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
deposi tion 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
is caused between an anode and a cathode to vaporize a cathode material by
the 15 arc discharge in a vacuum at nosphere, and plasma containing the

i oni zed cathode material is produced to provide the ionized cathode
material onto a deposition target or work so that a thin filmis deposited
on the deposition target. VacuuvERIEICAEBIdMrge i s caused between 20 the
anode and cathode to ionize the cathode naterial in a portion of the
apparatus, which is generally referred to as a vapor source or a vacuum
arc vapor source. The
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vacuum arc vapor deposition apparatus is superior in deposition rate and
filmproductivity to a plasma CVD 25 device and others. 1 A vacuum arc
vapor deposition apparatus of a deflection field type has been known as a
ki nd of such vacuum arc vapor deposition apparatus. The vacuum arc vapor
deposition apparatus of the deflection field type 5 includes the foregoing
vapor source as well as a curved filter duct, in which a pernmanent magnet
or a coil for producing a nagnetic field produces a deflecting magnetic
field (i.e., magnetic field for def causing flight of an

ioni zed cathode material of the vapor source toward a hol der hol ding the

d tion t A d t t hod,
ough par Ui chESCHinf ek SPE P BPPed o naPoaREE S Bar £/ EFBLeCbIom ar opl et 5",

may occur mhen he arc discharge vaporlzes t he cat hode. Such rough
particles may~f5% T¥P&nd adhere to the deposition target, and thereby the
rough particles may | ower surface snoothness of a film formed on the
deposi tion tgﬁ§§NI§§Lw€ﬁE1§b adhesivity of the filmto the deposition
target. The curved filter duct, in which the foregoing

: 5 The present invention relates to a vacuum arc vapor

deposition apparatus, which can be used for depositing
thin films on subﬁects or works such as automobile parts,
machine parts, tools or dies for the purpose of, e.qg.,
improving at least one of wear resistance, sliding

10 property, corrcsion resistance and others.
BACKGROUND ART -

According to a vacuum arc vapor deposition
apparatus, vacuum arc discharge is caused between an
anode and a cathode tc 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 vaper source ¢r a vacuum arc vapor source. The
vacuum arc vapor deposition apparatus is superior in
deposition rate and film productivity to a plasma CVD

25 device and others.




20 deflecting magnetic field is forned, can selectively guide the ionized
cathode material, i.e., charged particles to the deposition target ow ng
to the deflecting nagnetic field, which deflects the ionized naterial

al ong the duct. Also, the magnetic field does 25 not deflect the rough
particles because the rough 2 particles are electrically neutral, and have
extrenely |large nmass even if these are charged. Therefore, the rough
particles inpinge on the inner wall of the curved duct so that flight and

adhesi on of the rO%gQa%%th%|%sv§pbg Bgicgggqghtbggggggggt Are suppressed.

Thereby, a thin filmof a good quality can be f on the deposition

oooe i1t o EITMRLRLC AARRON (IROPLE PAAPAABRCAES, RIGY RN 1

above filter ducts have also ropose orn1a n film

I d tivity, h t ite fil b
Formod. For YEXANp €0 4BaRes BEEa o aen %ﬁa%%m BuolrEar R o e 2001 59165

(JP 2001-59165 A) 2@5 di,s¢gl osed a structure, in which a plurality of vapor
sources are AFPPSTgEFPOSHTLPE 5@@3F@¢P§rC&hgpehgﬁﬁﬁﬁc§lgaugFélgeEYP%n or the

like so that a _filmhaving high surface snoothness and high
includes the forego;ng vapor source as well as a curved

fiiter duct, in which a permanent magnet or a coil for

producing a magnetic field produces a deflécting magnetic

field (i.e., magnetic field for deflection) for causing

flight of an ionized cathode material of the vapor soﬁrce
10 toward a holder holding the deposition target.

According to the vaéuum 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 defiecting 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 ionized
material along the duct. Also, the magnetic field does

25 not deflect the rough particles because the rough




t hi ckness uniformty can be fornmed over a |arge area. Japanese Lai d- Open
Pat ent Publication No. H9-217141 (JP 1997-217141 A) has disclosed a
structure, in which 20 two filter ducts each provided with a vapor source,
whi ch- includes a cathode nade of a material different fromthat of the
other, are connected to different positions on a deposition container wall
(deposition chanber wall), respectively, so that fine particles produced
from each 25 vapor source are provided to a deposition target to form 3 a

fine particl g.gisparsediJ lundaomasiie fido., MBrep seeciiically. for
exanpl e, one of the vapor sources has “a ~cat hode "contai ni ng trian um and

the other h had de of nickel. A di sch | i
al ter nat el y S P8I (P put S50 15 1D SEries S A9 AR “our tBs.

Thereby, the apparatus fqorns, in a nitrogen gas atnosphere, a fine
particle disﬁE?@gbpﬁﬁiﬁéiﬁﬁ(ﬂmﬂ%Pgﬁ O TREFd "Eilne OparbF cFREVRT

titaniumnitride and netal fine particles of nickel. 10 As anot her vacuum

arc vapor dep¥sit iSén Egfarfdtight indh agdhigsier odukhe FapghepartaFdeopen
Patent Publication No. 2002-294433 (JP 2002-294433 A) has disclosed the
fol | owi ng® Uiiof ¢l depios itthicek ieswradi strd butppoe sefeda Themeby, a thin

film of a good quality can be formed on the deposition
target.
Such‘Vacuuﬁ arc vapor deposition apparatuses
provided with the above filter ducts have also been.
10 proposed that can form a thin fiim 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 structurxe,
in which a plurality of wvapor sourées 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 over 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




formed on a deposition target surface nmay deteriorate due 15 to drift of
plasma in a magnetic field produced by a field producing coil. Mre
specifically, if the field coil 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 filmthickness of the 20 film formed on
the deposition target in a constant direction. This nmay |ower the
uniformty in film thickness distribution. For preventing such | owering,
the directign t r-renty.f i rHQu el d. rm coil is
repetitiveIy%ige£$%g%lgﬁf?%bk¥ﬁﬁg%%£%%g§é%iggﬁhggggrgigél%g'P%gg%isclosure
of the aboves %ﬁﬁﬂi%ﬁﬁq 'fo&ne%%ﬂtﬁ%!’o on%hkﬁef%gngrhgg Pgev régus
structures cah be forimed on the Geposit i on tar get’s. Bor =8 anp?e, a thin
filmmy be entirely formed.of a.yniform 5 erial. SO0, a conposite
11 m oy be FOTRRRoD D o S e a6l Co8 PRRET piRS! 21 €S CHats
‘described above, Further, a_thin filmpmy be formed of a base | ayer and a
desired Iayepaﬁﬁrﬁgan6§§ﬁlrt?ma366h€6@ﬁ@aﬁﬁﬁnﬁﬁé§aﬁé 1porheBrRRCEWO or nore
ki nds of elenents, or a thin film 10 made of a predeterm ned material may
contain ot R@rlied in a pulse-like form to these vapor sources.

b
X

Thereby, the apparatus forms, in a nitrogen gas
atmosphere, a fine particle dispersed filﬁ, which 1is
‘formed of hard fine particles of titanium nitride and
metal fine particles of nickel.
10 . As another vacuum arc vapdr deposition apparatus
with a filter duct. Japanese Laid-Cpen Patent Publication
No. 2002-294433 (JP 2002-294433 A) has disclosed the
following. Uniformity in thickness distribution of a film
formed on a deposition target surface may deteriorate due
15 to drift of plasma in a magnetic field produced by a
| field producing coil. More specifically, if the field
coil 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




el ement added thereto. For formng the thin film having the base | ayer,

the conmpound film the thin filmcontaining an added elenent or the like
by the vacuum arc vapor deposition 15 apparatuses with good productivity,

it is necessary to enploy a plurality of vapor sources, which include.
cathodes of different materials, respectively, simlarly to the case of
formng the foregoing fine particle dispersed film 20 Such nmultiple kinds
of vapor sources may be forned of a plurality of vapor sources provided
for one filter . QUet. as is disclosed in the Japanese Lai d-Open Patent
Publ i cati on No. 2001-59165 (JP 2001-59165 A) already described. In the

structure having t tiple kind vapor._sources.respectively
arranged in differgﬁtg%%eﬁgéftﬁg%é%gggbﬁgl " ('8 ~ddct “ThdWever, it is
practically difficult to form.the ove m on the deggsit'on ar get

fil
arranged in & PrEFEEECTTABA PFo it 6@b§@§edﬁﬁgsﬁ5ﬁp?e rg8thode®hat eri al

produced from each vapor source takes a 5 path different fromthat of
anot her i oni £&@™Padtnode thdteditdl M3 %t ke Sakd reilit épraaet O T ARCHREFMY, for

form ng the above thin filmover
material. Also, a composite film may be formed of several

kinds of dispersed fine particles as described above.
Further; a thin fiim 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.

qu forming the thin film_having the base layer,
the compound film, the thin film containing an added
element or the like by the vaéuum arc vapor deposition

15 apparatuses with good productivity, it is necessary to
employ 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 vapor sources provided for one filiter
duct, as is disclosed in the Japanese Laid-Open Patent
Publication No. 2001-59165 (JP 2001-59165 A)'already
described. In the structure haviﬁg the multiple kinds of

25 vapor sources respectively arranged in different




t he 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 positions on a deposition container wall,
respectively, as disclosed in the Laid-Open Patent publication

No. H9-217141. \Wen formng, e.g., the conpound film however, the several
~kinds of ionized cathode materials fly from 15 different positions to the
deposition target in the constant position so that a film having multiple

ayers, - whi gbana JiRde Olddediddeimnt cahade miertal seactespeeyi vel V.

is liable to be fornmed instead of the 1nten npoun dition

to the formati.: .0f 120 .t h nd.fil m-.t.-he fo ti,on of .the thin film
cont ai ni ng t%g%g&gglﬁa;%}qghg t%% gFW%iFBﬁgb Bt%g%tQFHOS%F %?c%éké%%ing an
addi ti onal el enent y. suffer form .such a praoblemthat t filmaquality
and/ or 111 m TREHERELEof FHEITHH A Fay o b B GAPEST Bt ibe™t e 25
several Kkinds % i oni zed cathode materials fly from 6 different positions
to the deposifi d@aF@&@ﬁ%@%ﬂR¥oq@6ﬁ§¥5%?“b§@?@iBﬁPOFuﬁPHéF? EmESFidter
ducks, which correspond in nunber to the vapor sources, are connected to

di f f er ent® podirtifors Idenand deessithiagn adormmaither wanized cathode

material in the same filter dﬁct.

Accordingly, for forming the above thin film over
the deposition target in the predetermined position, the
filter ducts corresponding in number tc 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.H9-217141.

When forming, e.g., the compoﬁnd film, however, the
several kinds of ionized 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
-Eilm containing an additional element may suffer form
such a problem that the film quality and/or film
thickneés of the thin film may not be uniform because the

25 several kinds of ionized cathode materials fly from

6




5 so that this structure inpedes reduction in sizes of the vacuumarc
vapor deposition apparatus. Japanese Lai d-open Patent Publication No. 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 forned of a common end, and vapor sources are
arranged on the other ends spaced from each other, respectively. This kind

of vacuum ar ¢ Vel ko p%%qg?otdso'loaglﬁl%r g%e sqetgo?la\f%rﬁai‘ﬁ?gﬂafﬁe structure.

Further, the 1onized catho mat er | uce rom erent vapor .

sources fly f b, i . the _.co u d. rdingly, in
any one of tk‘fjeo(?%géc%glgt g]f%%%e&%%'ngu%éc.hge. J (HE {ﬁwiﬁr%egi Fﬂﬁ‘ﬁcgght gﬁ%ﬁﬁg t he base -
| ayer, 20 the _caonpound, f.ilm _and the thin filmcontaining an _addjtional
eloment . it G BETSIhed Ehirtt F MARAT SEHIEEST of REdCPRAECHEY I ad
~stated, as cgppa_ed wth the case, in which the two or nore filter ducts

are connect ed® (0 *FiFFE e MOPI MDA Fia HERPSESdioni 6RNEBATEF nBR 1L 25

respectively. 7 According to the study by the inventors, however,
5 " so that this structure impedes reduction in sizes of the

vacuum arc vapor deposition apparatus.

