬁﬁm&'&ggce of

|ve ano er manent

saidrigigaent arzﬁranqde aVben albﬁlagtﬁ@@mdgcta\rerlaﬁgb@natbm totgnpnsulator

of aﬁfl@ BRLb kB 1t A aldol kS a@lné}lma@ 988289 réd tl?enus%r&ﬁmency
ctric Current is concentrated to the Centra

of eyrpiorating Batesig] deqrpasgy Bpcastprytherfiygrorating maﬁf‘%@ﬁg&cuﬂed from the
cathoRé @anit NG tidhshéroal tofard ﬁeldaﬁlﬁﬁe St rafdaﬁﬁmofsaﬁ&iriéger-and anode

-and d di
cn e 0552 RRROIE, S A PSSR e
electramapeet islagpogeiditithe tihend pq;ntxde obfaid tmweﬁn&ndo@mdbaﬁﬁn are
elec{:xtfi:ce eIVt gecoPé%@&gé@lcd %ké «gﬁ 1 poftion THIOL t{'1§g<Q'LH li8Ghold the

I NSI ano I veness o
plasnire sneaading e fank el the anode surface of said tngger—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 concentrated 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 domain (plasma plune) can be formed. \Wen

neut r al mtted fro the c
viefifo op e TRy PRETHRUERUF HEGHLIoR, LTS e pges the
magﬂbﬁs lﬂi&ldCﬁT'me ﬁﬁﬁhSném: Th@dtic at ielpotromegidtamdt the phasnymo that a

plas'%}a‘ alégr ! gtﬂl%gin tlgsrgé gnlme fcfahcﬂeefe‘f%e@ GCW@ ﬁt?ltpal atomns

act1ve anode
ermttﬂnkfromahb cai:fno«ﬂeh:e m@d&nt a¢ theapledned plymectgrmenirgl aiiomﬁ arp formed

to p?ﬂmogo%ﬂ%ﬁgn@eof QRi7566h, 0% ﬂﬂﬁf‘ 'I;Icﬁgpﬁgi'ng can be generated Wlth high

er-and-anode active. In other words, since 0

eﬂiq@ew paush esaifb tigEEr-2pARAPY EYNRISES 2R GIFEYE B8P hg 3aely, one

part GMBE nBGirEBFhrhieiel bidubd 8 fromt the @ALHIAK €art h@mﬁ&@& dyafiaking said
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i AT Re SN | nPEHPPDROTShEnE ?)“e GG PERE

confribu¢igg fordagkripade be sititioad) dismd rms[kerthasp@dgzé teyezin g ingrease.

mo?ﬁbstance a plasma conposed of substance different

om cat hode can be generated. For exanple, in a case
t hAtcotdieg 1ZH® sistbfoamef ity present nventiong the figead gertigneof the

tng?{l éil%sﬁﬁﬂe %)Ecﬁﬁﬂosé&' 5{ Géma gEnéQ’Qﬁng Qﬁ%@éﬁ@r y plé%nﬁodﬂiﬁﬂfé&d of

ode oy 1n which A q
substaeaddifforent Gioopathedarn b SREEIL cg% B’éﬁ‘?l? Brinrp9s8 thet the
Zn(R SENSHAL eFixER 'ﬂi‘ﬁl@ﬂﬁ issfogﬁﬁ@ neletie PiRksed hﬂmect surface, it was

conmposition r i f I
R O by e 1
othéewbidanende @@l gpmpbsititd eatps efi gendratad md!mbrane is dependent upon
the$ IE)I {mn TR sﬁ?ogt 1tn&r£]s.e d c%?teﬂ)t con'tzlal/ﬁ{ﬁt &&ﬁbdsﬁmﬁ‘%x%dﬁ said

gener S ance asma 1 nclud I Ng
gentiwed mathode fnewlse ¢ i Tl Sheritomivothalsthe brigasr @ne-anadql igp Dresent

1nv&rﬁﬂ:nbﬁ BeRel a4 dﬂﬁsﬂi@ NRASIBG g SRbStankd, | Bhdeplnane- 1@Bl©,dﬁ1g the

an active ano active anode c \'
cat]pm][egnatgrlabencb anq,t@py dg‘feﬁeqt makstiak ¢ a’geng rﬁe tgﬁ g:g composmg gaid
tr1%le’1r SR8 26 ARGRIVE hddeTadive@nedd cfdn&ra@btﬂf.es:m anmieadaterial of a
herﬁfore i,n the surfac treatnentERroces

very gy L?én%%na?r?ﬁﬂ OGS AR e %’ncenﬁrer &rite %%b SHEFRG more)
Th&Bford, | ihi #at sinthcp urpasent [procekdig, i ‘Girjous hdasioa |Wecea$mgi éan be

per oaglsg dﬁaggnoc{m onbt%écﬁﬁgﬁ)fﬁ E}qugc@g PIASHRtASNShALERS anode can be

e ano urface. Furfhernore, by
formedny dlirgng aitgi pipstise gmmrﬂabepg@%tungpr tthe anode surface.

