VACUUM ARC EVAPORATI ON APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 5 The present invention relates to a vacuum arc evaporation
apparatus used for formng a thin filnmon a surface of a substrate, such as
aut onobi |l e part, machine part, tool, nold, |lens, glass, ora sem conductor
substrate. Mirre specifically, the invention relates to a vacuumarc
evaporation apparatus with a magnetic 10 filter which generates a magnetic
field, and curves and transports a stream of plasnma generated by a vacuum
arc evaporation sour ogauuierarRd e vpereR2el BIN ek ATUS el d, and outputs the

pl asma stream after renoving coarse particles from the plasm, wherein the
mai ntai ning of arc discharge in the 15 vacuum arc evaporation source is
prevented frombeing difficult when an efficiency of transporting the
pl asma streamis increased by increasing an intensity of the magnetic field
devel oped by the magnet BBCKGROEND 28 ZHEDENYENFO®n of the Rel ated Art
There is a nethod for formng a thin filmon a surface of a substrate by
drawi ng i1QnFiEMd @it remn Ipesintiiver ions in this specification) contained in
a plasma generated by a vacuum arc evaporation source toward the substrate
unders negat i ve Thieart @5 Nol pagetépnt il & o TEGHERMN QRYERPAPSL AR on
source 1 evaporates a cathode by vacuum arc discharge to thereby generate
t he pl asnappeonrttaisni sed docdvhedegratlein 41 InThi sspetfhod disa sabkédate,
such as automobile part, machine part, tool, mold, lens, glass,
or a semiconductor substrate. Morespecifically, theinvention
relates to a vacuum arc evaporation apparatus with a magnetic
10 filter which generates a magnetic field, and curves and
transports a stream of plasma generated by a vacuum arc
evaporation source under the generated magnetic field, and
outputs the plasma stream after removing coarse particles from
the plasma, wherein the maintaining of arc discharge in the
15 vacuumarc evaporation source is prevented frombeingdifficult
whenanefficiencyof transportingtheplasmastreamisincreased

by increasing an intensity of the magnetic field developed by

the magnetic filter.

20 2. Description of the Related Art

There is a method for forming a thin film on a surface
of a substrate by drawing ions {which mean positive ions in
this specification) contained in a plasma generated by a vacuum
arcevaporationsourcetOWardthesubstrateundernegativebias

25 voltage or the 1like. The vacuum arc evaperation source



a vacuum arc evaporation nethod or an arc ion plating nethod. This nethod
has advant ageous features of high filmformng rate S and hi gh adhesi on
property. The high filmformng rate is due to the fact that a |large anount
of cathode material is evaporated fromthe cathode by the utilization of

t he vacuum arc di scharge. The high adhesion property is due to the fact
that ions contained in the plasma 10 draw toward the substrate and colli ded
therewith under an electric field caused by the negative bias voltage. The
cat hode smedEoT at e &waportat@d b emunirea cathedd cafc & he thacabm saree svtapor at i on
source contains fine particles preferable for the filmform ng, and coarse

parti cl eshd gl semaloroal 1eich dle epltelosicaa tect o parlthic es}hobaseali skt er is
several dimto several tens m Adhesion of such coarse particles to the

Substrate CRUES ade! @%ia?b%hit@en%em@d IPehRees ant ] adhes i yoperty of a
surface of the resultant film To cope with this, there is proposed a vacuum

arc 20 ﬁqvf‘so%mio%@ggg%ﬁgglgégﬁsafeéﬁwgs b ﬂ@v me-mmxﬂg%@ear c

evapor at i on” apparatus €S a vacuum arc apor ation ource 20 as
referred to apbove, and. a magneti¢c filter 50. The magnetic filter 50 curves
and Prad?ﬁgrQ%g gheahrBr PhPRERRY - 38 generated by the vacuum arc
evaporation source 20 under a 25 magnetic field, and outputs the plasm

stream after rEvoVilgd Diimelebaine r;g?&retiéldé%e Fpdhia hachitddraa large

amount of cathode material is evaporated from the cathode by
theutilization of the vacuum arc discharge. The high adhesion
property is due to the fact that ions contained in the plasma
10 draw toward the substrate and collided therewith under an
electric field caused by the negative bias voltage.

The cathode material evaporated from the cathede of the
vacuum arc evaporation source contains fine particles
preferable for the film-forming, and coarse particles (alsc

15 called droplets or macro-particles) whose diameter is several
um to several tens pum. Adhesion of such ccarse particles to
the substrate causes detericration of the smoothness and
adhesion property of a surface of the resultant film.

To cope with this, there 1is proposed a vacuum arc

20 evaporation apparatus 10a as shown in Fig. 11. The vacuum arc
evaporation apparatus 10a includes a vacuum arc evaporation
source 20 as referred to above, and a magnetic filter 50. The
magnetic filter 50 curves and transports a stream of plasma
38 generated by the vacuum arc evaporation source 20 under a

25 magnetic field, and outputs the plasma stream after removing



In the apparatus, the vacuum arc evaporation source 20 includes a cathode
30 nounted on a cathode holder 24, and a cylindrical or annular anode 36
di sposed in front of an 5 evaporating face 32 of the cathode 30 (in an
evaporating direction of the cathode material 34) . The cathode 30 is
caused to evaporate cathode materials by the vacuum arc di scharge
occurring between the cathode 30 and the anode 36, thereby generating

pl asma containing the cathode materials (making the 10 cathode 30). The
cat hode B0eceaptaises paratcdrdsalf roen tdhe pleetrad . of titanium or the like,
all oy of Ti Al, carbon (graphite) or the like), which is selected in

accor dance Wthnatkén@lp;ﬁéré'tlhm tohderdanmedrc BRepaieda o36 sosresuabl y made
of copper. The cathode holder 15 24 is nade of a non-magnetic nmetal. In

this appapgludes! Becanqdge38ol AgBheehl brat! ¥ ahouadad)achr oqdi sRRaLge

vol t age several tens V to 100V or therearoun is applie roman arc

power source_44.to-.between_the _anqde, 36.a he cat hode_ 3 with_the
Pt hode SHIBaARA R tH FABRRRY o S5 26 05 G chie T, arf hahre
The cat hode . hol der 24

& ot GYoBR= 8 CSEBPGC I e 038 TP GUGIOAn PHsURE: i RUFBPFAFIDE. The
support plate 28 covers one end of a transporting duct 52 formng the
magnet i cdfirecdiops Sohe £ ardyifia MepeF kahetft! madhetye 23 0dohfRrRERG an arc
spot 3 (cathode point of the arc discharge) within the evaporating
to evaporate cathode materials by the vacuum arc discharge
occurring between the cathode 30 and the ancde 36, thereby
generating plasma containing the cathode materials (making the
10 cathode 30).
The cathode 30 containsamaterizal (e.g., metalecftitanium
or the like, alloy of TiAl, carbon (graphite) or the like),
which is selected in accordancewith a kindof film to be formed.
The anode 36 is usually made of copper. The cathode holder
15 24 is made of a non-magnetic metal.
In this apparatus, the anode 36 is electrically grounded.
Arc discharge voltage of several tens V to 100V or therearound
is applied from an arc power source 44 to between the anocde
36 and the cathode 30, with the cathode 30 being at the negative
20 polarity. Reference numeral 40 is a trigger electrode and 42
is an insulating material.
The cathode holder 24 is mounted on a support plate 28
through an insulatingmaterial 26. The support plate 28 covers

cone end of a transperting duct 52 forming the magnetic filter

25 50. A magnet (permanent magnet) 22 for confining an arc spot



face 32 of the cathode 30 by a magnetic -field is provided on the rear side
of the cathode holder 24. In this apparatus, the nagnetic filter 50 includes
the 5 curved transporting duct 52, a magnetic coil 54 , and a DC power
source 56. The magnetic coil 54 generates a magnetic field curved along the
transporting duct 52. The DC power source 56 excites the magnetic coil 54.
The magnetic coil 54 may he a plurality of toroidal coils as illustrated,

or a solenoid 10 coil wound around the outer peripheral part of the

transpor {caghodecpobt Parthefaragaetckatyabswb8hof tbecevgpoesatrd by the
magnetic coil 54 is roughly illustrated in Fig. 11 . The magnetic |ines 58

extend afopg theof s dlido Fhet hanspektiig rdeel 152pasvshewnenln a
region including the cathode 30 and the anode 15 36, the nagnetic |ines 58

are diSt%ﬁ?“fggraE%gE:g%tEﬁEegggEPdgiﬂolﬁ%r An angle a of the curve of the

transporting duct pr ef y selected such that a substrate 64 in a

filmformng h er 60 cannot seen di.r.ectly . from.the t.hod 0O in the
20 vacuum arc g@/a T 2at§ 50 %’ebt%(f mﬁggﬁetcgicf iféxiet 5@%&3 Sgd?g &é out 90'.

The nmenbers | gcated close to the na%netic coi l he, transporting

duct 552, C#RECS UFiForIP I B SECANE 1 emawmm%’ageh%mefﬁf} SOUFE made of
non-magnetic material so 25 as not to disturb the magnetic |ines 58
(nagneti@0¢¥@$d§64 d%mgqmﬁﬁﬁpmgct¢@§}néﬁmg¢%eé@t¢s5q_magnet1c field
curved alcong the transporting duct 52. The DC power source
56 excites the magnetic coil 54. The magnetic coil 54 may be
a plurality of toroidal coils as illustrated, cor a solenoid
10 coil wound around the outer peripheral part of the transporting
duct 52. Part of magnetic lines 58 of force generated by the
magneticcoil 54 isroughlyillustratedinFig.11l. Themagnetic
lines 58 extend along the inner wall of the transporting duct
52 as shown. Inaregion including the cathode 30 and the anode
15 36, the magnetic lines 58 are distributed as illustrated in

Fig. 12.

An angle a of the curve of the transporting duct 52 is
preferably selected such that a substrate 64 in a film-forming
chamber 60 cannot be seen directly from the cathode 30 in the

20 vacuum arc evaporation source 20. A specific example of o 1is

about 90°.

The members located close to the magnetic coil 54, e.g.,
the transporting duct 52, the support plate 28 and the
film-forming chamber 60, are made of non-magnetic material so

25 as not to disturb the magnetic lines 58 (magnetic field)



The vacuum arc evaporation apparatus 10a including the vacuumarc
evaporation source 20 and the magnetic filter 50 is coupled to the
filmform ng chanber 60 in a state that the 5 other end of the transporting
duct 52 (opposite to the vacuum arc evaporation source 20) is directed to
the substrate 64, whereby a filmform ng apparatus is formed. The
filmformng chanber 60 includes a holder 62 holding the substrate 64 on
which a filmis to be formed. The filmform ng apparatus is 10 called a
vacuum adeveuaperativon rappergateis corccanl dréc. i on plating apparatus. The
transporting duct 52, together with the filmformng chanber 60, is

vacuurmed by a vaeUuRLOdmapparaatser dheopl asier sfuLdma38 ngénernaiedhby t he
vacuum arc evaporation source 20 is transported al ong the nagnetic field

15 withig el e phiratt8hndQoudind vt Bub EheMmkhge@tiberiendrotot he
magneti c PFP?Q?%%% ak%plg tgnneEP the substrate 64Bmﬁthin the f

i'”}fOr”i”ggﬁggggggFSP%qéjfffﬁié%ﬁ%ﬁg%Q%k%h%&e%0C9HH9k§%Qe IR tchengl asma

strean)SéF es not charged ~ straightforwardly nove while not
of the PEURSpBRE B Ui TR TRECONd AUy, STnove comred pire drsetire "ot
derived fromthe magnetic filter 50 and fail to reach the  substrate 64. The
r adi um ( RAFRR VRRGTE@): oFf SgUsEEr a0 o S rCotcd E8ar88 p&ngCFeelh t he
magnetic field extrenely increases 25 proportional to a mass of the coarse
particl ewhevebyi & {ilmsfermirg drmeged onés hederdi ndihe, Tt ABSECERIPPCl es hit
the Innercl’1amber 60 includes a holder 62 hclding the substrate 64 on
which a film is to be formed. The film-forming apparatus 1s
10 called a vacuum arc evaporation apparatus or an arc ion plating
apparatus. The transporting duct 52, together with the
film-forming chamber 60, is vacuumed by a vacuuming apparatus.
The plasma stream 38 generated by the vacuum arc
evaporation source 20 is transported along the magnetic field
15 within the magnetic filter 50, and output from the other end
of the magnetic filter 50 and led to near the substrate 64 within
the film-forming charber 60. Of thecoarseparticles contained
in the plasma stream 38, those particles not charged
straightforwardly move while not being influenced by the
20 magnetic field, and ccllide with the inner wall of the
transportingduct 52. Accordingly, those coarse particles are
rot derived from the magnetic filter 50 and fail to reach the
substrate 64. The radium (Raman radius) of a spiral motion

of a coarse particle in the magnetic field extremely increases

25 proportional to a mass of the coarse particle, even if it is



wal | of the transporting duct 52 and fins (not shown) projected fromthe

i nner wall, and di sappear (adhere thereto) . As a result, the plasnma stream
38 little containing the coarse particles 5 are output fromthe magnetic
filter 50, and led to near the substrate 64. Accordingly, there is no
chance that the coarse particles adhere to the substrate 64. At this tine,
when a potential at the substrate 64 is |ower than that of the plasm
stream 38, for exanple, by applying 10 a negative bias voltage to the

subst r at e led chishrejddbpsicconbacnedingliyhet hbasnpast i edax 381 arteh@riamert o t he
substrate 64 by the potential difference, so that the ions hit the latter.

