
TITLE OF THE INVENTION SUBSTRATE PROCESSING APPARATUS AND CLEANING
METHOD OF  THE SAME BACKGROUND OF THE INVENTION  Field of the
Invention [0001] The present invention relates to a  substrate
processing apparatus and a cleaning method of  the same. Description
of the Related Art [0002] The manufacturing process of a magnetic
recording disk such as a hard disk roughly includes a  pre-step of
forming an underlayer, a magnetic film as a  recording layer, and a
protective film for protecting  the recording layer, and a post-step
of forming a  lubricating layer on the surface of a substrate on
which the protective film is formed. Since the  magnetic recording
disk generally includes recording  layers on the two surfaces of a
substrate, various  processes are performed on the two surfaces of
the  substrate in the above-mentioned individual steps. For  example,
as a technique of processing the two surfaces  of a substrate as
described above, a technique by which  ion guns are installed on the
two sides of a substrate,  and ionized argon gas ion beams are
emitted from the  ion guns to the two surfaces of the substrate
(Japanese  Patent Laid-Open No. 2005-56535). In the substrate - 1  



processing technique in which the ion guns (ion beam  generators) are
arranged to face the two surfaces of a  substrate as described in
Japanese Patent Laid-Open No.  2005-56535, one ion beam generator
receives the ion  beam from the other ion beam generator. This poses
the  problem that contaminants stick to the ion beam  emission
surface or to the interior of a plasma  generation chamber. SUMMARY
OF THE INVENTION [0003] The present invention has been made in
consideration of the above situation, and has as its  object to
provide a method of cleaning a substrate  processing apparatus
including ion beam generators  arranged opposite to each other, and a
substrate  processing apparatus having this function. [0004] A first
aspect of the present invention  provides a method for cleaning a
substrate processing  apparatus in which a first ion beam generator
and a  second ion beam generator are arranged opposite to each  other
to sandwich a plane on which a substrate is to be  placed, and which
processes two surfaces of the  substrate, the cleaning method
comprising steps of  retreating the substrate from a position between
the  first ion beam generator and the second ion beam  generator, and
cleaning the second ion beam generator  by emitting an ion beam from
the first ion beam - 2  



generator to the second ion beam generator. [0005] A second aspect of
the present invention  provides an substrate processing apparatus for
processing a substrate, comprising a first ion beam  generator and a
second ion beam generator arranged  opposite to each other to
sandwich a plane on which the  substrate is to be placed, and a
controller which, with  no substrate being placed on the plane,
controls the  first ion beam generator to clean the second ion beam
generator by emitting an ion beam from the first ion  beam generator
to the second ion beam generator. [0006] Further features of the
present invention  will become apparent from the following
description of  exemplary embodiments with reference to the attached
drawings. BRIEF DESCRIPTION OF THE DRAWINGS  [0007] Fig. 1 is a block
diagram showing the  arrangement of a substrate processing apparatus
when it  is viewed from above; [0008] Fig. 2 is a schematic sectional
view  showing the structure of an ion beam generator; [0009] Fig. 3
is a schematic view showing grids of  the ion beam generator; and
[0010] Fig. 4 is a view for explaining the  relationship between the
change in negative potential  of a central electrode and the
divergent angle of an - 3  



ion beam. DESCRIPTION OF THE EMBODIMENTS [0011] Embodiments of the
present invention will  be explained below with reference to the
accompanying  drawings, but the present invention is not limited to
these embodiments. [0012](Substrate Processing Apparatus) First, a
substrate processing apparatus according  to the present invention
will be explained below with  reference to Fig. 1. The substrate
processing  apparatus has a function of performing a cleaning  method
according to the present invention. This  cleaning method cleans at
least one, and preferably  both, of two ion beam generators of the
substrate  processing apparatus. Fig. 1 is a block diagram  showing
the arrangement of the substrate processing  apparatus when it is
viewed from above. [0013] As shown in Fig. 1, a substrate processing
apparatus 100 includes first and second ion beam  generators la and
lb arranged opposite to each other so  as to sandwich a plane S on
which a substrate (wafer)  is to be placed, a controller 101, a
counter 103, and a  computer interface 105. [0014] The substrate to
be placed on the plane S  is, e.g., a substrate for manufacturing a
magnetic  recording medium such as a hard disk, and generally has - 4



