SPECI FI CATI ON  Vacuum Arc Vapor Deposition Apparatus of a Deflection Field
Type TECHNI CAL FIELD 5 The present invention relates to a vacuum arc vapor
deposition apparatus, which can be used for depositing thin filnms on
subj ects or works such as autonobile parts, nachine parts, tools or dies
for the purpose of, e.g., inproving at |east one of wear resistance,
sliding 10 property, corrosion resistance and others. BACKGROUND ART
According to a vacuum arc vapor deposition apparatus, vacuum arc di scharge
i s caused between an anode and a cathode to vaporize a cathode material by
the 15 arc discharge in a vacuum at moSpHEPEATINY pl asma  contai ning the
i oni zed cathode material is produced to rovide the _ionized cat hode
material ont ¥eEUdBpdie i\GHPOoR dreetsbilaprkraribtat af thiPeFiF Y deposit ed
on the deposition target. Vacuum arc discharge is caused between 20 the
anode and catfiedel thyrieoni ze the cathode material in a portion of the
apparatus, which is generally referred to as a vapor source or a vacuum
arc vapor SOOECBINITIG. REIUum arc vapor deposition apparatus is superior in
deposition rate and filmproductivity to a plasnma CVD 25 devi ce and ot hers.
1 5 The present invention relates to a vacuum arc vapor
deposition apparatus, which can be used for depositing
thin films on subjects or works such as automobile parts,
machine parts, tools or dies for the purpose of, e.g.,
improving at least one of wear resistance, sliding
10 property, corrosion resistance and others.
BACKGROUND ART
According to a vacuum arc vapor deposition
apparatus, vacuum arc discharge is caused between an
anode and a cathode to vaporize a cathode material by the
15 arc discharge in a vacuum atmosphere, and plasma
containing the ionized cathode material is produced to
provide the ionized cathode material onto a deposition
target or work so that a thin film is deposited on the
deposition target. Vacuum arc discharge is caused between
20 the anode and cathode to ionize the cathode material in a
portion of the apparatus, which is generally referred to
as a vapor source or a vacuum arc vapor scurce. The
vacuum arc vapor deposition apparatus 1s superior in

deposition rate and film productivity to a plasma CVD

25 device and others.



A vacuum arc vapor deposition apparatus of a deflection field type has
been known as a kind of such vacuum arc vapor deposition apparatus. The
vacuum arc vapor deposition apparatus of the deflection field type 5

i ncl udes the foregoing vapor source as well as a curved filter duct, in
whi ch a permanent magnet or a coil for producing a magnetic field produces
a deflecting magnetic field (i.e., magnetic field for deflection) for
causing flight of an ionized cathode naterial of the vapor source 10
toward a hol der hol di ng the deposition targ Accordin he vacuum arc
vapor deposition IﬁﬂFUUWcﬁﬁﬁzYﬁﬁ?¥c@%%? Whi & %?@@?%#ﬁﬁr% {0 as "macro-
particles" or "droplets" occur when the arc discharge vaporizes the
cat hode. SuckKefdwgh ﬁlcﬁ]eg e 1525 | Jeand<aeieres td FHE deboaieh on

target, and thereby the rough particles may |ower surface snoothness of a
film formedveruue adaeposindomiarryetlias wepirasuadhbst wagugh aXtke filmto
the deposition target. The curved filter duct, in which the foregoing 20
defl ecti ng nemgmetd cldpcelidien fappmditeancSetleet doblgct gun deiehe Tywe zed
cathode material, i.e., charged particles to the deposition target ow ng
to the defleclkdingigmgnet ifofdlithg Wishr defhecs sad heelonized cumteii al
al ong the duct. Also, the nmagnetic field does 25 not deflect the rough
particles begausert RidQUAM which a permanent magnet or a coil for
producing a magnetic field produces a deflecting magnetic
field {(i.e., magnetic field for deflection) for causing
flight of an lonized cathode material of the vapor source
10 toward a holder holding the depocsition target.
According to the vacuum arc vapor deposition method,
rough particles, which are referred to as "macro-
particles" or "droplets", may occur when the arc
discharge vaporizes the cathode. Such rough particles may
15 fly and adhere to the deposition target, and thereby the
rough particles may lower surface smoothness of a film
formed on the deposition target as well as adhesivity of
the film to the deposition target.
The curved filter duct, in which the foregoing
20 deflecting magnetic field is formed, can selectively
guide the ionized cathode material, i.e., charged
particles to the deposition target owing to the
deflecting magnetic field, which deflects the ilonized

material along the duct. Also, the magnetic field does

25 not deflect the rough particles because the rough



particles are electrically neutral, and have extrenely |arge mass even if
these are charged. Therefore, the rough particles inpinge on the inner

wal | of the curved duct so that flight and adhesi on of the rough particles
5 to the deposition target are suppressed. Thereby, a thin filmof a good
quality can be fornmed on the deposition target. Such vacuum arc vapor
deposition apparatuses provided with the above filter ducts have al so been
10 proposed that can forma thin filmover a large area with good
productivity, or that a coggﬁsite,filn1can be fornmed.. For exa

, | e,
Japanese Laj d200er” Bt et PubfFEat Fant Koleuob94: 591850¢Yp 29D1eBYIB5 A) has
di sclosed a structure, in which a plurality of vapor sources are arranged
for 15 one Fi3%EF T WAV nbL atlesararseebrbrcdr therefRecsothehat a film
havi ng hi gh surface snmoot hness and high thickness uniformty can be formed
over a |arge s RRpaneses LandiopenoPatbat 1Publi¢at | onf Nehie Hupugd 41 (JP
1997-217141 A) has disclosed a structure, in which 20 two filter ducts
each provi dedlwwitt leca thaporf sbyinteandhacdhe s hoh udéstlae cat holdepandec bds a
material different fromthat of the other, are connected to different
posi tionsSon ta tdepakigdan: canttingstwaké §deposiiéon Thandey, walihin
respectively, so that fine particles produced fromeach 25 vapor source are
provided to Fidepasitd afvdargesl 10yf @AM b8 formed on the deposition
target.
Such vacuum arc vapor deposition apparatuses
provided with the above filter ducts have also been
10 proposed that can form a thin film over a large area with
good productivity, or that a composite film can be formed.
For example, Japanese Laid-Open Patent Publication No.
2001-59165 (JP 2001-59165 A) has disclosed a structure,
in which a plurality of vapor sources are arranged for
15 one filter duct having a square section or the like so
that a film having high surface smoothness and high
thickness uniformity can be formed cver a large area.
Japanese Laid-Open Patent Publication No. H9-217141
(JP 1997-217141 A) has disclosed a structure, in which
20 two filter ducts each provided with a vapor source, which
includes a cathode made of a material different from that
of the other, are connected to different positions on a
deposition container wall (deposition chamber wall),

respectively, so that fine particles produced from each

25 vapor source are provided to a deposition target to form



a fine particle dispersed film (conposite filnm) . Mre specifically, for
exanpl e, one of the vapor sources has a cathode containing titanium and
the other has a cathode mnade of nickel. An arc discharge voltage is
alternately 5 applied in a pulse-like formto these vapor sources.

Thereby, the apparatus forns, in a nitrogen gas atnosphere, a fine
particle dispersed film which is fornmed of hard fine particles of
titaniumnitride and netal fine particles of nickel. 10 As anot her vacuum

arc vapor deposjtion apparatus, with a filter duct. Japanese Lai d- Qpen
Pat ent Publ i Gatfi'gH %1?&2%30%-%9%&%%5%@&%’621‘2@%%%1% hhsm i SEPo%ed the
followng. Uniformty in thickness distribution of a film forned on. a
deposi tion t &RFEH S ety nEyr defarp bt at @ guel 15he oVapPF t SO peasS id a
magnetic field produced by a field producing coil. Mre specifically, if
the field céathodielqeyiss bupplieitanitna sudrehe ¢bhar constantatigidection,
the drift of the plasma in the magnetic field deviates or shifts a peak of
the filmthi ckkss ofmidiee R0 An | and o nechangt heo depositsonltargetein a
constant direction. This nmay lower the uniformity in film thickness
di stri but3 onaphdriept everd iggl saehi kowesimoto t fitesdi voed+ oso@fcédhe current
flowing through the field formng coil is repetitively inverted during the
25 deposi ti orhaceeidi nGhd Giier£h.8e] asiie, ofnthen abaYEen 4yas
atmosphere, a fine particle dispersed film, which is
formed of hard fine particles of titanium nitride and
metal fine particles of nickel.
10 As another wvacuum arc vapor deposition apparatus
with a filter duct. Japanese Laid-Open Patent Publication
No. 2002-294433 (JP 2002-294433 A} has disclosed the
following. Uniformity in thickness distribution ¢f a film
formed on a deposition ftarget surface may deteriorate due
15 to drift of plasma in a magnetic field produced by a
field producing coil. More specifically, if the field
coll is always supplied with a current in a constant
direction, the drift of the plasma in the magnetic field
deviates or shifts a peak of the film thickness of the
20 film formed on the deposition target in a constant
direction. This may lower the uniformity in film
thickness distribution. For preventing such lowering, the
direction of the current flowing through the field

forming coil is repetitively inverted during the

25 deposition according to the disclosure of the above



reference. 1In general, the thin filnms having various structures can be
formed on the deposition targets. For exanple, a thin filmmy be entirely
formed of a uniform 5 material. Also, a conposite filmmay be fornmed of
several kinds of dispersed fine particles as described above. Further, a
thin filmmy be fornmed of a base |layer and a desired |ayer fornmed over
it, a compound filmmay be forned of two or nore kinds of elenents, or a
thin film10 made of a predeterm ned material may contain another el enent
added thereto. For formng the thin filmhaving the base |ayer, the
compound fil MetHeR%in film containing an added element or the Iike by
t he vacuum arc vapor depositjon 15 apparatuses with good productivity, it
is necessary to enployEREPbr ab e yEBin vApORS sBaY ERY, VREERS| ncl ude
cathodes of different materials, respectively, simlarly to the case of
form ng the foraygsiured i gagtfetreddbspebhesedeppbition Sachehnt tFpre kinds
of vapor sources may be fornmed of a plurality of vapor sources provided
for one filterxamici, asthsndisthosad ba ¢heidapanfsentdi df CpennPhtent
Publ i cati on No. 2001-59165 (JP 2001-59165 A) already described. In the
st ruct ur eshawidtgtihel MmAtdp) ea kidrso ©f t 25f vaponagobe CeSrnespect saedyal
arranged in different 5
kinds of dispersed fine particles as described above,
Further, a thin film may be formed of a base layer and a
desired layer formed over it, a compound film may be
formed of two or more kinds of elements, or a thin film
10 made of a predetermined material may contain another
element added thereto.
For forming the thin film having the base layer,
the compound film, the thin film containing an added
element or the like by the vacuum arc vapor deposition
15  apparatuses with good productivity, it is necessary to
enmploy a plurality of vapor sources, which include
cathodes of different materials, respectively, similarly
to the case of forming the foregoing fine particle
dispersed film.
20 Such multiple kinds of wvapor sources may be formed
of a plurality of wvapor sources provided for one filfter
duct, as is disclosed in the Japanese Lald-Open Patent
Publication No. 2001-59165 (JP 2001-59165 A) already

described. In the structure having the multiple kinds of

25 vapor sources respectively arranged in different



positions of one filter duct, however, it is practically difficult to form
the above filmon the deposition target arranged in a predeterm ned
position because the ionized cathode material produced from each vapor
source takes a 5 path different fromthat of another ionized cathode
material in the same filter duct. Accordingly, for form ng the above thin
filmover the deposition target in the predeterm ned position, the filter
ducts corresponding in nunber to the types of the 10 vapor sources nust be
arranged in different po |t|on on a _deposition container wal]

respect i vel y Ps i %Q?d%id”ﬁﬁ1 }%@{aﬁﬂcgp ROPsVeAt plblFchffohically

No. H9- 217141. \When form ng the compound film however, the severa
ki nds of |omQﬁ§f%§&#ﬁxﬁPr$&%W|%¢% %W?V?rghiQSOﬂlFF@r@ﬁPO§6§%@?o%%rg%tthe

deposition target in the constant position so that a film having nultlple
| ayers, whi @Fratemden of pirdelidferend pashbidennmateriapstherbapbitdvely,
is liable to be forned instead of the intended conpound film In addition
to the formtdadiaie 20 tdrel £bmgpowhdcdd | iromheator mapbonsofirthetahesn 4ilm
containing the base |ayer and the formation of the thin filmcontaining an
addi tionabh elparentdin®fe said efrdorithasuch anpthRblemvhbatat betkhoden quality

and/or film thickness of the thin filmmmay not be uniform because the 25
several ki ndsaaferdioni zied wad hode: et efdal gubty from 6
Accordingly, for forming the above thin film over

the deposition target in the predetermined position, the
filter ducts corresponding in number to the types of the

10 vapor sources must be arranged in different positions on
a deposition container wall, respectively, as disclosed
in the Laid-Open Patent publication No.HS-217141.

When forming, e.g., the compound film, however, the

several kinds of ilonized cathode materials fly from

15 different positions to the deposition target in the
constant position so that a film having multiple layers,
which are made of the different cathode materials,
respectively, is liable to be formed instead of the
intended compound film. In addition to the formation of

20 the compound film, the formation of the thin film
containing the base layer and the formation of the thin
film containing an additional element may suffer form
such a problem that the film quality and/cr film
thickness of the thin film may not be uniform because the

25 several kinds of ionized cathode materials fly from



different positions to the deposition target in the constant position.
Further, the filter ducks, which correspond in nunber to the vapor

sources, are connected to different positions on the deposition container
wall 5 so that this structure inpedes reduction in sizes of the vacuum
arc vapor deposition apparatus. Japanese Lai d-Open Patent Publication No.
2001- 521066 (JP 2001-521066 A) has discl osed a vacuum arc vapor
deposition apparatus, in which two curved magnetic 10 filter ducts are
arranged such_that filter duct ends opposed to a deposition target held on
a holder in &1idepioditidpctohearne? &he f8PREALOPRatebARDbNRNE ®and vapor
sources are arranged on the other ends spaced from each other,

respecti vel y.Corhi fs2ikf neP of t i@ uubv ek eevapbhe1614Epssivrbh, appafat us can
have a conpact structure. Further, the ionized cathode materials produced
from differeamryegiorndoln cegnbey teohheneaposi Ebonced, earet flennedohd®n duct
end. Accordingly, in any one of the cases of formng, e.g., the thin film
cont ai ni ng t he biiskf 4 et ,p20i t hensoopotihd fleprsiandnt benthinefivail
containing an additional elenment, it can be seened that the thin film can
be fornmed5i n s desit eth 54 ad educ@asreompaeedswirkAutbeoncasesitds wWhf chhé he two

or nore filter ducts are connected to different positions on the
deposi tion cepdiferar@ydsPesdpyelyiod apparatus.
Japanese Laid-Open Patent Publication Nco. 2001~
521066 {(Jp 2001-521066 A) has disclosed a vacuum arc
vapor deposition apparatus, in which two curved magnetic
10 filter ducts are arranged such that filter duct ends
opposed to a deposition target held on a holder in a
deposition container are formed of a common end, and
vapor sources are arranged on the other ends spaced from
each other, regpectively. This kind of vacuum arc vapor
15 deposition apparatus can have a compact structure.
Further, the ionized cathode materials produced from
different vapor sources fly from one positicon, i.e., the
common duct end. Accordingly, in any one of the cases of
forming, e.g., the thin film containing the base laver,
20 the compound film, and the thin film containing an
additional element, it can be seemed that the thin film
can be formed in a desired stated, as compared with the
case, in which the two or nmore filter ducts are connected

to different positions on the depesition container,

25 respectively.



