METHOD AND APPARATUS FOR FORM NG HARD CARBON FI LM Technical Field The
present invention relates to a nethod of formng a hard carbon filmused
as a coating of a sliding resistant nenber or wear resistance nenber of
each of various kinds of netal nolds, nechanical parts, tools, etc. and as
a protection film of a magnetic recording nedium and an apparatus used
for the nethod. Background Art Wen sliding resistant nenbers and wear

resi stance nenbers for various kinds of metal nolds, nmechanical parts,
tools are manufactured, various kinds of hard coatings are coated on the
surfaces of substrates fornmed of super alloy or ceramc materials fromthe

vi ewpoi nt  of vhr@bp aual iXprARRAGST For GRRMINGEHARE @{rEUNOGYENS. Furthernore,
it is also general to coating the surface of a magnetic recordi ng nedi um

such as a hard disc or the like with a hard coating as a protection film
D anond-1i ke carbon (DLC) filmbased on a plasma CVD nethod or sputtering
nmet hod 1 s knoebh@beal hEreddcoati ng using carbon in the hard coatings used
for the above purpose. In this technique, a filmof 10GPa or nore in
hardness is cal |l edtike present invention relates to a method of forming a

hard carbon filmused as a coating of a sliding resistant member

or wear resistance member of each of various kinds of metal

molds, mechanical parts, tools, etc. and as a protection film

of a magnetic recording medium, and an apparatus used for the

method.

Background Art

When sliding resistant members and wear resistance
members for various kinds of metal molds, mechanical parts,
tecols are manufactured, various kinds of hard coatings are
coated on the surfaces of substrates formed of super alloy or
ceramic materials from the viewpoint of high-quality and/ox
long lifetime of products. Furthermore, it is also general
to coating the surface of a magnetic recording medium such as
a hard disc or the like with a hard coating as a protection

film.

Diamond-like carbon (DLC) film based on a plasma CVD
method or sputtering method is known as a hard coating using
carbon in the hard coatings used for the above purpose. In

this technique, a film of 10GPa or more in hardness is called



as DLC film Furthernore, the DLC filmis nore excellent in surface

snoot hness as conpared with polycrystal thin film such as titan nitride or
the |li ke because it is anorphous and has no crystal grain boundary, and
thus it is a suitable material as a surface coating. Therefore, the DLC
filmis generally used as a protection filmof a nmagnetic recording
medi um by taking advantage of such a characteristic as described above,
and also it is known as filmproviding excellent sliding characteristic in
spite of the film thickness of 100nmor |ess. Recently, it has been
required fromthe market side to further enhance the sliding resistance

per for mance andpihes. Mear ofeshshance ReLl gpmance,. and hard coatiags whi ch
are nore excéllent” 1n slidi ng resi dt ance perfor mance and wear resi stance
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recording density, and there has been required a protection m whi ch is
thin in thickagssye b!ﬂry@%ﬁle?ﬁggiﬁe@&urﬂdﬁ,ngndr efii st ances perdgrampnge. A

met hod using carbon ions is known as a néthod of formng a harder and nore
delicate carh@rekibafceobdiBgcd 0-ddHi%g. Therefore, the DLC film is
generally used as a protection film of a magnetic recording
medium by taking advantage of such a characteristic as
described above, and also it is known as film providing

excellent sliding characteristic in spite c¢f the £ilm

thickness of 100nm or less.

Recently, it has been required from the market side to
further enhance the sliding resistance performance and the
wear resistance performance, and hard coatings which are more
excellent in sliding resistance performance and wear
resistance performance than the DLC film have been required.
Particularly in the case of magnetic recording media, the
distance between a read-write head and a medium has been
required to be reduced in connection with increase in
recording density, and there has been required a protection
film which is thin in thickness, but has excellent sliding

resistance performance.

A method using carbon ions is known as a method of forming

a harder and more delicate carbon film. According to this



2 method, carbon or hydrocarbon gas is deconposed by plasma, and a filmis
f or med by controlling the energy of carbon ions or hydrocarbon ions thus
occurring. At this tinme, it is necessary to exclude deposition of neutral
atons/radicals and fine particles as nuch as possible in order to achieve
excellent filmquality. Afiltered cathodic arc (FCA) nethod is known as
one of these nethods (see Patent JP-A--2002-285328). According to the FCA
met hod, arc discharge is started between a cathode 6 having a deposition
material 7 mounted therein and an anode 5 under vacuum by using a striker
8.A part of the deposition material 7 vaporizes at a |ocal area (cathode
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the deposition material ions are led along the |lines of magnetic force

occurring by patrhectes wad reiehengi gbhiidi edinaBeday rdovacht etd@xiddsthate 2. On
film quality. A filtered cathodic arc (FCA) method is known

as one of these methods (see Patent JP-A-2002-285328).

According to the FCA method, arc discharge is started
between a cathode 6 having a deposition material 7 mounted
therein and an anode 5 under vacuum by using a striker 8.A
part of the deposition material 7 vaporizes at a local area
(cathode spot} and forms plasma 11 containing deposition
material ions together with neutral atoms/molecules, radicals
and fine particles. Only charged electrons and deposition
ions in the plasma 11 are accelerated by an electric field
applied between the anode 5 and the cathode 6, and led to a
substrate 2 in a film forming chamber 1 by magnetic field of
a solenoid coil 4 to thereby prevent contamination of the
neutral atoms/molecules, radicals and fine particles into the
film. Specifically, the electrons and the depositionmaterial
ions are led along the lines of magnetic force occurring by
the curved sclenoid coil 4, and arrive at the substrate 2. On
the other hand, non-charged vaporized materials go

straightly, and thus they do not arrive at the substrate 2.



t he ot her hand, non-charged vaporized nmaterials go straightly, and

t hey do not

deposition material, a filmof a nmaterial called as tetrahedral anorphous

arrive at the substrate 2. 3 Wien carbon is used as the

carbon (ta-C) is forned. The ta-C filmis very hard, and has hardne

| arger than

DLC. Therefore, it is expected to be used as a protect

filmof a magnetic recordi ng nediumor magnetic read-wite head.
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protection film of a magnetic recording medium or magnetic

read-write head.

Furthermore, there is disclosed a method of
manufacturing a high-purity and excellent £ilm by preventing
direct impingement of electrons and ions occurring in a
plasma chamber against an object to be treated in a plasma CVD
method using ECR (see Patent Document 2). According to this
method, a shielding member is equipped between a plasma
high-density area and a substrate in a plasma chamber to
prevent the impingement of ions and electrons against the
substrate and damage of a coating by the impingement
concerned. This metheod is different from the method using
carbon ions in that film formation is carried out by neutral
active specifies which are generated by the electrons
occurring in the plasma in the film forming chamber. That is,
this method 1is used to form diamond crystal films and
amorphous Si films, and the characteristics of these films
are deterjiorated by ion impingement. Conversely, the present
invention uses ions, and is suitable for the film formation

of ta-C. Furthermore, the Patent JP-A-6-188206 discloses

and



anor phous Si filnms, and the characteristics of these filns are
deteriorated by ion inpingenent. Conversely, the present invention uses
ions, and is suitable for the filmformation of to-C. Furthernore, the
Pat ent JP- A-6- 188206 di scloses 4 that the shielding nmenber is preferably
non-magnetic material, and that using a solenoid coil around the film
form ng chanber magnetic field is generated so as to spread an electron
stream fromthe plasma chanber, thereby formng a filmhaving a | arger
area. Furthernore, there is devel oped a plasnma treatnment apparatus in
which in order to prevent poIIution by a cathode naterial conponent

di scharged fr, La ¢ t hode, ket t netic.field is fornmed around the
appar at us an&%@‘ h|€fd|5hleﬁﬁﬁe? §p edpﬁ%f % RCERAIGEESnd a

treat ment SUQ%E ?Hgl(sgﬁiaﬁ}%nh igae% ?égé %H? C%Qatﬂe un%p g%at%§ the

cathode material conbonent rom e'i’s shi el"ded by the

shi el di ng rm@e%mgg&%%%gﬁ aﬁetl G d Hgogéﬁga{@e@ sBUBStIALR Byt he

bucket type magnet ere y ‘a uni asia treat hent can be

performed. I Lhis: APPABLUS £hdmihd 15955 %&e e ghgpéb Lfg%ﬁhgtlot hat

t he shi el ding menber 1's a magnet. Prob emto I'nve
a film having a larger area.

