
FILM DEPOSITION APPARATUS AND FILM DEPOSITION METHOD
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of priority from
Japanese Patent Application No. 2009-139071 filed on
June 10,  2009 and Japanese Patent Application No.
2009-247482 filed on October 28, 2009, the entire
contents of which are  incorporated herein by
reference. BACKGROUND  1. Field Embodiment discussed
herein relate to a film deposition  apparatus and a
film deposition method. 2. Description of Related Art
Magnetic recording apparatuses (hard disk drives) are
used, for example, in information apparatuses such as
computers, and hard disk video recorders. A magnetic
recording apparatus records data by  magnetizing a
magnetic disc rotating at high speed such as a
recording layer of a disc-shaped magnetic recording
medium  with a recording element such as a writing
head. The data  recorded on the magnetic recording
medium is read by a  reproducing element such as a
reading head, and is output  after being converted
into electric signals. - 1  A protective film of a
magnetic recording medium may be  formed of, for
example, silicon oxide (Si02), silicon  



nitride (SiNX), or aluminum oxide (A1203). A carbon
protective film mainly containing carbon may be formed
by  sputtering or chemical vapor deposition (CVD).
SUMMARY  According to one aspect of the embodiments, a
film  deposition apparatus is provided which includes:
a plasma  generating section configured to generate
plasma between a  target and an anode; a film
deposition chamber in which a  base material is
placed; and a magnetic-field filter section
configured to remove a particle from the plasma by a
magnetic field and to transfer the plasma to the film
deposition chamber, wherein the magnetic-field filter
section includes: a first housing area to which a
first  voltage is applied; and a second housing area,
provided  downstream of the first housing area in the
moving direction  of the plasma, to which a second
voltage is applied. Additional advantages and novel
features of the  invention will be set forth in part
in the description that  follows, and in part will
become more apparent to those  skilled in the art upon
examination of the following or upon  learning by
practice of the invention. - 2  BRIEF DESCRIPTION OF
THE DRAWINGS Fig. 1 illustrates an exemplary film
deposition  apparatus; 



Figs. 2A and 2B illustrate exemplary examples;  Fig. 3
illustrates an exemplary sample; Fig. 4 illustrates an
exemplary relationship between an  applied voltage and
a film deposition speed; Fig. 5 illustrates an
exemplary relationship between an  applied voltage and
a number of particles.; Fig. 6 illustrates an
exemplary film deposition  apparatus; Fig. 7
illustrates an exemplary film deposition  apparatus;
Fig. 8 illustrates an exemplary electrode plate;  Fig.
9 illustrates an exemplary electrode plate;  Fig. 10
illustrates an exemplary electrode plate;  Figs. 11A
and 11B illustrate exemplary electrode  plates; Fig.
12 illustrates an exemplary film deposition
apparatus; and Fig. 13 illustrates an exemplary film
deposition  apparatus. DESCRIPTION OF EMBODIMENTS The
thickness of a carbon protective film formed by CVD  -
3  may be about 4 rim. A carbon protective film may be
formed  by a filtered cathodic arc (FCA) method using
an arc as a  plasma source. 



Since the FCA method utilizes arc discharging in which
a discharge ignition temperature is 10000C or more,
carbon  having a high heat resistance may be melted or
sublimated  easily. Film deposition may be performed
using only carbon  as the material. Since a carbon
protective film formed by the FCA method  has a high
proportion of an sp3 bonding component, the  density
and hardness thereof may be higher than those of a
carbon protective film formed by CVD. A carbon
protective  film having a thickness of 2 nm formed by
the FGA method may  have a durability higher than or
equal to that of a carbon  protective film having a
thickness of 4 rim formed by CVD. An apparatus that
performs film deposition by the FCA method  is
referred to as an FCA film deposition apparatus. Since
plasma is generated by arc discharging in the FCA
method, carbon particles may be produced during
formation of  a carbon protective film. Carbon
particles may be  microparticles having a diameter of,
for example, about 0.01  to several hundred
micrometers. If the particles adhere  onto a surface
of a magnetic recording medium during  formation of a
protective film, durabilities and corrosion
resistances of the magnetic recording medium and a
magnetic 4  recording apparatus may be reduced. Fig. 1
illustrates an exemplary film deposition  



