TI TLE OF THE | NVENTI ON
DEPCSI TI ON APPARATUS

BACKGROUND OF THE | NVENTI ON
Field of the Invention
[ 0001] The present invention relates to a

deposi ti on apparat us.

Description of the Related Art

[ 0002] A PCVD (Pl asma- enhanced Chem cal Vapor
Deposition) method using a reactive gas such as
acetylene (GH) or ethylene (GHy) is available as a
met hod of formng a protective filmon a medi um such as
a hard disk. Recently, in order to inprove the drive
characteristics by decreasing the spacing di stance and
head fl oati ng anount between a nagnetic read head and a
magneti c recording |layer of a medium denands have
arisen for further thinning a protective filmsuch as a
carbon protective filmto be forned on the magnetic
recordi ng | ayer.

[ 0003] On the other hand, the limt of the

t hi ckness of a carbon protective filmforned by the
PCVD nmethod is said to be 2 to 3 nmdue to the
characteristics of the film |Instead of the PCVD

nmet hod, therefore, a vacuum arc deposition method using
arc discharge is attracting attention as a techni que

capable of form ng a thinner carbon protective film



Conpared to the PCVD nethod, the vacuum arc deposition
nmet hod can forma hard carbon protective filmhaving a
smal | hydrogen content, so the filmthickness may be
decreased to about 1 nm

[ 0004] Japanese Patent Lai d-Open No. 2010-202899
descri bes a plasna processi ng apparatus including a

pl asma generator which forns a plasna stream by
generating a plasma by vacuum arc di scharge, a plasna
gui de unit which guides the plasma stream al ong a bent
pl asma traveling path, and a droplet capturing unit.
The droplet capturing unit is arranged in front of the
cat hode of the plasma generator, and captures droplets
separated fromthe plasna streamtraveling in the

pl asma traveling.

[ 0005] Japanese Patent No. 4889957 describes a

pl asma processi ng apparatus including an ark discharge
unit, a main traveling path in which a plasma generat ed
together with droplets travels, a droplet renoving
device, and a plasna processor. The droplet renoving
device is arranged between the nmain traveling path and
the plasnma processor. The droplet renoving device
includes a plurality of apertures having eccentric
passi ng holes. The plasna passes through the eccentric
passi ng holes while curving, and the droplets are
renoved fromthe plasma by colliding agai nst the wal
surfaces of the apertures.

[ 0006] In the apparatuses described in Japanese



Pat ent Lai d- Open No. 2010-202899 and Japanese Patent No.
4889957, the droplet capturing unit is arranged in a
position very far froma plasm source for generating a
pl asma, so a | arge anount of droplets may adhere to
menbers arranged in the path between the plasma source
and the capturing unit over a broad range. Accordingly,
a work of renoving the droplets nust be perforned over
the broad range. This increases the maintenance cost,

and may decrease the productivity.

SUMVARY OF THE | NVENTI ON
[ 0007] The present invention provides a deposition
appar at us advant ageous in viewpoi nts of the mai ntenance
cost and productivity.
[ 0008] The present invention relates to a
deposi ti on apparatus including a plasma generat or
configured to generate a plasnma by arc discharge, and a
deposition unit configured to forma filmon a nenber
by the plasna generated by the plasna generator,
wherein the plasma generator includes a target hol der
configured to hold a target and apply a negative
potential to the target, an anode to which a positive
potential is applied, and a capture configured to
capture droplets fromthe target, the anode has an

openi ng, and the capture is arranged in the opening.

BRI EF DESCRI PTI ON OF THE DRAW NGS



[ 0009] Fig. 1 is a view show ng the configuration
of a processing system of an enbodi ment of the present
i nventi on;

[ 0010] Fig. 2 is a view schenatically show ng the
arrangenent of a deposition apparatus which can be

i ncorporated into the processing system

[ 0011] Fig. 3 is a sectional view schematically
showi ng the arrangenent of a plasma generator and its
peri phery of the deposition apparatus;

[0012] Fig. 4 is a sectional view schematically
showi ng the arrangenent of the plasma generator and its
peri phery of the deposition apparatus; and

[ 0013] Fig. 5is a view show ng a nodification of

t he deposition apparat us.