Furthermore, there is developed a plasma treatment
apparatus in which in order to prevent pollution by a cathode
material component discharged from a cathode, bucket type
magnetic field is formed around the apparatus and a
shielding member is disposed between the cathode and a
treatment substrate (see Patent JP-A-7-41952). In this
apparatus, the cathode material component discharged from the
cathode is shielded by the shielding member, and plasma is
led to the treatment substrate by the bucket type magnetic
field, whereby a uniform plasma treatment can be performed.
In this apparatus, it 1is neither disclosed nor suggested

that the shielding member is a magnet.

Problem to be sclved by the Invention

However, as shown in Fig. 1, the FCA method has a filter
portion 3 containing a curved solenoid coil 4, and thus the
apparatus has a large-scale structure. For example, the
length of the filter portion 3 is increased to about 1m in

some apparatuses. Furthermore, the vaporized material 7 is



However, as shown in Fig. 1, the FCA nethod has a filter portion 3
containing a curved solenoid coil 4, and thus the apparatus has a

| arge-scal e structure. For exanple, the Ilength of the filter portion 3 is
increased to about Imin sone apparatuses. Furthernore, the vaporized
material 7 is 5 not disposed at the front side of the substrate 2, and thus
the symmetry (uniformty) of the filmforned on the substrate 2 is
degraded. Furthernore, a power source 9 for the solenoid coil is needed in
addition to a power source 10 for arc discharge. In addition, a |ot of
fine particles occur because arc discharge is used, so that these fine
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invention is to provide nmethod and apparatus of formng a hard carbon

film discharge. In addition, a lot of fine particles occcur
because arc discharge is used, so that these fine particles
may impinge against the inner wall of the filter portion 3
and scatter therefrom, thereby degrading the properties of
the film achieved. Accordingly, it has been required to
develop a method of forming a film having higher symmetry

(uniformity) and an excellent characteristic by using a more

compact apparatus.

In order to solve the above problem, an object of the
present invention is to provide method and apparatus of
forming a film by only ions. More specifically, an object of
the present invention is to provide method and apparatus of

forming a hard carbon film.

Means of solving the Problem

The present invention relates to a method of disposing
shielding member formed of a magnet between a plasma source
and a substrate and forming a film. By supplying gas-type raw
material to the plasma source, a film can be formed on the

substrate on the basis of the principle of the plasma CVD



Means of solving the Problem The present invention relates to a nethod of

di sposing shielding nenber fornmed of a nmagnet between a plasma source and
a substrate and formng a film By supplying gas-type raw material to the
pl asma source, a filmcan be fornmed on the substrate on the basis of the
principle of the plasma CVD 6 nethod. Here, the plasma source is hidden by
the shielding nenber, and disposed so that it is not viewed fromthe
substrate. Particularly, it is preferable that a rotation symetry is used
as the shielding nmenber, and the axis of the rotation is disposed in a
direction linking the plasnma source and the substrate. The magnet serving

25 the shi el QLofoeThele | 80 99560 S0, 102t one, o, Llie, fRaIeL 6. pg) e
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formed is enhanced, and the di stance betwéen the plasma source and the
substrate carobgtsb@rilseeshdsARAU direction linking the plasma source

and the substrate. The magnet serving as the shielding member

is disposed so that one of the magnetic poles thereof faces

the plasma source and the other magnetic pole faces the

substrate. Furthermore, a magnet may be further disposed at

the opposite side of the substrate to the shielding member.

The pressure in the film forming process is set to 1Pa or less,

and a bias voltage may be applied to the substrate.

According to the above means, the plasma source can be
disposed at the front side of the substrate, the symmetry of
the film thus formed is enhanced, and the distance between the
plasma source and the substrate can be shortened to about
several tens cm. Furthermore, a permanent magnet may be used
as the shielding member, and no power source for generating

the magnetic field is needed.

Brief Description of the Drawings
Fig. 1 is a cross-sectional view showing an example of

a film forming apparatus used in an FCA method.



several tens cm Furthernore, a permanent magnet may be used as the
shi el di ng nenber, and no power source for generating the nagnetic f
needed. Brief Description of the Drawings Fig. 1 is a cross-sectional view
showi ng an exanple of a filmform ng apparatus used in an FCA netho
Fig. 2 is a cross-sectional view show ng an exanple of a filmform
apparatus used in a plasma CVD nethod according to the present inve
Fig. 3 are diagrans showi ng the cross-sections along the rotational
of a rotation symetry shielding nenber used in the nethod of the p

i nvention,

wherein (A) shows a cross-section of a shielding nenber

a cone-cylinder c e ape.. _(B). sho a cross-section of .a s
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ac e of a substrate holder, which is
met hod of the present invention.

Fig. 3 are diagrams showing the cross-sections along the
rotational axis of a rotation symmetry shielding member used
in the method of the present invention, wherein (A) shows a
cross-section of a shielding member having a cone-cylinder
connected shape, (B} shows a cross-section of a shielding
member having a cylindrical shape, (C) shows a cross-section
of a shielding member having a double-cone shape, and (D)
shows a cross-section of a shielding member having a oval

shape.

Fig. 4 is a cross~sectional view showing an example of
a film forming apparatus in which a second magnet is equipped
at the back side of a substrate holder, which is used in another

method of the present invention.

Best Modes for Carrying out the Invention

Embodiments according to the present invention will be
described here under with reference to the accompanying
drawings. Fig. 2 1is a diagram showing an example of the
construction of a ©plasma CVD apparatus used in this

invention. A plasma source 22 is equipped to a part of a
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Best Mbdes for Carrying out the Invention Enbodi ments according to the
present invention will be described here under wiwth reference to the
acconpanying drawings. Fig. 2 is a diagramshow ng an exanple of the
construction of a plasma CVD apparatus used in this invention. A plasma
source 22 is equipped to a part of a a vacuum chanber 21, and a substrate
hol der 23 for holding a substrate 26 is equipped in the vacuum chanber 21.
The plasma source 22 is connected to a high-frequency power source 24,
and the substrate holder 23 is connected to a DC power source 25.
Furthernore, a shielding menber 27 is disposed between the plasma source

the substrateeoBR AR d ehdnber %%cmaase %‘%ﬁ%ai?ﬁ"@ hAVIRGE fag
i ntroduci ng ggggtgggea x@ggéé E?%e Vln shown Mhlcghﬁbs @ﬁpmn hQ the

t echni que concerne acuum- chanb e ectrlcally
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of the present 1 nvention e plasma source 2 I'nsul at ed

from the vacuymebasperailepkns Qi delacd doh AL 25 fid %Hag&@@dac i per m

t hi ckness on the substrate 26,
power source 25. Furthermore, a shielding member 27 is

disposed between the plasma source 22 and the substrate 23
so that the plasma source 22 cannot bhe viewed from the

substrate 26.