Japanese Laid-Open Patent Publication No. 2001-
'5210667(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
oppdsed to a deposition target held on a holder in a
‘deposition container are formed of a common end, ahd
vapor sources are arranged on the other ends spaced from
each other, respectively. This kind of wvacuum arc vapor

15 deposition apparatus can have a compact structure.
Further, the ionized cathode materials produced from
different vapor sources fly from one position, i.e., the
common duct end. Accordingly, in any one of the cases of
forming, e.g., the thin film containing the base layer,

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, 1in which the two or more filter ducts are connected
to different positions on the deposition container,

25 respectively.




the followng problemis still to be overcone in the vacuum arc vapor
deposition apparatus of the comon 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 predeterm ned 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,

thich 15 ooposed Lache olger b Tages L) bae dhcta, 83 end.gAdive, 2

common portion 90, whic shar ed t ter ducts and 94 15

for connecti tq t iLthiQn_caontainer 91, . and_is _opposed..to the hol der
02 The 111t aroaasre TR0 Sl 2b RRCPvERGEREIMECHIS, ¢ spaced
from each othr. Vapor _sources QSF%nd 96 contﬁining cgthodes ggich are
made of diff&FPEHEEET iYAPST SFECET-4RGe dPER T EhESe S phbs OB e fLict
respectively. €§pernanent magnet or a coil 97 is arranged around the
filter duct §8% &¥fornming a magnetic field, and a pernmanent magnet or a
coil 98 is arranged around the filter duct 94 for form ng a magnetic
field. AD pernmnentigagifetshomsa acbiasiogn sityugtigrged ar saadurharc

vapor 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 depositionrcontainer 91 for holding a

10 deposition target s. Two curved filter ducts 93 and 94
are connected to one position on the deposgsition 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 contailner 91,.aﬁd is
'opposed to the holder 922, The filter ducts 93 and 24 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 magnet or a coil 98 is arranged
around the filter duct 94 for forming a magnetic field. A
perménent magnet or a coil 99 is arrangéd around the

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

8




25 common duct end 90 for formng a magnetic field for use 8 by both the
ducts 93 and 94. The ioni zed cathode material produced fromthe vapor
source 95 can fly fromthe duct 93 through the common duct end 90 owing to
the deflection field formed 5 by the nmagnets 97 and 99. The ionized cat hode
material produced fromthe other vapor source 96 can fly fromthe duct 94
t hrough the conmon duct end 90 owing to the deflection field forned by the
magnets 98 and 99. In theory, therefore, a conpound filmnade of 10

di fferent na#grbgkﬁ Eﬂgggﬁﬁggzagdaga er deposition target s by

si mul t aneous operatin vapor “sources. Al so, the conposite film
of the fine partic di_spersed or the.milti-lLayer structure filmcan
be ' formed by al t oSt SPYISRA FRSUPLE! FAFS 4Bt REPHG Ehe 1D T vapor
sourees. Further, the follow n nners may be inmplepented. One of the
vapor sourcegapgroﬁ8P5F§dggocﬁgr%ﬁyt éoﬂa§éeI§9€Fn§ﬁ F%Eoﬂ%%oégTion t ar get
s, and thereafter onlg the ot her vapor source is operated to forma
desired fil FRPBRCDhEVUEEs8NPaydr OWERE &P fthe dapdrcEoopcesebpelaierd 20 to

add an additional elenment to the film which is being formed by using the
ot her Vaﬁbr b@ut@@_m@gnet@nQVOﬁnﬁh§9. The iconized cathode material

produced froﬁ the other vapor source 96 can fly from the
duct 94 through the common duct end 90 owing to the
deflection field formed by the magnets 98 and 99,
1In theory,.therefore, a compound film made of
.10 differentlmaterials can be formed on the deposition
target s byesimultaneously operating the twc wvapor
sources., Also, the composite film.of the fine particle
_ dispersed type or the multi-layer 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 to form
the base laver on the deposition target s, and thereafter
only the cother wvapor source is operated to form a desired
film on the base leyer. One of the vapor sources operates
20 to add an additional element to_the film, which is being
formed.by using the other wvapor source. Only one of the
vapor sources 1s 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,

9




vapor sources is used to forma filmfornmed of the sane material on the
deposition target s. However, if it is practically attenpted to forma 25
conmpound filmor a conposite filmby the above apparatus, 9 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, may not join-together to 5 forma flow
directed toward the deposition target s on the holder, but nay be directed

0L ferent sy s ans off £9F 0, Wl bR 35 g8s . Lespecti vel v,

Consequently, 1t may be cul orm the desired conp ound f|In1or t he

| i ke on the Lion target s en.i cas 10 f , the
fllmlncludlﬁgggﬁi aggf 3eFO 5y % %lPWF g§8n?3§ 9%8 éhﬁﬁﬁ :
el enent, it i difficult to_concentrate finall the res ective ionized
cat hode nateFPﬁPogﬁtﬁaFﬁﬁl&éﬁOSﬁpﬂG fEPgREOgUGRA tﬁéothmﬂeY P
Accordingly, it is an object of the invention to provide a vacuum arc
vapor deposi EPBACESpAFrafis Sf:arederrCedvedl  f ReVdneypeoinhiese ey ddes a

plurality of vapor deposition units each including a vapor source
5 form a flow directed toward the deposition target s on

the holder, but may be directed in different directions
after or without crossing, respectively, Consequently, 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 containing 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 wvacuum arc vapor deposition apparétus of a
deflection field tvype, which includes a plurality of
vapor deposition units each including a vapor source
configured.to vaporize and ionize a cathode material by a
20 'vacuuﬁ arc discharge between a cathode and an ancde, and
a curved filter duct provided with a déflection-field
- forming member providing the ionized cathode matérial
produced from the vapor source toward a holder holding a
deposition target for forming a film containing a

25  component element of the cathode material on the

10




configured to vaporize and ionize a cathode material by a 20 vacuum arc
di scharge between a cat hode and an anode, and a curved filter duct
provided with a deflection field form ng nenber providing the ionized
cathode material produced fromthe vapor source toward a hol der holding a
deposition target for formng a filmcontaining a 25 conponent el enent 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

hol der and f ored kaggt el did. P 08,30 QRN dUgkeends Al east one of

t he vapor sourcCes I1s 5 arranged on the other "en eac the filter

ducts. This._t f I l.so be referred tg as "t vacuun1afc
vapor deposi%P%%%ggﬁéfgﬁﬁg%%#&iE%*ﬁ%?ﬁ@é?ﬁ6%HIFIeagetéﬁg%aﬁﬁgghe comon

duct end type", and, can _form thin filmof good _quality having a desired
Structure onCPRS e Wepds CIodTarget W dod SSTEauEE: BF SYOPI S OSLRE
OF THE | NVENTI ON The_ i nvent ors have earnes%%% conduct ed research for

achi evi ng t hEFBRYAYTF SBjdecPt dfdsfomi@ TS VeRPRgSCEECED £Bnpl ete the

invention, A state of arrangenent of the deflection magnetic
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 form a
thin film of good gquality having a desired structure on

10 the deposition target with good productivity.

" DISCLOSURE OF THE INVENTICN

The inventors héve 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 dirxection Qf 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
magnetic force and others) of magnetic field formed in
the duct by the deflection magnetic field forming member.

25 Thereby, it is possible to control the direction of

11




field form ng nmenber arranged at the filter duct can be adjusted by
adjusting, e.g., the position of the nenber 1in the direction of extension
of the duct, the angular 20 position of the nmenber with respect to the duct
and/or a conbination of such positions, and thereby it is possible to
change characteristics (directions of lines of magnetic force and others)
of magnetic field fornmed in the duct by the deflection nmagnetic field
form ng nenber. 25 Thereby, it is possible to control the direction of. 11

flight of the-i:oni. h - i_ak i - ingly, i
cok%ect?dn m?%%%@ﬁé?gégﬁg §§%§?%5§?53ﬁ55%|&?ﬁﬁ?ﬁ%ﬁo%nf?ﬁ?;?ﬁ§§b¥s :2 t he

vacuum ar c vapor it.ion_apparatus of .the deflection field type and the
5 comon duct end ?%%@?dfﬁgﬂa?réﬁgg nﬁﬁcgﬁgpewﬁggoﬁg?’s%ﬂ@eo?raﬁ¥Pd?Pfhe

deflection neti.c fi.eld faqrm, nmenpers, . which are provided for the
filter duct(&fe @&Hrﬁélté{djc?fsgéggt% ﬁ‘ﬁtst H& FPEWEEHUEhRT T offRRY cat hode
mat eri als produced fromthe respective vapor sources of 10 the plurality of
vapor deposi fEERSdHICE eRragetiusi wéd theogeflectiinnt héetdnhvhe deed €l of
the plurality of filter ducts, and thereby can be directed toward the
depositi oh t &oFEENoRUTHe eel dae, THéreeby ramgenment thete of one, some
¢r all of the deflection magnetic field forming members,
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 film or the like, it is
15 possible to form the film having good gquality 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
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filmto be fornmed is a compound filmor 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
provi des a vacuum arc vapor deposition apparatus of a deflection field
type, which includes a plurality of vapor 20 deposition units each

i ncluding at | east one vapor source -configured to vaporize and ionize a
cathode material by a vacuum arc discharge between a cat hode forned of the

cat hode mat eri.al n , a rved. fjlter_ duc rovi ded with at
| east one deFFggpﬁgg %ggﬁb3$% F%ggé féﬂ 8%n¥ﬁgaﬁ§n%eﬁo%g%€i%ﬁ#é}QQNfi oni zed
cat hode nateagagsi%%o r%duce fronEIhe.vapor sgurce %oward a hol'der hol di ng
a deposition Parget ForFdfi AG a P doft LA APNGOR 2 EDIPIrent el ement of
the cathode material on_the deposition target. The curved filter ducts of

the 5 plural FPYPEPSHpEL cBERdsPEi SReurptioRavBagastaéngs thpposed to the

hol der and formed together to provide a comon duct end. At |east one
vapor sour cedPROgitangedagwet-ndhet ke vedd féf teacHuetst & theter ducts. The
above apparatus includes a magnetic field 10 form ng nmenber adjusting
devi ce ad}uspﬂﬁgaél§wapé gfapor deposition units have duct ends
cpposed 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 includes 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 is a block diagram fragmentarily showing

13




arrangenment of at |east one of the deflection nmagnetic field form ng
menber provided for at |east one of the filter ducts of the plurality of
vapor deposition units wth respect to the filter duct for controlling the
15 magnetic field. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a

- schematic structure of an exanple 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 conmon end of two filter ducts in the apparatus

shown 1 Fl ge1becklie: c30R1800U% 318l HipbuLe.dl (0860t VRRO! poUrces,  and

Fig. 3(B) shows the other vapor source. Isab di agr am

fragnmentarily show 3 L, ikrcukts of the apparatus_ shaown in Fig.
1. Fig. 5 schemat iEg%I'Ig;’ g%é%glara:l%ta(ri&é’t are "of aaﬁggﬁggﬁg?(a%%laen%%%%e vacuum
arc vapor depgsiti.on apparatus of the deflection.field type. 5 Fig. 6
shows a basi ¢ StPIE ﬁ%el%g‘le IR EENFrEE JPPRT é&ﬁ\‘?@ﬁitilBHanégﬁﬁw a?% vapor
deposition a g%r tus. DESCRI PTION OF THE PREFERRED EMBODI MENTS A vacuum -
arc vapor _de% e eapparatds L6 tape- . |

5 Fig. 6 shows a basic structure of an éxample of a

conventional vacuum arc vapor deposition apparatus.

