VACUUM ARC EVAPORATI ON APPARATUS, VACUUM ARC EVAPORATI ON METHOD AND
MAGNETI C RECORDI NG MEDI UM Techni cal Field The present invention relates to
a vacuumarc evaporation apparatus, a vacuumarc evaporation nethod and a
magnetic recording medium and nore particularly in detail to a vacuumarc
evaporation apparatus and a vacuumarc evaporation nethod that are used
for formng a hard coating filmused for coating for a wear resistant
material or an abrasive resistant nmaterial, the hard coating film and a
magneti c recordi ng nedi um having the hard coating filmas a overcoat
| ayer. Background Art O the hard coating filmused for coating for a wear
resistant material or an abrasive resistant material, a dianmond-1like
carbon (DLC) filmis presented as that using carbon. The DLC filmis
excel | ent i naswud asrC S AUAPOREESONNEP PATES US), gIVATIUUNESS, BRBORATIDN is
suited for a surface coating film For formng such a hard coating film
t here has beprHONZFRD dAENENDD BLCIRENGAMEPUUMeri ng net hod, a plasma CVD
met hod or a vacuum arc evaporation nmethod. In Fig. 1, there is shown
Technical Field
The present invention relates to a vacuum arc
evaporation apparatus, a vacuum arc evaporation method and a
magnetic recording medium, and more particularly in detail to
a vacuum arc evaporation apparatus and a vacuum arc
evaporation method that are used for forming a hard coating
film used for coating for a wear resistant material or an
abrasive resistant material, the hard coating film, and a

magnetic recording medium having the hard coating film as a

overcoat layer.

Background Art

Of the hard coating film used for coating for a wear
resistant material or an abrasive resistant material, a
diamond-like carbon (DLC) film is presented as that using
carbon. The DLC film is excellent in surface smoothness and
has high hardness, so that it is suited for a surface coating

film.

For forming such a hard coating film, there has been
used a method such as a sputtering method, a plasma CVD method

or a vacuum arc evaporation method. In Fig. 1, there is shown



1 an exanple of an arrangenent of a filtered cathodic arc (FCA)
evaporation apparatus as an exanple of currently used vacuum arc
evaporation apparatus. In the exanple of the arrangenent in Fig. 1,

mat eri al

plasma P is generated at an arc source Sa. Wth the

cat hode

use of a

magnetic filter 10, the plasma P is guided as a cathode material plasnma

beam Pb to a substrate to be coated 13 held

in a deposition vacuum chanber

14 having a shutter 19. The magnetic filter 10 has a stainless steel pipe

11 bent in a quarter circular-arc-like shape as a core,

on whi ch an

el ectromagnet coil 12 is provided. Between the magnetic filter 10 and the
deposi tion vacuum chanber 14, a raster coil 18 is provided. Wth this
arrangenent, on the substrate to be coated 13, a filmis fornmed from
cat hode nat gricManipoBset Athenrseddemt graphiilepréd daseddas dhe (¢athode

mat eri al

hydr ogen,

arc source &acievddweraabioveappapagenent, wth a deposition materi al
as a cathode target 16, vacuum arc

In the example of the arrangement in Fig. 1, cathode
material plasma P is generated at an arc source Sa. With the
use of a magnetic filter 10, the plasma P is guided as a cathode
material plasma beam Pb to a substrate to be coated 13 held
in a deposition vacuum chamber 14 having a shutter 19. The
magnetic filter 10 has a stainless steel pipe 11 bent in a
quarter circular-arc-like shape as a core, on which an
electromagnet coil 12 is provided. Between the magnetic
filter 10 and the deposition vacuum chamber 14, a raster coil
18 is provided. With this arrangement, on the substrate to
be coated 13, a film is formed from cathode material ions.
When carbon (graphite) is used as the cathode material in the
vacuum arc evaporation apparatus, it is known that the formed
film becomes tetrahedral amorphous carbon (ta-C) containing
no hydrogen, being rich in sp® bond carbon and having high

hardness.

At the arc source Sa in the above arrangement, with a
deposition material taken as a cathode target 16, vacuum arc
discharge is induced between the cathode target 16 and an

anode 17 by making a striker 15 in contact with the surface

in the vacuum arc evaporation apparatus, it is known that the
formed fil svheconEsrt ebpahedialasaanrgtrogd ecaf bomnr rehad €) usahtvaicniang
being rich in sp 3 bond carbon and having high hardness.

no
At the
t aken



di scharge is induced between the cathode target 16 and an

anode 17 by

maki ng a striker 15 in contact with the surface 2 of the cathode target 16
to thereby generate the cathode material plasma P. However, there was a
probl em that stable maintenance of the arc discharge was difficult.
Moreover, there was another problemthat a cathode spot of the discharge
goes around the cathode target 16 to nake the cathode material plasnma beam
Pb hard to be brought forward. An exanple of an arrangenent of the arc
source Sa is shown in JP-A-2002-32907. Anot her exanple thereof is shown

in JP-A-2002-88466. Problens to be Solved by the Invention However, for
stably maintaining arc discharge, it is considered that the arrangenent of
the arc source and the nethod of generating the arc discharge nust be
further speegi athaechtHdtid hermgere 1 6i not heeashbangemerdteditsel asetiodn

JP- A-2002- 88466, it was difficult to provide a cooling nechanismfor a
magneti ¢ mametéalal Iplaisgaah. ofjpeeteof theere Ruerd ipgebilemptioati de¢agdleacuum arc
evapor ati on apparatus provided with a vacuum arc di scharging unit having a

speci al i zedmainasgeneEntoft the ean disdadige s difficult.