I n the vaguumartev¥apakabiren nap@asatisatlasind @pt sMbRAPIING fctignetic
field (flux density) generated by the is magnetic coil 54 of 'the magnetic

filter SQrio%n{}m&agﬁlé%aﬂn ghé hqis%g%ggf (1 R0SPONL @90§ he pl gsnr sty eam 38

by the magnetic ter 50 is 1ncr Accordingly, the anount of 'pl asma

stream 38,qut put_fraom.the etic filter 50 is .increased and . .hence a
filmfor r%ihﬁgpa & aatsr{:/\r/neiaclzrhrg{:igg]tl i1 (iies or red e tthhee %rs"uebé)tarrattlecel()e is
increased. Wien the field strength is jncreased, a netic field. also

i ncr ease€ %% AHEWH ST Fhér eé'd‘t%cfd&tfﬁ)r a'ﬁzi ﬁ{@;%éﬁéﬁo 3630 e vacuum
arc evaporation source 20. Electrons 37 enmitted fromthe cathode 30 by the
arc di sciFaRFErade SHowAFROFRGNILY, U5 LR dSFRe ARETEEHLHREdTHY GREgRéti ¢ | i nes

58 generated by the 6 magnetic coil 54, so that those el ectrons pass through
a space particles adhere to the substrate 64,

At this time, when & potential at the substrate 64 is
lower than that of theplasma stream 38, for example, by appiying
106 a negative bias voltage to the substrate 64, the ions contained
in the plasma stream 38 are drawn to the substrate 64 by the
potential difference, so that the ions hit the latter.
In the wvacuum arc evaporation apparatus 10a, 1f an
intensity of magnetic field (flux density) generated by the
15 magnetic coil 54 of the magnetic filter 50 1s increased, an
efficiency of transporting the plasma stream 38 by the magnetic
filter 50 is increased. Accordingly, the amount of plasma
stream 38 output from the magnetic filter 50 is increased and
hence a film-forming rate at which a film is formed cn the
20 substrate €64 is increased.
When the field strength is increased, a magnetic field
also increases in the vicinity of the cathode 30 and the anode

36inthevacuumarcevaporationscurce20. Electrons37emitted

from the cathode 30 by the arc discharge, as shown in Fig. 12,

25 are firmly captured by magnetic lines 58 generated by the




wi thin the anode 36 and are hard to reach the anode 36. As the intensity of
magnetic field by the magnetic coil 54 is increased, a |larger nunber of the
magnetic |ines 58 generated 5 by the nagnetic coil 54 pass through the space
within the anode 36. As a result, the electrons 37 do not hit the anode 36
and are easy to pass through the anode 36. Wen the electrons 3-7 emtted
fromthe cathode 30 are hard to reach the anode 36, it is difficult to

mai ntain the arc di scharge between the cathode 10 30 and the anode 36. In

ot her wotdsneanciooil d4d,desclisagecse bardttonacgas s hetreerh thepeat hode 30
and the anode 36. Further, it is difficult to maintain the subsequent

di schar ggi tThHStheNahBBePBEOEnAr hr¥aBEHUM 8bCre¥aporaki @RoapPakat uss 10a,
when attenpt is made to increase an efficiency of 1is transporting the

pl asie. sggeam, $8pby rineireasing:an imansidy of. mansti g field by 1he

magnetic frlter 50, it is difficult to [ n the arc discharge in the

vacuum arc_evapar.ation _source,20. Accordingly,. it.i.s difficult to,secure
both 1 s 56 FAASREr 1 * T RLToEE Phetr St Liieddrss Ba The kit ar ni g
20 of the arc discharge in the vacu n1q&§1 apor ati on ,sour

Par t i*cul BY Iy2e fiRERSTHE Tt hotfeP36°5i & 1Y L3P B5h oA FRESTHATE m nly
contai ning carbon, the maintaining of the arc discharge is nore difficult
when the3gieV33§tF€ﬁ@ﬂﬁriHhﬁhéle@&ﬁﬁﬁﬁiqg'ﬁPIPQF Bht 1§ FErEEsed. 2f%he reason
for this is that 25 the arc discharge of the carbon or the material mainly
cont ai ni age 7exay bom Hass sotthgionghl yheidt¢del16. amdierhahet abeeteensons 37
emtied emitted from the cathode 30 are hard to reach the anode 36,
itisdifficult tomaintainthearcdischargebetween the cathode
10 30 and the anode 36. In cother words, an initial discharge is
hard to cccur between the cathode 30 and the anode 36. Further,
it is difficult to maintain the subsequent discharge.
Thus, in the prior art vacuum arc evaporaticn apparatus
10a, when attempt is made to increase an efficiency of
15 transporting the plasma stream 38 by increasing an intensity
of magnetic field by the magnetic filter 50, it is difficult
tc maintain the arc discharge in the vacuum arc evaporation
source 20. Accordingly, it is difficult to secure both the
transport efficiencyof theplasma stream 38 and themaintaining
20 of the arc discharge in the vacuum arc evaporation source 20.
Particularly, when the cathode 30 is made of carbon or
a material mainly containing carbon, the maintaining of the
arc discharge is more difficult when the field strength in the

magnetic filter 50 is increased. The reason for this is that

25 the arc discharge of the carbonor thematerialmainlycontaining



fromthe cathode 30 hardly reach the anode 36 as described above and hence,
the arc discharge nore hardly occurs. Wen the cathode 30 is nmade of carbon
or the material 5 mainly containing carbon, which is difficult in

mai ntaining the arc discharge, or even when it is made of another material,
the arc discharge may easily be maintained in a manner that gas, e.g. ,
inert gas or reaction gas, is introduced into the transporting duct 52,
thereby intentionally increasing a gas 10 pressure in the vicinity of the
cat hode 88rbbbviewverigindksly dppf bavht creatds: ot heelpréblosss’ dgewt tAdl ar ge
anount of gas ion caused by the arc discharge is contained in the plasnma
stream B88omantk advBosel 3o aktetlysrddeh themiodeizigs priecessibeAl Ehoge anount
of gas ion enters the substrate 64, so that a filmquality 15 of a thin film

formed opng suptacerat bbe aybshbabe fHidrieshehangedecwas.internal stress in
the filmincreases, or the substrate 64 is heated unnecessarily. SUWARY OF

THE | NVENTI ON 20 AccLding] ¥.c a8 0b} 6giq0f ot he  present inveniiopshs to
provi de a vacuum arc evapor atl on appar atus includi ng a vacuum arc

evaporation_source_and.a nmagnetic fi r.Ln ! c._di . can be
nainfhin@alﬁﬁthﬂnfﬁén%g uﬁ%{gé%’e@%%%?a%%d%ypggg?g% ﬁ?ﬁh%ﬁ?@%ﬁglggs
i ntroduction even en an efficienﬁ¥925 of trgg rtin | as stiean1is

i mpr ovedtB§ dHcAESSPAG I8N QT iSTEEhEIEY of *TegR idgfofpgfcgeger{}ae oped by the
TNt e L et qiacha e ma et Y RS £ AL XS Re Y el TSt
gas, e.g., inert gas or reaction gas, is introduced intec the
transporting duct 52, thereby intenticnally increasing a gas
10 pressure in the vicinity of the cathode 30. However, this
approach creates other problems anew. A large amount of gas
ion caused by the arc discharge is contained intheplasma stream
38, and adversely affects the film-forming process. A large
amount of gas ion enters the substrate 64, so that a filmquality
15 ofathinfilm formedon asurface of the stbstrate €4 is changed,

an internal stress in the film increases, or the substrate 64

is heated unnecessarily.

SUMMARY OF THE INVENTION

20 Accordingly, an object of the present invention 1is to
provide a vacuum arc evaporation apparatus including a vacuum
arc evaporation source and a magnetic filter in which arc
discharge can be maintained within the vacuum arc evaporation
source without the gas introduction even when an efficiency

25 of transporting plasma stream is improved by increasing &n



vacuum arc evaporati on apparatus according to the present invention,
conprising: a vacuum arc evaporation source 5 including a cathode and an
anode located in front of an evaporating face of the cathode, the vacuum arc
evaporation source generating stream of plasnma containing cathode nmaterials
by evaporating cathode materials fromthe cathode under a vacuum arc

di scharge between the cathode and the anode; a nmagnetic 10 filter for
curving and transporting the plasma stream generated by the vacuum arc

evapor at i gRes8UtGeo bynaymagnetiie Ifd akdell 0peHepPvith € paISR thar Ei¢kes . from t he
pl asma stream and outputting the plasma streamin which coarse particles

have been renpygd; spaRd-AcARIBEEWC oRERREr ~dihspRsedhiiBvbEORY af ribet
evaporating face i5 of the cathode and close to the anode in the vacuum arc

evapor at | our.ce. irs ar. rati on W th
provisiokggPuﬁhéiﬁgdﬁ%g?%P%%%%gr%pggg?ggFig&fﬁ%ﬁﬂgﬁﬁﬁhg %@gﬁg%?%gﬁFines of
force (i.e., magnetic flux).devel oped by the magnetic Zg.filter in the

regi on réﬂﬁ?ﬁélgP0n1Fﬂ@pEé hBde tB t'1EBHLIE T T SURESVASIAM ar&Yév&por ati on
source is configured so as to be suitable for the nmintaining of arc

di schar geRBetReBA theCe i AgBe 2MEhB R haNaABde.Ced f +RalfF¢?with he

provi sion of the magnetic nenber near the anode, the magnetic |ines
devel opetiVByorBE 125 FaghePifc thiel cethafe, atheabeeduUNnapar EVEBOTRELfiignet i c
menber. 9 This phenonmenon occurs al so when the field strength of the
magnet i csbiktergdrseiaicirepsedeanodar h sty yonthe nimgnetitodd maserials
by evaporating cathodematerials fromthe cathode under a vacuum
arc discharge between the cathode and the anode; a magnetic
10 filter for curving and transporting the plasma streamgenerated
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the piasma stream, and ocutputting
the plasma stream in which coarse particles have been removed;
and a magnetic member disposed in front of the evaporating face
15 of thecathodeandclose totheancde inthevacuumarcevaporation
source.

In the first vacuum arc evapcration apparatus, with
provisicncof themagneticmember, adistributionocf themagnetic
lines of force (i.e., magnetic flux) developed by the magnetic

20 filter in the region ranging from the cathode to the anode in
the vacuum arc evaporation scurce is configured so as to be
suitable for themaintainingofarcdischargebetweenthecathode
and the anode. Specifically, withtheprovisionof themagnetic

member near the anode, the magnetic lines develcped by the

25 magnetic filter are attracted in part to the magnetic member.



passi ng through the anode or its vicinity fromthe cathode of the vacuum
arc evaporation source are increased in nunber. As 5 the result of the
increase of the flux density, of electrons that are emtted fromthe

cat hode by the arc discharge, those electrons that are captured by the
magnetic |ines of force passing through the anode and its vicinity and
reach the anode, are increased in nunber. Wth this, the initial arc

di scharge 10 and the nmaintaining of the subsequent arc discharge are easy

in the vaguymmeh@waRor addar S se, wider ehy thelar etdesghar gg the
stabilized. Also, in a case where an efficiency of transporting a stream of

plasma i g i mRitaved; by Lnos eastBgsen. | rﬁ@@@hﬁ:\/n%iy, k1 cRINEE E Ec f1iigled
devel oped by the magnetic filter, the arc discharge can be stabilized and

mai nt ai n in_t C .00 ; [ C j i ucti on.

Accordinggffq{ﬁg%h¥?§#§gEﬁ% %Rf?%ﬁ%ﬁg§sigﬁ§§5é“ n¥%%$q?%% p ggﬂggg?rean1in
the nmagnetic filter and _the ar.c discharge maintaining.in the vac%yn120 arc
evapor at 16 SBGFEE T SHEER T5e 1S TPRHC 61 THo Ul CRE S545 " T Stict T, Thus,
the filmformng_apparatus, havin he thus__ constructed vacgun1arc

t
evapo? at it8§ &F§Etat @S ELR %%?ﬁ?%g?i? i H WLt aC  htgh HEC8Sin a

manner that the plasma stream 25 is transBorted at high transport
ef fi ci enépatwhirFecRehbofingr A0 Weacgshpsie Pyl B3¢ i FHraverdoak"elSeni nat e

the adverse effect on the forned filmby the gas introduction. Those
advant agedestrons that are captured by the magnetic lines of force

passing through the ancde and its vicinity and reach the ancde,
are increased in number. With this, the initial arc discharge
10 and the maintaining of the subsequent arc discharge are easy
in the vacuum arc evaporation source, whereby the arc discharge
is stabilized.
Also, in a case where an efficiency of transpecrting a
stream of plasma is improved by increasing an intensity of
15 magnetic field developed by the magnetic filter, the arc
discharge can be stabilized and maintained in the vacuum arc
evaporation source without gas introduction. Accocrdingly, the
transport efficiency improvement of the plasma stream in the
magnetic filter and the arc discharge maintaining in the vacuum
20 arc evaporation source can both be secured without the gas
introduction.
Thus, the film-forming apparatus having the thus
constructed vacuum arc evaporation apparatus can form a film
on a substrate at high rate in a manner that the plasma stream

25 is transported at high transport efficiency, while removing

10




effects may be achieved by very sinple construction, viz., provision of the
magneti c nenber. This fact al so suppresses 5 the apparatus size increase.
In the first vacuum arc evaporation apparatus, it is preferable that the
anode is | ocated between the magnetic nenber and the evaporating face of
the cathode. In the first vacuum arc evaporation apparatus, the 10 magnetic
menber is not interposed between the evaporating face of the cathode and

t he anode. Accordingly, electrons that are emtted fromthe cathode and

capt ur edchyrsberamghel é €, ldmesur ohef atrecdniaieasy tloe mevedr schefénote. This
is very convenient for the maintaining of the arc discharge. 15 Further, in

the firsprvaciyp-aee SVBRBLALH OB 8PN Addisct idh . | TH)=s0apvefiekabbast hat the
anode of the vacuum arc evaporation source is configured such that when

posi ti ongglf%ettrg,r; aee blteg%dch%%% ¥ raundss {1 £ ront s pant: 0bnt hgi¢at hode, and

t he magn I sposed or ‘near ‘an outer peripheral part of the

20 anode_in a state_that the net i ¢ nmenber. .is laoca i f the

cat hode RﬁPVéséﬁpr86ngﬁﬁgm?%%g€?%ﬁ?epa?{'oﬁﬁPﬁEfgggh%ggp QV&E?QEPﬁg anode is
not provided with the nmagnetic nenber, nost of the magnetic |ines generated
by tHe nhBRefPRALANEr S1E&sd HEGTGh t he space within the anode. Wth this,
electrons 25 emtted fromthe cathode are easy to pass through the anode 11
whil e not col | 18i k§ewittiF Stthe/ e 215 SHPYERUMR aFRP2&VEpor at FonSappar at us

according to the present invention, the .
preferable that the anode 1s located between themagnetic member

and the evaporating face of the cathode.
In the first vacuum arc evaporation apparatus, the

10 magnetic member is nct interposed between the evaporating face
of the cathode and the anode. Accordingly, electrons that are
emitted from the cathode and captured by the magnetic lines
of force are easy to reach the anode. This is very convenient
for the maintaining of the arc discharge.