Fu&h&%orr@ :@gﬁggnsogf aﬁ%ﬁé‘ﬂ%ﬁ erhﬁneﬁﬂqﬁlagﬁétsdi‘&he S‘electromagnet on

conce to the vicinity de sur
thevmae Hndhe BIf6E8 1 EPEEREH UL UBMRD) ahraEhg e o8 fhat the
andiie @ﬁf‘iﬁ&é 61&]3361%1 s ﬂf&ﬂ&sxﬁw pbeaeting siietdired shyfateciatheafed by heat of

pl as i on- eI on bo
HleBA BT PEREOON® Bodnd T rohrE P8y o plpsmma from the
cathbdd @efaceam Hmelmprmed\selﬁl m@nel | more. [0029] According
md%@tthe seventh formof the present invention, the
hode material | oading device supplyin

sedirerrding twtheh@vglyiqhi’@@@ ofghe mregent 6311‘§3§F1811’p1ih§§i?ﬁh0d9 material
loagﬁ‘j%q{e@fcb RAppPRet deQRertlly t8E @éﬂh@&ie m3@erid1ab saidnEusma generating

de i s nonentari e su the follo
portion is installed, so that a new %:/at ode 1s err)l@aﬁll by suppP gt e%howmg
cathode material instantaneously when the cathode was consumed. In the vacuum

arc processing method, 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,nventi on, cathode terj.als can be s l.i ed.w t hopt
ooy g e t BT YREPICEh A GRGERna L PR puee. By
instflliag Nthe Ofathdd@h nefddlt hadiag deigesttlad edewantintaidlony cathode

for. a long ti.ne. 030] Accordjng t e _ei f
matissily o BF QubaliES v B btk Fledel i i B0 Mt ahe
plasaecd ighdieneidy cat boghaermedednsingallsfoplhdemgtimehe cat hode
[003GRt erials can be supplied to the cathode materi al

'oadi ng device, so that the plasma can be generated

9 . : . EH%

cohepusing toythegighih fpugmgf therpreseph &veatipn.asedbp sjorage room that

acco?&ﬂ&ﬁﬁ?leéaﬂ%b SdteriAls & Slded! fgletcﬁﬁloﬂé ﬁﬁ@éﬁl@&ar?ﬁ& :iuig;@]fied to the
he a progessing . c carried ou ou

cattpsle B NG SO B BECLM R BF 6EbEs EeneeRie g fppaly for o
longwitae t Wehenad hlagdityaf procakad ehjectsappkt ohe pheesshtdnttion, the
plasgn%te?%irolﬁ%lslsél]gcc't%ﬁ b%ecansig(P B!J%gv%égtqﬁggﬁéﬁ%{ry ?nf’\ﬂ)aterdpsgéeg?ing process.

e vacuum C
Furthepuoiet whsn dhel catbndeamabertalo arecsuppbied, rths caiofde ehateBils gan be

‘supﬁgeﬁgéégg%ét?%mfvi%c e%&%é‘ 9F The [VQ&I%M cfmgxln&r, 1L tEbhBmikture of

| s tic diagramof a plasnma generator
impwtitiesyndpoatapipatipny eant howgstrainglc 21 FIG 2 is an
enl arged di agram of the plasnma generating portion in
Fl 1, . [F FIG 3 is a schematic diagram of a
<Br@8ﬁ‘ewpt@%a¥@e&i¥w>t he projection end of cathode
[oosur face and the anode surface concerning the present
[Fﬂ%qyention. [FIG 41 Fig. 4 is an explanatory di agram
f~the trigger-and-anode of active anode tﬁpe _
FIGc b irceesantiompl shleenprtesbagrainmf @rplasors ggnpratpr G 1hepigsens ingengion.
emati ¢ diagramof the trigger-and-anode of active
anode type concernin the present inventjaq FI G 6]
FIGF &5 arperlarggd diggeamiof g“ecﬂl%t'ﬁ’i‘aagﬁn@fattf}@%'?l%wq& erating
[FI®® tion providing the cathode material |oading device

concerning .t h resent invention. [Fl 71.Fl.G 7.1i
FIGS e it B G RO A HEVH5 AT PHERER 9 MEIeB0 Pl hode
surfcEaniptanodadurface 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 type concerning
the present invention.

[FIG. 6]

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 81 10 FIG 8 is a schematic

di agram of the plasnma generating portion in a

conventional plasma generator. <Explanation of

Ref erence Nuneral s> [00321 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

cat hode .extra material . 4d, 4e projection 5 plasm )
FIG gdﬁs"pﬁ?‘}eﬂ?@m ggras "% ey RPN RENSTIGEE PBHOR 1B % Fepventional
plagpordenoratéd base end portion 6c anode surface 6d

magnet 6e plasma col lision avoiding position 6f

pl asma generating substance 8 plasma 9 first plasnma
<Exglgindiiegofdtafeienee Nd@esdssond pl asma gui di ng portion 12
[ooBbRsMe processing portion 14 processed object 16

dropl et capturing portion 18 droplets 20 dropl et

eni ssiVeP W cb¥NPBn 22 arc power supply 24 linit

2 Iesi stanee dheldtiigd Ridi® i ntroduction termnal 26a
i nsul %t Lh%ﬁel nt rocilfct on.termnal 28 driving nechanism

3 a material loading device
4 cathode
4a cathode surface

4h, 4f projection end
4c cathode extra material

4d, 4e projection

5 plasma transporting duct

6 trigger-and-anode

6a tip end portion

6b base end portion

6¢c anode surface

6d magnet

6e 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

262 insulation introduction terminal

28 driving mechanism

30a arc-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
cathode material ion 38b cathode material ion 40

39 el ectron 4%. ngut ral. atom or nol ecul e 43 pl asna
hi gh- FERRSFEYLEIHRIPA (pl asma plume) 44 magnetic field

34ad46a negsisiatirodiction epaiasi on directi on 46b cat hode
materi gl | 1.Ssion direction 46c cathode nmateri al

34bi on e ssse%{%%usgig&%g ion 48 electronic orbit 48a

35 el ect ripAnatiopmyignetis Gelsigonengéorr oom 52 | oadi ng nenber

36 54 vacyumtheld auetie GeRIRASKEINg menber 58 pushing out
mechani sm_ 60 | oadi ng portion 102 plasma generating

