;e3e@6T @acuum Arc Vapor Deposition Apparatus CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application is based on Japanese patent application
No. 2002-379709 filed in Japan on Decenber 27, 2002, the entire content of
which is hereby incorporated by reference. OF THE I NVENTION Field of the

| nventi on [0002] The present invention relates to a vacuum arc vapor

deposi tion apparatus, which can be used for depositing thin filnms on

obj ects or works such as autonobile parts, machine parts, tools or dies for

t he purpose of inprOVi&%C%%Hégg%}B%%EmPB%g%%EtF%%L?%%%%%XP%liding pfoperty,

corrosion resistance a is. Ccriptron o [ 0003]
According to a vacuum it arc di scharge
i s caused between an éﬁ%ﬁ%ggﬁgg%gﬁggio@%qg%ﬂgﬁﬁgﬁégng&%g ode material by
the arc discgsé g and_pl asma gontgining t he ignize cat hode nFte ial is
produced to % }se tHRLF oRPRLHCRRE HOAES nRE BFF af ™ onER R TR PRt on t ar get
object or work so that a thin filmis depoaited on the depg;iti n tﬁgpet
obj ect. [0003PPEbFa bt ¥Pt ng0PRe34Pd Cdi £dhEFgeeRéEh Tth %ﬁﬁﬁhﬁﬁi % he
cathode, a trigger electrode for inducing the arc discharge is opposed to a
di schar ge su?@gge Bhe - antifpecent a0 f el vbT t BgESPY é%ﬁ?¥%ﬂr£€?%ss t he
cat hode and the trigger electrode. Further, the trigger electrode is

brought i nt dP¥cheER¥SRHFeh the di scharge surface, and subsequently is spaced
therefromto cause the arc discharge so that the arc discharge is induced

bet ween the anode and the c&PREFRC 05 THFe IBNERFIONand the trigger

el ectrode, which is opposed to the cathode for inducing the arc discharge,
are general I§iekd @bl feetIvepytie@terred to as a vapor source. [0006]
According to such a vapor source, vacuumarc discharge is often interrupted
during film B@®d2]tionThe PhReseRt hbaéchrsipmoeebitedrtai d KrAEY™oRr Fat eri al
(particularly, if the cathode is primarily nade of carbon). Wenever the
arc di schar geaper  deees ibted, apper yhesunvat eh dise hag gesed Fafuced bet ween

t he anode and the cathode by using the trigger electrode, which is provided
for induci ngdemes & tngli letar Hlms oon help] edes f oF niveekdsFerbnass resuned.

automobile parts, machine parts, tools or dies for the
purpose of improving at least one of wear resistanbe,
sliding property, corrosion resistance and others.
Description of Related Art

[0003] According to a vacuum arc vapor deposition
apparatus, vacuum arc discharge is caused between an
anode and a cathode to vaporize a cathode material by the
arc discharge, and plasma containing the ionized cathode
material is produced to disperse the ionized cathode
material onto a deposition target object or work so that
a thin film is deposited on the deposition target object.
[0004] For generating the arc discharge between the
anbderand the cathode, a trigger electrode for inducing
the arc discharge is opposed to a discharge surface of
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[ 0007] However, the arc discharge is unstable when the vacuum arc di scharge
i's induced between the anode and the cathode by the trigger electrode (this
i nduction may be referred to as "arc ignition" hereinafter). Therefore,
when the arc ignition is repeated for the filmdeposition, this |owers the
filmaquality. 2 [0008] In the case where a cathode primarily nmade of,
e.g., carbon is used for filmdeposition, the vacuum arc di scharge is
repetitively interrupted during the filmdeposition, and the arc ignition
is perforned _every ti such interruption occurs. Therefo t he, deposi ted
fi1m has a | 5ReCEERPAEe FBUGANESS E2PB0bS] SPRLLGHANBEEPOR GEnCE RRATS
Japanese Lai d- Qpen Patent Publication No. 2002-25794 has proposed tgat a
shi el d menbepRfsth@t BF hgged %%?ﬁEEﬂdﬁ'VEBBFhéﬁurE%eaﬁﬁlﬁggﬁpgg??FBﬂ tar get
object for shielding themfromeach other when arc ignition is perforned.
[0010] Howevéd, PreugltngpEesaPytast depbli the #ipaRerIgodl* §aas t 7% t hout
usel essly increasing the tinme fromstart of deposition of a film having a
predet er ni nedubfparpeEsYt bscoppredi BRebeL5oBhte| FANEGpBREt RBR. For
sati sfying the above, a shield nmenber nust be noved to and retracted froma
posi tion betdéeahehgevaporhaburbe and dhechepesi ifohndurgdt bebyeer in
accordance with appropriate timng corresponding to interruption or turnoff
of the vacuubhareandidschndgehandathedarc ignition. However, such noving and
retracting operations are actually difficult. SUMVARY OF THE | NVENTI ON
[0011] Accor 80995y, anTbbjeathoflet hndi hrentrbages ebeptveiide whigbulm arc
vapor deposition apparatus, in which -3 a vapor source induces vacuum arc
di scharge betweescd tat hbdecahdoda &podendycisgngha arcgdéschheger ode
opposed to the cathode, and a filmis deposited on a deposition target
obj ect by usang gbeevapdy sundrcellentipalyi cefartgdt bopasvadEagovacuum arc
vapor deposition apparatus, which can forma filmof good quality w thout
usel essly insoeaseng a tine fromstart of the filmdeposition to conpletion
t hereof even when the trigger electrode induces the vacuum arc discharge in
response to {oe@édff ohctdedimgutm suchdaschpogesdurcag deposnt aoa of the
filmonto the deposition target object. [0012] For achieving the above
obj ect, the dhsehirgn psovides imeefolbposiingutiogt fpes dépvattiomai€ vapor
deposition apparatus, (1) First Vacuum Arc Vapor Deposition Apparatus
[0013] A vactiuwn @ithyd@pot s depdsi ¢ f ote appan akilsdfos £ depbsriahg a filmon a
deposition target object by using a vapor source inducing vacuum arc
di schar ge betpeeniautathpdei Anthancatioode bysaptimggel vehedérofle opposed to
t he cat hode, including:

carbon) . Whenever the arc discharge is interrupted, the

vacuum arc discharge i1s induced between the anode and the
cathode by using the trigger electrode, which is provided
for inducing the arc discharge, so that the film
deposition is resumed.

[C007] However, the arc discharge is unstable when the
vacuum arc discharge is induced between the anode and the
cathode by the trigger electrode (this induction may be
referred to as "arc ignition” hereinafter); Therefore,
when the arc ignition is repeated for the film deposition,

this lowers the film quality.
-2



a shield nmenber noved to and away from a .position between the vapor source
and a hol der for supporting the deposition target object; a drive device
for locating the shield nenber selectively in a shield position between the
vapor source and the holder, and a retracted position shifted fromthe
shield position; a detector detecting turn-on/off of vacuum arc di scharge
of the vapor source; and a control portion controlling the drive device to
| ocate the shield nenber in the shield position when the detector detects
turn-off of the vacuum arc discharge, and to quate t he shield menper in

the retract eHOP8RI t i onIMhERE aCRPRe"RekRi  eeP FoPCQ tRBHPF 1Y B vtuum ar ¢
di scharge el apses after the detector detected turn-on of the vacuum arc
di scharge. (2)9Secenb®acimnt2ee TRapoflbepderesohl Mppatrae usFEH 4T A vacuum
arc vapor deposition apparatus for depositing a filmon a deposition target
obj ect suppoditeehdyga hel Hepebitinehy dnvaperrsedrderimgutbagt vaRuum arc
di scharge between a cathode and an anode by a trigger el ectrode opposed to
t he cathode,d¢pesidiog: andughetascfigrébivavingrar Soreedi eveby | TR
formng a nmagnetic field, and controlling dispersion of an ionized cathode
mat eri al pr osuckdifreonrtheicat hoderpy Therefenam the derepbre@d fblhove the
ionized material toward the hol der; a power source device energizing the
sol enoi d coihasaa deaege osudEteet rogghuesson/ of f of vacuum arc di scharge of
t he vapor source; and -5

[0009] In connection with this, Japanese Laid-Open

Patent Publication No. 2002-25794 has proposed that a

shield member is interposed between a vapor source and a

deposition target object for shielding them from each

other when arc ignition is performed.

[0010] However, it is necessary to deposit a film of

good quality without uselessly increasing the time from

start of deposition of a film having a predetermined

thickness to completion of such film deposition. For

satisfying the above, a shield member must be moved to

and retracted from a position between the wvapor source

and the deposition target object in accordance with

appropriate timing corresponding to interruption or turn-—

off of the vacuum arc discharge and the arc ignition.

However, such moving and retracting operations are

actually difficult.

SUMMARY OF THE INVENTION

[0011] Accordingly, an object of the invention is to

provide a vacuum arc vapor deposition apparatus, in which
-3-



a control portion controlling the power source device to stop energizing of
the sol enoid coil when the detector detects the turn-off of the vacuum arc
di scharge, and to energi ze the solenoid coil when a tine required for
stabilizing the vacuum arc di scharge el apses after the detector detected
the turn-on of the vacuum arc discharge. [0015] According to the first
vacuum ar c vapor deposition apparatus, when the detector detects the
interruption or turn-off of the vacuum arc discharge, the shield nmenber is
| ocated in the shield position between the vapor source and the hol der

supporting theVaRpbsFRTBASt ARYREC DLy REIUMVRER L EF IR IR T FEFT of
stabilizing the vacuum arc di scharge el apses after the detector detected
the turn-on €3tRe@e vaRd Ui afBOGP sERarFENY t et EHPEPH FERDEFOFS PRRATEM in
the retracted position shifted fromthe position between the vapor source
and the hol de?.theozathadeor andgh yLiblehsi AeReEhtad coRe? t RRAIROTHel¥acuum arc
di scharge is repetitively turned off during the filmdeposition, and the
trigger el ectaodetioldiees blicusheaubraréappEchangee(iaed Pa¥theniafrhg arc
ignition) in response to every turn-off, the filmdeposition is resuned
when the vacturpaeeidésshuageubezdaesapenbiepoThusont eParatgepdsichon is
resuned in such a state that the deposition target object is not subjected
to or is -6 cahafdiy subjéotefl goopautstiey withhet|ukeleshwl¥h are produced
during the unstable state of the vacuum arc di scharge, and adversely affect
the film deposctéeanipgogessmer ftdre $tantquél thy. fTherd¢peeitite teposited
filmhas good quality. [0017] Wen the tine required for stabilizing the
vacuum ar ¢ desmhbe geor| Bpsesoff ¢eent ieenetleet brideeecebdcthedeurn-on of the
vacuum arc di scharge, the shield nenber noves to the retracted position to
resune the fihduceposhti vacudhezet cdeschansel Esstyspaonget toetisnnoff
required fromthe start of the filmdeposition to the conpletion thereof,
whi ch i nproves the eifickeacy ofischimyeeposingodepddDidin Acforlenfito t he
second vacuum arc vapor deposition apparatus, when the detector detects the
turnoff of tdetwachwmiapcsitschatgeget heb$otenoid coil is deenergi zed. Wen
the time required for stabilizing the vacuum arc di scharge el apses after

t he detector[@et2rt ed Fhe iddhhevingfthdealvaceunibaect di sbhaigeenthensol enoi d
coil is energized again. Wile the solenoid coil is off, it is difficult to
defl ect the pastidéesthahichlawengrowbicegpdy ¢hevyaguinane cvapscharge from
the cathode, toward the hol der supporting the deposition target object.
[0019] Accorghmesd yiievempparstgd. a case that the vacuum arc discharge is
repetitively turned off during the filmdeposition, and the trigger

el ectrode i nducesitde vacuum Af€ dischangeoéitton Apppeatasns arc ignition)
in response to every turn-off, the filmdeposition is resuned when the
vacuum ar ¢ dicel®y ge heceaesunt abt evagdtisdepbei £ibm depasatuonfos resuned
in such a state that the deposition target object is not subjected to or is
hardly subj egdeski©idardi £188 o 4 hgepdkeriahi chrgee ghpdueedydusing the
unstabl e state of the vacuum arc di scharge, and adversely affect the film
deposi ti on pf OfQSSr Mothee fihduaLdd | Fycudhes £f ol eschiiegaeposiéed &il m has
good quality. [0020] Wen the tine required for stabilizing the vacuum arc

di scharge elapsesaafdel dheasieiectpra det & dhect b OFpPbséiecyacuum arc
di scharge, the solenoid is re-energized. erefore, a uselessly long tine

i's not the cathode, including:
a shield member moved to and away from a position
between the vapor source and a holder for supporting the
deposition target obiect;