15 Further, in the first vacuum arc evapecration apparatus,
itisalsopreferable that the anode of thevacuumarcevaporation
source is configured such that when positioned in place, the
anode surrounds the front part of the cathode, and the magnetic
member is disposed on or near an outer peripheral part of the

20 anode in a state that the magnetic member is located in front
of the cathode while surrounding the front part of the cathecde.

Where the anode is not provided with the magnetic member,
most of the magnetic lines generated by the magnetic filter
pass through the space within the ancde. With this, electrons

25  emitted from the cathode are easy to pass through the anode

11




magneti c nenber is disposed so as to surround the front part of the

cat hode. Where the nmagnetic nenber is used as descri bed 5 above, the
magnetic lines nay be attracted to the anode or its wvicinity. The ef f ects
conparable with those of the f irst vacuum arc evaporation apparatus are
nore remarkably manifested. In the vacuum arc evaporation apparatus, the
anode of the vacuum arc evaporation source may include a plurality of 10
bar-1i ke nenbers, which are disposed al ong the evaporating face of the

cat hodewnhilke hei ngolddatied out &h déhehe2e9@por atlihgtiace’ @B héT€at hode.
Electrons emtted fromthe cathode are easy to pass between the anode while
not col kivdipag awitdh thpaanode,addotdingegneh oo rdsementeenits omot thsed, when
an intensity of nmagnetic field generated by the magnetic filter is increased

as in the 6338 WHRr@clrhes anggdeseur sousls d efroamid paet fobnthpacat hode when
it is positioned in place. In the vacuum arc evaporation apparat us

accordi ng {9, tc%et}*f&{oees.enfﬂplé@éeﬁﬁé ARgreittil REAVE Siieny 8bdtdeqd2@cragaet i c

menber, "t he fragnetic fie generated by the magnetic filter is attracted to

the anode or i Vi cini A [ , er + pt. Amanetd,cikknes of
force g8§ﬁ’§et’o£ﬁﬁem%%%%|%¥? sll%lceﬁ%:?lgggﬂé%,attﬁel{ce y enabling the arc di schar ge

to be maintained |n a rqQng_ magnet I T f.are;: ts of this
25 vacuiYﬁﬂcéPété/vapgpﬁtel%?Cgtp%%?r&gﬁgagg%hégh%al}oa é?v%n%teﬁflt %ggsgpﬁ% t he

first vacuum arc evaporation a%parat us. The above-nentione obégct can be
al so acﬁﬁév@WQQPR?Q%QP(ﬂ?g?rat s are more remarKably manlifested.

In the vacuum arc evaporation apparatus, the anode of
the vacuum arc evaporation source may include a plurality of
10 bar-like members, which are disposed along the evaporating face
of the cathode while being located outside the evaporating face

of the cathode.
Flectronsemitted fromthecathodeeareeasytcopassbetween
the anode while not colliding with the anode, if the magnetic
15 member is not used, when an intensityofmagnetic fieldgenerated
by the magnetic filter is increased as in the case where the
anode surrounds the front part of the cathode when it is
positioned in place. In the vacuum arc evaporation apparatus
according to the present invention, with provision of the
20 magnhetic member, the magnetic field generated by the magnetic
filter is attracted to the anode or its vicinity. Accordingly,
the number of magnetic lines of force going to the anode 1is
increased, thereby enabling the arc discharge to be maintained
in a strong magnetic field. Therefore, the effects of this

25 vacuum arc evaporation apparatus are comparable with those of

12



vacuum arc evaporati on apparatus according to the present invention,
conprising: a vacuum arc evaporation source 5 including a cathode and an
anode located in front of an evaporating face of the cathode, the vacuum
arc evaporation source generating stream of plasnma containing cathode
materials by evaporating cathode materials fromthe cathode under a vacuum
arc di scharge between the cathode and the anode; and a magnetic 10 filter
for curving and transporting the plasm stream generated by the vacuum arc
evapor atimpn Souscevbyuamnagneeivepbretdonoappenstescoar se particles fromthe
pl asma stream and outputting the plasma streamin which coarse particles
have been renomesdabovwbenehn ithedatode: tofah he alscurmh becedbaporatdoh sour ce
is made 15 of a magnetic material. In the second vacuum arc evaporation

appar at us, - him i 8rcPlsfzgfahlte drhatpgdies anodgcobrihrgvacuwneargr evapor at i on
source 1S configured such that when positioned in place, the anode

surrounds_t he, front the cat hade w20 Fert 8espot A1 BE SE€6@AEe vacuum
arc evap%?%ﬁ?%ﬁ?glt ééﬁ%ﬁg%lﬁ referablel%haﬁ t he an%de of the vacuum arc

G Shasedi Dt BREPEne CVAIaT i ABCT 25 B199Pe CZFRGHo whi o bel A | Seat ed
evapor at PERPPAT BPUSACEHEL ahote 19 HAr b G T134TE MRGnBUTEC T ned of T or ce
B Al e N e st e S p S O RPLY s HE S TR n O  SRGPET T © T nes
goi ng tosource genera g p
byevaporatingcathodematerialsfromthecathodeunderavacuum
arc discharge between the cathode and the anode; and a magnetic

10 filterforcurvingandtransportingtheplasmastreamgenerated
by the vacuum arc evaporation source by a magnetic field tc
remove coarse particles from the plasma stream, and ocutputting
the plasma stream in which ccarse particles have been removed,
wherein the anode of the vacuum arc evaporation scurce 15 made

15 of a magnetic material.

In the second vacuum arc evaporation apparatus, 1t is
preferable that the anode of the vacuum arc evaporation source
is configured such that when positioned in place, the anode
surrounds the front part of the cathcde.

20 Further, in the second vacuum arc evaporation, it is also
preferable that the anode of the vacuum arc evaporation source
includes a plurality of bar-like members, which are dispocsed
along the evaporating face of the cathode while being located

outside the evaporating face of the cathode.

25 Inthesecondvacuumarcevaporationapparatus,theanode
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the anode is increased, enabling the arc discharge to be nmaintained in a
strong magnetic field. The advantageous 5 effects produced by this apparatus
are conparable with those of the first vacuum arc evaporati on apparat us.
Further, reduction of the nunber of required parts and construction
sinmplification are secured. Further, the above-nentioned object ca be
achieved by 10 a third vacuum arc evaporati on apparatus according to the
present invention, conprising: a vacuum arc evaporation source including a

cat hode gad san @anade: 4 agghediicn iffend f ebrar gavapor &l bhg Heaseg0ét t be
cat hode,” the vacuum arc evaporation source generating stream of plasnma

contai ni 9919@£h0%5@%&ﬂ§1§, | 8h DYn @HSPOT & | gy cat Node; fieg e@&ﬁhﬁe{éom the

cat hode under a vacuum arc” di scharge between the cathode and t anode; and

a magnetjc_ filter .for. I an nsport,i ng e pl tr ener at ed

by the VEQ%UQPSPE éf3p5$§%¥%%9gbuggéhg§%§ &%g%e%%g Fré??g?gé F%ﬁg%% coar se

particles fromthe plasm stream_ and . aqutputting 20,.the plasm streamin
G PARPS: n e 3

whi ch coBf $BEPAREFcliEs haFs BEEn Vs, Thherein HHEE D7 He vacuum
arc evaporation source includes at |east one bar-1like_anode which is
di spdsedef hAeFE BRI PIUERS PYVPOT &PPRG 2 8Ce 26F FRBPELEROGE" Whll B P%F ng
extended along the evaporating face. 25 In the third vacuum arc evaporati on
appar at usf &ben firdu Haeay® WHer e8P HE BhaT t PR riddiTet i cFYT P9t devel oped
by the reduction of the number of required parts and ccnstruction
simplification are secured.
Further, the above-mentioned obiect ca be achieved by
10 athirdvacuumarcevaporationapparatusaccordingtothepresent
invention, comprising: a vacuum e&arc evapocration source
including a cathode and an anode located in front of an
evaporating face of the cathode, the vacuum arc evaporation
source generating streamof plasma containing cathodematerials
15 by evaporatingcathodematerials fromthe cathode under a vacuum
arc discharge between the cathode and the anode; and a magnetic
filter for curving and transporting the plasma streamgenerated
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the plasma stream, and outputting
20 the plasma stream in which coarse particles have been removed,
wherein the anode of the vacuum arc evapcration source includes
at least one bar-like anode which is disposed in front of the
evaporating face of the cathode while being extended along the

evaporating face.

25 In the third vacuum arc evaporation apparatus, even in
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magnetic filter is increased and magnetic |lines of force developed by the
magneti c coil passes through the evaporating face in the direction

per pendi cular to the evaporating face, 5 the electrons captured by the
magnetic lines are easy to reach the anode and hence the arc discharge can
be mai ntained since the anode is |ocated crossing the magnetic |ines.
Accordingly, even in such a case of increasing the transport efficiency of
the plasnma stream by increasing the intensity of magnetic field 10 generated

by the mageetiecwhiekktern theearctdi SEn@ee€an DE: ] ABiNiA G188 iKY tthe vacuum
arc evaporation source without the gas introduction. The third vacuum arc

evapor at @R n@RRaY af Usy o f URLher SV s LOMRRES G R JragNet i g d | Lerrdigposed
close to the at | east one 15 bar-like anode such that the bar-1ike anode is

| ocat ed l&%tv‘é@%lﬁ}gtof‘lﬁg”@ﬁé‘%é&né‘t?i”é’%ﬁ”ﬁaéQEseﬁ’@PQﬁSH&?esfe%%ﬁg ]:aart;ib% cat hode.

O, in the thi acuum ar c evaporati on apparatus, e t hat
t he bar-%ike anogg iéigadg.of nagget&c nﬁ;er%al. I n_the vacuumar ¢
evapor at i'8f CapPaF AEuS: L &ht i RBrReSRT ILE  hehbe? Tt MagHEid- 1héé Fass
t hrough the apodes or their vicinity, so that electrons are easy to reach
the ahodé§e ©ARELFANAGFIL LEhed & tarseran bl Fnl et PréfgeABY et iF€eCiel d i s
easy. The above-nentioned object can be al so achieved by a fourth 25 vacuum
arc evapéhat BAdgppRE ReRCAddsr dirsgdi BChREIFr earte IB Jinhaditdr 1 n€6npri si ng:
a vacuum arc evapor ation source
the anode is located crossing themagnetic lines. Accordingly,
even in such a case of increasing the transport efficiency of
the plasma streamby increasing the intensity of magnetic field
10 generated by the magnetic filter, the arc discharge can be
maintained in the vacuum arc evaporation source without the
gas introducticn.
The third vacuum arc evaporation apparatus, further may
comprise: a magnetic filter disposed close to the at least one
15 Dbar-like anode such that the bar-like anode is located between
the magnetic member and the evaporating face of the cathoeode.
Or, in the third wvacuum arc evaporation apparatus, 1t is
preferable that thebar~like anode is made of magneticmaterial.
In the vacuum arc evaporation apparatus, an increased
20 number of magnetic lines pass through the anodes or their
vicinity, so that electrons are easy to reach the anodes.
Accordingly, the arc discharge in a strong magnetic field is
easy.