The vacuum chamber 21 has a structure having a gas
introducing port and an exhaust port (not shown) which is
known in the technique concerned. Preferably, the wvacuum

chamber 21 is electrically grounded.

A hollow cathode type electrode is used as the plasma
source 22 of the present invention. The plasma source 22 is
electrically insulated from the vacuum chamber 21. In order
to form a film having a uniform thickness on the substrate 26,
the plasma source 22 is disposed so as to face the substrate

holder 23.

The substrate holder 23 may have a design of any
structure known in the technique concerned, which holds the
substrate 26 so that the substrate 26 faces the plasma source

22 and may be equipped with means for applying a bias



the plasma source 22 is disposed so as to face the substrate hol der 23.
The substrate hol der 23 may have a design of any structure known in the

t echni que concerned, which holds the substrate 26 so that the substrate 26
faces the plasma source 22 and nay be equi pped with nmeans for applying a
bias 9 voltage as occasi on denmands. The substrate hol der 23 nay be equi pped
with no substrate heating neans. A glass substrate, a ceram c substrate, an
Si substrate, a hard netal substrate, a magnetic recordi ng nedi um having a
recording layer fornmed thereon or the |like may be used as the substrate
26. The substrate 26 maybe designed in a flat shape, or may be designed in
a cubic shape required to slidi resi st ant nbers or. wear_resistant
nenbers for VQ%?%E% 3§ REsasyen ndﬁol&QFEﬁﬁggﬁﬁ?E%ﬂ“ﬂﬁffs£3PB%ﬁg? etc.
The shieldin% menber. Zﬂ:nqy be a, per neq} nagnet or electromagnet. In
order to excFIHEPRELEELTT VO BRYPONEI2WoYr BE2FBr generating magneti c
field, the shielding nmenber 27 is preferably a permanent magnet. In this
invention, in order to lead electrons and ions of raw naterial gas

generated in . t heApgﬁ%@? Sﬁ&ﬂs&ﬁ:attfg j[ahc,eelsa?n %tsru%[s%rg!tté 2R %rﬁcbesrt%gltg,t hat one
of the magnetic pol €s of the shielding menber 1's di Spose 0
a hard metal substrate, a magnetic recording medium having a
recording layer formed thereon or the like may be used as the
substrate 26. The substrate 26 may be designed in a flat shape,
or may be designed in a cubic shape required to sliding

resistant members or wear resistant members for various kinds

of metal molds, mechanical parts, tools, etc.

The shielding member 27 may be a permanent magnet or
electromagnet. In order to exclude necessity of any power
source for generating magnetic field, the shielding member 27
is preferably a permanent magnet. In this invention, in order
to lead electrons and ions of raw material gas generated in
the plasma source to the substrate, it is preferable that one
of the magnetic poles of the shielding member is disposed to
face the plasma source 22, and the other pole is disposed to

face the substrate holder 23 (substrate 26).

The magnet forming the shielding member 27 may be
formed of any material known in the technique concerned which
contains alnico based material, Fe-Cr-Co based material,

ferrite based material, rare earth type material (samarium

10



face the plasma source 22, and the other pole is disposed to face the
substrate hol der 23 (substrate 26). The magnet form ng the shielding nmenber
27 may be forned of any material known in the techni que concerned which

contains alnico based material, Fe-Cr-Co based naterial, ferrite based
material, rare earth type material (samarium 10 cobalt type (SnCo5, Snm2Col7
or the like) , Nd-Fe type or the like) . It is preferable that a magnet

having a residual magnetic flux density of 0.1T or nore is used as the
shi el ding nmenber 27 of the present invention to effectively induce plasnma.
The shielding nenber 27 of the present invention nmay be manufactured by
nol di ng t he abng nateri&% in a proper shape .and then nmagnetizing it.
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r od- shaped net of _.the . above material and then attaching a soft-magnetic
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nog-nagnetic%ggFéﬁyd?EggggﬁgfpoﬁgtﬁfuﬁF%tﬁ% qfkaglgﬁxﬁﬁkwgﬂ?e¥§gfPSW]being
damged by plagma, g t 18, GIU:Gl-diNg JRTReL (27, | S, L ALITEd, by, usi pg.an

el ect romagnet, Cit PFS For ned by w nding & “CondueY i AT 134 8und T4

non-nagneticsg§g§55§$ (ékmggrth%TliK§é Pﬁesgkgsent invention may be

manufactured by molding the above material in a proper shape
and then magnetizing it. Alternatively, the shielding member
27 may be manufactured by forming a rod-shaped magnet of the
above material and then attaching a soft-magnetic material
{silicon steel, soft ferrite or the like} to the tips of the
magnetic poles of the magnet. The surface thereof may be
coatedwith non-magnetic ceramic, polymer,metal orthelike

to prevent it from being damaged by plasma.

When the shielding member 27 is formed by using an
electromagnet, it is formed by winding a conducting wire
around a non-magnetic material (Al or the like) or soft
magnetic material (silicate steel, soft ferrite or the like)
having a desired shape and then connecting it to a DC power
source. When the electromagnet is used, the material and the
voltage to be applied are selected so that the electromagnet
has a magnetic flux density of 0.1T or more at the magnetic

poles thereof.

The shielding member 27 is disposed between the plasma

11



magnetic material (silicate steel, soft ferrite or the like) having a
desired shape and then connecting it to a DC power source. Wen the
el ectromagnet is used, the material and the voltage to be applied are
selected so that the el ectromagnet has a magnetic flux density of 0.1T or
nore at the magnetic poles thereof. The shielding nenber 27 is disposed
between the plasma 11 source 22 and the substrate 23, and designed to have
such a shape that the plasnma source 22 is not viewed fromthe substrate
26. In order to forma filmhaving a uniform thickness on the substrate
26, it is preferable that the shielding nenber 27 has a cross section
havi ng hi gh synnetrg when viewed fromthe substrate 26, and it is nore
preferable RAECFt %uﬁ?QatPStﬁf??ﬁF§$fnﬁ§tr9n9Wﬁﬁﬁ%QQSFaFPoﬁﬁﬂe SXr8 a
corresponds t the hnkl | asma %?urce 22 and
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when viewed from the substrate 26, and it is more preferable
that 1t has a rotation symmetry whose rotaticnal axis
corresponds to the axis linking the plasma source 22 and the
substrate holder 23. Fig. 3 is a cross-sectional view taken
along the rotational axis of the shielding member 27. Fig.
3(A) shows a shilelding member designed in such a shape that
the cross-section thereof has a combined shape of a rectangle
and a triangle and a cylinder is joined to the bottom surface
of a circular cone. Likewise, Fig. 3(B) shows a shielding
member designed in a c¢ylindrical shape having a rectangular
cross-section, Fig. 3(C) shows a shielding member designed in
a double-conical shape having a rhombic cross—-section, and
Fig. 3(D}) shows a shielding member designed in a oval shape
having an elliptic cross-section. The maximum diameter
of the shielding member 27 is dependent on the diameter of the
substrate 26 on which a film will be formed, the arrangement
position of the shielding member 27 (the distance from the
substrate 26 and the distance fromthe plasma souxce 22},
etc., and it may be properly selected under the condition that

the plasma source 22 cannot be viewed from the substrate 26.
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cross-section, Fig. 3 (C) shows a shielding nenber designed in a
doubl e- coni cal shape having a rhonbic cross-section, and Fig. 3(D) shows a
shi el di ng nenber designed in a oval shape having an elliptic
cross-section. The maxi nrum di aneter of the shielding nmenber 27 is
dependent on the diameter of the substrate 26 on which a filmwll be
formed, the arrangenent position of the shielding nmenber 27 (the distance
fromthe substrate 26 and the distance fromthe plasma source 22), etc. ,
and it may be properly selected under the condition that the plasma source
22 cannot be viewed fromthe substrate 26. 12 The raw material gas is