Moreover,

there was another problem that a cathode spot of the

discharge goes around the cathode target 16 to make the

cathode material plasma beam Pb hard to be brought forward.

An example of an arrangement of the arc source Sa is

shown in JP-A-2002-32907. Another example thereof is shown

in JP-A-2002-88466.

Problems to be Solved by the Inventicn

However, for stably maintaining arc discharge, it is

considered that the arrangement of the arc source and the
method of generating the arc discharge must be further
specialized. Furthermore, in the arrangement disclosed in
JP-A-2002-88466, it was difficult to provide a cooling

mechanism for a magnetic material.

It is an object of the invention to provide a vacuum arc
evaporation apparatus provided with a vacuum arc discharging
unit having a specialized arrangement that can actualize a
specialized approach to stable maintenance of vacuum arc
discharge at an arc source when deposition is carried out, a

vacuum arc evaporation method of carrying out such vacuum



speci al i zed approach to stable mai ntenance of vacuum arc

deposition material for depositing a substrate disposed

di scharge at an
arc source when deposition is carried out, a vacuum arc evaporation nethod
of carrying out such vacuum 3 arc discharge and a magnetic recordi ng
medi um having a overcoat |ayer with high hardness which filmis formed by
usi ng the vacuum arc discharging unit. Means for Solving the Problens In
order to achi eve the above object, as an apparatus according to the

i nvention, a vacuum arc evaporation apparatus was inplenmented which

i ncl udes a deposition vacuum chanber to be evacuated; a discharging unit
carrying out arc discharge with cathode target which is made from a

in the

deposi tion

vacuum chanber; and a plasma guiding unit disposed between the deposition
vacuum chanhes aadstthergl scdmar gi ngagnstitc mrdrdied hedigui dengngathode
material plasma generated by the arc discharge to the deposition vacuum
chanber by anerd¢swtucedyaagnetihc Higl thagenesatwdidhy ffiémdi nigf arregr bgnt to a

coil of the plasma guiding unit to deposit the cathode

mat eri al

deposi ted

on the substisate, thwheragiunnt hec di sedleagiimg uontt conprises an electrically

grounded di scharge vacuum

Means for Solving the Problems

In order to achieve the above object, as an apparatus

according to the invention, a wvacuum arc evaporation

apparatus was implemented which includes a deposition vacuum
chamber to be evacuated; a discharging unit carrying out arc
discharge with cathode target which is made from a deposition
material for depositing a substrate disposed in the
deposition vacuum chamber; and a plasma guiding unit disposed
between the deposition vacuum chamber and the discharging
unit, and used for guiding cathode material plasma generated
by the arc discharge to the deposition vacuum chamber by an
induced magnetic field generated by feeding a current to a
coil of the plasma guiding unit to deposit the cathode
material deposited on the substrate, wherein the discharging
unit comprises an electrically grounded discharge vacuum
chamber; the cathode target provided at a position away from
the plasma guiding unit in the inside of the discharge
vacuum chamber, the cathode target being ungrounded; a first
generating wunit provided in the inside of the discharge
vacuum chamber between the plasma guiding unit and the

cathode target for making a first magnetic field in a first



chanber; the cathode target provided at a position away from the plasma
guiding unit in the inside of the discharge vacuum chanber, the cathode
target being ungrounded; a first generating unit provided in the inside of
t he di scharge vacuum chanber between the plasma guiding unit and the
cathode target for making a first magnetic field in a first 4 direction;
and a second generating unit provided around the discharge vacuum chanber
for maki ng a second magnetic field in a second direction approxinmately
opposite to the first direction in the inside of the di scharge vacuum
chanber. In order to achieve the above object, as a nethod according to
the invention, a vacuum arc evaporation nethod was inplenented, with the
use of the above-explai ned vacuum arc evaporati on apparatus, by evacuating
t he deposi td0restaicmymane hadsefoncongtaé nanigha@ wilibspratejed eneuatli higet he
cathode material plasma by carrying out arc discharge using the

di schar gi ngdisitanget hathem caidmide tfargetking ehsesondadednedgrc fheldeposition
material for depositing the substrate, and depositing the cathode materi al
on the substmadesdyomylidliregtithe aparhotea praberdrdospitasiva toet Aérdepositi on

vacuum chanber by an induced nmagnetic field generated by feeding a current
direction in the inside of the discharge vacuum chamber.

