VACUUM ARC EVAPORATI ON APPARATUS, VACUUM ARC EVAPCRATI ON METHOD AND
MAGNETI C RECORDI NG MEDI UM Techni cal Field The present invention relates to
a vacuum arc evaporation apparatus, a vacuum arc evaporation nmethod and a
magnetic recording nedium and nore particularly in detail to a vacuumarc
evaporati on apparatus and a vacuum arc evaporation nethod that are used
for formng a hard coating filmused for coating for a wear resistant
material or an abrasive resistant naterial, the hard coating film and a
magneti c recordi ng nmedi 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 dianond-I1ike
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there has been us chas a spufttering nmethod, 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 axrc
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 cecating 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. 1In 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,
material plasma P is generated at an arc source Sa. Wth the use of
magnetic filter 10, the plasma P is guided as a cathode material pl
beam Pb to a substrate to be coated 13 held in a deposition vacuum
14 having a shutter 19. The magnetic filter 10 has a stainless stee
11 bent in a quarter circular-arc-like shape as a core, on which an
el ectromagnet coil 12 is provided. Between the nmagnetic filter 10 and
t he. depositi on vacuum chanber 14, a raster coil 18 is provided. Wt

arrangenent,
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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
guarter circular-arc-like shape as a core, on which an
electromagnet coil 12 is provided. Between the magnetic
filtexr 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 1is induced between the cathode target 16 and an

anode 17 by making a striker 15 in contact with the surface
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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 t he thod of ner at t he arc di scharge t be
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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 tc be brought forward.

An example of an arrangement of the arc source Sa is
shown in JP-A-2002-325907. Another example thereof is shown

in JP-A-2002-88466.

Problems to be Sclved by the Invention

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 actuwalize a
specialized approach to stable maintenance of wvacuum 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 nmai ntenance of vacuum arc discharge at an
arc source when deposition is carried out, a vacuum arc evaporation nethod
of carrying out such vacuum 3 arc di scharge and a magnetic recordi ng nmedi um
having a overcoat |ayer with high hardness which filmis fornmed by wusing
t he vacuum arc di scharging unit. Means for Solving the Problens In order to
achi eve the above object, as an apparatus according to the invention, a
vacuum arc evaporation apparatus was inplenented which includes a
deposi ti on vacuum chanber to be evacuated; a discharging unit carrying out
arc discharge with cathode target which is nmade from a deposition

material for depositing a substrate disposed in the deposition vacuum
chanber; and _a pl as uidingﬁﬁnit di sposed between the deposition vacuum
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substrate, wher I schargi ng uni onprises an electrically grounded
di scharge vacuum

Means for Sclving the Problems

In order to achieve the above cobject, as an apparatus
according to the inventieon, a wacuum 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 wvacuum
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



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 approxinately
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

f th | ai tion a t us b evacuatln
the deposi t ovecexplelne aﬁ%‘%‘%‘% tgieh%r%éaﬁ‘g)é%b:‘sa PEORL OGRS Ehe

hod t di sch
35 o P AR S el SRR Db 1 o
material’ for deos.iing Lhesu 5! oy I9P05iddg Lhe gt hadg,mater [ al

on the substrate by guiding € nma 1'aSmat 0 the eposition

vacuum chanbeg; o0y a0 0AHEednTRa0eE Crld elid 985 A £shohy chgggLpY a current

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 overcocat 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
recordi ng medi um according to the invention, a magnetic recordi ng nmedi um

was i npl emented which includes a substrate, a magnetic recording |ayer
the substrate, and a overcoat |ayer formed on the magnetic
recordi ng | ayer, wherein the overcoat layer is nmade up of a 5 filmforned
by using the above-expl ai ned vacuum arc evaporati on appar at us.
order to achieve the above object, as the nmagnetic recordi ng nmedi um
a nmagnetic recording nmedi umwas i npl enment ed
whi ch includes a substrate, a magnetic recording | ayer provided on the
substrate, and.a ov?rcoaé I%yer forneq6$n t he q%g?etic recordi ng | ayer
r 9% gFﬁg t he
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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 overcocat layer formed on the magnetic
recoxding layer, wherein the overcoat layer is made up of a
film formed by employing the above-explained wvacuum 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 wview 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

Mor eover,

in



Fig. 2is a

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

arrangement
evapor ati on

vi ew showi ng an arrangenent of a principal part of the best

of a principal part of the best node of a vacuum arc

apparatus according to the invention. The other part (the

according to the invention.
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of the vacuum arc evaporation apparatus has the sane

as that shown in Fig. 1. In an arc source Sa, a cylindrical
stainless pipe with an outer dianeter of 76nm and an inner di aneter of

ed as a main body of an arc source vacuum chanber 1. The
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havingrga 4 aret &u:fe 49M L WBAGLDc81 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 o©f 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
1l = 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. BAlong with
this, the anode 3 is connected to a dc arc power supply EsZ.
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 1is provided together with a

