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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 recorde 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.



nitride (SiNX), or alum num oxide (A1203). A carbon
protective film minly containing carbon may be forned
by sputtering or chem cal vapor deposition (CVD).
SUMVARY According to one aspect of the enbodi nents, a
film deposition apparatus is provided which includes:
a plasma generating section configured to generate

pl asma between a target and an anode; a film
deposition chanber in which a base material is
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first age I's appl1ed; and a secdond housi ng area,
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features of the invention will be set forth in part

in the description that follows, and in part wll

beconme nore apparent to those skilled in the art upon

exam nation of the foll ovwgmemmRgy upon | earning by

practice of the invention. - 2 BRIEF DESCRI PTI ON OF

THE DRAWNGS Fig. 1 illustrates an exenplary film

depowiandimg dppars wsspect 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 frém 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.



Figs. 2A and 2B illustrate exenplary exanples; Fig. 3

illustrates an exenplary sanple; Fig. 4 illustrates an
exenpl ary rel ati onship between an applied voltage and
a filmdeposition speed; Fig. 5illustrates an
exenpl ary rel ati onship between an applied voltage and
a nunber of particles.; Fig. 6 illustrates an

exenplary filmdeposition apparatus; Fig. 7
illustrates an exenplary filmdeposition apparatus;
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apggrééﬁy§trates an exenplary film deposition o
apparatus; and Fig. 13 illustrates an exenplary film
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t hi ckness of a carbon protective filmtorned by CVD -
3 MRy be atnutietddar SéMelapyOobgabiyg fil mmy be

formed by a filtered cathodic arc (FCA) nethod using
an mirg. ab #l1lydinsdfes @ Cexemplary 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. © illustrates an exemplary film deposition
apparatus;
Fig. 7 illustrates an exemplary film deposition
apparatus; |
Fig. 8 illustrates an exemplary electrode plate;
Fig. 2 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 depositicn
apparatus; and
Fig. 13 illustrates an exemplary film deposition

apparatus.

DESCRIPTION OF EMBODIMENTS

The thickness of a carbon protective film formed by CVD




Since the FCA nethod utilizes arc discharging in which
a discharge ignition tenperature is 10000C or nore,
carbon having a high heat resistance nay be nelted or
sublimated easily. Filmdeposition may be perforned
using only carbon as the material. Since a carbon
protective filmfornmed by the FCA nethod has a high
proportion of an sp3 bondi ng conponent, the density
and hardness thereof may be higher than those of a
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equal to that of a carbon protective filmhaving a
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perforns filmdeposition by the FCA nethod is
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has a high proportiogpof zn sp3 bogding compenent, the

density and hardness therecof 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 FCA method may

have a durability higher than or equal to that of a carbon

protective film having a thickness of 4 nm 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




apparatus. The film deposition apparatus illustrated
in Fig. 1 includes a plasma generating section 10, a
magnetic-field filter section 20, and a film
deposi ti on chanber 30. Housings of the plasm
generating section 10, the magnetic- field filter
section 20, and the fil mdeposition chanber 30 may be
mai nly formed of nmetal such as stainless steel. The
magnetic-field filter section 20 may be divided into a
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subjected to film deposition, for exanple, a base
maysbternainly Homed. ofnmehslll atichgapl steihless pteeldedThe
at a |ower end of the housing of the plasna
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cathode 12 is placed on the
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 pérticle 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 uhit 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 pléced.

An insulating plate 11 is provided at a lower end of

the housing of the plasma generating section 10, and a




insulating plate 11. A cathode coil 14 is provided on
the outer periphery of the | ower end of the housing
of the plasm generating section 10, and an anode 13
is provided on an inner surface of the housing.
During filmdeposition, a certain voltage is applied
froma power supply (not illustrated) to the cathode
target 12 and the anode 13, so that arc discharging
I's caused there between and plasma is generated above
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(not illustrated) for applying a voltage that
illusggeted preodisehaaghode fargatt ifeagdsthe aandendndi, so
gas may be supplied into the plasma generating
thatcarondischargingssar gaudad theret betwkenhand pdasma is
separation unit 40 in the magnetic-field filter _
gengrates acoveythe cathode thzngethdl.di Enwtberef at pertain
pl asma generating section 10. An insulating - 6
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 intoc 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



ring 41 is provided at a boundary between the plasma
generating section 10 and the plasna separation unit
40, and electrically separates the housing of the
pl asma generating section 10 and the housing of the
pl asma separation unit 40. For exanple, the
insulating ring 41 includes fluorine resin having a
hi gh insul ation perfornmance. Guide coils 42a and 42b
are provided on the outer periphery of the housing of
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provi ded at an upper end of the particle trap unit 50,
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
cblique-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
i nner surface of the housing. The particles entering
the particle trap wunit 50 may dissipate kinetic
energy by being reflected by the fins 53 a plurality
of tinmes, and nmay be finally trapped by the fins 53
or the wall surface of the housing. The plasm
separated fromthe particles in the plasma separation
unit 40 enters the plasma transfer unit 60. The .
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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 €7. 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 portien 62, and a ground voltage or a



si de connecting portion 62, and a ground voltage or a
- 8 positive voltage nay be applied to the particle
trap portion 63. The particle trap portion 63 is
divided into an entrance portion 64 close to the

pl asma separation unit 40, an exit portion 66 close
to the filmdeposition chanber 30, and an

i nternmedi ate portion 65 provided therebetween. On the
outer periphery of the entrance portion 64, a guide
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g3zdeposi tion chamber 30. On an inner side of the
entrance portion 64, a plurality of fins 642 for
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the exit portion 66, deposition preventing plates
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l[imting a passage of the plasma are provided
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preventing plate 652b may be provided on a relatively

