8 Septenber 2005 VACUUM ARC EVAPORATI ON APPARATUS BACKGROUND OF gT$#ptember 2005
INVENTION 1. Field of the Invention 5 The present invention relates to a
vacuum arc evaporation apparatus used for formng a thin filnon a surface
of a substrate, such as autonobile part, machine part, tool, nold, |ens,

gl ass, or a sem conductor substrate. More specifically, the invention
relates to a vacuum arc evaporation apparatus with a magnetic 10 filter

whi ch generates a magVisCUGMTARC di VARCRBTIONSABRYARATISNSsports a stream of

pl asma generated by a vacuum arc evaporation source under the generated
magnetic field, and outputs the plasnma stream after renoving coarse
particles from the plasma, wherein the maintaining of arc discharge in the

IS vacuum arc evaporati r i reye ER&% being difficult when an
efficiency of transporti%wg%&das%rgg @t\érre} m Jsﬁ%ﬂcr eased by increasing an
intensity of, theg etic field devel oped by the magnetic filter. 20 2.

Descri pthorf 1§19 St WA 1 %Fhere is a nethod for forming a thin filmon

a sugface of auheLighe i dHiau0e 1 2085 CHl CHCURAN PORVERKE Qs 1N Lhi s

specification) tarned in a plasnma generate a vacuum arc evaporation

y
d N ' he |ike. Th
vacuum SRS AT HR0E G ot e ATy BB Ao 2B0E % e Brnce by

Vacuu”‘%ﬁ%ﬁ%g%ﬂﬁy %gfiéggggP%é¥ﬁ¥ﬂ§%grt,tool,mold,lens,glass,

or asemiconductor 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 vacuum arc evaporation source is prevented frombeingdifficult
whenanefficiencyof transportingtheplasmastreamis increased

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
arc evaporation source toward the substrate under negative bias

25 voltage or the like. The vacuum arc evaporation source



the plasma containing a cathode material This method is called S8Scptamhem2@0T
~evaporation nethod or an arc ion plating nmethod. This nethod has

advant ageous features of high filmformng rate s and high adhesion
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 discharge. The hi gh adhesion roperty is due to the fact

that i oRY2PekEEISTRCRANPAS B YeRBURG T W?Ba/ggatton SHBRY F80ET&TE col | i ded
therewith under an electric field caused by the negative bias voltage. The
cat hode thetrd Hia 69BpaLBLRE ¥ FaRRPRR Te¢ACRddd -of ThAE M8/ dtAfiyf &3¢ 1@fhpor at i on
source contains fine particles preferable for the filmformng, and coarse
particl @svgalsn &5C aMdnaraff opt dedhad edcaBb- paF ti et dsha Lk aed ter is
several pmto several tens pm Adhesion of such coarse particles to the
subst r affd icawstgsod baera dv @t f ape ol s tfflee tamest hh édghafhtdl mafibhesing nateperty of a
surface of the resultant film To cope with this, there is proposed a vacuum
arc 520 aedapagat izdhezipar atnepelfiay .as shown in Fig. 11. The vacuum arc
evapor ati on apparatus 10a includes a vacuum arc evaporation source 20 as

referred to abavenhi@ndiamvaEgieling tatéears 80e tihehenPghethatfa [1teigb0 curves
and transports a streamof plasma 38 generated by the vacuum arc "

evapor abhenngOBECEa 2RoHBARE tar 281 MRgNatdgofd b d. £ A 1HE RUtthdde Rl asma
stream after renoving 8 Septenber 2005 the coarse particles fromthe plasna.
In the RPRALAL IFzat 6n YICUHERAILIRYAPOTRIIAR RN C@n2hhigh 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 cathode of the
vacuum arc evaporation source contains fine particles
preferable for the film-forming, and coarse particles (also

15 called droplets or'macfo-particles) whose diameter is several
pm to several tens um. Adhesion of such coarse particles to
the substrate causes deterioration 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



i ncl udes a cathode 30 nounted on a cathode hol der 24, and a cyPiSGREMPE 205
~annul ar anode 36 disposed 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

gener at iﬂ}% %%3‘?638’0{“@1@49 £hen C@Hé’loggl dpierials (making the 10 cathode

30). The ca ontains amaterial (e .g.,netal of titanium or the

ke, all oy ofy Tl 6acban. Lorondl 420,08 1 Like). .cpblch i golected in

accordance wth a kin 0 be Torned. no i's usually nade

of copper. .The catho hol 15 .24, i s nmade ,of on- etic tal. In
this app]d}caﬁ”t?ge,s thé& ag:ﬁ’t%jge g’gjr FOUIESS: PP & Icftglr%%ng)é&&rea%&c&diasngﬁaar ge
vol t age of several tens V t?L 100V or thgre round is applied froman arc
power sGiMldEIdr G pRE WeBRMIRE AR S RIzedatRode B Aft £ he

cat hode 30 being at the negative 20 polarity. Reference nuneral 40 is a
trig§er estapanaddardantra® 3¢s ofn fthrufathagenstler (B . afhevemHede bl der 24
is nmounted on a support plate 28 through an insulating material 26. The
support dilzetas 128 ebrdvescavhedend teir ialtyanspditd agtiade XPis eavisag t he
magnetic filter 25 50. A magnet (pernmanent magnet) 22 for confining an arc
spot 3 &Septagrirert 2008 Had hodeepicd s oy the wacudimselrar gé)sahiardgen t he
evaporating face 32 of the cathode 30 by a magnetic field is provided on
occurring between the cathode 30 and the anode 36, thereby
generating plasma containing the cathode materials (making the
10 cathode 30).
Thecathode 30 containsamaterial (e.g., metaloftitanium
or ‘the like, alloy of TiAl, carbon (graphite) or the like),
which is selected in accordance with a kind of 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 anode
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 insulating material 26. The supportplate 28 covers

one end of a transporting duct 52 forming the magnetic filter

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



the rear side of the cathode holder 24. In this apparatus, the ﬁ&&ﬁgpﬂﬁrZOOS
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 be a plurality of toroidal coils
as illustrated, or .a.salenoid_10 cail ,wound ar.qund the outer ri pheral part
of the t(rcfér}rgmﬁgfet ipr?dntdl?c : aﬁacrfilnghr?ar egt i'c lnnest oF Ozlrogcel ®ner at ed
by the netic_cojl 54 js.ro |y illustrated_in Fig. 11. The, K nagnetic

Y et 56k arao4) DAG FRENPRRer DvBl 12 GRTHEE LS arkDb t P IS S5 The shown.
In a region including the cathode 30 and the_ anode is 36, the nagnetic |ines

58 are din& fieddt &d des A5 18 P I REGET 122 An angle a of the curve of
the transporting duct 52 is preferably selected such that a substrate 64 in

a filmforningn thagbeprapatufnothednageat dF ekl For frdmnhlaidas Hdde 30 in
the 20 vacuum arc evaporation source 20. A specific exanple of a is about
90. Fhe aweviesr srénspoetiivgabect 62t he mamgredticceooill 5454, ard @ DC power
transporting duct 52, the support plate 28 and the filmform ng chanber 60,
are madeocafrcero-tnagfibei nagatéicakosd 23 geneohtes d stagne ttike fimgedrktic |1 nes
58 (magnetic field) 4 8 Septenber 2005 devel oped by the nmagnetic coil 54.
The vaciunvaKde advapotald et aazparatiusy act gt udinhg e power source
56 excites the magnetic coil 54. The magnetic coil 54 may be
a plurality of toroidal coils as illustrated, or 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. 11. 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 a is

about 90°.

The members located close to the magnetic coil 54, e.qg.,
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)



vacuum ar ¢ evaporation source 20 and the magnetic filter 50 is &denmberi2605
the filmformng 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 forned.
The filmformng chanber 60 includes a holder 62 holding the substrate 64
on which a filmis to be forned. The filmform ng apparatus is 10 called a
vacuum &eVeheiRst RY ol aprdrtsc ofohh afc ion plating apparatus. The
transporting duct 52, together with the filmformng chanber 60, is
vacuurmed by a Tt Y@@UWR appatdensrafhenppppanasupebbe 38ngbudingcdndy t he
vacuum arc evaporation source 20 is transported along the nagnetic field
15 wi t hivadihen regnetviapdhdttien Shuare dutgnd fhreoomadretoidef 1 e 050t he
magnetic filter 50 and led to near the substrate 64 within the filmformng
chanber i60.coQp liehte teoansef paintfctesng ortianed 60 int hesphasnehst rigdaen 38,
those particles not charged straightforwardly nove while not being

i nfl gencachdy ehideo 20t HagnNeiispd el ity st 6l l(bgpowiith tbechanercwah!l of the
transporting duct 52. Accordingly, those coarse particles are not derived

from t hg prgnRalddr ftiiders R and daiils i reaacdy the trubsigAte t84. 6aThe radi um

(Raman radius) of a spiral notion of a coarse particle in the nmagnetic

field extiausly ol AELRAssen 2RgRIARArAL QNAls EQrAclBsSTl Al toAsE parti cl e,

even if 1t 1s™5 8 Septenber arged one. Accordingly, those

gﬁg;}lg' Scﬁqoeimgﬁré gbeb anadRld i dde dF MSRANTd M AUl a5 AN d4 N, (not

which a film is to be formed. The film-forming apparatus is

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 wvacuum 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 chamber 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 collide with the inner ’wall of the
transporting duct 52. Accordingly, those coarse particles are

not derived from the magnetic filter 50 and fail to reach the
substrate 64. The radium {Raman radius) of a spi'ral motion

of a coarse particle in the magnetic field extremely increases

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



fromthe i nner wal |, anddisappear (adhere thereto) . As a resul t5 SCRifber 2005

plasma stream 38 |little containing the coarse particles 5 are output from
the magnetic filter SO and led to near the substrate 64. Accordingly,
there is no chance that the coarse particles adhere to the substrate 64. At
this tinme, when a potential at the substrate 64 is |ower than that of the

I 38, f | : | yii Q.a. ti ias.vol t
P SEpERR e kohn PTG, B AEPY Ve 18 0000 e BLAc uelbace 1o
th bst 4 by th tential dipff : t hat t ions hit th
atter, TRLLRS TRBAETRO Ry EBbG R At 10 SRH AR EPACERSF y of
magnetic field (flux density) generated by the 15 nmagnetic coil 54 of the
exsd e e

magnet i cTEPTEER HRGGWRALY | SPPREF i (@P8REY spoftihfeEHe tpl asma
stream 38 by the magnetic filter 50 is increased. Accordi ngl t he amount

of pl asnbhesp}eaR? 38t baapuBsf bt LRechRALDLBIS ilh?e?o%@s?spﬁﬁgiéé@éd and
hence a filmformng rate at which a filmis fornmed on the 20 substrate 64
i's irkcreasedoutien fhemfteeédnagnengchfidtencblasadd idedngneneerfibed al so
increases in the vicinity of the cathode 30 and the anode 36 in the vacuum
arc evapsulastoatedid ce AZxordiectinonsh8¥ eens tntcedhahremidie thbat bodes80 by the
arc discharge, as shown in Fig. 12, 25 are firmy captured by magnetic |ines
58 generptedibyethedheBeSept enbesulB8@Tavagriat.i c coil 54, so that those

el ectrons pass through a space wthin the anode 36 and are hard to reach
the anode 36. A6 this time, when a potential at the substrate 64 is
lower than that of the plasma stream 38, for example, by applying
10 anegative 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 vacuum arc evaporation apparatus 10a, 1f an
intensity of magnetic field (flux density) generated by the
15 magnetic coil 54 of the magnetic filter 50 is 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 on 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
36in thevacuumarcevaporation source20. Electrons 37 emi t;ted