According to the study by the inventors, however, the follow ng problemis
still to be overcone in the vacuum arc vapor deposition apparatus of the
common duct end type. 5 Fig. 6 shows a basic structure of a vacuum arc
vapor deposition apparatus disclosed in the Japanese Lai d-open Patent
publication No. 2001-521066. As shown in Fig. 6, a holder 92 is arranged in
a predetermned position within a deposition container 91 for holding a

10 deposition target s. Two curved filter ducts 93 and 94 are connected to
one position on the deposjition container 91, which is opposed to the

hol der 92. These fiAG&Hr Htd st@3hdS Yadnahe B ol gt dPWIET whi ch i s
shared between the filter ducts 93 and 94 15 for connection to the

deposi ti on cdéiEaifrdrl QUnaRk IRl gppbsedti bl t be holderrome THe ¥id ter ducts
93 and 94 have opposite duct ends, which are spaced from each ot her.

Vapor sour ceya@iuand: 196 wontaide s that dodaspa whi eh @f ethamadeuwoin diddter ent
materials, are arranged on these spaced 20 ends, respectively. A pernmanent
magnet or a eoid t9Hd.s arranged around the filter duct 93 for formng a
magnetic field, and a pernmanent nagnet or a coil 98 is arranged around

the filtey duct 94 figr. fOrIANE aa MBgnRt i €t Fhet ke AF pEry@anant dmgnet or a
coil 99 is arranged around the 25 comon duct end 90 for form ng a nagnetic
field for us@ar deposition apparatus disclosed in the Japanese
Laid-open Patent publication No. 2001-521066. As shown in
Fig. 6, a holder 92 is arranged in a predetermined
position within a deposition container 91 for holding a
10 deposition target s. Two curved filter ducts 93 and 94
are connected to one position on the deposition container
91, which is opposed to the holder 92.
These filter ducts 93 and 94 have a common portion
90, which is shared between the filter ducts 93 and 94
15 for connection to the deposition container 91, and is
opposed to the holder 92. The filter ducts 923 and 94 have
opposite duct ends, which are spaced from each other.
Vapor sources 95 and 96 containing cathodes, which are
made of different materials, are arranged on these spaced
20 ends, respectively. A permanent magnet or a coil 97 is
arranged around the filter duct 93 for forming a magnetic
field, and a permanent magnef or a coil 98 is arranged
around the filter duct 24 for forming a magnetic fieid. A
permanent magnet or a coil 9299 is arranged around the

25  common duct end 90 for forming a magnetic field for use



by both the ducts 93 and 94. The ionized cathode material produced fromthe
vapor source 95 can fly fromthe duct 93 through the conmmon duct end 90
owing to the deflection field formed 5 by the magnets 97 and 99. The

ioni zed cathode material produced fromthe other vapor source 96 can fly
fromthe duct 94 through the common duct end 90 owing to the deflection
field formed by the nagnets 98 and 99. In theory, therefore, a conpound
filmmade of 10 different materials can be formed on the deposition

target s by simultaneously operating the two vapor sources. Also, the
conposi te fiMﬁkﬁoﬁﬂmﬁhﬁr&&%ﬁﬁt?%l%ﬂdd?épersed type or the multi-Ilayer
structure filmcan be forned by alternately and repetitively operating the
two 15 vapor sourcédhe Fignired adiehedt | vakagliabnperduaey beom i Wt enent ed
One of the vapor sources is operated to form the base |ayer on the
deposi ti on t arggetr ssowantk thereaf t2ly Ondy the dtherd¥yaporowvuridesi s
operated to forma desired filmon the base |layer. One of the vapor

sources oper algsuR0 dictadch@np@ddiinonad ehengafliséocide fidm fdvmddi s
being fornmed by using the other vapor source. Only one of the vapor

sources i ugsd dre fiddRad IdM4id nedl, ofhé heosared dBtRsdalnotethe
deposition target s. wever, if it is practically attenpted to forma 25
conpound fi | mQfq - LPMRAsH g d IdiMbY $H8-APOYEraPPaE aLas £1 from the
duct 94 through the common duct end 80 owing to the
deflection field formed by the magnets 98 and 99,
In theory, therefore, a compound film made of -

10 different materials can be formed on the deposition
target s by simultaneously operating the two vapor
sources. Also, the composite film of the fine particle
dispersed type or the multi-laver structure film can be
formed by alternately and repetitively operating the two

15 vapor sources. Further, the following manners may be
implemented. One of the vapor sources is operated tc form
the base layer on the deposition target s, and thereafter
only the other vapor source is operated to form a desired
film on the base iéyer. One of the vapor sources operates

20 to add an additional element ftc the film, which is being
formed by using the other vapor source. Cnly one of the
vapor sources is used to form a film formed of the same
material on the deposition target s.

However, if it is practically attempted to form a

25 compound film or a composite film by the above apparatus,



the deflection fields in the filter ducts 93 and 94 nutually affect so
that flows 950 and 960 of the ionized cathode materials, which are
produced fromthe vapor sources 95 and 96, respectively, nmay not join
together to 5 forma flow directed toward the deposition target s on the
hol der, but may be directed in different directions after or w thout
crossing, respectively, Consequently, it may be difficult to formthe
desired conpound filmor the 1like on the deposition target s. Even in. the
case of 10 formng,_e.qg., the filmincluding the base layer or the film
Contai ni ng art A {91 erErtSS | 17 nBYe b ERT T EalE 10 FUhCEh rat e
finally the respective ionized cathode material onto the deposition target
s on the hof¥drally Al ny? yEhat fhowm 9bf extd 016Q Hef | Fentairad
provi de a vacuum arc vapor deposition apparatus of a deflection field
type, which iasdihediss me st wiraal § 1 Wwiot ch vaperp deposed | bromnihe et i ncl udi ng
a vapor source configured to vaporize and ionize a cathode material by a
20 vacuum ar codirsetraryge dret vigen e sad diothes and reany anod ej o andco ge v e
filter duct provided with a deflection field form ng nenber providing the
i oni zed cat hademrat eflical Qipradtesdtdwor t fige Vs s Stolcec 4 0ye & &rhol der

hol ding a deposition target for forming a filmcontaining a 25 conponent

el ement of theccatheds maer iy Ofe tderedfed in different directions
after or without crossing, respectively, Conseguently, it
may be difficult to form the desired compound film or the
like on the deposition target s. Even in the case of

10 forming, e.g., the film including the base layer or the
film contailning an additional element, it may be
difficult to concentrate finally the respective ionized
cathode material onto the deposition target s on the
holder.

15 Accordingly, it is an object of the invention to
provide a vacuum arc vapor deposition apparatus of a
deflection field type, which includes a plurality of
vapor deposition units each including a vapor source
configured to vaporize and iconize a cathode material by a

20 vacuum arc discharge between a cathode and an anode, and
a curved filter duct provided with a deflection field
forming member providing the ionized cathode matérial
rroduced from the wvapor scurce toward a holder holding a
deposition target for forming a film containing a

25 component element of the cathode material on the

10



deposition target. The curved filter ducts of the plurality of vapor
deposition-units have duct ends opposed to the holder and forned together
to provide a comon duct end. At |east one of the vapor sources is 5
arranged on the other end of each of the filter ducts. This type of
apparatus may also be referred to as "the vacuum arc vapor deposition
apparatus of the deflection field type and the common duct end type", and
can forma thin filmof good quality having a desired structure on 10 the
deposition target with good productivity. DI SCLOSURE OF THE | NVENTI ON The
i nvent or s haeRATHekst ytaorfuct Bae resetpent i bFer adhiedi df ERR f or egoi ng
object, and found the followng 15 to conplete the invention. A state of
arrangement d¢flutwel def | et Vawe hedpiees ttionebdlitorhevig deabeend®ranged at
the filter duct can be adjusted by adjusting, e.g., the position of the
menber in themsettiontlod extdesi ond ofothed ducgethde angotavi@® position
of the nmenber with respect to the duct and/or a conbination of such

posi tions, anrthrirher ehyct ternd. ossibiet e changes chasact ssuste¢€sis
(directions of lines of magnetic force and others) of magnetic field

formed in5 thedugfedlord henalefdet | Ond ragneses &felref pimag aeaber. 25

Thereby, it is possible to control the direction of 11 flight of the

ioni zed cathodg Jmtgld alr ibdde duCtnay aiso be referred to as “"the
vacuum arc vapor deposition apparatus of the deflection
field type and the common duct end type", and can form a

thin film of good quality having a desired structure on

10 the deposition target with geod productivity.

DISCLOSURE OF THE INVENTION

The inventors have earnestly conducted research for

achieving the foregoing object, and found the following
15 to complete the invention.

A state of arrangement of the deflection magnetic
field forming member arranged at the filter duct can be
adjusted by adjusting, e.g., the position of the member
in the direction of extension of the duct, the angular

20 position of the member with respect to the duct and/or a
combination of such positions, and thereby it is possible
to change characteristics (directions of lines of
magnetlic force and cothers) of magnetic field formed in
the duct by the deflection magnetic field forming member.

25 Thereby, it is possible to control the direction of

i1



Accordingly, in connection with one, some or all of the plurality of filter
ducts in the vacuum arc vapor deposition apparatus of the deflection field
type and the 5 common duct end type, the arrangenent state of one, sone or
all of the deflection magnetic field form ng nenbers, which are provided
for the filter duct(s), can be adjusted so that the flows of the ionized
cathode materials produced fromthe respective vapor sources of 10 the
plurality of vapor deposition units can be joined together in the common
duct end of the plurality of filter ducts, and thereby can be directed
toward the depositioh taegbtnbredheahbrdernatpgiabyinelbf f#8Cthe filmto
be formed is a conpound filmor the like, it is 15 possible to formthe

fil mhaving good qutFeyiandl desiredonseetitenreish ohe, deposi eroalt arfet

wi th good productivity. Based on the above findings, the invention

provi des a vddwumarc: Vapprotepdster oduappaiat tbeofaaudef hect vaporfiel d
type, which includes a plurality of vapor 20 deposition units each

i ncl udi ng at degasti toinen vaposr sows cef coaf dgiledtionvapeltizeyaadandaniize a
cathode material by a vacuum arc di scharge between a cat hode forned of the

cat hode n#t erdaimandhai: anoderyaad eneusvesnfbhtst duate provhdedsmméh at
| east one deflection nagnetic field 25 form ng nenber providing the ionized

cathode materdsalal 12 Produceds 1 40M LN yGROE 1 SOHE E8al YRR MOkYESEs ol ding

which are provided for the filter duct(s}, can be
adjusted so that the flows of the ionized cathode
materials produced from the respective vapor sources of

10 the plurality of vapor deposition units can be joined
together in the common duct end of the plurality of
filter ducts, and thereby can be directed toward the
deposition target on the holder. Thereby, even if the
film to be formed is a compound f£film or the like, it is

15 possible to form the film having good quality and desired
structure on the deposition target with good productivity.

Based on the above findings, the invention provides

a vacuum arc vapor deposition apparatus of a deflection
field type, which includes a plurality of vapor

20 deposition units each including at least one vapor source
configured to vaporize and ionize a cathode material by a
vacuum arc discharge between a cathode formed of the
cathode material and an anode, and a curved filter duct
provided with at least one deflection magnetic field

25 forming member providing the ionized cathode material

12



deposition target for formng a filmcontaining a conponent el enment of the
cathode material on the deposition target. The curved filter ducts of the
5 plurality of vapor deposition units have duct ends opposed to the hol der
and formed together to provide a common duct end. At | east one vapor
source is arranged on the other end of each of the filter ducts. The above
apparatus includes a magnetic field 10 form ng nenber adjusting device
adjusting a state of arrangenent of at |east one of the deflection
magnetic field forning menber provided for at |east one of the filter
ducts of the PFRFRFEeyIEPIVERSr VaBEEs SOMER CuRtg rdniat holEspebp ledneha
filter duct for controlling the 15 magnetic field. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g.carehbhion seherht fersfputinge aoff idm evamplieist aa vacuum arc
vapor deposition apparatus of a deflection 20 field type according to the
i nvention. Figempongng séeneohabfvibw okthocdenmameendlobnt wbe filter ducts
in the apparatus shown in Fig. 1. Fig. 3(A) shows a structure of one of
vapor sourcesjepand: Fog. t3¢Brtshone thevetihen 1vaporuseodree. tB6 Fig. 4 is a
bl ock diagramfragnentarily showing 13 electric circuits of the apparatus
shown in §ig.plluraFigy Sfsehgsatiepbkyrshawenatst huebunacef «angt her

opposed to the holder and formed together to provide a

common duct end. At least one vapor source is arranged on

the other end of each of the filter ducts.

The above apparatus incliudes a magnetic field
10 forming member adjusting device adjusting a state of

arrangement of at least one of the deflection magnetic

field forming member provided for at least one of the

filter ducts of the plurality of vapor deposition units

with respect to the filter duct for controlling the

15 magnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic structure of an example of
a vacuum arc vapor deposition apparatus of a deflection

20 field type according to the invention.

Fig. 2 is a sectional view of a common end of two

filter ducts in the apparatus shown in Fig. 1.
Fig. 3{A) shows a structure of one of vapor sources,

and Fig. 3(B} shows the other vapor source.

25 Fig. 4 1s a block diagram fragmentarily showing
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exanpl e of the vacuum arc vapor deposition apparatus of the deflection
field type. 5 Fig. 6 shows a basic structure of an exanple of a

conventi onal vacuum arc vapor deposition apparatus. DESCRIPTION OF THE
PREFERRED EMBODI MENTS A vacuum ar-c vapor deposition apparatus of a 10
deflection field type according to an enbodi mrent of the invention includes
a plurality of vapor deposition units each including a vapor source
configured to vaporize and ionize a cathode nmaterial by a vacuum arc

di scharge between a, cat hode, fornmed of the cathode material and_an 15
anode, and a TUTVeH i FtEFUHLEtOpr bURdeBPRFEfUSneher ndrel tdef Fect i on
magnetic field form ng nmenbers providing the 1ionized cathode materi al
produced fromthe vBpor 3otrkeratiGardvashelder B6KBrhgra €épssPtheh target
for formng a filmcontaining a conponent elenent of the cathode 20

mat eri al on tdetebosit | e targern Jhe vepveddkpbsétiducespatathe pfurality
of vapor deposition units have duct ends opposed to the holder and forned
t oget her to priovidie! kecionomnf tdetd epde.At | east one vapor source is
arranged on the other end of each of 25 the filter ducts. 14 The above
appar at ussfurt her imod udesskhowdgnebaeicf bekdctarei 6g aBRNbRENAUEUSET 8]
device adjusting a state of arrangenent of at |east one of the deflection

magnetic conventional vacuum arc vapor deposition apparatus.