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

€ arc source vacuum chanmber "1 whil e being
as not to be electrically grounded. Along with this, the
connected to a dc arc power supply Est. An anode 3 is a



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 Est.
The striker 4 is in the ground 7 potential and is provided for starting the
arc discharge while being nade in contact with the surface of the cathode
2. The cathode 2, the anode 3 and the arc source vacuum chanber 1 are

wat er - cool ed so as tf be prevented frombeing qverheated when the arc

di schar ge i s PCAFPI&R ot R&f ' ehEE e Inuhet o L Hd n 48 2 He iS¢ "@68Ber t ubes
for circulatMﬁg mq%gr fgr cooliqgﬁ}h% aqﬁg$ ﬁ. Th cop t%ggfggeis al so
used Tor  cotNeEIG 1HEEShodE & AHAThe" te AP POVEFesUpply Eeb:
Reference nurerahs. 63 and gb dengte vater-oool] nd spages, [of, S ating
wat er for cool'ing the arc Sour'ce vacuum chamber 1.
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 ancde 3 and the dc arc power supply Es2.
Reference numerals 6a and ¢b 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 coll is installed which
includes an around-cathode coil 7 and an arocund-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 c¢oil 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 o¢f 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 dianeter of 70nmmand a radius of curvature of 300mMm
taken as a core, on which a polyester 8 covered copper wire having a
dianeter of 2nmis wound. Nunber of turns per unit length of the w nding
of the el ecti°dRE§Het FEPRDI | Yide1000VEing n3/ fiapates fppdients Mogadri g. 2

and the above expl anation, the vacuum arc deposition apparatus in the best
node has an %%W*ﬁﬁggﬁenFuFﬂsth%ﬁ t it nebpndtic 95 1ty “i@Y4RE ©fie tRPc source

Sa are provided knde endent |y . f,eafg ther. Therefore, the nmagnetic field
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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. In 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 ancde 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 follow ng. Exanple 1 An arc di scharge
was started by operating the striker 4 with a magnetic field of about

0. 002T bei ng 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 includin ar.ound- cat hode, coil 7 and the around-anode coil 8. The
arc vol t age égdxéﬁﬁFgﬁPgmé?Ep% %ﬁhcui§@ﬁ$'9Pé§6é@?#@%?§tZVGQH* “th&S magnet i c
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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

(nct 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 Dbetween 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
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be stably maintai ned between the cathode 2 and the anode 3.
no cat hode spot of the di scharge went around the

Furt her nore,
cat hode target (cathode

2) to allow a carbon material plasma to be guided by the nagnetic filter

10 to a deposition chanber (not shown) . Thus, a tetrahedral anorphous
carbon filmcould be deposited for a desired tinme on a substrate to be

coated (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

3 in the

direction toward the cathode 2 fromthe anode 3 (opposite to

t he

direction A) by feeding a current onIy to the around-cathode coil 7 or to
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In any of the cases, after the arc discharge was made
started by cperating the striker 4, ewven 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 cathede 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 amcrphous 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-1like external coil including the
around-cathode coil 7 and the around-ancde 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
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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 tine on the substrate to be coated (not shown) in the
deposi tion chanber. Conparison Exanple 1 In the apparatus in the best nbde
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 sane as those in
the exanple 1. In this case, arc discharge could be nade started by
operating the st i ker 4. However the vol tage of the 11 triker power
suppl y Est was® ﬁ%ﬁé t B ¥2d o??pp%wywhék: % diy ‘Hﬁﬁdsﬁgﬁpeﬁ ©CBhpari son

Example 2 In th in_the best node shown in Fig. 2, a test was
carried out mﬁtﬁhgggurrenf”ﬁgpng fed to the Helnholtz- c0|I-I|ke ext er nal
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-like external coil including the
around-cathode coil 7 and the around-ancde 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 arcund-cathode ceoil
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 coll 7 and the around-anocde coil
8 so that the magnetic field generated by the around-cathode

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

12



around-cat hode coil 7 and the around-anode coil 8 so that a nagnetic 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

expernal coi |, lﬁhgnglngnQﬂ%e? 9?§91ﬁﬁ5g-d§a 0|I % qgga Qe ggqﬁng gnode

coil 8 so that the magnet | C gener & aroun coil 7

and the magnelihc 11 el ggperated Ay Lhe alou a%%ﬂ ﬁ%ée §akfe! N
ot her.