apparatus. The film deposition apparatus illustrated
in Fig.  1 includes a plasma generating section 10, a
magnetic-field  filter section 20, and a film
deposition chamber 30. Housings of the plasma
generating section 10, the magnetic- field filter
section 20, and the film deposition chamber 30  may be
mainly formed of metal such as stainless steel. The
magnetic-field filter section 20 may be divided into a
plasma separation unit 40, a particle trap unit 50,
and a  plasma transfer unit 60. The plasma generating
section 10, the plasma separation  unit 40, and the
particle trap unit 50 may be cylindrical.  The plasma
generating section 10, the plasma separation unit  40,
and the particle trap unit 50 are arranged in that
order  from the bottom and are coupled in line. The
plasma transfer unit 60 may be cylindrical. One  end
of the plasma transfer unit 60 is substantially
perpendicularly coupled to the plasma separation unit
40,  and the other end thereof is coupled to the film
deposition  chamber 30. The film deposition chamber 30
includes a stage  32 on which a substrate 31 to be
subjected to film  deposition, for example, a base
material is placed. An insulating plate 11 is provided
at a lower end of  the housing of the plasma
generating section 10, and a 5  target, for example, a
cathode 12 is placed on the  



insulating plate 11. A cathode coil 14 is provided on
the  outer periphery of the lower end of the housing
of the  plasma generating section 10, and an anode 13
is provided on  an inner surface of the housing.
During film deposition, a  certain voltage is applied
from a power supply (not  illustrated) to the cathode
target 12 and the anode 13, so  that arc discharging
is caused there between and plasma is  generated above
the cathode target 12. Further, a certain  current is
supplied from the power supply to the cathode  coil 14
so as to produce a magnetic field for stabilizing  arc
discharging. Since a component of the target 12 is
evaporated by arc  discharging, ions of a film
deposition material are supplied  into the plasma. For
this reason, the target 12 may include  the film
deposition material. For example, when a carbon
protective film is formed on the substrate 31,
graphite may  be used as the target 12. The plasma
generating section 10  includes a trigger electrode
(not illustrated) for applying  a voltage that
triggers arc discharging. A reactive gas or  an inert
gas may be supplied into the plasma generating
section 10 as necessary. The diameter of the plasma
separation unit 40 in the  magnetic-field filter
section 20 may be smaller than the  diameter of the
plasma generating section 10. An insulating - 6 



ring 41 is provided at a boundary between the plasma
generating section 10 and the plasma separation unit
40, and  electrically separates the housing of the
plasma generating  section 10 and the housing of the
plasma separation unit 40.  For example, the
insulating ring 41 includes fluorine resin  having a
high insulation performance. Guide coils 42a and 42b
are provided on the outer  periphery of the housing of
the plasma separation unit 40 so  as to generate
magnetic fields for moving the plasma  generated in
the plasma generating section 10 in a given  direction
while converging the plasma to the center of the
housing. Near a coupling portion between the plasma
separation unit 40 and the plasma transfer unit 60, an
oblique-magnetic-field generating coil 43 is provided
to  generate a magnetic field for bending the moving
direction  of the plasma about 90, for example, an
"oblique magnetic  field". The particle trap unit 50
may be provided on the plasma  separation unit 40.
Electrically neutral particles or  particles having a
low electric charge for their mass  generated in the
plasma generating section 10 may come  straight into
the particle trap unit 50 without any  influence of
the magnetic field of the plasma separation  unit 40.
A plurality of fins 53 for trapping the particles  are
provided at an upper end of the particle trap unit 50,



- 7  and are arranged obliquely with respect to an
inner surface  of the housing. The particles entering
the particle trap  unit 50 may dissipate kinetic
energy by being reflected by  the fins 53 a plurality
of times, and may be finally trapped  by the fins 53
or the wall surface of the housing. The plasma
separated from the particles in the plasma  separation
unit 40 enters the plasma transfer unit 60. The
plasma transfer unit 60 may be divided into a plasma-
separation-unit-side connecting portion 62, a particle
trap  portion 63, and a film-deposition-chamber-side
connecting  portion 67. An insulating ring 61 is
provided between the plasma- separation-unit-side
connecting portion 62 and the particle  trap portion
63, and an insulating ring 61 is also provided
between the particle trap portion 63 and the film
deposition-chamber-side connecting portion 67. The
insulating rings 61 may include a material having a
high  insulation performance, for example, fluorine
resin. The  particle trap portion 63 is electrically
separated from the  plasma-separation-unit-side
connecting portion 62 and the
film-deposition-chamber-side connecting portion 67 by
the  insulating rings 61. For example, a voltage lower
by about  5 to 15 V than a ground voltage (0 V) may be
applied to the  plasma separation unit 40 and the
plasma-separation-unit- 