DESCRIPTION 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 maferial by a vacuum arc discharge
between a cathode formed of the cathode material and an

15 anode, and a cﬁrved filter duct provided with one or more
deflecticon magnetic field forming members providing the
ionized cathode material produced from the vapor source
toward a holder holding 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 vapor
deposition units have duct ends opposed to the holder and
formed together to provide a common duct end. At least
one vapor source 1s arranged on the other end of each of

25 the filter ducts.
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10 deflection field type according to an enbodi nent 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 forned of the cathode material and an 15
anode, and a curved filter duct provided with one or nore deflection
magnetic field form ng nmenbers providing the ionized cathode material
produced fromthe vapor source toward a holder holding a deposition target

oo nn T gonk el sppn smmencal e flgl eysibote 20,

material on the deposition ta e curve rr"ducts

of uabor . depasity 9uniLs age Suok nds, Paposed Lo, Lie hol et gpd formed

together to providée a ¢€o uct 6 _

arranged on the other end of each.of 25 the filter ducts, 14 The apove
appar at us FuPEhar PREeTes &fﬁﬁén&%aét RS @7 SPRI AGTNERbLPT aBR R G

devi ce adjusth% a state of arrangenent of at |east one of the deflection
magnetic fi &R&HPolmitRd e MSER 3 Srctediadorfost attedgRsEneRBf OEhELS il ter
ducts . of the plurality of vapor deposition units wth respect to the
filter dtt ﬁéﬂt@gnpp§¢ﬁ,g§fqm§ plurality of vapor deposition units

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 éoil forming a magnetic field when energizéd, 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 |
15 ~adjusting 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 tb be adjusted by the magnetic field
forming member adjusting 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
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magnetic field. The deflection magnetic field formi ng nenber nay be forned
of a permanent magnet, a nmagnetic field formng 10 coil form ng a magnetic
field when energi zed, or a conbination of these magnet and coil. In any
one of the above structure, it is preferable that the deflection nagnetic
field form ng menber is arranged around the duct. Typically, the nagnetic
field formng nenber 15 adjusting device nay be configured to adjust a
position, in the direction of extension of the filter duct, of the

def | ect | on maanotd for 1 LI NG EMher A NG, (e ) ATLIRORARALSLAL S L0

be adjusted by the nmagnetic fie orm ng nmenber adj usting vi ce and

formng a ma j I i, filter duct...and/or t dj ust an_angul ar
position of %@Hdsgcf%gés% gér%qdenaagrhr?é{%ecclqé etd for r‘ﬁdlﬁcg menber \%Iot Eﬁ?egﬁggt to
the duct. Typically, the filter dugct may have .a rectangular section

al t hough not Hl’aé‘stbﬁycﬁ et ¢ Ahe s S E\H%elrag Yhe duct has the
rectangul ar section,, the angular 15 position of the deflection nagnetic
field form n@SRBH CHAUNNRE BA T aRRRITHY A E&LFPCRSr 888BEt to t he

duct nmay_be adjusted around an axis substantially
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).
| 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 members 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
15 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 from 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
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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 nagnetic field
form ng nenbers may be shared with one of the deflection nmagnetic field

form ng rrerrb%r erg%\ﬁ{e%etd sf Q- f Ne: cyhf f e fiolntcﬁlh dHS%zecEﬂ? def | ecti on
g rrer%oer t T may g

magnetic fiel ormn us share e arrangednat t he

f oregoi ng co uct end.. Typi.call t he deflection netic_field

form ng neng%gﬁ§%§fé 1&%6%54ﬁ%%%%|ﬁ599%%ﬂ“%£#FFF8?CEH§839P§ féi?%ﬁged on
t he duct end opposed to the hol der shared anpng the plurality of filter
ducts, and al®¥§t (e B e G LR gridti S ﬂ@egd'féﬁgﬁﬁﬁlﬂ%ﬁb%gs are
arranged on _the portions of the filter ducts each spaced fromthe other
filter ductslifespéedt Mpanetic fadea)acfurhile @agassicdépesit fernapphe at us
having any one of the above structures, the magnetic field 25 form ng
nmenber adp ustihey deli de ddve adjomsttithgieldl forming member, and

thereby to control a direction of flight of the iocnized

cathode material produced from the vapor source provided

for the duct so that the ionized cathode material can be

supplied from the cbmmon duct end toward the deposition
10 target on the holder.

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

15 cathode material provided from the filter duct having the
adjustable magnetic field forming member may join the
flow of the other ionized cathode material(s), and
“thereby Jjoined filows of the ionized cathode materials are
directed toward the deposition target.

20 : For joining the flows of the ionized cathode

ﬁaterials 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_achieﬁed only by adjusting the

25 arrangement state of the one magnetic field forming
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arrangenment state of the correspondi ng deflection magnetic field form ng
menber with respect to the filter duct to control characteristics (e.g.,
directions of lines of magnetic force) of the nagnetic field forned in 5
the duct by the magnetic field form ng nenber, 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 nmateri al
can be suppli-ed fromthe common duct end toward the deposition 10 target

on the hol depepen ohenkanhzodugat hade aaLeEhal ( ok asgyprouided, d.om the

one or nore other f| ter ducts, the arrangenent " state magneti ¢

field fornlnﬂageg%e%rthgggegg a%ot%%%'%glﬁ tat nﬁg %e ad #iﬁé?DSUCh

that the ioniz 59¢af erial provi from avi ng

the adjustabl e gnetic field fo n the flow of the

ot her i oni zed Tkt odé RaPari SrEs) foﬁngdengFEB;E?{?n REHFITIR OIS 64K | oni zed
cathode materjals are dlrected toward the deposition target. 20 For
joining the F:“&%@O f EHE th6RY 2 &BSc ACHTEE I DFRPEV G STPY ORF dREFFRERA t he
plurality of filter ducts, and directing the joined flows toward the
depositi oh £&Fgeachn ofh&hrobaer ofr sarehacepatbn Aueldefarmsngfi ci ent

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 1t is not required to jein
10 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 Qf the
ionized cathode material from the common duct end towara
the deposition target. In this case, the adjusting device
15 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
20 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
. Tor the portions of the plurality of filter ducts each
spaced from the other filter duct(s), respectively. In

25 this case, the magnetic field forming member adiusting
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control may not be achieved only by adjusting the 25 arrangenment state of
the one nagnetic field formng 17 nenber of the one duct. In this case, an
adj usting device nmay be arranged for another magnetic field form ng nenber
of the same one duct for adjusting the arrangenent state thereof. Further,
the adjusting device may be arranged 5 for each of the one or nore nagnetic
field formng nenbers of the one or nore ducts for adjusting the
arrangenent state of the nagnetic field form ng menber wth respect to the

duct. Even i@é%ﬁ%m§%§§z%n§gﬁ§k§f%§%3%%-% %9!%%dt5% h@%?ec%@o he flows of

the ionized cathode materi from the plurality of filter ducts

together, it idficuld in each filter duct to direct the flow of the
i oni zed cat ho %ﬁ%ﬁﬁéﬁe%éﬂﬁgﬁ é“€§§¥§$ﬁﬁmt end toward the deposition

target. In this case, the adjusting device 15 for the arrangenent state may
be arranged for ea?ﬁ1 G4 ﬁ’élé cﬂ#e %7\% r‘?&pé’edgfaist?&'i SEEnﬁgﬁBFFﬂr?i etd forning
menbers in e?ﬁh of the filter ducts. For exanple, the deflection nagnetic

field form ndFRifhtdye °F IFa9smetdd SEdRg Ofe thHicuPRE PF BPTERI PegReElets 20

- may be arran%gd for the common duct end of the plurality
b ield forming members of each of the one or more filter

ducts are adiusted with respect to the dﬁct(s)} can join
the flows of the ionized cathode materials produced from
the respective vapor sources of the plurality of vapér
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.
i5 The vacuum arc vapor depcsition apparatus can
simultaneously use the two or more vapor sources, and
thereby can form fhe compound film made of different
materials on the deposition target. By using them
alternately, it is 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 wvapor scurce to

25 form a desired film on the base layer. Alternatively, one
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of filter ducts opposed to the holder, and also, the deflection magnetic
field formng nenbers may be arranged .for the portions of the plurality
of filter ducts each spaced fromthe other filter duct(s), respectively.
In 25 this case, the magnetic field form ng nmenber adjusting 18 device nmay
be provided for each of the deflection nagnetic field formng nenbers. In
any one of the above cases, the structure, in which the arrangenent states
of the one or nore magnetic 5 field form ng nenbers of each of the one or

more Tilter dyciscataadl ushaddd byt 83006k ot B UGt Es)y, Caly] 0T the |

flows of the ionized Cathode materi als produce rom the respective vapor

sour ces of'tgﬁg@ %&aya 10%0%§?%¥FP_ nghﬂﬁﬁpt%néhﬁ %o§?%2§%e$% t he comon

duct end of t plurality o er ducts, and can e flows
toward the depasition target..qn the.hol der. Thereb ven ,if a conmpound
fi1mor the FRRESTS (8 BES drindy, "HE PPN RGIRE. BesFPECRE bt ur e
can be fornmed, on the deposition target with good quality and good
product i vi t y FRe1FPRE FRUFGRSar OV ap P e &FESTt iS6RIEFparatl¥ ean ©of

simul taneously use the two or nore vapor sources, and thereby can formthe
Conpoundfii|ﬁ£ﬁaa@pgr(§ng§@§ﬂpn units may be used to form the film

made of the same material on the deposition target.

The apparatus may be configured as follows for
suppressing such a situation that drift of plaéma 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
‘0f the deposition target. One or more of the deflection
magnetic 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.d.,
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
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materials on the deposition target. By using them alternately, it is
possible to formthe conposite filmof 20 the fine particle dispersed type
or the filmof the multi-layer structure made of different nmaterials. One
of the vapor sources may be used to formthe base |ayer on the deposition
target, and thereafter another vapor source may be used instead of the
former vapor source to 25 forma desired filmon the base | ayer.

Al ternatively, one 19 of the vapor sources may be used to forma film and

anot her vapor urc be,used to add a diff en& element to the film.
ahich i s bei RECROFRG TRyt RESonarsr 2PRsCsabor TefureeEs Ty W apor |
sour ce of an%hone of 5 the vapor deposition units may be used to formthe
film nade of ‘FRe"§4FESfA¥erial on the deposition target. The apparatus may
be configured as follows for suppressing such_a situation that drift of
plasma in the maghBtfe PR8I 8Yf BPEEdCBy thRedaéipeti PR #IRMELF Tl d 10
form ng menber deteriorates the uniformty in film thickness distribution
of the film fermdadonenkersuptgcéorppdt hé nepostitohiehd geernide or nore of
the deflection magnetic field form ng nenbers are forned of field formng
coils to e enéigi Zedmbygatheekd fflectabnonagoeeic field when
energized by a field 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 ionized cathode
material to the deposition target.
For the similar purpose, at least one 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 icnized 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 anode
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 woltage is applied across the cathode and

thertrigger electrode. Further, the trigger electrode is

25 brought into contact with the discharging surface of the
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15 supply device to forma deflection field (i.e., magnetic field for

defl ection), and the field formation power supply device nmay be a power
supply device cyclically inverting a direction of a current in at |east
one of the field formng coil(s). 20 The apparatus may be configured as
follows, e.g., for formng the layered filmfornmed of |ayers of different
materials, for formng, e.g., the film containing a different el enent
added to a predeternined portion in the direction of filmthickness, for

25 prevent  ng Sl gl e don g6 Gathode JTa st al.o. 20, B oglceg, Lo the

vapor - source to the p05|t|od target” “when necessar oné or nore of
the defl ecti netj.c field form nenbers are fo r med tic field
formng 5 cm%ﬁs gfr mdn %%%efﬁ eécthiaé:n trpfgr‘?éﬁ C?la CBPAIThER l%ga‘lg% zed by a
field formation omer supply device. The field formation power supply

devi ce may bb ”%ﬁﬁb giase @@ﬂ(ﬁ?%ﬁﬁiﬂﬁqgeof turning on/off the power

supply to each of the magnetic field formng coils |ndependently of the 10
others. By deener gilARfRdiRy wayide ¢atihaids m@rtmrﬁ@l@ohpwevp{, i Ehpossible to
prevent flight of the ionized cathode

vacuum arc discharge may often cease. Whenever the arc

discharge ceases, it is necessary to restart the film
.deposition by inducing the wvacuum aré discharge between
the anode and the cathode with a trigger electrode forx
.inducing the arc discharge.