a drive device for locating the shield member

selectively in a shield position between the vapor source .
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required fromthe start of the filmdeposition to the conpletion thereof,
whi ch inproves the efficiency of filmdeposition. [0021] Sone ki nds of
conventional vacuum arc vapor deposition apparatuses have such a structure
that a plurality of vapor sources are enployed in one apparatus. For
exanple, a plurality of vapor sources each enploying a cathode materi al
different fromthe others are used to forma filmnmade of the different
cathode materials. Also, a plurality of vapor sources are arranged along a
length g of a rod-|i ke depgsition target object for form a uni form
fi|%1through%ﬁ@ Fee hehgeh: # gt%eg%tEégEgs B t%@%i?%%%?%% ﬁ%@mo Sr that

t he vacuum arc_di scharge of one of the vapor sources is turned off, and.
then the arcShypldiBAsisipRiformed to resume the fil m deposition before
stabilization of the vacuumarc discharge. In this case, the deposited film
does not have an #néeheletor i dateorposi FibnTonlofbeal NGACHAVeAXMi form ty in
filmthickness. The above situation becones particularly remarkabl e when
t he vacuum adesdiachargd thefvapoensoyrear neadof f. [0022] Accordingly, the
following third or fourth vacuum arc vapor deposition apparatuses may be
enpl oyed as the apperatuskspenthornpboyiayl angl thal dxyvefdeapor Bources.
(3) Third Vacuum Arc Vapor Deposition Apparatus [0023] A vacuum arc vapor
deposi ti on appazte ushé oshiepdshemnpgr aifi tine oph be béposs it brn twneget tiobj ect by
using a plurality of vapor sources inducing vacuum arc discharge between a
cat hode and detacoce dytects i ggen-ef£cdf otlee opposed &c tdies clad hple,
i ncluding: shield nenbers provided for the plurality of vapor sources,
respecti vel yandrtwel dexvieesheraviebd fembeheishilked draendersd pespeiotnvel y;
-9 detectors detecting turn-on/off of the vacuum arc di scharge of the
vapor sour ceshemespetté vedguired for stabilizing the vacuum arc
discharge elapses after the detector detected turn-on of
the vacuum arc discharge.
{2} Second Vacuum Arc Vapor Deposition Apparatus
[0014] A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target object supported
by a holder by using a vapor source inducing vacuum arc
discharge between a cathode and an anode by a trigger
electrode opposed to the cathode, including:
a magnetic filter having a solenoid coil for forming
a magnetic field, and controlling dispersion of an
ionized cathode material produced from the cathode by the

vacuum arc discharge to move the ionized materigl toward
the holder;
a power source device energizing the solenoid coil;
a detector detecting turn-on/off of vacuum arc

discharge of the vapor source; and
-5-



a control portion, wherein each of the shield nenbers is novable to and
froma position between the correspondi ng vapor source and a hol der
supporting the deposition target object, and each of the drive devices

| ocates the shield nenber selectively in a shield position between the
vapor source and the holder, and a retracted position retracted fromthe
shield position, and the control portion controls each of the drive devices
to locate all the shield nenbers in the shield position when at |east one
of the detectors detects the turn-off of the vacuum arc discharge, and to

| ocate all the shietenhepbePer tHoR heorbrehtind R i RO WM G ti e
required for stabilizing all the vacuum arc discharges el apses after all

t he detect ordevikcectedstdie enerdbhind ehethacirleed srekharke Tow24] In

t he above vacuum arc vapor deposition apparatus, a part of each of the
drive devi cedslectopadetetteatheoturheodét edt ¢he) vasgusyr ale discharge be
commopn to the two or nore vapor sources, unless a problemoccurs. [0025) In
the first anaidrte hemeryhreutharso Vapoid depdkiwhen appimeat reesired nagneti c
filter having a solenoid coil for formng a magnetic field may be -10

enpl oyed corfespongs gl t nat theasdcome afc tdbs vlsgooge solrgess fafteontrol | i ng
an ionized cathode material produced fromthe cathode by the vacuum arc

di schar ge totklefdertéctde donecesd neiertantoward tie vodtwsn.a®Eso, a power
source device energizing the solenoid coil may be enployed. [0026] In this
case, the coitsctappeiion may control the power source devices) as follows.
In this case, each power source device interrupts the energizing of the
correspondi nppGs Enoi daecdtdishent@t theadironevatutrheadetenpor s) detects the
turn-of f of the vacuum arc di scharge, and energi zes the solenoid coil upon
el apsi ng of @epddteri@guipresr-dons stwibeéh i ghaglatdctde daicenins atlee di schar ges)
after the detectors) detected the turn-on of the vacuum arc di scharge. (4)
Fourth Vacuuip#serMaipisn Reposhth-ont ApPar i ¢l svd AT ] a e vacsciia age, veper
deposition apparatus for depositing a filmon a deposition target object
supported bysiaidnd desmibyr Uss NDo @a Pédir &h i e dh Ve pOIpSOLE C@s hachuedmg vacuum
arc di scharge between a cat hode and an anode by a trigger el ectrode opposed
to the cathogigs vddtidd@ice and the holder supporting the deposition

target object. When a time required for stabilizing the
vacuum arc discharge elapses after the detector detected
the turn-on of the vacuum arc discharge, the shield
member is located in the retracted position shifted from
the position between the vapor source and the holder.
[0016] Accordingly, even in such a case that the
vacuum arc discharge is repetitively turned off during
the film deposition, and the trigger electrode induces
the vacuum arc discharge (i.e., it performs arc ignition)
in response to every turn—off, the film deposition is
resumed when the wvacuum arc discharge becomes stable.
Thus, the film deposition is resumed in such a state that

the deposition target object is not subjected to or is
~6-



magnetic filters arranged for the plurality of vapor sources, respectively;
-11 power source devices for energizing the nmagnetic filters,
respectively; detectors detecting turn-on/off of the vacuum arc di scharge
of the vapor sources, respectively; and a control portion, wherein each of
the magnetic filters has a solenoid coil to be energized by the power
source device for formng a magnetic field, and the solenoid coil fornms a
magnetic field controlling dispersion of an ionized cathode materi al
produced fromthe cat hode by the vacuum arc discharge to nmove the ionized
material towapBiKeSHBI BeEedaha PRELEEHET OPT pbiREi bhXRontRbFE #HR power
source devices to stop energizing of all the solenoid coils when at | east
one of the de¥edterd derteysthpctngiabbefsbRtenel vERGURREHEd’SEhar ge, and
to energize all the solenoid coils when a tine required for stabilizing all
t he vacuum agtseiataar gesdepdpsbsehyt2ffaat the fHetBciopesHet@’ted the
turn-on of the vacuum arc discharge. [0028] In the above vacuum arc vapor
depositi on apparassseratharfibn eaehiby. t Hecpefereor Ehegdppesibddeach of

t he power source devices and/or the |ike nay be comon to the two or nore
vapor sour cefilmnhassgacgrabhbhtpecurs. -12

[0017] When the time required for stabilizing the
vacuum arc discharge elapses after the detector detected
the turn-on of the vacuum arc discharge, the shield
member moves to the retracted position to resume the film
depositiqn. Therefore, a uselessly long time is not
required from the start of the film deposition to the
completion therecof, which improﬁes the efficiency of film
deposition.

[0018] Accofding to the second vacuum arc vapor
deposition apparatus, when the detector detects the turn-
off of the vacuum arc discharge, the solenoid coil is de-
energized. When the time required for stabilizing the
vacuum arc discharge elapses after the detector detected
the turn-on of the wvacuum arc dischargef the solenoid
-coil is energized again. While the solenoid coil 1is off,
it is difficult to deflect the particles, which are
produced by the vacuum arc discharge from the cathode,
foward the holder supporting the deposition target object.
[0019] Accordingly, even in such a case that the

vacuum arc discharge is repetitively turned off during

-7 -



[0029] In the first to fourth vacuum arc vapor deposition apparatuses, the
detector and the control portion may typically have the foll ow ng
structures (a) and (b). [0030] (a) The detector is a current detector
detecting a discharge current based on the vacuum arc di scharge. \Wen the
current detector does not detect a predeterm ned di scharge current val ue,
the control portion determnes that the vacuum arc discharge is off. Wen
the current detector detects the predeternm ned di scharge current value, the
control portion determ nes that the_vacuum arc discharge_ is, on. [0031] (b)
The det ect orthe H1im| dapes et @t orndeteet FRYISEV ot &G DI 1M t he
cat hode. Wen the voltage detector does not detect _a predeterm ned voltage
val ue, the cthervicpert2bn dbtehardos(inat, the RUEIRF R di sThar gy s of f.
When the voltage detector detects the predeterm ned vol tage val ue, the
control portienrespenrsdnes evarythervaetiim Bre i srrdeRRS1E1¥M.1$0032] In
t he above structures (a) and (b), the predeterm ned di scharge current val ue
and the predetsunédedhen| thgevaahue are dischaese hedereanitablai t age val ue
representing the turn-on of the vacuum arc discharge, respectively. -13
[0033] In thBhiisr sthe of f burdépwatuiomais veparedepossudlmn appaiat iz, the
cat hode may be primarily nmade of carbon, which frequently causes the
turn-of f of the depusitios tischargedoti hg fot nsdepested o $008#] If the
cathode primarily made of carbon is enployed, a time fromone to three
seconds or ahiardeyfsan)eoeed otd woasertohes omytihe Sekeaswhbhehtane required
for stabilizing the vacuum arc di scharge after detection of the turn-on of
t he vacuum aprodiisehadgeiiy tie waeseghbe.sfHOS5) L Thee t vaeuwrecgnre ed f or
stabilizing the vacuum arc di scharge after detection of the turn-on of the
vacuum ar ¢ didsediasgge pyatdeadet ect by afjede et ef Mimediepas Bdikamce, e. g.,
from experinents depending on the material of the cathode, the vacuum arc
vapor deposiprofeappar aths fDlbequskettor Therdéfkee, Thiee tdemodshisd det er m ned
may be set in the control portion. [0036] The vacuum arc vapor deposition
appar at us nmayihe oviced smihitayti me setting portion, through which an
operator can set the tine in the control portion, in view of such a case
that the sinpb@eBCcUUMWiaEC W& O imtke posdtl oad appar st aisi 15z isedthor form ng
various kinds of filnms by selectively enploying the cathodes of various
materi al s. [€030m Accordli fichdvgd hel dpwent & Prer ashédeset ¢ besk abovectede
vacuum ar c vapor deposition apparatus deposits the -14

the turn-on of the vacuum arc discharge, the solenoid is

- re-energized. Therefore, a uselessly long time is not
required from the start of the film deposition to the
completion thereof, which improves the efficiency of film
deposition.

[0021] ° Some kinds of conventional vacuum arc vapor
deposition apparatuses have such a structure that a
piurality of vapor sources are employed in one apparatus.
For example, a plurality of wvapor sources each employing

a cathode material different from the others are uséd to
form a film made of the different cathode materials. Also,

a plurality of vapor sources are arranged along a length
-8-



filmon the deposition target object by using the vapor sources) inducing
vacuum arc di scharge between the cathode and the anode by using the trigger
el ectrode opposed to the cathode. Even in the case where the trigger

el ectrode induces the vacuum arc di scharge in response to the turn-off of

t he vacuum arc di scharge during deposition of the filmon the deposition
target object, the vacuum arc vapor deposition apparatus according to the
invention can formthe filmof good quality w thout usel essly increasing
the time fromstart of,the filmgdeposjition to the c | etion thereof.
[0038] The fcg}lfeijo}f‘ﬁ%" laeo‘{l%?sbtbfg%té?rg%iét(ﬁ?%%‘?t a]g%c LN alivant ages of
the present invention wl| becone nore garent fromthe follow ng .detail ed
description %‘fl:@%’é‘“pﬁjejs%nifh??l‘&%‘?‘i%nl%:ﬁ pEken Ph RS arcd i ol itH t he
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NG,S&OOB%% (g'ég. 1
shows a schewe?}eUtIeR(TRYE ¥FCHR Ehahptee of 2GR Afkfm A SRR posi tion

apparatus. [0040] Fig. 2 shows a schematic structure of another exanple of
a vacuum ar cORQpef Heposrrebnsaphaeat 1s. tuoeed | off g. 2 thertth RTG
rel ationship between times of arc ignition and surface roughness of
deposi ted fiigmibbeni hedeyiexpedi hentesyre f then BepbsieRoRt BYOR vacuum - 15
arc vapor deposition apparatus not enploying a shield plate. [0042] Fig. 4
i || ustrates zeferetsonshl pzdeiorent t thesvatudn cargriti s Sraegrl- sii fi&eks
roughness of deposited filns obtained by experinents of film deposition by
a vacuum ar ccazporthepdeies bredpbblmt deeempboyhae tde Thierdedl B EL [ 0043]
Fig. 5 shows an arrangenent of major portions of an exanple of a vacuum arc
vapor deposicdmepr sippteat usr plers deet vikave aupl teEmity B VBBbr sources.
[0044] Fig. 6 shows an arrangenent of major portions of another exanple of
a vacuum ar ctivispiore stepdBie | voeppat ttakior dve et ipdraipilaal Yty of vapor
sources. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

remarkable when the vacuum arc discharge is frequently

turned off.