The above-mentionedobjectcanbealscachievedbya fourth

25 vacuum arc evapcration apparatus according tc the present
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i ncluding a cathode and an anode located in front of an evaporating face of
the cathode, the vacuum arc evaporation source generating stream of plasma
cont ai ning cathode materials 5 by evaporating cathode materials fromthe

cat hode under a vacuum arc discharge between the cathode and the anode; and
a magnetic filter for curving and transporting the plasnma stream generated
by the vacuum arc evaporation source by a magnetic field to renove coarse
particles fromthe plasm stream and outputting 10 the plasna streamin

whi ch cogfsenpachi cl esmpaveihgen 4 enonedim wher ebnapbeaanede obutbe vacuum
arc evaporation source includes at |east one bar-like anode which is

di sposed; suehst gt Oone.tehdef 268 afn tAgohar -lddkg canode irsodir eot eghto the
front of the evaporating face of the cathode. 15 In the fourth vacuum arc

t] - ' wh [ It ic field
Gevel opetl By SPRE AR Encly B8 Hle = FE0Re ey EAE SPoh B e H o FREEER: o ce
devel oped b

% t he n%%ﬁftic coi | E%s es througg.tge evgloratigg fgfe in the
di rect i oRPSTBS EARE A 44 Pt PRHEPEH ST P RES 282 B 4557 ST Fate? - The
el ectrons captured by the magnetic lines are easy to reach the anode and
hencé t HeY &VéPdirstididyes BARCC Be trgitAtai el PR thRe arBder ilsV# o4t ed al ong
the magnetic |ines. Accordingly, even in such a case of increasing the
t r anspor @refdisdlearge FEtrenptls & tdoceann Byt iheredsi mpd Rer2% ¢hiensity of
magnetic field generated by the magnetic filter, 16 the arc discharge can be
mai nt ai nédltertive vacvuinyars! evapepartong the plasma stream generated
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the plasma stream, and cutputting
10 the plasma stream in which coarse particles have been removed,
wherein the anode of the vacuum arc evaporation source includes
at least one bar-like anode which is disposed such that one
end face of the bar-like anode is directed to the front of the
evaporating face of the cathode.
15 In the fourth vacuum arc evaporation apparatus, even in
a case where an intensity of magnetic field developed by the
magnetic filter is increased and magnetic lines of force
developed by the magnetic coil passes through the evaporating
face in the direction substantially perpendicular to the
20 evaporating face, the electrons captured by the magnetic lines
are easy to reach the ancde and hence the arc discharge can
be maintained since the anode is located along the magnetic
lines. Accordingly, even in such a case of increasing the

transport efficiency of the plasma stream by increasing the

25 intensity of magnetic field generated by the magnetic filter,
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source without introducing the gas into the transporting duct, as in other
appar at uses. Wiere the anode is thus disposed, electrons collide with 5 the
anode, whereby the arc discharge is well maintained since the Raman radi us
of the electron is different fromthat of the ion in a magnetic field (the
former is smaller than the latter) . A probability that the ions in the

pl asma are transported downstreamwhile not colliding with the anode is

hi gh. 10 Accordingly, the efficiency of transporting plasna streamis

[ d . [ ith the.third va i tus.
The. four EHOFHAU AP APE 040t 3t [ oA PRBBAF A Loe F GPENar eyt eonpr Egl 2
magnetic filter disposed close to tBe at l.east_on | S barﬂlikg agode such
that t heSBHFCPI Kbt BHBHET & IBEARH EBE S ﬁ&%&ﬁ@ﬂ%%&ﬁﬁl& 4Ad’ t he

evaporating face of the cathode. O, in the fourth vacuum arc evaporation
appar at uss the Cc&méde aNPA LIS ESF- magnetic material. In the vacuum arc
evaporation apparatus, an increased 20 nunber of nmagnetic |ines pass
t hrough the anddesecothe¢heiade ¥bcimig ¢isposeldatesbetronnsoddd dagytho reach
t he anodes. Accordingly, the arc discharge in a strong nmagnetic field is
easy.s | nthhezfibfst wivefoby tthevacuudi achaeyapos atdldnmapparanesl, s25cea
potential at the magnetic nenber may be equal to that at the 17 anode.

the Raman radius of the electron is different from that of the

ion in a magnetic field {the former is smaller than the latter).

A probability that the ions in the plasma are transported

downstream while not colliding with the anode is high.

10 Accordingly, the efficiency of transpcrting plasma stream is
improved when comparing with the third vacuum arc evaporation
apparatus.

The fourth vacuum arc evaporation apparatus, further may
comprise: a magnetic filter disposed close to the at least one

15 bar-like anode such that the bar-like anode is located between
the magnetic member and the evaporating face of the cathocde.

Or, in the fourth vacuum arc evaporation apparatus, the anode
is made of magnetic material.
In the vacuum arc evaporation apparatus, an increased

20 number of magnetic lines pass through the anodes or their
vicinity, so that electrons are easy to reach the anodes.
Accordingly, the arc discharge in a strong magnetic field is
easy.

In the first to fourth vacuum arc evaporation apparatus,

25 a potential at the magnetic member may be equal to that at the
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In the vacuum arc evaporation apparatus, there is no need of taking no

el ectrical insulation neasure for them In this respect, the insulation
design is easy. 5 Preferably, in the vacuum arc evaporati on apparatus, the
magneti c nmenber is nounted on the anode in the vacuumarc evaporation
source. In the vacuum arc evaporation apparatus, the anode serves also as a
support of the magnetic nenber. Accordingly, the 10 support of the nmagnetic
menber is easy. In the first to fourth vacuum arc evaporati on apparatus, a
potentiaéngéethe magneti c nenber also may be a floating potential. In the
vacuum ar ¢ evapor ati on apparatus, charged 15 particles are hard to approach

Lo the magnet| ¢, enber.. ACSor dunoby. L essionl s Generated by riheocal |1 on

of the charged T5h netic er 1s generated, and hence the

cooling of the magnetic nenber, is easy. The fir f.eurth C arc
evaporat?%ﬂ“ﬁbb%gth?}ef@rﬂ&?ﬁhépsﬁg§¥&8§p??%%9§%.%%%ﬁ?ﬁgLnegﬁag#g%1for
cooling the magnetic nenber by a refrigerant which is disposed in

associ at feapeGtt h thie LpayhetienmefFdon gﬁ &2Cd0l i ng mechani sm for cooling
the anode by a refrigerant which is disposed in association_ wth the anode.
25 |15 t he vacuBredecablapormathery appar XGseVapRF et 1l AEFeR& S 180

magnetic member is mounted on the ancde in the vacuum arc
evaporation source.
In the vacuum arc evaporation apparatus, the anode serves
also as a support of the magnetic member. Accordingly, the
10 support of the magnetic member 1is easy.
In the first to fourth vacuum arc evaporation apparatus,
a potential of the magnetic member alsc may be a floating
potential.
I{n the vacuum arc evaporation apparatus, charged
15 particles are hard to eapproach to the magnetic member.
Accordingly,lessheatgeneratedbythecollisionofthecharged
particles on the magnetic member 1is generated, and hence the
cooling of the magnetic member is easy.
The first teo fourth vacuum arc evaporation apparatus,
20 further may comprise: a cooling mechanism for cooling the
magneticmemberbyarefrigerantwhichisdisposedinassociation
with the magnetic member, or a cooling mechanism for cooling
the anode by a refrigerant which is disposed in association
with the anode.

25 Inthe vacuumarcevaporationapparatus, thereisnochance
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that the magnetic nenber is excessively heated and as a result, it is

def orned, damaged or the like, or there is no chance that the anode is
excessively heated and as a result, it is deforned, damaged or the like. 5
In the first to fourth vacuum arc evaporati on apparatus, the cathode nay be
made of carbon or a material mainly containing carbon. In a case where the
cat hode is nade of carbon or a material mainly containing carbon, the

mai ntai ning of the arc discharge 10 is very difficult for the prior art

technlq %atcphéQEﬁﬂkhﬁ&:H@ﬂgerhhﬁek@@@@ﬁw@ﬂ@Jayapedaﬁkbasappasaﬂms according
to the Tpresent entlon can maintain the arc discharge in the strong

magnetic fiel v, t d § sades pft e 16ak BoRo raieTdalhaand no gas
introduéﬁibﬁ‘f ﬁmSP ?%R%gggd?gﬁgjmnl pr%duce is effects that are nore

advant ageous. BRI.EF_DESCR! PT 1 {sgereness, sectiona
vi ew sh ‘%@nﬁg?ﬁFh?FS?ﬁ?ﬁﬁeh 6%$é mntﬁ NE%?EH%n&arc evaporati on

appar atus incorporated . 20 thereinto; Flg 2 is an enlarged, front view
shomnngd@mﬁﬂqq(ﬂf qnﬁ:%kﬁ%g a cat hode, an anode and a magnetic nmenber; Fig
3 is a diagram showi ng a distribution of nagnetlc nes _of fot%_ in a

regi en i ncl udilmgthhef daathsgel ANETE He CAYEHar f*svaa‘?ﬁraittjso PEPRITTY T the

vacuum arc evaporation apparatus; Xs Fig. 4 is a cross sectlonal Vi ew
showi ng th&keytpodeimary be made of carbon or amaterialmainly containing

carbon.
hnacasewherethecathodeisnmdecxfcarboncn‘amaterial
mainly containing carbon, the maintaining of the arc discharge
10 is very difficult for the prior art technique. ©On the other
hand, the vacuum arc evaporation apparatus according to the
present inventiocn can maintain the arc discharge in the strong
magnetic field even if the cathode is made of & carbon material
and nc gas introduction 1is made. This feature will produce

15 effects that are more advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross sectiocnal view showing a film-forming
apparatus with a vacuum arc evaporation apparatus incorporated

20 thereinto;

Fig. 2 is an enlarged, front view showing a portion
including a cathode, an anode and a magnetic member;

Fig. 3 is a diagram showing a distribution of magnetic
lines of force in a region including the cathode and the anode

25 and its vicinity in the vacuum arc evaporation apparatus;

is



of another vacuum arc evaporation apparatus; Fig. 5 is a diagram show ng
anot her arrangenent of the nagnetic nenber; 5 Fig. 6 is a cross sectional
vi ew showi ng a key portion of yet another vacuum arc evaporation apparat us;
Fig. 7 is an enlarged, front view showing a portion including cathodes, an
anode and a nagnetic nmenber in a vacuum arc evaporation apparatus which
uses two cathodes; 10 Fig. BAis a front view show ng anot her arrangenent of
anodes and a magnetic nmenber in the vacuum arc evaporation apparatus; Fig.

8B is a side vi show.n s Fig.., 84A; e i r Vi ew
show ng yet ancﬂi er Iaa?%a%géprr(gsn asr@i%ﬁg?f%%ovdlgés% gnddvglnnignét%iygpf%%gtgp in the
vacuum ar c. evap ration. _.a paratq;‘ Fig.. 9B is a.gige_vieM/shomﬁng t he sane
as Fig. 8A& °TH 37.8‘-'16’/&“%% Frrit %ﬁoew( kslhod?/viEhogf)‘%ﬁ"l Y4 ti onal arrangenment of
anodes and a magnetic.nenber in tgglvacuun1ar evapor ati on 201$§@aratus;

Fig. 10B is a $ide viéW SHOWMHFT i Samd FIFT FIANFRE Y P & cross

sectional view showing a filmform ng apparatus having a prior art vacuum
arc evapowarmes Cappsai@ttis; Fig. 12 is a diagram showing a distribution of
magnetic 25 lines of force in a region including the cathode and t he anode
20 angl its vicifiigt.y 6i hsthecFigs sk Vamaim araw erapoired icokeapparatos;

of yet another vacuum arc evaporation apparatus;

Fig. 7 is an enlarged, front view showing a portion

including cathodes, an ancde and a magnetic member in a vacuum

arc evaporation apparatus which uses twoc cathocdes;

10 Fig. 8A is a front view showing another arrangement of
anodes and a magnetic member in the vacuum arc evaporaticn
apparatus;

Fig. 8B is a side view showing the same as Fig. B8A;
Fig. 9A is a front view showing yet another arrangement

15 of anodes and a magnetic member in the vacuum arc evaporation
apparatus;

Fig. 9B is & side view showing the same as Fig. SA;
Fig. 10Ais a front view showing an additicnal arrangement
of anodes and a magnetic member in the vacuum arc evaporation

20 apparatus;

Fig. 10B is a side view showing the same as Fig. 10A;
Fig. 11 is a2 cross sectional view showing a film-forming
apparatus having a prior art vacuum arc evaporation apparatus;

Fig. 12 is a diagram showing a distribution of magnetic

25 lines of force in a region including the cathode and the ancde



and Fig. 13 is a cross sectional view showing a filmformng apparatus
having a prior art vacuum arc evaporation apparatus 5 not using a nmagnetic
filter. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Fig. | is a cross
sectional view showing a filmformng 10 apparatus having a vacuum arc
evaporation device incorporated thereinto, which is constructed according
to the invention. Fig. 2 is an enlarged, front view show ng a cat hode, an
anode and a magnetic nmenber in the filmform ng apparatus of Fig. 1. In
the figures, like reference nunerals will be used for 15 designating |ike or
equivaleﬁ@dddF%VéﬁénFﬁyﬂﬁbt%?ﬁéﬂ-éVkVa?PPHﬁ?%ﬁ?ﬁ?@P%%Eh?%?ﬁ?agﬁg%ﬁ'in Fig.
11, and description wll be given placing enphasis on differences fromthe
prior arendfilmform ng apparatus. In the vacuum arc evaporati on appar at us
designated by 20 reference nuneral 10c, a cylindrical or annular magnetic
menber 46 is mWagnt 8 ionaanr ot ereqrdkinEierakwpanowbhg & dyllmndpirgahdgor
annul ar anode 36 as stated above in a vacuum arc evaporation source 20. The

magnet i ¢ ;pRERER ABHES 186! a @r iR PatrenthahurGued evapdihe anpdepdGatus is
grounded in the enbodinment). 25 As stated above, the anode 36 is located in

front, of :eVAROLAL] face 132 0f the cathode 30. Accordingly, the
nagne?icnggnééf é@ nnuﬁ?ggnbn the outer peripheral part thereof is also

| ocated in front of the evaporating face 32. Wth the

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 1 is a cross sectional view showing & film-forming
10 apparatus having a vacuum arc evaporation device incorporated
thereinto, which is constructed according to the invention.
Fig. 2 is an enlarged, front view shcwing a cathode, an anode
and a magnetic member in the film-forming apparatus of Fig.
1. 1In the figures, like reference numerals will be used for
15 designating like or eguivalent portions in the prior art
film-forming apparatus shown in Fig. 11, and cescription will
be given placing emphasis on differences from the prior art
film-forming apparatus.
In the vacuum arc evaporation apparatus designated by
20 reference numeral 10c, acylindrical or annular magnetic member
46 is mounted on an outer peripheral part of a cylindrical or
annular anode 36 as stated above in & vacuum arc evaporation
source 20. The magnetic member 46 is set at a potential equal
to the anode 36 (it is grounded in the embodiment).