side connecting portion 62, and a ground voltage or a
- 8  positive voltage may be applied to the particle
trap portion  63. The particle trap portion 63 is
divided into an  entrance portion 64 close to the
plasma separation unit 40,  an exit portion 66 close
to the film deposition chamber 30,  and an
intermediate portion 65 provided therebetween. On  the
outer periphery of the entrance portion 64, a guide
coil  641 is provided to generate a magnetic field for
converging  and moving the plasma toward the film
deposition chamber 30.  On an inner side of the
entrance portion 64, a plurality of  fins 642 for
trapping particles entering the entrance  portion 64
are arranged obliquely with respect to an inner
surface of the housing. The diameter of the
intermediate portion 65 may be  larger than the
diameters of the entrance portion 64 and the  exit
portion 66. On sides of the intermediate portion 65,
each of which is close to the entrance portion 64 or
the  exit portion 66, deposition preventing plates
(apertures)  652a and 652b having apertures for
limiting a passage of the  plasma are provided
respectively. The aperture of the  deposition
preventing plate 652a may be provided on a  relatively
upper side, and the aperture of the deposition
preventing plate 652b may be provided on a relatively
lower  



side. Guide coils 651 for generating magnetic fields
for  bending the moving direction of the plasma may be
provided - 9  on the outer periphery of the
intermediate portion 65. To ensure a space for bending
the moving direction of  the plasma, the diameter of
the intermediate portion 65 may  be larger than the
diameters of the entrance portion 64 and  the exit
portion 66. The particles entering the intermediate
portion 65 may dissipate kinetic energy because  of
repetitive reflection in the intermediate portion 65,
and  may be adsorbed onto a wall surface of the
intermediate portion 65. The center axis of the
entrance portion 64  substantially may coincide with
the center axis of the  intermediate portion 65. The
exit portion 66 projects  obliquely downward from the
aperture of the deposition  preventing plate 652b. The
film-deposition-chamber-side connecting portion 67  is
formed in a manner such that the diameter thereof
gradually increases from the particle trap portion 63
toward  the film deposition chamber 30. A plurality of
fins 671 are  arranged in the
film-deposition-chamber-side connecting  portion 67.
On the outer periphery of a boundary portion  between
the film-deposition-chamber-side connecting portion
67 and the film deposition chamber 30, a guide coil 68
is  



provided to converge and move the plasma toward the
film  deposition chamber 30. The stage 32 on which the
substrate 31 is to be placed  10  is provided in the
film deposition chamber 30. A surface of  the
substrate 31, for example, a film deposition surface
faces the direction from which the plasma flows in. A
mechanism for tilting the substrate 31 relative to the
plasma inflow direction or a mechanism for turning the
substrate 31 may be provided in the stage 32. For
example,  the film deposition chamber 30 is coupled to
a vacuum device  (not illustrated). The vacuum device
maintains a given  pressure.in the internal space of
the film deposition  apparatus. The substrate 31 may
include a substrate for a  magnetic recording medium
having a recording layer (magnetic  layer) and a
substrate for a magnetic head having a  recording
element and a reproduction element. With film
deposition, particles may adhere to the fins  53, 642,
and 671 and the deposition preventing plates 652a  and
652b. If the number of adhering particles increases,
the particles may separate from the fins 53, 642, and
671 or  the deposition preventing plates 652a and 652b
and may move  toward the film deposition chamber 30.
Hence, the fins 53,  642, and 671 and the deposition
preventing plates 652a and  652b may be easy to
replace. The housing of the particle  



trap portion 63 may be replaceable. When forming a
carbon film on the substrate 31,  graphite may be used
as the cathode target 12. The vacuum  device keeps the
pressure in the film deposition apparatus  - 11  at
10-5 to 10-3 Pa. For example, plasma may be generated
on  the conditions that the arc current is 70 A, the
arc voltage  is 25 V. and the cathode coil current is
10 A. The plasma  includes ions of carbon that serves
as the film deposition  material. The plasma generated
by the plasm generating section  10 enters the plasma
separation unit 40 of the magnetic- field filter
section 20, and is moved close to the coupling
portion to the plasma transfer unit 60 by magnetic
fields  generated by the guide coils 42a and 42b. The
moving  direction of the plasma is bent by an oblique
magnetic field  generated by the
oblique-magnetic-field generating coil 43,  and the
plasma then enters the plasma transfer unit 60.
Broken lines in Fig. 1 indicate a moving path of the
plasma. Most of the particles generated by arc
discharging in  the plasma generating section 10 may
have no charge or may  have an extremely low charge
for the mass. Most of the  particles generated by arc
discharging may not be  influenced by the magnetic
fields generated by the guide  coils 42a and 42b and
the oblique-magnetic-field generating  