DESCRIPTICON OF THE PREFERRED EMBODIMENTS
A vacuum arc vapor deposition apparatus of a

10 deflection field type according to an embodiment of the
invention includes a plurality of vapor deposition units
each including a vapor source configured to vaporize and
ionize a cathode material by a vacuum arc discharge
between a cathode formed of the cathode material and an

13 anocde, and a curved filter duct provided with one or more
deflection magnetic field forming members providing the
ionized cathode material produced from the vapor source
toward a holder heolding a deposition target for forming a
film containing a component element of the cathode

20 material on the deposition target.

The curved filter ducts of the plurality of wvapor
depcesition units have duct ends opposed to the holder and
formed together to provide a common duct end. At least
one vapor source is arranged on the other end of each of

25 the filter ducts.

14



field form ng nenber provided for at |east one of the 5 filter ducts of the
plurality of vapor deposition units wth respect to the filter duct for
controlling the magnetic field. The deflection magnetic field form ng
menber may be forned of a permanent nmagnet, a magnetic field formng 10
coil formng a magnetic field when energized, or a conbination of these
magnet and coil. In any one of the above structure, it is preferable that
the deflection magnetic field form ng nenber is arranged around the duct.
Typically, the magnetic field form ng nmber 15,adj:Lusti ng devi ce, may be
configured to adj ust™@ FoSTEi P2 FRUPhEUEFPEEL DAL BFCExE SARTBACHE i he
filter duct, of the deflection magnetic field form ng nmenber having the
arrangenent Stidtle 1T el R@j TR bydi Ret Hagneevece efdusE brdi agS kekber
adj usting device and forming a magnetic 20 field in the filter duct, and/or
to adjust anCdn@HERNIPETIE i Oh df ldestephecefohhangntlectidrl madntiiang
menber with respect to the duct. Typically, the filter duct may have a
rectangul ar feedid omrmalthoughbaotprestdedt €drt her etost |an¢ hef case 25
where the duct has the rectangul ar section, the angular 15 position of the
defl ecti oh nednetdrc dueid dOriiagp nendEL tyadf uskes: byepdel atprustnngs devi ce
with respect to the duct nay be adjusted around an axis substantially
with respect to the filter duct for controlling the
magnetic field,
The deflection magnetic field forming member may be
formed of a permanent magnet, a magnetic field forming
10 ccll forming a magnetic field when energized, or a
combination of these magnet and coil. In any one of the
above structure, it is preferable that the deflection
magnetic field forming member is arranged around the duct.
Typically, the magnetic field forming member
16 adijusting device may be configured to adjust a position,
in the direction of extension of the filter duct, of the
deflection magnetic field forming member having the
arrangement state to be adjusted by the magnetic field
forming member adijusting device and forming a magnetic
20 field in the filter duct, and/or to adjust an angular
position of the deflection magnetic field forming member
with respect to the duct.
Typically, the filter duct may have a rectangular

section, although not restricted thereto. In the case

25 where the duct has the rectangular section, the angular

15



perpendi cular to a pair of opposed side surfaces anong 5 four side
surfaces of the duct, and/or may be adjusted around another axis
substantially perpendicular to the above axis (i.e., around the axis
substantially perpendicular to the other pair of opposed side surfaces) 1In
the structure having the plurality of deflection 10 magnetic field formng
menbers on the each filter duct, one of the deflection magnetic field
form ng nenbers may be shared with one of the deflection nmagnetic field
form ng nenbers rQV|deﬂefor éhﬁ different filter duct. _ The deflection
magneti c fiel®*PIbrHhg hehberdthbscsharettag5ehay pecaftr SAGRY Gt MERRe T
foregoi ng comon duct end. Typically, the deflection magnetic field
formng mentts $HeR@d anohy %%%Fanw feyiee Wifkerednets Fe therdaged on
t he duct end opposed to the hol der shared anong the plurality of filter
ducts, and alswy kheadDigedd ezxdondnagnerie tikbtdanbialhyg menbers are
arranged on the portions of the filter ducts each spaced fromthe other
filter ducts ramspetidwvely.td natiheivacluopapsedapode deposatésnaappar at us
having any one of the above structures, the magnetic field 25 form ng
menber adpusticng: demicescafu@sy ust the dlb:tarsangeneniyshat &dphstoe

correspondi ng deflection nmagnetic field formng nenber with respect to the
filter duct mgontdrdticharaet erisbbesntealiy Fbrgchions19f to the
above axis {(i.e., around the axis substantially
perpendicular to the other pair of opposed side surfaces).
In the structure having the plurality of deflection
10 magnetic field forming members on the each filter duct,
one of the deflection magnetic field forming menbers may
be shared with one of the deflection magnetic field
forming members provided for the different filter duct.
The deflection magnetic field forming member thus shared
13 may be arranged at the foregoing common duct end.
Typically, the deflection magnetic field forming
member shared among the plurality of filter ducts is
arranged on the duct end opposed to the holder shared
among the plurality of filter ducts, and also, the
20 deflection magnetic field forming members are arranged on
the portions of the filter ducts each spaced freom the
other filter ducts, respectively.
In the vacuum arc vapor deposition apparatus having
any one of the above structures, the magnetic field

25 forming member adjusting device can adjust the

16



|l i nes of magnetic force) of the magnetic field formed in 5 the duct by the
magnetic field formng nmenber, and thereby to control a direction of
flight of the ionized cathode material produced fromthe vapor source
provided for the duct so that the ionized cathode nmaterial can be
supplied fromthe common duct end toward the deposition 10 target on the
hol der. When the ionized cathode nmaterial (s) are provided fromthe one or
nore other filter ducts, the arrangenent state of the nagnetic field
form ng nenber arranged in a variable state may be adjusted such that the
i oni zed 15 cathodeIREteFi aF2proofdéBef FeRrERBORPLREr dahiéeChaviing t he

adj ustabl e magnetic field formng nmenber may join the flow of the other

i oni zed cat hdtrImAEEFi AL ¢sY, fandingheeebyr| vihbdrebpastotot hbei 6alzed
cathode materials are directed toward the deposition target. 20 For
joining the fdows ob ¢hetirohi zbkdreathodetinat érigls piowctdednkrom the
plurality of filter ducts, and directing the joined flows toward the
deposition tlanget of thenbolderotecem thethenmeagnduct endidsvbinetienh
control may not be achieved only by adjusting the 25 arrangenent state of

the one nignefiie duet dbofornkngagddtmBbes1af rhhgingendystyr | Bnfhis case, an
adj usting device may be arranged for another magnetic field form ng nenber
of the same ang ducy £Or-adiHsti A0qt Pe-RELANGEMEDE (St aLe the ionized
cathode material produced from the vapor source provided
for the duct so that the ionized cathode material can be
supplied from the common duct end toward the deposition

10 target on the hclder.

When the ionized cathode material(s) are provided
from the one or more other filter ducts, the arrangement
state of the magnetic field forming member arranged in a
variable state may be adjusted such that the ionized

18 cathode material provided from the filter duct having the
adjustable magnetic field forming member may join the
flow ¢f the other ionized cathode material(s), and
thereby joined flows of the iocnized cathode materials are
directed toward the deposition target.

20 For joining the flows of the ionized cathode
materials provided from the plurality of filter ducts,
and directing the joined flows toward the deposition
target on the holder from the common duct end, sufficient
control may not be achieved only by adjusting the

25 arrangement state of the one magnetic field forming
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t hereof. Further,
one or nore magnetic field formng nenbers of the one or

adjusting the arrangenent state of the magnetic field form ng nenber
respect to the duct. Even in the case where it is not required to join
the flows of the ionized cathode materials provided from the plurality of
filter ducts together, it nmay be difficult in each filter duct to direct
the ionized cathode material fromthe common duct end toward

the fl ow of

t he depositiaon t

t. l.n thi dj
%ﬂégﬁggfb@g%r?%%géﬂcFor%%aEﬁl%fC?ﬁ@' BRe20? UAbIRI deFT£ERi on

arr angement

t he defl ecti ot

ase, the usting device 15 for the

Rt df Por AP RERC FreRdereFbChel shdr BarARBAgIE e T

t he adjusting device may be arranged 5 for each of the
nore ducts for

W th
10

magnetic field formng nenbers in edch of the filter ducts. For exanple,
%ﬁﬁ%é%

plurality of filter ducts 20 may be arranged for the conmon duct end of
the pluralityfofthg |tare diet shopposed @@]ehbingl thee, aandnatwenttheate

defl ection magnetic field form ng nenbers may be arranged

of the pl uralttereft fiTurrheiuct sheachi uspaceddévboetheyobbearfahged
duct (s), respectively. In 25 this case, the magnetic field form ng nenber
adj ustingd 1&cdewiae nay fe: provicedndos waghe bict heedef Fechivg nagnetic

field formng nenbers. In any one of the above cases, the structure, in

16

15

20

members of the one or more ducts for adjusting the
arrangement state of the magnetic field forming member
with respect to the duct. |

Even in the case where it is not required to join
the flows of the ionized cathode materials provided from
the plurality of filter ducts together, it may be
difficult in each filter duct to direct the flow of the
ionized cathode material from the common duct end toward
the deposition target. In this case, the adjusting device
for the arrangement state may be arranged for each of the
one or more deflection magnetic field forming members in
each of the filter ducts.

For example, the deflection magnetic field forming
member to be shared among the plurality of filter ducts
may be arranged for the common duct end of the plurality
of filter ducts opposed to the holder, and also, the
deflection magnetic field forming members may be arranged
for the portions of the plurality of filter ducts each
spaced from the other filter duct(s), respectively. In

this case, the magnetic field forming member adjusting

18
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whi ch the arrangenent states of the one or nore nmagnetic 5 field formng
menbers of each of the one or nore filter ducts are adjusted with respect
to the duct(s), can join the flows of the ionized cathode materials
produced from the respective vapor sources of the plurality of vapor
deposition units together at the common duct end of the 10 plurality of
filter ducts, and can direct the flows toward the deposition target on the
hol der. Thereby, even if a compound filmor the like is to be forned, the
film having he.desired%structure cgn be forned on the degosition t ar get
with good qual§Yy-amiryoda BFodLeerviey. a8 Phe thacdGM &FE10Rpor

deposi tion apparatus can _sinultaneously use the two or nore vapor sources,
and thereby ot thel@orPEURBYT FERPRESe of different materials on the
deposition target. By using them alternately, it is possible to formthe
conposite filmof 2Ptdeyie¢ne parthel abdivspernsed.t ype etrvheufel miof the
multi-layer structure made of different materials. One of the vapor
sources may bérigedthe doramgbeebhsetbayger odnththendeposinbrennbangeic and

t hereafter another vapor source may be used instead of the forner vapor
sour ce t 0525 ffiwlm af dasit@dnémbaronofheabaser| ayer onAl ternatiévelytepne 19
of the vapor sources may be used to forma film and another vapor source

may be used tnagdd ardiddpienta @l eReptshecthecf the qubieh) i schgi fgifor med
by the one of

the flows of the icnized cathode materials produced from
the respective vapor sources of the plurality of vapor
deposition units together at the common duct end of the

10 plurality of filter ducts, and can direct the flows
toward the deposition target on the holder. Thereby, even
if a compound film or the like is to be formed, the film
having the desired structure can be formed on the
deposition target with good quality and good productivity.

15 The wvacuum arc vapor deposition apparatus can
simultaneously use the two or more vapor socurces, and
thereby can form the compound film made of different
materials on the deposition target. By using them
alternately, it 1s possible to form the composite film of

20 the fine particle dispersed type or the film of the
multi-layer structure made of different materials. One of
the vapor sources may be used to form the base layer on
the deposition target, and thereafter another vapor
source may be used instead of the former vapor source to

25 form a desired film on the base layer. Alternatively, one
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t he vapor sources. Only the vapor source of any one of 5 the vapor
deposition units .may be used to formthe film nade of the sanme material on
the deposition target. The apparatus may be configured as follows for
suppressing such a situation that drift of plasma in the nagnetic field
formed by the deflection magnetic field 10 form ng nmenber deteriorates the
uniformty in film thickness distribution of the filmforned on the
surface of the deposition target. One or nore of the deflection magnetic

field formn pgqper re formed of field formng_.coils %o be energi zed by
afield forngilon %dﬁ%?ogl%ogﬁ%%?ymﬁgvﬁgeuFSdP%PnFQrﬂe?l ttiontfeld (i.e.
magnetic field for deflection% and the field formation. power _supply
devi ce may b& ¥ Bhier ' RPhI 5°WevT B EyRE| BEPFY TOi A r?iabggEH??Ection of a
current in at |east one of the field formng coil(s). 20 The apparatus may
be confi gur e &Gt Ionst Do, §F i 1R 1elr A ngeine FayBrddPyi e foreeel of
| ayers of different materials, for formng, e.g., the film containing a
di fferent el &fEntvaitfeds?eraepr detet er biraedarpor ePvRcenof hendi eretddn of
filmthickness, for 25 preventing flight of the ionized cathode materi al
20 produckd fthemudre wapewosburee wolthendegpbsi tEed tar fetm whenfhbcessary.
Thus, one or nore of the deflection magnetic field

made of the same material on the deposition target.

The apparatus may be configured as follows for
suppressing such a situation that drift of plasma in the
magnetic field formed by the deflection magnetic field

10 forming member deteriorates the uniformity in film
thickness distribution of the film formed on the surface
‘of the deposition target. One or more of the deflection
nagnetic field forming members are formed of field
forming coils to be energized by a field formation power

15 supply device to form a deflection field (i.e., magnetic
field for deflection}, and the field formation power
supply device may be a power supply device cyclically
inverting a direction of a current in at least one of the
field forming coil (s).