DESCRI PTI ON OF THE EMBODI MENTS
[ 0014] The present invention wll be explained
bel ow by way of its exenplary enbodi nents with
reference to the acconpanyi ng draw ngs.
[ 0015] Fig. 1 shows the arrangenent of a
processi ng system 100 of an enbodi nent of the present
i nvention. The processing system 100 can be used to
stack a plurality of filnms on a nenber 1 such as a
substrate as a material for manufacturing a nmedi um such
as a hard disk. 1In this enbodi nent, the processing
system 100 is an in-line type system which processes

the nenbers 1 while transferring the nenbers 1 through



a plurality of connected processing apparatuses 117 to
130. Each of the plurality of processing apparatuses
117 to 130 has a chanber including an exhaust device,
and adj acent chanbers are connected via a gate val ve.
The nmenber 1 can be transferred as it is nounted on a
carrier 10. The nmenber 1 can be, for exanple, a disk-
i ke menber made of a netal or glass and having a hole
(inner circunferential hole) in a central portion. For
exanpl e, the processing system 100 can be so confi gured
as to forma magnetic layer and a protective filmfor
protecting the nmagnetic |ayer on the two opposite
surfaces of the nenber 1.

[ 0016] A processing apparatus 111 includes, for
exanpl e, a load | ock chanber, and can perform a process
of attaching the nmenber 1 to the carrier 10 in the | oad
| ock chamber. A processing apparatus 116 includes, for
exanpl e, an unl oad | ock chanber, and can performa
process of detaching the nenber 1 fromthe carrier 10
in the unload | ock chanber. Processing apparatuses 112,
113, 114, and 115 can perform a direction changing
process of changing the transfer direction of the
carrier 10 hol ding the nenber 1 through 90°.

[0017] The processing apparatus 117 can perform
for exanple, a process of form ng an adhesive | ayer on
the nenber 1. The processing apparatuses 118, 119, and
120 can performa process of formng a soft nagnetic

| ayer on the nenber 1 on which the adhesive |ayer is



formed. The processing apparatus 121 can perform a
process of formng a seed | ayer on the nmenber 1 on

whi ch the soft magnetic layer is formed. The
processi ng apparatuses 123 and 124 can perform a
process of formng an interlayer on the nenber 1 on

whi ch the seed | ayer is formed. The processing
apparatuses 126 and 127 can perform a process of
formng a magnetic filmon the nmenber 1 on which the
interlayer is formed. The processing apparatus 129 can
performa process of formng a protective filmon the
menber 1 on which the nmagnetic filmis forned.

[ 0018] The procedures of processing a plurality of
menbers 1 in the processing system 100 will exenplarily
be explained. First, the processing apparatus 111
attaches the nmenber 1 to a first carrier 10, the
processi ng apparatus 112 changes the direction and
transfers the first carrier 10 to the processing
apparatus 117, and the processing apparatus 117 forns
an adhesive | ayer. Meanwhile, the processing apparatus
111 attaches the next nenber 1 to a second carrier 10.
[ 0019] Then, a soft magnetic layer is formed on
the nenber 1 while the first carrier 10 is transferred
in the order of the processing apparatuses 118, 119,
and 120 for formng a soft nagnetic layer. 1In the
meanwhi |l e, the second carrier 10 noves to the
processi ng apparatus 117 for form ng an adhesive | ayer,

and an adhesive |ayer is formed on the nmenber 11. In



addition, the processing apparatus 111 attaches the
menber 1 to a third carrier 10. Thus, whenever the
first carrier 10 and the following carriers 10 nove,

t he processing apparatus 111 attaches the nenber 1 to a
succeedi ng carrier 10.