coil 43, and may enter the particle trap unit 50
directly or  while being reflected by the inner
surface of the housing of  the plasma separation unit
40. In the particle trap unit 50,  the particles are
trapped by the fins 53 and so on. Arrows A in Fig. 1
indicate moving directions of the particles.  12  Most
of the particles generated in the plasma  generating
section 10 enter the particle trap unit 50, and  are
trapped by the fins 53 and so on in the particle trap
unit 50. Some of the particles that repeat reflection
by  the inner surface of the housing enter the plasma
transfer  unit 60. These particles may be trapped by
the fins 642 and  the deposition preventing plates
652a and 652b, and may not  reach the film deposition
chamber 30. Positively charged fine particles, of the
particles  generated in the plasma generating section
10, are caused to  bend their moving direction by the
oblique magnetic field  generated by the
oblique-magnetic-field generating coil 43,  and enter
the plasma transfer unit 60 together with the  plasma.
Since a negative voltage, for example, a voltage
within the range of -5 to -15 V is applied to the
plasma  separation unit 40 and the
plasma-separation-unit-side  connecting portion 62,
the positively charged fine particles  are separated
from the plasma, for example, as illustrated  by arrow
B in Fig. 1. The separated particles move toward  



the wall surface of the housing, and are trapped by
the wall  surface of the particle trap portion 63, the
fins 642, and  the deposition preventing plate 652a.
The particles may be removed from the plasma passing
through the plasma transfer unit 60. A path in the
plasma  transfer unit 60 through which the plasma
moves may be 13  nonlinear or may be curved
complicatedly. For this reason,  the movement of the
particles having a large mass with  respect to the
gaseous film deposition component together  with the
plasma may be reduced, and the particles may be
separated from the plasma. The plasma passing through
the particle trap portion 63  enters the film
deposition chamber 30 via the film-
deposition-chamber-side connecting portion 67, and
carbon is  deposited on the substrate 31 to form a
carbon film. The  fins 671 are also provided on the
inner surface of the film- deposition-chamber-side
connecting portion 67, and the  particles passing
through the particle trap portion 63 may  be trapped
by the fins 671. A negative voltage is applied to the
plasma-separation- unit-side connecting portion 62,
and the particles included  in the plasma are removed.
Hence, a high-quality and high- density carbon film
that includes reduced particles may be  formed on the
substrate 31. 



To remove the particles from the plasma, a negative
voltage may be applied to the entire magnetic-field
filter  section 20. By applying a negative voltage to
the plasma separation  unit 40 and the
plasma-separation-unit-side connecting  portion 62,
particles may be removed from the plasma that  enters
the plasma transfer unit 60. The voltage applied to 14
the particle trap portion 63, which is provided
downstream  of the plasma-separation-unit-side
connecting portion 62 in  the plasma moving direction,
may be set to be higher than or  equal to the ground
voltage. The number of particles included in the
formed film may change substantially. Since  the film
deposition material included in the plasma is not
trapped by the surface of the housing, the film
deposition  speed at which the carbon film is formed
on the surface of  the substrate 31 may increase. When
the voltage to be applied to theplasma separation
unit 40 and the plasma-separation-unit-side connecting
portion 62 is higher than -5 V. the particles may not
be  removed from the plasma. In contrast, when the
voltage to  be applied to the plasma separation unit
40 and the plasma- separation-unit-side connecting
portion 62 is lower than -15  V, the film deposition
material, for example, carbon ions  included in the
plasma may be trapped by the surface of the  



housing. This may reduce the film deposition speed.
Thus,  the voltage applied to the plasma separation
unit 40 and the  plasma-separation-unit-side
connecting portion 62 may be  within the range of -5
to -15 V. Figs. 2A and 2B illustrate exemplary plasma.
Plasma  illustrated in Fig. 2A may be plasma that
passes through a  housing 611 to which a negative
voltage is applied. Plasma  illustrated in Fig. 2B may
be plasma that passes through a  15  housing 612 to
which a positive voltage is applied. As  illustrated
in Fig. 2A, when plasma passes through the  housing
611 to which a negative voltage is applied,
positively charged particles included in the plasma
are  separated from the plasma, and are adsorbed onto
the housing  surface. When the plasma passes through
the housing 611 to  which the negative voltage is
applied, the width of the  plasma is increased by the
charges on the housing surface,  as illustrated by
broken lines in Fig. 2A, and a part of the  film
deposition material included in the plasma may also be
trapped onto the housing surface. When the plasma
passes through the housing 612 to which  the positive
voltage is applied, the width of the plasma is
decreased by the charges on the housing surface, as
illustrated by broken lines in Fig. 2B. For this
reason,  the film deposition material included in the
plasma may not  