[0022] Accordingly, the following third or fourth

vacuum arc vapor deposition apparatuses may be employed

as the apparatuses each employing a plurality of vapor

l S0uUrces.

(3) Third Vacuum Arc Vapor Deposition Apparatus

[0023] A vacuum arc vapor deposition apparatus for

depositing a film on a deposition target object by using

a plurality of wvapor scurces inducing vacuum axc

discharge between a cathode and an anode by a trigger

electrode opposed to the cathode, including:

shield members provided for the plurality of wvapor
sources, respectively:;

drive devices provided for the shield members,

respectively;
-9-_



[ 0045] Enbodi nents of the invention will now be described with reference to
the drawi ngs. [0046] Fig. 1 shows a schematic structure of an exanple of a
vacuum arc vapor deposition apparatus. [0047] A vacuum arc vapor deposition
apparatus shown in Fig. 1 includes a deposition container 1, in which a
hol der 2 is arranged for supporting a deposition target object S or work,
whi ch takes the formof a substrate in this enbodi nent. The holder 2 is
connected to a power source PW, which applies a bias voltage to the
deposition target ,object S held by the hol de dug i the fil m.deposition.
~16  [004B] The A AT ‘?et’r%crc%r?%re}é%%a‘?’kf%ﬁf SehaUS VASHEE X whi ch
can attain an,intended vacuum state in the contai ner A vapor source 3
for vacuum aftSGRpEIe dehokliti BPP%E SYPErRyRd HESRECohiather®al | portion 11
[ 00497 The vapor source 3 is copnected to, the container wall portion 11 via
a curved pipe 4 hAVFIREEN! PRLEHPed#eF#?n a side view. [0050] One end of
the pipe 4 is connected to the container 1, and is opened toward the hol der
2 in the contai nefadh qhetlpe hehiehd wembpees p}ﬁf)é“QI"%kaB?)oW 2ihefXAbG*F sour ce
3. [0051] Acoil CL is arranged around the pipe 4 to forma solenoid coil,
and i s connee®edtien b pRen sbe ceoHRYSRANEVPS VHPEh TRIEFER 2 the coil CL
to forma magnetic field. The pipe 4 and the coil CL forma magnetic filter
F, whi ch opehat@er viepbereild Zeie bierpdrel bovert aodf okt ee .€3gD52] As
al ready described, the vapor source 3 is arranged at the free end of the
pi pe 4. A wabf Phat@drite ogiviees sleorateriethe ishbelddmmbe®d the free end of
the pipe 4 for attaching a cathode 31 and others of the vapor source 3. An
el ectrical | ysebeeuctéle tatdhoseislppersiepbare3reer he t@PIRtIP W RNt r al
aperture of the wall plate 40, and is fixed thereto by an insulating nenber
33. -17 [Ooosd]ticreki¢tndeand zupporaciedypehiet sepporiraeheéringmis
| ocated within the pipe 4. The cathode 31 is nade of an appropriate
mat eri al cortlespantkd posihieodi |amdo be deposited, and is nade of carbon
in this enbodiment. [0054] Inside the wall plate 40, a cylindrical anode 34
i s opposed to thetkatdmwuerdl, pemidicen roshtikes tedagyerf etleetdoiies 35 is
| ocated within the anode 34, and is opposed to a central portion of an end
surface (i.edeviiszhar geosaird axk) e tdieliekd oeb8ds Thetlmostei Ui s
grounded. [0055] The trigger electrode 35 extends through an opening of the
anode 34 renmot®ifiamwhen cat hbekes 3 lonamf ttien dxtendsrs adkeaddlys ottavard. A
support rod 351 supports the radially outer portion of the trigger
el ectrode 35tum-spECabf ethd eegetim cangh diesdloaer &6, | sndrtanbeckze abe wal |
plate 40 for allow ng reciprocation of the support rod 351 while sealing a
space i nsi dethdeshviad 1d pletlzed9. iThehes uppordcred 13541 ekdée kdsen ha otigie t he
feed-through device 36, and is connected to a linear-reciprocation drive
device D. The=gewred Idrcatdsingzide 4Y1 gder ed@odm cabec 36i sattargent act with
the cathode 31, and can be spaced therefrom [0056] The vapor source 3 also
i ncl udes an arapgpesveaftsouralel AR, ddite- tpmwee rdstoatr toed PilBe i tsucormeci®d to the
cathode 31 and others via wiring for applying an arc

. the vacuum arc discharge.

[0024] In the above vacuum arc vapor deposition
apparatus, a part of each of the drive device({s), a part
of each of the detector(s) and/or the like may be common
to the two or more vapor sources, unless a problem occurs.
[0025] In the first and/or third vacuum arc vapor
deposition apparatuses, a magnetic filter having a

solenoid coil for forming a magnetic field may be
-10-



-18 di scharge vol tage across the cathode 31 and the anode 34, and for
applying a trigger voltage across the cathode 31 and the trigger el ectrode
35 to induce the arc discharge between the cathode 31 and the anode 34. The
trigger electrode 35 is grounded via a resistance R for preventing an arc
current. A portion of the line between the arc power source PWB and the

cat hode support nenber 32 is connected to a current detector 5 for
detecting a discharge current based on the vacuum arc di scharge. [0057] A
shield plate 6 |s arranged for.the ogenin of the pige 4 near the
deposition cBRPLPKET FOTHREPLRALrY bPafk RSt arPanyedthif tYRP he cont ai ner
|, and is supported by a support, rod 61, The support rod 61 js coupled to a
Iinear-recip?%%ﬁ??%nf%¥i9%“5%91%%3@0®n0h?%?6%dt?@¢Qﬁﬁﬁeﬂ@&ﬁr%%&ough a
so-cal l ed feed-through device 36' arranged at the container wall. The

devi ce 600 cRROABTedt RECBhFRE dCpFaPde cPhetReVirGUWRI BTE BbIFRIEFL F1° f or
covering the opening of the pipe 4 near the container (i.e., for shielding
t he hol der 2d¢¥basthehgaporizedrseteyiahdtavasd rblee drdattidhSP2 2 etract ed
fromthe shield position P1. [0058] The vacuum arc vapor deposition

appar at us fupeWer $eeteeedeniconerergpotnyobhd. sTheneohtedll poayilm 7 is
connected to the current detector 5. When the detector 5 does not detect a
pr edet er m neempll s¥édr ge - 19 current val ue representing the turn-on of the
vacuum arc di scharge, the control portion 7 determ nes that the vacuum arc
di scharge is[@26] WhenInhehitietezter Bheetertsol Heopt toeteay et o schar ge
current value, the control portion 7 determ nes that the vacuum arc

di schar ge i stlon. p¢@aEF¥owhen déreicont) ohs pbriiows 7 Hetehhs nessehagache
vacuum arc di scharge is off, it controls the drive device 600 to nove the
shi el d pl at ep@wér osothes rétvihce etnpesrepon P2etenehel zinelof poseti on Pl
and al so controls the power source device PW to stop the energizing of the
sol enoi d coitotkespomdimey , s¢ hencbht col 1 penen ont 71 castt rabts ohetiei ve device
Dto nove the trigger electrode 35 to a position inducing the vacuum arc

di scharge. detector(s) detects the turn-off of the vacuum arc

discharge, and energizes the solenoid coil upon elapsing
cof a time required for stabilizing all the vacuum arc
discharge(s) after the detector(s) detected the turn-on
of the vacuum arc discharge.

(4} Fourth Vacuum Arc Vapor Deposition Apparatus

[0027] A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target dbject supported
by a holder by using a plurality of vapor sources
'inducing vacuum arc discharge between a cathode and an
anode by a trigger electrode opposed to the cathode,
including:

magnetic filters arranged for the plurality of vapor

sources, respectively;

-11-



[ 0060] When the detector 5 detects the predeterm ned di scharge current

val ue representing the turn-on of the vacuum arc di scharge, the control
portion 7 determ nes that the vacuum arc di scharge is on. \Wen a
predetermned tine required for stabilizing the vacuum arc di scharge

el apses after the vacuum arc di scharge was turned on, the control portion 7
controls the drive device 600 to nove the shield plate 6 fromthe shield
position P1 to the retracted position P2, and al so controls the power

source device PW _of the magnetic.filter F to enerqi e sol.enoid coi

50" 0061) RIS LRI RSt i ire® i Cerel S TE ot TR R Get ect or

5 cannot detgci t he discharﬁe crrrent. When the vacuum arc discharge is on
5t &%

t he detector ah° det 8TR Y ¥tharge current. Based on this, the control
portion 7 enploys current  val ue. providin ference or criterion for
det er mi nation of %a‘é‘?‘?lte‘?rT h%e%%‘h’dﬁq a?%r%‘%bﬁt%ﬁgeoﬁ stq'b% GOt .2 0Mhen the
detector 5 detects the current value equal to or |larger than,the reference

current val USISERRTERNR T oFPPOYEPOR TOWETRF ni FRFPEREVEHE vtTum arc

di scharge is on. O herwi se, the control portion 7 determ nes that the
vacuum arc di scha® ge°pkret fPoyTbbe2] WeebPHing to the vacuum arc vapor
deposi tion apparatus, which has been described with reference to Fig. 1, a
thin carbon fil meashpel depesredacbhct hel BRPOSIRF of TatEReLIOLFRtt Was
follows. [0063] First, the deposition target object Sis_|ocated on the

hol der 2. |rPeieReyyited RBYi Bhe PPYee BOWEC? ehEC]hfRF dfPERIRY o P1, and
the coil CL of the nmagnetic filter F is not energized. Then, the exhaust
devi ce EX opergirelie ofbetdi nardetlirpirlenetd preskuferih 2 Aot sfner 1 and
the pipe 4 connected thereto by exhausting a gas therefrom [0064] Al so,
the power sobifekd PepnEppllElg adbtRervibR agk 20 iPRizRPoSFEROMSt ar get obj ect

S on the holder 2 -21
material produced from the cathode by the vacuum arc

discharge to move the ionized material toward the holder,
and

the contrcl portion controls the power source
devices to stop enerqizing of all the soclencid coils when
at least one of the detectors detects the turn-off of the
vacuum arc discharge, and to energize all the solenoid
coils when a time required for stabilizing all the vacuum
arc discharges elapses after all the detectors detected
the turn-on of the vacuum arc discharge.
[0028] In the above vacuum arc vapor deposition
apparatus, a part of each ofrthe detectors, a part of
each of the power source devices and/or the like may be
common to the two or more vapor sources, unless a problem

OoCccurs.
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for attracting ions for filmdeposition. Further, the power source PW
applies a voltage to the cathode 31. [0065] In this state, the trigger

el ectrode 35 conmes into contact with the cathode 31, and then is spaced
therefrom Thereby, sparks occur between the electrode 35 and the cat hode
31, and triggers induction of the vacuum arc di scharge between the anode 34
and cathode 31. [0066] By this arc discharge, the carbon cathode 32 is
heated so that evaporation of the carbon fromthe cathode starts. Al so,

pl asma containing_ ionized carbon starts to be forned in front of the

cat hode 31. !99%3] In {RetBBobtTBpetat fBHF LENEAEOREr BT CpbEkPon 7 detects
the turn-on of the vacuum arc discharge based on information provided from
the current GePeEibion. aPPaRakraps: ngiefdehechreserdt the FRytFPRd for
stabilizing the vacuum arc discharge, the control portion 7 controls the
drive devi ceP8bbien meyrhgPieatlynhare phat Eoblevbnyt RErSRFeres pb3i tion P1
to the retracted position P2, and controls the power source device PW to
energi ze t heasdi (bLCL. [0068] Thereby, the carbon ions are forned and

defl ected toward the deposition target object S on the holder 2 by the
magnetic fil {e@3Flso tkhat The datbohciohs aeaghrene datgetovbject S
carrying the bias voltage, and formthe thin carbon film -22 [ 0069] In
this enbodi mdatectingeat ieschabga cathedt Bidsed enpthbyedactiwme sweuum arc

di scharge may be turned off during the filmdeposition. Wen turned off,
the trigger éischande.3Bheertbensutrhentrdetgotoiotoes 00F0]dé¥epttde current
detector 5 detects the turnoff of the vacuum arc discharge, the contro
portion 7 operatiesetwmihedatesthargai eldrghhteabueén the shiketral position Pl
bet ween the vapor source 3 and the deposition target object S, and to stop
t he energi zipgrofoh héetorhiks Vhen the taoeumesuvecreédscéhbargeabs|ofing the
vacuum arc di scharge el apses after the detector 5 detected the turnon of

t he vacuum awlcedi Sicbarger eatiséet dytéhedatectgnthée opreddeeshireeéd plate 6 i s
| ocated in the retracted position P2, and the coil CL is energized. [0071]
Accor di ngl y, devenatge t trer caise whkne, t tiee vacniune Argodt Schadgeersines
repetitively interrupted or turned off during the filmdeposition, and the
trigger el ecthadet3® pachonnsrd héisclcargei tsommin response to such
interruption, the filmdeposition is resuned in the state where the vacuum
arc di schar geo®31 5t abl ) Mhie dpesctocalsya vhbtidge naeepossti on is resuned
in the state where the deposition target object Sis not subjected to or is
hardly subj egtétest ngad t velesgeraphei éd kiep wié chaBiied®r oueedtlaelr i ng t he
unstabl e state of the vacuum arc di scharge, and adversely affect the film
deposi tion -231tads odeSscosr tdiged i hot gt ¢ty a Thees@éosenitide deposgéed film
can have good quality. [0072] When the tine required for stabilizing the
vacuum ar ¢ oistihey gehel epsiesopfpertide datfsaninget € or rive deieoimdatde
turn-on of the vacuum arc discharge, the shield plate 6 rapidly noves to
the retract el pasitdoOn PHLrandindie fid MEEpag tdOFedBo ¥ eSei@e: s Thes ef or e,
the time fromthe start of the filmdeposition to the conpletion thereof is

not usel esslprddet€asited ansh tdws ddeud,) | mdepast tdpposapide performed
efficiently. In the above manner, the deposition target object is coated