On | gapeinner side of the entrance portion 64, a plurality of

fins 642 for trapping particles entering the entrance

portion 64 are arranged obligquely 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 €4 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 depositiocon
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



side. Quide coils 651 for generating magnetic fields
for bending the noving direction of the plasm may be
provided - 9 on the outer periphery of the

i nternedi ate portion 65. To ensure a space for bending
the noving direction of the plasma, the dianeter of
the internediate portion 65 may be |arger than the

di aneters of the entrance portion 64 and the exit
portion 66. The particles entering the internediate
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aperture of the deposition preventing plate 652b. The
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toward the filmdeposition chanber 30. A plurality of
of frepetitiieecrefiieatyend in the intermediate portion 65, and
fil mdeposition-chanber-side connecting portion 67.
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the filmdeposition-chanber-side connecting portion
postZiemdéehe fil m deposition chamber 30, a guide coil 68

SThe 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 platé 652b.

The film-deposition-chamber-side connecting portion 67
is formed in a manner such that the diameter thereof
gradually increases from the patticle 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 depecsition 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
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provi ded to converge and nove the plasm toward the
film deposition chanber 30. The stage 32 on which the
substrate 31 is to be placed 10 is provided in the
filmdeposition chanber 30. A surface of the
substrate 31, for exanple, a filmdeposition surface
faces the direction fromwhich the plasma flows in. A
mechani smfor tilting the substrate 31 relative to the
pl asma infl ow direction or a nmechanismfor turning the
: §&p§¢ I QX §Bnt BRagbage382- kO
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substrate for a magnetic head having a recording
platmareitf bowl direptboncodroa meenenism\\Ebbh tukming the

deposition, particles nay adhere to the fins 53, 642,
substir&7d 3hdmayebeeposvided pnetbat shggel 32es EbBZaexample,

652b. If the nunber of adhering particles increases, .
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671 or the defosition preventing plates 652a and 652b
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Hence, the fins 53, 642, and 671 and the deposition
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repl ace. The housing of the particle
apparatus. {ke s&bstgate 51 may gnciude 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 £ilm on the substrate 31,

graphite may be used as the cathode target 12. The vacuum

device keeps the pressure in the film deposition apparatus




trap portion 63 may be replaceable. Wien formng a
carbon filmon the substrate 31, graphite nay be used
as the cathode target 12. The vacuum device keeps the
pressure in the filmdeposition apparatus - 11 at
10-5 to 10-3 Pa. For exanple, plasma nmay 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
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by the plasm generating section - 10 enters the plasna
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pl asma then enters the plasma transfer unit 60.
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pl asma. Most of the particles generated by arc
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The moving
direction of the plasma is bent by an obligue magnetic field
generated by the obligque-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 geneiated 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
colls 42a and 42b and the oblique-magnetic-field generating
coil 43, aﬁd 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.
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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 Ain Fig. 1

i ndicate noving directions of the particles. 12 Mbst
of the particles generated in the plasna generating
section 10 enter the particle trap unit 50, and are

t [ AS: LN, th ] t
1 098 S 18 G0 e n8SEed LS 20
' ‘ _ t h i t he .l
ooy 1y BB 4 0aEhs! e BUEAIBIE" e 1B, S an

aré herdppéa b@ﬂg £ih8 ggpQﬁBtEenoﬂriﬁeQBFnBaEkﬁhgi_trap

652a and 65 and may not reach the filmdeposition

unfhagper SOmeP9si thyehyrehalggdehhberBpbhiChe¥l etk ibhe by
particles generated in the plasma generating section

thdOinf¢ £ sarssedet 6f PREJhHNCEhgMBMtBe dhecplhemaby rhb@fer
oblique magnetic field generated by the :

unDbl 6¢jue-Thgset partiel dsgmagr bei ngappell By, thendiast 642 and

the plasma transfer unit 60 together with the plasma.
théi deposi nboat preventingeplatesckbbpl andabb@bl, agad may not

within the range of -5 to -15 Vis applied to the
reptiystivse Etpardeposithor dbambert BE.