an opening in the center of a member having an almost  circular disk
shape. A substrate carrier can hold the  substrate upright along the
vertical direction and  place it on the plane S. [0015] The first ion
beam generator la and second  ion beam generator lb are arranged
opposite to each  other so as to face the two surfaces of the
substrate  placed on the plane S. In the arrangement shown in  Fig.
1, the first and second ion beam generators la and  lb are arranged
such that the ion beam emission  surfaces of the first and second ion
beam generators la  and lb are almost parallel to the surfaces to be
processed of the substrate. [0016] The first ion beam generator la
includes an  electrode 5a, a discharge bath 2a for generating a
plasma, and an extracting electrode 7a (including  electrodes 71a,
72a, and 73a in this order from the  plane S on which the substrate
is placed) as a  mechanism of extracting ions from the plasma. The
electrodes 71a, 72a, and 73a are respectively connected  to voltage
sources 81a, 82a, and 83a so as to be  independently controllable. A
neutralizer 9a is  installed near the extracting electrode 7a. The
neutralizer 9a is configured to be able to emit  electrons to the
second ion beam generator lb in order  to neutralize an ion beam (an
ion beam having positive  electric charge) emitted from the ion beam
generator 



- 5  la.  [0017] Argon (Ar) supplied from a gas supply unit  (not
shown) into the discharge bath 2a is excited by  the application of
RF power from an RF source 84a to  the electrode 5a, thereby
generating a plasma. Ions in  this plasma are extracted by the
extracting electrode  7a, and collide against the substrate placed on
the  plane S. The substrate is etched in this way. [0018] The second
ion beam generator lb is  constructed similarly to the first ion beam
generator  la. [0019] The controller 101 is connected to a  voltage
source 8a of the first ion beam generator la  and a voltage source 8b
of the second ion beam  generator lb, and controls the voltage
sources 8a and  8b. The counter 103 is connected to the controller
101, and counts substrates processed by the ion beam  generators la
and lb. The counter 103 is configured to  be able to instruct the
controller 101 to start a  cleaning process when the count reaches a
predetermined  number (e.g., 1,000). [0020] The computer interface
105 is connected to  the controller 101 and counter 103, and
configured to  enable the user of the substrate processing apparatus
to input the cleaning conditions (e.g., the processing  time). 



[0021] An ion beam generator 1 (1a or lb) will be  - 6  explained in
detail below with reference to Figs. 2,  3A, and 3B. [0022] Fig. 2 is
a schematic sectional view  showing the structure of the ion beam
generator. Fig.  3 is a schematic view showing grids of the ion beam
generator. Note that the first and second ion beam  generators la and
lb have the same structure, so the  structure will be explained by
appropriately omitting  suffixes a and b. [0023] As shown in Fig. 2,
the ion beam generator  1 includes a discharge bath 2 for confining a
plasma.  The pressure of the discharge bath 2 is normally maintained
within the range of about 10-' Pa (10_5 mb)  to about 10-2 Pa (10-3
mb). The discharge bath 2 is  isolated from an external space by a
plasma confining  vessel 3. A multipole magnetic unit 4 for trapping
ions released in the discharge bath 2 by the formation  of a plasma
is installed around the plasma confining  vessel 3. The magnetic unit
4 normally includes a  plurality of bar-like permanent magnets. In
one  configuration, N and S cycles are generated along only  one axis
by using a plurality of relatively long bar  magnets having
alternately changing polarities.  Another configuration uses a
"checkerboard"  arrangement. In this configuration, shorter magnets  