In order to achieve the above object, as a method
according to the invention, a vacuum arc evaporation method
was implemented, with the use of the above-explained vacuum
arc evaporation apparatus, by evacuating the deposition vacuum
chamber containing a substrate, generating the cathode
material plasma by carrying out arc discharge using the
discharging unit with the cathode target which is made from
the deposition material for depositing the substrate, and
depositing the cathode material on the substrate by guiding
the cathode material plasma to the deposition vacuum chamber
by an induced magnetic field generated by feeding a current
to a coil of the plasma guiding unit, thereby carrying out

deposition of the substrate.

In order to achieve the above object, as a magnetic
recording medium according to the invention, a magnetic
recording medium was implemented which includes a
substrate, a magnetic recording layer provided on the
substrate, and a overcoat layer formed on the magnetic

recording layer, wherein the overcoat layer is made up of a



to a coil of the plasma guiding unit, thereby carrying out deposition of
the substrate. In order to achieve the above object, as a magnetic
recording medium according to the invention, a magnetic recording nedium
was inmpl emented which includes a substrate, a magnetic recording |ayer
provided on the substrate, and a overcoat |ayer formed on the magnetic
recording layer, wherein the overcoat layer is made up of a 5 filmformed
by using the above-expl ai ned vacuum arc evaporation apparatus. Moreover,
in order to achieve the above object, as the nmagnetic recording medium
according to the invention, a magnetic recording mediumwas inplenented
whi ch includes a substrate, a magnetic recording | ayer provided on the
substrate, and a overcoat |ayer formed on the magnetic recording |ayer,
wher ei n t hefouer coadriegy ebyi susde wpeof aldovd-idxplbonmred acwmpl eyeng t he
above- expl ai ned vacuum arc evaporation nethod. Brief Description of the
Drawi ngs Fi gvadotastinvieewashows ng an exanpl e of an arrangenent of a
currently used vacuum arc evaporati on appar at us.
Moreover, in order to achieve the above object, as the
magnetic recording medium according to the invention, a
magnetic recording medium was implemented which includes a
substrate, a magnetic recording layer provided on the
substrate, and a overcoat layer formed on the magnetic
recording layer, wherein the overcoat layer is made up of a

film formed by employing the above-explained vacuum arc

evaporation method.

Brief Description of the Drawings
Fig. 1 is a view showing an example of an arrangement

of a currently used vacuum arc evaporation apparatus.

Fig. 2 is a view showing an arrangement of a principal
part of the best mode of a vacuum arc evaporation apparatus

according to the invention.

Best Mode for Carrying Out the Invention

Figure 2 is a view showing an arrangement of a
principal part of the best mode of a vacuum arc evaporation
apparatus according to the invention. The other part (the

part on the left side of a magnetic filter 10 shown by broken



Fig. 2 is a view show ng an arrangenent of a principal
node of a vacuum arc evaporati on apparatus
Best Mbde for Carrying Qut the Invention Figure 2 is a view show ng an

arrangenment of a principal part of the best nbde of a vacuum arc

evapor ati on

apparatus according to the invention. The other part (the
part on the left side of a magnetic filter 10 shown by broken 6 |ines

the figure) of the vacuum arc evaporation apparatus has the sane

arrangenent as that shown in Fig. 1. In an arc source Sa, a cylindrica
stainless pipe with an outer dianeter of 76nm and an inner di aneter of
used as a main body of an arc source vacuum chanber
source vacuum chanber 1 was electrically grounded (not shown) . For

cat hode 2 ofitée iar chsofrge eSapfaticy Viendpincatc eyraphitecf carisgnfuat a
purity of 99.999% with a dianeter of
whi ch was i ha$ athhedanengirdent freerly (@ ss ddrete shacyuin dighbér 1 whil e being
so as not to be electrically grounded. Along with this,
cathode 2 is connected to a dc arc power supply Est. An anode

70mMm was

arranged

copper tube having a dianeter of 4nmfornmed in a

Tn an arc source Sa, a cylindrical stainless pipe with
an outer diameter of 76mm and an inner diameter of 70mm was
used as a main body of an arc source vacuum chamber 1. The
arc source vacuum chamber 1 was electrically grounded {(not
shown). For a cathode 2 of the arc source Sa, a cylindrical
graphite (carbon) at a purity of 99.999% with a diameter of
30mm and a length of 30mm was used, which was installed
inside the arc source vacuum chamber 1 while being arranged
so as not to be electrically grounded. Along with this, the
cathode 2 is connected to a dc arc power supply Es2. An anode
3 is a copper tube having a diameter of 4mm formed in a
coil-like shape with a length 1 of a winding portion being
1 = 60mm and the number of winding of 9 turns, which was
installed inside the arc source vacuum chamber 1 while being
arranged so as not to be electrically grounded. Along with
this, the anode 3 is connected to a dc arc power supply Es2.
An arc current flowing in the coil-like anode 3 generates a
magnetic field in the direction A toward the anode 3 from

the cathode 2.