pl asma- separ ati on-unit-side connecting portion 62,

t hqsodi itvedyl chargeb f inecpaekiciers ofirthecparbicles

fromthe plasma, for exanple, as illustrated by arrow
generatesigin itherplagpar gerarphingcpestipnelPovarg caused to
bend their moving direction by the oblique magnetic field
generated by the obligue-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
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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 renoved fromthe plasma passing

t hrough the plasma transfer unit 60. A path .in the
plasma transfer unit 60 through which the plasma
noves may be 13 nonlinear or may be curved
conplicatedly. For this reason, the novenent of the

noB{ A&} 66 NAYY Be 2ch AL 8 Eaﬁﬁlﬂbkﬁadi§3pe?brtQh&gereason,
gaseous fil mdeposition conponent together wth the

thé RGFEmeRy & tREUSLEtiaDds! RavRagt hChaegEPHaBs with
separated fromthe plasma. The plasma passing through

redpectpard i €he §ieponer i 8SposhtebR EbApbhbAt together
deposition chanber 30 via the film

witdepose tphasmdandgrbei dedaosdpcahdgther papbiblesandy be

carbon is deposited on the substrate 31 to forma
separdoed ffrom fiive plasma671 are al so provided on the

inner surface of the film deposition-chanber-side

c orfine ti o ma sy | thareignet hp parti ebe pasap portion 63

through the particle trap portion 63 may be trapped
enygrs hehe | fHiklm 7depashetan chapbera3e véaasppu €d41lmo t he

pl asma- separati on- unit-side connecting portion 62,
dew@mﬁemla%ssiw aa%ecthnghéostaeﬁaﬁar eapgnfaghon is

Hence, .a hi gh-qu and h- densit rbo i | m
denmt%c%d*g% ‘Sahetefa 3 cPRsthER BotaFBPRod s nEhe

SUQ&}{Q&E% 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—qdality 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




To renove the particles fromthe plasm, a negative

voltage nay be applied to the entire magnetic-field

filter section 20. By applying a negative voltage to

the plasma separation wunit 40 and the ,

pl asma- separati on-unit-side connecting portion 62,

particles may be renoved fromthe plasma that enters

the plasma transfer unit 60. The voltage applied to 14

the particle trap portion 63, which is provided

t se I 9Q- WAj bHE das

th%ggélgnﬁeciéfé” tPé?igﬁrg£3§”§3 Qﬁif.‘h 98 #gbhab% downstream

ting por n ~fhe plasim ving direction

of "&Ye bﬁlé&ﬁalé’eﬁﬁﬁﬁt%ﬁf-uﬁhé%ﬁ?&e g8HAbctInbNBoPteRd 62 in
vol tage. The nunber of particles included rn'the

thé BI®shd i hoviRY Lp88eisHPShapt bal k¥t Sbnpe hibfekl kMan or
deposition material included Tn the plasnma is not

eqid BPRedchy dheusd’ ¥aLeagé. t hehBoHEemBer bephirkitles
deposition speed at which the carbon filmis forned

in®udéd Snirtne efofmed heisnbmkyatRadgensyubsnaneaatdly\Wesince

the voltage to be applied to theplasm separation
theinfilrOdepolsibiop matersapaintiodednih- thdeptasmactisngot

portion 62 is higher than -5 V. the particles may not
trapped doyvele f sonfade ofathe. housingsr she, fikmndepesition

voltage to be applied to the plasm separation unit
speryd anld winkch| tencaskpar filwnianferapdecpofhecsinface of

portion 62 is |lower than -15 V, the filmdeposition
thepihstrate ofl sRayplBCreasBon ions included in the

pl asma may be trapped hy the surface of the ' )

When thHe voltage to bPe applied to the plasma 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 trappéd 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 ﬁhich a negative voltage is applied. Plasma

illustrated in Fig. 2B may be plasma that passes through a
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~housing. This may reduce the fil m deposition speed.

- Thus, the voltage applied to the plasma separation
unit 40 and the plasma-separation-unit-side
connecting portion 62 may be wthin the range of -5
to -15 V. Figs. 2A and 2B illustrate exenplary plasna.

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

ho&ﬁa%%aéﬁ? tHfhPeRSESpboL L1168 @eléigehQHShPPlﬁéa;toAs

a positive voltage is applied ustrated

ilidstrstedAn WEG. PLAS "RheASEEa sl pigBekhenrbaghl Rbe
611 to which a negative voltage is applied,

hopobhd | #B1 ytehah 6N fanégstevei polludgd L8 applpeasma

are separated fromthe plasma, and are adsorbed onto
posieivelgi cigargedipaetivbea ihelpdedminpahecplabmaugire

the housing 611 to which the negative voltage is
sepaptied, f1dore bhetblasmaheangl asenadsorbedeastd bhet housing

charges on the housing surface, as illustrated by
supfaken |Wres therplasma, pasdea phrough the hbuising 611 to

deposition material _included in the plasma nmay al so be
whichpphe regativie violtaag sarappilednchhenwigkhsef the

passes through the housing 612 to which the positive
Pl33ma ot +%°%®®¥¢@dbytﬁaemPEFﬁgﬁF PRetpRabRUSiRY surface,

decreased by the charges.on the housing surface, as
as | 111NE v 5a%eA 09Y LPERERN| LhBES| ANFFLG- 28R, FARC, fj bart of the

fl%EQ§O O éf%%zﬁé erlgfsiﬁafudggtsglghe ggggdeQ E $0 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 surfaée,-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 tc be
applied to the particle trap portion 63 is -15 VvV, -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.