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

25 are firmly captured by magnetic lines 58 generated by the



the intensity of nagnetic field by the magnetic coil 54 is i ncrie¥gptambes 2005
| arger nunber of the nmagnetic |ines 58 generated 5 by the nmagnetic 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 37 emtted fromthe cathode 30 are hard to reach the anode 36,

it is difficult to maintain the arc di scharge between the cathode to 30 and
the ano®adnetiftethe wepdshabthane Pé?cﬁlré)@f?aP@és Shreagly & §P86Cur bet ween
the cathode 30 and the anode 36. Further, it is difficult to maintain the
subsequeAthdnsthar g8odenhas, and pre BATEr tar £ epsdubmearaasie @t at Pen
apparatus 10a, when attenpt is nade to increase an efficiency of 1s
transpothengnthespkasrd sege£nhil¥s fie lidhdredshagragnehiensoiy 6f degnetic
field by the magnetic filter 50, it is difficult to maintain the arc

di schar gaciraashd, vadumgear auenapoo dt Tloe maynue tec 20 neAc G8r genghrypteidt 1S
difficult to secure both the transport efficiency of the plasm stream 38

and § hepgetiy aagneg i20cefl thepase thsehgh gthd Bphhe wachimare aavapor at i on
source 20. Particularly, when the cathode 30 is nmade of carbon or a

mat er i abgRizd Y geBtAiDi BHeCAI 8Ofroh H B3 TRINhaitNhNg e tdirdarys dingicharge is
nore difficult when the field strength in the magnetic filter 50 is 2

i ncreas r f R bhies, FRet hRba&53 & he & f.<t R& carbon or
t he mat g?l a Qgrr)éltﬁﬁ%%%osnt alrnl lr?g 7 § Sept%rrber 2005 ?ﬁogggggr%ﬂsg:@nal |y

di 11 cubh, pogt ?g%mt PReCLEchsaRs387a e hLed cbr oobLherrat hagae3gehardly

reach the anode apove
itisdifficult tomaintainthearcdischarge between the cathode

10 30 and the anode 36. In other words, an initial discharge is
hard to occur between the cathode 30 and the anode 36. Further,
it is difficult to maintain the subsequent discharge.

Thus, in the prior art vacuum arc evaporation 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
to maintain the arc discharge in the vacuum arc evaporation
source 20. Accordingly, it is difficult to secure both the
transport efficiencyof theplasma stream38 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 thearcdischargeof thecarbonorthematerial mainlycontaining



and hence, the arc discharge nore hardly occurs. Wen the cathodeS@tember?00%
.of carbon or the material s mainly containing carbon, which is difficult in
mai ntai ning the arc discharge, or even when it is nmade of another material,
the arc discharge may easily be naintained 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 SBFPGYRIELI1PAL LY Hfficatt 3 RALBE LRt L ¢ obPeds / &Mk £ | ar ge
anount of gas ion caused by the arc discharge is contained in the plasna

stream 3@ bhd cahhadeB) hFrdlt sepre the appdend h@spilotessbedabaye amount
of gas ion enters the substrate 64, so that a filmaquality 1s of a thin film
formed emdahewdfeacdhsf ane dubgtarde BAre shahdhyedccunn. i nternal stress in
the filmincreases, or the substrate 64 is heated unnecessarily. SUWMARY OF
THE | NVENTI ONW2@nActer diartdglogde 380 als) eadeoto ft lce rpoesent theveatieandls to
provi de a vacuum arc evaporati on apparatus including a vacuum arc

evaper alradm130doed admd iy rEghetn, C whiildheri si dlivitifiiciular ¢ n dasehanga ean be

mai ntai ned within the vacuum arc evaporation source w thout the gas

i nt r oduGhicogr € eI sy N oef éveh ateh 28 Df rlalddns Pairid tig Phase® igtr,eam i s
i nproved by increasing an 8 8 Septenber 2005 intensity of nmagnetic field

devel oped, by he i BRENGYLC nfalyl LalsilyTRe abave-Terld qRed qhiheel Gan e
achieved by a first vacuum arc evaporation apparatus according to the

present ya5, 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 cathode 30. However, this
approach creates other problems anew. A large amount of gas
ion caused by the arc discharge is contained in the plasma 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 asurfaceof the substrate 64 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 is 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 an



i nvention, conprising: a vacuum arc evaporation source 5 includ $eptember2005
.cathode and an anode | ocated in front of an evaporating face of the cathode,
t he vacuum arc evaporation source generating stream of plasma containing
cathode materials by evaporating cathode materials fromthe cathode under a
vacuum arc discharge between the cathode and the anode; a magnetic 10
filter f.or

[l ter for UG At A Lensnord | Dol Pl ey tLeam genstaled by the

ation®source y a magheri c renove coarse

particles fromthe plasm st.rea nd qutputtin t.he sma streamin which
coarse parti cIEPQ§ ﬁgggeﬁg‘gﬁisﬁ'l@rﬂf\raed’?ne %K}Tg’gen%q}bl%%o}rycﬁ sf;tcfulssé in front
. of the evaporating face 15 of the cathode and c! ose to the anode in the
vacuum JeEUsFafdiat §HAPO 3L 8B, PR AR S| r&TC 5P ¢ tEfa it § N
apparatus, with provision of the nmagnetic nenber, a distribution of the
magnet i dnVielkd®Nof FOMRELEANG.:, Aaghetenf |k R¥ARVFEL DY tI81TRRYnetic 20
filter in the region ranging fromthe cathode to the anode in the vacuum
arc évapgmcduiddmgscur cathedeordfriquard agedes techeedsdint abtent op £t n

mai nt ai ni ng of arc di scharge between the cathode andtheanode. Specifically,
wi t h t hevapoviagiio dladehe fnidguee tdad horenb éh en evarc ture aamo dy,a pdre thiegmet i ¢

| i nes devel oped by the 25 magnetic filter are attracted in part to the
magnet i gomerleerenér £t Sepserbamn 0P ba e & opttenanenpoa bhcde snadlesd athen t he

field strength of the magnetic filter is increased. Accordingly, the
(r)r?gnet i &yl dNasor PESSd BE thbHeUgHt d hita B Edemthd £3 thbaknirdde f & a@dign cat hode
arc discharge between the cathode and the anode; a magnetic
10 filter for curvingand transporting theplasma stream generated
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the plasmva stream, and outputting
the plasma stream in which coarse particles have been removed;
and a magnetic member disposed in front of the evaporating face
15 ofthecathodeandclosetotheanodeinthe vacuumarcevaporation
source.

In the first vacuum arc evaporation apparatus, with
provisionof themagneticmember, adistributionof themagnetic
lines of force (i.e., magnetic flux) developed by the magnetic

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

member near the anode, the magnetic lines developed by the

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



the vacuum arc evaporation source are increased in nunber. As s tHePIFERELZ005
of the increase of the flux density, of electrons that are emtted fromthe
cathode by the arc discharge, those electrons that are captured by the
magnetic lines 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 maintaining of the subsequent arc di scharge are easy

in the vaBdSmPREEOBEASSr KGO SRR, Whetfer eby theldr 8taPRERAS ag the
stabilized. Also, in a case where an efficiency of transporting a
pl asna i BaORpLéEeld byer Acraaer oS e - | MEHTdAnglY, foemaing§ic gilélleé
devel oped by the magnetic filter, the arc discharge can be stabilized and
mai nt ai nedssanghehyaggontize @nadeaper atsoviisbni £ Wendite gashiogter oduct i on.
Accordingly, the transport efficiency inprovenent of the plasma streamin
the magnakicadwbn arcaadapbeasiondssehae geremanntrasgiengin muntbe rvac@dsm 20 arc
evaporation source can both be secured without the gas introduction. Thus,
the fd | mcher pbpglapparaialisihand 4k tde tHa$ luxodshsuatyedofaslyat abas
evaporation apparatus can forma film on a substrate at high rate in a

manner t Raktt ffe Mnaisted tirRAMN A2 E&thbé@sﬁgrﬁt@ ac biighnbraRspenbse
efficiency, while renoving 10 8 Septenber 2005 coarse particles, and further

can el inmgnaterbig RAUEr 86 eCld@ftluredP by Nehd B { 1L M bYethEr98S ce.
i ntroduction. Those advantageous effects may be achi eved by very sinple

construchLag n¥iZhrough the anode and its vicinity and reach the anode,

stream of

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 transporting 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 sourcewithout gas introduction. Accordingly, 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 1s transported at high transport efficiency, while removing

10



provision of the magnetic member. This fact also suppresses 5 thSCRIFBRFL002
size'increase. In the first vacuum arc evaporation apparatus, it is
preferable that the anode is |ocated between the nagnetic nenber and the
evaporating face of the cathode. In the first vacuum arc evaporation
apparatus, the 10 magnetic nenber is not interposed between the evaporating
face of the cathode and th e. Accor di ngl el.ectrons tha emtted
fromthe® %%E%%é?@rgﬁ(‘fléﬂéptﬁ?gota‘b?t %Cﬁ&gﬁg g %/Fﬁetshe 8EVESPES ‘(Ladfgc asy to
reach the anode. This is verg1 convenient for the maintaini ng of the arc

di schar g@® ths FRFmed L1 ImPY 8o 938 L NEFOANA G evAPOrst 3R RPpPAraAtEs, it is

al so preferable that the anode of the vacuum arc evaporation source is
conf i gureBfecleh Haatbaheahpo¥pdi dyedany Fiiaddle tIr s arivdel @ur rvbads t he
front part of the cathode, and the magnetic nenber is disposed on or near
an out erppeviphen af fdra ntafgrtelteiQ@temm:te i Ahassfact ahat shepregaesi c nenber
is located in front of the cathode while surrounding the front part of the
cat hade. thaNeepea tdeusnodee | snapeapeovi ded with t he nmagneti c nenber, nost of
the magnetic |lines generated by the magnetic filter pass through the space
w thin the anote.tMV¥ t hitbt syaelant ners evapoaratiioed dppmdthes caihode are easy
to pass through the anode 11 8 Septenber 2005 while not colliding with the

anode. Igrd fier SCeUALAMhe EMBRBMA 1 682 PR VAR PEEO Bighe t1iQ hdeb8F esent
invention, the nagnetic nmenber is disposed so as to surround the front part
and the evaporating face of the cathode.
In the first vacuum arc evaporation apparatus, the

10 magnetic member is not interposedbetween the evaporating face
of the cathode’and the anode. Accordingly, electfons 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 firsvt vacuum arc evaporation apparatus,
itisalsopreferable that the anodeof thevacuumarcevaporation
source 1is 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 cathode.