10 However, the arc discharge is unstable at the time
bf so-called "arc ignition", i.e., ﬁhen the trigger
electrode induces the vacuum arc discharge betweenlthe
anode and the cathode. Therefore, when the arc ignition
is repeated in the film depositing process, this lowers

15 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 deposition fo
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 employed,

At least the plurality of vapor deposition units %o

25 be used simultaneously among the plurality of vapor
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material to the deposition target. For the simlar purpose, at |east one of
the vapor deposition units may be provided with a shut-off nenber 15
bei ng novabl e between a closing position for shutting off a passage of the
ioni zed cathode material in the filter duct in the vapor deposition unit
and an opening position for opening the passage. For producing the arc

di scharge between the anode 20 and the cathode of the vapor source in the

vacuum arc vapor deposition apparatus, a trigger el ectrode for arc

di schar gi ng diisch i,n urf.age f hed and a
voltage is aS%P?%g%gggoégl?ﬁeaggt%Egglgﬁg %g Fg &a nef@%tﬁb e. Further,
the trigger electraode i.s 25 brou i mnth t he dis i ng
surface of t%ermifgtrléggrsgfv 085 t&ﬁddF g ngﬁi%ﬁe?%%rg*g% to cause
the arc disc ge SO t c di schar S |ndu ed between the anode

g%t thengr %o
and the cath 85 1S BREPRG So A Ehé OCBLREd & ﬁa@@ﬁﬂﬁFtlﬁBW%@%Wet%¢mﬁl%i®acuum

arc discharge may often cease. \Wenever the arc discharge ceases, it is
necessary to"P&ESt BEinohETRIrLZedepysht ifds 18y TPRRaEL Al PRGE Y aBWRIM Ar C

di scharge betmeen t he anode and the cathode with a trigger electrode for
5 device, and are also provided with detectors detecting

on/cff of the arc discharge in the vapor sources. The

fielgd formation power supply device is configured to

deenergize the maghetic field forming coils of the wvapor

deposition units to be used
10

one of the detecteors in the

used simultaneously detects

similtaneously when at . least
vapor deposition units to be

the ceasing of the arc

discharge, and to allow'the energizing of the magnetic
field forming coils upon elapsing of a time required for
attainingrthe stable arc discharge in all the vapor
15 sources of the vapor depositionrunits to be used
simultaneously after all the detectors in the wvapor
deposition units to be used simultaneously 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-off member being
movable between a closing positicn for shutting off a
passage of the ionized cathode material in the filter

25

duct 1in the vapor deposition unit and an opening position
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i'nduci ng the arc discharge. 10 However, the arc discharge is unstable at
the time of so-called "arc ignition", i.e., when the trigger electrode

i nduces the vacuum arc di scharge between the anode and the cat hode.
Therefore, when the arc ignition is repeated in the film depositing
process, this lowers 15 the filmaquality. Accordingly, such neans has been
required that can produce a filmof good quality w thout excessively
increasing the tinme fromstart of the filmdeposition to the conpletion

Fesponse to TRE Soaning o BEeRBRr Er oy Bl Bl Tk B AL EERYE B0 i ng the
be. el oyed. CALTeds E Ene HaPAT B TOF 2y S0t AeRo8r AN FEF S5 be
o1 ovi ded i t REPhEPHBgHE: FOHAPE FoFming oCoTLe s BFVPRECAS PheoHeId et on
magnetic field form ng nenbers and formng the defl ection nmagnetic field
when bei ng eh8fgiFed By cRafds df dhratVipBRIpSREE CSupphy SrHeei¢eviemd are
al so provided with detectors detecting
of the shut-off member in each of the vapor deposition
units is configured to operate under control of a control
unit. When the plurality of vapor deposition units to be
used simultanecusly are simultaneously 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
position when at least one of the detectors in the vapbr
deposition units to be used simultaneously detects the
ceasing of the afc 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
deposition units to be used simultaneocusly detected the
20 arc discharge.
The detector detecting the on/fo of the arc
discharge in the wvapor 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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on/off of the arc discharge in the vapor sources. The field formation
power supply device is configured to deenergize the magnetic field form ng
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 used

si mul t aneously detects the ceasing of the arc discharge, and to allow the
energi zing of the magnetic field formng coils upon elapsing of a tine
required for attaining the stable arc discharge in all the vapor 15

sources of t [ Si L nits t e .si nul t anepusl fter al|
t he detectorg%ic\r@{%ﬁggsgcg]brcFJ ggggingﬁcﬁﬁ?fs%ﬁggbé%uggﬁss?%gl%%%%%ﬁ§?y
detected the rc._discharge. For simlar.reasons, the follow ng my be
enpl oyed. - 20"EACR of T HE VAPSF SGEFE% 5 %ﬁFSVFSUB@ 6§8d&i§$%%ﬁ¥%neously
anong the pluyrality . of vapg% deposition units may be provided with a
shut-of f nentér Bei A SFovas Seherfedsda toedsiths FoSTHRoATEoflSFRATINg of f

a passage of the ionized cathode material in the filter 25 duct in the
vapor deposi tifoR tdni HhgRd tas Spérichgrpesiteicds a2gursenbpealng t he passage,
a drive device selectively driving the shut-off nenber to the closing
posi tion fndrepresenting that the vacuum arc discharge is on, it can
be.determined that the vacuum arc discharge is on. In the
structure including the voltage detector, when the
voltage detector does not detect a volfage value
representing that the vacuum arc discharge is on, it can

10 be determined that the wvacuum 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 wvacuum 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 aro 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 strﬁcture 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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t he opening position, and a detector detecting on/off of the arc discharge
in the vapor source. The drive device 5 of the shut-off nenber in each of

t he vapor deposition wunits is configured to operate under control of a
control unit. When the plurality of vapor deposition units to be used

si mul t aneously are sinultaneously used, the control wunit 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 |located in the

CLOSLNG, (hoSitklon i Alndiegs! NG Gloddie Akt Helill hig xaror

deposition units to be use rng of the arc

g schar o @i Josat o e uly off 1 JPTRRL 5,4 0 LS, OREALTgcPPRLlT o

upon el apsi ng ne “requitre ning t %arge in

all the vapqr_.sourc of the vapor depqsition upits to be used

si mul t aneousRHar &O%%qget’h@ det dPsCBﬁ’h Ak avég’&ry' deposition units to be
used sinul taneously detected the 20 arc discharge. The detector detecting
the on/off of the dtc 18fEcirye i Fhhearfiordepsifidd oajinpEsanalir Pent
detector _detecting a discharge current based on the vacuumarc discharge,
or may beda Wglavagtedetiddt dihalarlamtd g @b vaslaragevgeelsi-ed to the cat hode.
In the structure

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 vacuum arc vapor deposition apparatus of the
deflection field type. The vacuum 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 émbodiment. 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 Lo 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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24 including the current detector, when it does not detect a current value
representing that the vacuumarc discharge 1is on, it can be determ ned
that the vacuum arc discharge is off. When the detector detects a current
value 5 representing that the vacuumarc discharge is on, it can be ,
determ ned that the vacuum 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

determ ned that Jdihe MRGHIRRIL 4 S¢hangs 4e5 of f why\gﬁnighgo%]%& et ect or

detects a voltage value ' representing that the vacuumarc discharge is on

it can be determ-ne t r i ar L n. The regoi ng
tinme require%"?%?ﬁag?éﬁﬁﬁiéi?%gxéﬁéHgk%bﬁg gﬁ% d%gghgﬁage?nlﬁh%ﬁgapor
sources is v%%&ab%p dependi ng.an thg materi al of the_cathode sg&cific
structures of ¥HeVRETHRFE VLGP depEsi’ERST S8PAFSt ds S aRdr 3RFeY < and
therefore can_ be termned in advance, e.g., based on experinents or the
li ke. 20 Fortpﬁécggﬁﬁréﬁx%ﬁltﬁg'ﬁqgﬂd§FFU@tuF CafdCtcnpdsFErBad aRY wel | as
ot her purpose, a _power su%PIy devi ce aeflying a pul se voltage may be

enpl oyed s &early about 90 degrees, and has a rectangular section

(see Fig. 2). |
A magnetic field forming coil 400 is arranged
around the end 40 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 éources PW3 and
EW4 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 fhe duct 4.
| As shown in Figs. 1 and 2, the coil frame 401 is
carried by a first member fl1 for rotation in opposite
directions around an axis B8, 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

f1 can drive and trotate the coil frame 401 around the

axis B in both the directions. Thereby, the angular

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

25 adjustable around the axis 8.
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| east one of the arc power supply devices, which applies a voltage across
t he cathode and the anode of the vapor 25 source in each of the vapor
deposition units for causing 25 the arc discharge. This power supply
device may be configured to control at |east one of a magnitude of the
pul se voltage, a pulse width and a duty. At |east one of the vapor
deposition units may be 5 provided with the plurality of vapor sources. An
exanpl e of a vacuum arc vapor deposition apparatus of the deflection field

type will now be gescribed with ﬁ%ﬁer%n%gr%%ehhﬁo ééﬂéPgﬁitQQjﬁgg' 1 shows
P I'e A" § e vac p

a schematic structure of an exanp am ar c vapor deposition
appar at us Al TeRgin FREEEg 121 e riaet” BluBHos! FEaHr CRRPATROr? (SRanber ) 1
in which a holder ,2 is arranged 15 for supporting a deposition target S or
work, which F8k8S1OThe s BPRPEALE SiBSCitaresi ATehRhg eRbedisrelv. Wihelhol der 2
is connected to a power source PW, which applies a bias voltage to the
_deposi tion tafgBEr8cRELgURGrt ke KErRdether gwpragaf FiAedepbEr¢sortil 2of The
container 1 is connected to an exhaust device :
5 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 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 stationary position can adjust the position of
the coil 400, the frame 401 carrying the coil 400 as well
as motors ml and m2 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 direétion in Fig. 1 can be adjusted in this
example. 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 coll frame 43 carrying the coil 42 is
carried by a first member (not shown) for rotation in

opposite directions around an axis B1, 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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EX, which can attain an intended vacuumstate in the container 1. Two
vapor deposition units UNL and UN2 are connected to one position of a-
container wall 11. The vapor deposition unit UNL includes a curved 25
filter duct 4 and a vapor source 3. The filter duct 4 has 26 an end 40
opposed to the holder 2, which is connected to a wall around a rectangular
opening 110 fornmed in the foregoi ng one position. The vapor source 3 is
arranged on the other end 41 of the duct 4. The duct 4 is curved by 5

nearly about 490 ggOress 1béﬂH}fy§% %cf%%ﬁ%ﬂgyh%rt%%cgb?ESlééeﬁlfég?i@%% tht

magnetic field formng coil 400 is arranged aroun e end 40

4 near the depgsit) contal her netic field coiI 42
is 10 arrangg C%F%tﬁ: Q Porti ﬁ %¥ ?hﬁoé35¥ 3o %%HM%fﬁ§§ﬁ eﬁ@'41 The
coil 400 is %%yrled by a frane 401, and the . coil s c rﬁ%e yla frame
43. Power souréés éﬁﬁ 2 @?ﬁ@lﬁﬁé988| $OR08* aht® 42°
respectively, so defl ecti.gn fleld .,.a magnetic field for 15
def | ecti on) égnqﬁ§q i 1 idudr §W€wﬁe|ﬁdﬁpégedlaéﬂﬂn@ t he

coil franme 401 is carried by a first nenber fl for rotation in opposite
5 the axis B1.

The coll frame 43 is carried together with the
.first member (not shown) and tﬁe motor M1 carried thereby
by a second member (not shown) for rotation 1n opposite
directions around an axis 71, which is perpendicular to

10 ~the other opposed side surfaces 4b of the duct 4, and is
perpendicular Lo the central axis & of the ducf 4
extending along its length. A rotary motor M2 carried on
the second member can drive and rofate the coil frame 43
around the axis ¥1 in both the directions. Thereby; the

15 angular position of the coil 42 is adjustable around the
axis r1.

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 adjust the
position thereof in this lengthwise direction. The moters
M1 and M2 as well as the device PCl and others form a
ceoll adjusting device for the coil 42.