[ 0020] Subsequently, the first carrier 10 hol di ng
the nenber 1 on which the soft magnetic layer is forned
is transferred to the processing apparatus 121 for
formng a seed | ayer, and a seed layer is fornmed on the
menber 1. After that, the first carrier 10 noves in
the order of the processing apparatuses 123 and 124 for
formng an interlayer, the processing apparatuses 126
and 127 for formng a magnetic film and the processing
apparatus 129 for formng a protective film and an
interlayer, magnetic film and protective filmare
formed in this order on the substrate 1

[ 0021] Fig. 2 schematically shows the arrangenent
of a deposition apparatus 30 which can be incorporated
into the processing system 100. For exanple, the

deposi tion apparatus 30 can be incorporated as the
processi ng apparatus 129 into the processing system 100.
The deposition apparatus 30 can be used as a ta-C
(tetrahedral - anor phous carbon) deposition apparatus
which forms a protective filmnade of a ta-C |ayer on
the surface of the magnetic filmfornmed on the nenber 1
but can al so be used to formanother film

[ 0022] The deposition apparatus 30 can include a



nodul e including a deposition unit 32, a guide 34, and
a plasma generator (source unit) 36. The deposition
apparatus 30 can include a plurality of nodules. For
exanpl e, the deposition apparatus 30 can include two
nodul es so as to formfilnms on the two surfaces of the
menber 1.

[ 0023] In the deposition unit 32, a plasna
generated by the plasm generator 36 forns a filmon
the nenber 1. The deposition unit 32 has a process
chanber (deposition chanber) 321, and the process
chanber 321 can include a transfer mechanismfor
transferring and positioning the nenber 1 in a posture
by which a surface to be processed is set along the
vertical direction. The process chanber 321 can al so

i ncl ude an exhaust device for evacuating the interior
of the process chanber 321.

[ 0024] The guide 34 can be so arranged as to guide
the plasnma fromthe plasm generator 36 to the
deposition unit 32. One end of the guide 34 can be
connected to the deposition unit 32, and the other end
t hereof can be connected to the plasma generator 36.
The deposition unit 32 can be arranged in a position

| ower than the plasma generator 36. The XYZ coordinate
axes shown in Fig. 2 are defined such that the Z-axis
is the vertical direction. The guide 34 has a bent
duct (tubular nenber) 341. One end of the duct 341 can

be connected to the process chanber 321 of the
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deposition unit 32, and the other end thereof can be
connected to a discharge chanber 361 of the plasma
generator 36. The other end of the duct 341 can be
arranged bel ow the di scharge chanber 361. That is, the
ot her end of the duct 34 can be arranged bel ow the

di scharge chanmber 361 in the vertical direction (the
direction of gravity).

[ 0025] The guide 34 can include a plurality of
coils CL for generating a magnetic field for guiding
the plasnma. The plurality of coils CL can be arranged
outsi de the duct 34. The guide 34 can al so include a
plurality of baffles 342 arranged inside the duct 34 so
as to capture droplets. Each baffle 342 has an openi ng
(for exanple, a circular opening) through which the

pl asma passes. Each baffle 342 can be nade of, for
exanple, a nmetal. The baffle 342 closest to the plasm
generator 36 anong the plurality of baffles 342 will be
called a first baffle 342a for the sake of convenience
for the follow ng explanation. In addition, the
plurality of coils CL can include a coil arranged in a
portion of the duct 341 between a capture 370 and the
first baffle 342a, and this coil will be called a first
coil CL1 for the sake of convenience for the foll ow ng
expl anat i on.

[ 0026] The guide 34 is not an essenti al

constituent elenment, and the deposition unit 32 can be

arranged bel ow the plasma generator 36 if the guide 34



is not installed. In this case, an opening for

all owi ng the internal space of the process chanmber 321
of the deposition unit 32 to communicate with the

i nternal space of the discharge chanber 361 of the

pl asma generator 36 can be formed above the process
chanber 321. |In addition, the nenber 1 can be so
arranged that the normal of its non-deposition surface
poi nts upwar d.