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 anode. With this, electrons

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

11



of the cathode. Were the nmagnetic nmenber is used as described s88bstembert2005
Jragnetic lines may be attracted to the anode or its vicinity. The effects
conparable with those of the first 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-1ike nenbers, which are disposed al ong the evaparating face of the

cat hode"wht & e N9di ngol btatee otittd dEPEheéipor afPngt i c&2CHiM het €at hode.
Electrons enmitted fromthe cathode are easy to pass between the anode while
not col ¢VaPekR wWieh aria afode acich rdi@drhgridts PresenteBeentsonotthised, when
an intensityof magnetic fieldgenerated by the magnetic filter is increased
as in thegreasic wheneet hiss ddrsgabes eslirsco@sdsot herfeoond phetfodnt heaxcht hode when
it is positioned in place. In the vacuum arc evaporation apparat us

accor di »f the ¢hehpdeserhdmy ehlel magnat i membbersi s sefd sbhedde negadt i C

menber, the nmagnetic field generated by the magnetic filter is attracted to

t he sanoglso s, ithe Mhgheitty- 1 Aeeomei nPeyat tthetaunbercinf apdgeed -citsnes of
force going to the anode is increased, thereby enabling the arc discharge

to be n@i ot ed THE &f SEE0GMRAAYIE i eh dhodbeyefos €1 rbheyLid@sts of this
2s vacuum arc evaporati on apparatus are conparable wth those of 12 8 :

Sept enbgy. 2005, Pﬁ} 16 ShpYRCHLIL 286 oCHBPAT ALhaRKaBRY’ AbHEcelheq.

above-nentioned o ect canbe al so achieved by a second vacuum arc

evaporation appanat U, AGEPTAOR 548 RESEParatus, 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.
Electronsemitted fromthe cathodeareeasytopassbetween
the anode while not colliding with the anode, if the magnetic
15 member isnot used, whenan 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 magnetic 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 is
increased, therebybenabling 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



i nvention, conprising: a vacuum arc evaporation source 5 incl udi $§eptembédnods
.and an anode located in front of an evaporating face of the cathode, the
vacuum arc evaporation source generating stream of plasna containing
cathode materials by evaporating cathode materials fromthe cathode under a
vacuum arc discharge between the cathode and the anode; and a nmagnetic 10
filter for curving and transporting the plasna stream generated by the
vacuum d&he éiapdr ARconts GUTT e YRP A tighietdrprdfatyst o renove coarse
particles fromthe plasm stream and outputting the plasm streamin which
coarse parti clTas dtsowes st re@nedeld) ecilvemmdimal he amdaeresd by hesacamaim ar ¢
evaporation source is nade 15 of a magnetic material. In the second vacuum
ar ¢ evapeicaiion mpper aposationi apppratesatd e dribiing heo anade pafeddret vacuum
arc evaporation source is configured such that when positioned in place,

t he anodevesibayndsohbe ikiagt: partvatutfe £8¢ hedepAhthiwd heyoudde the
second vacuum arc evaporation, it is also preferable that the anode of the

vacuym ane18waRes al | BAtAEHECGind Nghudesde Pldatedy iaf Haint i ke napbers,
whi ch are di sposed along the evaporating face of the cathode while being

| ocat ed o QUL $48 N1 QAR 34N St AGR 0T thize v%%ﬁaﬁh%g %'r 2R vjarbzc%%% &epond

vacuum arc evapor ati on apparatus, the anode 1 t enber per seat
Mok IR LR R A

by evaporating cathodematerials from the cathode under a vacuum

arc discharge between the cathode and the anode; and a magnetic

10 f’ilter for curving and transporting the plasma stream generated
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the plasma stream, and ocutputting
the plasma stream in which coarse particles have been removed,
wherein the anode of the vacuum arc evaporation source is made

15 of a magnetic material.

In the second vacuum arc evaporation apparatus, it 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 cathode.

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 disposed
along the evaporating face of the cathode while being located

outside the evaporating face of the cathode.

25 In the second vacuum arc evaporation apparatus, the anode

13



the anode is increased, enabling the arc discharge to be mai nt & NRiETRer 2005
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 AafventtEnactsmrangtif LaneactuiR vt JengpaiacivntBsmagaetilfzl uding a
cat hode and an anode |ocated in front of an evaporating face of the

cat hode, fitlHernacgrradd nevapoithei anmbesupéengenertdc dg nstsr @grinef 4 asma
contai ning cathode nmaterials 15 by evaporating cathode nmaterials fromthe
cat hode tiedeanade at aurhncae@ s@ids c henajel et weka e cdit $whier gmdtbhdeanode; and
a magnetic filter for curving and transporting the plasnma stream generated
by the wadwtaiared evapar attimmgonageebyca fiednet | cThée ebdvhotagemuse coar se
particles fromthe plasma stream and outputting 20 the plasma streamin

whi cB cearfee thapirbauesdhbyet hesnapeapyveds ,ar seingi dr ddle: anade tefodhe vacuum
arc evaporation source includes at |east one bar-like anode which is

di sposedd ncid opt rb theuBy apes akbivagoraes odf - apher setfode pphithe being
extended along the evaporating face. 25 In the third vacuum arc evaporati on

PR LSS D S 20 aseather e chLETS UL Taane) e
force simplification are secured.
Further, the above-mentioned object ca be achieved by
10 athirdvacuumarcevaporationapparatusaccordingtothepresent
invention, comprising: a vacuum arc evaporation source
including a cathode and an anode located in front of an
evaporating face of the cathode, the vacuum arc evaporation
source generatingstreamof plasmacontaining cathodematerials
15 byevaporatingcathodematerials fromthe cathode under a vacuum
arc discharge between the cathode and the anode; and a magnetic
filter for curving and transporting the plasma stream generated
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 evaporation 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

14



devel oped by the magnetic coil passes through the evaporating fEetanber @805
direction perpendicular to the evaporating face, s the electrons captured by
the magnetic lines are easy to reach the anode and hence the arc discharge
can be maintained since the anode is |ocated crossing the magnetic |ines.
Accordingly, even in such a case of increasing the transport efficiency of
the plasna stream by increasing the intensity of magnetic field 10 generated

by the ragneid ewhiddd an, ihlenarie ydbschaggetiéantheldnaentabped by the vacuum
arc evaporation source without the gas introduction. The third vacuum arc

evapor athfihaPRar aj Userf urd hefic Y seQORRIH Seige fRgnetinesf idft efodbsposed
close to the at | east one 1s bar-like anode such that the bar-li ke anode is

| ocat ed hetsRaiLd s, FRENELGSe FRENRGS | PRh 8 @URBRIR! LAY é@&ﬁopiting cat hode.
O, in the third vacuum arc evaporati on apparatus, it is preferable that

the bar-1ike ;anede 1,5, aade Qf E‘?g%gﬁ&%ﬁ%&e"tbakn 'é‘ﬁﬁSgX@%W”%é‘é&,
evapor at’i onh appar at us, an i ncrease nunber “of fagneti c nes pass

t hrough the anodes or th%Lr vicu:ité SO thai.electrons arﬁ easy to reach
the dnodds SLASESPESGRY FUFRE Y ¢ eARFEE S hTBCSt3 R G het S F el d i s
easy. The above-nentioned object c be al so ach'eved,bg a fgurth 25 vacuum
arc evapdtatnoneappsr Behseak %ra(ﬁ%?ltsc??’[arf@eprc@?eh{e je1rBtaLPeendErc2005

i nvention, conprising: a vacuum arc evaporation_source _including a cathode
and an aRienreedietOFrat pesHosSginghhe magnetic lines. Accordingly,

even in such a case of increasing the transport efficiency of
the plasma stream by 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 introduction.
The third 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 cathode.
Or, in the third wvacuum arc evaporation apparatus, it is
preferable that thebar-1like anode ismade 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-mentionedobject canbealsoachievedbya fourth

25 vacuum arc evaporation apparatus according to the present

15



evaporating face of the cathode, the vacuum arc evaporati on sowW Stember 2005
generating stream of plasnma containing cathode materials s by evaporating
cathode materials fromthe cathode under a vacuum arc discharge between the
cat hode and the anode; and a magnetic filter for curving and transporting
the plasma stream generated by the vacuum arc evaporation source by a
magnetic field to renobve coarse particles fromthe plasma stream and

out put ti;Rg,cHE ithe PlasmR istingam hn YAEGHnCoRFSe fRlgd & eSohawd ieen renoved,
wherein the anode of the vacuum arc evaporation source includes at |east

one bar i ke Anode; whbehoks dimposed Sueh talapoe send:fage g the bar-like

anode is directed to the front of the evaporating face of the cathode. is

| Uhe (SR NACUIEALE SYRRAT QLI ABPLA! Ysc FHen 1N o A 0858 here an

vel oped By magnetic er 1s 1 ncreased

and magnetic lines of.force developped by the nmagnetjc coil passes through
the evafSruCe e NS Eie B9 SERB AT oR L OR> SOBSEAT I T3¢ DR BBAGRLIRS o the 20

evaporating face, the electrons captured by the pnagnetic lines are easy to
reach t Ry QYRRRE AP hEACEOHRE AR 1R ST hAPHE taRa tBedRainsdss Ad@ Si¥ice t he
anode is |located along the nagnetic |'ines. Accordingly, even in such a case
of incréasi dgseherge Refsran thefsaihads agd the aslogavaagdreamddy tilser easi ng
the 25 intensity of magnetic field generated by the nmagnetic filter, 16 8
Sept enbdri 12@05f ¢ heuavae ndi sch rge spar thaameiapdiased $hrear geacumanesr ¢
evaporation source wthout introducing the gas into the transporting duct,
by the vacuum arc evaporation source by a magnetic field to
remove coarse particles from the plasma stream, and outputting
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 anode 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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et O e S N e A AL

as in other apparatuses. Were the anode is thus disposed, el ecBrBREMPST 2000
with 5 the anode, whereby the arc discharge is well maintained since the
Raman radius 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 plasma are transported downstreamwhile not colliding with
the anode is high. 10 Accordingly, the efficiency of transporting plasm

st r eam ithe d mpd s edawvherc aooppariing adirted 1héhehiaauwme no@vape revEporT at | on
apparatus. The fourth vacuum arc evaporation apparatus, further may

conpri seouzckagheho gt fiddmyduti isppsee ghosmtcothber mindwast i vhelucky bar-1i ke
anode such that the bar-1ike anode is | ocated between the magnetic nenber

and theaevapobahield afppee fudde cathode. O, in the fourth vacuumarc
evaporati on apparatus, the anode is made of nagnetic material. In the

vacuum ar ¢ evaparal i e ARRAT 8k UshudilsiIRAsed1 20 -BHENSS1 Df addnst i ¢ |ines

pass through the anodes or their vicinity, so that electrons are easy to

reach ! 08200088, WACLOLIM Ky ot BesBhG dSehalde WL @ Sliing STagnet 1 ¢ field

is easy. e first rth vacuum arc evaporation apparatus, 25 a
DOLSM! Sheh b0, AROIGLLS TRIOEL B he £ial L, oLl Al 7 Septerber
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 transporting 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 cathode.