25 The other wvapor deposition unit UN2 includes a .
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directions around an axis a, which is perpendicular to opposed side
surfaces 4a of the duct 4, and is 20 perpendicular to a central axis a of
the duct 4 extending along its length. A rotary notor m -carried on the
menber fl can drive and rotate the coil frame 401 around the axis /3 in
both the directions. Thereby, the angular position of the coil 400 carried
by the coil frame 401 is 25 adjustable around the axis R 27 The coi

frame 401 is carried together with the first nenber fl and notor n1 by a

second memberf3ebor; 1EALALLAR 4R ORROSI taydir sghions,ar ound any ad

which is perpendicular to the other oppos side surtfaces 4b of 5 the duct

4, and is peBEe%ﬂ'C%Eﬁ%eEOdhg% ﬁegéra%oﬁﬁe% %oog?ﬁ%geanggta gﬁéqﬁgélve and

along its leng t A otar ed on §2-¢an
rotate the cg r un t.he_ax

Thereby, the an&ul p£§ %S%n of tﬁelgoFF%ﬁ%ﬁpP§ §6p3 'ﬁ%?%%&%iﬁqgﬁhd t he
tati onary pagere %a%eeéh%gfﬁiﬂe‘%{‘ﬁ L}éi.l?lﬁcé}w%%fep%ﬁég&% o0t he {rame 401
carrying the coil 400 as well as notors m and n2 as a whole in the
directi or? of PEFépheral 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° éf the duct 4'.
The duct 4' is curved by nearly 90 degrées, 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
" 0of the ducts for preventing direct-opposing of the vapor
sources 3 and 3'. |
15 o 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.él'
neighboring to the vapor source 3', similarly to the case
20 of the duct 4. A frame 43' carries the coil 427. 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 td the rotary mechanism for the coil

25 frame 401, the coil frame 43' is carried by a first

30




15 duct center axis a (i.e., in the direction of extension of the duct)
Thus, the position of the coil 400 in the vertical directionin Fig. 1 can
be adjusted in this exanple. The notors mM and n2 as well as the device PC
and others forma coil adjusting device for the coil 400. 20 Simlarly to
the rotary mechanismfor the coil franme 401, the coil frame 43 carrying
the coil 42 is carried by a first nenber (not shown) for rotation in
opposite directions around an axis 81, which is perpendicular to the

opposed si deysyrf.aces,Aa Hodie fuc &%gtgonagg_ggﬁegﬁegngifé$@{oﬁ£éthe

center axis a of the duct 284, and can be driv torotate int
opposite direction ar ound gp axjis $1. by a rotary notaqr carried . by the
PPt menber SEPHEPDBY oHe dhbut TR EERI 1T SRCTH AT Foud bEaPPPRAEy t he
~coil frame 43.can be adj ust round 5 the axis $1. The .coil framg 43 is
carried toget’h \ﬁ%ﬁf%qﬁg 'Fgfaﬁgﬁgeﬁ (n ésﬁéwﬁfrﬁﬁadfﬁgiﬁﬁt%ﬁ FVS
carried thereb by a second nenber (not shown) for rotation in opposite
directions aﬁgé%?%ﬂ?%%ﬁf?fopﬁMﬂq§ﬁ i“s rp&FPerdic BFaFTEESR0 P hEC bt Her
opposed side surfaces 4b of the duct 4, and is perpendicular to the
central &aXisinXtdfe thppadudie 4lirections around the axis B1’ by the

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 éxis g1,

The coil frame 43' is carried together with the

10 first member (not shown) and the mofor M1' carried
thereby by a second member (not shown) for rotation in
opposite directions around an axis Ti', 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 M2'
carried on the second member can drive and rotate the
coll frame 43' around the axis 71’ in both the directions.
Thereby, the angular position of the coil 42' is
adjustable arcund the axis 7r1'.

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' loccated in a
stationary position, and a reciprocation drive device

25 PCl' can adjust the position thereof in this lengthwise
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extending along-its length. Arotary notor M2 carried on the second nenber
can drive and rotate the coil frame 43 around the axis Ti in both the
directions. Thereby, the 15 angular position of the coil 42 is adjustable
around the axis yl. The coil 42, the frane 43 carrying it and the notors
ML 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 |ocated
in a stationary position, and a reciprocation drive device PCL can adj ust
the positiop;thergef | rThteh&ngt'o‘%gthW S decti;on 1Ih§s”PE§r§evM and M
as well as the device PCl and others forma coil aajustlng evice for the
coil 42. 25 yOt I si_tion-unif. UN2 includes 29 curyv

Pl ter duct 4 tand i oi3s SERES L A an s GRYERE PoriEpe ity
fornmed to seryve also as the end 40 of the filter duct 4 in the vapor
deposi tion uﬁét'UNl. Therefore, the duct 4' is |ikew se connected to the 5
peri pheral wall portion _of the opening 110 in the container wall, and is
opposed to the hol d&@2.3 (&R)vEhEWs Sogradicures ofy thRgEaAP8A FRBLEEher end

41" of the duct 4'. The duct 4' is curved by nearly 90 degrees, is
and Fig. 3(B) shows a structure of the vapor source 3'.

4' is

The vapor source 3 (3') includes a cathode 31 (31') as
shown in Fig. 3(A) or 3(Bj. 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 (33'}.
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 |
, cyliﬁdrical anode 34 (34') is opposed to the cathode 31
(31'), and a rod-like trigger electrode 35 (35') is
arranged inside the anode, and is opposed to a central
20 portion of an end surface {discharging surface} of the
cathode 31 (31'). The anode 34 (34') is grounded.
The trigger electrode 35 (35') extends outward
through an opening of the anode 34 (34f) remote from the
cathode 31 (31'), and is carried by a support rod 351

25 (351') . The support rod 351 (351') is connected to a
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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 formng coi
400, which is shared with the duct 4, is also provided with a nmagnetic
field formng coil 42' arranged around a portion near the other end 41

hel ghbori N9 L3RG HARA S AUNES S'ar 19/Mdelitl 1O (Bhe 6aEE140 Ol tae fuct 4.

A frame 43" carries the coi ower — sources energi ze the

~coils 400 an ot f.orm,t h | ectiion field . (i-.e.,, .the magnetic field
for deflect'&%%% ﬁqphéq&§L€ }hg%?égbéhgngﬁg}egiﬁ?ﬁngér?%g¥r%9$%ﬁ%wy

mechani sm f or, t il .25 franme 1, t coil fr 43' is carried by a
first 30 ne%ge?%fﬁgtagﬁgﬁﬁfd?SP i eaﬁﬁgﬁ'PﬁaGSpéggfeTgﬁr@%Y?ﬁﬁsD around an
axis $1', which is peﬁpendicular t.o the opposed side_surfaces of the duct
4, and is pdPpendiECulPEii@o tige trdgwiedr edeicéreriet B8 ddel) 4intand can be

‘driven to_rotate 5 in the opposite directions around the axis $1' by the
contact with the cathode 31 (31'), and can also space it

from the cathode 31 (31'). The feed—thfough 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 3531 (351").

10 The vapor source 3 (3') further includes an arc
power source PW2 (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 electrode 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 defector 5 (5') for detecting a

20 discharge current based on the vacuum arc diécharge 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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rotary notor M' carried by the first nenber. Thereby, the angul ar
position of the coil 42' carried by the coil frane 43" can be adjusted
around the axis al'. The coil frame 43" is carried together with the 10
first nmenber (not shown) and the notor M' carried thereby by a second
menber (not shown) for rotation in opposite directions around an axis yl',
whi-ch 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 al ong

its length. Aueleaniy: mLonM 1kl edron the 8ecoRd pgher;gan, (i ve and

rotate the coil frame 43" around the axis i n bot irections.
Ther eby, thepangyl ay; Qﬁgi i Qn I - [LUS l,e,ar d the.
axis yl'. 20 ?he 03{61 Hﬁ ?hég%ggﬁg %%Atcgﬁpgiﬁg ??héﬁé%?ﬁetgﬁ§$%rs M'
and M' is sw.ngable as a whole in a . lengthwi se direction (i.e. _direction
of extensionfrgg%Qﬂ%g ok il ; guﬁ@daEﬁﬁppoFPl x??wﬁﬁ'sPBEé?%dPW%’a
stationary p%%;tion %ﬁq a reciprocation drive device 25 PCLl' can adj ust
the position erPdSt rhifdd &diIntits &l estratee fEiER. AHECHBLBrandL’ and
M2' as well as the device PC' and others forma coil adjusting device for
t he COi|.5 D'. The current detectors 5 and 5' (or voltage detectors

50 and 56') are also connected to the control unit CONT.
As will be described later, the.control unit CONT
controls on/off éf the power sources. However, the coil
power sources PW3, PW4 and PW4' may be contrelled
10 independently of the other power sources such that the
on/off thereof is controlled to controcl the magnetic
field forming coll corresponding to the power source
thereof. 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 t#e vapor sources. In
20 this éase, the contreol 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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42' . Fig. 3(A) shows a structure of the vapor source 3, 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 wall plate 410

(410") via aRalnsy atingimeahere33«(33.) - The cathode 31 (31') is nmade of a
material selected 15 dependlng on the filmto be forned. In a region of

the " duct formed | geide e val gl @w%ect@gms enY 1y gl gnode 34

(34') is opposed to the “Catho a rod rlgger electrode

35 (35 de t nd dt
porglon)oésan%ga %@§§%|6§|§%%é hgiﬁfggg)%ggogﬁgergﬁﬁﬂgﬁ O]?31 ).
The anode 34 4' %rounded The trlg%gd el ectrode 3 ;35 ) extends

outward thr hpé’l’i"e&p RURG St Fiie 280 & oE3 Ry F‘@ﬁo?@‘l toR?tHe® cat hode
31 (31'),_and is carried by a support rod 351 25 (351'). The support rod
351 (351') | $ag@RAdet ddald gorming coils 400 and 42 (or 400 and 42'),

and instructs the trigger electrode drive device D (or.
"D') to drive the trigger electrode 35 (or 35') to induce
the vacuum arc discharge. |

Wheh control unit CONT determines that the wvacuum

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 unit CONT energizes all the magnetic field
forming coils 400 and 42 (or 400 and 42') after elapsing

15 of a predetermined time, which is required.until the
vacuum arc discharge beccomes 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
Simultaneouély using the wapor 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 vapor sources 3 and 3' does not detect the

35




32 reciprocative linear drive device D (D). outside the wall plate 410
(410') through a so-called feed-through device 36 (36') arranged on the
wal | plate 410. The device D (D) can bring the trigger electrode 35 (35')
into 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 ot her,
but allows reciprocation of the rod 351 (351'). 10 The vapor source 3 (3")

' further_inclgggé_ Oghers Joi ef%u@@%n&P@%lhgl?@hg?séﬁtfﬂgnﬁﬁgQﬂlto the

cat hode 31 ( or a I'ng an arc tage across

t he cat hode 1 t e _anaode 3 34 a. tr| ger

Vol t age acro%i %% Cﬁ%t dl g@Sl éh d%ﬁe%gFiggnggPegtro%% 3§ (35 )
to induce the schar e between the at hode 31 1 and t anode
(34'). The trdi%ge gﬁh@ct t?%m(lé‘?d) $ &ﬁd&&l’&?g}% X%%BE?St’gh%e R (R')
for preventing fIOM/of the arc current. A current detector 5 (5') for
detecting a SONFiESchargd GalVlestetiogaddesn thed \FaGuUUACHHE aFScharge is

connected to a Ilne bet ween the arc power source PW (PW2') and the
cat hode stppéktscdry@2'i)s oms will be

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 EW4' to the
magnetic fieid forming coils 400, 42 and 42', and

10 instructs the trigger electrode drive devices D and/or D'
to drive the trigger'eléctrode 35 and/or 35' to induce

.the vacuum arc discharge.