20 The apparatus may be configured as follows, e.g.,
for forming the layered film formed of layers of
different materials, for forming, e.g., the film
containing a different element added to a predetermined

portion in the direction of film thickness, for

25 preventing flight of the ionized cathode material

20



form ng nenbers are formed of nmagnetic field formng 5 coils formng the
defl ection magnetic field when energized by a field formation power supply
device. The field formation power supply device nay be a power supply

devi ce capable of turning on/off the power supply to each of the magnetic
field formng coils independently of the 10 others. By deenergizing the
magnetic field formng coil, it is possible to prevent flight of the

ioni zed cathode material to the deposition target. For the simlar

pur pose, at | east on f the vapor deposition its may.pbe provided with a
Shut-of f memtie ooy e h el Ry 00T 8 BEL GEBRCE SPoShRg JBBSFLT Rf BFF &Rt 1 ng
of f a passage ,of the ionized cathode material in the filter duct in the
vapor deposi tTi6H URFESSHd & openi ng position for opening the passage. For
produci ng the arc discharge between the anode 20 and the cathode of the
vapor source in thelMaguupiarer Haperodepbsi debheappararasgnenl ¢ rfggbd
el ectrode for arc discharging is opposed to a discharging surface of the
cat hode, and P xpiradgesilsebppriedfarredsofhvagaehodefandd fheninggger
el ectrode. Further, the trigger electrode is 25 brought into contact with
t he di schar giowi surfaoeind the d2iltctogermebnetiodéjedndyitdren i s spaced
therefromto cause the arc discharge so that the arc discharge is induced
bet ween t he anodeyandi tihge £atholle. formation power supply device. The
field formation power supply device may be a power supply
device capable of turning on/off the power supply to each
of the magnetic field forming coils independently of the
10 others. By deenergizing the magnetic field forming coil,
it is possible to prevent flight of the icnized cathode
material to the deposition target.
For the similar purpose, at least cone of the vapor
deposition units may be provided with a shut-off member
15 being movable between a closing position for shutting off
a passage of the ionized cathode material in the filter
duct in the vapor deposition unit and an opening position
for opening the passage.
For producing the arc discharge between the ancde
20  and the cathode of the vapor source in the vacuum arc
vapor deposition apparatus, a trigger electrode for arc
discharging is opposed to a discharging surface of the
cathode, and a voltage is applied across the cathode and

the trigger electrode. Further, the trigger electrode is

25 brought into contact with the discharging surface of the
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Dependi ng on the cathode material, however, the 5 vacuum arc di scharge may
of ten cease. Wienever the arc discharge ceases, it is necessary to restart
the film deposition by inducing the vacuum arc di scharge between the
anode and the cathode with a trigger electrode for 1inducing the arc

di scharge. 10 However, the arc discharge is unstable at the tinme of
so-called "arc ignition", i.e., when the trigger electrode induces the
vacuum arc di scharge between the anode and the cathode. Therefore, when

the arc ignition is repeated in the filmdepositin rocess, this |owers
et et P ufhes? MRS S it vah g h Rk e ER R o T SE e i s S
produce a fil m of good,quality W t hout excessively increasigﬁdthe time

fromstart oftRher¥¥ |9 eepdsrei R toatt hBecarpl et FoRrBYent neRItFet ri gger

el ectrode induces 20 the vacuum arc discharge in response to the ceasing or
turn-of f of tREWRRUURRaranedschadgbhduffrhiothe film deposition on the
deposition target. Accordingly, the follow ng nay be enployed. At |east the
plurality of vapor Reposiinonomnths teth@8cbwatsedasi nubwaneoustlye anong t he
plurality of vapor 22 deposition units are provided with the magnetic field
form ng cil sresernvi ngr@sdihehalefd eatiyoofragnetasef i €hehetor nilng ameabers and
formng the deflection nagnetic field
discharge ceases, 1t 1is necessary to restart the film
deposition by inducing the vacuum arc discharge between
the anode and the cathode with a trigger electrode for
inducing the arc discharge.
10 However, the arc discharge is unstable at the time
of so-called "arc ignition"™, i.e., when the trigger
electrode induces the vacuum arc discharge between the
anocde and the cathode. Therefore, when the arc ignition
is repeated in the film depositing process, this lowers
153 the film quality.
Accordingly, such means has been required that can
produce a film of good quality without excessively
increasing the time from start of the film depositiocn to
the completion even when the trigger electrode induces
20 the vacuum arc discharge in response to the ceasing or
turn-off of the vacuum arc discharge during the film
deposition on the deposition target.
Accordingly, the following may be emploved.

At least the plurality of vapor deposition units to

25 be used simultaneously among the plurality of vapor
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when being energized by a field formati on power supply 5 device, and are
al so provided with detectors detecting on/off of the arc discharge in the
vapor sources. The field formation power supply device is configured to
deenergi ze the magnetic field formng coils of the vapor deposition units
to be used sinmultaneously when at | east 10 one of the detectors in the
vapor deposition units to be wused sinultaneously detects the ceasing of
the arc discharge, and to allow the energizing of the magnetic field
formng coils %Eon,elﬁﬁsing of atime required for attaining the stable
arc di schar gi$hP &t F1Ohe vhpBr 218 BEAVEesdor i ERetYapdromehbsi f1ohunits to
be used sinultaneously after all the detectors in the vapor deposition
units to be USTREIMI?RheoBsTYidet @8t BAet Aellasbian sehgngblcFbekiini | ar
reasons, the follow ng may be enployed. 20 Each of the vapor deposition
units to be usagning mgnlapedushty apongnghehel dedleécyiof vapoet depbséidon
units may be provided with a shut-off nmenber being novable between a
cl osi ng posi tWlom florishwetengi oéd Jay passage oO66rhheidonpaes: cabixole
material in the filter 25 duct in the vapor deposition unit and an opening
position 523 deoriopenimy dhe PhSsSageovaddai vetHlenscecseteciévetyingri ving
the shut-off nmenber to the closing position and the opening position, and
a detector defediNGH OIS fa®f discharge in the vapor sources. The
field formation power supply device is configured to
deenergize the magnetic field forming coils of the vapor
deposition units to be used simultaneously when at least
10 one of the detectors in the vapor deposition units to be
used simultaneously detects the ceasing of the arc
discharge, and to allow the energizing of the magnetic
field forming coils upon elapsing of a time reguired for
attaining the stable arc discharge in all the vapor
15 sources of the vapor depcsition units to be used
simultaneously after all the detectors in the vapor
deposition units to be used simultanecusly detected the
arc discharge.
For similar reasons, the following may be employed.
20 Each of the vapor deposition units to be used
simultaneously among the plurality of vapor deposition
units may be provided with a shut-cff member being
movable between a closing position for shutting off a

passage of the ionized cathode material in the filter

25 duct in the vapor deposition unit and an opening position
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the arc discharge in the vapor source. The drive device 5 of the shut-off
menber in each of the vapor deposition wunits is configured to operate
under control of a control wunit. Wen the plurality of vapor deposition
units to be wused sinultaneously are sinultaneously used, the control unit
controls the drive devices such that the shut-off 10 nenbers of the filter
ducts of the vapor deposition units to be used sinultaneously are | ocated
in the closing position when at | east one of the detectors in the vapor

deposition units to be used sinultaneously.detects the —ceasing of the arc
di schar ge, ag%lfdj Beute ?%% RAUT S BF iSdﬁ%H%e %V%ﬁetﬁElSthYﬁ Yposi tion
upon el apsing.of a ti requir for attaining the stable arc discharge in
all the vapg%r%%iﬂ%egﬁ%fs¥%§ 9§ o?eﬂ%%BSF?iBngﬁ%?§l?8 Beslhey and
sinul taneously after all the detectors in the vapor deposition units to be
used simlta IR Ere thets 2andre dekerbpyedetrhat degeenbpfHetct i ng
the on/off of the arc discharge in the vapor source may be a current
detector detldd iatf &ididenaggelcuthentapasesoonce heTvacduhvardeviischar ge,
or may be a voltage detector detecting a 25 voltage applied to the cathode.
In the st®uctafr €he2shuictalif noetther cim renth def echer vaphendépo sibesomot
detect a current value representing that the vacuum arc discharge is on
it can be deterimisneids tdwatf 1der vdctnined €ate Seh@E gecontrol of a control
unit. When the plurality of vapor deposition units to be
used simultaneously are simultaneocusly used, the control
unit controls the drive devices such that the shut-off
10 members of the filter ducts of the vapor deposition units
to be used simultaneously are located in the closing
pogition when at least one of the detectors in the vapor
deposition units to be used simultaneously detects the
ceasing of the arc discharge, and to locate the shut-off
15 members in the opening position upon elapsing of a time
required for attaining the stable arc discharge in all
the vapor sources of the vapor deposition units to be
used simultaneously after all the detectors in the vapor
depcsition units to be used simultaneously detected the
20 arc discharge.
The detector detecting the on/off of the arc
discharge in the vapor source may be a current detector
detecting a discharge current based on the vacuum arc

discharge, or may be a voltage detector detecting a

25 voltage applied to the cathode. In the structure
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is off. When the detector detects a current value 5 representing that the
vacuum arc discharge is on, it can be determned that the vacuum arc

di scharge is on. In the structure including the voltage detector, when the
vol t age detector does not detect a voltage value representing that the
vacuum arc discharge is on, it can 10 be determ ned that the vacuum arc

di scharge is off. When the voltage detector detects a voltage val ue
representing that the vacuum arc discharge is on, it can be determ ned
that the vacuun1§r scharge is on. The ing.time requirgd for

Ir Ll{i.di f forego
attaini ng t he'"95 $t4%| E"Gr cUbF €RhaflgEerhothe™0&por tsBAREeEOFsAGLFFabR e
depending on the material of the cathode, specific structures of the
vacuum arc vapor-eepodt{rent Appaf et hsndahbabt hBPs VagRETt REFefoFeheafe be
determ ned in advance, e.g., based on experinents or the |ike. 20 For the
control of tHe fQ3m St rekt upe dabderebnpdsihpbnths Werbumsaschéispurpose, a
power supply device applying a pulse voltage may be enployed as at | east
one of the arie poWwer “Wuppl yhaleddcestonhieheappl Besuracudl ragjeeacr oss t he
cat hode and the anode of the vapor 25 source in each of the vapor
deposi ti o unidisrdsoFnichusi tigat 26h4¢ heaanemdisehat gehaThesipover Supphy
device may be configured to control at |east one of a nagnitude of the
pul se vol t agée algnd sei medt thand:ide MiYuum arc discharge is on. In the
structure including the voltage detector, when the
voltage detector does not detect a voltage value
representing that the vacuum arc discharge is on, it can
10 be determined that the vacuum arc discharge is off. When
the voltage detector detects a voltage value representing
that the vacuum arc discharge is on, it can be determined
that the vacuum arc discharge is on.
The foregoing time required for attaining the
15 stable arc discharge in the vapor sources is variable
depending on the material of the cathode, specific
structures of the vacuum arc vapor deposition apparatus
and others, and therefore can be determined in advance,
e.dg., based on experiments or the like.
20 For the control of the film structure and
composition as well as other purpose, a power supply
device applying a pulse voltage may be employed as at
least one of the arc power supply devices, which applies

a voltage across the cathode and the anode of the vapor

25 source in each of the vapor deposition units for causing
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At | east one of the vapor deposition units may be 5 provided with the
plurality of vapor sources. An exanple of a vacuum arc vapor deposition
apparatus of the deflection field type will now be described with
reference to the drawings. 10 Fig. 1 shows a schematic structure of an
exanple Al of the vacuum arc vapor deposition apparatus of the deflection
field type. The vacuum arc vapor deposition apparatus Al shown in Fig. 1

i ncl udes a deposition container (chanmber) 1, in which a holder 2 is
arranged 15 fqr qggortlng a depgﬁltlon t ar get or. work, which takes the
formof a sub A PR EfibodP MEnPO ke SHEP @rdQVng Ba¥nBEted to a
power source Pva whi ch plies a_bias_. voltage to the dep05|t|on target S
held by the Hﬁﬁﬂ%&g%re@qunﬁo?FFﬁ%déBoé???Bnonﬁoofhé BaATarnER afighe
connected to an exhaust device EX, which can attain an intended vacuum

state in the Pibbift afnktade, Taccvheer widpbsanion dhfys UNL and UN2 are
connected to one position of a container wall 11. The vapor deposition unit
UN1 includes a curvwed DSasi|oee dicthd wadoa vaposisouncenBisTheyfbéter
duct 4 has 26 an end 40 opposed to the holder 2, which is connected to a
wal | aroudd auectdmfularh opleai mgutdDiforoedviapotrheocukoeggoi ng one
position. The vapor source 3 is arranged on the other end 41 of the duct
4. The duct 4 is curved by
An example of a vacuum arc vapor deposition

apparatus of the deflection field type will now be

described with reference to the drawings.

10 Fig. 1 shows a schematic structure of an example Al
of the wvacuum arc vapor deposition apparatus of the
deflection field type. The wvacuum arc vapor deposition
apparatus Al shown in Fig. 1 includes a deposition
container (chamber) 1, in which a holder 2 is arranged

15 for supporting a deposition target S or work, which takes
the form of a substrate in this embodiment. The holder 2
is connected to a power source PWl, which applies a bias
voltage to the deposition target S held by the holder 2
during film deposition.

20 The container 1 is connected to an exhaust device
EX, which can attain an intended wvacuum state in the
container 1. Two vapor deposition units UN1 and UN2 are
connected to one position of a container wall 11.

The vapor deposition unit UN1 includes a curved

25 filter duct 4 and a vapor source 3. The filter duct 4 has
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5 nearly about 90 degrees, and has a rectangul ar section (see Fig. 2). A
magnetic field formng coil 400 is arranged around the end 40 of the duct
4 near the deposition container 1. Another magnetic field formng coil 42
is 10 arranged around a portion of the duct 4 near the other end 41. The
coil 400 is carried by a frame 401, and the <coil 42 is carried by a frane
43. Power sources PWB and PW can energize the coils 400 and 42,
respectively, so that a deflection field (i.e., a magnetic field for 15

defl ecti on) n be formed in th duct 4.&@%F_ n.F
coil frame 40 i 7Y gpr|8805§da 'E%F ot I’ ﬁ@ﬁcpoﬂgtFSHneﬁ%86p5§|te
directions around an_axi d i s _perpendicular to opposed side
surfaces 4a of YRETdBEPUES anHngaﬁguﬁéFpgﬁﬁ“éﬁﬁaﬁ1@0erﬂeﬁtﬂél CRis a of
the duct 4 extending along its length. Arotary nmotor m carried on the
menber fl caﬁOH?QQenanan?oPaﬁétﬂﬁé cole VeReE 40¥racodndst heraagied €3 in
both the directions. Thereby, the angular position of the coil 400 carried
by the coil f?%ﬁeoﬂbqu%HQS4édPﬁsthbléuatoﬂndThhedam¢s413S cu2¥vethbycoi
frame 401 is carried together with the first nenber fl and notor m by a
second nefbemd2ripraboot abdodeinecoppositie hdisr ectrkananantundsantaxhs r,
which is perpendicular to the other opposed side surfaces 4b of

{see Fig. 2).

A magnetic field forming coil 400 is arranged

around the end 4C of the duct 4 near the deposition
~container 1. Another magnetic field forming coil 42 is
10  arranged around a portion of the duct 4 near the other
end 41. The coil 400 is carried by a frame 401, and the
coil 42 is carried by a frame 43. Power sources PW3 and
PW4 can energize the coils 400 and 42, respectively, so
that a deflection field (i.e., a magnetic field for
15 deflection) can be formed in the duct 4.