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

17



of taking no electrical insulation measure for them In this redSeRemberg005
insulation design is easy. 5 Preferably, in the vacuum arc evaporation
apparatus, the nmgnetic nenber is nounted on the anode in the vacuum arc
evaporation source. In the vacuum arc evaporation apparatus, the anode
serves also as a support of the magnetic menber. Accordingly, the support
of the magnetic nenber is easy. 10 In the first to fourth vacuum arc

evapor atd™flexpparat us, a potential of the magnetic nember also may be a
floating potential. In the vacuum arc evaporation apparatus, charged 15
particles are Emtbet‘m@pm BaEIT TaPQ Tt hely APPRE afifhe herﬁd@oﬂéﬂrﬁgﬁt | ess
heat generated by the collision of the charged particles on the nagnetic
menber it gehengt ad, e beddt herek it l oo mpasfunehdomagheri. c herbersi s easy.
The first to fourth vacuum arc evaporati on apparatus, 20 further may

conpri secespenol ititge nechala tsivif adesdgh | g ¢hey. magneti c nmenber by a
refrigerant which is disposed in association wth the magnetic nenber, or a

cool isng nmechamisid b 16nokhnthe Yheuanosie: Ry apolreftiiogespparubish dise di sposed
in association wth the anode. 25 In the vacuum arc evaporati on apparat us,

there Iguh&hanGeerSe 8 %pﬁs@%d%% trhatarddite MRGNEhC vARIRE! drc

excessively heated and as a resul
evaporation source.

In the vacuumarc evaporation apparatus, the anode serves
also as a support of the magnetic member. Accordingly, the
10 support of the magnetic member is easy.
In the first to fourth vacuum arc evaporation apparatus,
a potential of the magnetic member also may be a floating
potential.
In the vacuum arc evaporation apparatus, charged
15 particles are hard to approach to the magnetic member.
Accordingly, less heat generatedby thecollisionof the charged
particles on the magnetic member is generated, and hence the
cooling of the magnetic member is easy.
The first to 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 In the vacuumarcevaporationapparatus, there isnochance
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it is defornmed, danmaged or the. like, or there is no chance t hat 8 SeptembauH05
is excessively heated and as a result, it is defornmed, danaged or the |iKke.
51nthe first to fourth vacuum arc evaporati on apparatus, the cathode
maybe made of carbon or a material mainly containing carbon. In a case
where the cathode is made of carbon or a material rmainly containing carbon,
the maintaining of the arc discharge 10 is very difficult for the prior art
t echni qlibatdiha RagpeRdc hemaer tifeeyaeaamvely keaped anicbasapasstlls accor di ng
to the present invention can maintain the arc discharge in the strong
magnet i ¢ tfield¢ fevawed,f dahagedthoddrs $ 1kadeo vfthe i bomo wdtagrdealthagnd no gas
introduction is nmade. This feature will produce 15 effects that are nore
advant agaeusmodBRE EFe RESCH V1 ONe@E e BHEN ORAV NES Hitg. 1t isdaforoesd, secti onal
view showing a filmformng apparatus with a vacuum arc evaporation

appar at ysmhgear per ahed1i2@ .t hereinto; Fig. 2 is an enlarged, front view
showi ng a portion including a cathode, an anode and a magnetic nenber; Fig.

3 isga di agram,shvrngsa €b HourliH vapuah ABERRLELLrddits aphakateg,in a
region including the cathode and the anode 25 and its vicinity in the

vacuum ahg &‘@M&B&Q%e@?{@é BUSarddh %g%@ﬁ%%@’?@%l%%%ﬁ/ BonfaifiggCr 0SS

sectional view showng a key portion anot her vacuum arc evaporation
apparat g pon.

In a case where the cathode is made of carbon or amaterial

mainly containing carbon, the maintaining of the arc discharge

10 1is very difficult for the prior art technique. On the other
hand, the vacuum arc evaporation apparatus according to the
present invention can maintain the arc discharge in the strong
magnetic field even if the cathode is made of a Carbo.n material

and no gas introduction is made. Thié feature will produce

15 effects that are more advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing a film-forming

apparatus with a vacuum arc evaporation apparatus incofporated
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;
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Fig. 5 is a diagram show ng anot her arrangenment of the nagnetic??ﬁﬂﬁ%ﬁ?rzgos
.Fig. 6 is a cross sectional view show ng a key portion of yet another
vacuum arc evaporation apparatus; Fig. 7 is an enlarged, front view show ng
a portion including cathodes, an anode and a magnetic menber in a vacuum
arc evaporation apparatus which uses two cathodes; 10 Fig. 8Ais a front

vi ew showi ng anot her arrangenent of anodes and a nmagnetic nmenber in the
vacuum ar ¢ evapbd atd oif aappasst 68CtErgalgBipy ahswdadvireteghoor hgothe sane
as Fig. 8A, Fig. 9Ais a front view show ng yet another arrangenent 15 of
anodes aofl anoblgeet vecwenbarci aveheraddonmeaperetayscrati on apparatus; Fig.
9B is a side view showing the sane as Fig. 9A; Fig. 10Ais a front view
showi ng an addfrid oralisamr digegmrant sholviagodastasd armaggeteatneibehei n t he
vacuum arc evaporation 20 apparatus; Fig. 10B is a side view show ng the
sane as fh@nedOA mefib8r; 11 is a cross sectional view showing a filmformng
apparatus having a prior art vacuum arc evaporation apparatus; Fig. 12 is a

di agraam show ng; @ di sty labutbeR 9E-RREGARNI Gie?OshbRes g0k kOYCSoHPign! €gi on
i ncl udi ng the cat hode and the anode 20 8 Septenber 2005 and its vicinity in
the Fig ol YACUIBRALE GYERORALEONCBRPBEGLYSH @BHaratus;
Fig. 7 1is an enlarged, front view showing a portion
including cathodes, an anode and a magnetic member in a vacuum
arc evaporation apparatus which uses two cathodes;

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

Fig. 8B is a ’side view showing the same as Fig. 8A;
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 1is a side view showing the same as Fig. 9A;
Fig. 10Ais a front view showingan additional 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 a 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 anode
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Fig. 13 is a cross sectional view showing a filmforming appara$ GSPHERPFAP0R
prior art vacuum arc evaporation apparatus s not using a magnetic filter.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fig. 1 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 nagnetite wnisddrert y intthee Fidmifioragugn appavaipes afidn gppatatla;t he

figures, like reference nunerals will be used for 1s designating |ike or
equi val eghgportions in the prior art filmform ng apparatus shown in Fig.-
11, and description wll be given placing enphasis on differences fromthe

prior art film§gorm A9 ARRYA YecthBnbey Vas WHB @A Gy QVaPPhaEh PRI AGPar at us
designated by 20 reference nuneral 10c, a cylindrical or annul ar fragnetic

member - 401 5, FRUTA O A8 OULEL - PRH AN Al PBLL 8L 1OK LOgkE£Bhs OF
annul ar anode as stated above In a vacuumarc gvaporatlo source 20. The
nagng}ic nbern46 isaﬁgt at %'R %%ntial equal to the anode 36 (it is
groundedn?n et &nbodi ﬁFf. 5 stated above, the anode 36 is located in
front of an 21 8 Septenber 2005 evaporating face 32 of the cathode 30.
Accordingly, the mgnetic nenber 46 nounted on the outer peripheral part
thereof is also located in front of the evaporating face 32. Wth the
nounting of the magnetic nenber 46 on the outer peripheral part

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 1 is a cross sectional view showing a film-forming
10 appératus having a vacuum arc evaporation device incorporated
thereinto, which is constructed according to the invention.
Fig. 2 is an enlarged, front view showing a cathode, an anode
and a magnetic member in the film-forming apparatus of Fig.
1. In the figures, like reference numerals will be used for
15 designating like or equivalent portions in the prior art
film-forming apparatus shown in Fig. 11, and description 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 a 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 anode 36 is located in front of an
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s of the anode 36, the anode 36 is |ocated between the nagneticgﬁﬁﬂﬁgpqﬁ?os

.and the evaporating face 32 of the cathode 30. The nmagnetic nenber 46 nmay
be nmade of a ferronmagnetic material, such as iron, nickel, cobalt, an alloy
containing them or ferrite. Specific exanples of those materials that 10
may be used for the nmagnetic nenber 46 are structural carbon steel (e.g. ,
SS4000f JIS),ferrite stainless steel, martensitic stainless steel (both of
t hem ar evapgrettiicicst fand eS8 sifethe diitFedeanti0 CoPRccdhd imggiyet | therenber 46
t hus di sposed configures a 15 distribution of the magnetic |ines 58 of

f or ce -deaejneped hymbthel grRgnatied dn lther o®e £ eeadighe ra Inpgpettilte cod f 54
thereof) in the region ranging fromthe cathode 30 to the anode 36 in the

vacuum ar a¥appsad t 88 iSPYHeR 20 fSthae dap e tSiid el Bor  whennaidat ai ni ng
of arc di scharge between the cathode 30 and 20 the anode 36. - Specifically,

Wi th thgndmlttqtdtqﬂefocfhé Hsgml%tm&nﬁ@mon%@eu%% Bélirg%hg?éh%@' part of

the anode 36, e magnetic i nes devel oped by the nagnetic coil 54 of the

hows 205 KPE 5089 62 A (R A 10 Lher el Ve CRORE e TR0 Toa 22
Cta vi G, Sord byl 15 e e[0T | pect Betpas R RBCPRr ddgh & regi on
o o, SR SRR RS S0 20 L P ¢ gy e vecuum

material, such as iron, nickel, cobalt, 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.g., SS4000f JIS), ferritestainlesssteel, martensitic
stainless steel (boéh 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 coil 54 thereof)
in the region ranging from the cathode 30 to the anode 36 in
the vacuum arc evaporation 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 1inFig. 3. Accordingly, themagnetic lines 58 that are directed
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5 in nunber. This phenonenon occurs also when the field strengt%se%tFmPﬁrezoos
~magnetic filter 50 is increased. The magnetic |lines 58 thus configured in
distribution effectively contributes to the naintaining of the arc

di scharge in the vacuum arc evaporation source 20. As the result of 10 the
increase of the flux density, of electrons that are emtted fromthe

cat hode 30 by the arc discharge, those electrons that are captured by the

nmagnet i Ct b idiRS 258 4@l 3608 £8- HATSIchent B8 UG apd et 2R B3&-and bisivicinity,
and reach the anode 36, are increased in nunber. An electron 37 reaching

the anodg; 36,18, 15414 ustdated dip mRdel ther mih@s':'sg-%éssi/%&htﬁ%égh't he'

initial arc discharge and tHe nmaintaining of the subsequent arc discharge

are easy, i 4fig, VAGHN AT E- Gy AR ALIADSOUCE 20n WGEEDY 3 kNEyg af € di schar ge

is stabiTi%z ing is true r the case whére an intensity of
the magnetic féeLd t he n%gnetic 20 filter 50 i;¥§ncreased. Also in a
case whefE-the ¥r1‘5‘n€%%rvtaﬁcﬁlél RFE & VERAF 0O SSYF 8 Ut 2pFasHas TS i nproved
by increasing an intensity of nagnetic field devel oped Ey t he magnetic
filtér 5onPHRESErc This TUHY BECRE AR 1 I BB B Srai AL R HeRTH™R he vacuum
arc 25 evaporation source 20 wi thout introducing discharge 23 8 Septenber
2005 mai9f il fipgpatie. §ilterer? §asincramsperting duct. Accordingly, the
transport efficiency inprovenent of the plasma stream 38 in the nagnetic
filter 50 and Thee magneli sehbkrres Ihittes manfidaes aclivi Bl tehapor at i on