[ 0027] Droplets are particles larger than plasma
particles (particles such as ions, atons, and nol ecul es
formng a plasma) froma target 362 of the plasna
generator 36, and normally having a nanoneter-order
size to a few hundred m croneter-order size (0.01 to
1,000 um. Since the droplets are different in nass
and charge anount fromthe plasnma particles, the

dropl ets can cone off the guiding path of the guide 34
and can be captured by the baffles 342. In this

enbodi nent, however, the plasna generator 36 has the
capture 370 for capturing the droplets, so the anount
of droplets captured by the baffles 342 of the guide 34
is small. This significantly reduces the necessity of
mai nt enance of the gui de 34.

[ 0028] The pl asna generator 36 has the discharge
chanber 361 connected to the duct 341 of the guide 34.
The plasma generator 36 al so includes a target hol der
363 for holding the target 362 as a deposition nateri al

and applying a negative potential to the target 362, an
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anode 365 to which a positive potential is applied, and
the capture 370 for capturing the droplets fromthe
target 362. The target 362 functions as a cat hode.

The target 362 has a columar shape in this enbodi nent,
but may al so have a square pillar shape, a cylindrica
shape, or a square tube shape. The anode 365 has an
openi ng, and the internal space of the discharge
chanber 361 conmuni cates, through this opening, with
the internal space of the duct 341 of the guide 34, and
with the internal space of the process chanber 321 of
the deposition unit 32. The capture 370 is arranged in
t he opening of the anode 365. The capture 370 al so has
an opening, and the internal space of the discharge
chanber 361 conmuni cates, through this opening, with
the internal space of the duct 341 of the guide 34, and
with the internal space of the process chanber 321 of
the deposition unit 32. The anode 365 is arranged
bel ow the target 362, and the capture 370 arranged in

t he opening of the anode 365 is al so arranged bel ow t he
target 362.

[ 0029] The target hol der 363 can be translated and
rotated by a driver 368. The driving nmechani sm 368
supplies a negative potential to the target hol der 363
so as to apply the negative potential to the target 362.
That is, the driving nechani sm 368 applies a negative
potential to the target 362 via the target hol der 363.

[ 0030] Al so, the plasma generator 36 can include a



striker 366 and an el ectromagnet 367. The striker 366
is a nenber for generating arc di scharge between the
target 362 and the anode 365. By thus generating arc
di scharge between the target 362 and the anode 365, the
material of the target 362 is ionized, and plasma
particles are generated. An arc spot is forned in a
position where the striker 366 cones in contact with
the target 362. Arc discharge occurs in this position.
The el ectromagnet 367 adjusts the position of the arc
spot. The capture 370 can be arranged so as to capture
droplets fromthe arc spot. Wen the deposition
apparatus 30 is used as a ta-C deposition apparatus for
formng a protective filmnade of a ta-C |ayer on the
menber 1, the target 362 is nmade of carbon.

[ 0031] Fig. 3 shows the section of the plasnma
generator 36 and its periphery. The anode 365 can
include a first cylindrical portion 3651 having a
cylindrical shape. This cylindrical shape can include
a circular shape, polygonal shape, or star shape, as
the shape of a section perpendicular to the axia
direction (z-axis direction). The anode 365 can be
either electrically insulated fromor electrically
connected to the discharge chanber 361. The capture
370 can include a second cylindrical portion 371
arranged inside the first cylindrical portion 3651 of
the anode 365 so as to let the plasm pass, and a

flange portion 372 extending fromthe second

- 12 -



cylindrical portion 371 to the inner wall of the first
cylindrical portion 3651. The second cylindrica
portion 371 has a cylindrical shape. As an exanpl e,
the outer edge of the flange portion 372 can directly
be connected to a portion such as the |ower end portion
of the anode 365. As another exanple, the outer edge
of the flange portion 372 can be connected to the anode
365 via another nenber. The flange portion 371 can
have a franme shape or ring shape. The capture 370 is
electrically insulated fromthe anode 365. The capture
370 can be nmade of a conductive material maintained at
a predeterm ned potential, and can also electrically be
fl oat ed.

[ 0032] Fig. 3 shows a configuration exanple in

whi ch the anode 365 is arranged in the discharge
chanber 361. Instead of this configuration exanple,
however, a configuration in which the whole or a part
of the discharge chanber 361 is used as an anode is

al so useful. That is, the discharge chanber 361 can

i ncl ude an anode portion which functions as an anode,

i nstead of the anode 365. This anode portion has an
openi ng, and the capture 370 can be arranged in this
openi ng.