As shown in Figs. 1 and 2, the coil frame 401 is
carried by a first member fl for rotation in opposite
directions around an axis B, which is perpendicular to
opposed side surfaces 4a of the duct 4, and is

20 perpendicular to a central axis & of the duct 4 extending
along its length. A rotary motor ml carried on the member
fl1 can drive and fotate the coil frame 401 around the

axis 8 in both the directions. Thereby, the angular

position of the coil 400 carried by the coil frame 401 is

25 adjustable around the axis f3.
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5 the duct 4, and is perpendicular to the central axis a of the duct 4
extending along its length. Arotary notor n2 carried on the nenber f2 can
drive and rotate the coil frame 401 around the axis r in both the
directions. Thereby, the angular position of the coil 400 is 10 adjustable
around the axis r. Further, a reciprocation drive device PC (see Fig. 1)
in a stationary position can adjust the position of the coil 400, the
frame 401 carrying the coil 400 as well as nDtors m and nR2 as a whole in
the direction of the 15 duct_center axis a (i in the direction of
extension of the dutf)SOLintkang nal bo%?tFéﬁerdtE%Q%B??r4@bt?nt?%e
vertical direction in Fig. 1 can be adjusted in this exanple. The notors
m and n2 as Mel§t a{%enﬂ%f devidd protandudt hErs seema BerpendfustPhg device
for the coil 400. 20 Simlarly to the rotary nmechanismfor the coil frane
401, the coi Irdyamen3icarpyongte heicectid@si srocadraedabys arf,i méticienber
(not shown) for rotation in opposite directions around an axis /31, which
is perpendlcuﬂ&uquPQﬂﬂﬂam@gusddastwe sthéacespdacofsthe sucfacd 4 and is
perpendi cular to the center axis a of the duct 28 4, and can be driven to

rotate ingthereppnsit e difeetiOnsergsounguihe aXi ené3elyr 21 10k 28 yomBEor M
carried by the first nmenber. Thereby, the angular position of the coil 42
carried by thec<idcH ramdd caty bel adiust 8d18RQURd A rotary motor m2
carried on the member f2 can drive and rotate the coil
frame 401 around the axis ¥ in both the directions.
Thereby, the angular position of the coil 400 is
10 adjustable around the axis 7.
Further, a reciprocation drive device PC (see Fig.
1) in a staticnary position can adjust the position of
the coil 400, the frame 401 carrying the coil 400 as well
as motors ml and mZ as a whole in the direction of the
15 duct center axis & (i.e., in the direction of extension
of the duct). Thus, the position of the coil 400 in the
vertical direction in Fig. 1 can be adjusted in this
exanple. The motors ml and m2 as well as the device PC
and others form a coil adjusting device for the coil 400.
20 Similarly to the rotary mechanism for the coil
frame 401, the coil frame 43 carrying the coil 42 is
carried by a first member (not shown) for rotation in
opposite directions around an axis [81, which is

perpendicular to the opposed side surfaces 4a of the duct

25 4, and is perpendicular to the center axis « of the duct
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5 the axis /31. The coil frame 43 is carried together with the first
menber (not shown) and the notor ML carried thereby by a second nenber
(not shown) for rotation in opposite directions around an axis Ti, which
is perpendicular to 10 the other opposed side surfaces 4b of the duct 4,
and is perpendicular to the central axis a of the duct 4 extending al ong
its length. Arotary notor M2 carried on the second nenber can drive and
rotate the coil franme 43 around the axis Ti in both the directions.
Thereby, the 15 angul ar position of the coil 42 is adjustable around the
axis 7' i . ‘ThéoiFAAL e et TPank® 430takryiigtie The® Tt ers* MS and
M2 is swingable as a whole in a lengthwise direction (i.e., direction of
ext ensi on) ofaRHEIGIUERe 42205 af duy & JusEet Tetios M Icecatied by ahe
stationary position, and a reciprocation drive device PClL can adjust the
posi tion therfddfst mamier | chyehowse dieeeryohar Thes hbiorsof MhaneoM as
well as the device PO and others forma coil adjusting device for the coi
42. 25 The otdrercarapord deposh¢ i omi UnftatuiN24 B ncdudes ad)j29tediraecduid| t er
duct 4' and a vapor source 3'. The end 40 of the filter duct 4" is forned
to serve ml saras A:ie;s epd, 40 of the filter duct 4 in the vapor deposition
unit UNL. Therefore, the duct 4' is |likew se connected to the

The coil frame 43 is carried together with the
first member (not shown) and the motor M1 carried thereby
by a second member {(not shown} for rotation in opposite
directions around an axis Y1, which is perpendicular to

10 the other opposed side surfaces 4b of the duct 4, and is
perpendicular to the central axis & of the duct 4
extending along its length. A rotary motor M2 carried on.
the second member can drive and rotate the coil frame 43
around the axis Y1 in both the directions. Thereby, the

15 angular position of the coil 42 is adjustable around the

axis 7v1.
The coil 42, the frame 43 carrying it and the

motors M1 and M2 is swingable as a whole in a lengthwise
direction {(i.e., direction of extension) of the duct 4

20 around a support axis 44 located in a stationary position,
and a reciprocation drive device PCl can adiust the
position thereof in this lengthwise direction. The motors
Ml and M2 as well as the device PCl and others form a
coll adjusting device for the coil 42.

25 The other vapor depcsition unit UN2 includes a
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5 peripheral wall portion of the opening 110 in the container wall, and is
opposed to the holder 2. A vapor source 3" is arranged on the other end
41' of the duct 4'. The duct 4' is curved by nearly 90 degrees, is

hori zontally symmetrical to the duct 4, and has a 10 rectangul ar section
(see Fig. 2). A partition 4Wis arranged in a boundary position
substantially between the joined portions of the ducts and the separated
portions of the ducts for preventing direct opposing of the vapor sources
3 and 3'. 15 The duct 4' is provided with the magnetic field form ng coi
400, which | Swiegdd Witer thedutt andia vaped priovieed’ wi The a2Maghtic
field formng coil 42' arranged around a portion near the other end 41

nei ghbori ng tof titres visploresoiaete ', isi ivtaetlyte osehee cabso 28s obhe enduct 4.
A frame 43" carries the coil 42'. Power sources PWB and PW' energize the
coils 400 andiUDf tihe forimdheldef | €cinobhéi ebpolidepostheomagnet i €Y i el d
for deflection) in the duct 4', respectively. Simlarly to the rotary
mechani sm f orridie: eoid, 2 faame 401isthekewibe ftameedBedi socanei ed by a
first 30 nenber (not shown) for rotation in opposite directions around an

axis /3i's WM diseer Rendi Gidaride dherpprosedingi deosunfases of the duct
4', and is perpendicular to the center axis of the duct 4', and can be
driven to rotal & siner wall, and is opposed to the holder 2. A vapor
source 3' is arranged on the other end 41' of the duct 4'.
The duct 4' is curved by nearly 90 degrees, is
horizontally symmetrical to the duct 4, and has a
10 rectangular section (see Fig. 2). A partition 4W is
arranged in a boundary position substantially between the
joined portions of the ducts and the separated portions
of the ducts for preventing direct opposing of the vapor
sources 3 and 3'.
15 The duct 4" is provided with the magnetic field
forming coil 400, which is shared with the duct 4, is
also provided with a magnetic field forming coil 42!
arranged around a portion near the other end 41
neighboring to the vapor source 3', similarly to the case
20 of the duct 4. A frame 43' carries the coil 4Z'. Power
sources PW3 and PW4' energize the coils 400 and 42' to
form the deflection field {i.e., the magnetic field for
deflection) in the duct 4', respectively.
Similarly to the rotary mechanism for the coil

25 frame 401, the coil frame 43' is carried by a first
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5 in the opposite directions around the axis $1' by the rotary notor M
carried by the first nenber. Thereby, the angular position of the coil 42
carried by the coil frame 43" can be adjusted around the axis 81'. The
coil frame 43" is carried together with the 10 first nmenmber (not shown)
and the notor ML' carried thereby by a second nenber (not shown) for
rotation in opposite directions around an axis yl', which is

per pendi cul ar to the other opposed side surfaces of the duct 4', and is
perpendicular to a central axis of the 15 duct 4' extending along its
| ength. A rot®#§ bt ROWRENOERY r R BATEKE CBedBNEPRERFBEF égﬁeaﬁlgasand
rotate the coil frame 43" around the axis yl' in both the directions.

Ther eby, the anguhdraposikiiof I0f, tviel @oils 42erpendi) st abd etla o aate
axis yl'. 20 The coil 42', the frane 43" carrying it and the notors M’
and M2' is swihdabberfscaswhbl éhipndactl éngt hwdsé sdpespendaciilas. todihect i on
of extension) of the duct 4' around a support axis 44" |ocated in a
stationary posdétiiten, aand afr ebepdocat on dnidveadebecdr25eRCLo cahabd] ust
the position thereof in this |engthw se 31 direction. The notors M' and

M2 as wekl as,thes deybeeitECGE randighhensohanmeaccaikk sad ustipardevi ce for
the coil 42'. Fig. 3(A) shows a structure of the vapor source 3,
rotary motor M1' carried by the first member. Thereby,
the angular position of the coil 42' carried by the coil
frame 43' can be adjusted around the axis B1'.
The coil frame 43' is carried together with the

10 first member (not shown) and the motor M1' carried
thereby by a second member (not shown) for rotation in
opposite directions around an axis Y 1’, which is
perpendicular to the other opposed side surfaces of the
duct 4', and is perpendicular to a central axis of the

15 duct 4' extending along its length. A rotary motor MZ'
carried on the second member can drive and rotate the
coil frame 43' around the axis *Y1’ in both the directions.
Thereby, the angular position of the coll 42' is
adjustable around the axis Y 1’.

20 The coil 42', the frame 43' carrying it and the
motors M1' and M2' is swingable as a whole in a
lengthwise direction (i.e., direction of extension) of
the duct 4' around a support axis 44' located in a
stationary position, and a reciprocation drive device

25 PC1l' can adiust the position therecf in this lengthwise
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5 and Fig. 3(B) shows a structure of the vapor source 3'. The vapor source
3 (3") includes a cathode 31 (31') as shown in Fig. 3(A) or 3(B). The
cathode 31 (31') arranged in the duct is carried by an electrically
conductive cathode support 32 (32') loosely fitted into a central 10 hole
in a grounded wall plate 410 (410'), which is attached to the end 41 (41')
of the filter duct 4 (4'). The cathode support 32 (32') is fixed to the
wal | plate 410 (410") via an insulating nenber 33 (33'). The cathode 31
(31') is nade_of a material selected 15 depending on the filmto be
formed. In adegion ot thee Bakers ofhedandsiide ?ﬁewﬁéﬂlaﬁlﬁF% 499-¢210'), a
cylindrical anode 34 (34') is opposed to the cathode 31 (3l'), and a
rod-like tridger’ edledtobrer35I¢B8' 3 ¢ellapfangbdnpndpdécehéoanbde, cahl is
opposed to a central 20 portion of an end surface (discharging surface) of
the cathode 41" (31'). The anode 34 (34') is grounded. The trigger

el ectrode 35 (35') extends outward through an opening of the anode 34
(34') renote from thiey. cathodendds (31s)ruandresotatheedabyrassuppers, rod
351 25 (351'). The support rod 351 (351') is connected to a 32

reciprocagi veirdd neiay. di ve deviises DsfBhigrQuesbdechbevupbl sphate 310 (410')
t hrough a so-called feed-through device 36 (36') arranged on the wall
plate 410. Thedey s DodRld $ambyfingcihgetrkogsenshectioder 8p 485 ) into
shown in Fig. 3(A) or 3(B}). The cathode 31 (31') arranged
in the duct is carried by an electrically conductive
cathode support 32 (32') loosely fitted into a central
10 hole in a grounded wall plate 410 (410'), which is
attached to the end 41 (41') of the filter duct 4 (4').
The cathode support 32 (32') is fixed to the wall plate
410 {(410") via an insulating member 33 (337).
The cathode 31 (31') is made of a material selected
15 depending on the film to be formed. In a region of the
duct formed inside the wall plate 410 (410'}, a
cylindrical anode 34 (347) is opposed to the cathode 31
{31'}, and a rod-like trigger electrode 35 (35') 1is
arranged inside the ancde, and 1s opposed to a central
20 portion of an end surface (discharging surface) ¢f the

cathode 31 (31'}). The anode 34 (34'} is grounded.

The trigger electrode 35 (35') extends outward

through an opening of the anode 34 (34'} remote from the
cathode 31 (31"}, and is carried by a support rod 3501
25 (351') . The support rod 351 {(351'") is connected to a
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5 contact with the cathode 31 (31'), and can also space it fromthe
cathode 31 (31'). The feed-through device 36 (36') can sealingly isolate
the inner and outer spaces of the wall plate 410 (410') from each other,
but allows reciprocation of the rod 351 (351'). 10 The vapor source 3 (3")
further includes an arc power source PW (PW2'), which is connected to the
cathode 31 (31') and others for applying an arc discharge voltage across
the cathode 31 (31') and the anode 34 (34'), and applying a trigger

vol tage across the cathode 15 31 (31') and the tri%ger el ectrode 35 (35')
to i nduce theF @R AF3EhEe gelpeetiedniVRedediREdE 307 30ufsafdd the Wable 34
(34'"). The trigger electrode 35 (35') is grounded via a resistance R (R)
for preventirmgldtowtb? (AEOhr ctiduipneht 2 Accoriénmtl deedctbroBglisigvioe
detecting a 20 discharge current based on the vacuum arc discharge is
connected to ¥ | [ he' betynweangetiecar Chpowei lspliate PV2. (R¥24Hyvaod Bhe

cat hode support 32 (32'). As will be described later, a voltage detector
50 (50') may @&') emgph ayethdg nstheadr 0fgbheetueeenticdetecor) 2bt&Fig. 4 is a
bl ock di agram showi ng a part of 33 electric circuits in the apparatus Al.

As shown 5n tdurstadt aekeili @k apatRo@ensrolizumit GRNTChS £0BPeshee:t Ot he
arc power sources PW2 and PW2', coil power sources PW3, PW and PW', and
trigger el ectyQde did vesdeyhces) Diandy  he feed-through device 36

(36') can sealingly isolate tﬁe inner and outer spaces of

the wall plate 410 (410') from each other, but allows

reciprocation of the rod 351 (351').

10 The vapor socurce 3 (3') further inciudes an arc
power source PW2Z (PW2'), which is connected to the
cathode 31 (31') and others for applying an arc discharge
voltage across the cathode 31 (31') and the anode 34
(34"}, and applying a trigger voltage across the cathode

15 31 (31') and the trigger electrocde 35 (35') to induce the
arc discharge between the cathode 31 (31') and the anode
34 (34'). The trigger electrode 35 (35') is grounded via
a resistance R (R') for preventing flow of the arc
current. A current detector 5 (5') for detecting a

20 discharge current based on the vacuum arc discharge is
connected to a line between the arc power source PW2
(PW2') and the cathode support 32 (32'). As will be
described later, a voltage detector 50 (50') may be
employed instead of the current detector.