i ntroduced fromthe gas introducing port (not shown) equipped to the
vacuum chanber 21 into the vacuun1chanber 21 under the control of a gas
flow control devi e and beco giasna under g freguenC£ dlscharge
fromthe plasma source 227 Aﬁ? ﬁﬁi |%?smﬁFcHnF§° RATIn T 5 1 bPfi AgSa
desired fil m; e technl u erng us as_the r teria
Gas. | For exanbPbtiRbSs B, TaRe "aak nsq%g?%g e %g‘ﬁyﬁ?%‘élﬁ?tﬁz RERE such as
ethylene, mevhang,, t%%em&%ms%g?%[ 2RDF PANGOL die ke may be

used. The plasnma contains t I ons of the raM/naterla ﬁ so°Reutr al

atoms and radigelsy | Bebhis, 'ngngeeameghslaaﬁytﬁ%eﬁtf?{@h@ﬂdeqh@ﬁcpad' cal's

are prevented fromarriving a
discharge from the plasma source 22. Any material which is

known as forming a desired film in the technique concerned
may be used as the rawmaterial gas. For example, when a carbon
coating is formed, hydrocarbon gas such as ethylene, methane,

acetylene, toluene, benzene, propane or the like may be used.

The plasma contains the ions of the raw materials and
also neutral atoms and radicals. In this invention, the
neutral atoms and the radicals are prevented from arriving at
the substrate 26 by the shielding member 27. However, under
this state, the ions of the raw material gas to be formed as
a film on the substrate 26 cannot arrive at the substrate 26.
Therefore, according to the method of this invention, the ions
of the raw material are led to the substrate 26 by using the
shielding member 27 as a magnet and generating magnetic field

around the shielding member 27.
When magnetic field occurs in the vacuum chamber 21,

electrons move along magnetic flux while making a cyclotron

motion like the electrons spiral around the magnetic flux,
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the substrate 26 by the shielding nenber 27. However, under this state,
the ions of the raw naterial gas to be fornmed as a filmon the substrate
26 cannot arrive at the substrate 26. Therefore, according to the nethod
of this invention, the ions of the raw nmaterial are led to the substrate
26 by using the shielding nenber 27 as a nagnet and generating nmagnetic
field around the shielding nenber 27. Wien nagnetic field occurs in the
vacuum chanber 21, electrons nove al ong nagnetic flux while nmaking a
cyclotron notion like the electrons spiral around the magnetic flux, 13
and the ions of the raw material gas follow the electrons so that the

el ectrical neutr |ty is ke gﬁ@ Wth this effect, the plasm has a

characteri st & oF FrovATTg O4l e ARG | @aFIG?ll%ﬁ;Fgemﬁ%?%FrQQécﬁPdlngly,
when a magnet sed araund a treatnment chanber as dlsclosed in the
TP A 6- 138206725 {15 RES PoCh Bt i T L R TRG RS REFFEr Bty
fromthe sub tra ot her. hand, n be 031 ely led
to the subst PAFE %afso?rﬁ‘hagﬁt%t&rs}ﬁ.téfoﬁ%&o Iﬁ%@ﬁc’?? " aoPRe: e
according to thg‘H§Q§ent |nvq9t| . é%@grnnke Fﬁ Breéepggf% t hat the
pressure in the® Vacuum SRanber 'durlng Re FI|}ﬁ OrRCRG" process®i s set

to 1Pa or |$8.tR¥nSelidfg. ! Qg RIESHNG 3R gﬁéccrﬂ-%%-%@y&a td'%orn

spreading magnetic field, the plasma is far away from the
substrate. On the other hand, the plasma can be positively
led to the substrate by forming the shielding member 27 with

the magnet according to the present invention.

Furthermore, it is preferable that the pressure in the
vacuum chamber 21 during the film forming process is set to
1Pa or less. By setting the pressure as described above, the
mean free path of the plasma (particularly, the ions of the
raw material gas) can be sufficiently lengthened, and thus
the ions o©of the raw material gas can arrive at the
substrate without being scattered, so that a uniform film can

be formed.

A negative voltage may be applied to the substrate holder
23 to lead the ions of the raw material gas to the substrate
as occasion demands. The voltage to be applied is preferably
set to -1000 to OV. Particularly, it is preferably set to —400
to OV to form a hard ta-C film. By using such a voltage, ions

moving at a proper speed impinge against a £film which has been

14



mean free path of the plasma (particularly, the ions of the raw materi al
gas) can be sufficiently | engthened, and thus the ions of the raw nateri al
gas can arrive at the substrate w thout being scattered, so that a uniform
filmcan be formed. A negative voltage nmay be applied to the substrate
holder 23 to lead the ions of the raw material gas to the substrate as
occasi on demands. The voltage to be applied is preferably set to -1000 to
OV. Particularly, it is preferably set to -400 to OV to forma hard ta-C
film By using such a voltage, ions noving at a proper speed inpinge
against a filmwhich has been 14 already fornmed, so that a graphite

t it b is selegtively sputteregd or converted to
oo anond | cBABERBR, Eipcs” SGnEBAF 12 TERGGF FARENE o TTERELERer oby
f i the ta-C fil Furt hermpre, accordjng to the plasma CVYD nethod used
o T hY or s CAESPRY chE | e IvaT Yo PPRE el fihr it GRRYCERER P b i PR ho
t hod i di h h. t he FCA .met hod can e, preyented from
cocurring. | asdebRiete N e e ERTattt JB HHE Gra R USOERY an

excel l ent characteristiG S| . uniformty or the |ike. Another
enbodi nment o?o?ﬁ%g%rg%%ﬁ¥i#ﬁ3§%ﬁron wll be

Furthermore, according to the plasma CVD method used in
the present invention, a lot of fine particles which occur
in the method using arc discharge such as the FCA method can
be prevented from occurring, and thus this method is effective
te form a film having an excellent characteristic such as

uniformity or the like.

Another embodiment of the present invention will be
described with reference to Fig. 4. In an apparatus of Fig.
4, a second magnet 28 is further disposed on the back surface
of the substrate holder 23 of the apparatus of Fig. 1 {on the
surface at the opposite side to the plasma source). The second
magnet 28 is disposed so that the center thereof is coincident
with the center of the substrate holder 23 and one of the
magnetic poles thereof is disposed at the substrate holder 23
side while the other magnetic pole is disposed at the opposite
side. The direction of magnetization cccurring in the second
magnet 28 is coincident with the direction of magnetization
occurring in the shielding member 27. That is, when the

magnetic pole of the shielding member 27 which is disposed so

15
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magnetic field. The second magnet 28 may be formed by using
the material of the shielding member 27 described above. It
is effective that the second magnet 28 has a (residual)
magnetic flux density of 0.1T or more to effectively lead the
plasma (particularly, the ions of the raw material gas) to the
substrate 26. When a coating is formed by using the apparatus
of Fig. 4, the coating can be also formed under the same film

forming condition as when the apparatus of Fig. 1 is used.