are used, and N and S cycles spread on a plane formed  by two axes
perpendicular to each other. - 7  [0024] An RF coil 5 supplies RF
power to the  discharge bath 2 via an inductive RF power coupling
window 6 attached to the rear wall (the wall opposite  to the plane S
on which the substrate is placed) of the  plasma confining vessel 3.
[0025] The front wall (the wall facing the plane S  on which the
substrate is placed) of the plasma  confining vessel 3 has an ion
beam emission surface  (see Fig. 3). The emission surface has an
extracting  mechanism (extracting electrode) 7 for extracting ions
from the plasma formed in the discharge bath 2, and  accelerating the
extracted ions. As shown in Fig. 3,  the extracting electrode 7 can
have grid structures.  Each grid structure has a plurality of fine
holes close  to each other. [0026] As a structure for inhibiting the
entrance  of an ion beam, the substrate processing apparatus of  this
embodiment has a structure in which those portions  of a first grid
10a and second grid 10b which face the  opening in the substrate are
closed so as not to allow  the passage of an ion beam. [0027] More
specifically, a closed region F that  is closed so as not to allow
ion beam emission is  formed in the center of each of the first grid
10a and  



second grid 10b. This makes it possible to prevent  substances
removed by ion beams generated from the ion  beam generators la and
lb arranged opposite to each - 8  other from passing through the
central opening in the  substrate and causing the generators la and
lb to  contaminate each other. Note that the size of the  closed
region F can properly be set in accordance with  the substrate size
and the central opening in the  substrate. [0028] Furthermore, in the
substrate processing  apparatus of this embodiment, the grid 10a of
the first  ion beam generator la and the grid 10b of the second  ion
beam generator lb can asymmetrically be formed as  the structure for
inhibiting the entrance of an ion  beam. For example, the grid 10a of
the first ion beam  generator la shown in Fig. 3 and the grid 10b of
the  second ion beam generator lb shown in Fig. 3 have a
relationship in which one is relatively rotated with  respect to the
other through a predetermined angle  (e.g., 10) around the central
axis, thereby forming an  asymmetrical grid structure. This is so
because if the  grid structure is symmetrical, an ion beam emitted
from  a specific fine hole may pass through a fine hole in a
symmetrical position because the ion beam has high  directivity,
thereby sticking contaminants or  inflicting damage to the interior
of the opposite  



discharge bath 2. Accordingly, when the grid 10a of  the first ion
beam generator la and the grid 10b of the  second ion beam generator
lb are asymmetrically  shifted, no highly directive ion beams enter
the - 9  opposite ion beam generators la and lb through the  opening
in the substrate. This makes it possible to  suppress mutual
contamination and damage of the ion  beam generators la and lb.
[0029] In the grid structure, the grids 10a and  10b need not
entirely be symmetrical. However, at  least the central regions of
the first grid 10a and  second grid 10b are preferably formed to be
asymmetrical. [0030] Also, to enable fine adjustment of the
asymmetry of the first grid 10a and second grid 10b, at  least one of
the grids 10a and lob may also have a grid  rotating mechanism for
rotating the grid. This is so  because only one of the first grid 10a
and second grid  10b need be rotated to secure the asymmetry of the
grids 10a and 10b. [0031] Referring back to Fig. 1, an extracting
electrode 7 includes three electrodes 73, 72, and 71 in  this order
from the side of the discharge bath 2, and  these three electrodes
are configured to enable  independent voltage control. In this
embodiment, the  electrodes 73, 72, and 71 are respectively
controlled  