25 Fig., 4 is a block diagram showing a part of
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5 D. The current detectors 5 and 5 (or voltage detectors 50 and 50') are
al so connected to the control unit CONT. As will be described |ater, the
control unit CONT controls on/off of the power sources. However, the coi
power sources PWB, PW and PW' may be controlled 10 independently of the
ot her power sources such that the on/off thereof is controlled to control
the magnetic field formng coil corresponding to the power source
thereof. In any one of the above cases, it can be considered that the
power sources PWB, PW and PW/' as 15 well as the_control unit CONT form
the magnetic $iRF U LF of MR FohS pbikeFP8uBBPFTGEVFCALF of St ABOMRAgHRL FR1%i el d
formng coils. The vacuum arc vapor deposition apparatus Al can formthe
filmby using @ff% ShaIBR he GapbFosotRPéEsCONA 1pocenngctadetot®ee control
unit CONT determ nes that the vacuum arc di scharge is off when the current
detector 5 @Gr&' PGS PoOHrdes et aapdeldér ninéd dosehasgerces remd, val ue
representing the on state of discharge. Wien the detector 5 or 5 detects
t he predet er dvedid? sl gea2d tuigeat wakbuérotihedeomerobvikmes TONTA
determ nes that the 34 vacuum arc discharge is on. Wen control unit CONT
determ ne$ tindt. thee vactiwnt adetcbschar geahd of f (ot vshuige ofiétédieopover

supply from the power sources PWB and PW (or PWB and PW') to the
50 and 50') are also connected to the control unit CONT.
As will be described later, the control unit CONT
controls on/off of the power scurces. However, the coil
power sources PW3, PW4 and PW4' may be controlled
10 independently of the other power scurces such that the
on/off thereof is controlled to control the magnetic
field forming coil corresponding to the power source
therecof. In any one of the above cases, it can be
considered that the power sources PW3, PW4 and PW4' as
15 well as the control unit CONT form the magnetic field
formation power supply device for the magnetic field
forming coils.
The vacuum arc vapor deposition apparatus Al can
form the film by using only one of tge vapor sources. In
20 this éase, the control unit CONT determines that the
vacuum arc discharge is off when the current detector 5
or 5' does not detect a predetermined discharge current
value representing the on state of discharge. When the
detector 5 or 5' detects the predetermined discharge

25 current value, the control unit CONT determines that the
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5 magnetic field formng coils 400 and 42 (or 400 and 42'), and instructs
the trigger electrode drive device D (or D) to drive the trigger

el ectrode 35 (or 35') to induce the vacuum arc di scharge. Wen contro

unit CONT determ nes that the vacuum 10 arc di scharge is on when the
current detector 5 (or 5') detects a predeterm ned discharge current val ue
representing the on state of the vacuum arc di scharge. The control unit
CONT energizes all the magnetic field formng coils 400 and 42 (or 400 and
42') after elapsing 15 of a predetermned tinme, which is required until the
vacuum arc di'éeHaiye2 becohesnarddl éSaPfler the turn-on of the vacuumarc

di scharge. The tine required for stabilizing the vacuumarc discharge is
vari abl e dependi ngiloent pentaehodel rafeNTaleandnonher shatnthe anapewr0
determ ned in advance by experinments or the like. 1In the operation of

form ng the fartendiyscsinudtamneofi§) yitsshgtehefvapoe soweresuBpandfBom
control unit CONT determ nes that the vacuum arc discharge is off when at

| east one of e mawsendodetestons Snandwd' (bn BBt hedveEpor) sodrcies 3 and
3' does not detect the 35 predeterm ned discharge current val ue

represent5ng dign o ¢ st Bd Bd of o thiendi s6hakggooVhea bot hotheodesggtprs) 5 and
5" detect the predeterm ned discharge current values, the control unit
CONT det er m ngg; thalc L VagWm Al Goer electrode drive device D {or

D') to drive the trigger electrode 35 {(or 35') to induce

the vacuum arc discharge.

When contrel unit CONT determines that the vacuum

10 arc discharge is on when the current detector 5 (or 5")
detects a predetermined discharge current value
representing the on state of the vacuum arc discharge.
The control unif CONT energizes all the magnetic field
forming coils 400 and 42 {or 400 and 42'} after elapsing

18 of a predetermined time, which is required until the
vacuum arc discharge becomes stable after the turn-on of
the vacuum arc discharge. The time required for
stabilizing the vacuum arc discharge is variable
depending on the cathode material and others, and can be

20 determined in advance by experiments or the like.

In the operation of forming the film by
simultaneously using the vapor sources 3 and 3', control
unit CONT determines that the vacuum arc discharge is off
when at least one of the current detectors 5 and 5' in

25 the wvapor sources 3 and 3' does not detect the
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5 discharge is on. Wien the control unit CONT determ nes that the vacuum
arc discharge is off, it shuts off the power supply fromthe power sources
PWB, PWI and PW}' to the nagnetic field formng coils 400, 42 and 42',
10 instructs the trigger electrode drive devices D and/or D to drive the
trigger electrode 35 and/or 35" to induce the vacuum arc di scharge. Wen
each of the current detectors 5 and 5 detects the predeterm ned current
val ue representing the on state 15 of the vacuum arc di scharge, the

control unit

CONT determ nes that the vacuum arc discharge is on. Upon

el apsi ng of &PPreckerringd dhfehargereqgureel valve raerevaechimyakle on

di scharge becones stable after the turn-on of

and

the vacuum arc di scharge in

al | the vaporssaug cef sfhoodpsehabust yWkept bphht heeofietechers Phandont rol
unit CONT energizes all the nagnetic field form ng coils 400, 42 and
When the vaculsttert dischaedetbecones difchihee deteebbrvsdl({®s) thnnot
detect the discharge current. When 25 the vacuum arc discharge is on

di schar ge curagentrehmudst becdet et etni Basedhan thésvathemcoantr ol

enpl oys the current value serving as the basis or reference for
det er m nagi o ofowheddersthe, vacuum arc di scharge is on or off. Wen the
current value equal to or greater than

10

15

20

25

When the control unit CONT determines that the
vacuum arc discharge is off, it shuts off the power
supply from the power sources PW3, PW4 and PW4' to the
magnetic field forming coils 400, 42 and 42', and
instructs the trigger electrode drive devices D and/or D'
to drive the trigger electrode 35 and/or 35' to induce
the vacuum arc discharge.

When each of the current detectors 5 and 5' detects
the predetermined current value representing the on state
of the vacuum arc discharge, the control unit CONT
determines that the vacuum arc discharge is on. Upon
elapsing of a preset time, which is required until the
vacuum arc discharge becomes stable after the turn-on of
the vacuum arc discharge in all the wvapor source(s)
previously kept in the off state, the control unit CONT
energizes all the magnetic field forming coils 4G0, 42
and 427,

When the vacuum arc discharge becomes off, the
detector 5 (5') cannot detect the discharge current. When

the vacuum arc discharge is on, the discharge current can

36
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5 the determ nation reference current value is detected, it 1is determ ned
that the vacuum arc discharge is on. OQherwse, it is determned that the
vacuum arc discharge is off. In the case where the voltage detectors 50
and 50° 10 are used for detecting the off state of the discharge, the
drive or operation of the vapor sources can be controlled simlarly to the
case of enploying the current detectors 5 and 5 . The voltage detector 50
(50") detects a rated voltage of the power source PW2 (PW2') or a 15
voltage close to it when the vacuum arc discharge is off, and detects a
vol tage of a RaldeternetfierBehand PRetibdvetheorPREECKhERIENECHACAURT-aYe

di scharge is on. Based on this, the control unit CONT can enploy a voltage
val ue servingPasCarbast svatupefEEREE £6r tHet brALAaPLonesPr2ocahéoher the
vacuum arc di scharge is on or off. Wien the detected voltage value is
equal to or shaf¢enrindbhonhds whethagetiial wvecsenvieng d$stherdet ésnonati on
basis or reference, it is determ ned that the vacuumarc discharge 1is on
O herw se, itor sofiet eflmemethé¢ hahrtbatvaslum agaa25tdi sehgrgetes ohfn 37
According to the vacuum arc vapor deposition apparatus A, which has been
descri bed5w tthe elerentind©iofli ge fdredcthbnrbehi ¢antiai nkngethetreal hode

conponent nmaterial elenent(s) can be deposited on the deposition
is determined that the vacuum arc discharge is on.
Otherwise, it is determined that the vacuum arc discharge
is off.
In the case where the voltage detectors 50 and 59!
10 are used for detecting the off state of the discharge,
the drive or operation of the vapor sources can be
controlled similarly to the case of employing the current
detectors 5 and 5'. The voltage detector 50 (50') detects
a rated voltage of the power source PW2 (PW2') or a
15 voltage close to it when the vacuum arc discharge is off,
and detects a voltage of a value smaller than the above
voltage when the vacuum arc discharge is on. Based on
this, the control unit CONT can employ a voltage wvalue
serving as a basis or reference for determination of
20 whether the vacuum arc discharge is on or off. When the
detected voltage value is equal to or smaller than this
voltage value serving as the determination basis or
reference, it is determined that the vacuum arc discharge

is on. Otherwise, it is determined that the vacuum arc

25 discharge is off.
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5 target S as follows. First, the deposition target Sis |ocated on the

hol der 2. Initially, each of the nagnetic field formng coils 400, 42 and
42' is not energi zed. The exhaust device EX operates to attain the
deposition pressure in 10 the container 1 and the ducts 4 and 4' connected
thereto by exhausting a gas therefrom I|f necessary, a bias voltage for
attracting the deposition ions is applied fromthe power source PW to
the deposition target S on the holder 2. For depositing a 15 uniformthin
film the rotary drive device (not shown) may rotate the holder 2 and

t hereby the deposi tA&PPEatyet toStdar vagutheadepvsberoferpaithenabove state,
the trigger electrodes 35 and/or 35 in the vapor sources 3 and/or 3" to
be used 20 amraraughtAlntehconthst heeh thecrabhddestBlrafdiencdlte and
then are spaced therefrom respectively. Thereby, sparking occurs between
the el ectrodei3b. (B5'9 tdnththelmcavhodenddg(8ie) chdhbdeggenpbhenvacuum arc
di scharge between the anode 34 (34') and the cathode 31 (31'). This 25 arc

di schar ge heats:dhies cad haglen s eriah be evppoiatg bhechd8depbhotdecmaterial .
This starts formation of the plasma containing the ionized cathode

material gn fygnje10fs the €athode, 31 (31'). During this, the control unit
CONT detects the
First, the deposition target S is located on the
holder 2. Initially, each of the magnetic field forming
colls 400, 42 and 42' is not energized. The exhaust
device EX operates tc attain the deposition pressure in
10 the container 1 and the ducts 4 and 4' connected thereto
by exhausting a gas therefron.
If necessary, a bias voltage for attracting the
deposition ions is applied from the power source PWl to
the deposition target S on the hclder 2. For depositing a
i5 uniform thin film, the rotary drive device (not shown)
may rotate the holder 2 and thereby the deposition target
S during the deposition.
In the above state, the {rigger electrodes 35
and/or 35' in the vapor sources 3 and/or 3' to be used
20 are brought into contact with the cathodes 31 and/or 317,
and then are spaced therefrom, respectively. Thereby,
sparking occurs between the electrode 35 (35') and the
cathode 31 (31'} to trigger Ehe vacuum arc discharge
between the ancde 34 (34') and the cathode 31 {31'). This

25 arc discharge heats the cathode material to evapcrate the
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5 turn-on of the vacuum arc di scharge in the vapor source to be used from
the information provided fromthe detector 5 (5 ). Wen the preset tine
required for stabilizing the vacuum arc di scharge el apses thereafter
control unit CONT instructs the coil power sources PWB 10 and PW and/or

t he power sources PWB and PW' corresponding to the vapor source(s) to be
used, and thereby energizes the coils 400 and 42 and/or the coils 400 and
42' . Thereby, the deflection field(s) forned by the 15 coils 400 and 42
and/or coils 400 and 42' cause the ionized cathode material (s) produced
fromthe vaporatReds ceat@raadior 3' to fly fromthe separated portion(s)

of the ducts 4 and/or 4' through the common duct end 40 toward the target
S on the hol der 2. Thishisavperbeioatig0 olfethecpdisoharcgetmaypipgotee
rough particles of the cathode material. These rough particles have | arge
mass, and thermefor@ asehode hedetdwdr dnt Mercout lefi tofe tdwetlcodeohl  dBict) end
40 by the deflection field so that the rough particles collide wth the

inner surface of theused. thhs 25tk8i SoABABEr LNAatgoodTt AERektknths for ned
whil e suppressing 39 flight of the rough particles onto the target S.

During thg depasitdonfwied thendet £6£0818charkedeheehs YhgotUEBapEE of the
vacuum arc di scharge, the control unit CONT provides an instruction to
stop the to be used from the information provided from the
detector 5 (5'). When the preset time required for
stabilizing the vacuum arc discharge elapses thereafter,
control unit CONT instructs the coil power sources PW3
10 and PW4 and/or the power sources PW3 and PW4'
corresponding to the vapor source{s) to be used, and
thereby energizes the coils 400 and 42 and/or the coils
400 and 42°'.
Thereby, the deflection field(s) formed by the
15 coils 400 and 42 and/or coils 400 and 42' cause the
ionized cathcecde material (s) produced from the vapor
sources 3 and/or 3" to fly from the separated portion(s)
of the ducts 4 and/or 4’ through the common duct end 40
toward the target S on the holder 2. In this operation,
20 the arc discharge may produce rough particles of the
cathode material. These rough particles have large mass,
and therefore are not led toward the outlet of the commuon
duct end 4C by the deflection field so that the rough
particles collide with the inner surface of the duct. In

25 this manner, a good thin film is formed while suppressing
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5 energizing of the coils 400 and 42 and/or coils 400 and 42'. Thereafter,
the coils are energized again when the tinme required for stabilizing the
vacuum arc di scharge elapses after the detector 5 (5') detects turn-on of
the vacuum arc di scharge caused by the arc ignition. 10 If the turn-off of
the vacuum arc discharge is repeated, and the trigger electrode 35 (35")
performs the arc ignition in response to every turn-off, such particles
may be produced that are not preferable in view of the filmfornmation, or
may |lower the filmquality. 15 This particles may occur before the vacuum
arc di schar gef L bgtones shabreughiopevéiclegennicn the abovetcdse of the
repetitive turn-on and arc ignition, the above structure can restart the
filmdeposition whenithegvesgutepositdbachahge ithestiahketok. 8. (51 h such a
state that the above 20 unpreferable particles do not reach or

subst anti al | yyaecthwttieachrihefdepestheonatangetrs. dIbtEa€an, i fpeove the
quality of the film Since the energizing of the coils imediately

restarts upon-gl@ansi nghof é@ﬁTtﬁﬂgviégg'éﬁdlﬁgkr%ét§5ﬁbt5'§tﬂﬁ the vacuum
arc discharge after the detector 5 0 (5') detects the turn-on of the

vacuum arg il 08in A o Oﬁﬂetw?%lsswet ah84b! Sl LMLRESSEADL )
position to the conpletion so that the Til mdeposition can per f or med
efficiently.42.. Thereafter, the coils are energized again when the

time required for stabilizing the vacuum arc discharge

elapses after the detector 5 (5') detects turn-on of the

vacuum arc discharge caused by the arc ignition.