25 As stated above, the ancde 36 is located in front of an
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nmounting of the magnetic nenber 46 on the outer peripheral part 5 of the
anode 36, the anode 36 is |ocated between the nagnetic nenber 46 and the
evaporating face 32 of the cathode 30. The magnetic nmenber 46 may be nade
of a ferromagnetic material, such as iron, nickel, cobalt, an alloy
containing them or ferrite. Specific exanples of those materials that 10
may be used for the magnetic nenber 46 are structural carbon steel (e.g.,
SS4000f 315), ferritestainlesssteel,nnartensitic stai nl ess steel (both of

them are magneti c _st es eI Ni and CoPt The na etic, menber 46
hus' o1 SBOBERT oA 02165011 | DhE [BRE0F (he ARG o1 nes 88 of
force devel oped by the nagnetlc filter 50 (exactly a magnetic coil 54

t her eof ) MaPREERE rﬂ%r@,kp% depgE e Cont EAO U CRTBEELB e?éltﬂ*?ertaﬁbééegé in the
vacuum arc evaporation source 20 so as to be suitable for the maintaining
of arc dischbsgel dmstivednnt heovhthbdde36vandra20nghéaanocte. 3611 $pebefical ly,
with the nounting of the magnetic nenber 46 on the outer peripheral part of

t he anodmodftihhe fragretignet i neendevehépad thy ¢hee nageatdreredi baeb4 of the
magnetic filter 50 are attracted in part to the magnetic nenber 46, as

showy 255int ik Genckde AEor@icngh¥det B8 MBgnAtdted Rew RS that napgedi ect ed 22
to the anode 36 of the vacuum arc evaporation source 20 or its vicinity,

oL xR STRARPLAS AR 3R PRES LY U AR 13091 1 o
The magnetic member 46 may be made cf a ferromagnetic
material, such as iron, nickel, ccbalt, an alloy containing
them, or ferrite. Specific examples of those materials that
10 may be used for the magnetic member 46 are structural carbon
steel (e.qg., SS400cf JIS), ferritestainlesssteel, martensitic
stainless steel (both of them are magnetic stainless steel},
NiFe, and CoPt.
The magnetic member 46 thus disposed configures a
15 distribution of the magnetic lines 58 of force developed by
the magnetic filter 50 (exactly a magnetic coii 54 thereof}
in the region ranging from the cathcede 30 teo the ancde 36 in
the vacuum arc evapocraticn source 20 so as to be suitable for
the maintaining of arc discharge between the cathode 30 and
20 the anode 36.
Specifically, with the mounting of the magnetic member
46 on the outer peripheral part of the anode 36, the magnetic
lines developed by the magnetic coil 54 of the magnetic filter

50 are attracted in part to the magnetic member 46, as shown

25 inFig. 3. Accordingly, themagnetic lines 58 that aredirected
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vicinity in the vacuum arc evaporation source 20, are increased in nunber.
Thi s phenonenon occurs also when the field strength of the magnetic filter
50 is increased. The magnetic lines 58 thus configured in distribution
effectively contributes to the maintaining of the arc discharge in the
vacuum arc evaporation source 20. As the result of 10 the increase of the
flux density, of electrons that are emtted fromthe cathode 30 by the arc
di scharge, those electrons that are captured by the magnetic |ines 58 of
force passing through. the anode 36 and its vicinity, and reach the anode
36, are ﬁ%é%@aéeadﬁn3m~ﬁoébe AHCBIBCR T O VIPHeddfimh§oriecanBder 369 's 1S
illustrated in nodel formin Fig. 3. Wth this, the initial arc discharge
and t he rveiqitrei i ngpaafe EH@CSELMYS@Q@em@gJaetidibi‘;h%wg@ Felrses igas \ Hinpugte vacuum
arc evaporation source 20, whereby the arc discharge is stabilized. The
sane thi rg degyitorue aheririch€ rosaskewhatkodn Botenstity afoddes dgragnetiite fiel d by
the magnetic 20 filter 50 is increased. Also in a case where the

transpor tiikg 1ty eheiy vatuam Std @@@F@Ea@haﬁr@o@ﬁcé $ 0i, "pF OVied A Jelcr easi ng
an intensity of  magnetic field devel oped by the nagnetlc filter 50, the arc

di schar g%ncﬁﬂrﬁlt}@r“ af ] 4 %@n@ﬁ%n%‘ &é&hz@%ls% bien YRAGUET A %t%%n%‘{%por ation

source 20 w thout |ntrod cing di'scharge 23 nuaintaining gas, e€.g., inert gas,

transport%nqjgy%g éﬂf&fgg 56h@ tr (gédeff|0|ency |nprovenent of the
T e e

pl asma St'r eam nmagnet i c T e and t he arc discharge

The magnetic lines 58 thus configured in distribution
effectively contributes to themaintaining of the arc discharge
in the vacuum arc evaporation scurce Z0. As the result of

10 the increase of the flux density, of electrons that are emitted
from the cathode 30 by the arc discharge, those electrons that
are captured by the magnetic lines 58 of force passing through
the anocde 36 and its vicinity, and reach the anode 36, are
increased in number. An electron 37 reaching the anode 36 is

15 illustrated in model form in Fig. 3. With this, the initisl
arcdischargeandthemaintainingof thesubsequent arcdischarge
are easy in the vacuum arc evapcration source 20, whereby the
arc discharge is stabilized. The same thing is true for the
case where an intensity of the magnetic field by the magnetic

20 filter 50 is increased.

Also in a case where the transporting efficiency of a
stream of plasma 38 is improved by increasing an intensity of
magnetic field developed by the magnetic filter 50, the arc
discharge can be stabilized and maintained in the vacuum arc

25 evaporation socurce 20 without intreoducing discharge
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mai ntai ning in the vacuum arc evaporation source 20 can both 5 be secured

w thout the gas introduction. Thus, the filmform ng apparatus having the
thus constructed vacuum arc evaporati on apparatus can forma film on a
substrate 64 at high rate in a manner that the plasma stream 38 is
transported at high transport efficiency, while renoving 10 coarse
particles, and further can elimnate the adverse effect on the forned film
by the gas introduction Those advantageous effects may be achi eved by very
si npl e comstrtectiion, wWas,, @rovisiomeof thes maghetnepoehbeg 46ucThis fact

al so suppresses the apparatus size increase. 15 in a case where the cathode

30 is magecefrdaaran e 8rafdpetial f iRl idnc € omp abnengn € artboie pllBema
mai ntai ning of the arc discharge is very difficult for the prior art

techni ques 3y GBSCI bede aoyBet OB thetetheyy hand,tideafavantiaargan
maintain the arc discharge in the strong magnetic field even if the cathode

20 30 is. e -qf, 8. £3rbeR ML er b Al AN AL HAR 141 IOAUSL] o s adey,  Thi s

feature W'l produce "ef fects at are nore advantageous. The potential of

t he magnﬁfel %F%@bﬁgﬂ;iwﬁhggﬁe%%egfbuaa%é&gor?ali%t%foﬁ he anode 36, a floating

poten?ia wee € potentials of the anode 36 and
the cathode 30. The 25 reason gor this is that what is inportant for the
magnetic membefP®Z/ 4608 notITTEOPBERAt 3RV S t SAUHE i GRSt o At Fract the

magnetic lines 58 and direct themto the anode 36. The sane thin? is true
for ot heecaghadicisst Facuum arc evaporation apparatus can form a film

on a substrate 64 at high rate in a manner that the plasma stream
38 is transported at high transport efficiency, while removing

10 coarse particles, and further caneliminate the adverse effect
on the formed filmby the gas introduction. Those advantageous
effects may be achieved by very simple censtruction, viz.,
provision of the magnetic member 46. This fact also suppresses
the apparatus size increase.

15 In @ case where the cathode 30 is made of carben or a
material mainly containing carbon, the maintaining of the arc
discharge is very difficult for the prior art technigque, as
described above. On the other hand, the invention canmaintain
thearcdischarge in the strongmagneticfieldevenif thecathode

20 30 is made of a carben material and no gas introduction is made.
This feature will produce effects that are more advantageous.

The potential of the magnetic member 46 may be equal to
that of the anode 36, a floatingpotential, or a mediumpotential
between the potentials of the anode 36 and the cathode 30. The

25 reason for this is that what is important for the magnetic member
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A sinple way to put the magnetic nenber 46 and the anode 36 at the equal
potential is to nount the magnetic nmenber 46 on the anode 36 as in the Fig.
| case. Another way is to place those at different positions and to
electrically connect them to each other. Were the magnetic nenber 46 and
the anode 36 are set at the equal potential, there is no need of taking no
10 electrical insulation neasure for them In this respect, the 1insulation
design is easy. Fig. 5 shows an exanple structure where the potential of

the magnetd ¢snertbet s 46 tiehi tsetl abut tthe filhoating cpodentiat thelmhdhe it ructure,
as shown, the nmagnetic nenber 46 is disposed is close to and around the

outer perlighey s pald Afrddie tarede 3Ene hRchHRI SeCaseye a@aﬁ@sﬂ'ﬂdiaﬂ%rigs mat eri al
e

may be interposed between the nagnetic nenber 46 and the ano 6. Wen the

nagnetictﬂggﬁ¥g%4gah§7%%bégi floating potential, charged particles
ar

e.g., ions, are to approach to the magnetic nenber 46. 20 Accordingly,
| ess heat generated the collision of the. charged arti.cles on the
magneti c nenbegxiémpggdﬁﬁgﬁﬁf§WF §ﬁ83W&9ﬁ§Fl$rﬁ§$%ﬁﬁﬁ4 92Bf tHe ahegiteti c
menber 46 j s eagé. The _magneti ¢ nenber 4 6, as descri bed above, is
preferabldf AtoldEe§BGLsPRECERE2andaet BEMP AL Viiehdte 91 ke heddied 4fi rection

25 of the anode 36) or downward of the anode 36 (as viewed in the 25
travel | i iy 8hecRPon IF aat hodee fetder L aF3584) ANl ey wWorlds pladee
magneti c nmenber 46 is preferably disposed so that the anode 36 is |ocated
bet ween itthceed athei Efaper btrpog f awes 32idofotdkectrically connect them
to each other. Where the magnetic member 46 and the anode 36
are set at the equal potential, there is no need of taking no
10 electrical insulation measure for them. In this respect, the
insulation design is easy.
Fig. 5 shows an example structure where the potential
of the magnetic member 46 is set at the floating potential.
In the structure, as shown, the magnetic member 46 is disposed
15 close to and around the cuter peripheral part of the anode 36.
In this case, an insulating material may be interpcsed between
the magnetic member 46 and the anode 36. When the magnetic
member 46 is set at a floating potential, charged particles,
e.g., lons, are hard to apprcach to the magnetic member 46.
20 Accordingly, less heat generatedbytheccllisiconcf the charged
particles on the magnetic member 46 is generated, and hence
the cooling of the magnetic member 46 is easy.
The magnetic member 46, as described above, ispreferably

located outside the anode 36 {as viewed in the radial directicn

285 of the anode 36) or downward of the anode 36 (as viewed in the
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cathode 30. If so done, the magnetic menber 46 is not interposed 5 between
the evaporating face 32 of the cathode 30 and the anode 36. Accordingly,

el ectrons 37~ (Fig. 3) that are emtted from the cathode 30 and captured by
the magnetic lines 58 of force are easy to reach the anode 36. In a case
where the potential at the magnetic nenber 46 is the floating potential or
the medium 10 potential, it is especially preferable to dispose the nagnetic
menber 46 as nentioned above. In the case where the magnetic nenber 46 and

the anoderd@eanagaditdet equalf patrolealatdhies rgret.i cInnemar w4bcenpy be
considered as a part of the anode when viewed froman electrical

st andpoi fhe MEGOEE ARletbert 45S NPretpr88$9M i Ahoddd @'0591%? teapBaBeti c
nmenber 46 as nentioned above. By convention, an annular arc spot confining

plate 484 g?ge%%a?@%ogk'tgigﬁt gLl th%ﬂ@%@%o&%tﬁﬁ%&f%g 9 5?%9%‘} er

perlphery e cat as in the rnstance s I'n F|
spot con

fini flu with the evapora e 32 of the
chthode 58 L PGRE T EimAPRG: tiE BURRb BF FRIE o aks 1350t REEFBRE%r ¢ Spot
confinin | ate 48 i s nade of netic terial, netlc fl ux
dorived PrRoHESD %%ﬁé’@%a&ﬁ@%gﬁgﬁn%oénﬁﬁ %‘f 3§ fgfékepa{l @Fthin the
evaporating face 32 of the cathode 30. 25 The arc spot confining plate 48
with sucRba f et il 26 v ivagné? | CF rientier tR8T mae F8IESRS gé@lmi n use.

The sanme thing is true for other enbodinments to be given later. The arc
spot cchhentaghptiat 20 481chwdpthe avagrethe magpbetrig Birge Juictfefdi€eer ent

are easy to reach the ancde 36. In a case where the potential

at themagneticmember 46 is the floatingpotential or the medium

10 potential, it is especially preferable to dispecse the magnetic

member 46 as mentioned above. In the case where the magnetic

member 46 andthe anode 36areat theequal potential, themagnetic

member 46 may be considered azs a part of the anode when viewed

from an electrical standpoint. Accordingly, 1t 1s not

15 essential to dispose themagnetic member 46 as menticned above.

By convention, an annular arc spot confining plate 48

made of magnetic material sometimes is provided on the cuter

periphery of the cathode 30 as in the instance shown in Fig.

4. Thearcspotconfiningpliate48is flushwiththeevaporating

20 face 32 of the cathode 30, while surrounding the evaporating

face 32. Since the arc spot confining plate 48 is made of

magnetic material, it shapes a magnetic flux derived from a

magnet 22 and confines a movement of an arc spot within the
evaporating face 32 of the cathode 30.