at a positive potential, a negative potential, and the  ground
potential. [0032](Cleaning Method of Substrate Processing  Apparatus)
Next, a cleaning method of the substrate  - 10  processing apparatus
or ion beam generator of this  embodiment will be explained below
with reference to  Fig. 1. [0033] When performing substrate
processing such  as etching by using the first ion beam generator la
and  second ion beam generator lb arranged opposite to each  other, a
substrate held by the substrate carrier is  placed on the plane S
between the ion beam generators  la and lb. [0034] In the cleaning
method of a preferred  embodiment of the present invention, no
substrate is  placed between the first ion beam generator la and
second ion beam generator lb, and one of the ion beam  generators la
and lb directly emits an ion beam to the  other. In addition, the
other of the ion beam  generators la and lb preferably directly emits
an ion  beam to the one of the ion beam generators la and lb.  [0035]
More specifically, when performing cleaning  by the cleaning method
of the preferred embodiment of  the present invention, a retreating
step of retreating  a substrate W from a position between the first
ion  



beam generator la (or lb) and second ion beam generator  lb (or la)
is performed. Then, a removing step of  removing the electric charge
(positive electric charge)  held on the second ion beam generator lb
(or la) is  performed. Furthermore, a cleaning step of cleaning  the
second ion beam generator lb (or la) by emitting an - 11  ion beam
from the first ion beam generator la (or lb)  to the second ion beam
generator lb (or la) is  performed. Consequently, contaminants
sticking to the  second ion beam generator lb (or la) can be removed.
The removing step and cleaning step can be executed  alternately, in
parallel, or simultaneously. [0036] Subsequently, it is possible to
further  perform a step of cleaning the first ion beam generator  la
(or lb) by emitting an ion beam from the second ion  beam generator
lb (or la) to the first ion beam generator la (or lb). [0037] As
practical examples of the present  invention, cleaning methods of the
first to third  embodiments will be explained below. Note that when
performing cleaning by the cleaning methods of the  first to third
embodiments, a carrier transfer  mechanism (not shown) initially
retreats a substrate  from a position between the ion beam generators
la and  lb. [0038](Cleaning Method of First Embodiment) 



The cleaning method of the first embodiment is an  example of
cleaning the ion beam generator lb (or la)  by emitting an ion beam
from the ion beam generator la  (or lb). [0039] After a gas supply
unit (not shown)  supplies a processing gas such as Ar into the
discharge  bath 2a of the ion beam generator la, the RF source 84a -
12  applies a radio frequency to the electrode 5a, thereby
generating a plasma in the discharge bath 2a. In this  step, the
controller 101 sets the voltage source Ba  such that the electrode
71a is at the ground potential,  the electrode 72a is at a negative
potential (e.g., - 500 to -1,500 V), and the electrode 73a is at a
positive potential (e.g., 500 to 1,000 V). By thus  controlling the
electrode voltages, the plasma emits an  ion beam (positive argon
ions). [0040] Then, to remove the positive electric  charge held on
the ion beam generator lb, the  neutralizer 9a emits electrons to the
ion beam  generator lb. This neutralizes the positive electric charge
generated by the emission of the positive argon  ion beam. That is,
when the ion beam generator la  emits a positive argon ion beam to
the ion beam  generator lb, the ion beam generator lb is positively
charged to repel the positive argon ion beam, and this  makes
cleaning unable to perform. Therefore, the  



positive argon ion beam is neutralized by emitting  electrons from
the neutralizer 9a. [0041] While the ion beam generator lb is thus
prevented from holding positive electric charge,  contaminants
sticking to the electrode 7b of the ion  beam generator lb are
removed by emitting an ion beam  from the ion beam generator la.
[0042] Similarly, contaminants sticking to the  - 13  electrode 7a of
the opposite ion beam generator la are  removed by emitting an ion
beam from the ion beam  generator lb. [0043] It is also possible to
adjust the ion beam  divergent angles by appropriately adjusting the
three  electrodes 71a, 72a, and 73a described above. [0044] Fig. 4 is
a view for explaining the  relationship between the change in
negative potential  of the central electrode and the divergent angle
of the  ion beam. That is, the graph shown in Fig. 4 indicates  the
ion beam divergent angle when the electrode 71a is  fixed at the
ground potential, the electrode 73a is  fixed at 1,000 or 1,500 V,
and the negative potential  of the electrode 72a is changed. Fig. 4
reveals that  the ion beam divergent angle can be decreased by thus
applying a negative potential to the central electrode  72a. [0045]
In the cleaning method of the first  