When each of the cufrent detectors b5 and 57 detects
the predetermined current wvalue representing the on state

15 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 étable after the turn-on of

~the vacuum arc discharge in all the vapor source(s)

20 previously kept in the off state, the control unit CONT
energlzes all the magnetic field forming coils 400, 42
and 427, |

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

25 the vacuum arc discharge is on, the discharge current can
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described |l ater; a voltage detector 50 (50') may be enployed instead of
the current detector. 25 Fig. 4 is a block diagram showi ng a part of 33
electric circuits in the apparatus Al. As shown in this block diagram a
control unit CONT is connected to the arc power sources PW and PW21, coi
power sources PWB, PW and PW', and trigger electrode drive devices D and
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 QQ%% g\ glo]! f . Qf. th r Ve he coi

power sources £ J 8£{%% t'lg’cgﬁgagﬁpgggﬁ 88? g@ﬁge ?lé%$ t he
ot her power 9* 3{_ at %he .on/ of f thereof, is conet(N8 %o contr ol
t he magnetic i 6l fbrnlng “Soi® corre§ﬁb n&aF&StR£ 58 FeESEr

thereof. In ne of .the e cases, it can be caonsidered that the
power source %gﬁf égbﬁé%ﬁéefSthﬁIV%£¥UPhér€oﬁ%F8haEﬁ?tl%CNT f orm
the magnetic field fornatlon power supply device for the nmagnetic field
form ng coil €F B vt wimtaee Algpentdepdsia issivadppar atugrapteanthar m t he

film by u3|ng onty one of the vapor sources. In
the etermlnatlon reference current value is detected, it

is determined thaﬁ 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 50!
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 bf employing the current
detectors 5 and 5'. The ﬁoltage detector 50 (506'") detects
a rated veoltage of the power source PW2 (PW2') or a
16 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 value
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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20 this case, the control unit CONT determ nes that the vacuumarc .

di scharge is off when the current detector 5 or 5 does not detect a
predet erm ned di scharge current value representing the on state of

di scharge. When the detector 5 or 5 detects the predeterm ned di scharge
25 current value, the control unit CONT determnes that the 34 vacuumarc
di scharge is on. Wen control unit CONT determ nes that the vacuum arc

di scharge is off, it shuts off the power supply from the power sources PV

and P4 (or PY8 and Bl oo cbhend Baneki o bl gLd fosgig:eplds 400 and 42

[
(or 400 and 42'), nd 1nstructs the trigger ele Ive device D (or

D) to drive trigger electrode 3 or .35').to.induce .the vacyum arc
i bchar ge. | VRBHEES RO Tani T LN Sden8rn AB2CERedt Nebs bt e it

di scharge is_gn m@en th%,curn nt detector 5 gor 51% detects a

pr edet er ni ned*di-schafgdlelr Fent® FRPGELPEPFeSBAt FAGRPHR OAMRPRRRE of the
vacuum arc di scharge. _The control unit CONT energizes all the magnetic
field form RGLESILRS 206™sRE (52 Cop beodgp@sibey aft bheofepRFHyl AL of a

predeterm ned tine, which is required until the vacuum arc discharge
becones s1ablteraktef efe foddewsn of

First, the deposition target S is located on the
holder 2. Initially, each of the magnetic field forming
coils 400, 42 and 42' is not energized. The exhaust
device EX operates to attain the deposition pressure in

10 the container 1 and the duéts 4 and 4' connected thereto
by exhausting a gas therefrom.

If necessary, a bias voltage for attracting the
deposition ions is applied from the power socurce PWl to
the deposition target S on the holder 2. For depositing a

15  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 trigger 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 31°',
and then are spaced therefrom, respectively. Thereby,
sparking occurs between the electrocde 35 (35') and the
cathode 31 (31') to trigger the vacuum arc discharge
between the anode 34 (34') and the cathode 31 (31"}). This

25 arc discharge heats the cathode material te evaporate the
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t he vacuum arc di scharge. The tinme required for stabilizing the vacuum arc
di scharge is variable depending on the cathode material and ot hers, and
can be 20 determ ned in advance by experinents or the like. 1In the
operation of formng the filmby sinultaneously using the vapor sources 3
and 3', control unit CONT determ nes that the vacuum arc discharge is off
when at | east one of the current detectors 5 and 5 in 25 the vapor sources
3 and 3' does not detect the 35 predeterm ned discharge current val ue
representing the of %E%&qa_f t he di scharge. Wen both the detectors 5 and
5' detect thée predetermned ‘di scharge current values, the control unit
CONT determ nes that .the vacuum arc .5 discharge i.s on. Wen.the cantrol

Uit CONT. et er i ndl A et itire  AACAimoat & 0 ten i gatrs CBREA LPE S nAS of f

t he power  sypply from.the power sources PW3, PW and PWI' to the nagnetic
1ol d for m ngooves BRGERE Gt Yo ol TEPERCEF UCHS SHEM4T gor (34 ot T ode

drive devices D and/or, D to drive the trigger electrode 35 and/or 35 to
i nduce the vacuumPAra ngi $EH&rgdhanrem tésch o tt RONEudréactdetetors 5 and
2 detectg turn-on of the vacuum arc discharge in the vapor source
to be used from the infoimation provided from the
detector 5 (5'). When the preset time requiréd 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 cathode material (s) producéd from the wvapcr
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
tdward 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 common
duct end 40 by the deflection field so that the rough

particles collidé with the inner surface of the duct. In

25 this manner, a good thin film is formed while suppressing
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the predeterm ned current value representing the on state 15 of the vacuum
arc discharge, the control unit CONT determ nes that the vacuum arc

di scharge is on. Upon elapsing of a preset tinme, which is required until
the vacuum arc di scharge becones stable after the turn-on of the vacuum
arc discharge in all the vapor source(s) 20 previously kept in the off
state, the control unit CONT energizes all the magnetic field form ng
coils 400, 42 and 42'. Wen the vacuum arc di scharge becones off, the

detector & (1ko6anR0t cdet ool e, dieharog.cur (gnt c Wep 25 the vacuum

arc di scharge the dis € cuarrent “can e ec%éd. Based on
this, the control unit. enploys ., .the current val ye servin s the basis
or reference for determ é@igﬁpg%lﬁﬁgphewgﬁﬁetbﬁcaﬁﬁ?ﬁfgrd'sg%grge is on
or off. When the current value equal to or greater than 5 the determ nation
reference cupﬁéﬁF%§aF§§ F§r@§9§ét€%,t%ﬁ Vg UYBt 8FRi Ae8chRBEet NS acuum arc
di scharge is on. QOherwise, it is determned that the vacuum arc discharge
is off. In tRENEZSL WRdte CONE woIVigesdenednatsushiandteostonothg e used for

detectin%Sthe of f state of the discharge,
energizing of the coils 400 and 42 and/or coils 400 and

427, Thereafter,.the coils are energized again when the
time required for stabilizing the vacuum arc dischérge
elapses after the detectér 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 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 film formation, or may lower the film quality.

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 of the time reguired for

25 'stabilizing the vacuum arc discharge after the detector 5
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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 vacuumarc discharge is off, and detects a
vol tage of a value smaller than the above voltage when the vacuum arc

di scharge is on. Based on this, the control unit CONT can enploy a voltage
value serving as a basis or reference for determ nation of 20 whether the
vacuum arc di Ghar op of detected e value is
equal to or é%allgg% gn FH turnl?agg@ ég e 861V n%r%s %%%%H: %r i nation
basis or referen IS eternlne at e vacuum di scharg is on
G hervi se, |+ L9 GEPEr fPnBa 't RAECLREC Settint ArcS ESb (PEcient § Dore 37
Accordi ng to he vacuum ar c vapor deposition apparatus A, which has been

described w th r@P@PeﬁEéOPoSOFFBatlt § ChiLR FRPRPEBAPAI FRMPSE he cat hode
conponent mat eri al el enent (s) can be deposited on the deposition 5 target
S as fol | onsPeFitpghedt gEfdepesiclvon target S is located on the hol der 2.
Initially, each of the magnetic field form ng

' 5 In the foregeoing example, the magnetic field

forming chls are deenergized 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 members 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
members SH and SH' in positions for closing the passages
of the ionized cathode materials and positions retracted
15 fherefrom for opening the passages.

The control 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 (427)

20 is to be deenergized, the shutter member SH (SH') may be
located in the closing poesition in.addition to of in
instead of such deenergizing. In the foregoing example,
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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coils 400, 42 and 42' is not energized. 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 |f necessary, a bias
voltage for attracting the deposition ions is applied fromthe power

source PWM to the deposition target S on the holder 2. For depositing a 15
uniformthin film the rotary drive device (not shown) may rotate the

hol der 2 and thereby the deposition target S during the deposition. In the

above state,(% I gger, el ectrodes. 35 and/or 35 i t?g apor sources 3
andlor 3 to eI S Lo o B e, ot A et LSt
and/or 31', d then are spacggstgégefr m respectively. Thereby, sparking
occurs bet wee ?%% éﬁ%@ﬁ??xﬁp ( )aQékPEFﬁ? Wﬁﬁquﬁﬁ§g§ft(§f'fxﬁo trigger
t he vacuun1a%§1discharge‘ bet ween the anode 34 (34') and the cat hode 31
(31'). This Z5'Gr c? dF¥enkf gedhexkad tivel et odd retasiasdit ios eRafbrat e t he
38 cathode material. This starts formation of the plasma containing the
i oni zed cat hotRPoRt ekonml targdk ontswth t Hea e ath deor8z B LBthodBuri ng t hi s,
the control unit CONT detects the '

material produced from the vapor source 3 may be

éccurately directed from the common duct end 40 toward

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

motors ml and m2 and the reciprocation drive device PBC

can adjust the ahgular position of the magnetic field

10 forming coil 400 around the axis B, the angular position

thereof around the axis ¥, and/or the position thereof in |

the direction (vertical direction in Fig. 1) of extension

of the duct end 40. Also, one or more of the motors Ml

and M2 and the reciprocation drive device PCl can adjust

15 the angular position of the magnetic field forming coil

42 around the axis B1, the angular pesition thereof

around the axis 71, and/or the position thereof in the

direction of extension of the duct 4.
Also, tﬁe state of arrangement of the magnetic
20 field forming coils 400 and/or 42' with respect to the
duct 4' can be adjusted such that the ionized cathode
material produced from the vapor source 3' may be
accurately directed from the common duct end 40 toward
the target 5 on the holder. Thus, one or more of the

25 motors ml and m2 and the reciprocation drive device PC

42




5 turn-on of the vacuum arc discharge 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 0 ' iQni.z t e i al roduced
fromthe vapgéglégﬁggﬁitgﬁiﬁgﬁ%?g% %égyiﬁg%%%n?ggemgg%gﬁéﬁegf%%$tion(s)
of the ducts 4 and/or 4' through the common duyct end 40 toward the target
S on the hol d&F™21Y FHH; 54'500pea?fm%,t%ﬁ)aeﬂé : i e AFYe &P Sitdditice
rough particles of the cathode material. These rough particles have |arge
mass, and t Fote Mttt hee@Xicndl d #Re/ otitthe RisitHencdhmseoiddat end

- 40 by the deflectjon field so that the rough particles collide with the
i nner surf acélsr dfeRiar (s qad dikgatden dng8éd-t i nofi exEeBRSiOR ned
whi |l e su%?ressin 39 flight of the rough particles onto the target S.

of the duct end 40. Also, one or more of the motors M1'

and M2' and the reciprocation drive device PC1l' can

adjust the angular position of the magnetic field forming

coll 42' around the axis B81', the angular positicn

thereof around the axis ¥1', and/or the position thereof

10 in the direction of extension of the duct.4',
Accordingly, in the case of forming a film, e.g., a
compound film by using both the vapor éources 3 and 3°',
the state of arrangémeht of one or more of the_coils 400,
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 to the wvacuum 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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During the deposition, when the detector 5 (5') detects the turn-off of the
vacuum arc di scharge, the control unit CONT provides an instruction to
stop the 5 energizing of the coils 400 and 42 and/or coils 400 and 42'.
Thereafter, the coils are energized again when the tine required for
stabilizing the vacuum arc di scharge 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

el ectrode 35 (33, ngqjj{&rgr% the, Aarc ing@ai:?t Itlﬁsnetd %lﬁ:%?:%%@%‘igt Q.gvery

turn-of f, such™ particles may be produceé at” are not preferable in view

of the filmfar 1.0 r .may, lower_the filmaqaquality. 15 _This particles my
RO ® GGt g b BT Sl Fowbter -

occur before the vacuum-arc 18Ven in the
above case of tthe:.liq epetitive tuyrn-on and _arc ignition, the above structure

can restart t#e ]Trﬁ G56h Wi Atk Wi Rivhtard 2vairs Ehalgiaie Qfabl e,

i.e., in such a state that the above 20 unpreferable particles do not reach
or subst ant i &R FEMhdetezEE 3 hErdepdsittiovapargerusceshidsasgn3i nprove
the quality of the film Since the energizing of the coils imrediately
restarts dporradl dpsivRphita Heomm e dmig edifear on the target S, and