W th the carhonedmlided idHAt lthd Srf@huesseNtdAdclL-HPPLY S bias voltage to
the target object.
[0032] In the above structures (a) and (b), the
predetermined discharge current value and the
predetermined voltage value are a current value and a
voltage value representing the turn-on of the vacuum arc

discharge, respectively.
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[0073] In the above exanple, the on/off control is effected on both the
shield plate 6 and the energizing of the coil CL in connection with the
turn-of f of the vacuum arc di scharge and the arc ignition. However, this
on-of f control may be effected on either the shield plate 6 or the

energi zing of the coil CL, which inproves the efficiency, and can |ikew se
achi eve good quality of the filns. [0074] The nmagnetic filter F is not
essential. However, the magnetic filter F can suppress dispersion of

i l bon, . whi ch b d jon of th
Cat hode 31, FOPRL Gepbti EYOrtTar batCobrber o et S VAP ooy can
i th lity,of th duced carbon thin film [0075] The pipe 4
Form ng t he FFP08H EhugPRR T ATt olof rORT RS CBRY AP F ey dBITE pl at e

40 and others_so that negatively charged partic]es can be_renpved by

appl ying a p%gi??E%o%ot%ﬁ%?%JF?%q?ﬁ%thp%gﬁﬁeT06%%]t$§%ﬁ° §ﬂgwgh%nother
exanpl e of the vacuum arc vapor deposition apparatus,lg0077] The vacuum arc
vapor deposi YRSRHppEF a4 HECRMEIH PR FrY. T2 ndeRR5t P eposi ti on cont ai ner
10, in which a holder 20 supporting the deposition target object S, which
takes the fof®034]a subbttaeecqrhofe sPehbost hentade ok 1¥he hol der
20 i s connected to a power source PWO, which applies a bias voltage to the
deposition tempbeYed) ezt tOne ubpomR t @@ ofC t HRr &9 YRFORIT i ¢y 3 hel R pbsi®i on.
[0078] The container 10 is connected to an exhaust device EX , which can
achi eve an | PRendedtvacieePRIAtBAY o¢ heekont abhertie Peaberd sBRF ce 30 for
vacuum arc discharge is arranged at a container wall 10l. [0079] An

el ectrical | ySeapbbezive e hodeugnpper t dheprrdgpiter fieteetion P an
aperture of the container wall 101, and is fixed thereto via an insulating
materi al 330thea ®armode GOOthE THELRPHEC sSLFeraner | RY st AYREEL t he

support nenber 320, and is |ocated in the container -25
[0035] The time required for stabilizing the vacuum

arc discharge after detection of the turn-on of the
vacuum arc discharge by the detector may be determined in
advance, e.g., from experiments depending on the material
of the cathode, the vacuum arc vapor deposition apparatus
to be used or the like. The time thus determined may.be
set in the control portion.

[0036] The vacuum arc vapor deposition apparatus may
be provided with a time setting portion, through which an
operator can set the time in the control portion; in view
of such a case fhat the single vacuum arc vapor
‘deposition apparatus_is used for forming various kinds of
films by selectively employing the cathodes of wvarious
materials.

[0037] According to thé invention, as described above,

the vacuum arc vapor deposition apparatus deposits the

-14-



10. The cat hode 310 nmay be nade of a material sel ected depending on the
filmto be deposited, and is nade of carbon in this exanple. The contai ner
10 is grounded, and is used as an anode. [00BO] In the container 10, a
rod-like trigger electrode 350 of the vapor source 30 is opposed to a
central portion of an end surface (discharge surface) of the cathode 3I0.
The trigger electrode 350 is supported by a support rod 35I'. The support
rod 351' is connected to a linear-reciprocation drive device D through a
f eedt hr ough ice 3 a : nt.al ll_.101. ice D
can nove the9§¥?g§%r§g?e%%§§%§g§§% %%ﬁ%%g %ﬁ%ggga fé%%? h%J%SY%g%% 3l 0.
[ 0081] The vagor s?u[c§n%0 IS a%so inc&ude 1 20, ALe. og@&esouggg PWB0O, whi ch
i s connect ed°VFA Wi ¥ ng Bthe CArhdhe® BT o tnd ot hersT 50 that it can apply
an arc discharﬁg %oltage Cross thﬁ cat hode, .310,_and the ﬁontai er 10 (i.e.,
anode), and CAhPPAAURRLt FBS aPROUT shaP bl Petieeh™ 1 A2 LaF hoder 310 and t he
container 10. The trjgger electrode 350 is grounded via a resistance R for
preventi ng f?BﬁP%?éa gaF%ecﬁ?Fgﬁgg'T%Ee@ab%rt%%u?%%eQﬁh?§eag§% provi ded
with a voltagé_detector 50 for detecting the voltage applied to, the cathode
310. [00B2] Ari%Pef dcpFatecde {RIdFeankes Yfﬁc%u‘i‘e@g%nd FHREFE tHe vapor
source 30 and the holder 20 within the -26 container 10. The shield plate
60 i s suppor¥edPeysa Lephd?t trEy 8FD. OFnkhe o BRI | 3T € otrhEcERt 0 a
reci procation drive _device 600" outside the container through a
f eed- t hr oughddeine edgpos L hivangkdthe fhbn comt BidcieneF i tiahet¥ed8e 600
turns the shield plate 60 to |locate it selectively in a shield position P1'
for shiel di ngPi®@thotleRr V2OUHR PR ReV2RP Helerd LEIOS PR EJH $ rom t he vapor
source 30 and a retracted position retracted fromthe shield position Pl
[0083] The RCERFEERE Vapehe dbpeention eppaFaristherfhbr ¢hcIeRés a control
portion 70. The control portion 70 is connected to the voltage detector 50,
and det er mi n@dathly whehewle uypebeesHY sEEFeRS 189 offe vihbne t Feclet &% or 50
does not detect a predeterm ned voltage val ue representing that the vacuum
arc di schar ¢ef i shentipedeppel getrctortisy eutebeisiemetppedef er mi ned vol t age
val ue, the control portion 70 determ nes that the vacuum arc discharge is
on. [0084] WHed38he cohieofopeyeinm Fod detles i dlebethan FertyBe%um arc
di scharge is off, it controls the drive device 600° to nove the shield
pl ate 60 fromwkerts aanrdcadrposies opf tthe heresent dipporntion Will Further,
it controls the drive device D to nove the trigger electrode 350 to a
posi tion i nderRGPRE tier & sekpar et Bierhthgefolwing 0dB531i¢@ contr ol
portion 70 determ nes that vacuum arc di scharge is on when the voltage
det ect or 50 @Rsecintidie PF cdee arre et Vol Tenjel aral wiken eprlegeniiing t he
turn-on of the vacuum arc discharge. [00B6] when the preset tine required
for stabili ztow) urhet e vt iarichel i sotemgren elrapsésawings. t he turn-on of the
vacuum ar c di scharge, the control portion 70 controls the drive device 600
to nove the shield pl at eBBOEFr DEECREPTHON| QFpGHEt DBAWPNGSt 0 the retracted
osition.
P [0039] Fig. 1 shows a schematic structure of an

example of a vacuum arc vapor deposition apparatus.
[0040] Fig. 2 shows a schematic structure of another
example of a vacuum arc vapor deposition apparatus.
[0041] Fig. 3 illustrates a relationship between times
of arc ignition and surface roughness of deposited films

- obtained by experiments of film deposition by a vacuun
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[ 0087] When the vacuum arc discharge is turned off during the deposition,
the detector 50 detects a rated voltage of the power source PWBO or a
voltage close to it. During the turn-on of the vacuum arc discharge, the
detector 50 detect a voltage value snmaller than the value of the rated
voltage or the voltage close to it. Based on this, a voltage value is set
to provide a criterion of determ nation of whether the vacuum arc di scharge
is on or off, and the control portion 70 determ nes that the vacuum arc

di scharge is_on when_t vol val xgceedi h ri j on vol t age
value is det%c?egésEfh§§3?§%?§gﬁea§%%$?gﬁgp%??i%ﬁpggy%%$e$n$%§éi?hat t he
vacuum ar c diigﬁarge is off. (0088] The vacuum arc vapor deposition

appar at us, wh ®has been described with reference to Fig. 2, can _28_
deposit a carhon.thin filmoh,the deposition target object. S in the

ol Tovi ng rmbigs2) ooesar foi L IERECRERS ot Fohet Srpetihdertes s 4 on
the holder 20, The shie|d plate 60 is initially in the shield posjtion P1'
Then, the ex%£u§¥cdé9P%£l%§'a% e?%f@%c?or%FggP%S%no%n %B%%Ht%%pgkiT?on
pressure in the contajner 10. [0090] The power source PWO starts to apply
the bias vol PRERIRSH Ayt prRerHycLhe ﬂ%pgéf?i%ﬁp?%hgl?% Phed oS on
target object S on the hol der (20, and the power squrce PWBQ starts to apply
a vol tage t 0®¥ReVeBPhodEPIFAtippogPPars it STRLAYEng: H&q riyded & tts ude
350 is brought into contact with the cathode 310, and then is spaced
therefrom Th@P&BY, sphiks BcERPHetNeRRr2RECBEREL PHIB2BBD RAEL1PeS cat hode
310, and trigger t he vacuum arc di scharge between the container 10 (anode)
and the cat hoHe2B18%21PbY2P L Thi $2EREN (7 5€ hERRRT healPes t htoR KPR 2Eihode 310
to evaporate carbon therefrom and starts to formthe plasnma containing
carbon ions PFOY8aE Bithhe RaehdHELB10T Y@POB)SPUEFRY- t he above operati on,
the control Fortion 70 detects the turn-on of the vacuum arc di scharge from

t he i nformat [9%44} ovi dBHI by© t Hleows| dager Hepeerert 50f BRICHI PIrebiF ol the

drive device 600" to retract the shield -29
of another example of a vacuum arc vapor deposition

apparatus provided with a plurality of vapor sources.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0045] Embodiments of the invention will now be
described with reference to the drawings.
[0046] Fig. 1 shows a schematic structure of an
example of a vacuum arc vapor deposition apparatus.
[0047] A vacuum arc vapor deposition apparatus shown
in Fig. 1 includes a deposition container 1, in which a
holder 2 is arranged for supporting a deposition target
object'S or work, which takes the form of a substrate in
this embodiment. The holder 2 is connected to a power
source PWl, which applies a bias voltage to the
depogition target object S held by the holder 2 during

the film deposition.
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plate 60 fromthe shield position P1' to the retracted position when the
preset time required for stabilizing the vacuum arc di scharge el apses.