25 The arc spot confining plate 48 with such a function and

26




fromeach other in their |ocations and functions, as described 5 above.
Accordingly, in a case where the arc spot confining plate 48 is provided
and the magnetic nmenber 46 is not provided, it is inpossible for the arc
spot confining plate 48 to produce the operation and advantageous effect as
those of the magnetic nenber 4 6. The position at which the arc spot
confining plate 10 48 is |located is not the position at which the magnetic
menber 46 is located, viz., in front of the evaporating face 32 of the

cat hode 30 iy Neal- rheranode 35y RCeerdiiRgly : nthe: ar anSpakecomiigi ng plate
48 cannot have such a function that the nunber of magnetic lines of force

goi ng to;{ he aned §f§ LS %rf&z&&‘ﬁﬁ%@éseda{ L Dzhal fy dhe e dischgrge in a
strong n%gnetlc ?ie B. IT a distance %eggkmgen %%e évaporakln ace 32 of
the cathode. 30 and _the no%b 36, and a distance. L2 betwee jh%fe evapor ati ng
face 52 AUt Phe mRoRst: & Aood® nadteete el g e le St Fred cpread of
the arc discharge is small . If _those distances are too large, it is
di fficul i SRGTPANRTt e WISt T dPseharge. 2n% A td ¥/ 2Sthuser di€tances are
selected to preferably be within 30mm to 120mm nore preferably 50mmto
80mMmE 252¢ioR he PG50 BRBhEY enbddi nedie ofhehe breseht FPRereDhiRYRi |11 be
described. In the first enbodi nent described above, the magnetic nenber 46
i s provigest sdgar ateloy fdeshenid kanodene86 ¢ nemkéve 4$eico ne tephoid aent |
however, as shown in Fig. 6,

it is impossible for the arc spot confining plate 48 to produce

the cperation and advantageous effect as those of the magnetic

member 46. The position at which the arc spot confining plate

10 48 is located is not the position at which the magnetic member
46 1s located, viz., in front of the evaporating face 32 of
the cathode 30 and near the anode 36. Accordingly, the arc
spot confining plate 48 cannot have such a function that the
number of magnetic lines of force going to the anode 36 is

15 increased to maintain the arc discharge in a strong magnetic
field.

If 2 distance L1 between the evaporating face 322 of the
cathode 30 and the anode 36, and a distance LZ hetween the
evaporating face 32 and the magnetic member 46 (see Fig. 5)

20 is too small, a spread of the arc discharge is small. 1If those
distances are too large, it is difficult to maintain the arc
discharge. To avoid this, those distances are selected to
preferably be within 30mm tc 120mm, mocre preferably 50mm to

80mm.

25 Another or second embodiment of the present inventiocn
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t he anode 36 in the vacuum arc evaporation source 20 is made 5 of nagnetic
material (ferronmagnetic nmaterial as already described, and the sane thing
is correspondingly applied to the other enbodinents), and functions al so as
the magnetic menber. By so constructed, the anode 36 per se attracts the

10 magnetic lines 58 of force generated by the magnetic coil 54.

Accordingly, the nunber of magnetic lines of force going to the anode 36 is
i ncreased, so that the arc discharge may be nmaintained in a strong magnetic

field. Aispl hé@ ddeceased wheare tHehe iekki enepaymehtt sapsportiingbbhe, pl a sma
streanB8 is increased is by increasing the field strength of the magnetic

filter 50ne 446n &k ecdhsrhar 96 Cian i@ ViRidY aicped Moyt chnt hedughhg the gas
into a transportlng duct 52. \Were the magnetic nmenber 46 is provided

separate frgm al bl e f o] egs my be
3¥.fram Ted dse%@% SfoodBhetl 3l RotlLBP! &57 OhokllOse Fegbers. may

20 sel ec y, a materi suitable’ for the magneti¢ nenber 46 is
sel ected_and_a nateri al U|table far the anQ Qd i.s.sel ect ed.
speC|f|ct%§aﬁ%?%e g%ﬁﬁéF |ﬁﬁnﬁwbﬁrc c Vel t%ﬁca 50%5 thgﬁnaf c%ﬁduct|V|ty
is used for t he anode 36,  and Eiructural arbon steel. bei ng %hesa and hi gh
in migne®f c I feaBRtiety dils (EREFPBRIPREL fadlets T HenBér @ ére the 28

anode 36 is made of a ferromagnetic material to additionally, —have the
funct i ondesct heefmgABei EDfrefBBR, TEHRS nbifbe? T bE SPerdi Pety %Bﬂbbﬁ@n?oparts is

reduced and the construction is sinplified.
the other embodiments), and functions also as the magnetic

member.
By so constructed, the anode 36 per se attracts the
10 magnetic lines 58 of force generated by the magnetic coill 54.
Accordingly, the number of magnetic lines of force going to
the anode 36 is increased, so that the arc discharge may be
maintained in a strong magnetic field. Also, in the case where
theefficiencyof transporting theplasma stream38 is increased
15 by increasing the field strength of the magnetic filter 50,
the arc discharge can be maintained withcut introducing the
gas into a transporting duct 52.
Where the magnetic member 46 is provided separately from
the anode 36, materials suitable for those members may be
20 selected independently; a material suitable for the magnetic
member 46 is selected and a material suitable for the anode
36 is selected. In a specific example, copper being high in
electrical and thermal conductivity is used for the anode 3¢,
and structural carbon steel being cheap and high in magnetic

25 permeability is used for the magnetic member 46. Where the
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The sane thing is true for the remaining enbodi nents. 5 The magnetic nmenber
46 i s heated by charged particles penetrating thereinto, radi ant heat

radi ated fromthe cathode surface and the like to have an increased
tenperature. To cope wth this, it is preferable to use a cooling nmechani sm
for cooling the nmagnetic nenber by a refrigerant, e.g., a coolant. By so 10
doing, there is no chance that the nmagnetic nenber 46 |s excessively heated
and as a result, it is deformed, damaged or the like. A specific nmeans to
cope W t laridies 3i6s itomkdy af & Q@ddrgngue: 1 hmough wWhi ¢y & deaelianta ifilows on
and along the peripheral surface of the magnetic nenber 46. The 5ane thing

15 i's comz@ePeRdiMGlot idpPh edelitad it 1SRN EPOdFRIM §f reldhid cRSe where
the anode 36 is made of a magnetic material to additionally have the

function LC iRt I - ; Lt referable to
apply théeﬁg%ﬁﬁﬁg? nggﬁfgﬁggggnggFjg?ﬁiggngég?ﬁglgﬁ§‘eségpl%fﬂgg'doing,

t here IST%O chance .20 t hat .the odq:36 s exce55|%$%%dheat€d to be

def or med, éhﬁﬁﬁgﬁ Qﬁn lﬁ?l%ﬁ&ﬁ fe gghg'Wﬁ%ﬁf?% & 187" the ot her

i BN b A T R R LA
46, as constructed above, nmay be used commonly 25 for those cathodes 30.
Fig. 7 iPeastratedatbsseinher & %220 hostthsged asedaf eondete cridodénbi nati on
o the anode 36 and the nmagnetic nenber 46 nay be oval in flat surface shape
as illustrdteed andellid pike.taTheveaare inkireg sics! tempefoturhe cBgeope
withthis, itispreferabletouse acoclingmechanismfor cooling
the magnetic member by a refrigerant, e.qg., a coolant. By s0
10 doing, there is no chance that the magnetic member 46 is
excessively heated and as a result, it is deformed, damaged
or the like. A specific means to cope with this is to lay a
cocling pipe through which a coolant flows on and along the
peripheral surface of the magnetic member 46. The same thing
15 is correspondingly applied to the remaining embodiments.
In a case where the anode 36 is made ¢f a magneticmaterial
to additiocnally have the function of the magnetic member, es
intheFig. 6 case, it ispreferable toapplythecoclingmechanism
as last stated to the anode 36. By so doing, there 1s no chance
20 that the anode 36 is excessively heated to be deformed, damaged
or the like. The same thing is true for the other embodiments.
The vacuum arc evaporation source 20 may be provided with
a plurality of cathodes 30. In this case, an ancde 36 and a

magnetic member 46, as constructed above, may be used commonly

25 for those cathodes 30. Fig. 7 illustrates a case where two
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where the anode 36 is made of a magnetic material to additionally 5 have
the function of the nagnetic nenber. in either enbodi nent, the anode 36 of

t he vacuum arc evaporation source 20 is configured such that when
positioned in place, it surrounds the front part of the cathode 30. The
magneti c nenber 46 is disposed on or near the outer peripheral 10 part of
the anode 36 in a state that it is located in front of the cathode 30 while
surrounding the front part of the sane. |In an alternative, the anode 36 is

made of aJmgnald gomakeei@ed. amhesenrbsnaksenas e afparRetECam@er . The
anode 36 or magnetic nenber 4 6 so shaped as to surround the front part of

the cathgde 15 30 ABYLBE ¢ UbM) apcMRARAr YHO$E A6 OSS SRAL I ORabs Gigcul ar,

oval, elliptic, or square, or an annular menber (involving a plate with a
hol ¢ for A Mo 0] oThe gean vy Uhe, 2o 20 0 90, sheRat gt (e
St roam 38T CBR THREFSTF ORTANEPS 1 RS AR6UE 30 5 ¢ 1 Hog CHapEd e T the
intensity of the magnetic field of the pagnetic filter 50 is increased, the
magnebi c NaWfed B8 PinGokde ©Hened AP by ¢ Meeaghetic coil 54 pass through
the space inside 25 the anode ?6, as shown in Fig. 12. Wth this, electrons
37 30 enitted firomitHecaMogel BN Ho Hoe apedehdanddéhge VieGiuvEasifldy pass
t hrough the same. Accordingly, the advantageous effects resulting fromthe
provi si orevapdie: iy retircen2fbies o4 fargugfed such that when positioned
in place, it surrounds the front part of the cathede 30. The
magnetic member 46 is disposed on or near the cuter peripheral
10 part of the anode 36 in a state that it is located in front
of the cathode 30 while surrcunding the front part of the same.
In an alternative, the anode 36 is made of a magnetic material,
and serves alsc as themagneticmember. The anode 36 or magnetic
member 46 so shaped as to surround the front part of the cathode
15 30 may be a tubular member whose cross section is circular,
oval, elliptic, or square, or an annular member (invelving a
plate with a hole formed therein).
The reascn why the anode 36 is so shaped 1s that the anode
36 hardly intercepts (hinders) the cathode materials 34
20 evaporating from the evaporating face 32 of the cathode 30 and
the plasma stream 38 derived therefrom. Where the anode 36
is thus shaped, if the intensity of the magnetic field of the
magnetic filter 50 is increased, the magnetic lines 58 of force

generated by the magnetic coil 54 pass through the space inside

25 the anode 36, as shown in Fig. 12. With this, electrons 37

30



the case where the anode 36 is nmade of the magnetic material 5 and serves

al so as the magnetic nenber are nore manifestly produced. Another structure
of the anode 36 and its arrangenment in the vacuum arc evaporation source 20
is illustrated in Figs - 8A and 8B. As shown, a plurality of bars (two bars

in the 10 illustrated instance) are disposed along (e.g., parallel to) the

evaporating face 32, while being |ocated outside the evaporating face 32 of
the cathode 30. Also, in this instance, as in the instance where the anode

36 surrouwnds tedie firicont hpardt hode tdtecat hoded: dHe thedki ebdust reengtih,

devel oped by the magnetic 15 filter 50 is increased, electrons emtted from

the cat hede s3@hratghedisy damdasactbraugh ther aode,; 36: Wi bgs nots Hidding the

anode 36. Also, in this case, it is suffiCient to provide the mgnetic

menbers t j td [ ce;bpcated,in, g : he. ev ating
face 32 g%sﬁﬁgggg%ﬁgggﬁgégaﬁgoﬁégﬁbghg%aﬁgggg %@QE%ﬁég%£$%%Jf@?ngg&{n t he

Figs. 8A.and i ngtanc the .magpetic mbe, 46 are di.sposed such that
t he anodgi%SgggﬁeQ%Fgga?ES %%?a%e%gth% qg%e ﬁijﬁ%ﬁﬁ%V§g- Eﬁdefﬁéﬁ
evaporatin face 32 .of the cathode 30. and c] ose to the anodes 36. In an 25
aIterﬁatﬁﬁ& %ﬁﬁy%ﬁuﬁﬁﬁfiﬁ?rﬁhﬁkﬂ??ﬁﬁﬁ%?ﬁm%ﬂﬁﬁﬁnéfﬁcmgfﬁ PedliGrddiet i c)
material so as to additionally have the function of the nagnetic nenber,

i nst ead &F9FFGFESI on of the nagnetic nenbers 46.

Ancther structure of the ancde 36 and its arrangement
in the vacuum arc evaporation source 20 is illustrated in Figs.
8A and 8B. As shown, a plurality of bars (two bars in the

10 illustrated instance) are disposed along (e.g., parallel to)
the evaporating face 32, while being located ocutside the
evaporating face 32 of the cathode 30. Alsc, in this instance,
as in the instance where the aznocde 36 surrounds the front part
of thecathode 30, if the fieldstrengthdevelopedby themagnetic

15 filter 50 is increased, electrons emitted from the cathode 30
are easy to pass through the anode 36 while not hitting the
ancde 36.

Also, in this case, it is sufficient to provide the
magnetic members 46 at positions which are located in front

20 of the evaporating face 32 ¢f the cathocde 30 and near the anodes
36. Specifically, as in the Figs. BA and 8B instance, the
magnetic members 46 are disposed such that the anodes 36 are
located between the magnetic members 46 and the evaporating

. face 32 of the cathode 30 and close to the anodes 36. In an

25 alternative, the anodes 36 may be made of a magnetic
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Also in this case, the magnetic nenbers 46 or the anodes 5 36 nade of a
magnetic material draws, by itself, the magnetic I|ines 58 of force

devel oped by the magnetic coil 54 of the magnetic filter 50 to the anodes
36 or their vicinity. As a result, the nunber of magnetic lines 58 going to
t he anodes 36 is increased, and this enables the arc discharge in the
strong nmagnetic field 10 to be naintai ned. Accordingly, also when the
intensity of the nagnetic field generated by the magnetic filter 50 is

increasedreotoohnghease e 4 anspott &f Ligl ensy. of ythe ol AsrBrsthigam 38 as
in the above instance, the arc discharge may he maintained in the vacuum

arc evap Lo, %-? ' .{‘OUE Lt T oducing,, ;13 Lhe (dag i pLo,Lh
transpor??ﬁ%hguc%gﬁégfgb e%%% hef“% r%cturé)oﬁnt ¢ anode 36 aﬁa i?g
arrangerrentb is illustrated in Fig. 9A and 9B. In this structure, as shown,
one or mBFECRERDES of bar-1ike anodes 36 (one bar-like anode in this
i nstance) nmay be disposed in front of the,evaporating 20 face 32 of the
cat hode 30 whiféSBeingext eaded BroMy & Td.C mepRealS 8P to)t"enaredspor ati ng
face 32. In this case, it is not essential to use the magnetic nmenber 46
and too makenade cdnedea 936t bE Maie rikgndt e smalb eritdiel A156 NienmageaseCwher e an
intensity of magnetic field 25 devel oped by the nmagnetic filter 50 is
i ncr easedliand Staghéd i ce 32 vielngs B8y bhe franoe tdeval oped oyt tdwa gagheti ¢ coi |
54 passes through the evaporating face 32 in the direction perpendicular to
the evapelatirngof aeerhasafbaws 88 brgrhdé2r theieliegt.rons 37reapluyed
thenumber ocf magneticlines 58 goingtotheanodes 36 isincreased,
and this enables the arc discharge in the strong magnetic field
10 to be maintained. Accordingly, also when the intensity cf the
magnetic field generated by the magnetic filter 50 is increased
to increase the transport efficiency cf the plasma stream 38
as in the sbove instance, the arc discharge may be maintained
in the vacuum arc evaporation scurce 20 without introducing
15 the gas into the transporting duct 52Z.
Yet ancther structure of the anode 36 and its arrangement
is illustrated in Fig. %A and SB. 1In this structure, as shown,
one or more number of bar-like anodes 36 (one bar-like anode
in this instance) may be disposed in front of the evaporating
20 face 32 of the cathode 30 while being extended along (e.g.,
parallel to) the evaporating face 32. 1In this case, it 1s not
essential to use the magnetic member 46 and to make the anode
36 of the magnetic material.