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 cof the magnetic fieid

15 forming coils 42 and/or 42' according to predetermined
timing. Also, in addition to or instead of such control
of the coil energizing, the shutter member SH 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 vapor 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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25 stabilizing the vacuum arc discharge after the detector 5 40 (5')
detects the turn-on of the vacuum arc discharge, a long tine is not
required fromthe start of deposition to the conpletion so that the film
deposition can be perforned efficiently. 5 In the foregoing exanple, the
magnetic field formng coils are deenergized for restarting the vacuum
arc discharge after the turn-off of the vacuumarc discharge. In stead of
or in addition to this nmanner, as shown in Fig. 5, shutter nmenbers SH and
SH provided.n 10 the respective filter. ducts .4 .and 4' na

appropri at el >]/j IR:C| SEd C?noérasitjﬁ{ee a(%aor\})eor})es H% SPErAeSH. ekS%“éP??a} i 08

devi ces SHD and ,SHD K can | ectively locate the shutter nenbers SH and SH
in positions 6 &4 §“ﬁﬁ§f6§§§ﬁﬂéﬁ' of the ionized cathode materials and
positions retracted 15 therefrom for opening the passages. The control unit
CONT may be confi glrBd-hR&F priovidet G inastiirdtedord ic HEFoR PAGRERetBPEr ati on
of the rotary drive devices SHD and SHD to open/close the shutter

menbers. |n thetsedgsnhelecarplis miehiadk Goithe42leps2ifion is to be
deenergi zed, the shutter nenber SH (SH ) may be I|ocated in the closing
posi tion Pn agdittdiores dl dry ian known manner, and the vapor sources 3

and/or 3' are also used. For example, plasma of 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
100 cathode so that a TiCN film or a TiAlN 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 iayer of the above
15 metal can be formed on the target S5, 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 suéh
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 arranrnged such that the coil
surface is Xkept perpendicular tec the duct center axis,

25 and is inclined clockwise by 20 degrees arcund the axis 7
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i nstead of such deenergizing. In the foregoing exanple, when the coil 42
(42'") is to be energized, the shutter nenber SH (SH ) nmay be located in

t he opening position. 25 In the vacuum arc vapor deposition apparatus Al

41 descri bed above, the state of arrangenent of the magnetic field form ng
coils 400 .and/or 42 wth respect to the duct 4 can be adjusted prior to
the deposition on the deposition target S such that the ionized cathode 5
mat eri al produced fromthe vapor source 3 nay be accurately directed from

the commn duct e, 4R4ue 4 Ui Larast s oncthe Baldgt. Thig. one o

nore of the "notors al he reci ( _deV|%§ PC can
round the afe @i g r oS roRtY ier'eof SPGURGTEREZENIS r, and or
the position thereof in the direction (vertical direction in Fig. 1) of
extension of {fHE R Hnd 0. IR0 2Tn& Bt KORE TRy henfoEBRsC/L and M
and the reciprocation drive device PClL can adjust 15 the angul ar position
of the magnet}®® fliselkefomsirigaadial, gndardsud@ceiedakisaryertheadhyul ar
position thereof around the axis Y1, and/or the position thereof in the
di recti ond of aekitverisicbpoofi ttiwe .ddterkby, such setting is attained that
the ionized cathode materials produced from the cathodes
are joined in the common duct end.40, and are directed
toward the target S$. In this state, each of the magnétic
field forming coils 42, .42 and 400 was supplied with a
10 current of 100 [A] to form the deflection magnetic fields,
aﬁd 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 S 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 to invert cyclically a directioﬁ of a current
in_at least one of the ceoils 400, 42 and 427.
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 outputs,

25 and the control unit CONT may control at least one of the
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Al so, the state of arrangenent of the magnetic 20 field formng coils 400
and/or 42' with respect to the duct 4' can be adjusted such that the

ioni zed cathode material produced fromthe vapor source 3' nay be
accurately directed fromthe common duct end 40 toward the target S on the
hol der. Thus, one or nore of the 25 notors ml and nR2 and the reciprocation
drive device PC 42 can adjust the angular position of the magnetic field
formng coil 400 around the axis R, the angular position thereof around

the axis r, I, e it f@er fj t irection rtic
di rection i.nﬂ%:&/éﬂtﬁéédf I%extseengkflon a%’?i t%%%ydt?rc%ftgﬁdgﬁﬁ)?’gﬁé%ga%en‘eaior% nor e
of the not ors

ML _and ' .and .the reciprocation,drive d vice.PQi' can
adj ust the anguraC3yssi tl\élzcor%engtt (& g n et MR E PG nPHE S cBH it Zamground
the axis 131', the anqular positigon thereof around the axis Ti', and/or
the positi on 4 & S5 Bireds iR Yo e gténdilen2okeYRe2EtictSee .
Accordingly, in the case of formng a film e.g., a conpound film by using
both the vapdidsodrcEfrmegi®B to thge cpndrelofnditr §RYEreht Ry odee o?L nore
of the coils 400, 42 and 42' may be adjusted with respect to the ducts,
and 15 t hr elijaet BéAvEnicesd vatifode nmitee daalss deredutéd tf tbm pheer
sources PWZ and PW2' as well as the contreol 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 restricitive.

INDUSTRIALLY APPLICABILITY

The vacuum arc vapor deposition apparatus of 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.g., improving at least one of wear
resistance, sliding property, cofrosion resistance and

others.

25
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vapor sources 3 and 3' may be directed fromthe separated portions toward
the comon duct end 40, and nmay be joined together in the common duct end
40, fromwhich the ionized cathode materials are provided toward the target
20 S on the holder. Thereby, a filmof good quality can be fornmed on the
target S. According to the vacuum arc vapor deposition apparatus Al

descri bed above, the vapor sources 3 and 3 can be used sinultaneously to
deposit the compound film 25 nmade of different nmaterials on the target S.

Al so, the 4gmwapaly SN 3snd 3' can be used alternately and
repetitively to deposit. the conposite filmof the fine particle dispersed

type and the multi-] ay fi e of different materials. One of the
vapor source%'Sﬂéﬁgng&gagg%%% %éé%ﬂ?%ﬁ%ﬁﬁqﬁtﬁﬁ?qﬁig S|8§e? on the target

S, and ‘thereafter, .the ather vapor source may be used.to forma _desired
filmon the bade S IAy&H ﬁ%%; ftﬁdéaQ%ﬂﬁﬁl%kﬁﬁbékﬁﬂ§lﬁﬂl%y ﬁ%yVBBOEsed to
add a differ%Pt el.ement to the film which is being formed by the other
vapor sour ce %§POFG 9™ UnGfisy eGisd g qliiinghart SNEaNaZBeruSedrED form
the filmmade of the uniformmaterial on the target S. |If necessary,
dependi ng® on OB igvgIad \E0 stapgetiwee and ionize a cathode material by a
| vacuum arc discharge betweeﬁ a cathode formed of the
cathode material and an anode; and a curved filter duct
provided with at least one deflection magnetic'field
forming member providing the ionized cathode material
10 produced from said vépor 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
-15_ cpposed 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 apparétus further comprises a magnetic field
20 forming member adjusting device adjusting a state of
arrangement of at.least one ¢f said deflection magnetic
field forming member provided for at least one of the
filter ducts of said plurality of vapor deposition units
with respect to said filter duct for contrelling the

25 magnetic field.
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and others of the filmto be forned, it is possible to cease and restart
the energi zing of the magnetic field 15 formng coils 42 and/or 42
according to predetermned timng. Also, in addition to or instead of such
control of the coil energizing, the shutter nenber SH or SH shown in
Fig. 5 my be used, e.g., by selectively locating it in the closing and
openi ng positions 20 according to predetermned timng. For exanple, the
cathode 31 in the vapor source 3 nay be formed of a carbon cat hode, and
the cathode 31' of the vapor source 3' may be forned of a netal cathode of
tungsten (W, chronme (Cr), titanium (Ti), niobium (Nb), 25 iron (Fe) or the

i ke. Thereby, it i ss%%he 1o forma 44 DLC.%D amond- Li ke Carbﬁﬂ film
contai ni ng el ement (s) oF "SUCHES Gy I9RAEidONFGPPREAIUS PEI hilBan be

formed in such nner that  _another gas, plasma is produced in the

deposi ti on 5d@5ﬁfgﬁﬂéVlf%ﬁgdaQMﬁﬁM?Qﬁé%ﬁﬁﬁgdﬁﬂ‘ﬁﬁ%ﬁV&poWh§68%€es 3 and/or
3" are also used. For exanple, plasma of a nitrogen gas may be produced in
the deposition contditnéletlecting amansie Q1L imdy Borainot asngrrcabhoed, and

the cathode 31' nmay be a carbon cathode or an al um num
among sald plurality of filter ducts is arranged on the

duct end oppdsed to said holder shared among said
plufality of filter ducts, and the deflection magnetic
field forming members are arranged on the portions of the
filter ducts each spaced from %he other'filter duct (g8),

10 respectively.

3. The vacuum arc vapor deposition apparatus of the
deflection field type according to claim i, or 2, wherein
said magnetic field forming member adjusting device

15 is provided for each of said deflection magnetic field

forming members.

-4, The vacuum arc vapor deposition apparatus of the
deflection field type according to claim 1,2 or 3,wherein
20 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 arrangeﬁent state to be
adjusted by said magnetic field forming member adjusting

25 device and forming a magnetic field in said filter duct,
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10 cathode so that a TiCN filmor a TiAIN filmcan be forned. For exanple,
the cathode 31 may be a carbon cathode, and the cathode 31' may be a netal
cat hode of tungsten (W, chrone (Cr), niobium (Nb), nolybdenum (M), iron
(Fe) or the like. Thereby, the base | ayer of the above 15 netal can be
formed on the target S, and a DLC filmcan be forned thereon. In another
specific exanple, the cathodes 31 and 31' are forned of a carbon cathode
and a tungsten cat hode, respectively. In Fig. 1, the coil 42 is arranged

such 20 thatﬁhiZOEO%BJ%%EH%§ﬁaE§a' ta%?gggﬁghggl%geggetggfgggéaoﬁenter

axis CL', an i nclrne nt ercl‘oc rées aroun he axi s

IR VLT, TeSPRel o L et bl gy TP Sl LofRecke 8 qposdsuen (ha

the coil surtace i's kept ‘perpendi 5 and is
inclined clockwi se by 20 degrees around the axisy 45 1'-with respect to
the vertical plane. Further, the positions of the coils 42 and 42' in the
extension direction of the ducts are kept constant, and the coil 400 is
kept horizontal, amd iI'§€ JE&U&H iaF a YA cePoy it iga] aspagapusi of obbe
Thereby, such setting is attained that the ionized cathode materials
pfoducedi?roﬁﬁﬁﬁgc@apnoéégld type acceording to any one of the '

preceding claims 1 to 4, wherein

at least one of said deflection magnetic field
forming members is a magnetic field forming coil to be
energized by a field formation power supply device to
10 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.

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

at least one of said deflection maghetic field
forming members is a magnetic field forming coil to be

20 Aenergized 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
‘capable of turning on/off the power supply to each of the

magnetic field forming coils independently of the others.

25
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are joined in the common duct end 40, and are directed toward the target

S. In thi

s state, each of the magnetic field formng coils 42, 42

and 400

was supplied with a 10 current of 100 [A] to formthe defl ection magnetic

fields,

arc disch
added t he
suppr essi
formed by
in film

depositio
cyclicall
and 42'.

formed, t
"provide p
one of th
this case

and thereby to evaporate and ionize each cathode with the
arge current of 100 [A] . Thereby, a DLC filmcontaining
reto was forned over the target S on the holder 2. 15 For
ng such a situation that drift of plasma in the magnetic

vacuum
t ungst en

field

(he def oct o LRl Lormung menher doter] aLes Lhe pnuform

t hi ckness di stribution of thé fi o

n target S, the .apparatus may be 20 configured to jnvert

y aaggﬁggﬁﬁgﬁ'%ﬁea%c&ypgnFc ioF B9 ggs@nganSfOFhEhﬁoils 4

Dependi ng .on the ,quality, structure and others. of the fil

he 85ﬁ€9%§8€%€ ?lgﬁzlaﬁﬁyéh PWPTeifor the vacuum arc di sch

ul se outputs, 25 and the control unit CONT may control at

e 46 magritt u@éstpense oki @R davdrgut Yepbstiiéopulisétyolisage
at | east one of the magnitude, pulse width and duty. of

pul se voﬁiag@r@ﬁﬁdﬁé sidithy jaa shukepfdamdmisge being movable between a

closing position for shutting off a passage of said

f the

00, 42
mto be
arge may
| east

. In

t he

ionized cathode material in the filter duct in said vapor

deposition unit and an opening position for opening the

passadge.