[ 0094] The carbon ions thus produced nove onto the target object S carrying
the bias voltage, and formthe thin carbon filmthereon. [0095] Since this
enbodi ment enpl oys the carbon cathode 310, the vacuum arc di scharge may be
turned off during the film deposition. Wen turned off, the trigger

el ectrode 350 perfornms the arc ignition. [0096] In this case, when the
vol t age dete L0 detects the.turn-off of 1he. vacuum ar I arge, the
shield plate?ég4?i Iocgﬁgdc?%p?ﬁ%egh%efﬁ %8%%?§B%SP€ %@t%ﬁ%%ﬁ%ﬁe vapor
source 30 and the deposition target,object S under .the control, of.the
control.portggﬁlgﬁ.Egheﬁﬁl?ﬁecaﬁcﬁﬁﬁ?é caaié%ﬁg? %di%a%%ﬁ%e%€%§etﬁ% arc
ignition,'ang is detected Py éhe det ect or 503 ¥%en'the time required for
stabi | izing Fhe GEBLBMEF cldiSchaPge &PUpSEs? the YRFery %?%1%@@EFis

| ocated in the retracted position. [0097] Accordi ngl even, i f i e vacuum
arc discharggePgs%Eb%Fi%?véF?a?ﬁ?ﬂeﬂto?fCBGF?h@e¥h§a¥%lﬂ?HEb%§i on, and
the trigger electrode 350 perforns the arc ignition in response to every
turn-of f, th&0P#PM depbRft YBRCF sSPREGRed 15 ERRNeEHER E%ngethe vacuum ar ¢
di scharge is -30 . stable, and thus in the state where the deposition
target obj ecEOBERENABWaLbhj BRFEHOR0brVia RaFBrVed biRet 2dhEBIBAr Rl es or
the |like, which are produced during the unstable state of the vacuumarc
di scharge, adBCadhaPsd| {ourf eet2t fedei VHPdepositi on process or the film
quality. Therefore, the deposited filmcan have good quality. [0098] Wen
the tinme reqlP?2@1for Seabendzehgthaeripeutintarecaneehad gkC efBpses after

t he vol tage detector 50 detected the turn-on of the vacuum arc di scharge,
the shield pfatkadue¥api diydnbiesPepedhboverd athedhpbdeXidninak@®the film
deposition is resuned. Therefore, the tine fromthe start of film
deposition teckhaigenpl et Tha ¢heerotndoes hboe DiefedsFyrPeEkeatle and thus
the filmdeception can be performed efficiently. In this manner, the target
obj ect can béakeat@@uiEeh3the carbon thin film The application of the bias
voltage to the target object is not essential. [0099] Figs. 3 and 4
illustrate rE@@P1s, ofRexpelifents, arranicdhatarbdnthe | pErof4 0ts HoMni n

t hi ckness were fornmed on silicon substrates by a vacuum arc vapor
deposi'ti on appiwbencidfcehts typed Shownneckeq. tQ, aapeWparseertar |y
illustrate rel ationshi ps between the tinmes (nunber of tines) of arc

i gnition durdeyleheP¥posiitoreneosues acke rovghnesstof fexe a@eposited
carbon filns. -31 [0100] Fig. 3 illustrates cases where a shield plate
was not enplig@eetitc giiagldl | The rpirs ¢tased Whereohl shieferplate was

enpl oyed, and the tine periods fromthe arc ignition to the retraction of
the shield phagreiwes efsktex of 0, wHiandoResztendshen especyi zed yby the

power source device PW2.

[0052] As already described, the vapor source 3 is
arranged at the free end of the pipe 4. A wall plate 40,
which 1is grounded, is attached to the free end of the
pipe 4 for attaching a cathode 31 and others of the vapor
' source 3. An electrically conductive cathode support
member 32 is fitted into a central aperture of the wall

plate 40, and is fixed thereto by an insulating member 33.
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[0101] As can be seen fromFig. 3, when the shield plate is not enployed,
t he surface roughness of the deposited carbon filmrenmarkably increases
with increase in tinmes of the arc ignition, and therefore, the quality of
the carbon film decreases. As can be seen fromFig. 4, when the shield
plate is enployed, the surface roughness of the deposited carbon film
increases only to a small extent with increase in tines of the arc
ignition. Therefore, the filmof good quality can be deposited. Further, as
conpared wt case,whe shije IS, 1 I gi]ﬂg |y
after the tur?é%%] of t léea(?%t]illg%let?%n%gg}ﬁééﬂs%rlf%%eﬁ%ug esfs of 't eIe
deposited c on filmingreases to a |l esse tent_w incre g0 tinmes
of the arc ia%ai{'?ojno?#? echglé:én ef Pt éh?fe‘lf% %‘Fil%g’(ge&? sﬁr:e $§§§de% after
one or two seconds fromthe turn-on.oi/ t he arc ignitign.tThefleﬁx,téhe
deposi ted fi?m TArPHRVEPF T t P> T Rpt v e taFR ey 19102 “Hhe" Vat utim ar c

vapor deposition apparatus described above includes_only gne.vapor source.
However , tmob%rd%$ 1?/%\‘%0@% u?%e@a‘ﬁ%y‘)ge‘:@%ﬁ’%y&.tlﬁ}%s‘?ﬁgo% B30

show arrangepents. of naj or portions_of apparatuses each including, a
plurality of [Q2pd} sou¥%%%@g[@1%3‘]’a %ep%%g%r%éusas P & .argg‘il%
configured to forma uniformcarbon filmon a long rod-]jke deposition
target object4 SLSHEPRPFP atV ek cetpeePtPbn B 2 noPdet 1 Dot T4 #ITh i s
rotated by a drive unit_(not_ shown). A vapor source 300 simlar to the
vapor sour ceSBECERRm $h FF glogated ari Babedthe @RePe ofdve?tfchfly spaced
several stages, and is directed toward the deposition target object S on
the hol der 20RPOT®R YRApdrCevtF2bsPBDB eMRT 21 PR S Cate$Dr bt tHer car bon
filmof a uniformthickness on the entire surface of the deposition target
object S . [Ohvzhargenserteemhtef ot cabhede mbled 9 2BRAT rdt B position
bet ween each vapor source 300 and the hol der 200. The apparatus al so

i ncl udes det@e®Wr@edcurrent or voltage detectors) Dt1 for detecting
turn-on/off of the vacuum arc di scharge of the respective vapor sources 300

~as well as al@¥Pe}ol pHrei Rl CONTICLIREFOLE i g RIS EREMIBI2R he shiel d
menbers and the arc igniti on. [0105] Each shield nenber 60' can be noved by

a drive devi@ReFNY fooniiheandilial 3 poane Fonf Bt videh tHehdpoilsatite and

the holder to the retracted position shifted fromthe shield position, and
vi ce versa. then extends radially outward. A support rod 351 supports

the radially outer portion of the trigger electrode 35. A
so-called feed-through device 36 is arranged at the wall
plate 40 for allowing reciprocation of the support rod
351 while sealing a space inside the wall plate 40. The
support rod 351 extends through the feed-through device
36, and is connected to a linear-reciprocation drive
device D. The device D can bring the trigger electrode 35
into contact with the cathode 31, and can be spaced
therefrom.

[00586] The vapor source 3 also includes an arc power
source. PW3. The power source PW3 1s connected to the

cathode 31 and others via wiring for applying an arc
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[0106] When at | east one of the detectors Dt1l detects the turn-off of the
vacuum arc di scharge, the control -33 portion CONT1l controls the
respective drive devices Drl to locate all the shield nenbers 60" in the
shield position, and to retract thereafter the respective shield nenbers
60" when the time required for stabilizing all the vacuum arc di scharges
el apses after all the detectors Dt1l detected the turn-on of the vacuum arc
di scharge. [0107] The apparatus in Fig. 6 is configured to deposit a film

Gepost 11 on 1 AF0BRoBE} oot S¥0R o BEE P8, SHIgE M 2ot HR MBI i

(not shown). _Two_vapor sources 30l each_hayvin ] nd two
vapor source@néggoﬁaiﬁpﬁ%ﬁ?ﬁgaag %?%%Fuﬁ?g%?%% egﬁféya.?%g%%gégﬁgg%ﬁanged
around the hol der, 200’ , [010B shi el nber ,60' can be noved t nd from
a position b%]il&e@ﬁeeiéﬁhgéﬁﬁo? %&?%@eaﬂanﬁﬁenﬂ%‘ﬂﬁ%r%%oam ﬁles%b%gqegt us
al so includes the detectors urrent or volta detectors) Dt1 for
det ecti ng tu?ﬁt%ﬁ?ﬁfFh%fc?ﬁgégﬁc%ﬁn?% ctﬁ?s%ﬂggﬁeg%f %%% &%%%%%Eive vapor
sources as well as a control portion CONT2 controlling the positions of the
shiel d membefLeahBCtRe3ar£5i ghrerdad 7H3109]) CRAERLIRTRI ber 60' can be
noved by the drive device Drl fromthe shield position between the vapor
source and tRESHBNHERI 3t REC SLFERREd PoRPTFHM sAt f ERE oM RHE SH el d
position, and vice versa. -34 [0110] When at |east one of the detectors
Dt1 detects Ehe 2UEnNPYFET oFOLRee vRESUARAr ERai SRR dR, SHPRCEbM$ S hor ti on
CONT2 controls the respective drive devices Drl to_locate all the shield
menbers 60" 74 iHeCeRRRFEEP0BP 17 oRUrBHAL t BeFREFRAEL Ot HeY edfteTTiNE 2
respective shield nenbers 60° when the tine required for stabilizing al
the vacuum af&schipEgnaryesent dpaesd P ebha172¢Re™ et eci bt ¥k 9€ det ect ed t he
turn-on of the vacuum arc di scharge. éOlll] According to the apparatus
shown in Fi g9057hnd & shbeldnelabeuPred #prargadi Fozi Hye s Hed vakuum
arc discharge after all the detectors detected the turn-on of the vacuum
arc di schar geh¢ spiReat | Jeagubhetdeppeltiop reptnieearsdbr SrabiPietdg the
vacuum arc di scharge of the vapor source, which perfornmed the |ast vacuum
arc discharg@la%¢tgrl$h@rééﬁgéépﬁhﬁhh@ et cepFateeBct ed@®Hi 55| ast vacuum
arc discharge. However, the tine required for stabilizing the | ast second
di schar ge of stpRoyE@drbyour eerpretetpdgbt heTher aurpest ¥9@ $hsisSdi scharge
may be |longer than that for stabilizing of the last discharge. In this
case, the foregoled tone l%@@&?eﬁe¢hPr@¢®bi¢mzdhbvﬁlquh@evg@®un1arc
di scharge after all the detectors detected the turn-on of the vacuum arc
di schar-ge i soeigiadie t bhe heonrtaeneegui¥edsor seabillednteedrethreidkecond
di scharge. [0112] In the vacuum arc vapor deposition apparatus having a
plurality ofdevpor Solrzesangd abgrleticoftdirer -@5l1. nhlye bdewhpd 0§@0 f or
at | east one vapor source, as is done

can move the shield plate 6 between a shield position P1

for covering the opening of the pipe 4 near the container
(i.e., for shielding the holder 2 from the vapor source
3} and a retracted position P2 retracted from the shield
position P1.

[0058] The vacuum arc vapor deposition apparatus
further includes a control portion 7. The control portion
7 is connected to the current detector 5. When the

detector 5 does not detect a predetermined discharge
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in the apparatus shown in Fig. 1. In this case, the on/off of the magnetic
filter may be controlled instead of the position control of the shield
menber, simlarly to the apparatus in Fig. 1. Also, both the position
control of the shield nmenber and the on/off control of the magnetic filter
may be perforned. [0113] Although the present invention has been descri bed
and illustrated in detail, it is clearly understood that the sane is by way
of illustration and exanple only and is not to be taken by way of
limtation, the sg%rit an ent inveptjon bein imted

I

d_scope of .the pre I
onl'y by the CBFRERG! "EhESabRERGEAnEE I nEie. S 0t | SOLRREDN S 01, A
TP L o G RS AL SR TN S
a cat hode and an anode a trigger electrode opposed to th at hode,
conpri si ng: HagﬂP@Iarﬁeg%éFhﬁﬁg%leoogﬁd ey Fﬁ%n@%ﬁ%%%??igngeteCts
the predetermined discharge current value, the control
portion 7 determines that the vacuum arc discharge is on.
[0059] When the control portion 7 determines that the
vacuum arc discharge is off} it controls the drive device
600 to move the shield plate 6 from the retracted
position P2 to the shield position Pl, and also controls
the power source device PW2 to stop the energizing of the
solenoid coil CL. Further, the control portion 7 controls
the drive device D to move the trigger electrode 35 to a
position inducing the wvacuum arc discharge.
[0060] When the detector 5 detects the predetermined
discharge current value representing the turn-on of the
vacuum arc discharge, the control portion 7 determines
.that the vacuum arc discharge is on. When a predetermined
time required for stabilizing the vacuum arc discharge
elapses after the vacuum arc discharge was turned on, the
control portion 7 controls the drive device 600 to move
the shield plate 6 from the shield position P1 to the
retracted position P2, and also controls the power source

device PW2 of the magnetic filter F to energize the

solenolid coil CL.
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bet ween sai d vapor source and a hol der for supporting the deposition target
object; a drive device for locating said shield nenber selectively in a
shield position between said vapor source and the holder, and a retracted
position shifted fromsaid shield position; a detector detecting
turn-on/of f of vacuum arc di scharge of said vapor source; and a contro
portion controlling said drive device to |locate said shield nenber in said

shield position when said detector detects turn-off of the vacuum arc
i tion when

di sch , I ' hi el d nber,. i idret t

o T Sequ tHabRy, orlBeR tnoosbimnrarctirtaRlig e 8l EREREPFE sal g
det ect or de;ecteg turE-on of the yac%un1arc dischar?e. 2. The vacuum arc
vapor deposi FP8n98ppaFatus SeRBPHi AGEEEt cFRF M SCRaF PReFUEDRPFT STRGR 37

the vacuum arc discharge is on, the detector 5 can detect
the discharge current. Based on this, the control portion
7 employs a current value providing a reference or
criterion for determination of whether the vacuum arc
discharge is on or off. When the detector 5 detects the
current value equal to or larger than the reference
current value, the control portion 7 determines that the
vacuum arc discharge is on. Qtherwise, the control
portion 7 determines that the vacuum arc discharge is off.
[0062] According to the vacuum arc wvapor deposition
apparatus, which has been described with reference to Fig.
1, a thin carbon film can be deposited on the deposition
target object S as follows.