source 20 can both
effectively contributes to themaintaining 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 emitted
from the cathode 30 by the arc discharge, those electrons that -
are captured by the magnetic lines 58 of force passing through
the anode 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 initial
arcdischarge andthemaintainingof the subsequent arcdischarge
are easy in the vacuum arc evaporation 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 source 20 without introducing discharge
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5 be secured w thout the gas introduction. Thus, the fil mform%se%ﬁrﬁg?raztogg
havi ng the thus constructed vacuum arc evaporati on apparatus can forma
film on a substrate 64 at high rate in a manner that the plasm stream 38
is transported at high transport efficiency, while renoving 10 coarse
particles, and further can elimnate the adverse effect on the fornmed film
by the gas _intraducti on, Those advant ageouys. effects_may .be ac ietved by very

si npl e rJfélttra&@ﬁn@n, G, , e‘pg?( ovi s%%_%r f Phe’ maéﬁélpisgo mHer i s fact
507 s AREo5R Lo ot oF CRn R RROR LA T M 1Y CBRE AP ORI

mai ntai ning of the arc discharge is very difficult for the prior art
t echni q3éread feddri bed Bpgetion it st mHt #AdthenerFndedsChét I@an

maintain the arc discharge in the strong magnetic field even if the cathode
20 30 i saindeiofing éar bbA WACEHMair @relVaRC HRAS1IPNt FQYICE i dh dan eddr  This

feature will produce effects that are nore advantageous. The potential of
t he smaghet isecnemroewidhowy the expmlintoradatt oént he anode 36, a floating
potential, or a nediunpotenti al bet ween the potentials of the anode 36 and

t he cat hode 3@hufhe tRE reabonfbéomihbi sapsathabswhiadvisg i mpar t abfud or t he
magneti cnmenber 24 8 Septenber 2005 46 is not its potential, but its function
to attraschsthectegnebicoun hheseb8pandtidbhegpps hetutociher anwde f36.m The sane

thing is true for other enbodinents. A sinple way to put the magnetic
menmber 46 2BApkRe a3R068 at high rate in a manner that the plasma stream
38 is transported at high transport efficiency, while removing

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

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

20 30 is made of a carbon 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 amediumpotential

between the potentials of the anode 36 and the cathode 30. The

25 reason for this is that what 1s important for the magneticmember
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. . . ber 2005
5 36 at the equal potential is to nount the nmagnetic nmenber 46 8gﬂﬁ?ﬁemﬁnode

36 as in the Fig. 1 case. Another way is to place those at different
positions and to electrically connect them to each other. Were the
magneti c 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 - insulation design is.easy. Fig. 5 shows an,exanple structure
wher et hb S5t FhF PP e haBbci rahetadd SUEERC AL AR TR S5t ng
potential, In the structure, as shown, the netjc menber 46 is, disposed
is closeliteamsf # HQEQE$cﬁh%W'%%rﬁghépgpegggt of REh&2BROHRIRE. 1S n this

case, an insulating material may be interposed between the nmagnetic nenber
46 and theuanbee FenepherbeRenahlfetic nenber 46 is set at a floating
potential, charged particles, e.g., ions, are hard to approach to the
magnet i ¢ menbek s48pl20wAgcor diviglthe hagseheatmeeper Aednbythdeamade i si on of
the charged particles on the magnetic nenber 46 is generated, and hence

t he ool 36 toftthequaedgnebitenteriern s46oi soeasythdheagaghet i memeabet 646, as
descri bed above, is preferably |ocated outside the anode 36 (as viewed in
t he radieh tdier aabden3e 2 ah the mipda 368e0r Moswhar dvadf itsheo ghbglee 36 (as
viewed in the 25 8 Septenber 2005 traveling direction of cathode naterials

34) . IncddeataidgerchiepdBgnebhs dmiBer e46cks ipheler ebhie8t sposed so that
the anode 36 is |ocated between it and the evaporating face 32 of the
cat hode @0.cddh $2néene, nhbeeMBYLaHd n BB elertle 3 @8hd BLEMPRSEE 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 outer peripheral part of the anode 36.
In this case, an insulating material may be interposed between
the magnetic member 46 and the anode 36. When the magnetic
member 46 is set at a floating potential, charged particles,
e.g., ions, are hard to approach to the magnetic member 46.

20 Accordingly, lessheat generatedby thecollisionof 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, is preferably

located outside the anode 36 (as viewed in the radial direction

25 of the anode 36) or downward of the anode 36 (as viewed in the

25



5
5 between the evaporating face 32 of the cathode 30 and the anodsept%rgberzoo

. Accordingly, electrons 37 (Fig. 3) that are emtted from the cathode 30 and
captured by the nmagnetic 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 nmedium 10 potential, it is especi ally preferable to dispose

t he nag%egbﬁélpﬁgglrecgl cﬂ?@gkﬁnﬁd ab ve s34ne €33 %@eg%mﬁgf magnet i ¢

menber anode™ 3% %ar 674 e equa pote t'i al, enagnet’ d menber

46 d d a t of th wh f t I
10, RReOATLSELED AR, REIL, BL VIE R0, MDY SHEd QT Bl ect 12

menber 46 as rrentl oned above. . By convention, an annular arc spot confining
pl ate 486 hﬁdéOSfitﬁﬁgﬁéW@eﬁaﬂér rad §Bﬁe?i"ﬁé’§’r|astl&rgoxﬁ|a§€d @nOt héh&ut er

peri phery of the cathode 30 as in the instance shown in Fi 4. The arc
spot cogkithpAdg 3 at & f4se dengl Uste WRghethe marRRsr 46ilmgnob i pRzest the

cat hode 30, while surrounding the evaporating face 32. Since the arc spot
conf $ni bgtpleanethﬂ@ evepeathd iofg faagne? icf theesd@hode t30shageshea amagieet i ¢ f 1 ux
derived froma magnet 22 and confines a novenent of an arc spot within the
evapor atliong faRoo32inglyhe leatthodes 30. (RbgThy) ahetspoé auinftied Mgop ate 48
with such a function and 26 8 Septenber 2005 the magnetic nenber 46 may be
conbi nedhiencd8Boddh®0 sk dafitigred ®t the hagnetherl enbodigieytt Fdredbe gi ven

| ater. The arc spot confining plate 48 and the nagnetic nenber 46 are quite
di fferente &5 t@neRa@ihehel inbhei 36 ) 0Gaf hoBss@bhd HONCIHORS L e idQSCT i bed

at themagneticmember 46 is the floating potential or the medium
10 potential, it is especially preferable to dispose the magnetic
member 46 as mentioned above. In the case where the magnetic
member 46 and the anode 36 areat theequal potential, themagnetic
. member 46 may be considered as a part of the anode when viewed
from an electrical standpoint. Accordingly, it is nct
15 essential to dispose the magnetic member 46 as mentioned above.
By convention, an annular arc spot confining plate 48
made of magnetic material sometimes is provided on the outer
periphery of the cathode 30 as in the instance shown in Fig.
4. Thearcspotconfiningplate 48 is flushwith the evaporating
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



5 above. Accordingly, in a case where the arc spot confining p% g?pte% er2005
_provided and the magnetic nenber 46 is not provided, it is inpossible for
the arc spot confining plate 48 to produce the operation and advant ageous
effect as those of the nmagnetic mnenber 46. The position at which the arc
spot confining plate 10 48 is located is not the position at which the
magnetic nenber 46 is located, viz., in front of the evaporating face 32 of
t he cat hadenadnanic meabdhd éanegeo S @omicicedliingl ye . t HEharsames phtingonf i ni ng
pl ate 48 cannot have such a function that the nunber of nagnetic |ines of

force gekngrie® fidrecanedeeBbodsmdhtisnts easedvea hatei ai MHdhearar spdkscharge in
a strong magnetic field. If a distance LI between the evaporating face 32

of the ceathagdaqg3N Andsbhenodradhe tabthenisdissl aage i heliveearthe
evaporating face 32 and the magnetic nenber 46 (see Fig. 5) 20 is too snall,

a Spr ea@;?ﬁl dden Yrhdl SENAH I 19c3MIdns bhalMase: i st %@CééSE‘E?bEBO large,

is difficult to maintain the arc discharge. To avoid this, those

i stances ofe seLesiggiD, "%ﬁkﬁé fF SN0 BT RGIEAR S, o
inventio 7 Sept enber be descri the first odi nment
descri bgg ESO LSRRV HAY (ﬁ H]Baé‘IP ijfblcl 25 %5|4 ehS tapﬁ?glléngrom t he
anode 36.. 1In the s odlnent, owever,, homm n Fi , the anode
36 in thE vadmaRes Ci@vgas 38R Cotir bEorg irirmalace 18 o poadce

the operation 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 is 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 a distance L1 between the evaporating face 32 of the
cathode 30 and the anode 36, and a distance L2 between the
evaporating face 32 and the magnetic member 46 (see Fig. 5)

20 is too small, a spread of the arc discharge is small. If 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 to 120mm, more preferably 50mm to

80mm.

25 Another or second embodiment of the present invention
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5 of magnetic material (ferromagnetic material as already descﬁﬁ%@ﬁ?ﬁﬁﬁaoos
‘the sane thing is correspondingly applied to the other enbodi nents), and
functions also as the magnetic nenber. By so constructed, the anode 36 per
se attracts the 10 nmagnetic lines 58 of force generated by the nagnetic
coil 54. Accordingly, t he nunber of nagnetic lines of force going to the

anode 36i\§ bacheg ?gbeil Sg?ﬁttﬁ%‘efﬁf&dé erer@eer%ﬂa&’ %jcfrl WEL N al \?eed ina

strong nagne he ‘case ciency o

transpo the Iasna stream 38 is increased 1 ncreasi n e field

st rengt ﬁth HE® E’éﬁn@?f‘%eﬁ ??ef’sﬁrovf%%da?%pd g%gyg r%%etqbee ‘%ﬁ?% ai ned

W t hout ntroduc the gas. i ortin t 52.. ere t he magnetic
menber 3@ st Bb?déaceaﬁ rEPE mFP %P € &tod vg, table for
t hose nenbers may be 20 sel ected |ndependently, a naterlal SU|tabIe for the

nagnetl@hﬁeﬁﬁéﬂe4é6lénsEP%cY@ﬂu%ﬂdaECH%Y%P?%? SeMt SDHECE of 0 tie BAfRIe 36 s
selected. In a specific exanple, copper being high in electrical and thernal

condBict iofi tyagretsed Hafrenhl arldes r3gagraid st Macedial cas bed rrad being
cheap and high in magnetic 25 perneability is used for the magnetic nenber
46. Whedestchreé b28l, 8 aBahttérberm20th imgodes 36 rire spwdel iofg ly fagrrlaredyriat i ¢
material to additionally have the function of the nagnetic nenber, the
nunber . thk et ethbebimeEonent, patd sfusct edosedlandashéheomatgniedticon i s
simplified. The sane thing is true for the remaining enbodi nents.
member.
By so constructed, the anode 36 per se attracts the
10 magnetic lines 58 of force generated by the magnetic coil 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 stream 38 is increased
15 Dby increasing the field strength of the magnetic filter 50,
the arc discharge can be maintained without 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 36,

and structural carbon steel being cheap and high in magnetic

25 permeability is used for the magnetic member 46. Where the

28



5 The magnetic nenber 46 is heated by charged particles penetrgtﬁeﬁbemberzoos
thereinto, radiant heat radiated fromthe cathode surface and the like to
i ncreased tenperature. To cope wth this, it is preferable to use a

have an
cool i ng
cool ant .