38aport j difthofdesnateriAld§R " 104a cat hode surface 104b

38hem SSiQphddemeatediMBiohr | gger el ectrode 108 plasma 118

40 dr opl etl %20 dropl et em ssion direction 122 are power
suppl Y42 #™M init resistance 126 insul ation

42 i nt r ochentrad atdneommnlatule

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

46a neutral atom emission direction

46b cathode material ion emission direction
46¢ 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 mechanism

60 loading portion

102 plasma generatiﬁg 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 magnetic 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
140for Carr%ing Qut the Invention> [0033] Enbodi nents of
a pl astif%enerator of the present invention are
161$xP:aHmﬂ&?QQﬂﬁﬂ1 on the attached drawings in detail as
ol lows. .ln the present invention, the plasma
1629enerdT%meﬁgﬁHQES bot h the device thatpinstalls t he
164pl asnecaphaleesglinggnpobet on  processing the processed
]65objectﬂ£%g t he device that does not install the plasmm
processing portion. The plasma generator having the
165p|asn&ﬂﬁﬁﬁ@éﬁﬁﬁﬁﬁhﬂbrtion may be called the plasm
167Pr ocesgin@ligevi ce. In other words, said plasma
168gen_era or may be also called a vacuum are evaporati on
devi cet® ¥ acuum arc pl asma evapor ation device, a
169cat hodgxiag enettpor at i on device, or an arc ion plating
173dewce a%gtgyaporation device may be referred to as
a Iayep?n evi ce, a nenbrane form ng device, or a
coating device. In addition, said plasma generator
BEEMAE HIRUAE OLPIRALLAiighgns. FIG 1 1s a sectional
schemati ¢ di"agram of the plasma generator concerning
[008He present invention. By providing the plasm

Pr @8R dinRatPerd ﬂ)lﬁé}n.’ii\fﬁéﬂbr%f of thk psdEenieReitaintire esplbihed based

ener at o beconges e pl.asma pr.ocessin evi ce.
on 5O T AED YERLARPTDr | ARarS Pgnh gy eaap fhe plasisa
gene@ib Gudledest betn &heldesiva Ganenaiilsgthepplasinen pRcéssmee gortion
in.a vacuum cha rl, r.o t BLL [
pokfy g PRSI g s OBl BRRL Ml PO B ra
progaskitly portpwr t | Bie nlosmadererplon daving the plesa@rorspengpertion may
be c]aﬁgd b [ﬁé‘énqa ﬁllo@m%gﬁlggﬁ{?ﬁé.at TR GtHRP Wbl RNs2d pRisHRldRRER LA may be
and a trigger-and-anode 6 are connectﬁd to an ouytside.
alsqupadlef GWBLUR BFA §2PIAEIRR JETHFE: 217 2FHEY AERTIBHLG AYAPS ’é’Pidgﬁ“’e’ a

cath§feHrb etapdbatidnevidd] & 3 £rc ROWIatIBY APYiYe. 22Said evaporation device

ner -
erdl OSByas (?evx\zl?cre, 2‘? yrggllﬂaneaforpnlrfilnsg%evice, or a coating device.

In addition, said plasma generator can be used for injecting ions. FIG.1lisa sectional

ur
mag %e referrecP to as a layerin

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 basically configured from a plasma generating
portion 2 formed in a vacuum chamber 1, a droplet capturing portion 16, a first plasma
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 dc power supply, a pulse
power supply, a de superimposed pulse power supply, or an ac superimposed dc 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 dc 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 D) for
restricting (adjusting) an electric current 13
flowng into the trigger-and-anode 22 nay be

i nt er posed between the trigger-and-apode and t

flovanginpothertrigagnpang-arpde B3 maygl ipiGFPERE Defiee” SRfepiagpd-ancds

6 arf@ﬂh@aﬁ‘p&%r%uﬁ%?%? Ot as B BROhbieGeRed s nainethis case, other
i nstalled

R r supply is_ connec t
OB RS OGeE JRTERHy dE B 8P RPN B o & phhams
traﬂslpaﬁﬁigaﬁict B,gsod;hﬁf s#id pheselthammpeningatuces onsselfailag serves as said

B
eledtﬁ&ﬂﬂy&iw imsylatino! setheuppoetingprede &@ot(lﬂmtr@qeﬂh%ﬂr‘a% g@er)‘ in a

duc DeLAhGhe | thids p%ldfttmg driont RS PPERd ok Rbh Sc§WPRQIE] NY

S''Can be used 'as am active anode. [0035] In said
OO@ﬂasna generating portion 2, the plasma 8 and the

dr @plsgiaSp1h8mb rg‘éﬁbra@ﬁ r}fbﬁiﬁoxﬂ 2?5163 gﬁ@maaa afd ithe alroplxisurSefrom

st at e. ecause (0] OCCUf
cotberotho SRRt PHFRY B0 BT et Soploip}e Sihfhing from
said BEthu@ne ede byutralgsledtiically adiaret insyinfihenced &y pragvetie fiels they
?alr}g“gl)(?rbh%l &gu&straﬂ%lﬁzho%}ﬂw ln?‘FIC]} 1,3 éﬂBélggse(ﬁ:?ectmn of droplets

0] direction_ of
18 Bh@srmo@reas dirbationcianasst 81 éralnchﬁgaﬁ l{kg i-pleang| ik plasma

trans %ntslgé) [ﬂl{:ﬂqg gx'rlt‘r:ttlﬁe sﬁﬁdplﬁs!h%] 8SRi Giriddap 18 & iise second plasma