Moreover, a striker 4 is provided together with a

striker power supply Esl. The striker 4 is in the ground

1. The

t he
3is a

part of the best
according to the invention.

in

arc

30mm and a | ength of 30mm was used,



coil-like shape with a length 1 of a winding portion being 1 = 60mm and
the nunber of winding of 9 turns, which was installed inside the arc
source vacuum chanber 1 while being arranged so as not to be electrically
grounded. Along with this, the anode 3 is connected to a dc arc power
supply Est. An arc current flowng in the coil-like anode 3 generates a
magnetic field in the direction A toward the anode 3 from the cathode 2.
Moreover, a striker 4 is provided together with a striker power supply
Esl. The striker 4 is in the ground 7 potential and is provided for
starting the arc discharge while being made in contact with the surface of
the cathode 2. The cathode 2, the anode 3 and the arc source vacuum
chanber 1 are water-cooled so as to be prevented from being overheated
when the arpotdirgdhar gedi sicaprpeddedt foRefepehtry Higmerral §158hande 5b denot e
copper tubes for circulating water for cooling the anode 3. The copper
tube 5a is wiisle hseds frede conneenfagt t e tAndtheSBr &ReE Phe o CaFBOPdwer
supply Est. Reference nunerals 6a and 6b denote water-cooling spaces for
circul ati ng? watlée ferthaysisl i Ag the @©%%odr 8BAVvER AR THRAMBES VEcuum

chamber 1 are water-cooled so as to be prevented from being
overheated when the arc discharge is carried out. Reference
numerals 5a and 5b denote copper tubes for circulating water
for cooling the anode 3. The copper tube 5a is also used for
connecting the anode 3 and the dc arc power supply Es2.
Reference numerals 6a and 6b denote water-cooling spaces for
circulating water for cooling the arc source vacuum chamber

1.

Around the arc source vacuum chamber 1, a
Helmholtz-coil-like external coil 1is installed which
includes an around-cathode coil 7 and an around-anode coil 8
for generating a magnetic field in the inside of the arc
source vacuum chamber 1. Furthermore, between the inner
peripheral surface.of the arc source vacuum chamber 1 and the

anode 3, quartz glass 9 is arranged as an insulating material.

The magnetic filter 10 (similarly arranged to that
shown in Fig. 1) is an electromagnetic coil with a quarter
circular-arc-like stainless steel pipe, having an outer
diameter of 76mm, an inner diameter of 70mm and a radius of

curvature of 300mm, taken as a core, on which a polyester



Around the arc source vacuum chanber 1, a Helnmholtz-coil-like externa

coil is installed which includes an around-cathode coil 7 and an

around- anode coil 8 for generating a nmagnetic field in the inside of the
arc source vacuum chanber 1. Furthernore, between the inner peripheral
surface of the arc source vacuum chanber 1 and the anode 3, quartz glass 9
is arranged as an insulating material. The magnetic filter 10 (simlarly
arranged to that shown in Fig. 1) is an electromagnetic coil with a
quarter «circular-arc-1ike stainless steel pipe, having an outer dianeter
of 76mm an inner diameter of 70nm and a radius of curvature of 300mMm
taken as a core, on which a polyester 8 covered copper wire having a

di aneter of 2mmis wound. Nunber of turns per unit |ength of the w nding
of the el ectvarmmagnetoppecoi virts 1I000inuranslimmeAsri ofagpar éat wPpam Fig. 2
and the above explanation, the vacuum arc deposition apparatus in the best
nmode has anNumperangenmentrdsn weitch unhé Aegaehi eff theerindiandof helarc source
Sa are provided i ndependently of each other. Therefore, the magnetic field
gener at ed byle¢de amagnetiic ﬁ@i%e¥siﬁﬂé&éﬁﬁ§sﬁ%° adverse effect on

mai nt enance of the arc discharge. |In other

As is apparent from Fig. 2 and the above explanation,
the vacuum arc deposition apparatus in the best mode has an
arrangement in which the magnetic filter 10 and the arc source
Sa are provided independently of each other. Therefore, the
magnetic field generated by the magnetic filter 10 exerts no
adverse effect on maintenance of the arc discharge. 1In other
word, enhancement of transport efficiency of the plasma and
maintenance of the plasma discharge can be independently
controlled to make it possible to stably maintain the vacuum
arc discharge at the arc source for carrying out excellent

deposition.

Examples of the vacuum arc evaporation method, carried
out by using the vacuum arc evaporation apparatus with the
above arrangement, will be explained in the following.