speci fi c2RHedns’

cool ant
46. The

enbodi nent s.

mechani smfor cooling the magnetic nenber by a refrigerant,

e.g., a

By so to doing, there is no chance that the magnetic nenber 46 is
excessi vel he%%ed and as a r

def d d 1k
SLaReRtnat Fetr praphel Bg EACETEA C8TRARE LRl DS i on &

flows on_and al ong the peripheral surface of the nagnetlc menber

hawe tER Hpasiew o d‘%nee%gﬁﬁltﬁﬁlr%ﬁ%q EferinpRr Pdet i heed

| na case where the anode 36 is nade of a magnetic material to

addi t i onadmgo eIV PR St LndtabiFest AR igRaste urdiissy 1 sasimpht feedig. 6

case, it

anode 36ThBysame doiigg theteueésfop thancema20inbaembheiawrodes .36 is

excessively heated to be deforned, damaged or the |ike.

is preferable to apply the cooling mechanismas |ast stated to the

The sane thing is

true sf or the othemagiodiaaenntbe ThES viar heatard ey aporsge drpsotit €ee20 may be
provided with a plurality of cathodes 30. In this case, an anode 36 and a

nmagnet i Cpamebest Ay tafe rednsdd, uehadaaboveat rayd ke dis Edogoanerd ¥t RS54 or t hose

cathodes 30. Fig. 7 illustrates a case where two 29 8 Septenber

2005

cat hodessépféé@a%@eéhem%ceammham&:ﬁé@s@@@@ﬁ &add d.heTonagpst i
nmenber 46 may be oval in flat surface shape as illustrated or elliptic. The

PR §g%5”%tf9£ FBec£aB8e LR L2 1R 18P0k 3Rah SsHBIS o Bif@gnetic

sane thi
mat eri al

10

15

20

25

to addifionalt

the magnetic member by a refrigerant, e.g., a coolant. By so

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
cooling pipe through which a coolant flows on and along the
peripheral surface of the magnetic member 46. The same thing
is correspondingly applied to the remaining embodiments.
In a case where the anode 36 is made of a magneticmaterial
to additionally have the function of the magnetic member, as
intheFig. 6 case, it ispreferable toapplythecoolingmechanism
as last stated to the anode 36. By so doing, there is no chance
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 anode 36 and a
magnetic member 46, as constructed above, may be used commonly

for those cathodes 30. Fig. 7 illustrates a case where two
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5 have the function of the magnetic member. In either enbodi mend SeRtREberAfs
.36 of the 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

nmade of @ iX0 marervad- ame SRR 8sthfaanrimera enfekPer. The

anode 36 or magnetic nenber 46 so shaped as to surround the front part of

t he cat oagndsi Gomgapele 46 tDBYI e neviber lnhdSleter susfaeet isbapdes @brcul ar,- -
oval, elliptic, or square, or an annular nenber (involving a plate with a
hol e forikedidteseed)or EHid ipgdason Thy sheeanbnieg 36 itsuso felraped ¢sséhat the
anode 36 hardly intercepts (hinders) the cathode materials 34 20

evapor atihgrd ramdiei €8 abde o f ate g2 tdfc hdee £84 hadea 01 ansh & heypl asma
stream 38 derived therefrom Were the anode 36 1is thus shaped, if the

intensity,@f the regeetds sietHeohathetinagnabiee . filter 50 is increased, the
magnetic lines 58 of force generated by the magnetic coil 54 pass through

the space insifde Zpribe 4RN0YGiREnt2S tHBOW R Higd.ofl%nhN¢dLdith Sarél ectrons
37 30 8 Septenber 2005 emtted fromthe cathode 30 do not hit the anode 36

but easily, pcpﬁé@mmet be %graf%%ff@wa gl %'ea;fe ggxg;gg&epﬁngéf ects

resulting?ro_m e provision o ( gnetic ne e case where
the anOdlen %qgcse,n%%es%];rtoﬂ%drsmgﬂgt f}?oH?tzaeéf@lof the cathode 30. The

magnetic member 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 same.
In an alternative, the anode 36 is made of a magnetic material,
and serves also as themagneticmember. The anode 36ormagnetic
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 (involving a
plate with a hole formed therein).
The reason why the anode 36 is so shaped is 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 Iﬁagnetic 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
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s and serves also as the magnetic menber are nore manifestly pSgRfewher 2005
.Anot her structure of the anode 36 and its arrangenent in the vacuumarc
evaporation source 20 is illustrated in Figs. BA and BB. As shown, a
plurality of bars (two bars in the to illustrated instance) are disposed
along (e.g., parallel to) the evaporating face 32, while being | ocated
out si de the evggprating face 32 of the cathode 30. Also, in this instance,

as in tHRUiHRGACOMEBECE HOAR ot Nt hblindie EHedS St Pphreasbivt he
cathode 30, if the field strength devel oped by the magnetic is filter 50 is
i ncr easerhseltdgorghsthai sangl. f Asmandd ngashodbe3advanrbagasystof pastst hr ough
the anode 36 while not hitting the anode 36. Also, in this case, it is

suf fi ci emsulo jprovimen tidhe pragnetion wEmbeesmédgnat iposemnbensddhdchofir e

|l ocated in front 20 of the evaporating face 32 of the cathode 30 and near

t he anodgse ¥assSperifd ¢alel ¥nods B8 tbhem&kH@sSof Sthanth Ghet NSticerishe
magneti c nenbers 46 are di sposed such that the anodes 36 are | ocated

bet ween iie J@gned i £1 s@bershdbnagethe fvaperabirg ndracana? ffsthe cat hode
30 and close to the anodes 36. In an 25 alternative, the anodes 36 nay be

made of . ymgneiic 31 8 Septenber 2005 (ferronmagnetic) material so as to
additionally have the function of the magnetic nenber, instead of provision

of the magnet i, RIDE S oAl 8 Ithd M GRSFs JNE RINGLLG, JHIBSL S 46 or

t he anodes

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 outside the

evaporating face 32 of the cathode 30. Also, in this instance,

as in the instance where the anode 36 surrounds the front part

of thecathode 30, ifthefield strengthdevelopedby themagnetic

15 filter 50 is increased, electrons emitted from the cathode 30

are easy to pass through the anode 36 while not hitting the
anode 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 of the cathode 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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5 36 made of a magnetic material draws, by itself, the nagnetichFWﬁg?mggng
-force devel opedby the nmagnetic coil 54 o f themagnetic filter 50 to the
anodes 36 or their vicinity. As a result, the nunber of magnetic |ines 58
goingto the anodes 36 is increased, and this enables the arc discharge in
the strong magnetic field 10 to be maintained. Accordingly, also when the
intensity of the magnetic field generated by the magnetic filter 50 is

i ncr easéderrerpaersdsd N i rahspars terArdtdnep Loy hae phadvacdtiodam 38  as
in the above instance, the arc discharge may be maintained in the vacuum
arc evapér sheonagoet e RURR T hobt st eed ocdbiqd iy idion e e magsatie - - -
transporting duct 52. Yet another structure of the anode 36 and its
arrangemenberpssdiol.l ustrated in Fig. 9A and 9B. In this structure, as shown,
one or nore nunber of bar-1like anodes 36 (one bar-like anode in this

i nstance) mayAbeodisposiedcaBef,r ohe mdgridtel evapdrertd Ag 2P tiacanddeaf t he

cat hode 30 whil e being extended along (e.g.., parallel to) the evaporating

faces 3236l Maddior eas€gnétic ndtdriLsslJsal bl0i tis€l £ he trgheyne tTember 46
and to make the anode 36 of the magnetic material. Also in a case where an

i ntensi tynak sgnebieeldficdd oy \f%&%@&éeglmgr@ﬂttﬁefnh%@&l@ is

i ncreased and magnetic 32 8 eptenber 2005 lines 58 of force devel oped by

the magpeqic Copl 54t éséﬁéd{eﬁr 9l the qvanarali 'H}Q g%e 3%es'& tthe

direction. per-pen Icu ar evaporati ng face own in 12, the

ggegarOEﬁe%naneDé&f8anB¥1E*lE‘1n'£%9§§¥; ‘in'g‘ﬂ‘oeéhégn%dés%aéi’s ERa"r%%%th he anode
- and this enables the arc discharge in the strong magnetic field
10 to bemaintained. Accordingly, also when the intensity of the
magnetic field generated by the magnetic filter 50 is increased
to increase the transport efficiency of the plasma stream 38
as in the above instance, the arc discharge may be maintained
in the vacuum arc evaporation source 20 without introducing
15 the gas into the transporting duct 52.

Yet another structure of the anode 36 and its arrangement
is illustrated in Fig. 9A and 9B. In 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 is 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

32



5 hence the arc discharge can be nmaintained since the anode 36 8issep$egbb§f%%05
«crossing the magnetic lines 58. Accordingly, even in such a case of

i ncreasing the transport efficiency of the plasma stream 38 by increasing
the intensity of magnetic field generated by the magnetic filter 50, the
arc di scharge can be 10 naintained in the vacuum arc evaporation source 20

W thout _introducing the gas into the transporting duct 52. Also, in the

Fi gs. QA%ﬂﬁf@@P§£Q£QQ¢@N%%%R%@P5qﬁ%%égnegécﬁ%fhéﬂBPé§?&£ﬁ§ﬂuqme anode
36 may be nade of a magnetic__(ferromagnetic) material, as in the Figs. BA
.and- 8B ddseeverorstihng £ase iBildythkedimgréire perberdieulpr £@ thrated in
front of the evaporating face 32 of the cathode 30 and close to each anode
36. Spedivapealdting facs, susf $heweritn Fogdilspotke tehe ctimugre8 i capidizad 46 such
that the anode 36 is |ocated between the magnetic nmenber 46 and the

evapor atoyng hleaaa gd2 tdfc tlieesatddodee 2@ s30,tcagdacit hdriagrndO A amcth®B case.

If so arranged, the increased nunber of magnetic lines 58 of force pass

t hr oggh rteneale the anedradGe anf BéefiiMDSindd &1 Lc€aSye tanddacds t he anode
36. Accordingly, it is easy to maintain the arc discharge in the strong

nmagneti 6 f 18kdtedScroéHhHanaRRdRHiIlUCEiHES 88d IAScHFd AWEPEMya € shown
33 8 Septenber 2005 in Figs. 10A and 10B. At |east one bar-1li1ke anode 36

(one anqde syl sheaggl&gtm@%@éis1:@@@9&%4&5&&@@@@1%&%&% e end face

35 of the bar-li1ke anode is directed to the front of t evaporating face

32 of trﬂaq_a(\s%tahgg§e§8'3%@Oinggeggkﬁgcﬁg’iﬂttensity of magnetic field
, generated by the magnetic filter 50, the arc discharge can be
10 maintained in the vacuum arc evaporation source 20 without

introducing the gas into the transporting duct 52.
Also, in the Figs. 9A 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. 1In
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
anode ‘36. Specifically, it is sufficient to dispose the
magnetic member 46 such that the anode 36 is located between
the magneticmember 46 and the evaporating face 32 of the cathode
20 30, as in the Figs. 9A and 9B case.
If so arranged, the increased number of magnetic lines
58 of force pass through and near the anode 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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s is not essential that the magnetic nenber 46 is provided or §§gptgrr1]18ge20§)8
.I's 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 coil 54 passes through the evaporating face 32 in the direction
subst antimaFliys . pethendi tOBar A liehs tevapbeat-ilige asedgB6 denshwowden Fi g.