IR PRI RRAL - 1 S e

9 b? &He‘AhE‘ 8f iReEdticRMmadhebY fiBaREetorid3duct i on magnetic
d generator 3 [0036] Said droplets 18 travel to
mo@ﬂe dr opl et capturlng portion 16 and said plasna 8

tr ®ael grdplett he t3oadnd tlpé dsplet g:aptth:g potien 3f ahd deyd plasma 8
etic field Furth d tehetn ’
tragaggﬁ&hﬁ Sgeond s?lﬁ%m p?xého\%l Cﬁo? %?%T%é%?@ tri@thermore
theaairib adnepost:d ehenplasmp rmr@%@pg gParEpn t f?e Bride é’§§f%n% Bje cputace

treaélmg% fmt PloAsaRy gbﬁeé’caﬂlebj' Eiglngtdif rcRel @ﬂhshhﬁs traveling
gui ding portion 10

activit
thtogel fite mm@eﬂam@ guiding Rpriipndfa Eﬁea@é‘%féﬁ N
salﬁeﬁlﬁ&ﬁé rﬁfocehﬁné@ﬂéthb@ nf nbdeesdpl.asin ﬁ)dd)tiessthegplastev i m‘ecgetssmg
i ncluding t e asma processi.n
deyigg mﬁ}%t gggrtx &roc %sm% P‘Ol'tlo é£ glﬁ]s{) clglﬂ%de%ela[%)lﬁﬁg% gbﬁé@ or in
thé prebetfiefvention had iembhidedin @ewémmal sdape plrtés ppgsent invention.

[mgﬁyentlon [ 0037] The constituent partlcles of plasna
ncl ude the neutral particles such as cul e

at ofise iconspitvemivapgpticles od arlasman Seingudgelne %rélt’fﬁﬁ eP%TBﬁF% Sy as

m&Qc%ﬁ&%[d%Bﬁlé &l ﬁ‘ﬁsm& ipPfburRk 86t 8RB Shdidhidd thaged harticles
oration material vap or|2|n8 from.cat hade

(iopl algpmorgmtpch &Oﬁbmei PrRporatig ngﬂgrl?]nsfarpgalu%ltgffa%m cathode 4 of

plit N g Sk £k Y ﬁ&i‘ﬂiﬁ)ﬂtz QR th@itrddaktion Ea/sawﬁh&iancbﬁvaporatmn materlal
condltlons In a

[ OgRES L dyGYAGH U akfaporation
EPTRGeat ?oé‘fjrlth’?ﬁtﬁ‘oa) PaP a]%rofesf’ll lJ[Ib (‘& ect riggg P
métbd)ente as fdloeB0A Thor efecirzbturr@t 51@0'1A60% K@‘eferably 5-500A, more
preferably 10-150A).,  Furthermore, the voltage is 5-100V (preferably 10-80V, more
preferably 10-50V), and the pressure is 10-0.102Pa (preferably 10-6-102Pa, more
preferably 10-5-10%Pa).

[0038]

14



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 10-5-101Pa). [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 .

syShetmis 34pschnt Bas HEUlUEddMIER%E gort la%%réﬁ%%ﬁ%%@c%smg

. porfi&Y (tgéﬁltﬁgﬁ)oplﬁ‘oﬁﬁ | pyeghsfigtroditeise sysl:“syﬁt:ﬂﬁﬁa,nd%as exhaust system
contyolling t as ,ntroduction ow quantit

byt B M9 ORIOBGE ad) BCRTRGP ERE APt Poyk iRt by these

sys@méacuBy degrating phesgas @trafuctiére floholgeantayuuniformly and by
.chamher 1. | t ad t gg' dr@0F%he WSl

adJ?Srii’]tnng ﬁgﬁa&%t gg‘g (@%ﬁ{l@g aiv(r:‘)iltc ro Sig%%g?]ls&tg?ﬁ tr%)(e) pl lzlsrm ¢ vacium

chagibeet &t dontroPet toihereostantand its gas may be al so

Ooézgjtroduced fromboth the plasma processing portion

treatin ortion) 12 and the plagma generatin :
DoFbr cpiraliuchipe gat iR PhCRGHLERT Oin e PGS gepadeggortion 2

and #9PALRLH bk RBsoPind® HRccrfege $6ihghe AMidnhe0 proacudirghrfibm Simeating

enerating.portion, the kinds of, gasgs J . .
porfit &1 SRR B FICHSR P EOP BRGTL do0. TIGE Pch roduction gae
intfo@aeilifstin Pothahe plasmagiroaessung porsioe agd shq plssrah Eynesptingpgrtion,
e FRLPUESL L, RORERRR e g sty o
is mppreedr it alay (@apiloysn. Helogaobe vApbyPb de told the gepgsure to be

conbRAE d%h bihel 5 cCMRRBE @RI Eab Mol e laBProptia Gl ahplbyéd.om
sources such as cathode material, so that the double
[00¢@npounds nenbrane can be formed easily. As

r eghid Mabtyvi s reh@s @itbathe Reamehitet particlyes eripinayedron gources
ind or plural ~kinds chgs from r f NI :
suc ,qzs)c?.t%aﬁg)élé T a&)’ff ,tg?]vg‘? gaugbﬁe fq%o,un%/ %Foé%gar ocgﬂéngg'%%ﬁ easily.
As (E2HRity Gad, lthere Ghbe EJkiBivetycemplopatdonexkinid 2w plaral kipds chosen
aS b o igh/(CoHa, s,
bR Pblin O 59 0P Skasl gty et by, o

on ‘o €¥ gas may be adj usted by, .
CHaj Githgtekpad pxidized aarbon @@, GQsh, & pidgp Lo W ,ol the reactivity,

theloclrogge:ﬁi&ﬁti%ﬁ%? caB@vitPEasSHAPRY AljhfBd Bpfmiahg 04igaiizalP! al

qu can e used as ﬁai d reacti Vi t%%fg 3@004 1liquid can

In mdation ajcehelgaprraggetieth! g4t HAVAPO IR 038 HTHg
be Rt ds@Rid rERGivRiyAS@AR  generating portion 2 conprises

t he cathode 4, the trigger-and-anode 6, the
[0044k- st abi | i zati on magnetic field gener ator