[0063] First, the deposition target object S is
located on the holder 2. Initially, the shield plate 6 is
in the shield position Pl, and the coil CL of the
magnetic filter F is not energized. Then, the exhaust
device EX operates to attain the deposition pressure in
the container 1 and the pipe 4 connected thereto by
exhausting a gas therefrom.

[0064] Also, the power source PW1l applies a bias

voltage to the deposition target object S on the holder 2
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a magnetic filter provided for said vapor source, and having a sol enoi d
coil for formng a magnetic field controlling an ionized cathode nateri al
produced from sai d cathode by the vacuum arc di scharge to deflect said
ionized material toward said holder; and a power source device energizing
said solenoid coil. 3. The vacuum arc vapor deposition apparatus according
to claim2, wherein said control portion controls said power source device
such that said power source device interrupts the energizing of said

det ect or .det s the turn-off um arc

sol enoi d coi l._whep, sai d. o u f.the v

di schar ge, aﬁareﬁgF§P§g%nga38n§oFgﬁo?ﬁi%og?pﬂﬁﬁﬁl%Papgﬁﬁgﬁ% ’a8§€ne
required for stabilizing h@g vacguniarc diﬁcharge fter ggig dg{ector

det ect ed t hePPUFA- BRYGFTt RE-vERBUATEr 8 YPSERErge® 47CThR-Vattum arc vapor
deposition a ratus according fo . clajml, wherein sajd detector is a
current detezﬁﬁﬁgietec%PnEgéSdFQEFSrgtﬂéuFFéﬂgeBag%ﬂctﬁogﬁeggaﬁﬁm%?arc

di scharge, said control portion determnes_that the vacuum arc %ischarge IS
of f when sai #7E9r FeRtagEt Wethr theesa2hbPdBef bct 289 pFRARE 2 nPHRDASYi schar ge
current value, and said control -38 portion determ nes that the vacuum
arc di schar gEhpEeEHOReRN8ARPRY c UPPRAKS dREERF OPCHEERE 1S 2P HeHFERLE ef i ned

di scharge current value. 5. The vacuum arc vapor deposition apparatus _
accordi ng t o@BfaFhf1cathedei AlsarBAdEEeEEBFS| $nEUGEEPRgRE dERBCYBFU Bt ect i ng
a voltage applied to said cathode, said control portion determ nes that the
vacuum arc dpsehaigehpsgef Pefineanshhy gppdagéddabdceakhades3hot detect a
predeterm ned di scharge voltage val ue, and said control portion determ nes
that the vacl@ff@lc di BEhAhge ps5Cofligkbarga; dthel cageonetekhefdedéfetfs said
predet ermi ned di scharge voltage value. 6. The vacuum arc vapor deposition

appar at us ackeaifdgseotbihi avaronpbiennofatecaerbae f5oPr Fhar Faihad8e of

carbon. 7. The vacuum arc vapor deposition apparatus according to claim]1,
wher ei n starts. Also, plasma containing ionized carbon starts to

be.formed in front of the cathode 31.

[0067] In the above operation, the contrcl portion 7
detects the turn-on of the vacuum arc discharge based on
information provided from the current detector 5. Upon
elapsing of the preset time required for stabilizing the
vacuum arc discharge, the control portion 7 controls the
drive device 600 to retract the shield plate 6 from the
shield position Pl to the retracted position P2, and
controls the power source device PW2 to energize the coil
CL.

[o0068] Thereby, the carbon ions are formed and

deflected toward the deposition target object S on the

holder 2 by the magnetic filter F so that the carbon ions
reach the target object S carrying the bias voltage, and

form the thin carbon film.
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said cathode is primarily made of carbon, and said control portion sets,
for the vapor source having the cathode primarily nade of carbon, a tine
fromone to three seconds as the tine required for stabilizing the -39
vacuum arc di scharge after detection of the turn-on of the vacuum arc

di scharge by said detector. 8. A vacuum arc vapor deposition apparatus for
depositing a filmon a deposition target object by using a plurality of
vapor sources inducing vacuum arc di scharge between a cat hode and an anode

by a Ll gger gheehr ode RppRsedeBolilfiehi! NOdR-cCRAR LtAGy 8hLALE.BIDE S
provi ded for "sard’pl urali ty of vapor soufces, respéctively; "drive devices
provi ded for . said

turn-on/of f of ?W@igggégngggggégggﬁggggcéggghéfgggﬁgggo%f%ggﬁggééggctiver;

and a‘Controhuggkgigﬂé %@T&e&gposition. When turned off, the trigger
electrode 35 performs the arc ignition.
[0070] When the current detector 5 detects the turn-
off of the vacuum arc discharge, the control portion 7
operates to locate the shield plate 6 in the shield
lposition Pl between the vapor source 3 and the deposition
target object S, and to stop the energizing of the coil
CL. When the time required for stabilizing the vacuum arc
discharge elapses after the detector 5 detected the turn-
on of the vacuum arc discharge caused by the arc ignition,
the shield plate 6 is located in the retracted position
P2, and the coil CL is energized.
[0071] Accordingly, even in the case where the vacuum
arc discharge is repetitively interrupted or turned off
during the film deposition, and the trigger electrode 35
performs the arc ignition in response to such
interruption, the film deposition is resumed in the state
where the vacuum arc discharge is stable. More
specifically, the film deposition is resumed in the state
where the deposition target object S is not subjected to
or is hardly subjected to particles or the like, which

are produced during the unstable state of the vacuum arc

discharge, and adversely affect the film deposition
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each of said shield nenbers is novable to and froma position between the
correspondi ng vapor source and a hol der supporting the deposition target
obj ect, and each of said drive devices |ocates said shield nenber
selectively in a shield position between said vapor source and the hol der,
and a retracted position retracted fromsaid shield position, and said
control portion controls each of said drive devices to |locate all of said
shield nmenbers in said shield position mhen at | east one of said detectors

-40 detects the turn-off of.the v har cate al
of said shi ePE°nETHerS ?%e g} r%?rg%g L4 po #%ﬁ en &%?ﬁ%HF%gU|red f or
stabilizing fli t he vacuun1ar§ diSf grges el apses after all of said

et B2t he?

detectors de eﬁa?h%aY%r%o vacuum arc di scharge. 9. The vacuum
arc vapor de ar at us accordln to.c m 8,, further onpr|3|ng a
magnet i c fiIE@S#% ovi ?o?h%1t+%%s¥e% £ref t%fdﬁ%%%% 150U cedS and having
a solenoid coil for form a magnetic fleld controlling an,ionized cathode
materi al pr oddeed"f #6 ‘%Ja?‘%h%lé‘if‘ﬁo‘%l%aﬁf}?/e? hatvaku a?‘ér]ﬁ‘?%E HE hRCT Y dif | ect
said ionized material toward said holder; and a power source dﬁxlce

ener gi zi ng sdebeshbeenbhre Berp-on of the vacuum arc discharge,

shield plate 6 rapidly moves to the retracted position P2,
and the film deposition is resumed. Therefore, the time
from the start of the film deposition to the completion
thereof is not uselessly increased, and thus the film
deposition can be performed efficiently. In the above
manner, the deposition target object is coated with the
carbon thin film. It is not essential to apply a bias
voltage to the target object.

[0073] In the above example, the on/off control is
effected on both the shield plate 6 and the energizing of
the coil CL in connection with the turn-off of the vacuum
arc discharge and the arc ignition. However, this on-off
control may be effected on either the shield plate 6 or
the energizing of the coil CL, which improves the
efficiency, and can likewise achieve good quality of the
films.

[0074] The magnetic filter F.is not essential. However,
the magnetic filter F can suppress dispersion of macro-
particles of carbon, which may be produced by evaporation

of the cathode 31, to the deposition target object S, and
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10. The vacuum arc vapor deposition apparatus according to claim9, wherein
said control portion controls said power source devices) such that each
sai d power source device interrupts the energizing of said sol enoid coi
when at | east one of said detectors detects the turn-off of the vacuum arc
di scharge, and energi zes said solenoid coil upon elapsing of a tine
required for stabilizing all the vacuum arc di scharges after all of said
detectors detected the turn-on of the vacuum arc discharge. -41 11. The
vacuum arc v eposition apparatus according to claim8, wherein said

or d
detector is EEEE?PEnFaHe%@EFBSng?%CgFﬁ§15Yd?ECF%?g@r%@¥?%@tc%%§%% on the

vacuum arc di scharge, said control portion determnes that the vacuum arc
di schar ge i stBir HhéR-said current detector does not detect a pr edet er mi ned
di scharge current value, and said controIEﬁortion determ nes that the
vacuum arc diQ@Ralge ishenPiwhend sheamtndrbhe Hbleer¥of MeY&REs said
predeterm ned di scharge current value. 12: The vacuum arc vapor deposition
appar at us actefdiagedofepni M8, comerdar shi dtideteelbrelate 46large detector
detecting a voltage applied to said cathode, said control portion
det er mi nes tdbBRerfesyathiain negatilivehnr geargedfpanhenleai cavobe age det ect or
does not detect a predetermn ned discharge voltage value, and said contro
portion det erameesdt hat apheyvagudnpas tt dvechatgetial obo whied BHPE 4ol t age
detector detects said predetermnm ned discharge voltage value. 13. The vacuum
arc vapor dep@d@7€1on abpar af ushaies oruld tiget oeshmp he 87 L whise evancudiR arc

vapor deposition apparatus.

[0077] The wvacuum arc vapor deposition apparatus shown

in Fig. 2 includes a deposition container 10, in which a

holder 20 supporting the deposition target object S, .

which takes the form of a substrate in this embodiment,

is arranged. The holder 20 is connected to a power source

PW10, which applies a bias voltage to the deposition

target object S supported on the holder during the

deposition.

[0078] The container 10 is connected to an exhaust

device EX', which can achieve an intended vacuum state in

the container 10. A vapor source 30 for vacuum arc

discharge is arranged at a container wall 101.

[0079] An electrically conductive cathode support

member 320 is fitted into an aperture of the container

wall 101, and is fixed thereto via an insulating material

330. A cathode 310 of the vapor source 30 is supported by

the support member 320, and is located in the container
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at | east one of said cathodes is primarily made of carbon. 14. The vacuum
arc vapor deposition apparatus according to claim8, wherein at | east one
of said cathodes is primarily made of carbon, and said control portion
sets, for each of the vapor sources having the cathode primarily nmade of
carbon, a tinme fromone to three seconds as the tinme required for
stabilizing the vacuum arc di scharge after detection of the turn-on of the
vacuum arc di scharge by said detector. 15. A vacuum arc vapor deposition
apparatus for depositin filmon a depositign target.object s orted by
a hol der by &anghﬁ 9358?g§oaieem?ﬁd98iﬁ6 FaBtufh Bf eﬁ?gghﬁ?%%cgggmeen a
cat hode and an anode by a tri%ger el ectrode opposed to the cathode,
conprising: SeREHAPPCOPi Fher Thali g Besoreasiacdoi PRRorSIBRAPNETa nagnetic
field, and controlling dispersion of an ionized cathode material produced
from sai d cafh&Benpint ReigaekanPare dhgchRarfeinerndlelfherPBRiodd #ateri al
toward said holder; a power source device energizing said solenoid coil; a
det ect or det @6t hEgdt @FnaBnaBPfleof vacuum arc di scharge of said vapor
source; and -43 a control portion controlling said power source device to
stop energi ziLlA§BBI sai dnsthenepdtadnerwhBn sardddeéiket brideekcts the
turn-off of the vacuum arc discharge, and to energi ze said sol enoid coi
when a tine eégatredef 8b0soibthezivagorheovacaudlake dbsehadgboeiapses after
the detector detected the turn-on of the vacuum arc di scharge. 16. The
vacuum arc vapotrdéppsrtion appanaend auvcdedenddischiapen 48rfahelepf sai d
detector is a current detector detecting a discharge current based on the
vacuum ar ¢ dtbehaagkpdsaBiiOcofibeotrpoggeronldet eodendsOt hat subpovhedum arc
di scharge is off when said current detector does not detect a predeterm ned
di schar ge cubyeat supbaet and 331 Y.cBhér shpporti onddabét misesonhattede
vacuum arc di scharge is on when said current detector detects said

pr edet er m netdodasthaege-cacipnbcybior. drive device D' through a feed-

through device 360 arranged at the container wall 101.
The device D' can move the trigger electrode 350 toward
and away from the cathode 310.