10 If the turn-off of the vacuum arc discharge is
repeated, and the trigger electrocde 35 (35') performs the
arc igniticon in response to every turn-off, such
particles may be produced that are not preferable in view
of the film formation, or may lower the film guality.

15 This particles may occur before the vacuum arc discharge
becomes stable. However, even in the above case of the
repetitive turn-on and arc ignition, the above structure
can restart the film deposition when the vacuum arc
discharge is stable, i.e., in such a state that the above

20 unpreferable particles do not reach or substantially do
not reach the deposition target S. This can improve the
quality of the Film.

Since the energizing of the coils immediately
restarts upon elapsing ¢f the time required for

25 stabilizing the vacuum arc discharge after the detector 5
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5 In the foregoing exanple, the magnetic field formng coils are
deenergi zed for restarting the vacuum arc discharge after the turn-off of
the vacuum arc discharge. In stead of or in addition to this manner, as
shown in Fig. 5, shutter nenbers. SH and SH provided in 10 the respective
filter ducts 4 and 4' may be appropriately closed for the above restart
operation. Rotary drive devices SHD and SHD can selectively locate the
shutter menbers SH and SH in positions for closing the passages of the
ioni zed cathode materials and positions retracted 15 therefrom for opening
t he passages.{The doreles U t LOONTOMRY LbEheonbrguredre odpsevitee, an
instruction controlling the operation of the rotary drive devices SHD and
SHD to open/lcirosetime shutderregeinbedsfron the fbeefgod Agdexanpt epnwhen t he
coil 42 (42') 20 is to be deenergi zed, the shutter nmenber SH (SH ) nay be
| ocat ed in théelosipige posi tsonthat addet Folmt 0epbsibichnsdrade of such
deenergi zing. In the foregoing exanple, when the coil 42 (42') is to be

ener gi zed, thershitiel o feibesnSH,(SH ) may be located in the opening
position. 25 In the vacuum arc vapor deposition apparatus Al 41 descri bed

above, the state ofparyiangeiEio Olgtheanponet tge highdeforpagycoils 400
and/or 42 with respect to the "duct 4 can be adjustéd prior to the
deposi tion o the ,fenosidian talgel, 5 suGhebhat L e, L 0N zed. cal hode
arc discharge after the turn-off of the vacuum arc
discharge. In stead of or in addition to this manner, as
shown in Fig. 5, shutter members SH and SH' provided in
10 the respective filter ducts 4 and 4' may be appropriately
cilosed for the above restart operation. Rotary drive
devices SHD and SHD' can selectively locate the shutter
members SH and SH' in positions for closing the passages
of the ionized cathode materials and positions retracted
15 therefrom for opening the passages.

The contrel unit CONT may be configured to provide
an instruction controlling the operation of the rotary
drive devices SHD and SHD' to open/close the shutter
members. In the foregoing example, when the coil 42 (42'")

20 is to be deenergized, the shutter member SH (SH') may be
located in the closing position in addition to or in
instead of such deenergizing. In the foregoing exanple,
when the coil 42 (42') is to be energized, the shutter
member SH (SH') may be located in the opening position.

25 In the vacuum arc vapor deposition apparatus Al
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5 material produced fromthe vapor source 3 may be accurately directed
fromthe common duct end 40 toward the target S on the holder. Thus, one
or nore of the notors m and n2 and the reciprocation drive device PC can
adj ust the angular position of the magnetic field 10 form ng coil 400
around the axis /3, the angular position thereof around the axis r, and/or
the position thereof in the direction (vertical direction in Fig. 1) of
extension of the duct end 40. Al so, one or nore of the notors M and M
and the reciprocation drive device PCl can adjust 15 the angul ar position
of the magnetdestrebddfabnirag tbel st42eandundrihgemzns af, thhemaggetac
position thereof around the axis Ti, and/or the position thereof in the
direction of &xéeastormohqgtbeityctod. aAbdser ubewstht ecepeatr angenent of the
magnetic 20 field formng coils 400 and/or 42' with respect to the duct

4' can be adjaustedssyeh $@aéd§BQtE@nF%§6rC@bh@ﬂ§ depbet ik abnpradyged from
the vapor source 3' nmay be accurately directed fromthe conmmon duct end 40

toward the targel; Sion thegbel §egucﬁhleﬁato@ﬁeoao@&@doéam@d@ motors
and n2 and the reC|procat|on drive device PC can adj ust the angul ar

42
gg;hfé?npgglﬁﬁgﬁgP?% % %?%%ngigﬁgkggiggb%rangygﬁggﬁe gg??féﬁ Fheﬁggf in
the direction (vertical, directigneii, e & m%neéESESiegQ 40 toward

the target S on the holder. Thus, one or more of the
motors ml and m2 and the reciprocation drive device PC
can adijust the angular position of the magnetic field

10 forming coil 400 around the axis B, the angular position
thereof around the axis 7, and/or the positicon thereof in
the direction {(vertical direction in Fig. 1) of extension
of the duct end 40. Also, one or more of the motors M1
and M2 and the reciprocation drive device PC1l can adjust

15 the angular position of the magnetic field forming ccil
42 around the axis B1, the angular position thereof
around the axis Y1, and/or the position thereof in the
direction of extension of the duct 4.

Also, the state of arrangement of the magnetic

20 field forming coils 40C and/or 42' with respect to the
duct 4' can be adjusted such that the ionilized cathode
material produced from the vapor source 3' may be
accurately directed from the common duct end 40 toward

the target S on the holder. Thus, one or more of the

25 motors ml and m2 and the reciprocation drive device PC
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5 of the duct end 40. Also, one or nore of the nmotors Ml' and M2' and the
reci procation drive device PCl' can adjust the angular position of the
magnetic field formng coil 42' around the axis 81', the angul ar position
t hereof around the axis Y1', and/or the position thereof 10 in the
direction of extension of the duct 4'. Accordingly, in the case of formng
afilm e.g., a conpound filmby using both the vapor sources 3 and 3',
the state of arrangenent of one or nore of the coils 400, 42 and 42' nmay
be adjusted with respect to the ducts, and 15 thereby the ionized cat hode
mat eri al s protuteddiusm the avapdarspustesoB afidtBe maygnbeidi Feet@d from
the separated portions toward the common duct end 40, and nay be joi ned

toget her in thereoigods ducioendrdQndf eae whiieh st haHonized cathede ion
materials are provided toward the target 20 S on the holder. Thereby, a

filmof goodqualddy £anbe chorardson thedan9ethsSpAceadl] NG dredhen

vacuum ar c vapor deposition apparatus Al described above, the vapor

sources 3 angyrd §LCAd-PEMSed. st Mubianepusty hoidepogitf hercorporad-hil m
25 made of different materials on the target S. Al so, the 43 vapor sources

3 and 3' gan e tehy r tLLi J '

cpnpositegfifﬁ?é#§$ﬁgﬂ#¢H%ﬂépgéif%?goﬂi§g§rg%dM§%%eégngﬁ?ﬁ§b%%f%?g}ayer

filmmade of ,.di fferenty BLETLaL S, 08, 9L, t NE; YEPRL, 204 585+ 3,40 3
adiust the angular position of the magnetic field forming

coil 42" around the axis B1', the angular position

thereof around the axis Y1', and/or the position thereof

10  in the direction of extension of the duct 4'.
Accordingly, in the case of forming a film, e.¢9., a
compound film by using both the vapor sources 3 and 37,
the state of arrangement of one or more of the coils 40C0,
42 and 42' may be adjusted with respect to the ducts, and
15 thereby the ionized cathode materials produced from the
vapor sources 3 and 3' may be directed from the separated
portions toward the common duct end 40, and may be joined
together in the common duct end 40, from which the
ionized cathode materials are provided toward the target
20 S on the holder. Thereby, a film of good quality can be
formed on the target S.
According te the vacuum arc vapor deposition
apparatus Al described above, the vapor sources 3 and 3!
can be used simultaneously to deposit the compound film

25 made of different materials on the target S. Also, the
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5 can be used to formthe base layer on the target S, and thereafter, the
ot her vapor source nmay be used to forma desired filmon the base |ayer.
One of the vapor sources 3 or 3' may be used to add a different elenent to
the film which is being formed by the other vapor source 3 10 or 3. Only
one of the vapor sources can be used to form the film made of the uniform
material on the target S. |If necessary, depending on the quality,
structure and others of the filmto be fornmed, it is possible to cease and
restart the energizing of the magnetic field 15 formng coils 42 and/or

42' accordi ngrame predetees heandi &l nganAbsopsied addethehely endi nstead of
such control of the coil energizing, the shutter nenber SH or SH shown
in Fig. 5 myrdmeetusetvekry gteo dypselecthuwebympbedati aglnt ofnthhefthesi ng and
openi ng positions 20 according to predetermned tim ng. For exanple, the

cat hode 31 i pdde yapodiseareed3cypayahe taemadlef -aagarbenigakhedectand
the cathode 31' of the vapor source 3' may be forned of a netal cathode of

tungsten (VVuif%YéE@hﬁq%atefiéﬁﬁ'U@hébe tHbOQ%FBk(Qbﬁrcg§ BroR4(ke) or the
l'ike. Thereby, it is possible to forn1a 44 DL D anond- Li ke Carbon) film

contai ni ng el et s)sof é”ﬁ@nﬁf‘{ BQQSdl%QSE%R tﬁ@rgﬁf tasf'%ﬁéica“ be

formed in such a nmanner t anot as plasma IS pro UC

deposi tion thereafter, the other vapor source may be used to form a

desired film on the base layer. One of the wvapor sources
3 or 3' may be used to add a different element to the
film, which is being formed by the other vapor source 3
10 or 3. Only one of the vapor sources can be used to form
the film made of the uniform material on the target S.

If necessary, depending on the quality, structure
and others of the film to be formed, it is possible to.
cease and restart the energizing of the magnetic fieid

15 forming colls 42 and/or 42' according to predetermined
timing. Also, in addition to or instead of such control
of the coil energizing, the shutter member 3H or SH'
shown in Fig. 5 may be used, e.g., by selectively
locating it in the cloéing and opening positions

20 according to predetermined timing.

For example, the cathode 31 in the wvapor scurce 3
may be formed of a carbon cathode, and the cathode 31' of
the vapor source 3' may be formed of a metal cathode of
tungsten (W), chrome (Cr), titanium {(Ti), niobium (Nb),

25 iron (Fe) or the like. Thereby, it is possible to form a
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5 container 1 by a known manner, and the vapor sources 3 and/or 3' are

al so used. For exanple, plasma of a nitrogen gas may be produced in the
deposition container 1, the cathode 31 nay be a titanium cathode, and the
cathode 31' nmay be a carbon cathode or an al umi num 10 cat hode so that a
TICN filmor a TIAIN fil mcan be formed. For exanple, the cathode 31 may
be a carbon cathode, and the cathode 31' may be a netal cathode of
tungsten (W, chronme (Cr), niobium (Nb), nolybdenum (M), iron (Fe) or the
| i ke. Thereby, the base | ayer of the above 15 netal can be forned on the
target S, andix DUG dridm-clanke beafiosmedft her eontainianoéhenespésl foL
exanpl e, the cathodes 31 and 31' are formed of a carbon cathode and a

tungst en cat hade, ndgespecddyel ynetdtdlig. 1, the coil 42 is arranged such 20
that the coil surface is kept perpendicular to the duct center axis a, and

i's inclined counterm|0okw se; by 20 c&eapeesc ahodndnt becaxs sm¥dnat tthdespect
to the vertical plane. The coil 42' is arranged such that the coi

surface i s keplmetpendi oyl ALt 0: § hoy dLegelh efn@XispodBe fod 15 inclined

cl ockwi se by grees aroun e axisr Wi th respect to the

vertical plane. .Further, .the Y t coils and. 42 . . ln;the
extensiong dngﬁeﬁﬁﬁggflt %uggéw%fﬁgi%%%’c%ﬁgtgh%,véé% tﬁ% c%? 400 is
kept hori zontal anqgjs Ioca{ed in av rtical

and/ox are a .

SO use or examgle, plasma ¢f a
nitrogen gas may be produced in the deposition container
1, the cathode 31 may be a titanium cathode, and the
cathode 31' may be a carbon cathode or an aluminum
10 cathode so that a TiCN film or a TiAIN film can be formed.
For example, the cathode 31 may be a carbon cathode,
and the cathode 31' may be a metal cathode of tungsten
(W), chrome (Cr), niobium (Nb), molybdenum (Mo), iron
(Fe) or the like. Thereby, the base layer of the above
15 metal can be formed on the target S, and a DLC film can
be formed thereon.
In another specific example, the cathodes 31 and
31' are formed of a carbon cathode and a tungsten cathode,
respectively. In Fig. 1, the coil 42 is arranged such
20 that the coil surface is kept perpendicular to the duct
center axis &, and is inclined counterclockwise by 20

degrees around the axis ¥1 with respect to the vertical
plane. The coil 42' is arranged such that the coil

surface is kept perpendicular to the duct center axis,

25 and is inclined clockwise by 20 degrees around the axis Y
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5 adjusted position. Thereby, such setting is attained that the ionized
cat hode materials produced fromthe cathodes are joined in the commobn duct
end 40, and are directed toward the target S. In this state, each of the
magnetic field formng coils 42, 42' and 400 was supplied with a 10
current of 100 [A] to formthe deflection magnetic fields, and thereby to
evaporate and ioni ze each cathode with the vacuum arc discharge current of
100 [A] . Thereby, a DLC filmcontaining tungsten added thereto was forned
over the target S on the holder 2. 15 For suppressing such a situation that
drift of  pl asmawitrh thespagnet s ctli¢ et drf beabdpbyntheFdethectiome field
form ng nenber deteriorates the uniformty in film thickness distribution
of the film frdmedi @ the s faselsof2t heddeposihi ehet axgets Snt he
apparatus may be 20 configured to invert cyclically a direction of a

current in afjdeasicooner ofnd heucok! $r400:p42-3Rdt 4R, Legergl ngoon the
quality, structure and others of the filmto be forned, the power sources

PVE andior PBlo fOndie NAEHRELE, déﬁ&hgggfoegye@rwQev@f%ﬁ@apwputs 25

and the control unlt cont rol east one of the 46 magnitude,

Pﬁlasﬁa\émn% ude CldjpU uéé/d\?@ dstf t“ajc’fgl)d v%]g?geﬁ%&%u égtg% ?Jsageae{ahg%&tsek?g%en gf a
keyboard (Se%he 1dn12e£qggt(a g.éé%é?fa gn££85uggatf§§%néhe cg%gbég§ of
are Jjoined in the common duct end 40, and are directed
toward the target S. In this state, each of the magnetic
field forming coils 42, 42' and 400 was supplied with a

10 current of 100 [A}l to form the deflection magnetic fields,
and thereby to evaporate and ionize each cathode with the
vacuum arc discharge current of 100 [A]. Thereby, a DLC
film containing tungsten added thereto was formed over
the target $ on the holder 2.