be trapped onto the housing surface. A carbon film may
be formed on a sample under the  conditions that the
voltage to be applied to the plasma  separation unit
40 and the plasma-separation-unit-side  connecting
portion 62 is -15 V, and the voltage to be  applied to
the particle trap portion 63 is -15 V, -8.8 V, 0  V
(ground voltage), +8.8 V, or +15 V. During film
deposition, the arc current and the arc voltage may be
set  at 70 A and 25 V, respectively. 16  Fig. 3
illustrates an exemplary sample. The sample  includes
a glass substrate 35 for a magnetic recording  medium
having a diameter of 2.5 inches (about 64 mm).
Referring to Fig. 3, an underlying film 36 including a
magnetic material, and a recording layer, for example,
a Co  alloy layer 37 are formed on the substrate 35,
and a carbon  film 38 having a thickness of, for
example, 3 nm is formed  thereon by the film
deposition apparatus. The cathode  target 12 may
contain graphite. Fig. 4 illustrates an exemplary
relationship between an  applied voltage andia film
deposition speed. The horizontal  axis indicates the
voltage applied to the particle trap  portion 63, and
the vertical axis indicates the film  deposition
speed. In Fig. 4, a one-dot chain line indicates  a
film deposition speed (about 8 A/sec) of a carbon film



using CVD. By setting the voltage applied to the
particle  trap portion 63 to be higher than or equal
to the ground  voltage (0 V), the film deposition
speed may become higher  than that of CVD. Fig. 5
illustrates an exemplary relationship between an
applied voltage and a number of particles. The
horizontal  axis indicates the voltage applied to the
particle trap  portion 63, and the vertical axis
indicates the number of  particles in one substrate,
for example, having a diameter  of 2.5 inches. In Fig.
5, a one-dot chain line indicates 17  the number of
particles included in a carbon film formed by  CVD,
for example, about 100 particles. The number of
particles may be counted by a particle counter such as
OSA- 5100 from Candela Instruments. When the voltage
applied to the particle trap portion  63 is
substantially equal to the ground voltage (0 V), the
number of particles in one substrate may be small. The
number of particles in one substrate may be about ten.
When  a positive or negative voltage is applied to the
particle  trap portion 63, the number of particles may
increase. When  the voltage applied to the particle
trap portion 63 is  positive, the number of particles
in one substrate may be 50  or less, which may be half
or less the number of particles  in a substrate formed
by CVD. 



The above-described film deposition apparatus may form
a high-quality carbon film that includes a reduced
number of  particles. The voltage applied to the
plasma-separation-unit-side  connecting portion 62 may
be a direct-current voltage, or an
alternating-current voltage or a pulse voltage biased
to the  negative side. The voltage applied to the
particle trap  portion 63 may be an
alternating-current voltage or a pulse  voltage biased
to the positive side. Metal may be exposed from the
inner surfaces of the  housings of the
plasma-separation-unit-side connecting  - 18  portion
62 and the particle trap portion 63, and the inner
surfaces of the housings may be covered with an
insulating  film. A negative voltage may be applied to
the entire  plasma-separation-unit-side connecting
portion 62, or, for  example, a negative voltage may
be applied to a deposition  preventing plate provided
in the plasma-separation-unit-side  connecting portion
62. Fig. 6 illustrates an exemplary film deposition
apparatus. The film deposition apparatus illustrated
in Fig. 6  includes a plasma generating section 70, a
magnetic-field  filter section 80, and a film
deposition chamber 90. Housings of the plasma
generating section 70, the magnetic- 