( elRIGt otmgneniargebidiagoamne{gpletha Feacratige 3option. SaTie plasma

cat hode_ 4 .| 6. SURP! M the IR RrigQARRAaRLd®f 6, the
gerbeir%tsnﬁ%,pogtﬁ‘ t%e?%élg%ts i glﬁé) nE?%F ials ar e,ngol id haidaggl 430b
areedtebilirasiaonegnetic field geapraiy (Elecapmesnotic 5o gy '
sa{(aoéagho%%f&% laadolidee |shﬁ‘t>15;ﬁ1§-thg’rﬁli1k EdbaabnSeBisans andthetrmation

inds o S

i o O BTl R RAFSAERESS e no
esSRIANY et tddTet @he 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, Sb, Ag, Au, Zr, Cu, Fe,
Mo, W, Nb, Ni, Mg, Cd, Sn, V, Co, Y, Hf, Pd, Rh, Pt, Ta, Hg, Nd, Pbete. In addition,
for said alloy (metal compound), there are TiAl, AlSi, NdFe etc. 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 TiAI Al Si, NdFe etc.

Furt hernore sa i notr.gani c stance,
inprgaps SBIeCutsP e IR drt (ool rg. 1A LRaeitr Ag Gt orsanic
com@nmwmdra(mew)athe&s }u'e Titer En@y &n04d, RO (Zl’it@am&'iﬁz)mde-r@n mixture

T I xture indi umoxide)
m@i‘% xg@) f&u tejr 00"")3)é ghse.r RS &ov ITCPSF fgra?%ﬁgéand said
nirite, ﬁw@araﬁi‘le i[‘d’elC TR CeNaTNete, Ti ALC Ti C, CrN,
[oddgfN etc. [0043] Wen it is desired for the
trlﬁggr and- anode material not to be vaporlzed namel y

Pt is Kgsipad far therfrigeerandcanede paboiad moble hestapetizad, namely

wisdho thed pblgm&e ?Etbﬁlye t@ath&&be eva{ﬁéi‘fﬁsfdnainaf:éﬁdp é]ﬁuIch Be ldcRe@El, the
an 6a o e trigger-and-ano

m tF:%"tdt rfgrn&%‘ﬁd (e i R &% Pﬂfﬂc”ﬁaa"f‘l e?’id cthg oFm%EeiV\ﬁP@ﬁnﬂ‘%f‘e $ is an

elezro- ceﬂap:ulvahﬁd ﬁM@eﬁh@lﬂlvﬂﬁd‘hﬂdoeﬁ anpera@bmeeve@m the plasma

teﬁg%@t&fe S e S u S g%lggé&e :(cirnlgl?re?%%l:% é)%:jnéfc}’:lél(? E% %Eceo of metal

Sl@ﬂl@sﬁﬂé#@ece, Ahldyi imoragaivi @m@lmwdlamce rmtdainorgmmajepmpound (metal

ox¥Het ﬁl'tﬁ@) e&t Ean 5Ahel s B's?i@ %Q%Qer Sakh9nbdd 98 éﬁ'li Nd@pd erials that

naterla The material s are enpl o
ar5 B Lo o PO e aR6A 6athode & arebesan g eapropriately. Itis
desipglilonb i @il this trighdr-andemio@l® €rohD sf0h183d Biesl, copper or carbon

tr| anode 6 from stainless steel, copper or
5’?%1%23" ﬁﬁ‘?@rl al's (graphite). [00441 By bringing the

[@0tdhger - and- anode 6 into contact with the surface of

t heB§ ﬁ]{ E%ﬁg tﬁ"e tirliﬁ%gpgﬁ ﬁéd)é 6a1ngo C%SP t% the sur?ace o£‘ ghg cathode 4

t hat”
tersperasilicand amrghngj tltlem gfer ﬂsactd tbmeid@:r:@ spvviem gdmlesated between

saﬁll EfthédeCs SRATHi ORI and HBodeCs ECTFL 18S 'eEEéﬂtC%ark occurs, the
bet ween cat hode 4 and trigger-and-anode 6 decreases SO

elqciig resjreance hetitispnasathesiect pad fgsrandsioge Sadassreesprithat the

vabi@irl drt iog@RE -Labsecanade. caﬂﬁ)dfe carngtb éh&(]} thggégﬂiﬂdcﬁhode. As for the
.0 on . Sal o .