Embocdiment 1

A carbon film was formed by using the plasma CVD
apparatus shown in Fig. 2. An Si substrate 26 of 50mm in
diameter was secured onto a substrate holder 23, and disposed
at the front side of the plasma source 22 so that the distance
between the substrate 26 and the plasma source 22 was equal
to about 25cm. As the shielding object 27 was used a
cone-cylinder joined body formed of alnicoe which has a
cross-section shown in Fig. 3(A). The residual magnetic flux
density at the tip of the apex of the cone was equal to about

1T. The diameter of the bottom surface of the cone and the

16

S éegﬁ §é:51¥m85n tt Texocrlurérl%r eeée%se];:fec; éV%L\T lf%%dgénr(]aerat%lg‘sm
(particularly, t t I ﬁas he

ysigg the material of the shieldin%_nenbgr 27.descri bed
2 RT3S§F



substrate 26. Wien a coating is formed by using the apparatus of Fig. 4,
the coating can be also fornmed under the sane film formng condition as
when the apparatus of Fig. 1 is used. Enbodinent 1 A carbon filmwas forned
by using the plasma CVD apparatus shown in Fig. 2. An Si substrate 26 of
50mmin dianeter was secured onto a substrate hol der 23, and di sposed at
the front side of the plasna source 22 so that the distance between the
substrate 26 and the plasna source 22 was equal to about 25cm As the
shi el ding obj ect 27 was used a cone-cylinder joined body formed of alnico
whi ch has a cross-section shomn in Fig 3(A). The residual magnetic fl ux
density at the.tip of .the ex of the cone was equal to about 1T, The

di aneter of tﬁé18§?¥5ﬁi ?ﬂé@@t&w)3hewﬁ6n§q§ﬁ 'T%éOT@'GVF%Fﬂ%PeﬁﬁhFhe j oi nt
body was equal 50mMm d, t he ht of the_cone and t | i nder was
equal to 50my %ﬁe Cao|51éex8‘8fg e ygd‘r? S5 " FIhEFGIntC by @V‘ hl&?s%%?é‘ ]?at a
posi tion of uj, ron1th SR gour ce. The_cone, si de

shi el di ng ngﬁl%e %rp ]t“he set” ﬁf%l & SR UM EhESed RS 4P fﬁ‘ggul?he
plasma sourgg,2 rorﬁl“&é Eag g%t 9&‘1 Sl fagg, of the qul Lpder, a the, g posite

side was set to S-pole a |spose S0 as to tace the substyate The

shi el di ng mepRGhe2 2 WS KEPL L NE e Arﬁf&iéﬁ@gécyso as to face the plasma

source 22, and the bottom surface of the cylinder at the opposite
side was set to S-pole and disposed so as to face the substrate
26. The shielding member 27 was kept to be electrically

floated.

Subsequently, ethylene gas at a flow rate of Scc/min was
introduced as raw material gas into the vacuum chamber 21, and
the pressure in the vacuum chamber was set to 0.l1Pa. A
high-frequency (frequency of 13.56MHz) of 100W in power was
applied to the plasma source, and film formation was carried
out for one hour to form a carbon film on the Si substrate.
The hardness of the carbon coating thus achieved was measured

by using the NanoIndenter.

Embodiment 2
A carbon coating was formed on an Si substrate by using
the same method as the embodiment 1 except that a voltage of

-100V was applied to the substrate holder 23.
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fl oated. Subsequently, ethylene gas at a flow rate of 5cc/mn was
introduced as raw material gas into the vacuum chanber 21, and the
pressure in the vacuum chanmber was set to 0.1Pa. A high-frequency
(frequency of 13.56MHz) of 100Win power was applied to the plasma source,
and filmformation was carried out for one hour to forma carbon filmon
the Si substrate. The hardness of the carbon coating thus achi eved was
measured by using the Nanol ndenter. Enbodi nent 2 A carbon coating was
formed on an Si substrate by using the sane nethod as the enbodi nent 1
except that a voltage of -100V was applied to the substrate hol der 23. 17
Enbodi nent 3 A carﬂgﬁﬁgpatin was fornmed on an Si substrate by using the
sanme nethod as the FIWent’ 1 except that a voltage of -200V was applied

to the substrate | der 23. npar ati ve anple 1.The filmformation was
carried out by usﬁ%faf 8“5%%%Eﬂghg?ﬁd%nﬁgétﬁgE%h%bd?ﬁ?ﬁfafeé%ﬁgﬁfn?hat a
non-riegnet i ¢ il o Shi eledhng rETher NaKlng.the sane shape wes uised fo place
of the shielding menber 27 of "alnico.  IThn this cake, 1o arbon

—200V was applied to the substrate holder 23.

Comparative Example 1

The film formation was carried out by using the same
method as the embodiment 1 except that a non-magnetic Al
shielding member having the same shape was used in place of
the shielding member 27 of alnico. In this case, no carbon

coating was formed on the Si substrate.

Comparative Example 2
A carbon coating was formed on an Si substrate by using

the same method as the embodiment 1 except that no shielding

member 27 was used.

Comparative Example 3
A carbon coating was formed on an Si substrate by using
the same method as the comparative example 2 except that a

voltage of -200V was applied to the substrate holder 23.
Comparative Example 4

The film formation was carried out by using the same

method as the embodiment 1 except that a voltage of +100V was
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coating was fornmed on the Si substrate. Conparative Exanple 2 A carbon
coating was fornmed on an Si substrate by using the sane nethod as the
enbodi ment 1 except that no shielding nenber 27 was used. Conparative
Exanple 3 A carbon coating was fornmed on an Si substrate by using the sane
met hod as the conparative exanple 2 except that a voltage of -200V was
applied to the substrate hol der 23. Conparative Exanple 4 The film
formati on was carried out by using the sane nethod as the enbodi nent 1
except that a voltage of +100V was 18 applied to the substrate hol der 23,
however, no carbon coating was fornmed on the Si substrate. Conparative
Exanple 5 The_filmformation was carried qut. by using the nethod, as the
crbodi ment | 12BREE CBra pREe PFERS PLoFh et T RARRED 93 ThAE set to
1Pa, howeve.rw DOcS eQPQxP%%%iQQ g@gsgégégx{ on the Si substrate. Table 1
First Table: "filnformation usi ng cone-cyl i nder joint body

EMBODI MENTEMBCODI MENTENMBODI MENTCOVPARATI VCOVPARATI V

Comparative Example 5

The film formation was carried out by using the method
as the embodiment 1 except that the pressure in the vacuum
chamber 21 was set to 1Pa, however, no carbon coating was formed

on the Si substrate.

Table 1

First Table: film formation using cone-cylinder joint body

EMBODIMENT | EMBODIVMENT | EMBODIMENT | COMPARATIV | COMPARATIV
1 2 3 E EXAMPLE 2 | E EXAMPLE 3
SUBSTRATE BIAS 0 -100 -200 0 -200
VOLTAGE (V)
FILM THICKNESS 80 100 100 500 450
{nm)
HARDNESS (GPa) 30 40 40 5 15

As is apparent from the above embodiments, a hard carbon
film having an excellent hardness of 30GPa could be achieved
by using the magnet having the shape corresponding to a
cone-cylinder joint body as the shielding member. When the
non-magnetic shielding member of the comparative example 1
was used, no carbon film was formed on the substrate, and thus
it is apparent that use of a magnet as the shielding member
is effective to lead plasma (particularly, the ions of the raw
material gas for film formation) to the substrate. The

hardness of the carbon coating when no shielding member was
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123E EXAMPLE 2E EXAMPLE 3 SUBSTRATE BI ASO- 100- 2000- 200 VOLTACGE FI LM

THI CKNESS80100100500450 (nm HARDNESS ( GPa) 304040515 As is apparent from

t he above enbodi ments, a hard carbon filmhaving an excellent hardness of
30GPa coul d be achieved by using the magnet having the shape corresponding
to a cone-cylinder joint body as the shielding nenber. Wen the

non- magneti c shiel ding nenber of the conparative exanple 1 was used, no
carbon filmwas fornmed on the substrate, and thus it is apparent that use
of a magnet as the shielding menber is effective to | ead plasna
(particularly, the ions of the raw naterial gas for filn1fornation) to the

substrat e. The har dness of arbon t|n when no shle nber was
AP Sl R uap%faW@ﬁt aPRatt h et hE

19 used was €qua

contTns 3 i ik Gt G g e o o 1 oo

coating of the conpara exa

equal to 15Gﬁ§rdn¥‘@écc£\f N pgmw él@u*ﬂﬁ gpeas. 'ange et 10% B bl 5 m

hOV\BVGI’ it Is remarkab owe € nNaraness o coat rng
when no shielding member was used was equal to 15GPa
which was within the hardness range of the DLC film, however,
it 1is remarkably lower than the hardness of the coating
achieved in the embodiment 1. These results were estimated
to indicate that neutral atoms, radicals, etc. from the plasma
source impinged against the substrate during the film

formation process and lowered the film guality because no

shielding member was used.