field filter section 80, and the film deposition
chamber 90  may mainly include metal such as stainless
steel. The magnetic-field filter section 80 is divided
into a plasma  separation unit 100 and a particle
transfer unit 110. The plasma generating section 70
includes an insulating  plate 71, a cathode target 72,
an anode 73, and a cathode  coil 74. By applying a
given voltage between the cathode  target 72 and the
anode 73, plasma is generated above the  cathode
target 72. By supplying a given current to the
cathode coil 74, a magnetic field for stabilizing the
plasma  is produced. The plasma separation unit 100
includes a cylinder that  19  is substantially curved
90 in an arc form. An insulating  ring 81 including a
material having a high insulating  performance, such
as fluorine resin, is provided at a  boundary between
the plasma separation unit 100 and the  plasma
generating section 70. A plurality of guide coils  82a
and 82b provided on the outer periphery of the housing
of the plasma separation unit 100 form magnetic fields
for  moving plasma generated by the plasma generating
section 70  toward the film deposition chamber 90
while converging the  plasma to the center of the
housing. A plurality of fins 83  are provided inside
the plasma separation unit 100 in a  manner such as to
be arranged obliquely with respect to an  



inner surface of the plasma separation unit 100. The
particle transfer unit 110 includes a negative-
voltage application portion 111 provided close to the
plasma  separation unit 100, a particle removing
portion 112, and a  connecting portion 113 provided
close to the film deposition  chamber 90. Insulating
rings 84 are provided between the  negative-voltage
application portion 111 and the plasma  separation
unit 100, between the negative-voltage  application
portion 111 and the particle removing portion  112,
and between the particle removing portion 112 and the
connecting portion 113. The insulating rings 84 may
include  an insulating material such as fluorine
resin. The  insulating rings 84 electrically separate
the housings of 20  the unit and portions. The
negative-voltage application portion 111 includes a
deposition preventing plate (aperture) 85 having an
aperture  that limits a passage of the plasma. A
voltage within the  range of -5 to -15 V may be
applied to the deposition  preventing plate 85. A
plurality of fins 86 are provided in the particle
removing portion 112, and are arranged obliquely with
respect to an inner surface of the housing. A ground
voltage (0 V) or a positive voltage may be applied
from a  power supply to the particle removing portion
112. 



The connecting portion 113 is coupled to the film
deposition chamber 90. On the outer periphery of the
housing of the connecting portion 113, a guide coil 87
is  provided to produce a magnetic field for
transferring the  plasma from the particle removing
portion 112 into the film  deposition chamber 90. The
film deposition chamber 90  includes a stage 92 on
which a substrate 91 to be subjected  to film
deposition is placed. The above-described film
deposition apparatus may form  a carbon film using
graphite serving as the cathode target  72. The
pressure in the film deposition apparatus is kept  at,
for example, 10-5 to 10-3 Pa, and a given voltage and
a  given current are respectively supplied between the
cathode  - 21  target 72 and the anode 73 and to the
cathode coil 74,  thereby generating plasma. The
plasma generated by the plasma generating section  70
enters the magnetic-field filter section 80, is
converged  to the center of the housing by magnetic
fields generated by  the guide coils 82a and 82b on
the outer periphery of the  housing of the plasma
separation unit 100, and moves toward  the film
deposition chamber 90 along the curved housing.
Electrically neutral particles or particles having a
low charge for the mass, which are generated by arc  



discharging in the plasma generating section 70, may
move  straight in the housing substantially without
being  influenced by the magnetic fields generated by
the guide  coils 82a and 82b. Most of the particles
are repetitively  reflected by the inner wall of the
plasma separation unit  100, the fins 83, or the
deposition preventing plate 85  provided at the
entrance of the negative-voltage application  portion
111, and are finally trapped by the inner wall of  the
plasma separation unit 100, the fins 83, or the
deposition preventing plate 85. Some of the positively
charged particles move together  with the plasma, pass
through the aperture of the deposition  preventing
plate 85, and enter the negative-voltage  application
portion 111. Since a negative voltage is  applied to
the deposition preventing plate 85, the - 22
positively charged particles are separated from the
plasma  by an electrical attracting force, and are
trapped by, for  example, the fins 86 provided in the
particle removing  portion 112 or the wall surface of
the housing. The plasma from which the particles are
removed enters  the film deposition chamber 90, and
carbon deposits on the  substrate 91 to form a carbon
film. Broken lines in Fig. 6  indicate a moving path
of the plasma. The positively charged particles are
separated from the  



plasma by the negative-voltage application portion 111
in  the particle transfer unit 110, and are trapped by
the fins  86 and the wall surface of the housing. The
particles which  enter the film deposition chamber 90
may be reduced. In  this case, a high-quality and
high-density carbon film that  includes a reduced
particles is formed on the substrate 91.  Since a
ground voltage or a positive voltage is applied to
the particle removing portion 112 provided downstream
of the  negative-voltage application portion 111, the
film  deposition material in the plasma passing
through the  negative-voltage application portion 111
is not separated  from the plasma. For this reason,
the film deposition speed  may not decrease. Hence, a
high-quality and high-density  carbon film that
includes a reduced number of particles may  be formed
on the substrate 91. Fig. 7 illustrates an exemplary
film deposition  -23 apparatus. The film deposition
apparatus illustrated in Fig.  7 includes electrode
plates 131 detachably provided in a  housing of a
magnetic-field filter section 20. Other  elements are
substantially identical or similar to those
illustrated in Fig. 1. In Fig. 7, the elements
substantially identical or similar to those in Fig. 1
are  denoted by the same reference numerals. The
electrode plates 131 are detachably provided on  