fo b AL 40 B SHAPPROUER P Y BigeGH ot dapivable fo

itstmateeial or befrinegd dyaitahkss sigtleal copperc ophemord premrnhie form the

oug{) %a?f cﬁ'qn!age Er?cf garafoﬁ &b oP 4k er-‘Q’ﬁh-lan?c{e é) %SISSL? %d%%h ceralmcs ete,

c%ger anode S I nsulate
so gat, the é@l innats theanefieds giyen dsonliidhatide of sn@emndtaoode As

fo%{aﬂttl\ebﬁtrﬂﬁzehhpof@ﬁggér-éﬂ&%ﬁﬁ 6angs ﬁlﬁﬁ’é;?dé 13?1\?1&%08@@5'@'&? th&drials such

as c.gﬁB%réLP‘FﬁPB?ﬁ Mo BT inecpunic ﬁﬁl%@ geibPafngtipg st RES7'C) of high
mdliiRg péinPmptild) hind 260 mAaaehlYV ekt dblngraphitat . 3387C) of
i gh nmelting point netals, and carbon naterials,
preferably graphite. [0045] The arc-stabilization
maghet arc-stakelizhtige meagetic fidldageancht@0¥azarel Mispeshchbosed around

th@b A 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
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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

<Piree & 05 0L R OT RS OS] AEETER Foto LA PgR L elds can

bet disposed twhignint the stk giiyerti @iz fdent) ebch aihspos &l a&imbﬁ],en this

oS¢ . f
codfht ANARILASE HDG LRt 6B AN d e
chiapnderisl. caﬂOW&yer,dltspaJsé)d @leo [séspiopedt b tbanecmiltveeft tlcen lnsulatlon
infBUAGRN thhinh] SR LMBEE 4 id &e%ﬁﬂ loF be%uni dhaldles 1, CASE,

he arc-stabilization magnetic field generator 30a is
[0946r]anged around t he vacuum chanber 1 However, it can

be #{G® RisPBsRMHtE Biakhen ¥f ﬂief&bﬁﬁcipsftaie%t\lvée‘iltﬂh@tp'r @ctmn end 4b

i nt.raoductjon term ath in_t
of AR SRt 4 0 ﬁ?baa%?ﬁweo SUEE & pomla T Shing scppmatic
dla)gratrhef the rb@iatt stht betheémﬂ&erpmjml@r ek db iand thadndde suaface Ge.

T}ﬁea]gﬁ%gﬁorf' g{u% 28 gagﬁ%hg %nocllle]: r%g éc'}%‘?l%”ﬁ% co%%le%c];; %{9% (i%%%act point.
Thsetelgstuic t tverqmt ojise cﬂqvmd ew@ Abts anehtatte painddeanslurthem ewhen the

trBfer-andlEndab O &L RPaidh 4Bttt LN RN OH8 e U, 36?1@ e@@ctrw spark
come into_contact at_a contact point. = The el ect

ocgyreyorthat the gppsration piriaspa %lseeﬁlﬂféé by Hair ﬁlectreﬁaa%enAfter that,
bywhentHeRasmid § Go@fopRp ds a@flieted, the Hreqvnatdelsdppesnst he
{O@ﬂémde surface 4a, the electric spark occurs, so
t the generation of plasma 8 is induced by this
el eBig iR isstharskhenfdticetiagaat of thbyortheit stitecrepl@sinthe Hrajection end

oA bl LR i BP0 SELLAD, 18, PERR g,
the tpamectbetenéedﬁ betpanasrthe exthpdmpaniby ¢bﬂmag\ éntoisentapioeidh the anode
su%fé@é 3L %Ttﬂe?mgi‘ég v@ﬁn EHéeprJe@h&P t4b Qﬁsaﬂ)geeﬁfed Fﬂygt}%'%acuum arc

dlsappears he projection end econes
digchersse mﬂw Paweem ARPTPHIENE: Hiey aadegupface (ke Iﬁ?ﬁéd@comes the

caShbdk geetoC. InFmet;bleglﬁ@ leﬁnss\ihﬁlemeéﬁh@z@i dp&eibb® Rbde:, one projection
t he vacuum ar.c

th
b ERRT R ML PSSR A PSR Sy e bibe e hgds Siitace always
hddscthrmsetdndesscatr-faoeeanddha tathdde 4 iserpledlysreemossamhcontinues to

re%&!‘a”tﬂ@ggleﬁ‘&fds bed ABOME A8 a%%s%ﬁds e u%@@%% %%pe, and

rece proj ection Is
the reiendion of) Fhlee@hadway@ce frag & aopréca}heiﬁetmfes s surface,

o84l the cathode 4 is gradually worn out and continues

to retreat Ln other words,. the cat hode surface
al whiss LiSiyeRiFRatoRamAm th Tipger-apanqdso! prigedaReie iype-
Inofché hiriggéradndad®nds ug f dcactiver abode gaeRd mainkedR] Feleftiomagnet or

Og.g%LtrrEi 4}§g%l'églgge%ggt]]§r\eat ;%d%lh?egé%mmlgfﬁneth&d is buried in the
triggialggei-armdd Ga Hodeerrapbntanbgned 1aa@d'dzotbe pesaterthgnBy ndagnetic field
A‘(P&h&‘i g{}%&%‘é oPhagh ﬁrﬁ'&aﬁl%rlfen Tk of ﬁxag%&?é}gxecg increases near

ract I 6 since net 6d i s burl
the anode surface. Therefore, in the vieinity 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

denlBPy Tt ClepEutie srd: AemrRate oty Hitcen e o dection
46a)hetreatrap laas]ﬁramlinsg:ln densibi Y6a andithe 4Bising High-detkity ddinain 43
PR L0 Sy AR bERA0R 00 Ml 8 g Hstecn