be trapped onto the housing surface. A carbon film my
be formed on a sanple 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 -15V, -8.8V, 0 V
(ground voltage), +8.8 V, or +15 V. During film
deposition, the arc current and the arc voltage may be

selps ! 70 1) i Fes aﬁeéyg.r%&uf# Lo Orhé sample

illustrates an exenplary sa mple “inc

inéuﬁ$é§sa P§5535§b§§r£9é 85 eee%aggaﬁse&é'%@co%aﬂham

havi ng a |aneter I nc

medBhR' haPn Oa FiYamdte@Nondes! Yhbdek! [(Bb3GL B4l HA)Ng 2
magnetic naterial, and a recording |layer, for exanple,

RefefPingl toYFigyes, 3dnanifdbel YRAgORi e 3sUbGLNaHENg5a
and a carbon film 38 havi ng a thi ckness of, for

magxertpt emaBential s Andnadretbedeny hyyeke Ebtcmaxample, a Co
deposition apparatus. The cathode target 12 may

alboyt bayegr 3phate. f£&rmed4on| thet sabssranee38pphatlya carbon
rel ati onship between an applied voltage andia film

filepdlibavingpacthidknedar ofpnfak eaamplendidcamed st formed
vol tage applied to the particle trap portion 63, and

therecnepyithae &ikin deppaitéent Apperafusdepdbet cathode
speed. In Fig. 4, a one-dot chain |line indicates a

taxgetn HpBaytsontapeearaphdtie.8 A/sec) of a carbon film

Fig. 4 illustrates an exemplary relationship between an
applied voltage andla 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
axXis 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. 1In Fig. 5, a cone-dot chain line indicates
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using CVD. By setting the voltage applied to the
particle trap portion 63 to be higher than or equa
to the ground voltage (0 V), the filmdeposition
speed may becone higher than that of CVD. Fig. 5
iIllustrates an exenplary relationship between an
appl i ed voltage and a nunber of particles. The

hori zontal axis indicates the voltage applied to the
particle trap portion 63, and the vertical axis

thérﬁ“ﬁﬁgf th%nypfés %ncfﬁ@&&ckﬁ Qggﬁgns§9§hrébgp§§ by

ex anp hés
cvd, FoEnEssRbFITBobt T ER R AT, 1 e g

afﬁ!cﬁé§qﬂiﬁﬁp§b88ﬁnégg B?ré'ghfﬁicIQecBHHE@E Shch as osa-

parti cles be counted parti cl e counter such as

Sléﬁyfréﬂqgaﬁaéﬂ&C?ﬁﬁ@kﬁméﬂ§brU”Ents When the vol tage
applied to the particle trap portion 63 is

submeantdrdd Yol dpplied of®urke Vi eD€1€ Ot Mip pbLtion

nunber of particles in one substrate may be small. The

63 nlyrbsyibstapei 41Ty e6qualone shHesyrandneplhageabqot vignthe
When a positive or negative voltage is applied to the

numiset | of epatthplesrinooné3subleratebmayobepankildl. es They
i ncrease. When the voltage applied to the particle
nunbep OrpaovtiéBessinposet sBubstrhtenmayebeohbpatt tenes When
in one substrate may be 50 or less, which may be half
a ppsikivetoe npeaseivef vepltape| &8 appliedubot theeppaticde
trég'éag%ion 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 particie 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 cdnnecting
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The above-described fil mdeposition apparatus may form
a high-quality carbon filmthat includes a reduced
nunber of particles. The voltage applied to the

pl asma- separati on-unit-side connecting portion 62 may
be a direct-current voltage, or an _
alternating-current voltage or a pul se voltage biased
to the negative side. The voltage applied to the
particle trap portion 63 may be an

. : Nl .
poftdih 062 AMATHAE SBATYPRAB2P-ab BoBYASR 647 pRATHRCIRRer
sut s SYE f A€ Shohsihgs Hggsbggéoggréaewithlgn %gsulating

pl asnma-separati on-unit-sife connecting - rtion

fifik. andl Ad§aPPydi _Jafta{;épmagarﬁé_oapémageo_t t&ﬁeggﬂe&re

surfaces of the housings nay be covered w

plasthal Sdpdfat {bhtunfe D80aé 1 ¥enNeLt 288 pBYtREBnapRl i e¢,t For
the entire plasma-separation-unit-side connecting

exdmplé Ona Oleg@Eivé Ovol€XG8PhEy Pengpplivd Yol hagepdBition
be applied to a deposition preventing plate provided
preventingl phate sgpavidedninnthespliasmaesaparangopeuntiarside
62. Fig. 6 illustrates an exenplary film deposition
compeet g spoftiohi €21 deposition apparatus illustrated
in Fig. 6 includes a plasma generating section 70, a
madiat. & fildlubt fdesrans axtdénplaly Hihtndépesition
deposi ti on chanber 90. Housings of the plasm
APRAFRFWTi ng section 70, the nmagnetic-