inner sides of a plasma separation unit 40, a particle
trap  unit 50, and a connecting portion 62 and a
particle trap  portion 63 of a plasma transfer unit
60. Figs. 8, 9, 10, 11A, and 11B illustrate exemplary
electrode plates. For example, an electrode plate 131
is  placed on an inner side of a housing 140 with.
insulating  spacers 132 being disposed therebetween,
and is electrically  separated from the housing 140,
as illustrated in Fig. 8.  The electrode plate 131 is
electrically coupled to a power  supply via an
insulating terminal introducing portion 133.  For
example, a voltage within the range of -5 to -15 V may
be applied to the electrode plates 131 provided in the
plasma separation unit 40, the particle trap unit 50,
and  the connecting portion 62. A ground voltage, such
as 0 V,  or a positive voltage may be applied to the
electrode plate  131 provided in the particle trap
portion 63. The housing  of the film deposition
apparatus may be kept at a ground - 24 voltage.  The
electrode plates 131 include stainless steel plates
having a thickness of 0.5 to 1 mm as an example. The
electrode plates 131 in the plasma separation unit 40,
the  particle trap unit 50, and the connecting portion
62 may be  integrally formed, as illustrated in Fig.
7, or may be  separate from one another, as
illustrated in Fig. 9. The  



electrode plates 131 may be easily detachable, and for
example, may be electrically coupled to one another
via  wiring members. The electrode plate 131 provided
in the  particle trap portion 63 may be divided into a
plurality of  parts, and in this case, the parts of
the electrode plate  131 are coupled electrically.
When film deposition is repeated, particles deposit on
the inner side of the housing of the film deposition
apparatus, and therefore, maintenance, such as
replacement  or cleaning, may be performed. The
particles are adsorbed  by the electrode plates 131
provided on the inner side of  the housing of the film
deposition apparatus. Since the  electrode plates 131
include thin metal plates (stainless  steel plates),
they may be easily replaced or cleaned. The film
deposition apparatus illustrated in Fig. 7 may
provide advantages substantially identical or similar
to  those of the film deposition apparatus illustrated
in Fig. 1.  Maintenance after long periods of
operation may be reduced - 25  and mass productivity
may be improved. Fins 134 for trapping the particles
may be provided on  the inner surface of the electrode
plate 131, as illustrated  in Fig. 10. Insulating
spacers 132 may electrically  separate the electrode
plate 131 and the housing 141, as  illustrated in Fig.
8 or Fig. 11A. Alternatively, an  



insulating material 141 for covering the inner surface
of  the housing 140 may electrically separate the
electrode  plate 131 and the housing 140, as
illustrated in Fig. 118. Fig. 12 illustrates an
exemplary film deposition  apparatus. The film
deposition apparatus illustrated in Fig.  12 may not
include the electrode plate 131 provided in the
particle trap unit 50 illustrated in Fig. 7. Other
elements  may be substantially identical or similar to
the elements of  the film deposition apparatus
illustrated in Fig. 7. In Fig.  12, the elements
substantially identical or similar to the  elements
illustrated in Fig. 7 are denoted by the same
reference numerals. Electrode plates 131 are provided
on inner sides of  housings of a plasma separation
unit 40 and a particle trap  portion 63. Since the
electrode plates 131 illustrated in  Fig. 12 remove
charged particles from the plasma, the  electrode
plates 131 may be arranged along an area where the
plasma passes. The film deposition apparatus
illustrated in  Fig. 12 may provide advantages
substantially identical or - 26 similar to those of
the film deposition apparatus  illustrated in Fig. 1.
Fig. 13 illustrates an exemplary film deposition
apparatus. The film deposition apparatus illustrated
in Fig.  13 may not include a particle trap unit 50
illustrated in  