Furthermore, as shown 1in the embodiment 2 and the
embodiment 3, the film thickness was increased and the film
hardness was enhanced by applying a negative bias voltage to
the substrate helder 23. As compared with the comparative
example 4 in which no carbon film was formed by applying a
positive bias voltage, the negative bias voltage is more
effective to lead the plasma (particularly, the ions of the
raw material gas for film formation}) to the substrate.
Furthermore, it is apparent that the component centributing

to the film formation is carbon ions.

Furthermore, in the comparison example 5 in which the

pressure in the vacuum chamber was increased, no carbon film

20



achi eved in
t hat neutral

the substrate during the film formation process and | owered the film

the enbodi ment 1. These results were estimated to indicate

atons, radicals, etc. fromthe plasm source inpinged agai nst

qual ity because no shielding nenber was used. Furthernore, as shown in the

enbodi nrent 2 and the enbodinment 3, the filmthickness was increased and
the film hardness was enhanced by applying a negative bias voltage to
substrate hol der 23. As conpared with the conparative

no carbon fi

negative bias voltage is nore

the i ons of
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Conparative

Exampl e 6

Comparative Example 6

A carbon coating was formed by using the FCA apparatus
shown in Fig. 1. A carbon block of 99.999% in purity, 30mm
in diameter and 30mm in thickness was used as a cathode target
7. A water cooling type cooling means was equipped to the
cathode 6 and the anode 5 to prevent over-heat during arc
discharge. A magnetic filter 3 of a quarter arcuate
stainless pipe of 76mm in diameter and 300mm in radius of
curvature was used as a core pipe, and a copper wire coated
with polyester coating of 2mm in diameter was wound around the
core pipe to equip a filter coil 4. The number n of turns per
unit length of the coating copper wire was set to 1000 turns/m.
An Si substrate 2 was mounted in a film forming chamber 1 to
be vertical to the axial direction of the magnetic filter.
Under the state that a voltage of 40V was applied between the
cathode and the anode, the striker 8 was brought into contact
with the surface of the cathode target 7, and arc discharge
was started. A cathode voltage during arch discharge was
equal to -25V, and discharge current was set to 120A.

Predetermined current was supplied to the magnetic filter
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A carbon coating was forned by using the FCA apparatus shown in Fig. 1. A
carbon bl ock of 99.999% in purity, 30mm in dianmeter and 30mmin thickness
was used as a cathode target 7. A water cooling type cooling neans was
equi pped to the cathode 6 and the anode 5 to prevent over-heat during arc
di scharge. A magnetic filter 3 of a quarter arcuate stainless pipe of

76mm in dianmeter and 300mmin radius of curvature was used as a core

pi pe, and a copper wire coated wth polyester coating of 2mmin dianeter
was wound around the <core pipe to equip a filter coil 4. The nunber n of
turns per wunit length of the coating copper wire was set to 1000 turns/m.

An Si substrate,?2 ted | filmforning chanb to_ b tical

{0 the i al CHEFobt £Bn GG RESmRRRTTE FPBPBFLC ORIEr (ErPS PAEBSEREl o -
't f aQy i ed. bet thade .and th de, the, strik

5 veis br ought THAED TOREAEL Gt LhE cuFfach ot ‘CREEAThOHS CAPGBES7, and

arc discharge, s SLaLt ot , A cathade ¥old a9e,dur g, ar Ghdl shatgg vas

equal to -25V, i'scharge current was Ss€é re er m ned

current was %g@BLﬁé%%td£§5Q%hEBQQ§tiC filter 21 coil 4 so that the internal

magnetic field in the nagnetic ilter was equal to 0.013T. The film

formation was carried out for five mnutes, and a Ta-C filmof about 200nm

infilm

However, the position at which the maximum £ilm thickness

is provided was deviated from the center of the magnetic
filter to the inner peripheral side, and it was deviated from
the center of the substrate to the right side by about 25mm
in Fig. 1. As the position was far away from this position,
the film thickness was reduced, and the film thickness was
reduced by about 50% on the circumference of a circle of 15mm
in radius. However, the reduction of the film thickness was
greater at the inner peripheral side of the filtexr, and
the film thickness was reduced to be less at the inner
peripheral side than at the outer peripheral side by about
10% on the circumference of 15mm in radius. On the other
hand, with respect to the carbon coating achieved in the
embodiment 1 and the comparative example 2, the center of the
film thickness distribution was the center of the
substrate, and the variation of the film thickness on the
circumference of 15mm in radius was also within 5% of the
maximum film thickness. This was because the film forming

mechanism in the embodiment 1 and the comparative example 2

was axially symmetric. On the other hand, it is apparent
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t hi ckness was achi eved. However, the position at which the maxi numfilm

t hi ckness is provided was deviated fromthe center of the nagnetic filter
to the inner peripheral side, and it was deviated from the center of the
substrate to the right side by about 25mm in Fig. 1. As the position was
far away fromthis position, the filmthickness was reduced, and the film
t hi ckness was reduced by about 50% on the circunference of a circle of
15nmm  in radius. However, the reduction of the filmthickness was greater
at the inner peripheral side of the filter, and the filmthickness was
reduced to be | ess at the inner peripheral side than at the outer

peri pher al %a by about 10% on the circunference of 15mmin radius. On

the ot her Vit SYBEREERY ¢ e FCAr BBRRTHAL HESathseRaFAYSSt b
enbodi ment 1 aBdBthe conpar a the center of the film

t hi ckness di SEFi BRE i BHIRwES St %éYE%ﬁﬁﬁgﬁﬂPntﬁ%d'QUB%FPStglh&ﬁH”FW€e§§r|atlon
of the f|In1th|%kn SS. on theﬁﬁﬁlrcunference of 15 in radius was al so

wi thin 5% of SR&T R M PAFERFRRARS EPoriPEs Wk i SYERSERE  fi | m f or mi ng

mechanismin the enbodinent 1 and the conparative exanple 2 was axially
symmetric. On the other hand, it is apparent 22 that the symmetry of the

FCA apparatus was }ostihecauge it

A carbon coating was formed on an Si substrate by using
the same method as the embodiment 1 except that a shielding
member having a cylindrical shape of 100mm in height which has
a bottom surface of 50mm in diameter as shown in Fig. 3 (B} was
used in place of the shielding member 27 having the shape
corresponding to the cone-cylinder joint body used in the
embodiment 1. The intensity and position of the magnet of the

shielding member were set to the same as the embodiment 1.