Thertirseridopertipn 6e pf onid trigier-andrenerea olzicting Bve ontlysinede surface 6¢
cag'bﬁ%go'f&%eﬁ%orﬁ@ﬂe ﬁﬁ@m@lg@ﬁé@mﬂ% Qtlibs%ﬂ:@' U Vo GRIFRLEL, #8he tip end

lasma plune) are_typlca but the rea
g7 $a fsa@afe"rsgsam elrlfe,de. 6301'%9 awdwfaa@ Byis forpppd frgrg substance
dlﬂa@np%m e &3h&fe Sahd Pladng0 e5mPoRed 3N eEe kbdef ofaéhdBs can be
tﬁg@ r the anode surface 6¢ can be also formed from
g %fasna generating substance. In this case, if the
[005Q» end portion 6a of said trigger-and-anode 6 or the
ano C_.i
fr o?ng{tﬁernéoa i %ene T:'raﬁ %qugﬁ 458 ﬁxgﬂ‘gez& Rg%% (i:c? Fatﬁoée E (? gltle neutral
atorh ealisgiendizectinn 46e areénvideat éxfo tlp@glaal]na hight-theaysity domairh €3, and

thBSWld ﬁhsrﬁ& Qﬁptﬂl%nfsrgﬂatfﬁ‘flnefdr(gineaai'éja(ﬁﬁrﬁﬁ&g’easdfoﬂ&vst) IB? ionization

neut ral atom em ssion direction 46a are incjdent into

of g ngPErahatoms - detherefiredtieenlpsromscandegeneraded Witk high efficiency

behnas FRIIGPFRANAIIL snodk 6 fheidhd atiedl dde.” r e- acti vati on”
mqigfolloms) by ionization of said neutral atonms 42.
refore, the plasma can be generated with high
effFBﬂeﬂdya.ﬁh@mﬂﬁedﬁawﬂnkfﬁggenggndmdﬁﬂdée6fh0hﬂ£aEM®‘W@e

Bg?%xté'hr}(%?{l %%qasr%ao g%g)el’daetﬂ&%ubg a_lr1§e &h &%gﬁq?af tfie gﬁ%ﬁ' 30N %Elode tip,

er-an Ive ano

the rapféwgamge ishlermpedis niligyeh &y asdhagatiy ﬂ@gaam @f the toiggerpandranode 6

mcuéhl&b alet &b&%rﬁdadlﬁ' BRGHSs od generattﬁ% ﬁﬁ)gtayl@e @P%@%rkélged The
formed. Fig.5A is_a schematic Eh(g%ramo

magney §a s SRS OB i TR § ﬁﬁ@%@nd@dw%é t s described
caPh @S R mg&nﬂéﬁﬂy%r@h&bﬁlﬂﬁﬁﬂa Bffordfied iAthe gty oﬂ‘l@ anode surface

B Ak BRI B s B TP b0 o e i
densighd deniailiegtstodepnttefs spideswde sierfice bymebang of it and ion-electron

boga'cp i&ﬁlﬁt 9&; L. %%8%%0?1%% e %}49&%{ @@%&gnwﬁ@m{@g&m said

portion asma-conposi ng t
mﬁﬂgwnﬁu§n%kﬁymﬁbna|n heats and sputters said anode
ogsyf ace by means of heat and ion-el ectron

bonbardnent nd th evapora i on, of plas gen

SubSiEAIte BLIhERatinGiAETaR; o oa gaeeT ST aeae 18 T HE éﬂ% plasma
gen@fRRk sbhgahd 6f3s Arraggrdrat Acfod It}al txag’geefanﬂl'a&ode the magnet is not
artg%}‘lté? ZL c[g ngaﬁ %Qé’e?' e pgﬁ néadgaql&)téeh ?sdD enfaatng frog:et%% ra%toéen&rface go that
therd ggdre-famgedathe d)éa,smm\ehmhgwd:amls shqoptaterial 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 material 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

ruct.yre  of sald at e matesi a adi devi
ouf by S iRE e 80 o RSERIOBY P FicBRIO0P Gt e g worn out
(cdmpathed) tipotdth@le Bakerialdl irh sdppifedasetint thaplasie cdn ducomifnually
gefgrateﬁ t%bubs aJa)%P&%I:I deene%l tornao %glrnl?ﬁler e?ldl Raf V\% epog??]n 60 is

507 T1 0N ore,
copfigihred érom W&slowmg emmlyerv{iir slveuting (o rathrdiinatarfed, the vacuum

begew 841€, E@ghefd@ll&dﬁ{gem&ﬂl?&l wﬂl va%gufnh e Ism lelt SRR 58 of

e cont1 hual g/ ngener ated Wt hout st Oppl ng
thy sdingrmemba o2 smashe sumarting @a@b?@ﬁpf@rlﬁ%hsmlqaémg member 52

sns?dafﬁﬁy gu mﬂltoﬁgm}l& het illaaghtag, ]ﬁagak? l'to %ﬁﬁbﬁ@%@tﬁhﬂﬁ ehga matenal
ca e materia e v e to sh s
iR e s £90T 501 Thoedie (e Be e Db e PR s dongth
of odathddb eesttoadiatgristeddyer doRirgn dertidee te mﬂm@m tth[sg lamdimigemebfber 52
nser t.sai adi er, 52
bac]?wa %3( bée & s alk :&a i efélgacﬁﬁ tm)b f ah WP%I% oui}/ {Iﬁé‘lagléﬁ g%g be put
ingnAtuan ntmmawnthbut the ufe @Fmatmmcgtlmrtaﬁew oom 50 when t he
[Ob%di ng nenber 52 advanced beyond the |ength of

cat hode extra material 4c, a driving device to return
t hi Eurthermarg therprinsms operakiga of! %31%1% naple hyprranging the

st@dgd trb&h, 50t t%ﬁ:h}/\ﬂ-@ ?at?%tﬁehnﬁt@ndlfﬁ&ﬁaﬂg fevieR)s. beTRstcatolle extra
vacuum Jro Q e use acC