embodiment, no substrate exists during cleaning between  the ion beam
generators la and lb arranged opposite to  each other. Accordingly,
an ion beam emitted from the  ion beam generator la (or lb) can
directly be applied  to the ion beam generator lb (or la) . During
this  cleaning, the neutralizer 9a neutralizes the positive  argon
ion beam by emitting electrons. This makes it  possible to remove
contaminants sticking to the  electrode 7b (or 7a) of the ion beam
generator lb (or - 14  la) while the electrode 7b (or 7b) of the ion
beam  generator lb (or la) is prevented from holding positive
electric charge. [0046](Cleaning Method of Second Embodiment) The
cleaning method of the second embodiment is  an example that enables
cleaning by emitting an ion  beam from the ion beam generator la (or
lb), and  controlling the extracting electrode of the ion beam
generator lb (or la). [0047] Similar to the first embodiment, the
controller 101 sets the voltage source 8a such that the  electrodes
71a, 72a, and 73a of the ion beam generator  la are respectively at
the ground potential, a negative  potential (e.g., -250 to -2,000 V),
and a positive  potential (e.g., 250 to 2,000 V). By thus controlling
the electrode voltages, a plasma emits an ion beam  (positive argon
ions) . In the second embodiment, the  



neutralizer 9a does not neutralize the ion beam  (positive argon
ions), so the positive argon ion beam  reaches the opposite ion beam
generator lb. [0048] That is, in the second embodiment, a  negative
potential is applied to an electrode as an  object of cleaning among
the electrodes 71b, 72b, and  73b forming the extracting electrode 7b
of the ion beam  generator ib, thereby drawing the positive argon ion
beam into the ion beam generator lb. In this time, the  electrodes
which are not an object of cleaning may be - 15  grounded. The
electrodes 71b, 72b, and 73b are  preferably cleaned from the
electrode arranged at a  side of the plane S (i.e., in the order of
the  electrodes 71b, 72b, and 73b) so as to prevent re- sticking of
contaminants. That is, firstly, a negative  potential is applied to
the electrode 71b which is  arranged at the side of the plane S and
is selected as  a first object of cleaning, or the electrode 71b is
grounded, and the other electrodes 72b and 73b are  grounded. Next, a
negative potential is applied to the  electrode 72b which is arranged
at the central position  and is selected as a second object of
cleaning, or the  electrode 72b is grounded, and the other electrodes
71b  and 73b are grounded. Finally, a negative potential is  applied
to the electrode 73b which is arranged at a  side of the discharge
bath 2a and is selected as a  



final object of cleaning, or the electrode 73b is  grounded, and the
other electrodes 71b and 72b are  grounded. Alternatively, the
electrodes 71b, 72b and  73b can be simultaneously cleaned. In this
case, a  relatively lower potential can be applied to the  electrode
arranged at the side of the discharge bath 2a  and a relatively
higher potential can be applied to the  electrode arranged at the
side of the plane S. For  example, the electrode 71b can be grounded,
-100 V can  be applied to the electrode 72b and -200 V can be
applied to the electrode 73b. - 16  [0049] As described above, while
a negative  potential is applied to the electrode 72b as an object
of cleaning of the extracting electrode 7b of the ion  beam generator
lb, the ion beam generator la emits an  ion beam to the ion beam
generator lb. This makes it  possible to remove contaminants sticking
to the  electrode 7b of the ion beam generator lb. This method  can
also prevent the electrode 72b as an object of  cleaning from holding
positive electric charge. [0050] Likewise, the ion beam generator lb
emits  an ion beam to remove contaminants sticking to the  electrode
7a of the opposite ion beam generator la.  [0051] In the cleaning
method of the second  embodiment, no substrate W exists during
cleaning  between the two ion beam generators la and lb arranged  