Embodiment 5

A carbon coating was formed on an Si substrate by using
the same method as the embodiment 1 except that a shielding
member having a double-cone shape in which the bottom surface
thereof was 50mm in diameter and each cone was 100mm in height
as shown in Fig. 3(C) was used in place of the shielding member
277 having the shape corresponding to the cone-cylinder joint
body used in the embodiment 1. The intensity and position of
the magnet of the shielding member were set to the same as the

embodiment 1.
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had the magnetic filter portion and thus the filmthickness distribution
was affected by the | oss of the symetry. Enbodi nent 4 A carbon coating was
formed on an Si substrate by using the sanme nethod as the enbodi nent 1
except that a shielding nenber having a cylindrical shape of 100mmin
hei ght which has a bottom surface of 50nmin dianeter as shown in Fig. 3
(B) was wused in place of the shielding nenber 27 having the shape
corresponding to the cone-cylinder joint body used in the enbodinent 1.
The intensity and position of the magnet of the shielding nmenber were set
to the sane as the enbodi ment 1. Enbodi nent 5 A carbon coating was forned
on an Si substrate b% gs%%gv the sanme nethod as the enbodi nent 1 except
that a shiel ding ﬁng a doubl e-cone shape in which the bottom
surface thereof S 5%&3\ in dianeter and each cone was 100nm in hei ght
as shown in Fig. 3 (B REsCUEETY Haﬁléﬁﬁ?%9f°?ﬁﬁl§hi%HQﬁtﬁ@tﬁéﬁb§Fln§7 havi ng
t he shape corresggggiqgg%gythe cone-cyl.i nder_j oi nt

t

body used in.the
enbodi ment  1.0°Th&“THt %A 2Ent P TGReBE 1t?ﬁ§%¥§gﬁ8?¥oﬁ % l@ﬁ?%lding

member were Fehnk 2 tHgvfégeaa%lét@%p£¥¥¥¥§ﬂﬂﬁﬁ%p%'0%35%%R°q%”%%§igum
diameter and 100mm in length as shown in Fig. 3 (D) was used
in place of the shielding member 27 having the shape
corresponding to the cone-cylinder joint body used in the
embodiment 1. The intensity and position ¢f the magnet of the

shielding member were set to the same as the embodiment 1.

Table 2

Table 2: Effect of the shape of the shielding member 27

EMBODIMENT 1 | EMBODIMENT 4 | EMBODIMENT 5 [ COMPARATIVE
EXAMPLE 6
FILM THICKNESS 80 5 150 180
(nm)
HARDNESS (GPa) 30 30 30 30

Ls is apparent from the above embodiments, the ions of
the raw material gas can be effectively led to the substrate
by the shielding member having the cone-cylinder joint body
shape than the shielding member having the cylindrical shape,
and the shielding member having the double-cone shape and
further the shielding member having the flat-spherical shape

are more effective.

Embodiment 7

A coil of a turning density of 4 turns/cm was wound round

24



A carbon coating was fornmed on an Si substrate by using the sane nethod as
t he enbodi nent 1 except that a shielding nenber having a fl at-spheri cal
shape of 50mmin maxi mum dianmeter and 2100mmin length as shown in Fig.
3(D) was used in place of the shielding nenber 27 having the shape
corresponding to the cone-cylinder joint body used in the enbodinent 1.
The intensity and position of the magnet of the shielding nenber were set
to the same as the enbodinment 1. Table 2 Table 2: Effect of the shape of

t he shiel di ng menber 27 EMBODI MENT 1EMBODI MENT 4EMBCDI MENT 5COMPARATI VE
EXAMPLE 6 FI LM THI CKNESS805150180 (nm HARDNESS GPa 30303030 As is apparent
fromthe abo¥§8enbo i ment s of the ram/nfterjal_gas can be

the io
effectively | t%%‘%esgﬁgé??aPé tﬁ? PRRTEATE A n%%ﬁ%?hﬁﬁwpﬁﬁb?ﬂe
ne-cyl i nder. j qi.nt . bod shape than the shieldin er ving the
o it el e R e R e I B RIS CERG Wb AN PEBRE shape
and  furt her hecshiehdhng PRes, MRLLRORIS 4 2t 5 BNgLhoala shapsa are more
ef fective. EfHodI nen g )

formed on an Si substrate by using the electromagnet according

to the same method as the comparative example.

The carbon coating thus achieved had a film thickness
of 30nm, and thus it is apparent that the ions of the raw
material gas can be also led to the substrate by using the

electromagnet,

Embodiment 8

A carbon coating was formed by using the plasma CVD
apparatus shown in Fig. 4 in which the second magnet 28 was
disposed at the back side of the substrate holder 23. The
second magnet 28 was designed as a cylindrical magnet of
50mm in diameter and 100mm in length. The bottom surface of
the second magnet was set to N-pole, and the bottom surface
concerned was brought into contact with and secured to the
substrate holder 23 (that is, the plasma surface side was set
to N~pole). The other bottom surface of the second magnet was

set to S-pole.

A carbon coating was formed on an Si substrate by using

the same apparatus and method as the embodiment 1 except
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A coil of a turning density of 4 turns/cmwas wound round 24 the side
he non-magnetic Al shielding nenber wused in the conparative

surface of t

exanple 1, and connected to a DC power source of 10A to form an
el ectromagnet. A carbon coating was fornmed on an Si substrate by using the

el ect romagnet accordi ng

car bon coati

The second

set to N-pol

with and secured to,d

si de was set

13
nagne was de s a

to the sane nethod as the conparative exanple.
ng thus achieved had a filmthickness of 30nm and thus it
apparent that the ions of the raw materi al
substrate by using the electromagnet. Enbodi nent 8 A carbon coating was
formed by using the plasma CV/D apparatus shown in Fig. 4 in which the
second magnet_, 2 s _disposed a e. back side of the substrate hol der
oo st ?ﬁi eCOA%Omgﬁaﬁ%dig 4§ﬂﬁ°ﬁ8§rca| magnet of 50nmin
di aneter and 100mmin | ength. The bottom surface of

gas can be also led to the

The
is

23.

t he second magnet was

e, and the bottom surface concerned was brought into contact

to N-pol e om surface 0

s teLiAle Bel g8 23uhNal. gy HIG BlARLu face

=]
e SGCOI’]H magnet

was  set 10 3uROLEuay tGRLHGN SO Pu¥ASMAYTRY QL 3717 RHDGIAL §DY Using

80nm achieved in the embodiment 1, it is apparent that the
second magnet 28 disposed at the back side of the substrate
holder 23 has a function of leading the plasma (particularly,

the ions of the raw material gas) more effectively.

Advantageous Effect ¢of the Invention

According to the method of the present invention, the
shielding member formed of a magnet is disposed between the
plasma source and the substrate, and a film can be formed by
only ions of raw material gas in plasma. In the method of the
present invention, the plasma source can be disposed at the
front side of the substrate, and film formation can be
performed with higher symmetry and higher uniformity as
compared with the FCA method. Furthermore, a permanent
magnet 1is used as the shielding member, and thus a power
source for supplying power to a solenoid coil which is

indispensable for the FCA method is not required.

Furthermore, according to the method of the present

invention, gas-type raw material is used as in the case of the

normal plasma CVD method, and thus occurrence of a lot of
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t he sane apparatus and nethod as the enbodi nent 1 except 25 that the second
magnet 28 is disposed. The filmthickness of the carbon coating thus
achieved was equal to 120nm and thus conparing the filmthickness of
80nm achi eved in the enbodinent 1, it is apparent that the second nagnet
28 di sposed at the back side of the substrate holder 23 has a function of
| eading the plasma (particularly, the ions of the raw material gas) nore
effectively. Advantageous Effect of the Invention According to the nethod
of the present invention, the shielding nmenber fornmed of a nagnet is

di sposed between the plasma source and the substrate, and a filmcan be
formed by ondy._i of, raw material gas.in plasm. |n the nethod.of the
present inveﬁ%ﬁgnggfﬁﬁgbfﬁg%ﬁ é8u?5%‘%ﬁﬁjﬁ%g igﬁgggaagPlpﬁS- f 8nt"si de of
the substrat &neand,{idmdar FeAI p0ogan NG Perlorumed, uhth, lighere sygmetry
and hi gher unlfornlty as  conpared w'th the et hod. “ Furtthernore, a

t t d AL el di
permanent nagpet &S URE s‘a%eh%%%%? gé\#:?%aﬂ:ﬁi'ﬂge'ébn pgh 1 leapg\ﬁ@é sour ce

for supplying power to a coi | I ndl spensa or the FCA

method 1S notyqhegyl rgob iR Egef@r&b%@eqi%{aﬁﬂagg g&h{@fﬁg&&ﬁs present

invention, gas-type raw material is used as In e case 0
can be formed.