[ 0033] In the configuration exanple shown in Fig.
3, a capturing pocket P for capturing droplets is
formed by the outer circunferential surface of the

second cylindrical portion 371 of the capture 370, the
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upper surface of the flange portion 372 of the capture
370, and the inner circunferential surface of the first
cylindrical portion 3651 of the anode 365. Droplets
generated fromthe arc spot or the |like can be captured
by the capturing pocket P. By thus arranging the
capture 370 in the opening of the anode 365, nmany
droplets are captured in the plasma generator 36, that
is, in a position close to the target 362 as a plasm
source. This can largely reduce droplets to be
captured by the baffles 342 (342a) of the guide 34 on

t he downstream si de of the plasma stream This is
advant ageous i n decreasing the frequency of mai ntenance
of the guide 34. The droplets captured by the capture
370 can be renoved fromthe capture 370 by, for exanple,
exposi ng the di scharge chanber 361 to the atnosphere.

[ 0034] The spreads of droplets and a plasma w ||

be explained with reference to Figs. 3 and 4. Droplets
are hardly affected by a magnetic field, so droplets
generated in the arc spot or the like easily spread in
the horizontal direction when traveling in the vertica
direction (gravity direction). On the other hand, a
plasma is affected by a nagnetic field nore easily than
dropl ets, and hence hardly spreads in the horizontal
direction when traveling in the vertical direction by
bei ng gui ded by a magnetic field generated by the coi
CL. That is, in the discharge chanber 361, the plasma

and droplets differently spread in the horizontal



direction. Fig. 4 shows the spread (distribution) of
the plasma by Rl, and the spread of the droplets by R2.
[ 0035] Let H be the height of the second
cylindrical portion 371 of the capture 370. An opening
di mensi on (inner dianeter) D1 of the upper end portion
(the height H) of the second cylindrical portion 371
can be nade smaller than the spread R2 of the droplets
in the horizontal direction at the height H and can be
made equal to or larger than the spread Rl of the
plasma in the horizontal direction at the height H
This nmakes it possible to capture the droplets in the
capturing pocket A without disturbing the passage of
the plasma. It is also possible to forma nagnetic
field for suppressing the spread of the plasm near the
height H In this case, it is possible to decrease the
openi ng di nension D1 of the upper end portion of the
second cylindrical portion 371, and increase the
dropl et capturing efficiency.

[ 0036] An openi ng di nension D2 of the |ower end
portion (that is, on the side of the guide 34) of the
second cylindrical portion 371 of the capture 370 can
be the sane as or different fromthe opening di nension
D1 of the upper end portion. To increase the capturing
efficiency of the first baffle 342a w t hout bl ocking
the plasma, the opening dinension D2 of the |ower end
portion of the second cylindrical portion 371 is

preferably the same as an openi ng di nension (inner
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di aneter) D3 of the first baffle 342a. As described
previously, the first coil CL1 is fornmed in the portion
of the duct 341 between the capture 370 and the first
baffl e 342a. This can suppress the spread of the
plasma in that portion. Accordingly, the formation of
the coil CL1 increases the effect obtained by making

t he opening di mension D2 of the | ower end portion of
the second cylindrical portion 371 equal to the opening
di mension D3 of the first baffle 342a.

[ 0037] Fig. 5 shows a nodification of the
deposition apparatus 30. Only the differences fromthe
deposi tion apparatus 30 explained with reference to
Figs. 2 to 4 will be explained below. The deposition
apparatus 30 of this nodification includes a collection
unit 43 for collecting droplets, and a transport unit
42 for transporting droplets captured by the capture
370 to the collection unit 43. The collection unit 43
is a vessel or the like, and can be so configured as to
be easily detachable fromthe deposition apparatus 30
or di scharge chanber 361. The transport unit 42 can be
any mechani sm for exanple, a screw conveyor, as |ong
as the nechanismtransports droplets fromthe capture
370 to the collection unit 43.