Fig. 12. Other elements may be substantially identical
or  similar to the elements of the film deposition
apparatus  illustrated in Fig. 12. In Fig. 13, the
elements  substantially identical or similar to the
elements  illustrated in Fig. 12 are denoted by the
same reference  numerals. Since the moving direction
of the plasma is bent by an  oblique-magnetic-field
generating coil 43, an upper portion  of a plasma
separation unit 40 protrudes upward from a connecting
portion to a plasma transfer unit 60 by an amount
corresponding to the oblique-magnetic-field generating
coil  43. The film deposition apparatus illustrated in
Fig. 13  may provide advantages substantially
identical or similar to  those of the film deposition
apparatus illustrated in Fig. 1.  Since the film
deposition apparatus illustrated in Fig. 13  does not
include a particle trap unit, it may be small and
easy to handle. The film deposition apparatus may form
films from  various materials. 27  Example embodiments
of the present invention have now  been described in
accordance with the above advantages. it  will be
appreciated that these examples are merely
illustrative of the invention. Many variations and  



modifications will be apparent to those skilled in the
art. 28  CLAIMS  1. A film deposition apparatus
comprising: a plasma generating section configured to
generate  plasma between a cathode target and an
anode; a film deposition chamber in which a base
material is  placed; and a magnetic-field filter
section configured to remove a  particle from the
plasma by a magnetic field and to transfer  the plasma
to the film deposition chamber, wherein the
magnetic-field filter section includes: a  first
housing area to which a first voltage is applied; and
a second housing area, provided downstream of the
first housing area in the moving direction of the
plasma, to which  a second voltage is applied. 2. The
film deposition apparatus according to claim 1,
further comprising: a first electrode plate provided
in the first housing  area and electrically separated
from the first housing area;  and a second electrode
plate provided in the second housing  area and
electrically separated from the second housing area,
wherein the first voltage is applied to the first
electrode plate and the second voltage is applied to
the  



-29 second electrode plate. 3. The film deposition
apparatus according to claim 1,  wherein the first
voltage is a negative voltage, and the  second voltage
is higher than the first voltage. 4. The film
deposition apparatus according to claim 2,  wherein
the first voltage is within a range of -5 to -15 V,
and the second voltage is either a ground voltage or a
positive voltage. 5. The film deposition apparatus
according to claim 1,  wherein the magnetic-field
filter section includes: a  particle separation unit
configured to separate the plasma  from the particle,
and a plasma transfer unit configured to transfer the
separated plasma to the film deposition chamber. 6.
The film deposition apparatus according to claim 1,
further comprising: a first insulating portion
configured to electrically  separate the plasma
generating section from the first  housing area; a
second insulating portion configured to electrically
separate the first housing area from the second
housing - 30  area; and a third insulating portion
configured to electrically  



separate the second housing area from the film
deposition  chamber. 7. The film deposition apparatus
according to claim 5,  further comprising a coil,
provided on an outer periphery of the plasma  transfer
unit, configured to generate a magnetic field for
curving a transfer path of the plasma. 8. The film
deposition apparatus according to claim 5,  further
comprising: a deposition preventing plate, provided in
the plasma  transfer unit, configured to include an
aperture  corresponding to a transfer path of the
plasma. 9. A film deposition method comprising:
generating plasma between a cathode target and an
anode  in a plasma generating section; separating a
particle from the plasma by applying a  magnetic field
to the plasma in a magnetic-field filter  section;
forming a film by depositing ion included in the
plasma  passing through the magnetic-field filter
section onto a 31  base material in a film deposition
chamber; applying a first voltage to a first housing
area of the  magnetic-field filter section; and
applying a second voltage to a second housing area of



the magnetic-field filter section provided downstream
of the  first housing area in a moving direction of
the plasma. 10. The film deposition method according
to claim 9,  wherein the first voltage is applied to a
first  electrode electrically separated from the first
housing area,  and wherein the second voltage
isapplied to a second  electrode electrically
separated from the second housing  area. 11. The film
deposition method according to Claim 9,  wherein the
first voltage is a negative voltage, and the  second
voltage is higher than the first voltage. 12. The film
deposition method according to claim 9,  wherein the
first voltage is within a range of -5 to -15 V,  and
the second voltage is either a ground voltage or a
positive voltage. 13. The film deposition method
according to claim 9,  - 32 further comprising:
separating the plasma from the particle by a magnetic
field; transferring the separated plasma to the film
deposition chamber; and curving a transfer path of the
plasma by a coil. 14. The film deposition method
according to claim 9,  



wherein graphite is used as the target. 15. The film
deposition method according to claim 9,  wherein the
base material includes a substrate for forming a
magnetic recording medium or a substrate for forming a
magnetic head. - 33  