The hard carbon ccating achieved by the method and
apparatus of the present invention is effectively used as a
coating of a sliding resistant member or wear resistant member
for wvarious kinds of metal molds, mechanical parts, tools,
etc., and as a protection film for a magnetic recording medium

or magnetic recording head.
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normal plasma CVD nethod, and thus occurrence of a |lot of 26 fine particles

due to arc discharge can be avoided. As in

t he case of the FCA net hod,

t he

accel eration energy of the ions of the raw material gas can be controlled

by a bias

vol tage applied to the substrate,

and a hard carbon coating

can

be fornmed. The hard carbon coating achi eved by the nethod and apparatus of

t he present

resi stant menber or wear resistant nenber for various kinds of netal

nol ds, nechanical parts, tools, etc., and as a protection filmfor a
magneti c recording head. 27 CLAIMS 1. Afilm
form ng plaspm, YD nethod for deconposing a raw material in plasma and
formng a filmfromthe deconposed nmaterial, characterized in that a
shielding nenber is disposed between a plasma source and a substrate
the shielding nenber is fornmed froma first magnet.

magneti c recordi ng nmedi um or

invention is effectively used as a coating of a sliding

2. The filmformng

and

Tethod according to, chai gy cphersi Mg T aw TRALkAkoL Hidbiibacarpon gas,

and the filmto be fornme

IS a cafbon
a raw material in plasma and forming a film from the

decomposed material, characterized in that a shielding
member is disposed between a plasma source and a substrate

and the shielding member is formed from a first magnet.

2. The film forming method according to claim 1,
wherein the raw material is hydrocarbon gas, and the film to

be formed is a carbon film.

3. The film forming method acceording to claim 1,

wherein the method is executed under pressure of 1Pa or less.

4. The film forming method according to claim 1,

wherein a voltage is applied to the substrate.

5. The film forming method according to claim 4,

wherein the voltage is a negative voltage.

6. The film forming method according to claim 1,

wherein a shield is formed out by the shielding member

so that the plasma source is not viewed from the substrate.

28



3. The filmformng nethod according to claim1l, wherein the nmethod is
execut ed under pressure of 1Pa or less. 4. The filmform ng nethod
according to claiml1l, wherein a voltage is applied to the substrate. 5. The
filmformng nethod according to claim4, wherein the voltage is a negative
voltage. 6. The filmform ng nethod according to claim1, wherein a shield
is formed out by the shielding nenber so that the plasna source is not
viewed fromthe substrate. 28 7. The filmform ng nethod according to claim
1, wherein one of the magnetic poles of the shielding nenber is disposed
to confront the plasma source, and the other is disposed to confront the

substrate. B. The |Iﬂet ortglrﬁg %t,__mg acl%g{ d{]gaf Cor%ll%l t]p tﬁg%rne n the

shi el di ng nmenber has a rotation synme e axi rotation is

in a directipelLnkifg the.pl m@%egiemrsa if %ﬁ&gﬁg%?ﬁgﬁhwg film

form ng nethod according to clail e Shi el di ng

nmenber is selyikgobea @& 9&yn HRAR EP@ 9&@Eﬁ£e£0&¥céih%n%“Qi%rg&ﬁer19s The

filmformng nethod according to claim 1, wherein’the shielding nenber is a
per manent NMa@R8beosed to confront the substrate.

8. The film forming method according to claim
1,wherein the shielding member has a rotation symmetry, and
the axis of the rotation is in a direction linking the plasma

source and the substrate.

9. The film forming method according to claim 8,
wherein the diameter of the shielding member is set to be

larger than the diameter of the substrate.

10. The film forming method according to claim 1,

wherein the shielding member is a permanent magnet.

11. The film forming method according to claim 1,
wherein a second magnet is further disposed at the opposite
side of the substrate to the shielding member, and the
magnetization direction of the second magnet is the same as

the first magnet.

12, The film forming apparatus, comprising a plasma

source for decomposing a raw material, a substrate on which
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11. The filmform ng method according to claim1, wherein a second nagnet
is further disposed at the opposite side of the substrate to the shiel ding
menber, and the magnetization direction of the second nagnet is the sane
as the first magnet. 12. The filmform ng apparatus, conprising a plasna
source for deconposing a raw material, a substrate on which 29 the
deconposed material is deposited, and a shielding nenber serving as a
first magnet, wherein the shielding nmenber is disposed between the plasm
source and the substrate. 13. The filmform ng apparatus according to claim
12, further conprising neans for applying a voltage to the substrate. 14.
The filntforQ%pg %Pparatus according to claim 13, wherein the voltage is a
negative vol t §°mﬁﬂ%eqllﬂ??%ﬁﬁﬁ g”hpﬁﬁﬁﬁﬁﬁﬁ?dacéﬁﬁdﬁng - edfarh 12,
wherein a shi elmgers f or.med out, the s ieldin rrg‘qber ) that B%he pl asma

source is nof"Vrewed Tromthe B st'?%?%e '1t‘>‘he r?thfl8 A9 “&PP&F at us
according to.cl reln f t he ma net oles.o e shi el ding
nenber |g |%p§%ghégo cont ront Eﬁepp s%ﬁnfoggg c® £HES %Fﬁg? i's

di sposed to confront the substrate.

13. The film forming apparatus according to claim 12,
further comprising means for applying a voltage to the

substrate.

14. The film forming apparatus according to claim 13,

wherein the voltage is a negative voltage.

15. The film forming apparatus according to claim 12,
wherein a shield is formed out by the shielding member so

that the plasma source is not viewed from the substrate.

16. The film forming apparatus according to claim 12,
wherein one of the magnetic poles of the shielding member is
disposed to confront the plasma source, and the other is

disposed to confront the substrate,

17. The film forming apparatus according to claim 12,
wherein the shielding member has a rotation symmetry, and
the axis of the rotation is in a direction linking the

plasma source and the substrate.
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17. The filmform ng apparatus according to claim 12, wherein the
shi el ding nenber has a rotation symmetry, and the axis of the rotation is
in a direction linking the plasm source and the substrate. 30 18. The
filmform ng apparatus according to claim17, wherein the dianeter of the
shielding nmenber is set to be larger than the dianeter of the substrate.
19. The filmform ng apparatus according to claim 12, wherein the shielding
menber is a pernanent nagnet. 20. The film form ng apparatus according to
claim12, further conprising a second magnet di sposed at the opposite

side of the substrate to the shielding nenber, wherein the magnetization

direction of the secon% magnet is the sane as the first nagnet. 31
18. The fIlm forming apparatus according to claim 17,

wherein the diameter of the shielding member is set to be

larger than the diameter of the substrate.

18. The film forming apparatus according to claim 12,

wherein the shielding member is a permanent magnet.

20. The film forming apparatus according to claim 12,
further comprising a second magnet disposed at the opposite
side of the substrate to the shielding member, wherein the
magnetization direction of the second magnet is the same as

the first magnet.
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