Example 1

An arc discharge was started by operating the striker
4 with a magnetic field of about 0.002T being generated
between the cathode 2 and the anode 3 in the direction

toward the cathode 2 from the anode 3 (opposite to the direction



wor d, enhancenent of transport efficiency of the plasma and naintenance of
the plasna di scharge can be i ndependently controlled to make it possible
to stably naintain the vacuum arc discharge at the arc source for carrying
out excellent deposition. Exanples of the vacuum arc evaporation mnethod,
carried out by using the vacuum arc evaporation apparatus wth the above
arrangenent, will be explained in the followng. Exanple 1 An arc
di scharge was started by operating the striker 4 with a magnetic field of
about 0.002T being generated between the cathode 2 and the anode 3 in the
direction toward the cathode 2 fromthe anode 3 (opposite to the direction
9 A by feeding a specified current to the Hel mholtz-coil-like external
coil including the around-cathode coil 7 and the around-anode coil 8. The
arc vol tagenang fagdient sespec3@VedndirrE2@AL 0 ntéspéetnhvedlty,-oniifhlike nmagnetic
field generated at the <coil-Ilike anode 3 being about 0.02T. At this tine,
after the asctairsthargé viaslstiang edhdyaroper-ateithgdeheostr v kend4theven
t hough the voltage of the striker power supply Esl was then turned off,
the arc di sshangeapodedcoil 8. The arc voltage and current were 30V and

120A, respectively, with the magnetic field generated at the

coil-like anode 3 being about 0.02T.

At this time, after the arc discharge was started by
operating the striker 4, even though the voltage of the striker
power supply Esl was then turned off, the arc discharge could
be stably maintained between the cathode 2 and the anode 3.
Furthermore, no cathode spot of the discharge went around the
cathode target (cathode 2) to allow a carbon material plasma
to be guided by the magnetic filter 10 to a deposition chamber
(not shown). Thus, a tetrahedral amorphous carbon film could
be deposited for a desired time on a substrate to be coated

(not shown) in the deposition chamber.

Example 2

In the apparatus in the best mode shown in Fig. 2, a test
was carried out with a magnetic field of about 0.001T being
generated between the cathode 2 and the anode 3 in the
direction toward the cathode 2 from the anode 3 (opposite to
the direction A) by feeding a current only to the

around-cathode coil 7 or to the around-anode coil 8 of the

10



be stably maintai ned between the cathode 2 and the anode 3. Furthernore,

no cat hode spot of the di scharge went around the

2) to allow a carbon material plasma to be guided by the magnetic
10 to a deposition chanber (not shown) . Thus, a tetrahedral anorphous
carbon filmcould be deposited for a desired tinme on a substrate to be

coat ed

cat hode target (cathode

filter

(not shown) in the deposition chanber. Exanple 2 In the apparatus

in the best node shown in Fig. 2, a test was carried out with a magnetic
field of about 0.001T being generated between the cathode 2 and t he anode
direction toward the cathode 2 fromthe anode 3 (opposite to the
direction A) by feeding a current only to the around-cathode coi
t he around-anode coil 8 of the 10 around-cathode coil 7 and the
around- anodg, &@id - & trekuded hnand haeHel shel-tzveei doii Beiextigigwlincoil . The
other conditions were the sane as those in the exanple 1. In any of the
cases, aftefndheiane1disehar-ge wasxhaeeal sbalt edHeyooper aldnag tibasstri ker
4, even though the voltage of the striker power supply Esl was then nade
turned of f, wthe t1af Gatiesabarges€aiil dHee eshaply hai nt ai ned bet ween t he

3 in the

cat hode

In any of the cases, after the arc discharge was made
started by operating the striker 4, even though the voltage
of the striker power supply Esl was then made turned off, the
arc discharge could be stably maintained between the cathode
2 and the anode 3. Furthermore, no cathode spot of the
discharge went around the cathode target (cathode 2) to allow
the carbon material plasma to be guided by the magnetic
filter 10 to the deposition chamber (not shown). Thus, the
tetrahedral amorphous carbon film could be deposited for a
desired time on the substrate to be coated (not shown) in the

deposition chamber.

Comparison Example 1

In the apparatus in the best mode shown in Fig. 2, a
test was carried out with no current being fed to the
Helmholtz-coil-like external coil including the
around-cathode coil 7 and the around-anode coil 8. The other

conditions were the same as those in the example 1.

In this case, arc discharge could be made started by

operating the striker 4. However, when the voltage of the

11

7 or to



2 and the anode 3. Furthernore, no cathode spot of the discharge went
around the cathode target (cathode 2) to allow the carbon material plasm
to be guided by the magnetic filter 10 to the deposition chanber (not
shown). Thus, the tetrahedral anorphous carbon filmcould be deposited for
a desired time on the substrate to be coated (not shown) in the
deposition chanber. Conparison Exanple 1 In the apparatus in the best node
shown in Fig. 2, a test was carried out with no current being fed to the
Hel mhol tz-coil -1i ke external coil including the around-cathode coil 7 and
t he around-anode coil 8. The other conditions were the sanme as those in
the example 1. In this case, arc discharge could be made started by
operating the striker 4. However, when the voltage of the 11 striker power
supply Est wesik@de gdwaied sefpblyt hesar @asdimaabargenbadostpppee. aConpari son
Exanple 2 In the apparatus in the best nobde shown in Fig. 2, a test was
carried outdwdhnmyectiabestoppedg fed to the Helmholtz-coil-1ike externa
coil including the '

Comparison Example 2

In the apparatus in the best mode shown in Fig. 2, a

test was carried out with a current being fed to the

Helmholtz-coil-1like external coil including the

around-cathode coil 7 and the around-anode coil 8 so that a

magnetic field was made generated in the direction toward

the anode 3 from the cathode 2 (in the direction A). The other

conditions were the same as those in the example 1.