Also in a case where an intensity of magnetic field

25 developed by the magnetic filter 50 is increased and magnetic
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by the magnetic lines 58 are easy to reach the anode 36 and 5 hence the arc
di scharge can be nmaintained since the anode 36 is |located crossing the
magnetic |ines 58. Accordingly, even in such a case of increasing the
transport efficiency of the plasma stream 38 by increasing the intensity of
magnetic field generated by the magnetic filter 50, the arc discharge can
be 10 maintained in the vacuum arc evaporati on source 20 w t hout

introducing the gas into the transporting duct 52. Also, in the Figs 9A and

9B case, 1&&%@@6@@@:@@@@@&1@@wxr@mm@awe@o@m éma%@g%h%u be made
of a nagnetlc (ferromagnetic) matérial, as in the Figs. 8A and 8B case. In

15 the cane ushpg Lhe REneL! ¢ Marbak éﬁrebpbﬁ oGl egi 4 AL (n@l the

evapor ati ng 32 0 e cat and close ‘to ‘ea
Speci ficall S ffICIent t 0 .di spos er .46 uch t hat
t he anod%b %Oﬁa r%%f 4° b A WRBR e ﬁg ﬁh%gﬁ%5$r2§5F§ Pﬁéué€ porati ng
face 32 %ge cat hode Q 30, s in the FI%S. 9A and 9B case. If so
arranged S ACLOEdSE nafsr 56 amggResiyc tPi he&Chs8hst 2pgrge 35ad8Ct hr ough
and near the anode 36, and electrons 37 are easy to reach the anode 36.
Accor®i n§ERCe thes 288591 SEBaREPNEAR P Wed it et drge ithet Baoser 8hg
magnetic field. 25 A further anode structure and its arrangenment are shown
33 in Figs. laoataddcnoB:ing Uleagegonsibalihékesnodecdd diogd yaneden in the
illustrated instance) is arranged such that one end face 35 of the bar-1like
anode isidi seched teséhef fironteafindiehe transpert efficiency of the
plasma stream 38 by increasing the intensity of magnetic field
generated by the magnetic filter 50, the arc discharge can be
10 maintained in the vacuum arc evaporaticn source 20 without
intreoducing the gas into the transporting duct 52.
Also, in the Figs. %A and 9B case, the magnetic member
46 may be provided or the anode 36 may be made of a magnetic
(ferromagnetic) material, as in the Figs. 8A and 8B case. In
15 the case using the magnetic member 46, it is located in front
of the evaporating face 32 of the cathode 30 and close to each
ancde ‘36. Specifically, it 1is sufficient to dispocse the
magnetic member 46 such that the anocde 36 is located between
the magnetic member 46 and the evaporating face 32 of the cathode
20 30, as in the Figs. %A and 9B case.
If so arranged, the increased number cf magnetic lines
58 of force pass through and near the ancode 36, and electrons
37 are easy to reach the anode 36. Accordingly, it is easy

to maintain the arc discharge in the strong magnetic field.

25 A further anode structure and its arrangement are shown
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evaporating face 32 of the cathode 30. Also, in this case, it 5 is not
essential that 'the magnetic nenber 46 is provided or the anode 36 is made
of a magnetic material. The length of the anode 36 may be increased nore
than the Figs. 10A and 10B anode, whenever occasion calls. Also in a case
where an intensity of magnetic field 10 devel oped by the magnetic filter 50
is increased and magnetic |ines 58 of force devel oped by the magnetic coi
54 passes through the evaporating face 32 in the direction substantially

per pendi gul { g0 tdreaguans at g1 base 3o bas-shevndduFihg. (J2e arldie
el ectrons 37 captured by the magnetic lines 58 are easy is to reach the

anode 3 gnaﬂg hen %ég{éﬁ'- di ﬁggrgg can e naintaine ince.as shown in
Fig. 10B, t eeanoggS S ﬁgca?e %Io%g tﬁé%ﬂaagﬁéﬁﬁ%uﬂiﬁgg %@?%fﬁgrefore,
even in such a case of increasing the_ tran r% efficiency of the plasm
stream 3§%b9j fntél?%a?faﬁgllf(ﬁe AHtenst ¥ ydbfeﬁggﬁe Pc Hi%l ﬁr hePht égleby t he
magnetic filter 20 50, the arc discharge can be maintained in the vacuum arc
evapor at FSRPESGEE DA ket Aout T i Tits CRIEIANE the §A8CT nie tihes Qasgnspérti ng
p : .
duct 52. Were the anode 36 is thus arranged, the Raman radius of the
el ectY onig7nem ese@niigm the tevagoraonsdgiftater@eri § bspal pro2ided the
magnetic field. Accordingly, the electrons 37 collide 34 with the anode 36,
so that the ancoddi Schasgeaids wdl la meigniedilmechate@iatlhe Bhhelehagnd, cifons in
the plasma stream 38 are heavy, and their Raman radius is nuch larger than
that of the ehedkr®fisnay be increased more than the Figs. 10A and 10B
anode, whenever occasion calls.
Also in a case where an intensity of magnetic field
10 develcped by the magnetic filter 50 is increased and magnetic
lines 58 of forcedevelopedby themagneticcoil 54 passes through
the evaporating face 32 in the direction substantially
perpendicular to the evapocrating face 32, as shown in Fig. 12,
the electrons 37 captured by the magnetic lines 58 are easy
15 toreachtheanode36andhencethearcdischargecanbemaintained
since as shown in Fig. 10B, the anode 36 is located along the
magnetic lines 58. Therefore, even in such a case of increasing
the transport efficiency cof the plasma stream 38 by increasing
the intensitycfmagnetic fieldgeneratedby themagnetic filter
20 50, the arc discharge can be maintained in the vacuum arc
evaporation source 20 without introducing the gas into the
transporting duct 52.
Where the anode 36 is thus arranged, the Raman radius

of the electron 37 emitted from the evaporating face 32 is small

25 in the magnetic field. Accordingly, the electrons 37 collide
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37 (the radius is 1lcmor larger although it depends on the 5 intensity of
the magnetic field) . Accordingly, the ions do not hit the anode 36, and
hence, a probability that the ions are transported downstreamis high. For
this reason, the transport efficiency of the plasma stream 38 is higher
than in the Figs. 9A and 9B case. 10 In those cases of Figs. 10A and 10B,
and Figs. 9A and 9B, to reduce a rate at which the anode 36 and the
magneti ¢ menber 46 hinder the transportation of the plasna stream 38, it

i s suggestith enthatodbecanodendt and shed BORgELE i@w@gE ma‘lﬁqtagjﬁqé&f med to

be as thin as possible within a range of -their”is thickness values within

whi ch a I i rge.ds se S in the_Figs -._10A and 10B
B e e Gl SR e B o 3 S RS a T s g D

case, the nagnetic ne ovi made of
a magneti (ferro ic).material _as in_the Figs. 9A.and 9B case. In the
case usi ntgjet#e%{r?glgaﬁtq%?l&%nﬁgr mﬂgb ih?rggrl B%a?eﬁh%?‘h 3 drit® 29 AN
evaporat i {tce 3%dof t he ﬁathode 30 and cl ose to each anode 36.
Speci fical 1 y!t48 FRALUFriei oAt ¢6 UREPBEeaLhBOUARgAEt KePedStseodahsuch t hat
the anode 36 is |ocated between the magnetic menber and the evaporating
face 32 of &8s at Hodehadageiif theldys. ATTAratidgloB ddse.i26 Ido so
arranged, the increased nunber of magnetic lines 35 58 of force pass through
and near ndie hadodée3encard3él estdonsnc8y arm easyl 1oty ededr ttee anode 36.
Accordingly, it is easy to nmaintain the arc discharge in a strong magnetic
field. are transported downstream is high. For this reason, the
transport efficiency of the plasma stream 38 is higher than
in the Figs. S9A and 9B case.
10 In those cases of Figs. 10A and 10B, and Figs. 9A and
9B, to reduce a rate at which the ancde 36 and the magnetic
member 46 hinder the transpertation of the plasma stream 38,
it is suggestible that the anode 36 and the magnetic member
46 are formed to be as thin as possible within a range of their
15 thicknessvalueswithinwhichastablearcdischarge is secured.
Also, in the Figs. 10A and 10B case, the magnetic member
46 may be provided cor the anode 36 may be made of a magnetic
(ferromagnetic) material as in the Figs. 9A and 9B case. 1In
the case using the magnetic member 46, it is located in front
20 of the evaporating face 32 of the cathode 30 and close to each
ancde 36. Specifically, it 1s sufficient to dispcse the
magnetic member 46 such that the anode 36 is located between
the magnetic member and the evaporating face 32 of the cathcde

30, as in the Figs. 10A and 10B case.

25 If so arranged, the increased number of magnetic lines
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Also, in the Figs. BA through 10B cases, the matters on 5 the setting of
the potential of the magnetic nenber 46, whether or not the magnetic nenber
46 is coupled to the anode 36, and whether or not the cooling nechanismis
coupled to the magnetic nenber 46 and the anode 36 may be considered as in
the previous enbodinents. Further, the advantageous effects are remarkably
10 mani fested when the cathode 30 is made of carbon or a material minly
containing it, as in the previous enbodi nents. For the magnetic filter 50, a

magneti c 38 elfd feay-cheaker tedoughi ghd exdends,candoer ves ahond dderons
transporting duct 52 by using a plurality of permanent magnets in place of

the magnetj ca€@idadp B4 rddei hiise CaSEde thE. D@ﬂ%’ﬁ{il‘?ﬂlﬂ{,greiggign%léw

required. The transporting duct 52 of the magnetic

electric j t age applied.to..t

Cr anspor tine a S R e B8 0L LB MY L BRPRRLRE 04 E Bt v
conducted by using a.filmformn aratu avi ng a vacuum arc evaporation
appar at us 10c ?Q‘ i o tggngb%%t?%gﬂgﬁﬁﬁﬁﬁhél%scﬁ§gﬁfytﬂ%dﬁﬁ%ﬁe%ﬁ‘¥he out er

peri pher al art .of t anode 36.as shown in Fig. 1. The test conditions 25
were as gﬁ%%eﬁ%ﬁ@ﬁnﬂgg,heaﬁ’ﬂt?ﬂEl?isqf FBEIIAE & e &kHRr Y A6 Tatled I35 SS400 of

JISis a kind of structural carbon steel. Currents flow ng through the four
coi | s of ¥h&ta§hstPedeslic BANHRE & edualcord lere tanbhezniode f3§ maar mi ng

rate in the table
whether or not the cooling mechanism is coupled to the magnetic

member 46 and the anode 36 may be considered as in the previous
embodiments. Further, the advantagecuseffectsare remarkably
10 manifested when the cathode 30 is made of carbon or a material
mainly containing it, as in the previcus embodiments.
For themagnetic filter 50, amagnetic field may be formed
which extends and curves along the transporting duct 52 by using
a plurality of permanent magnets in place of the magnetic coil
15 54. In this case, the DC power source 56 is not regquired.
The transporting duct 52 of the magnetic filter 50 may
electrically be grounded or a bias voltage may be applied to
the transporting duct 52.
[EXAMPLES]
20 <Example 1>
Afilm-forming test was conducted by using a film-forming
epparatus having avacuumarc evaporation apparatus 10c inwhich
a magnetic member 46 is firmly mounted on the cuter peripheral
part of the anode 36 as shown in Fig. 1. The test conditions

25 were as given hereunder, and the test results are shown in Table




5 was ratio with that in a case using a vacuum arc evaporation apparatus
10b not using the nagnetic filter as shown in Fig. 13. A distance D used
for conparison was a distance ranging fromthe evaporating face 32 of the
cathode 30 to the substrate 64 as shown in Fig. 13, when the nagnetic
filter is not used. 10 Wien the nmagnetic filter is used, it was a distance
ranging fromthe exit of the nagnetic filter 50 to the substrate 64 as
shown in Fig. | and other figures. The distance D was 350mm in both cases,
and in other exanples and conparison. Cathode 30 : carbon naterial
(cylindrical, 60mmin 15 dianeter X 30mmlong) Arc current : 80A Current of

magnet o cof | Sdsposhawniisn Table y DRaree of vasuuml ndfisdlLeeLor i ng

chanber 1 X 1 6 : copper material (cylindrical, 80mmin

di aneter .. x_50 ng.x 2 t hick ter-caol e I mber 46:
35400 of CYFEZCLD! AP Har RS E Yne UL EAAS A MRS NBIRELLE MBI Amode
potential Gas introduction to the transpaorti duct 52: not 25 introduced.
37 [Tabl &4 ﬁemﬁaﬁﬁé@ﬂctwne ﬁPetgﬁgcha?% & S Trtrona ﬁ@‘%e I the Pable