15 For suppressing such a situation that drift of
plasma in the magnetic field formed by the deflection
field forming member deteriorates the uniformity in film
thickness distribution of the film formed on the surface
of the deposition target S, the apparatus may be

20 configured fto invert cyclically a directioﬁ of a current
in at least one of the coils 400, 42 and 42°'.

Depending on the quality, structure and others of
the film to be formed, the power sources PW2 and/or PW2'
for the vacuum arc discharge may provide pulse ocutputs,

25 and the control unit CONT may control at least one of the
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5 the above cases, it can be considered that the power sources PW and
PW' as well as the control unit CONT formthe arc power supply device for
each vapor source. For formng the film having high surface snoot hness,

t hi ckness uniformty and others over a |arge area, the 10 plurality of
vapor sources may be arranged for each of the filter ducts 4 and/or 4", if
necessary. The plurality of vapor sources having cathodes nmade of the sane
material may be provided for one filter duct, although this structure is
not restrictive. 15 I NDUSTRI ALLY APPLI CABI LI TY The vacuum arc vapor
deposi ti on appsyiat usdef phésedeidiebt and fluéydofypeecanlbe wskdador Iworm ng
thin filnmse of good quality with good productivity, and particularly 20
for form ng tihis fiedes, oatt aeget sooe wbr ksesuahnasuds} opobsd ewpdirh sand
machi ne parts, tools, dies or the like for the purpose of, e.g., inproving
at | east one dftyesf thespsianceclshydi RYyPHePeEtYvigOLir RSVIOFar@S|séance
and others. 25 47 WHAT IS CLAIMED I'S: 1. A vacuum arc vapor deposition

apparatus of @ 4 def) e@éﬁ@@cééélgotw@ SOARELS! BYi tacOLHI abh tan PloNaRoF
deposition units each including at | east one vapor source
5 the above cases, it can be considered that the power
sources PWZ and PWZ' as well as the control unit CONT
form the arc power supply device for each vapor source.
For forming the film having high surface smoothness,
thickness uniformity and others over a large area, the
10 plurality of vapor sources may be arranged for each of
the filter ducts 4 and/or 4', if necessary. The plurality
of vapor sources having cathodes made of the same

material may be provided for one filter duct, although

this structure is not restrictive,

INDUSTRIALLY APPLICABILITY

The vacuum arc vapor deposition apparatus cf the
deflection field type can be used for forming thin films
of good quality with good productivity, and particularly

20 for forming thin films on targets or works such as

automobile parts, machine parts, tools, dies or the like
for the purpose of, e.qg., ilmproving at least one of wear
resistance, sliding property, corrosion resistance and

others.

25
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configured to vaporize and ionize a cathode material by a vacuumarc

di scharge between a cathode fornmed of the cathode material and an anode;
and a curved filter duct provided with at |east one deflection magnetic
field form ng nenber providing the ionized cathode material produced from
sai d vapor source toward a holder holding a deposition target for formng
a filmcontaining a conponent elenent of the cathode material on the
deposition target, said curved filter ducts of the plurality of vapor

deposi ti on unggsT heyi ogedect ends opposed to said hol der and forned
together to provide a comon duct end, and at | east one of the vapor

sources _bei ng. af ranasd i & hea gt heie8d: 0 ofaEPoatathe bl ber  ducts,

wherein said apparatus further conprises a naghe form ng nenber

dj ust i devi ' [ - - t f id
deti'ect i on magroteot i PR RrhE SumpltSETT Rk Rhe Phe Y B v IB8E o "t he
filter ducts of saj luraljity

d, of, vapo eposition upits wth respect to
sl 011 ter dUROTT L GorisbhT | FECh hEhCHGHE: Lf FBRAC B YABPE! Ro4BCH
| east the plurality of vapor deposition units to be used sinmultaneously
anong the pl Wt 192019 VEporaPeps’i #710nt ORF £ ar 2 pRededBatRF LR nBYneéti ¢
field formng coils serving as the deflection nagnetic field form ng
vacuum arc discharge between a cathode formed of the

cathode material and an ancde; and a curved filter duct
provided with at least one deflection magnetic field
forming member providing the ionized cathode material
produced from said vapor source toward a holder heolding a
deposition target for forming a film ceontaining a
component element of the cathode material on the
deposition target, said curved filter ducts of the
plurality of vapor deposition units having duct ends
opposed to said holder and formed together to provide a
common duct end, and at least one of the vapor sources
being arranged on the other end of each of the filter
ducts, wherein

said apparatus further comprises a magnetic field
forming member adjusting device adjusting a state of
arrangement of at least one of said deflection magnetic
field forming member provided for at least cne ¢f the
filter ducts of said plurality of vapor deposition units
with respect to said filter duct for controlling the

magnetic field, and wherein
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menbers and formng a deflection nmagnetic field when being energized by a
field formati on power supply device, and are also provided with detectors
detecting on/off of the arc discharge in said vapor sources, and said
field formation power supply device is configured to deenergize the
magnetic field formng coils of the vapor deposition wunits to be used

si mul taneously when at | east one of said detectors in the vapor deposition
units to be used sinultaneously detects ceasing of the arc discharge, and
to allow the energizingeaktt haempgnetile thi elrd viheor RgpoeQitisnupen tel apsi ng
of atime required for attaining the stable arc discharge in all the vapor

sources of the, Yaporsdepesitéonsupi baochg PeeUsed -gh fult @_@ewgby after all
the detectors in the vapor deposition units to be wused simultaneously

det ect ed the.@éﬂﬁ??ief%&?r&?itg-aJQ?%XS‘-SE&%’%jg{J%t?ﬁRQ nQWBSﬂEng ?g?@&ﬁ&“s of

the deflectio ype according to erein sa

formati on power, supply device |js a r._.supply device,cycli.call

nverting & diteeli O BITG #5 ToFr ent PRt 50n| BadPebhe bF SLdi dORRANG: i ¢
field formng coils. 3. A vacuum arc _vapor deposition apparatus of a

defl ection fiePHIyHetOMTIBIHG: 2 a9Df tPari 0y BRIVEPOF Ld8PpEsIEFBN units
each including at |east one vapor source configured to vaporize and ionize
a cathode natleging #yergized by a field formation power supply device,

and are also provided with detectors detecting con/cff of
the arc discharge in said vapor sources, and sald field
formation power supply device is configured to deenergize
the magnetic field forming coils of the wvapor deposition
units to be used simultaneocusly when at least one of said
detectors in the vapor deposition units to be used
simultaneously detects ceasing of the arc discharge, and
to allow the energizing of the magnetic field forming
colls upcn elapsing of a time required for attaining the
staple arc discharge in all the vapor sources of the
vapor deposition units to be used simultaneously after
all the detectors in the vapor deposition units to be

used simultanecusly detected the arc discharge.

2. The wvacuum arc vapor deposition apparatus of the
deflection field type according to claim 1, wherein
said field formation power supply device i1s a power

supply device cyclically inverting a direction of a
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vacuum arc di scharge between a cathode fornmed of the cathode material and
an anode; and a curved filter duct provided with at |east one deflection
magnetic field form ng nenber providing the ionized cathode nateri al
produced from said vapor source toward a holder holding a deposition
target for formng a filmcontaining a conponent el enent of the cathode
material on the deposition target, said curved filter ducts of the
plurality of vapor deposition units having duct ends opposed to said

hol der and f asueeet©9Bt hef 182 PF oyhdecd s§paMRAgHYE ceRdelandoahihgast one
of the vapor sources being arranged on the other end of each of the filter

ducts, whereil,sald apparatus further conprises a nmagnetic field formng
menber adj usting device adjusting a state of arrangenent of at |east one
of said deflection magnetic field form ng nenber provided for at |east one
of the filter ducts of said plurality of vapor deposition units 50 with
respect to said filter_duct for controlliagpthe .magnetic field,. and

wherei n each of said- vApBFCHBBoSEEi BAPRRI FEPPS 1L Olis B8PSt Sifebus! y
among the plurality of vapor deposition units is provided with a shut-off
nmenber bei ng Foi ettt Ohef viebh BYRE 0SPAYT OSTY T of Pgwréiﬁawi f§ BRPOA passage
of the ionized cathode material in the filter duct in said

deposition units each including at least one vapor source

configured to vaporize and ionize a cathode material by a
vacuum arc discharge between a cathode formed of the
cathode material and an anocde; and a curved filter duct
provided with at least one deflection magnetic field
forming member providing the ionized cathode material
produced from said vapor source toward a holder holding a
deposition target for forming a film containing a
component element of the cathode material on the
deposition target, said curved filter ducts of the
plurality of vapor deposition units having duct ends
opposed to saild helder and formed together to provide a
common duct end, and at least one of the vapor sources
being arranged on the other end of each of the filter
ducts, wherein

said apparatus further comprises a magnetic field
forming member adjusting device adjusting a state of
arrangement of at least one of said deflection magnetic
field forming member provided for at least one of the

filter ducts of said plurality of vapor deposition units
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vapor deposition unit and an opening position for opening

di scharge, and to |ogal e Salh $huloof fac IEIDEI 8n |ty 88 0 0

upon elapsing of atine require or attaining sta

|1 h : Ld d Lti, [
Si mul  ancousl y ATt 67 AP T tRo el BePhrSEPREPhe Cabbr " 2BERo

t he passage, a
drive device selectively driving the shut- off nenber to the cl osing
position and the opening position, and a detector detecting on/off of the
arc discharge in the vapor source, said drive device of the
menber in each of the vapor deposition units is configured to operate
under control of a control unit, said control unit, in sinultaneous use of
said plurality of vapor deposition units to be used simultaneously,
control s sai dwilthveedpetcesosuahdt fat csai dushutroef tonmeidharisigofthiche filter
ducts of the vapor deposition units to be used sinmultaneously are | ocated
in the closingagpesiti enevhenzal L,eastigne of said detectors in the vapor
deposition units to be used sinultaneously detects ceasing of the arc

PELI RY.pOSIi tion

e arc discharge in

BEFPS

shut - of f

14

used sinultaneously,detectegethe arc discharge. 4. The vacuum a

deposi tion appatat uss T ths

wherein at |east one of said deflection magnetic field formng
a magnetic fiREeeoRnd ngledingteopetion for shutting off a passage of

seq
dni'ts to be

. vapor
der bt forrraPatt PRBPEEC bR TS 2PN m 3.

menbers is

the ionized cathode material in the filter duct in said

vapor deposition unit and an opening position for opening

the passage, a drive device selectively driving the shut-

off member to the closing position and the opening

position, and a detector detecting on/off of the arc

discharge in the vapor source, said drive device of the

shut-off member in each of the vapor deposition units is

configured to operate under contrel of a control unit,

said control unit, in simultaneous use of said plurality

of vapor deposition units to be used simultaneously,

controls said drive devices such that said shut-off

members of the filter ducts of the vapor deposition units

to be used simultaneously are located in the closing

position when at least one of said detectors in the vapor

deposition units to be used simultaneously detects

ceasing of the arc discharge, and to locate said shut-off

members in said opening position upon elapsing of a time

required for attaining the stable arc discharge in all

the vapor sources of said vapor deposition units to be
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energi zed by a field formati on power supply device to forma deflection
magnetic field, and said field formati on power supply device is a power
supply device cyclically inverting a direction of a current in at |east
one of said nmagnetic field formng coils. 5. The vacuum arc vapor
deposition apparatus of the deflection field type according to any one of
the preceding clains 1 to 4, wherein the deflection nagnetic field form ng
menber shared anong said plurality of filter ducts is arranged on the

duct end opposeddt sisaidahebdelyshdted anongheaiceteplural ity tofe faktoar
ducts, and the deflection magnetic field form ng nenbers are arranged on

the portions gépbberibhl hgttduebspeachespacadltaamotRg yoRekfiddt ehe
duct (s), respectively. 52 6. The vacuum arc vapor deposition apparatus of

t he deflectiggcf5§g9h5¥§g.according to any one of the preceding clains 1
J :

to 5, wherein said magnetic field formng nenber adjusting device is

provi ded for each of said deflection nagnetic field form ng nenbers. 7.
The vacuum arc vapor deposition apparatus of the deflection field type
according to any one of the receding clains 1 to 6, wherein saig gﬁgnetic
field forming menber adjustiTigtefcerapor deposition apparatus o

deflection field type according to claim 3, wherein

at least one of said defiection magnetic field
forming members is a magnetic field forming coil to be
energized by a field formation power supply device to
form a deflection magnetic field, and said field
formation power supply device is a power supply device
cyclically inverting a direction of a current in at least

one of said magnetic field forming coils.

5. The vacuum arc vapor deposition apparatus of the
deflection field type according tc any one of the
preceding claims 1 to 4, wherein

the deflection magnetic field forming member shared
among said plurality of filter ducts is arranged on the
duct end cpposed to said holder shared among said
plurality of filter ducts, and the deflection magnetic
field forming members are arranged on the portions of the
filter ducts each spaced from the other filter duct(s),

respectively.
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is a device adjusting a position, in the direction of extension of said
filter duct, of the deflection magnetic field form ng nmenber having the
arrangenent state to be adjusted by said magnetic field form ng nenber
adjusting device and formng a magnetic field in said filter duct, and/or
adj usting an angul ar position of the deflection magnetic field formng
menber with respect to the duct. 8. The vacuum arc vapor deposition
apparatus of the deflection field type according to any one of the
preceding claims 1 &Q Thewhakeiuh alrd &gl rorR s isaldh WRQiraeposit i
units is provided with the plurality of vapor sources. 53

deflection field type according to any one of the

preceding claims 1 to5, wherein

said magnetic field forming member adjusting device
is provided for each of said deflection magnetic field

forming members.

7. The vacuum arc vapor deposition apparatus of the
deflection field type according to any one of the
preceding claims 1 to 6, wherein

said magnetic field forming member adjusting device
is a device adjusting a position, in the direction of
extension of said filter duct, of the deflection magnetic
field forming member having the arrangement state to be
adjusted by said magnetic field forming member adjusting
device and forming a magnetic field in said filter duct,
and/or adiusting an angular position of the deflection

magnetic field forming member with respect to the duct.

8. The wvacuum arc vapor deposition apparatus of the
deflection field type according to any one of the

preceding cilaims 1 to 7, wherein

at least one of said vapor deposition units 1s

provided with the plurality of vapor sources.
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