[c081] The vapor source 30 is also includes an arc
power source PW30, which is connected wvia wiring to the
cathcde 310 end others so that it can apply an arc
discharge voltage across the cathode 310 and the
container 10 (i.e., anode), and can induce the arc
discharge between the cathode 310 and the container 10.
The trigger electrode 350 is grounded via a resistance R'
for preventing flow of an arc current. The vapor source
30 is also provided with a voltage detector 50 for
detecting the voltage applied to the eathode 310.

[o082] A shield plate 60 is arranged in a region

between the vapor source 30 and the holder 20 within the
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17. The vacuum arc vapor deposition apparatus according to claim 15,
wherein said detector is a voltage detector detecting a voltage applied to
sai d cathode, said control portion determ nes that the vacuum arc di scharge
is off when said voltage detector does not detect a predeterm ned -44

di scharge vol tage val ue, and said control portion determ nes that the
vacuum arc di scharge is on when said voltage detector detects said

predet ermi ned di scharge voltage val ue. 18. The vacuum arc vapor deposition

appar at us acggaeaggeio 1§ 2l 18n; 008" 810: 5250 ¢t bodeotsoprigeLi |y mde of

car bon. e vacuum arc vapor I'on appar at accord to claim

15, mhereln sai d §t988e6i6 p&hHBEO 6T8d§ OLOE&%gggd ggd sald control

portion set s PBP T The Vapor “source havi ng Phe’ca e prlnarlly made of
b t th d
tabi 1]z ng rﬁsleaeaaﬁ?apﬁdaa&%ﬁgééigéf PP° brBat PEne B TRAEE R on of the
di sch det 20. _A d t
Spparat us.f of PEEREL: £ N6o4 FRFRGR GeHbp0sPEPonat APBETd oty cgbe supported by

a holder by using.a pluralit va ces inducin arc

di schar ge beFRBE%lﬁegaWﬁgh ﬁhﬁ Qﬁvgﬁ8d§8§c EUF??QEE? g? i&dﬁ% %%pgged to
t he cat hode, conprising; magnetic filters arranged for sald plgrallty of
vapor sour cek® F%gﬁEEtFQeF9 echgvely in a shield position P

shielding the holder 20 and the target object S thereon
from the vapor source 30 and a retracted position
retracted from the shield position P1'.

[00B3] The vacuum arc vapor deposition apparatus
further includes a control porticn 70. The control
portion 70 is connected to the voltage detector 50, and
determines that the vacuum arc discharge is off when the
detector 50 does not detect a predetermined voltage value
representihg that the vacuum arc discharge is on. When
the detector 50 detects the predetermined voltage value,
the control portion 70 determines that the vacuum arc
discharge is on. |

[0084] When the control portion 70 determines that the
vacuum arc discharge is off, it controls the drive device
600" to move the shield plate 60 from the retracted

position to the shield position P1'. Further, it controls
the drive device D' to move the trigger electrode 350 to

a position inducing the vacuum arc discharge.
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power source devices for energizing said magnetic filters, respectively;
detectors detecting turn-on/off of the vacuum arc di scharge of said vapor
sources, respectively; and a control portion, wherein each of said nagnetic
filters has a solenoid coil to be energized by said power source device for
formng a magnetic field, and said solenoid coil forns a magnetic field
controlling dispersion of an ionized cathode material produced fromsaid
cat hode by the vacuum arc di scharge to noue the ionized naterial toward

sai d hol der, aid ntrol potrtion, contrql ai d, power. spurce devices to
stop ener gt 2iAGYET a1 TBF E3naREYI BRGEORor P SahBrther haf EoheS et ani d
detectors detects the turn-off of_ the vacuum arc di scharge, and to energize
al | of said 85FefAdFEhesPPsifneR ‘e{h?PnEh?e&BilF@aef6?15%?5%%‘PQi%t%‘iESof sai d
vacuum arc di scharges el apses after all of said detectors detected the
turn-on of thBevREGARTEFBIBRYcHal§RIC2Y2 1 RerORERBAT RIRIVEDSr DHERTTL i ONn
apparatus according to claim 20, wherein said detector is a current

det ector det @€t thg HadrgRhargedétfFherfebased on the vacuum arc di scharge,
said -46 control portion determ nes that the vacuum arc discharge is off
when said culPBRfldet e¥her Hbesrhecctetdne neprédedefarnebalisihbinge
current value, and said control portion determ nes that the vacuum arc

di scharge istha VWhenuBapdccdipeherdet etepfedesftes Shedtprederephi bled

di scharge current value. 22. The vacuum arc vapor deposition apparatus
accor di ng t ovetaium 20¢ dherbingsai theetestoeli sontyont agecdeteetsrthe
detecting a voltage applied to said cathode, said control portion
det er mi nes t@nivehdevacauhPAal ctdi mehar feei shbtidvhbateabd Todmaghedet ect or
does not detect a predeterm ned di scharge voltage value, and said contro
portion deteshieaéd phaitibe Patubin bhe detrhatrge pssbhiwhen said vol tage
detector detects said predeterm ned di scharge voltage value. 23. The vacuum
arc vapor depee87ion appenaths wscouwdi agctdistbany@0iswhereed off

during the deposition, the detector 50 detects a rated
voltage of the power source PW30 or a voltage close to it.
During the turn-on of the vacuum arc discharge, the |
detector 50 detect a voltage value smaller than the value
of the rated voltage or the voltage close to it. Baséd on
this, a voltage value is set to provide a criterion of
determination of whether the vacuum arc discharge is on
or off, and the control portion 70 determines that the
vacuum arc discharge is on when the voltage value not
exceeding the criterion voltage value is detected.
Otherwise, the control portion 70 determines that the

vacuum arc discharge is off.

[0088] The vacuum arc vapor deposition apparatus,

which has been described with reference to Fig. 2, can
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at | east one of said cathodes is primarily made of carbon. 24. The vacuum
arc vapor deposition apparatus according to claim 20, wherein -47 at

| east one of said cathodes is primarily made of carbon, and said control
portion sets, for each of the vapor sources having the cathode primarily
made of carbon, a tinme fromone to three seconds as the tinme required for
stabilizing the vacuum arc di scharge after detection of the turn-on of the
vacuum ar c di scharge by said detector. -48
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10% ()- 1 A%bé%lll MIIn this state, the trigger electrode 350 is

brought into contact with the cathede 310, and then is
spaced therefrom. Thereby, sparks occur between the
electrode 350 and the cathode 310, and trigger the vacuum
arc discharge between the container 10 ({anode) and the
cathode 310.

[0092] This arc discharge heats the carbon cathode 310
to evaporate carbon therefrom, and starts to form the
plasma containing carbon ions in front of the cathode 310.
[0093] During the above operation, the control portion
70 detects the turn-on of the vacuum arc discharge from
the information provided by the voltage detector 50, and

will control the drive device 600' to retract the shield
-29_



10w 10w ; 109M& ()-! F(! 109%GG& ()-$ K uVv7Sl 109 ()-3+Sl 109 ()-3+ 10ww 10ww
10w 7HS" 0! 109%wW& () - S'0! 109& ()-S'0! 109& () -uyz{|rdv7sSf 109%& ()-2 10 10

10! >HS 71 109& ()-)S 71 109 ()-)65 109%& ()- S|

109& ()-3+J1 YZ[\}0aS4109%& ()- 10 10 10!Sf 109& ()-2! Sf 109& ()- 2Sf

109& ()-2Sf 1094& ()-2+\|}[<asS46,J 109 ()-!p, 109 ()-p, 109% ()-p,

109& ()-!109& ()-!10%y& ()-| ML oP1SI 109& ()-]& 109 ()- ! 109%& ()-

plate 60 from the shield position P1' to the retractéd.
position when the preset time required for stabilizing
the vacuum arc discharge elapses.

[0094] The carbon ions thus produced move onto the
target object S carrying the bias voltage, and form the
thin carbon film thereon.

[0095] Since this embodiment employs the carbon
cathode 310, the vacuum arc discharge may be turned off
during the film deposition. When turned off, the trigger
electrode 350 performs the arc ignition.

[0096] In this case, when the'voltagé detector 50
detects the turn-off of the wvacuum arc discharge, the
shield plate 60 is located in the shield position P1'
between the wvapor source 30 and the aeposition target
object S under the control of the control portion 70.
Then, the vacuum arc discharge is caused by the arc
ignition, and is detected by the detector 50. When the
time required for stabilizing the vacuum arc discharge
elapses, the shield plate 60 is located in the retracted
position.

[0097] Accordingly, even if the vacuum arc discharge
is repetitively turned off during the film deposition,
and the trigger electrode 350 performs the arc ignition
in response to every turn-off, the film deposition is

resumed in the state where the vacuum arc discharge is
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stable, and thus in the state where the deposition target
object S is not subjected to or is hardly subjected to
particles or the like, which are produced during the
unstable state of the vacuum arc discharge, and adversely
affect the film deposition process or the film quality.
Therefore, the deposited film can have good dquality.
[O098] When the time required for stabilizing the
vacuum arc discharge elapses after the voltage detector
50 detected the turn-on of the vacuum arc discharge, the
shield plate 60 rapidly moves to the retracted position,
and the film deposition is resumed. Therefore, the time
from the start of film deposition tq the completion
thereof does not uselessly increase, and thus the film
deception can be performed efficiently. In this manner,
the target object can be coated with the carbon thin film.
The application of the bias voltage to the target object
is not essential.

[0099] Figs. 3 and 4 illustrate results of experiments,
in which carbon films of 0.5 pm in thickness were formed
on silicon substrates by a vacuum arc vapor deposition
apparatus of the type shqwn in Fig. 2, and particularly
illustrate relationships between the times (number of
times) of arc ignition during the deposition and surface

roughness of the deposited carbon films.
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[0100] Fig. 3 illustrates cases where a shield plate
was not employed. Fig. 4 illustrates cases where a shield
plate was employed, and the time periods from the arc
ignition to the retraction of the shield plate were set
to 0, 1 and 2 seconds, respectively.

[0101] Ags can be seen from Fig. 3, when the shield
plate is not employed, the surface roughness of the
deposited carbon film remarkably increases with increase
in times of the arc ignition, and therefore, the quality
of the carbon film decreases. As can be seen from Fig. 4,
when the shield plate is employed, the surface roughness
of the deposited carbon film increases only to a small
extent with increase in times of the arc ignition.
Therefore, the film of good quality can be deposited.
Further, as compared with the case where the shield plate
is retracted immediately after the turn-on of the arc
ignition, the surface roughness of the deposited carbon
film increases to a lesser extent with increase in times
of the arc ignition in the case where the shield plate is
retracted after one or two seconds from the turn-on of
the arc ignition. Thereby, the deposited film can have
further improved quality.

[0102] The vacuum arc vapor deposition apparatus
described above includes only one vapor source. However,

two Oor more vapor sources may be employed. Figs. 5 and 6
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show arrangements of major portions of apparatuses each
including a plurality of vapor sources.
[0103] The apparatus shown in Fig. 5 is configured to
form a uniform carbon film on a long rod-like deposition
target object S' held in a vertical position by a holder
200, which is rotated by a drive unit {(not shown). A
vapor source 300 similar to the vapor source 30 shown in
Fig. 2 is arranged in each of vertically spaced several
stages, and is directed toward the deposition target
object S' on the holder 200. The vapor sources 300 thus
arranged can form the carbon film of a uniform thickness
. on the entire surface of the deposition target object S'.
[0104] A shield member 60' can be moved to and from a
position between each wvapor source 300 and.the holder 200.
The apparatus alsc includes detectors (current or voltage
detectors) Dtl for detecting turn-on/off of the vacuum
arc discharge of the respective vapor sources 300 as well
as a coﬁtrol portion CONT1 controlling the positidns of
the shield members and the arc ignition.
[0105] Each shield member 60' can be moved by a drive
device Drl from the shield.position between the vapor
'source and the holder to the retracted position shifted
from the shield position, and vice versa.
[0106] When at least one of the detectors Dtl detects

the turn-off of the vacuum arc discharge, the control
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portion CONT1 controls the respective drive devices Drl
to locate all the shield members 60' in the shield
position, and to retract thereafter the respective shield
members 60' when the time required for stabilizing all
the vacuum arc discharges elapses after all the detectors
Dtl detected the turn-on of the vacuum arc discharge.
[0107] The apparatus in Fig. 6 is configured to
deposit a film of a uniform composition, which includes
aluminum and titanium, on a deposition target object S"
held on a holder 200' rotated by a drive unit (not shown) .
Two vapor sources 301 each having an aluminum cathode and
two wvapor sources 302 each having a_titanium cathode are
alternately arranged arcund the hcolder 200'.