mR(51EC SRS StOFFER 128N uo BB o] B out, the

folléwing icatheda bk ted nmteﬁaﬂrza:ng inngyed he thesplaszag @en@oting @owvtidnh2, and

thexli] echg %5&1%?3 en%%elﬁ!a%rla %lbcﬂ'gd ql?\ﬂlg %t p@ou? %b hig ds%gghed as a

ore I n sal or age room
fonemr qﬂmtlmlteh@o@qnemw&lym rFhig lﬁtoragmeoonf 6P| coni hegexpanded freely

actRHRRAS 1R dnBiniBE L8e Rl tiftGihs. MOved to the plasma

enerating portion 2, and then the cathode extra
[OR%Rleri al 4c stored in the storage room 50 is supplied

as & if ohde@Bs tof sgatthadahd, pmesiie itvedtiby . is TRbS limited to the

st orage. r po be. expanded,f.r eI cecor di 0
apHEIapid BRhan BEa A Sanp ottt A ERiel fald ote. are
mt:ltnds;hin theadcopehef the e@sesent inveatitd eithirs thielindifsnwhield db ot deviate

fromgh? %Ql%tugal gisi' g?lgeegl E@R%#EBBBE and vari ous

on gn changes, etc. are included
in the scope of the present invention within this

<ﬂnngt}1§1 Apishngeynot deviate fromthe technical spirit
he priesent 1nvention. <lIndustrial Applicability>

[0pPH56] The pl asma generator of the present invention
I s @aBfplguiegeder a0t bh e pleb@tieinvention 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 becomes 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 tinme of

pl asma start. The projection end of said cathode
_surface conin% i.nt o cont act ith_ said anode surfac _
inyratighe dh¢ HaPeAtedHalnsHru Rl SB’\gd?‘f'?t MGy S0 HEA PR e B0 RS 100
inpttion ARBetcNing dak te pbHentddhentifticisBCt fop A 1@ipctinapabémricodductor

. ' ith ' de b I . .
prERRLER st act PRETIG FRaLTas starts SeBefi desios the
cafilods nmatesinl bedingedevied éd ubert, ebhmi surfant Ityeatihelr pfeesingoyan be
pe%hﬂ&i 193; s&p%ﬁm?é &%ﬂ@c&ﬁgﬁ zﬂlaé%{'iap‘fvitﬁg& 0?51?51??% tglg ngcuum chamber,

I nvent i'on, "t'he” repeate ntermttent Suri
soj thpt Hvisrmyevanded b Fiix e fmpwritiesnand pgrdamingtionrante tha pagace of
prE@@s_eQeobg&E{ o i€ g@g%ﬁ Uthsdidg bP 'Eh@pia@ﬂ]g.t dn@Fathiof the present
. sem conduct or r i 0 rocesses. Fu ernore, en
inyqpdiop) 4R %@ﬁé&&ﬁ@hj‘ﬁ% §€%§ﬁ%gqltaﬁaév p o GUEE ﬁﬁe plasma
trdatmehigr deesed bijedtead be bardormedfcanienddueBifoeaiong time.
processi ng can be perforned by supplying of the
cat hode 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

rt] of a narrow width and an anode tip end

<§§#@M§ of wide width, and a tip end surface of said
1.anoibles plagpme gelnqaatdr 10 whirkcoplesns & génambetbbysa: vhaee ars discharge

pe?& (i it n@ %Hx%raﬁﬁé: %@1&? s&p ufdQer (Ehahlnﬁtr&ostpﬂere and

ereln a per nen an e ec romag net
geaeatmpledmat saidipthsme @@@ratamdwaﬁ@@ézeden thaka ﬁrlagﬁmnd-anode for

stSERST AN VusRGLAL OF 9 wcu%w a&fplzgan%l B84 & chiPode amamgadan said
tipend portion of said trig and- anpde i s canp

ed

plarma sgienaing pRepqat ?aﬁgomiaaﬁ e%saldrcaﬂrrw& i51fked ﬁﬁﬁneiy Srregular,

arQ ﬁ]{ihfhﬂea&ﬁ'fac@?fcgadi ﬁ}lggéeg aﬁﬂéén@tie Q’(ﬁl{%hﬁﬁ u%tot dbnﬁzl.ct WHEH 4id @thode
C 0 nm 0 I n evi ce Su 1.

Bt il T an e OGS T GIAIES B 1o SRR 1R gopigghat least

witlo sazl dhp]eamtho@emfa&blwﬂgenpmmlmmmaa is mstredd| e asentact point

bettwgéi A QPFO?et P 8 ?wds%ﬁd ?:%:hode %?'Fagg af’iﬁ s§1§ %ng&’esgur}‘agg bécrémes a

efi%al's arranged In seri
ﬂb%m@%@@mosapumcathode and a follow ng cathode

o.mat e.lfHea]%la%é( FREES Lo S dlng tk%e@lg{ﬁ ln %e?@iﬁ hoggviohe&hanism is
sai d hode "'was consuned.” 8. The, pl asma gener tor

pravident ditngpid drigpa Mdranagfe o i thata saido FagReTPgERpoce can move for
re@@tﬁ?tﬁlfmﬁ&ﬂrfeb@ @.nsﬁlccblﬁﬁh@ QeietiARtpREitiah Sanidsa dilsypes edllisisw avoiding

at.hode .mat | lied t q
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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 Claim 7, wherein a storage room
accommodating said cathode materials is disposed, so that said cathode material' is

supplied to said cathode material loading device.

21