12, the electrons 37 captured by the magnetic lines 58 are easy is to reach
t he anodien BBeandl laeticet ¢dhe resrtardiesic harager arage d e uchi nhat e esdne=@as shown
in Fig. 10B, the anode 36 is |located along the magnetic |ines 58.

Theref orys &FeBhenbsuch ikecasodd iLBCcHEaRchgd the thangpont efff ittiency of
the plasma stream 38 by increasing the intensity of magnetic field

gener at ed; 6 tdrei fRGRR 82f blft ehe 282 Btbdd M aMa &, S¢Rat BEs Cadsde i nt ai ned
in the vacuum arc ~ evaporation source 20 without introducing the gas into

the gt rairgs%{g NG AUGts 9%h Mhang %@J&Qﬁ mbudSr t4WIS ardngefky the Ranman

radius of the electron 37 emtte om the evaporating face 32 is small 25
in the r@g? i c fi : o ' Y. e 7 [ ept enber
2005 wit ﬁag{oéjn%dfe‘é gLGS %gao&)% ﬂdaft]gét h%a(iﬁegtldél ?ﬁ%%ﬁa?'s \?\QH l%g}%%a%néd. On

the ot h.etrh hand, . i lgsmgn t he. éaesa{rae- tream,; %nar %eh avy, t ior Raman
radi us i€ IeRACar§ePaY Hah TR HICT TS S&AFoNE gllg%(t’ hg&gaad?%g % 1cm or
Larger al RN IRl dn SRS EE 201 S Ceat s
Also in a case where an intensity of magnetic field
10 developed by the magnetic filter 50 is increased and magnetic
lines 58 of forcedevelopedbythemagneticcoil 54 passes through
the evaporating face 32 1in the direction substantially
perpendicular to the evaporating face 32, as shown in Fig. 12,
the electrons 37 captured by the magnetic lines 58 are easy
15 toreachtheanode 36andhencethearcdischargecanbemaintained
since as shown in Fig. 10B, the anode 36 is located along the
magnetic lines 58. Therefore, even in such acase of increasing
the transport efficiency of the plasma stream 38 by increasing
the intensityofmagnetic 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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5 intensity of the magnetic field) . Accordingly, the ions do §5¥pﬁp§w{%Q95
,anode 36, and hence, a probability that the ions are transported downstream
is high. For this reason, the transport efficiency of the plasm 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 magnetic nmenber 46 hinder the transportation of the plasma stream 38,

it is suggeltthg aneda & hecdivdetbs are dtRehaEgret § evatdnBeintasgngde for ned
to be as thin as possible within a range of their 15 thickness values wthin
- which a endlileocsherdhsndariyens sirséberpdasnal soream Ihea@ geaviOAandd 10B
case, the magnetic nenber 46 may be provided or the anode 36 may be nade of
a magnet theif fRamamagkiu )i staterh dlarager thihe tRagso f9Ahandl88tcass. In the
case using the magnetic nenber 46, it is located in front 20 of the

evapor at3ng(fpserddieé ibeleat bede a3geand lalheseyt o Lagdpeddoden 3bhe
Specifically, it is sufficient to dispose the mgnetic nenber 46 such that

t he anodenB6ni st osat ek bRiyeenict heeMagNEtA L sRIDEG 1 aNdLhBe; 8Mgpabat i ng
face 32 of the cathode 30, as in the Figs. 10A and 10B case. 25 If so

arranged, ot g § ngLasphuEleLnf HERgRet kCpkbpes 33t SaRLEFREr 18495 58 of

force pass through and near the anode 36, and elecirons 37 are easy to

h th i hal S I t 227 ' h
(i sohar G- en B TP oRG ener e R o4 LB T Yore WG L otk 108

cases, tpgégggég{sef¥Hciency 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 magnetic
member 46 hinder the transportation 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 thickness valueswithinwhicha stablearcdischarge is secured.

Also, in the Figs. 10A and 10B case, the magnetic member
46 may be provided or 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
anode 36. Specifically, it 1is sufficient to dispose the
magnetic member 46 such that the anode 36 is located between
the magnetic member and the evaporating face 32 of the cathode
30, as in the Figs. 10A and 10B case.

25 If so arranged, the increased number of magnetic lines
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5 the setting of the potential of the magnetic nenber 46, mhethéébpﬁpﬁWB?OOS
the magnetic nenber 46 is coupled to the anode 36, and whether or not the
cooling nechanismis coupled to the nagnetic 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 nmade of carbon
or a material mainly containing it, as in the previous enbodi nents. For the
magnet i c5Bi ¢ £ efo3ee R@S@a@héppghfﬁéﬁdnﬁﬁydéuiéﬁ¥mﬁ$ 3fhi endegieaisonAd curves
al ong the transporting duct 52 by using a plurality of permanent magnets in
pl ace of 3Tharengaseyi tocoehchstbd. ahadehB§. cakecordhenly pokkrisoadsyg 56 i s
not required. The transporting duct 52 of the magnetic filter 50 may

el ectricabl yabetginundedase dibichargel tage suyobe appnesd d Cidle
transporting duct 52. [EXAMPLES] 20 <Exanple 1> Afilmform ng test was

conducted by ugigg, aid idhe FegRi.Nga BRPaIGH USO WIS ,a thaChbitare exaporation
apparatus bc in which a nagnetic menber 46 is firmy nmounted on the outer

peri pher ghe RAH:i R oEheABBERN3E 23S0 ERNMIMA GnEt Pe remdie 4T695\14h8@15'91:t lons 25

were as given hereunder, and the test resulfs are shown in Table 36 8

Sept embeg, - 2005 +he ﬁ%%%tqf rhlercrtb'e% §6ki§dcc9.fp§éc§l{%t Wigl aﬁ@6€0§65t§1%

Currents flomﬁng t hrdugh the four coils of the magnetic coil 54 were equa

to one a\QR&Pﬁér dAf Bbk”ﬁﬁ Eg]olgngarﬁgcljlg'niglrﬁ tsaggﬁpled to the magnetic

member 46 and the anode 36 may be considered as in the previous
embodiments. Further, the advantageouseffectsareremarkably
10 manifested when the cathode 30 is made of carbon or a material
mainly containing it, as in the previous embodiments.
For themagnetic filter 50, amagnetic fieldmay 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 1is not required.
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
apparatus having a vacuum arc evaporation apparatus 10c inwhich
a magnetic member 46 is firmly mounted on the outer 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
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5 was ratio with that in a case using a vacuum arc evaporation 8§%B§F$?ﬁ§XB
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. io Wien the nmagnetic filter is used, it was a distance
ranging fromthe exit of the nagnetic filter 50 to the substrate 64 as
shown id.Fig. 1 and other figures. The distance D was 350nm in both cases,
and in other exanples and conparison. Cathode 30 : carbon nmateri al
(cylindrical, se@amm afh JIiS disareetkind 8Fmatmnguret carbent st&0A Current
of magnetic coil 54 : shown in Table Degree of vacuumin the filmformng
chanmber cutrent@- 3PawibgAnhdeudt: theppenrmad et sab £ (tclyd inerietal ¢ RiMmM n
dianeter x 50mmlong x 2nmthick), water-cooled type Magnetic nenber 46:

SS400 of54dh&ré @quddebCihe a8dTREM  di aNBhefo ¥mbAy # 00 n 2REtdHIcK) , anode
potential Gas introduction to the transporting duct 52: not 25 introduced.
37 8sSepkembarid0NschTahhe 1h AMb@nedies £9dla A it 1 & didrafiynm ng
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 64
as shown in Fig. 1 and other figures. The distance D was 350mm
in both cases, and in other examples and comparison.
Cathode 30 :  carbon material (cylindrical, 60mm in
15 diameter X 30mm long)
Arc current : 80A
Current of magnetic coil 54 : shown in Table
Degree of vacuum in the film-forming chamber
1 x 107%°Pa
20 Anode 36 : coppermaterial (cylindrical, 80mm in diameter
x 50mm long X 2mm thick), water-cooled type
Magnetic member 46: SS400 of JIS (cylindrical, 84mm in
diameter x 5S5mm long x 2mm thick), anode potential

Gas 1introduction 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 §6%%??¥%53QQ5
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 from1l OA to 150A, the arc discharge could be

mai nt ai ned for every current value of the magnetic coil. Wen the coi
current was 150A, a filmformng rate was very fast, 1/2 as |large as that
in the d&@@lﬁoﬂ]using the magnetic filter 50. This is due to the fact 10
that the tTansport efficrengy of the plasma strgam 38 in the nagnetjc
filter-3rdnetincreased Aoyl t heret dbaghangheti c fi Eld—LCBvpdri son> For
conpari|son, a filmformng test was conductedbyjusing a filmformng

appar atjuihznitn@)a vacuum arMaevbponrangon 15 appatatus 10a shown in Fig.

11. Theg—vaceuumarc—evapoerati-om—apparatus—ita—digrnot—use—the—rraghetc
menber,| 1and test conditionspexsepiethis are thelgage as these in the
exanpl g . } . 05
[ Tabl e {2Jo Magnetic coil Arc| giseharge 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 is .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 coil current was 1504, 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 transport efficiency of the plasma’stream 38 in the

magnetic filter 50 is increased by the strong’magnet@c field.
<Comparison>

For comparison, afilm-forming test was conductedbyusirg

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 Table 2.
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Filmform ng current (A) Mai ntai ni ngrate 10possi bl el/8 20difficu|§§eg%ﬁPfﬁ%gps
-100di tto- 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
magnetic coil 54 exceeds 10A. A maxi mumof the filmformng rate in the
conparison was 1/8. This value is just 1/4 (25% as |large as the maxi num
filing formng rate (1/2) in the exanple 1. <Exanple 2> 10 A filmform ng
test was(TebhdecBéd by using a filmfornmng apparatus including a vacuum arc

evapor ater—apparatus—ioe—+Hr—whi-ch—a—faghetic—ferber—46—+s—di-sposed cl ose
to and|maguedicthe outeovipgrapheidchparde of the| andde f3Gmasngshown in Fig.™ 5.7
In the exanple 2, the magnetic nenber 46 was npde of SS400 of JIS, {15 and
cyl i ndf tGakehf (ahape, and iltvmisitzeinasg 85 in di apeter x 5nmlong x {2mm
thick. |1t was electricallylinsulated fromthe anode 36_ and hence Jits
potentialh was floating poteg;cj@ibl'rgle remai ni ngyggnditions were thg sane as
those in the exanple 1. 39 Sept enber_ 2005 Thejtest results are shdawn in