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 S0
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
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field filter section 80, and the film deposition
chanmber 90 may nmainly include netal 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

gi ven vol tage between the cathode target 72 and the

isfﬁﬁﬁ@kié&%&%ﬂ?”@ufﬁe@egﬁﬁaiﬁdaﬁb9¥$_Eaﬁm.cahﬁg@ﬁsulating

tar get y" supplying a given current to t

rirgf‘té‘Pdfné‘PﬁéirYé’ a dmABEPEAL l%&irfha Lohigha@hbh{b'ﬂ&n he

asma 1s produced. The plasna Separafion unit 10

pelfSimieSe 2 SYEhNEET £108Eind drebEnyURS! pRbkablen ayr wed
90 in an arc form -An insulating ring 81 including a

bouRd£ry dbe tadén Ot he hp DasnaSsepakagiopenhetMoOcanduehe
as fluorine resin, 1s provided at a boundary between
plddmsa pyaserasipgr sécobonn70. 108 phdrahétypbisgaide coils
generating section 70. A plurality of guide coils 82a
82anahd@ 282iprprodieded nos heheutete pepephphergf of hehkohsusdng
of the plasma separation unit 100 form magnetic fields
of fthe phasmy péparatiencunitdld) fhempmagnaticnéieflidsg for
section 70 toward the fil mdeposition chanber 90
moving P byt rgengraked byathe poasma genecatangt gection 70
housi ng. Axﬁéuraljtg of fins 83 are ggovided i nsi de
toward the nbl ke deResbhiani fhagbern %9 whihReFOBYERIART: She
be arranged obliquely with respect to an
plasma to é%e centgr 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 peortion 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 B4 electrically separate the housings of
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i nner surface of the plasma separation unit 100. The
particle transfer unit 110 .i ncl udes a negati ve-

vol tage application portion 111 provided close to the
pl asma separation unit 100, a particle renoving
portion 112, and a connecting portion 113 provi ded
close to the fil mdeposition chanber 90. Insulating
rings 84 are provided between the negative-voltage
application portion 111 and the plasna separation

byl he negative-voltage application
théjp(r}%xjti:‘l'éog&}iﬁi ' i“@ t Lé particle renoving portion 112,

‘angRetiReR tJ@-M&A #ﬂ@éf‘ﬂm@%éf@&ﬂlﬁﬁnﬂn&bﬁdw a

connecting portion 11 he 1 nsulating rings 84 may

depd¥d tiish Fre wﬁﬂi&%lﬁgaﬁat eipaktapel 85 hhvehiyN8n aperture
resin. The insulating rings 84 electrically separate

thdthel ieliss ngSpis2fe dPechdi blasrlapor Al 983tagBewithin the
negati ve- voltage application portion 111 includes a

ramippost t+HnePrevenvimgy pbat eppapedt yoekh85dbpusigian
aperture that limts a passage of the plasna A
prerpiritaieg Wwldte 8he range of -5 to -15 V may be
applied to the deposition preventing plate 85. A
pl & Fliunalditf iols Bihards mowipkeevided hin pthe i pacticle
removing portion 112, and are arranged obliquely with
renesing tpeotten i hher andface @rremegogbrhﬁguel\mwé@hd

voltage (0 V) or a positive voltage may be applied
re§pefsh oo ek nrepHpPYr face hef phhe mésrtéﬁav. Ag9penndon

vofgége (0 V) or a positive voltage may be applled from a
power supply to the particle removing portion 112.

The connecting pdrtion 113 is coupled to the film
deposition chamber 90. On the outer periphery cof 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™° to 107% Pa, and a given voltage and a

given current are respectively supplied between the cathode
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The connecting portion 113 is coupled to the film
deposition chanber 90. On the outer periphery of the
housi ng of the connecting portion 113, a guide coil 87
is provided to produce a nmagnetic field for
transferring the plasma fromthe particle renoving
portion 112 into the film deposition chanber 90. The
filmdeposition chanber 90 includes a stage 92 on

whi ch a substrate 91 to be subjected to film

afff0051} | el o0 8650e THEQAHONE SRSCEABRAAR LBUL 74,

1 on appar us may orm a car m usli

thé&%ﬁ% ééhéfgy f??agﬁé cat hode target 72. The

eint posi tion apparatus is kept at,

f OFPHRX HY fina %&fg&é& By Rehe ﬁ’é’fiﬁ@eséeglon

a given current are respectively supﬁyled bet ween t he

70 Cai@Ee the Zﬁagﬁé«w@t—fz&anﬂl1’aerasaee13ﬁ 80y ie thaverged
cat hode coil 74, thereby generating plasma. The

toF&W@n@emﬁﬁﬁf@feﬂhQthhglﬁbaB?H mggnetati fgeddst geRerdBed by
enters the magnetic-field filter section 80, is

theoanvbdgeckils 822 andt@2bobnt bhehousepgpkyiphegret o€ the
fields generated by the guide coils 82a and 82b on

housmingu Ertiperpbasmy sépabatibousniy 000t hendl mores toward
separation unit 100, and noves toward the film

thelebbbn tdeposhbhoer chambeongOt Akongr tbe hvuyedghousing.
Electrically neutral particles or particles having a