[ 0038] The collection unit 43 is arranged outside
t he di scharge chanber 361, and a val ve 44 can be
arranged between the di scharge chanber 361 and the

collection unit 43. When renoving droplets fromthe
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collection unit 43, the internal space of the
collection unit 43 can be separated fromthe interna
space of the discharge chanber 361 by closing the valve
44. An exhaust nechani sm 45 for reducing the pressure
of the internal space of the collection unit 43 can be
connected to it. In this configuration, droplets can
be renoved fromthe collection unit 43 by closing the
val ve 44 while the deposition apparatus 30 is in
operation. After that, the pressure of the interna
space of the collection unit 43 is reduced through the
exhaust port 45, and the internal spaces of the

di scharge chanmber 361 and collection unit 43 are

all owed to communi cate with each other by opening the
valve 44. In this state, the transport unit 42 can
transport droplets fromthe capture 370 to the
collection unit 43.

[ 0039] The preferred enbodi nents of the present

i nventi on have been expl ai ned above, but the present
invention is not limted to these enbodi nents, and
various nodifications and changes can be nade wi t hout
departing fromthe spirit and scope of the invention.

[ 0040] Wil e the present invention has been
described with reference to exenpl ary enbodi nents, it
is to be understood that the invention is not limted
to the disclosed exenplary enbodi nents. The scope of
the following clains is to be accorded the broadest

interpretation so as to enconpass all such



nodi fications and equi val ent structures and functions.



WHAT | S CLAI MED | S:

1. A deposition apparatus conpri sing:

a plasma generator configured to generate a
pl asma by arc di scharge; and

a deposition unit configured to forma filmon a
menber by the plasnma generated by the plasna generator,

wherei n the plasma generator includes:

a target holder configured to hold a target and
apply a negative potential to the target;

an anode to which a positive potential is
appl i ed; and

a capture configured to capture droplets fromthe
target, and

t he anode has an opening, and the capture is

arranged in the openi ng.

2. The deposition apparatus according to claim1,

wherei n the anode is arranged bel ow t he target.

3. The deposition apparatus according to claim1,
wherein the anode has a first cylindrical portion, and
the capture includes a second cylindrical portion
arranged inside the first cylindrical portion to |et
the plasma pass, and a flange portion extending from
the second cylindrical portion to an inner wall of the

first cylindrical portion.



4. The deposition apparatus according to claim1,
further conpri sing:

a collection unit configured to collect droplets;
and

a transport unit configured to transport droplets

captured by the capture to the collection unit.

5. The deposition apparatus according to claimd4,
wherei n the plasma generator includes a discharge
chanber, the target hol der, the anode, and the capture
are arranged in the discharge chanber, the collection
unit is arranged outside the discharge chanber, and a
val ve is arranged between the di scharge chanber and the

collection unit.

6. The deposition apparatus according to claim1,
further conprising a guide configured to guide the
plasma fromthe plasma generator to the deposition unit,
wherein the guiding unit includes a bent duct,
and a plurality of baffles arranged inside the duct to
capture droplets, and
an opening dinmension of a first baffle closest to
the plasnma generator anong the plurality of baffles is
equal to an opening dinmension of the capture on a side

of the guiding unit.



7. The deposition apparatus according to claim 3,
further conprising a guiding unit configured to guide
the plasnma fromthe plasm generator to the deposition
unit,

wherein the guiding unit includes a bent duct,
and a plurality of baffles arranged inside the duct to
capture droplets, and

an opening dinmension of a first baffle closest to
the plasnma generator anong the plurality of baffles is
equal to an opening di nension of the second cylindrica

portion on a side of the guiding unit.

8. The deposition apparatus according to claim®6,
wherein the guiding unit includes a plurality of coils
configured to generate a nagnetic field for guiding the
pl asma, and the plurality of coils include a first coi
formed in a portion of the duct between the capture and

the first baffle.

9. The deposition apparatus according to claim1,
wherein the deposition unit is arranged in a position

| ower than the plasma generator.