In the comparison example 2, in any of the respective
cases of feeding a current to both of the around-cathode coil
7 and the around-anode coil 8, to only the around-cathode coil
7, and to only the around-anode coil 8, even the starting of

the arc discharge was impossible by operating the striker 4.

Comparison Example 3

In the apparatus in the best mode shown in Fig. 2, a test
was carried out with a magnetic field being made generated by
feeding a current to the Helmholtz-coil-like external coil
including the around-cathode coil 7 and the around-anode coil
8 so that the magnetic field generated by the around-cathode

coil 7 and the magnetic field generated by the around-anode

12



around-cat hode coil 7 and the around-anode coil 8 so that a nmagnetic field
was made generated in the direction toward the anode 3 fromthe cathode 2
(in the direction A) . The other <conditions were the sane as those in the
exanple 1. In the conparison exanple 2, in any of the respective cases of
feeding a current to both of the around-cathode coil 7 and the

around- anode coil 8, to only the around-cathode coil 7, and to only the
around- anode coil 8, even the starting of the arc di scharge was inpossible
by operating the striker 4. Conparison Exanple 3 In the apparatus in the
best nobde shown in Fig. 2, a test was carried out with a magnetic field
bei ng made generated by feeding a current to the Hel mholtz-coil-1like
external coil including the around-cathode coil 7 and the around-anode
coil 8 so that Bheredgneirectfiwldfgenegateath byh¢heoraprpand-cat hkode coil 7
and the magnetic field generated by the around-anode 12 coil 8 are in
directions $eténg Bheh dtheer condanayns nsneedbh senrhezs thwseotihetheonditi ons
were the sane as those in the exanple 1. In any of the cases, arc

di scharge cewdmblre Istarted by operating the striker 4. However, when the
vol tage of the

In any of the cases, arc discharge could be started by
operating the striker 4. However, when the voltage of the
striker power supply Esl was turned off, the arc discharge

had stopped.

Example 3

With a vacuum arc deposition method in either the
example 1 or 2 used and with a disk, disposed in the deposition
vacuum chamber (not shown) and formed so far as a magnetic
recording layer, taken as a substrate to be coated (not
shown), a overcoat layer was formed on the disk, by which a

magnetic recording medium could be manufactured.

The overcoat layer formed in this way used graphite
(carbon) as the cathode material to therefore permit the film
to be provided as that made up of a tetrahedral amorphous
carbon film containing no hydrogen, being rich in sp® bond

carbon and having high hardness.

13



striker power supply Esl was turned off, the arc discharge had stopped.
Exanple 3 Wth a vacuum arc deposition nmethod in either the exanple 1 or 2
used and with a disk, disposed in the deposition vacuum chanber (not
shown) and forned so far as a magnetic recording |ayer, taken as a
substrate to be coated (not shown), a overcoat |ayer was formed on the
di sk, by which a magnetic recording mediumcould be nanufactured. The
overcoat |ayer formed in this way used graphite (carbon) as the cathode
material to therefore permt the film to be provided as that made up of a
tetrahedral anmorphous carbon film containing no hydrogen, being rich in
sp3 bond carbon and having high hardness. 13 Advantageous Effect of the
I nvention According to the invention, a vacuumarc evaporation apparatus
was provi desldwdn tctydonel Bdésch depgsi tlingrnvacyum chanber to be evacuated, a
di scharging unit carrying out arc discharge with a cathode target which is
made froma depdsicoirdangater tla¢ Frorerddposi Bi Mgcaus ubst rete@odirspe8ed in
t he deposition vacuum chanber, and a plasna gui di ng unit

apparatus was provided which includes a deposition vacuum

chamber to be evacuated, a discharging unit carrying out arc

discharge with a cathode target which is made from a

deposition material for depositing a substrate disposed in

the deposition vacuum chamber, and a plasma guiding unit

disposed between the deposition vacuum chamber and the

discharging wunit, and wused for guiding cathode material

plasma generated by the arc discharge to the deposition

vacuum chamber by an induced magnetic field generated by

feeding a current to a coil of the plasma guiding unit to

deposit the cathode material deposited on the substrate. 1In

the apparatus, the discharging unit includes the cathode

target being electrically ungrounded and made up of the

deposition material, an anode being electrically ungrounded

and provided as the first generating unit arranged between

the cathode target and the plasma guiding unit to generate the

first magnetic field by feeding a current- for the arc

discharge, a unit for supplying power for the arc discharge,

a unit for starting the arc discharge, the discharge vacuum

chamber electrically grounded in which the constituents

described above are arranged and connected, and a unit for

generating a magnetic field as the second generating unit

provided around the discharge vacuum chamber for generating
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di sposed between the deposition vacuum chanber and the discharging unit,
and used for guiding cathode material plasnma generated by the arc