| o l@srgecEloky tnrutess Par: thi e oyprrhielepyhaying 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.beiﬁg
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
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di scharging in the plasm generating section 70, nmay
nmove straight in the housing substantially w thout
being influenced by the magnetic fiel ds generated by
the guide coils 82a and 82b. Most "of the particles
are repetitively reflected by the inner wall of the
pl asma separation unit 100, the fins 83, or the
deposition preventing plate 85 provided at the
entrance of the negative-voltage application portion

po& ivéf éﬁ&:%éaabéytia%ggegrgysggsrhggaff@%thﬂk p13&ma

asma Separation” unit

by d&ﬂ"éléb@fz.@&ﬂ&ﬂik&&tﬁ?h&t fogée, SafR ket E% Wt bye! ¥or
charged particles nove toget with the plasma, pass

exirﬂgBPé',g hth&erapgr 8or grotibba dapeset Pa&ua&av @4 ng
pl ate 85, and enter the negative-voltage appllcatlon

poPPidhon1dldr ShecRaBlnsgathye vel tﬁ@ehb&siﬂgm ied to
the deposition preventing plate 85, the -

posite \tell asmhaf gl wisddh Ctlos part Sehes aard femovélicenters
plasma by an electrical attracting force, and are
the rfippeddéyosibionezhapber 80g andsc8fbpnodegediits bhethe
particle renmoving portion 112 or the wall surface of
subserabesPhgto Therpl asacarboonfihinch Bhokpar lickesiar £#ig. 6
renoved enters the filmdeposition chanber 90, and
indieape Ycopoving pathhef thespias®agl to form a carbon
f|In1 Broken lines in Fi i ndicate a nDV|ng gath
@

Thee Hﬂfe?strﬁéfehméﬂb%%QQ‘gv@?t-%%e@r%ﬁ?P%FQ rfrom the

égratedfronwthe . . .
plas 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. 1In
this case, a high-quality and high-density carbon film that
includes a reduced particles is formed on the substrate 91.
Since a ground veoltage or a positive voltage is applied to
the particle removing portion 112 provided downstream of the
negative-voltage application portien 111, the film
deposition material in the plasma passing through the
negative-voltage application porticon 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 nﬁmbér of particles may
be formed on the substrate 91.

Fig. 7 illustrates an exemplary film deposition




pl asma 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 chanber 90
may be reduced. In this case, a high-quality and

hi gh-density carbon filmthat includes a reduced
particles is forned on the substrate 91. Since a
ground voltage or a positive voltage is applied to

- tic re [ | is _ ip T .
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the TilmdepoSition speed may not decrease. Hence, a

e dthdi Uit & t yuBSEant D1 BensbNt 1 €albep bimilbkRato those

i ncl udes a reduced nunber of particles may be forned
ilomsthetedibsh rpig. 91. FIg. Figll tysthat esemdnexenpl ary

fil mdeposition -23 apparatus. The fil m deposition
sulbppaittdably | 1deht ital on Sigila¥ tocthdee theftigodd are

pl ates 131 detachably provided in a housing of a
demzigtthy - thel sahe | tefesesceonu@dralsher el enents are

substantially identical or simlar to those

i | IThet redtestt daderiglaties |13 Fiagpe detachabbbvraprevided on

~substantially identical or simlar to those in Fig. 1

inngn sidewtet dpyplasmapepasebiencunitindPal 3. Paxticle trap

el ectrode plates 131 are detachably provi ded on
unit 50, and a connecting portion 62  and a particle trap

portion 63 of a plasma transfer unit 60.

Figs. 8, 2, 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‘insﬁlating.
spacers 132 being disposed therebetween, and is electrically
separated from the housing 140, as illustrated in Fig. 8.
The electrode plate 131 is electricallf 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
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i nner 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 exenpl ary
el ectrode plates. For exanple, an electrode plate 131
is placed on an inner side of a housing 140 wth.
insulating spacers 132 bei ng di sposed therebetween,
and is electrically separated fromthe housing 140,
‘vof?a%é[ystrated in Fig. 8 The electrode plate 131 is
e trlcally coupled to a power supply via an

e

[ t t

ooy ¢ T URIE Rlarf B TLAOLAE  spRididss qEEel places
habgPal tRickAesbeot! 6esT 0de1Phil 63 ARLeRafLed el ne

pl aSma separation unit 40, the particle trap unit 50,

el@@@lroa@epp@asscmnglﬁ%h@o?ﬁamaAaaEa!adwﬁl LRge wuclf&he
OV, or apositive voltage may be applied to th

paft B€1¢ otleapl ahet 88) @ahaviHedcbAnkheipgr bbgkeoh’ 82 may be
portion 63. The housing of the film deposition

ineppea bl ysforyedys &epilidtssdrgtedndn- F24.v0lt agemayThe
el ectrode plates 131 include stainless steel plates
sepmyate fromi cheeasobthep, Sasoillumtzated énabfhbe. 9TheThe
el ectrode plates 131 in the plasma separation unit 40,
elegrogerplatest 13@ mmrt bg0eaahdyt tietachabdei ngngoifoiron
62 may be integral fornmed, as illustrated in Fig.
example, Mgy bee ¢ ta @allwnﬁeﬁplaﬁotnepneasnother via