directions facing each other or away from eac e ot her conditions
were the samg,agpibose in the exanple 1. In any of the cases, arc

di scharge could be started 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 wvacuum arc deposition methed 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 Est was turned off, the arc discharge had stopped.
Exanple 3 Wth a vacuum arc deposition nethod 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 |layer was fornmed on the

di sk, by which a magnetic recordi ng nedi um coul d be manufactured. The
overcoat layer fornmed 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 anorphous carbon film containing no hydrogen, being rich in sp
3 bond carbon and havi ng hi gh hardness. 13 Advant ageous Effect of the

| nventi on Acgar di to t i nventi on vacuum arc evaporation apparatus
was provided%%ﬁ?gﬁg?%% U e§£§¥d8%o§?%i%H"V%éﬁﬁn1 chanber to be evacuated, a

di scharging unit cariylnig oWt arg s flsgharge L g, caLhode, Larget whi ch is

made froma deposition for deposi‘ting a subs e I'sposed in

the depositigp yacuum chambesy: And kAR g4k 81 B9q80bdition 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 wacuum chamber, and a plasma guiding unit
disposed between the deposition wvacuum 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. In
the apparatus, the discharging unit includes the cathode
target Dbeing electrically ungrounded and made up of the
deposition material, an anode being electrically ungrounded
and provided as the first generating unit arranged between
the cathede 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 startind the arc discharge, the discharge wvacuum
chamber electrically grounded in which the constituents
described above are arranged and connected, and a unit forx
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

a unit for starting the arc

f I f th
i schar ge. { RESd: SEiange VREAGH ChmDl  elbe ik |f3?rgr9&9ﬁ&889‘il% i ch the
tit t bed d t f
gener ating a"ReGRGEycofT ﬁ""vei%earaﬁcee%” ABna ganar SrPHg: i HLe18 601 4Ba. ar ound
t he dlscharg%lggﬁgggécQ%ggg$ t P .ﬁg'éﬁkléitggkfﬁcond magnel % gI!eld.
Icftie ic

The unit for ‘generatfing a ma fe d genera magn

field in theopgbégb@rgﬁovact%lém&@%@%n' ¢t N di £8G1 %g%i%&%x‘ﬂ%&ﬁ' y

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 sposed between the deposition vacuum chanber 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 CaPhBde material on the substrate, wherein said di scharging
unit conprises: an electrically grounded di scharge vacuum chanber; the
cat hode target provided at a position away fromthe plasma guiding unit in

the inside of the P!%Eh%&gﬁmygggug%aporation apparatus comprising:

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 wvacuum
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 teo 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 wvacuum 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; and

a second generating unit provided arcund 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; and a second generating unit provided around the

di scharge vacuum chanber for making a second nmagnetic field in a second 16

direction approximtely opposite to the first direction in the inside of

t he di scharge vacuum chanber. 2. The vacuum arc evaporati on apparat us

according to claim1, wherein the first direction is approximtely the

sanme as the direction toward the first generating unit from the cathode

target, and the second direction is approximately the sanme as the

direction toward the cathode target fromthe first ggnerating,unht. 3. The
s 4 Phe

vacuum arc eVap5Fat PHAPRPRATER YAtk iRy to e L &fHePE H irst
generating ugkg.&g an 1Flectrhcally ungrounded coil-li ke anode provi ded
along the iASTUSSoT: tHE S SCRAFER VAT CREREET . and the direction of
the center axis of the coil-like anode is approximately in parallel wth

the direction fromthe cathode target to the

2. The vacuum 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 wvacuum 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 wvacuum arc evaporation apparatus according to
claim 1, wherein the second generating unit is a coil provided
along the outside of the discharge wvacuum chamber, and the
direction of the center axis of the coil is approximately in

R 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 djscharge _vacuum chanmber from
X "t arecy S

bei ng overheated b '8 GHdr GEAPITATHN PR 4P cASVSOMEt F8n
appar atus accqrdi to claiml, wherein the deposition material _i,s carbon.
8 A magnet | GPERor ARG REAI TR SOREH S n i S (HSPPSE dhata airedt ke

recording | aygr Braw 984005118 « PUPSL" Al&un AN Pn VL CORb LEVST (hermed on
t he magnetic
inner surface of the discharge vacuum chamber and the first

generating unit.

6. The wvacuum 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 wvacuum 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 wusing 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 tar?et whi ch
is made fromthe d@ﬁﬁ§?€16ﬁenﬁf%ﬁQQ% i%Yerd%bﬁéﬁ?ﬂﬁboﬁh%1§ﬂH§P@§F@ and
depositing the cat hode terial aon_the substrate by gujding the cathode
mat eri al plagﬁﬁrP o?ﬁém 8Bo5H1T 61 Valt¥nberansar g Pﬁdﬁﬁé@'ﬁﬁﬁnetic

field generated by f a.current to a co

Lt e SRRt AR Eh: fore i 62 bEa ph S a3

sna QU|d|ng

10. A wacuum 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 carrving
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.

11l. 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 overccoat 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 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

nmet hod accordin% to claim1l. 20
teo €laim 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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