di scharge to the deposition vacuum chanber by an induced nagnetic field
generated by feeding a current to a coil of the plasma guiding unit to
deposit the cathode material deposited on the substrate. In the apparatus,
the discharging unit includes the cathode target being electrically
ungrounded and made up of the deposition naterial, an anode being

el ectrically ungrounded and provided as the first generating unit arranged
between the cathode target and the plasma guiding unit to generate the
first magnetic field by feeding a current for the arc discharge, a unit
for supplying power for the arc discharge, a unit for starting the arc

di scharge, the dischad gemwacerun €hahber Ehectinitalfby geoandednd nawhich the
constituents described above are arranged and connected, and a unit for
gener at i ng wmagmgniet | Tidlidelggnagsathe tkeondcgehearatiatgcudiiteldpipvicbed ar ound
t he di scharge vacuum chanber for generating 14 the second magnetic fields
The unit fodigemeres i ngoewm naaeree fineltdiegehiereitdent RPREEGHE thagnet i c
field in the discharge vacuum chanber in the direction approxi mately

opposite fo the direction of the first magnetic field
generated by the anode. This gives the effect of enabling

stable maintenance of vacuum arc discharge at the arc source

when carrying out deposition.
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opposite to the direction of the first magnetic field generated by the
anode. This gives the effect of enabling stable nmaintenance of vacuum arc
di scharge at the arc source when carrying out deposition. 15 Clainms 1. A
vacuum ar c evaporati on apparatus conprising: a deposition vacuum chanber
to be evacuated; a discharging unit carrying, out arc discharge with a

cat hode target which is nmade froma deposition material for depositing a
substrate di sposed in the deposition vacuum chanber; and a plasma gui di ng
unit di sppsed.between the deposition vacuum chanmber and the di scharging
unit, and used for guiding cathode material plasma generated by the arc
di scharge to the deposition vacuum chanber by an induced magnetic field
generated by feeding a current to a coil at the plasma guiding unit to

deposit the cathoge_pateri j ' i.sch i
uni t conprises?'a% %?e%ﬁr:%%??gvéggﬁﬁggﬁﬁ5?&@%5?3@§L§%ﬂ8ﬁ??23 [Z?;ar?hgg

catiode Larger pLoNLA 8 5,POSkLRBnRURYcLr B LhEcupLasTe ouiding unit i

uum

a discharging unit carrying}out arc discharge with a
cathode target which is made from a deposition material for
depositing a substrate disposed in the deposition vacuum
chamber; and

a plasma guiding unit disposed between the deposition
vacuum chamber and the discharging unit, and used for guiding
cathode material plasma generated by the arc discharge to the
deposition vacuum chamber by an induced magnetic field
generated by feeding a current to a coil at the plasma
guiding unit to deposit the cathode material on the substrate,

wherein said discharging unit comprises:

an electrically grounded discharge vacuum chamber;

the cathode target provided at a position away from the
plasma guiding unit in the inside of the discharge vacuum
chamber, the cathode target being ungrounded;

a first generating unit provided in the inside of the
discharge vacuum chamber between the plasma guiding unit and
the cathode target for making a first magnetic field in a first
direction, the first generating unit being an anode; and

a second generating unit provided around the discharge

vacuum chamber for making a second magnetic field in a second

16



chanber, the cathode target being ungrounded; a first generating unit
provided in the inside of the discharge vacuum chanber between the plasma
guiding unit and the cathode target for making a first nmagnetic field in a
first direction, the first generating unit being an anode; and a second
generating unit provided around the discharge vacuum chanber for naking a
second magnetic field in a second 16 direction approxinately opposite to
the first direction in the inside of the discharge vacuum chanber. 2. The
vacuum arc evaporation apparatus according to claim1, wherein the first
direction is approximately the sane as the direction toward the first
generating unit from the cathode target, and the second direction is
approximately the sane as the direction toward the cathode target fromthe
first generaiidg it dppBox e elgceppnsdrte ey apeorfatistndiapparianusn abeor di ng

to claim1, wherein the first generating unit is an electrically
ungrounded tosildd idkfe throdésphavgaeth @lvonghtieeri nsi de of the di scharge
vacuum chanber, and the direction of the center axis of the coil-like
anode is approximately in parallel with the direction fromthe cathode

target to the '
2. The wvacuum arc evaporation apparatus according to

claim 1, wherein the first direction is approximately the
same as the direction toward the first generating unit from
the cathode target, and the second direction is approximately
the same as the direction toward the cathode target from the

first generating unit.

3. The vacuum arc evaporation apparatus according
to claim 1, wherein the first generating unit is an
electrically ungrounded coil-like anode provided along the
inside of the discharge vacuum chamber, and the direction of
the center axis of the coil-like anode is approximately in
parallel with the direction from the cathode target to the

first generating unit.