illustrated in Fig. 9. The
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 fiim 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
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el ectrode plates 131 may be easily detachable, and for
exanpl e, may be electrically coupled to one another
via wring nmenbers. The el ectrode plate 131 provided
in the particle trap portion 63 nmay be divided into a
plurality of parts, and in this case, the parts of
the electrode plate 131 are coupled electrically.
Wien fil mdeposition is repeated, particles deposit on
the inner side of the housing of the film deposition

and & aciéi“? L SMW&@%@??MEEST The
S?gf/’i“? 3 on t e mr@q de o:‘qﬁaﬂhﬁ%%%%g %%e?ﬂ&g%ded on

thélennsd £ | A PREG" G UBhe 168t EH8e SLEEET 248 IOL--.St ﬂlé%rated
include thin netal plates (stainless “steel pl at es)

in tHRY, NBY. bereasidvingps @ér@rls-beﬂagdeﬁbe:ibhny
deposition apparatus illustrated in Fig. 7 may

serid 0/t &l ec sl velDé @EESAS UPTa St 131 | anddEnei RolisdhgsiKll, aas
to those of the filmdeposition apparatus illustrated
iliustitated.in Ml ehaveceFb§t et 1AongApterndsiotdly, an
operation may be reduced - 25 and mass productivity
insmlating nmaoerctal F14% 184 foveriagpthg ifihpepastrfhee of
may be provided on the inner surface of the el ectrode
the|howsimg 148 nayueleateicalhy FSgpan_et.:el hbel alpagrode

spacers 132 may electrically arate the el ectrode
plan%u@hsqn%n‘@he hlémn%@qnb*!ﬁmaSa llpptyated: én FAJF 41B.

%; 11A. Alternatively, an . .
. 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 arraﬁged along an area where the
plasma passes. The film deposition apparatus illustrated in

Fig. 12 may provide advantages substantially identical or
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insulating material 141 for -covering the inner surface
of the housing 140 may electrically separate the
el ectrode plate 131 and the housing 140, as
illustrated in Fig. 118. Fig. 12 illustrates an
exenplary filmdeposition apparatus. The film
deposition apparatus illustrated in Fig. 12 may not
i nclude the electrode plate 131 provided in the
particle trap unit 50 illustrated in Fig. 7. Oher

sif PEENLS HBYeD6e SphE! 801hakbYobEEIbC hpliatiigi | ar 1O

el enment's of e filI'mdeposition apparatus '

iriddesirabefnipigiog, 7. In Fig. 12, the elenments
substantially 1dentical or simlar to the elenents

i |l F a2 I Tudt St ds de SeampEArPYFile @éPBsition

reference nunerals. Electrode plates 131 are provided
appdratiel sTHeSfefim Bepdsiaicf aprlrdds SERIstidted in Fig.

unit 40 and a particle trap portion 63. Since the
13 ehegtnotieiptbhés 43partiokerarag uaitFBQ. il2userated in
charged particles fromthe plasma, the -electrode
Figl ai2s IGthenyebementanmey beosybataatéalliyedidentdcal or
pl asma passes. The fil m deposition apparatus
- sifilapttatthei alemegts10fnhhepfilnddeposihtiogeopparatus
__Substantially identical or - 26 simlar to those of
illpstrated gbpoBigi ohZappinafig. 1Byuthpaedementsig. 1.
Fig. 13 illustrates an exenplary film deposition
subsiantiasly Théent iR iepbspimbhagphar Ehas elprgstsat ed
..in Fig. .13 may not incluge a pgrticle trap unit 50
1l}¢§5§$;%§eﬁniﬁlg. 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.
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Fig. 12. O her elenents nay be substantially identical
or simlar to the elenents of the film deposition

apparatus illustrated in Fig. 12. In Fig. 13, the
el ements substantially identical or simlar to the
elements illustrated in Fig. 12 are denoted by the

sane reference nunerals. Since the noving direction
of the plasma is bent by an oblique-nmagnetic-field
generating coil. an upper portion of a plasma

Sepg il uamf)oémﬁey ?e }"?{:%5&‘69 M AveARISH IHre now

portionto asma trans y an anount

beéx@raééé.’?i]gé&g iho é&%&mdé&lewfmneﬁbcaﬁb%d AR Tt
coil 43. The filmdeposition apparatus illustrated in

wifl 0. b3 aBpreécPytéd adiaill ageResebStawinFley are merely
identical or simlar to those of the film deposition

ilopoor@tive i | best reied iAvEBh@ioh. SinEgnyhe viddiMtions and
deposition apparatus illustrated in Fig. 13 does not
modificwiei enpawilillpet sppatent, tot thegebesksidbd andthe art.
easy to handle. The filmdeposition apparatus nmay form
films from various materials. 27 Exanple enbodi nents
of the present invention have now been described in
accordance with the above advantages. it wll be
appreci ated that these exanples are nerely
illustrative of the invention. Many variations and
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nodi fications will be apparent to those skilled in the
art. 28 CLAIMS 1. Afilmdeposition apparatus
conprising: a plasna generating section configured to
generate plasnma between a cat hode target and an
anode; a filmdeposition chanber in which a base
material is placed; and a nmagnetic-field filter
section configured to renove a particle fromthe
pl asma by a magnetic field and to transfer the plasmm
cLipqg he filmdeposition chanber, wherein the
magnetic-field filter section |ncludes a first
housing area to which a first voltage is applied; and
a second housi ng area, provided downstream of the