Table B,,- (Table 3] " |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
5 current of the magnetic coil 54 exceeds 10A. 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>
10 A film-forming test was conducted by using a film-forming
apparatus including a vacuum arc evaporation apparatus 10c in
which a magnetic member 46 is disposed close to 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 SS400 of JIS,
15 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 Filmforming current (A) Mintaini ngr &Sgptember 2005
-10possi bl el-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. The ltestheesxdsl @r® shdwn anmodai8e was made of SS400 of JIS, and its
shape was annular and its size was 85mmin dianmeter x 5mm |l ong x 2mm t hi ck.
The --anodeaBhewd$ of the water-cooled type. The ether conditions than those
wer e t he-sane—asthosein-the-exanplet—The-test—15 results ow in

Tabl e 4yMa49c8i8ept enbero20QncTabl o rddagnet i c| eol k- Abemdhgchar ge
Filmformng :

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>
A film-forming test was conductedbyusinga film-forming
apparatus including a vacuum arc evaporation apparatus 10c in
which the anode 36 is made of magnetic material and serves also
10 as the magnetic member as shown in Fig. 6. In the example 3,
the anode 36 was made of S5400 of JIS, and its shape was annular
and its size was 85mm in diameter x 5mm long x 2mm thick. The
anode 36 was of the water-cooled type. The other 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 fo?faf?‘%bc?i?%”
-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 maintained for every current value. of the magnetic coil. Wen the coil
current [Wa®le5dA, a filmforning rate was very fast 1/3 as large as that
in the rc e—mot— 0 cTEgTTE D 8—Septemnmber—20605 WHAT | S
CLAI NEE)MIaSrnel:loA vacuumoarlc Zévap@xa@h@ngappar at §ldmnfrqrsn1ng; a vacuum arc
evaporation source including a cathode and an @anode |located in front of an
evapor atdurg efmac@ )of sai d ca tl\lrmiiet;ajsnsa«';d vacuum atad:eevaporati on sourfe

generat S eamn-g as-a sTMa¥a ot hodelpraie a e\Labhor-a |ng
cat hodg mjat erials from sai cb&agmpl@ under a va,qumzarc di scharge beft ween
said qathode and said anode; a magnetic filter{for curving and transporting

the plasyp 10 stream generfafge- by sai d vacuum <1r197evaporati on sourcle by a

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 150A, the arc discharge could be maintained for
every current value of themagnetic coil. When the coil 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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magnetic field torenove coarseparticles fromthe plasnma stream 8 Sepdember 2005
outputting the plasnma streamin which coarse particles have
and a magnetic nmenber disposed in front of the evaporating face

cat hode and close to said anode in said vacuum arc evaporation sour
The vacuum arc evaporation apparatus according to claim1l, wherein

anode i s | ocated between said magnetic 20 nenber and the evaporating face of

been renoved;
as of said

ce. 2.
sai d

sai d catppde. rsThe agpumsarc evaporation apparatus according to claim 1,

wherein said anode of said vacuun1arc evapor ati on source
-t hat when posi tioned,i e ai

sai d cat hode, gnd saﬁdoﬁggggtﬁg%4 epteﬁgr1 f%
near an outer per|$heral art

member is Ioca?éﬂa

of said cathode.

%gggéstégm r?%%r&ﬁr

b
of il rTee ?La
e “gerlar U b M

is configured such

t of

i'sposed on or

gnetic
nt part

. The_vacuum arc evapor.ation appar at us accordlng to
cl ai m 2, aMdesi sl %‘éPHegﬁé’er%‘T‘té)ah PR R apB ot FoA ok 2@dei nel udes

a pIurallty of bar-1like menbers, which are disposed along the evaporating
f ace sof said mtﬁ@mér\mhwep%éahgono%atﬁl’e@? Jemesiadel xhisd repdpof 1 dgdace of
sai d cathode. 10 15 20 25

10

15

20

25

containing cathode materials by evaporating cathode materials
Ifrom said cathode under a vacuum arc discharge between said
cathode and said anode;

amagnetic filter for curving and transporting the plasma

stream generated by said vacuum arc evaporation source by a

-magneticiieldtoremovecoarseparticles fromtheplasmastream,

and outputting the plasma stream in which coarse particles have
been removed; and

a magnetic member disposed in front of the evaporating face
of said cathode and close to said ancde in said vacuum arc

evaporation source.

2. The vacuum arc evaporation apparatus according to
claim 1, wherein said anode is located between said magnetic

member and the evaporating face of said catheode.

3. The vacuum arc evapecration apparatus according to
claiml, whereinsaidanodeof said vacuumarc evaporationsource
is configured such that when positioned in place, said anode

surrcunds the frcent part of said cathcde, and said magnetic

42
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5. A vacuum arc evaporati on apparatus conprising: a vacuum arc &Seppembxri2605
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
fromsaid cat hode under a vacuum arc di scharge between said cathode and
said anode; and a magnetic filter for curving and transporting the plasna

st r eam geaesat exk i 38 ey acuvm AeereyaEartad i Qe Sigataes byt odgeetdc field
to renove coarse particles fromthe plasma stream and outputting the

pl asme sifedan im 2Bikah cCORESEs RAAIMESRSE DavRembELN 4 eRveedd-YWher ebAt sai d
anode of said vacuum arc evaporation source is nmade of a magnetic material .

43 8 Sepesﬁﬁﬁ% 0% e Onil esM?EHHHH%g t%@?%ﬁ%?\}&@&?%fa%%a@%@édi ng to

claim 5, erein sald anode of said vacuum arc aporation source is
configured such that when positioned in place, said anode surrounds the
front part of said cathode. 7. The vacuum arc evaporati on apparat us
according to claim ? wherein sai d_anode .of said vaguum arc Svaporation
sourée includes a pflOfaldty¥Bfe ar Hos atefie AEPARR T aFECERAPSsEY  al ong
t he evaporating face of said cathode while being |located i .0 outside said
evapor atﬂﬁ@“f‘ gedRreln §ad & Fooee Ofgsald vacuumarc evaporation source

includes a plurality of bar-like members, which are disposed
along the evaporating face of said cathode while being located
outside said evaporating face of said cathode.
10
5. A vacuum arc evaporation apparatus comprising:
a vacuum arc evaporation source including a cathode and
an anode located in front of an evaporating face of said cathode,
sald vacuum arc evaporation source generating streamof plasma
15 containing cathode materials by evaporating cathode materials
from said cathode under a vacuum arc discharge between said
cathode and said anode; and
amagnetic filter for curving and transporting the plasma
stream generated by said vacuum arc evaporation source by a
20 magneticfieldtoremovecoarseparticles fromtheplasmastreamn,
and outputting the plasma stream in which coarse particles have
been removed,

wherein said anode of said vacuum arc evaporaticn source is
made c¢f a magnetic materizl.

25
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20 25 8. The vacuum arc evaporation apparatus according to cl aig1$épurhber2005
conprising: a magnetic nenber disposed close to said at |east one bar-1 i
ke anode such that said bar-like anode is |ocated between said nagnetic
menber and said evaporating face of said cathode. g The vacuum arc

evapor ati on apparatus according to claimB, wherein said bar-like anode is
made of magnetic nmaterial 10. The vacuum arc evaporati on apparat us

according to_ ahal L5, UFLNEr, GOMBEL shidsy, 2 FBGUEld &, enber: dispased cl ose

to said at | east one bar-Iike ahode such that sai e anode I's | ocated
bet ween salg §gnet| c nber and Sai evapo ating frac sai % cat hode. 44
8 SeptenBer o] AT a?t TVRPor At ol 4ppar AFH8* S.(E‘C(S)I’dl g t§ claim S

, Wherein said anode is made of magnetic material. 12. The vacuum arc
evapor at Féncﬁ‘p"’ﬁérgéltfl@ FOESY dNRS t”J@P"chlsij}or\ﬁr%réi ﬁ’lécﬁot &ftialEnsdesai d
magneti c nmenber is equal to that at said anode. 13 The vacuum arc
evapor at FoArapparsatius: atcor di pgrtooél aEpdlcaedgi.n  a potential of said
magnet icme;n;eris a floating 10 potential.
< -

7.  The vacuum arc eveporation apparatus according to élaim

5, wherein said anode of said vacuum arc evapocration source

includes a plurality of bar-like members, which are disposed

£L

along the evsporating face of said cathode while being loceated

]

10 outside said eveporating face of =£aid cathode.

8. The vacuum arc evaporation apparatus according to
claim 5, further comprising:
a magnetic member disposed close to said at least one
15

bar-1ike anode such thet saidbar-like eanode 1s located between

said magnetic member and said evaporating face of said cathode.

0. The vacuum arc evapeoratlion apparatus according to
claim 8, wherein said bar-like anode is made of magnetic
material.

10. The vacuum arc evaporation apparatus according to
claim &, further comprising:

a magnetic member disposed close to said at leazsi one.

()

bar-like anode such that saidbar-like ancde is located between
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14. i5 20 The vacuum arc evaporation apparatus according to cl ai rfSeptember 2005
wherein said magnetic nenber is nmounted on said anode in said vacuum arc
evaporation source. 15. The vacuum arc evaporation apparatus according to
claim1, further conprising: a cooling nmechanismfor cooling the magnetic
menber by a refrigerant. which is disposed in association wth sai dmagnetic
menber. 16. 25 The vacuum arc evaporation appar atus according to claim 3,
further conpri sing: o]o]| IS r. GO0 the apode

refrigerant mﬁh |‘%‘h |sﬁ%se nﬁﬁhggs gkgffgﬁ wFngsagg aﬁg G?ﬁg g

Sept ember. 2005 The vacuum ar.c, evaporati on apparat us accor ding to,claim1,
wher ei n S 0" c2t ho§BeF§ 1 Radé %n%r'“aac*%a%r‘?‘a?” ralnf'§ - g&"it“&l ni ng

car bon. The vacuum arc evaporation apparatus according to claim3, wherein
sai d cathode is nmade of carbon or a materi al

The vacuum arc evaporation apparaifus according to
12. I P

w

cleaim 1, wherein a potential 2zt said magnetic member is eqgual

=1

to that at said enode.

13, The vacuum erg eveporation apparatus according to
claiml, whereinepotentizlofsaidmagneticmemberisailoating

10 potential.

14. The vacuum arc evaporation apparatus according to
claim 12, wherein said magnetic member 1s mounted on said anode
in said vacuum arc évaporation source.

15 | ‘

15. The Vchmnarc evaporation apparatus according to
claim 1, further comprising:

a cooling mechanism for ccoling the magnetic member by
arefrigerantwhichisdisposedinassociationwithsaidmagnetic

20
member.

16. The vacuum arc evaporation apparetus according to
claim 3, further comprising:

g coolingmechanism for cooling the ancdebyarefrigerant
25

J

which 1is disposed in asscciation with saicd anode.

45
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mai nl y cont ai ni ng car bon.

17. The vacuum arc evaporation apparatus according to
cleim 1, wherein said cathode is made of carbon or a material

mainly containing carbon.

. 18. The vacuum arc eveporation apparatus acccrding to
¢laim 3, wherein seid cathode is made of carbon or a meteriel

mainly containing carbon.

15
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