4. The vacuum arc evaporation apparatus'according to
claim 1, wherein the second generating unit is a coil provided
along the outside of the discharge vacuum chamber, and the
direction of the center axis of the coil is approximately in
parallel with the direction from the cathode target to the

first generating unit.
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first generating unit. 4. The vacuum arc evaporation apparatus according to
claim1, wherein the second generating unit is a coil provided along the
out si de of the discharge vacuum chanber, and the direction of the center
axis of the coil is approxinmately in parallel with the direction fromthe
cathode target to the first generating unit. 17 5. The vacuum arc
evaporation apparatus according to claim1, wherein the discharge vacuum
chanber has a tube-like shape and is provided with an insulating materi al
between the inner surface of the discharge vacuum chanber and the first
generating unit. 6. The vacuum arc evaporati on apparatus according to
claim1, wherein a cooling unit is provided for preventing the cathode
target, the first generating unit and the discharge vacuum chanber from
bei ng over heat ed thy Thhe wraiut schaegepo7at ithe appenainraras@raposatPon
apparatus according to claim1l, wherein the deposition material is carbon.
8. A magnet ctaimedordigigeimetdhamicomarigsi varwm shsiveahes a tmbgnétke
recording | ayer provided on the substrate, and a overcoat |ayer forned on
t he magnet i shape and is provided with an insulating material between the

inner surface of the discharge vacuum chamber and the first

generating unit.

6. The vacuum arc evaporation apparatus according to
claim 1, wherein a cooling unit is provided for preventing the
cathode target, the first generating unit and the discharge

vacuum chamber from being overheated by the arc discharge.

7. The vacuum arc evaporation apparatus according to

claim 1, wherein the deposition material is carbon.

8. A magnetic recording medium comprising a
substrate, a magnetic recording layer provided on the
substrate, and a overcoat layer formed on the magnetic
recording layer,

wherein the overcoat layer is made up of a film formed
by using the vacuum arc evaporation apparatus according to

claim 1.
9. A magnetic recording medium comprising a substrate,

a magnetic recording layer arranged on the substrate, and a

overcoat layer formed on the magnetic recording layer,
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recording |layer, wherein the overcoat |layer is nade up of a filmformed by
usi ng the vacuum arc evaporation apparatus according to claiml. 9. A
magneti c recordi ng medi um conprising a substrate, a nagnetic recording

| ayer arranged on the substrate, and a overcoat |ayer fornmed on the
magnetic recording layer, 18 wherein the overcoat |ayer is nade up of a
tetrahedral anorphous carbon filmw th high hardness fornmed by using the
vacuum arc evaporation apparatus according to claim7. 10. A vacuum arc
evaporati on nethod conprising steps of; providing vacuum arc evaporation
apparatus according to claim1l1, evacuating the deposition vacuum chanber
containing a substrate, generating the cathode material plasma by carrying
out arc discharge using the discharging unit with the cathode target which
is made fromt he wiepedint tion awirepial 1dprr idepads timgtt hecsuededaee, and
depositing the cathode material on the substrate by guiding the cathode
mat eri al pl asoeEpt®@i4 lve rbdepdisint e hhviakaiuirecHasbert daynegnby neiced thagnet i ¢
field generated by feeding a current to a coil of the plasm guiding

uni t, therebycean raingvenrrdepesianaradiist Receudbsty die claim 7.

10. A wvacuum arc evaporation method comprising steps
of; providing vacuum arc evaporation apparatus according to
claim 1, evacuating the deposition vacuum chamber containing
a substrate, generating the cathode material plasma by carrying
out arc discharge using the discharging unit with the cathode
target which is made from the deposition material for
depositing the substrate, and depositing the cathode material
on the substrate by guiding the cathode material plasma to the
deposition vacuum chamber by an induced magnetic field
generated by feeding a current to a coil of the plasma guiding

unit, thereby carrying out deposition of the substrate.

11. The wvacuum arc evaporation method according to

claim 10, wherein the deposition material is carbon.

12. A magnetic recording medium comprising a
substrate, a magnetic recording layer provides on the
substrate, and a overcoat layer formed on the magnetic
recording layer,

wherein the overcoat layer is made up of a film formed

by carrying out the vacuum arc evaporation method according
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11. The vacuum arc evaporation nethod according to claim 10, wherein the
deposition material is carbon. 12. A magnetic recordi ng nedi um conprising a
substrate, a magnetic recording | ayer provides on the substrate, and a
overcoat | ayer formed on the magnetic recording |ayer, wherein the
overcoat layer is made up of a filmfornmed by carrying out the vacuum arc
evaporation nethod according 19 1 to claim10. 13. A magnetic recording
medi um conprising a substrate, a magnetic recording | ayer provided on the
substrate, and a overcoat |ayer fornmed on the magnetic recording |ayer,
wherein the overcoat |ayer is made up of a tetrahedral anorphous carbon
filmw th high hardness fornmed by carrying out the vacuum arc evaporation

met hod according to claim11l. 20
to claim 10.

13. A magnetic recording medium comprising a
substrate, a magnetic recording layer provided on the

substrate, and a overcoat layer formed on the magnetic

recording layer,

wherein the overcoat layer is made up of a tetrahedral
amorphous carbon film with high hardness formed by carrying

out the vacuum arc evaporation method according to claim 11.
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