finst housimng HRsitidhe Pﬁa’té‘ﬂxﬁi'é S 08 the
pl asma, to whi ch‘ﬁf}s second 'voltage i s appllng% 2. The

fi lamgdenst tdee RBiQt SEc OGO SHIEL §@réd 2t & denerate
further conprising: a first electrode plate provided

plasmd Neetwesh dovsthgde atapngandaaticahr snotiey separated
fromthe first housing area; and a second el ectrode
pl & e idmo\degexh i i drh ecleedond irwushich arlbasendaterial is
electrically separated fromthe second housing area,
‘pladedeiandhe first voltage is applied to the first
el ectrode plate and the second voltage i-s applied to
t h@ magnetic-field filter sectlon 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 voltagé is applied to the
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-29 second el ectrode plate. 3. The fil mdeposition
apparatus according to claiml1l, 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 claim2, 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

se QrgiQ8t£8d&|?%%Fé: wherein the nmagnetic-field

ITter section udes: a particle separation unit
configured to separate the plasma fromthe particle,
and a plasma transfer unit configured to transfer the

separ alfefe Of EERBddpod Neidn | ApEepLehs i 28c6PAMRE" tobeclaim 1,

The fil m deposition apparatus according to claim1,

whéréifeth€ OPDr&€i BgLtaghi 16t ai AeYhaLvRIvBRthGe) and the
configured to electrically separate the plasm

segemeredivggeecsi Rbigheenthlr thesFirkBeusblgageeca; a

second insul ating portion configured to electrically

separate the first housing area fromthe second

housing - 30 area; and a third insulating portion

corff.i glthsd filolme|depostidly apparatus according to claim 2,
wherein the first voltage is within a range of -5 to -15 V,
and the second vbltage 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 c¢laim 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
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separate the second housing area fromthe film
deposition chanber. 7. The fil m deposition apparatus
according to claim5b, further conprising a coil
provi ded on an outer periphery of the plasnma transfer
unit, configured to generate a magnetic field for
curving a transfer path of the plasma. 8. The film
deposi ti on apparatus according to claim5, further
conprising: a deposition preventing plate, provided in
arég? hasna transfer unit, configured to include an
aperture corresponding to a transfer path of the

Pl asngh; 9 %%é%%g,gggéé&fan@gﬂeﬂggﬂaar'tsi 8fectrically

generatT ng n a cathode®target an

sepipsee &ﬂease&aﬁ&ahsag%agh@eas%&bhp%hes%@@He@%fsgéign

particle fromthe plasma by applying a mnmagneti
chi@mpéhe plasma in a nagnetic-field filter section;

formng a filmby depositing ion included in the

pl asma passing through the magnetic-field filter

section onto a 31 base material in a filmdeposition

chahberTheppi v ngepo it dn vappagethe acébrdinfousi afaim 5,
area of the magnetic-field filter section; and
fuaptheyi agmprisingd voltage to a second housing area of
a coil, provided on an outer periphery of the plasma
transfer unit, configured to generaté a magnetic field for

curving a transfer path of the plasma.

8. The film deposition apparatus éccarding to claim 5,
further comprising:

a deposition pfeventing 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 -



the magnetic-field filter section provided downstream
of the first housing area in a noving direction of
the plasnma. 10. The fil m deposition nmethod according
toclaim9, wherein the first voltage is applied to a
first electrode electrically separated fromthe first
housi ng area, and wherein the second voltage

i sapplied to a second electrode electrically
separated fromthe second housing area. 11. The film

baEPASLLEPRI TERNGdraEROLAERE1 Q0K By vher el n the

Irst vo tage IS negatrve vol tage, 5 the ~second

VOldciieyiny N OPeEst P01 Ede Tt sh ¥9££@gﬁo usfng [B2eb! bE the

dep05|t|on met accord gtoclaim?9

maéhéﬁicvﬁiéﬁaefiﬁtéktBbatﬁohanaﬁdof -5 to -15 V, and
the second voltage is either a ground voltage or a

Posigp Meing|d aessord. va@a%é't%dSDQédzthnhHﬁhhﬁé area of
according to claim9, further conprising

theapagnét hg-fhelal dsivekr sarthenppibiitdeddbowndhgean @f the
field; transferring the separated plasma to the film

fidsposotsingcanebein anmovingi ddrectiansbér thet plasmahe
plasma by a coil. 14. The fil m deposition nethod
according to claim?9,
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 is applied to a second

electrode electrically separated from the second housing

area.

11. The film deposition methdd 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,
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wherein graphite is used as the target. 15. The film
deposition nethod according to claim9,- wherein the

- base material includes a substrate for formng a
magnetic recording mediumor a substrate for formng a
magneti c head. - 33

further comprising:

separating the plasma fiom thé particle by a magnetic
field; | .

transferring the separated ﬁlaama 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.
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