5 was ratio with that in a case using a vacuum arc evapcration
apparatus 10b not using the magnetic filter as shown in Fig.
13. A distance D used for comparison was a distance ranging
from the evaporating face 32 of the cathode 30 to the substrate
64 as shown in Fig. 13, when the magnetic filter is not used.
10 When the magnetic filter is used, it was a distance ranging
from the exit of the magnetic filter 50 to the substrate €4
as shown in Fig. 1 and other figures. The distance D was 350mm
in both cases, and in cther examples and comparison.
Cathode 30 : carbon material (cylindrical, 60mm in
15 diameter X 30mm long)
Arc current : B80A
Current of magnetic coil 54 : shown in Table
Degree of vacuum in the film-forming chamber
1 x 107°Pa
20 Anode 36 : copper material (cylindrical, 80mm in diameter
¥ 50mm long x 2mm thick), water-cooled type
Magnetic member 46: 5S400 of JIS (cylindrical, 84mm in
diameter x S5mm long x 2mm thick), anode potential
Gas introduction to the transporting duct 52: not

25 introduced.
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current (A) Mai nt ai ni ngrate 10possi bl el/10 20dittol/5 50dittol/4 100dittol/3
150dittol/2 As seen from Table 1, even when an intensity of nagnetic field
generated by the magnetic filter 50 is increased by 5 increasing the current
of the magnetic coil 54 from 10A to 150A, the arc discharge could be

mai nt ai ned for every current value of the magnetic coil. when the coi
current was 150A, a filmformng rate was very fast, 1/2 as |large as that
in the case not using the nagnetic filter 50. This is due to the fact 10
that the trapgpont) efficiency of the plasma stream 38 in the nmagnetic
filter 580 is increased by the strong magnetic field. <Conparison> For

compar | 9 Jdilam for m ag et was, condhigl ed by igkng. e Ll or m ng

appar at ys having a vacuum aric evaporat1 par at us own inlFig.
11. The|v c%%g1qrg evaporatl%g Ig aratus 10a d|d no%suse t he magneti g
menber, |and t él condi ti ons| &x¢ gé thi$ are the|S&ME as these in the
exanple{ 1. The test resultsf are shown in Table 7 %% [ Tabl e 2] Magnetic

coi | Ar¢ i scharge possible /
20 ditto 1/5
50 ditto 1/4
100 ditto 1/3
150 ditto 1/2

As seen from Table 1, even when an intensity of magnetic

field generated by the magnetic filter 50 1is .increased by

5 increasing the current of the magnetic coil 54 from 10A to 1504,

the arc discharge could be maintained for every current value

of the magnetic coil. When the coill current was 150A, a

film-forming rate was very fast, 1/2 as large as that in the

case not using the magnetic filter 50. This is due to the fact

10 that the transpcrt efficiency of the plasma stream 38 in the

magnetic filter 50 is increased by the strong magnetic field.
<Comparison>

For comparison, a film-forming test was conductedbyusing

a film-forming apparatus having a vacuum arc evaporation

15 apparatus 10a shown in Fig. 11. The vacuum arc evaporation

apparatus 10a did not use the magnetic member, and test

conditions except this are the same as these in the example

1. The test results are shown in Tegble 2.
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Filmform ng current (A) Mai ntai ni ngrate 10possi bl el/8 20di fficult- 50ditto-

100di t t o-

150ditto- As seen from Table 2,

the arc discharge could not be

mai ntai ned in the vacuum arc evaporation source 20 when the 5 current of the

magneti c coi
conparison was 1/8. This value is
filing formng rate (1/2)
test was conducted by using a filmform ng
evapor ati ppzgppapatus 10c in

54 exceeds 10A. A maxi num of the

in the exanple 1.

filmformng rate in the
just 1/4 (25% as |large as the maxi num
<Exanple 2> 10 Afilmformng
apparatus including a vacuum arc
whi ch a magnetic nenber 46 is disposed close

to and around the outer peripheral part of t he anode 36 as shown in Fig. 5.
In theig t he at r . pf 8400 of JIS, 15 and
cyl i ndr ?HBlt?[shape H§9T éa‘rscl ;g;i%sar in dlnzinejtgrp CTBRRY | ong x 2mm
t hi ck. t was Etgitrlcally |9fuI%;ed fromthe anode 36, and hence, |ts
pot ent i pfF"WaS™f1'Gat i ng pot en % enmi ni nd Cohi tions were the| same as
those ih the exanple I. 39 [he TesSt results are [shown in Table 3. [ Tpble 3]
10 possible 1/8
20 difficult -
50 ditto -
100 ditto -
150 ditto -

As seen from Table 2, the arc discharge could not be
maintained in the vacuum arc evaporation source 20 when the
current of the magnetic ccil 54 exceeds 1CA. A maximum of the
film-forming rate in the comparison was 1/8. This value is
just 1/4 (25%) as large as themaximum filing forming rate (1/2)
in the example 1.
<Example 2>

Afilm-forming test was conducted byusinga film-forming
apparatus including a vacuum arc evaporation apparatus 10c in
which a magnetic member 46 is disposed close toc and éround the
outer peripheral part of the anode 36 as shown in Fig. 5. 1In
the example 2, the magnetic member 46 was made of $S400 of JIS,
and cylindrical in shape, and its size was 85 in diameter x
Smm long x 2mm thick. It was electrically insulated from the
anode 36, and hence, its potential was floating potential. The

remaining conditions were the same as those in the example 1.
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Magnetic coil Arc discharge Filmform ng current(A) Maintainingrate
10possi bl e1-10 20dittol/5 50dittol/4 100dittol/3 150dittol/2 As seen from
the table, the test results were exactly 5 the sane as in Table 1. <Exanple
3> Afilmformng test was conducted by using a filmform ng apparatus

i ncludi ng a vacuum arc evaporation apparatus 10c in which the anode 36 is
made of magnetic material and serves also 10 as the magnetic nenber as shown
in Fig. 6. In the exanple 3, the anode 36 was nmade of SS400 of JIS, and its
shape wagrannW=ar redidiid s:sd zeaowas 8bmMmank e di aneter x 5nm |l ong x 2nm t hi ck.
The anode 36 was of the water-cooled type. The other condition's than

t hose mero%qusgqe as those in the exanple 1. The test 15 results are show

in Table 40 [Table 4] Magnetic coil Arc discharge Filmforn ng

Magnetic ccil | Arc discharge Film-forming
current (A} Maintaining rate

10 " | possible 1-10

20 ditto 1/5

50 ditto 1/4

100 ditto 1/3

150 ditto 1/2

As seen from the table, the test results were exactly
5 the same as in Table 1.
<Example 3>
Afiim-forming test was conductedbkyusinga film-forming
apparatus including a vacuum arc evaporation apparatus 10c in
which the ancde 36 is made cof magnetic material and serves also
10 as the magnetic member as shown in Fig. €. In the example 3,
the anode 36 was made of 55400 of JIS, and its shape was annular
and its size was 85mm in diameter x Smm long % 2mm thick. The
ancde 36 was of the water-ccoled type. The cther conditions
than those were the same as those in the example 1. The test

15 results are show in Table 4.
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current (A) Mai nt ai ni ngrate 10possi bl el/ 12 20dittol/7 50dittol/5 100dittol/ 4
150dittol/3 As seen from Table 4, the test results were substantially the
sanme as in the exanple 1. Specifically, even when an intensity of nagnetic
field generated by the magnetic filter 5 50 is increased by increasing the
current of the magnetic coil 54 from 10A to 150A, the arc discharge could
be mai ntained for every current value of the nagnetic coil. Wen the coi
current was 150A, a film-formng rate was very fast, 1/3 as large as that
in the cagezpoé 4sing the magnetic filter 50. 10 41 WHAT IS CLAIMED IS: 5 10
is 20 25 A vacuum arc evaporation apparatus conprising: a vacuum arc

evapor af Mggnggy&ce |nclggiqu§ cgﬁ@g@ &%ﬁg an anpdg, L pcated.in front of an
evaporajing face of said cath g sai d 'vacuum arc ‘evapor a i on source
gener at QQI?&E%?QBOf plasma Maintaining rate

10 rossible 1/12

20 iditto 1/7

50 ditto 1/5

100 ditto 1/4

150 ditto 1/3

As seen from Table 4, the test results were substantially
the same as in the example 1. Specifically, even when an
intensity of magnetic field generated by the magnetic filter

5 50 is increased by increasing the current of the magnetic coil
54 from 10A to 1502, the arc discharge could be maintained for
everycurrent value cf themagneticcoil. Whentheccil current
was 150A, a film-forming rate was very fast, 1/3 as large as
that in the case not using the magnetic filter 50.

10
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cont ai ning cathode materials by evaporating cathode materials fromsaid
cat hode under a vacuum arc di scharge between said cathode and sai d anode;
and a magnetic filter for curving and transporting the plasma stream
generated by said vacuum arc evaporation source by a magnetic field to
remove coarse particles fromthe plasma stream and outputting the plasma
streamin which coarse particles have been renpoved, wherein said anode of
said vacuum arc evaporation source includes at |east one bar-Ilike anode
which is Qj oggd 1 hRE-pntc of the evaporating face of said cathode while
bei ng ext’dnde ”aFdﬁg'§a| evaporating face. 2. The vacuum arc evaporation
apparatus according to claim1l, further conprising: a magnetic filter

di sposed close to said at |least one bar-like_an %%I%HSQ %%_ fygfkgxu-like

anode i s | ocat edlbet weenVESapd Fhgnet 7RChember SRd°s&id evaporating face of

sai d cathode. 3. The vacuum arc evaporation apParfg$s accaordin ,tonglainll,
wherei n sai d bara hzkenanede Pszhradet epTnagref Fol tet ertaf 2 5210 €

an anode located in front of eneveporeting faceof said cethode,
szid vacuum arc¢ evaporation souvrce generating streamof plasme
contzining cathode meterials by evaporating cathode materials
from szid cathode under a vecuum arc discharge between said
cathode and szid enode; and
a magnetic filter for curving and transporting the plasnea
10 _ . -
streem generated by said vecuum arc evaporation source by-&
magneticfieldtoremove coarseperticles fromtheplasmastreenm,
and outputting the plasma streemin which cocarse particles have
been removed,

wherein sazid anode of said vacuum arc eveporation
source inciucdes at least cne bar-like anoge which 1s cispoese

. ) . .
in front of the evaporating face of szid cathode while being

extended azlong said eveporating fezce.

2 The vacuum arc evaporation apparatus accoralng io
20
claim 1, further comprising:
z magnetic filter disposed close 1O szid at least one

bar-1ike anode such that csaidbar-like znode 18 located between

said magnetic member and szid evaporating face of said cathode.

25
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20 2S 4. A vacuum arc evaporation apparatus conprising: a vacuumarc
evaporation .source including a cathode and an anode | ocated in front of an
evaporating face of said cathode, said vacuum arc evaporation source
generating stream of plasma containing cathode materials by evaporating
cathode materials from said cathode under a vacuum arc di scharge between
said cathode and said anode; and a magnetic filter for curving and
transporting the plasna stream generated by said vacuum arc evaporation
source by a ?neti cfd ekdut:en £ ernme: £ops seopalti £t esuf raamdhe: pd asma
stream and outputting the plasnma streamin which coarse particles have
been renpygg wher gha 33ind anode,ot - sai.d aririn aEC RMAPOE at kelyrsURCce

i ncl udes {"east one bar-1ike anode which is di sposed such that one end
face of sald baﬁ-llke anode is directed to the front of said evaporating
face of Bard*éathode. 42 5 5. The vacuum arc evapor ati on apparatus accordi ng
to claim4, further conprising: a magnetic filter disposed close to said at
| east one bar-1ike anode such that said bar-like anode is | ocated between

said magnetic nenber and said evaporatlng face of said cathode. _
5 . A vacuum zrc¢ evaporstion epperetus COMPrising:

a2 Vacuum arc evaporeticn source including & cathode and
an anode located in front of an evaporating face of seid cathede,
sz2id vacuum arc evaporation source genereting streem of plasma
containing cathcde materials by eveporeting cathode mater rizls
1o from said cathode under a vacuum arc discherge between said
cathode and sazid zncde; and
anmgneticfilte:forcurvingandtrahsportingtheplasma
stream generated by $aid vacuum arc eveporatlcn scurce by a
magneticfieldtoremovecoarseparticlesfromtheplasmastream,

riicles have

0

end outputiing the plesme stream in which coarse pe

been removed,

wherein said ancde of said vacuum arc eveporation source
includes at lezst one ber-like anode which is disposed such
that one end face cof said ber-like anode 1s directed to the

front of said evaporating face of said cathoce.

L]
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6. The vacuum arc evaporation apparatus according to claim4, wherein said
anode is nmade of magnetic material. 10 i5 25 7. The vacuum arc evaporati on
apparatus according to claiml1l , wherein said cathode is nade of carbon or
a material nmainly containing carbon. 8. The vacuum arc evaporation
apparatus according to claim4, wherein said cathode is nade of carbon or a

mat erial mainly containing carbon. 04

s The vacuum arc eveporation apparatus eccording to
claim 4, Turther comprising:

¢ magnetic filter disposed close to said at least one
bzr-like anode such that szid bar-1like anod.e is located between

5 sazidmagnetic menber arnd said evaporating fece of said cathode.

6. The vacuvum arc evepcration apperatus according to

claim 4, wherein said znode is made of magnetic material.

10 7. The vecuum arc evaporation apparetus eccording to
cleim 1, wherein seid cathode is made of carbon or a material

mainly conteining carben.

8 The vacuum arc eveporation apperatus zccorcing to

claim 4, wherein said czthode 1s made of carbon or & metericel

mainiyv ceonteining carbon.

[20]
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