10

8. The vacuum arc vapor deposition apparatus of the

deflection field type according to any one of the

preceding claims 1 to 5, wherein

at least the plurality of vapor deposition units to

15 be used simultaneously among'the plurality of wvapor

deposition units are provided with magnetic field forming

coils serving as the deflection magnetic field forming

members and forming a deflection magnetic field when

being energized by a field formation power supply device,

20 - and are also provided with detectors detecting on/off o

the arc discharge in saild vapor sources, and said field

formation power supply device is configured to deenergi

£

e

the magnetic field forming coils of the vapor deposition

units to be used simultaneocusly when at least one of sa

25 detectors in the vapor deposition units to be used
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Fig. 4) connected to the control unit CONT. In any one of 5 the above

cases,

t he control
For form ng the film having high surface snoot hness,
the 10 plurality of vapor sources

source.

uniformty and others over a | arge area, _
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 sanme rmateri al

it can be considered that the power sources PW and PW2' as well

unit CONT formthe arc power supply device for each vapor

t hi ckness

as

P o ey B it QB S AR,

restrictive.

appar at us ofi%h%LfgﬁIgﬁgié%%ffﬁ%gg_t¥8$t%%£H%§F%§§%|%g%%Eo%glﬁg?thin films

of good quality wth good producti )
thin filnms on targets or works such as autonobile parts, machine parts,
di es 6P ie WPOke ¢1E5P 10 Purpdsdore®iged fRpr LAGNART| €8]t one

resi stance, sliding property, corrosion resistance and others.

t ool s,
-of wear
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stable arc discharge in ‘all the vapor sources of the
vapor depoéition units to be used simultaneocusly after
all the detectors in the vapor deposition units to be

used simultaneously detected the arc discharge.

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

each of said vapor deposition units to be used
simultaneously among the plurality of vapor deposition
units is provided with a éhut~off member being movable

between a closing position for shutting off'a passage of

‘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 control of a control unit,
said control unit, in simultaneous use of said plurality

of vapor deposition units to be used simultaneously,

52
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WHAT IS CLAIMED IS: 1. A vacuum arc vapor deposition apparatus of  a
deflection field type conprising: a plurality of vapor deposition units
each including at | east one vapor source 5 configured to vaporize and
ionize a cathode material by a vacuum arc di scharge between a cat hode
formed of the cathode material and an anode; and a curved filter duct
provided with at |east one deflection magnetic field form ng nenber
provi di ng. the ionized cathode material 10 produced from said vapor source
toward a hol l.qi . osj tj.on target .faor. for.mn fi.Lm contai ni ng
@% t@%lqs' %%1{%ﬁdr Qf%h cidev1ce[§ Slg:‘ﬁl thatthgalgeﬁ'gg?ff)gﬁ

a conponent elenent o e cathode materl on target,

said curved filter du of L. luralit f vapor deposition units having
Guct ends 15SB5EEE Ao 1 §HAaRrIEk? 9 T NBGrhSRLRE o0y, BEL B
common duct end, and at |east one of the vapor sources being arranged on
the ot her end oPSedst F1FW@tﬁﬁﬁﬂHSl%hﬂﬁ%leMﬁﬁﬁﬁ A's&h¢ §ppaLBRLFus furt her
conprises a magnetic field 20 form ng nenber adjusting device adjusting a
state of ar PRfgérem "drenapl] dests tomasofols gial deldtesttioss dnghbei gaperel d
form ng nenber provided for at |east one of the filter ducts of said
~plural ity of de@eer tdeposintiiten tuniktes used simultanecusly detects

ceasing of the arc discharge, and to locate said Shut—off
members igﬁsaid 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

10 used simultaneously after all thé detectors in the vapor
deposition units to be used siﬁultaneously detected the

arc discharge.

10. The vacuum arc vapor deposition apparatus of
15. the deflection field type according to any one of the
| preceding claims 1 to 7, wherein |
each of said vapor deposition units haé-an arc
power source device applying a voltage across said
cathode and said anode of said vapor source to cause arc
20 discharge, a power supply device épplying a pulse voltage
is employed as at least one of said arc power supplyt
devices, and said power supply device is configured to
control at least one of a magnitude of the pulse voltage,
a pulse width and a duty.

25
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wWith respect to said filter duct for controlling the 25 magnetic field. 48
2. The vacuum arc vapor deposition apparatus of the deflection field type
according to claim1l1, wherein the deflection nagnetic field form ng nenber
shared 5 anong said plurality of filter ducts is arranged on the duct end
opposed to said holder shared anong said plurality of filter ducts, and
the deflection magnetic field formng nenbers are arranged on the portions
of the filter ducts each spaced fromthe other filter duct(s), 10
respectively. 3. The v u vapor Qsitiaon.apparatus_of the.
deflection field tggé g%%or %%%mtggé ai%ﬁ%l4%?05}%ﬁﬁgrgpﬁarggPﬁ %Egnetic
field formng,ne adj.usti evice 15 is provided for each of said
defl ection n%&ﬁegggﬁié%ﬁgn Fg%&%n IRERGOT Y RITERE FREUBREAPE VRPor
deposi tion agparatus of the deflection field type according to claiml,?2
or 3, wher ei nPT56S5aNY FaGAESi & fiPell® f sHRLFd henber adj usting device is a
device adjusting a position, in the direction of extension of said filter
duct, of the defl e@li dfapdgras ©F fSiadld iamot ngpesatepnhaning ihe
arrangenent state to be :

provided with the plurality of vapor sources.
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adj usted by said magnetic field form ng nmenber adjusting 25 device and
formng -a nagnetic field in said filter duct, 49 and/or adjusting an
angul ar position of the deflection nagnetic field form ng nmenber with
respect to the duct. 5. The vacuum arc vapor deposition apparatus of the

5

deflection field type according to any one of the preceding clains 1 to 4,

wherein at | east one of said deflection magnetic field form ng nenbers is
a magnetic field formng coil to be energized by a field formati on power
supply device to 10 formgadeide ‘Hf‘ﬂiégﬁﬂﬁﬁﬁf field, and said field
formation power supply device I's a power supp y deV|ce cyclically
inverting a directi sai d_magnetic field

formng coils. 15 g@ %&u%é%%&%%%F Iné%%%”ﬂ§ﬁ8§1FPBﬁrﬁﬁﬁﬁrQFUE of the

wherein ot | GRL IO BT SR GO IRy R PO AAd Of oPAPAG. momber s i o

a magnetic field formng coil to be 20 energlzed by a field formation
pover supply GEATEYE Weihn BEn B opasigieclading @, vaRarsaPer¢e el d

formati on_power supply device is a power supply device
5 (3, 3") and a curved filter duct (4, 4') provided with

deflection field forming coils (400, 42 or 42'). The
. ducts (4, 4') have duct ends opposed to the deposition
target helder (2} and formed together to provide a common
duct end (40). The vapor source (3, 3') is arranged on
:10_ the other end (41, 41') of each duct. The coil (400} is
arranged for the common duct end (40), and one magnetic
field formiﬁg coil (42, 42') is arranged for each of the
ducts. An adjusting device (motors mi, m2 and drive
device PC, motors M1, M2 and drive device PCl, motors M1',
15 M2' and drive device PC1l') for adjusting a state of
arrangement is arranged for each coil. This vacuum arc
vapor deposition apparatus can form a thin film of good
guality having a desired structure on the deposition

target with good productivity.
20
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capable of turning on/off the power supply to each of the nmagnetic field
form ng coils independently of the others. 25 50 7. The vacuum arc vapor
deposition apparatus of the deflection field type according to any one of
the preceding claims 1'to 5 wherein at |east one of said vapor deposition
units i-s' 5 provided with a shut-off nenber being novabl e between a closing
position for shutting off a passage of said ionized cathode material in
the filter duct in said vapor deposition unit and an openi ng position for
opening the passage. 10 8. The vacuumygrc vapor deposition apparatus of
the deflection field type according to any one of the preceding clains 1
to 5, wherein at least the plurality of vapor deposition units to 15 be
used sinultaneously anong the plurality of vapor deposition units are
provided with magnetic field forming coils serving-as—the deflection
magnetic field formng menbers and form ng |a deflection magnetic field

- when being energized by a field formati on power supply devicq
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20 and are al so provided with detectors detecting on/off of the arc
di scharge in said vapor sources, and said field formation power. supply
device is configured to deenergize the nmagnetic field formng coils of the
vapor deposition ‘units to be used sinultaneously when at |east one of said
25 detectors in the vapor deposition units to be used 51 simultaneously
detects ceasing of the arc discharge, and to allow the energizing of the
magnetic field formng coils upon &lapsing of a tine required for
attaining the stable arc discharge in all the vapor sources of the 5 vapor
deposition units to be used sinmultaneously after all the-detectors in the
vapor deposition units to be wused sinultaneously detected the arc
di scharge. 9. The vacuum arc vapor deposition apparatus of the 10
deflection field type according to any one of the preceding clains 1 to 5,
~wherein each of said vapor depositF@g_Qnits to be used sinultaneously
. anmong the plurality of vapor depositton wunits is provided wth a shut-off
‘menber being novabl e 15 between a closing position for shutting off a
~passage of . the ionized cathode material in the filter duct in said vapor
deposition unit and an opening position for opening
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t he passage, a drive device selectively driving the shut- off nmenber to the
cl osing position and the opening 20 position, and a detector detecting
on/off of the arc discharge in the vapor source, said drive device of the
shut -of f menber i'-n each of the vapor deposition units is configured to
operate under control of a control unit, said control unit, in
sirmul t aneous use of said plurality 25 of vapor deposition units to be used
si mul t aneously, 52 controls said dBife devices such that said shut-off
menbers of the filter ducts of the vapor deposition units to be used

. simul taneously are located in the closing position when at |east one of
said detectors in the vapor 5 deposition units to be used sinultaneously
~detects ceasing of the arc di schg:ge to locate said shut-off menbers
in said opening position upon elagg&ng(gg'a time required for attaining
the stable arc discharge in all the vapor sources of said vapor deposition
units to be 10 used sinultanedqusty after—at+—the detectors in the vapor
deposition units to be used sijnultaneously defected the arc discharge. 10.
The vacuum arc vapor depositign apparatus of | 15 the deflection field type
according to any one of the 41 :

410
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preceding clains 1 to 7, wherein each of said vapor deposition units has an
arc power source device applying a voltage across said cathode and said
anode of said vapor source to cause arc 20 discharge, a power supply device
applying a pulse voltage is enployed as at |east one of said arc power
supply devices, and said power supply device is configured to control at

| east one of a nagnitude of the pulse voltage, a pulse width and a duty.
2553 11. The vacuum arc vapor. depos%}%fn apparatus of the deflection
field type according to any one of the ™ preceding clains 1 to 10, wherein
at | east one of said vapor deposition units is 5 provided with the
plurality of vapor sources. 54 ABSTRACT OF DI SCLOSURE A vacuum arc vapor
deposition apparatus of a deflection field type includes a plurality of
vapor deposition units (UNL, UN2) F§§p4including a vapor source (3, 3")
and a curved filter duct (4, 4') provrded with deflection field formng
coils. (400, 42 or 42'). The
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ducts (4, 4') have duct ends opposed to the deposition target holder (2)
and fornmed together to provide a common duct end (40). The vapor source
(3, 3") is'arranged on the other end (41, 41') of each duct. The coil (400)
is arranged for the common duct end (40), and one nagnetic field formng
coil (42, 42') is arranged for each of the ducts. An adjusting device
(motors m, n2 and dri-ve device PC, ors ML, M2 and drive device PCl,
motors ML', M' and drive device Pé;?é for adjusting a state of
arrangenent is arranged for each coil. This vacuumarc vapor deposition
apparatus can forma thin filmof good quality having a desired structure
.on the deposition target with good productjivity.
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