[0108] A shield member 60' can be moved to and from a
position between each vapor source and the holder 2007.
The apparatus also includgérthe detectors (current or
voltage detectors) Dtl for detecting turn-on/off of the
vacuum arc discharge of the respective vapor sources as
well as a control portion CONTZ controlling the positions
of the shield members and the arc ignition.

[0109] Each shield member 60' can be moved by the
drive device Drl from the shield position betweenrthe
vapor source and the holder to the retracted position

shifted from the shield position, and vice versa.
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[0110] When at least one of the detectors Dtl detects
the turn-off of the vacuum arc discharge, the control
portion CONT2 controls the respective drive devices Dril
to locate all the shield members 60' in the shield
position, and to retract thereafter the respective shield
members 60' when the time required for stabilizing all
the vacuum arc discharges elapses after all the detectors
Dtl detected the turn-on of the vacuum arc discharge.
[0111] According to the apparatus shown in Figs. 5 and
6, the time required for stabilizing all the vacuum arc
discharge after all the detectors detected the turn-on of
the vacuum arc discharge is usually equal to the time
required for stabilizing the wvacuum arc discharge of the
vapor source, which performed the last wvacuum arc
discharge, after the corresponding detector detected this
last vacuum arc discharge. However, the time required for
stabilizing the last second discharge of the vapor source
preceding the turn-on of the last discharge may be longer
than that.for stabilizing of the last discharge. In this
cése, the foregoing time required for stabilizing all the
vacuum arc discharge after all the detectors detected the
turn-on of the vacuum arc discharge is equal to the time
required for stabilizing the last second discharge.

[0112] In the vacuum arc vapor deposition apparatus

having a plurality of vapor sources, the magnetic filter
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may be employed for at least one vapor source, as is done
in the apparatus shown in Fig. 1. In this case, the
on/off of the magnetic filter may be controlled instead
0of the position control of the shield member, similarly
to the apparatus in Fig. 1. Also, both the position
céntrol of the shield member and the on/off control of
the magnetic filter may be performed.

[0113] Although the present invention has been
described and illustrated in detail, it is.clearly
understood that the same is by way of illustration and
example only and is not to be taken by way of limitation,
the spirit and scope of the present invention being

limited only by the terms of the appended claims.
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WHAT IS CLAIMED IS:

1. A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target object by using
a vapor source inducing wvacuum arc discharge between a
cathode and an anode by a trigger electrode opposed to
the cathode, comprising:

a shield member moved to and away from a position
between said vapor source and a holder for supporting the
deposition target object;

a drive device.for locating said shield member
selectively in a shield position between said vapor
source and the holder, and a retracted position shifted
from said shield position:

a detector detecting turn-on/off of vacuum arc
discharge of said vapor source; and

a control portion controlling said drive device to
locate said shield member in said shield position when
said detector detects turn-off of the vacuum arc
discharge, and to locate said shield member in said
retracted position when a time required for stabilizing
vacuum arc discharge elapses after said detector detected

turn-on of the vacuum arc discharge.

2. The vacuum arc vapor deposition apparatus

according to claim 1, further comprising:
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a magnetic filter provided for said vapor source,
and having a sclencid coil for forming a magnetic field
controlling an ionized cathode material produced from
said cathode by the vacuum arc discharge to deflect said
ionized material toward said holder; and a power source

device energizing said solenoid coil.

3. The vacuum arc vapor deposition apparatus
according to claim 2, wherein

said control portion controls said power source
device such that said power source device interrupts the
energizing of said solenoid coil when said detector
detects the turn-off of the vacuum arc discharge, and
energizes said solenoid coll upon elapsing of a time
required for stabilizing the vacuum arc discharge after
said detector detected the turn-on of the wvacuum arc

discharge.

4. The vacuum arc vapor deposition apparatus
according to claim 1, wherein

said detector is a cufrent detector detecting a
discharge current based on the vacuum arc discharge, said
control portion determineé that the wvacuum arc discharge
is off when said current detector does not detect a

predetermined discharge current value, and said control
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portion determines that the vacuum arc discharge is on
when said current detector detects said predetermined

discharge current value.

5. The vacuum arc vapor deposition apparatus
according to claim 1, wherein

sald detector is a voltage detector detecting a
voltage applied to said cathode, said control portion
determines that the vacuum arc discharge is off when said
voltage detector does not detect a predetermined
discharge voltage value, and said control portion
determines that the vacuum arc discharge is on when said
voltage detector detects said predetermined discharge
voltage value.

6. The vacuum arc vapor deposition apparatus
according to claim 1, wherein

said cathode is primarily made of carbon.

7. The vacuum arc vapor deposition apparatus
according to claim 1, wherein

sald cathode is primarily made of carbon, and said
control portion sets, for the vapor source having the
cathode primarily made of carbon, a time from one to

three seconds as the time required for stabilizing the
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vacuum arc discharge after detection of the turn-on of

the vacuum arc discharge by said detector.

8. A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target object by using
a plurality of vapor sources inducing vacuum arc
discharge between a cathode and an anode by a trigger
electrode opposed to the cathode, comprising:

shield members provided for said plurality of vapor
sources, respectively:

drive devices provided for said shield members,
respectively;

detectors detecting turnmon/off of the vacuum arc
discharge of the vapor sources, respectively; and

a control portion, wherein

each of said shield members is movable to and from a
position between the corresponding vapor source and a
holder supporting the deposition target object, and each
of said drive devices locétes said shield member
selectively in a shield position between sald vapor
source and.the holder, and a retracted position retracted
from said shield position, and

said control porticn controls each of said drive
devices to locate all of said shield members in said

shield position when at least one of said detectors
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detects the turn-off of the vacuum arc discharge, and to
locate all of said shield members in said retracted
position when a time required for stabilizing all the

vacuum arc discharges elapses after all of said detectors

detected the turn-on of the vacuum arc discharge.

9. The wvacuum arc vapor deposition apparatus
according to claim 8, further comprising:

a magnetic filter provided for at least one of said
vapor sources, and having a solenoid coil for forming a
magnetic field controlling an icnized cathode material
produced from said cathcde by the vacuum arc discharge to
deflect said ionized material toward said holder; and a

power source device energizing said solenoid coil.

10. The wvacuum arc vapor deposition apparatus
according to claim 9, wherein

said control portion controls said power source
device(s) such that each said power source device
interrupts the energizing of said solenoid coil when at
least one of said detectors detects the turn-off of the
vacuum arc discharge, and energizes said solenoid coil
upon elapsing of a time required for stabilizing all the
vacuum arc discharges after all of said detectors

detected the turn-on of the vacuum arc discharge.
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11. The vacuum arc vapor deposition apparatus
according to claim 8, wherein

said detector is a current detector detecting a
discharge current based on the vacuum arc discharge, said
control portion determines that the vacuum arc discharge
is off when said current detector does not detect a
predetermined discharge current value, and said control
portion detérmines that the vacuum arc discharge is on
when said current detector detects said predetermined

discharge current value.

12. The wvacuum arc vapor deposition apparatus
according to claim 8, wherein

said detector i1s a voltage detector detecting a

. voltage applied to said cathode, said control portion

determines that the vacuum arc discharge is off when said
voltage detector does not detect a predetermined
discharge voltage value, and said control portion
determines that the-vécuum arc discharge is on when said
voltage detector detects said predetermined discharge
voltage value.

13. The vacuum arc vapor deposition apparatus

according to claim 8, wherein
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at least one of sald cathodes is primarily made of

carbon.

14. The vacuum arc vapor deposition apparatus
according to claim 8, wherein
at least one of said cathodes is primarily made of
carbon, and said control portion sets, for each of the
vapor sources having the cathode primarily made of carbon,
_a time from one to three seconds as the time required for
stabilizing the vacuum arc discharge after detection of

the turn-on of the wvacuum arc discharge by said detector.

15. A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target object supported
by a holder by using a vapor source inducing vacuum arc
discharge between a cathode and an anode by a trigger
electrode opposed to the cathode, comprising:

a magnetic filter having a solenoid coil for forming
a magnetic field, and controlling dispersion of an
ionized cathode material produced from said cathode by
the vacuum arc discharge to move the ionized material
toward said holder;

a power source device energizing said solenoid coil;

a detector detecting turn-on/off of vacuum arc

discharge of said vapor source; and
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a control portion controlling said power source
device to stop energizing of said solenoid coil when said
detector detects the turn-off of the wvacuum arc discharge,
and to energize said solenoid coil when a time required
for stabilizing the vacuum arc discharge elapses after
the detector detected the turn-on of the vacuum arc

discharge.

16. The vacuum arc vapor deposition apparatus
according to claim i5, wherein

salid detector is a current detéctor detecting a
discharge current based on the vacuum arc discharge, said
control portion determines that the vacuum arc discharge
is off when said current detector does not detect a
predetermined discharge current value, and said control
portion determines that the vacuum arc discharge is on
when said current detector detects said predetermined

discharge current value.

17. The vacuum arc vapor deposition apparatus
according to claim 15, wherein

said detector is a voltage detector detecting a
voltage applied to said cathode, said control portion
determines that the vacuum arc discharge is off when said

voltage detector does not detect a predetermined
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determines that the vacuum arc discharge is on when said
voltage detector detects said predetermined discharge
voltage'value.
18. The wvacuum arc vapor deposition apparatus
according to claim 15, wherein

said cathode is primarily made of carbon.

18. The vacuum arc vapor deposition apparatus
according to claim 15, wherein
said cathode is primarily made of carbon, and said
control portion sets, for the vapor source having the
- cathode primarily made of carbon, a time from one to
three seconds as the time required for stabilizing the
vacuum arc discharge after detection of the turn-on of

the vacuum arc discharge by said detector.

20. A vacuum arc vapor deposition apparatus for
depositing a film on a deposition target object supported
by a holder by using a plurality of vapor sources
inducing vacuum arc discharge between a cathode and an
anode by a trigger electrode opposed to the cathode,
comprising:

magnetic filters arranged for said plurality of

vapor sources, respectively;
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power source devices for energizing said magnetic
filters, respectively;

detectors detecting turn-on/off of the vacuum arc
discharge of said vapor sources, respectively; and

a control portion, wherein

each of said magnetic filters has a solenoid coil to
be energized by salid power source device for forming a
magnetic field, and said solenoid coil forms a magnetic
field controlling dispersion of an ionized cathode
material produced from said cathode by the vacuum arc
discharge to move the icnized material toward said holder,
and

said control portion controls said power source
devices to stop energizing of all of said solenoid coils
when at least one of said detectors detects the turn-off
of the vacuum arc discharge, and to energize all of said
solenoid coils when a time required for stabilizing all
of said vacuum arc discharges elapses after all of said
detectors detected the turn-on of the vacuum arc

discharge.

21l. The vacuum arc vapor deposition apparatus
according to claim 20, wherein
said detector is a current detector detecting a

discharge current based on the vacuum arc discharge, said
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control portion determines that the vacuum arc discharge
is off when said current detector does not detect a
predetermined discharge current value, and said control
portion determines that the wvacuum arc discharge is on
when said current detector detects said predetermined

discharge current value.

22, The wvacuum arc vapor deposition apparatus
according to claim 20, wherein

said detector is a voltage detector detecting a
voltage applied to said cathode, said control portion
determines that the vacuum arc discharge is off when said
voltage detector does not detect a predetermined
discharge voltage value, and said control portion
determines that the vacuum arc.discharge is on when said
voltage detector detects said predetérmined discharge
voltage wvalue.

23. The vacuum.arc vapor deposition apparatus
according to claim 20, wherein

at least one of said cathodes is primarily made of

carbon.

24, The vacuum arc vapor deposition apparatus

according to claim 20, wherein
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at least one of said cathodes is primarily made of
carbon, and said control portion sets, for each of the
vapor sources having the cathode primarily made of carbon,
a time from one to three seconds as the time required for
stabilizing the vacuum arc discharge after detection of

the turn-on of the vacuum arc discharge by said detector.
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