opposite to each other. Accordingly, an ion beam  emitted from the
ion beam generator la (or lb) can  directly be applied to the ion
beam generator lb (or  la). During this cleaning, the neutralizer 9a
does not  neutralize the positive argon ions, and a negative
potential is applied to an electrode as an object of  cleaning of the
extracting electrode 7b (or 7a) of the  ion beam generator lb (or la)
. This makes it possible  to draw the positive argon ion beam into
the ion beam  generator lb (or la) Thus, while the electrode 7b (or
7a) of the ion beam generator lb (or la) is prevented  from holding
positive electric charge, contaminants - 17  sticking to the
electrode 7b (or 7a) of the ion beam  generator lb (or la) can be
removed. [0052](Cleaning Method of Third Embodiment)  When performing
cleaning by adjusting the  electrodes in the same manner as in the
first and  second embodiments, a gas supply unit (not shown) may
also supply an etching gas into a vacuum vessel. This  vacuum vessel
is configured to surround at least the  space between the ion beam
generators la and lb, and  isolates the interior of the vacuum vessel
from the  external environment. [0053] Reactive ion etching for
processing a  multilayered magnetic film desirably etches the
multilayered magnetic film by using an alcohol having  



at least one hydroxyl group as an etching gas. [0054] As the etching
gas, it is also possible to  use methanol and ketones (e.g., methyl
ethyl ketone,  isopropyl methyl ketone, and methyl propyl ketone)
represented by a formula RCOR' (R or R' is an alkyl  group). It is
further possible to use carboxylic acids  represented by a formula
RCOOH (R is an alkyl group),  esters represented by a formula RCOOR'
(R is an alkyl  group), and ethers represented by a formula ROR' (R
is  an alkyl group). [0055] In addition, it is possible to use
hydrocarbons having a methyl group, e.g., methane,  ethane, propane,
and butane, and mix oxygen gas, CO - 18  gas, ammonia gas, and CO2
gas. [0056] The cleaning method of the third embodiment  basically
achieves the same functions and effects of  the cleaning methods of
the first and second  embodiments. Especially in the cleaning method
of the  third embodiment, the gas supply unit supplies an  etching
gas into the vacuum vessel when performing  cleaning by adjusting the
electrodes in the same manner  as in the first and second
embodiments. Accordingly,  the cleaning method of the third
embodiment achieves  the remarkable effect of etching away
contaminants  sticking to the electrode 7b (or 7a) of the ion beam
generator lb (or la) by an ion beam emitted form the  



opposite ion beam generator la (or lb). [0057] While the present
invention has been  described with reference to exemplary
embodiments, it  is to be understood that the invention is not
limited  to the disclosed exemplary embodiments. The scope of  the
following claims is to be accorded the broadest  interpretation so as
to encompass all such modifications and equivalent structures and
functions.  - 19  WHAT IS CLAIMED IS: 1. A method for cleaning a
substrate processing  apparatus in which a first ion beam generator
and a  second ion beam generator are arranged opposite to each  other
to sandwich a plane on which a substrate is to be  placed, and which
processes two surfaces of the  substrate, the cleaning method
comprising steps of: retreating the substrate from a position between
the first ion beam generator and the second ion beam  generator; and
cleaning the second ion beam generator by  emitting an ion beam from
the first ion beam generator  to the second ion beam generator. 2.
The method according to claim 1, further  comprising a step of
removing electric charge held on  an electrode of the second ion beam
generator. 3. The method according to claim 1, wherein in the
cleaning step, the ion beam emitted from the first ion  



beam generator is neutralized by emitting electrons to  the second
ion beam generator. 4. The method according to claim 1, wherein in
the  cleaning step, a potential is applied to an electrode  as an
object of cleaning among extracting electrodes of  the second ion
beam generator, thereby drawing the ion  beam emitted from the first
ion beam generator to the  electrode as an object of cleaning. 5. The
method according to claim 1, wherein in the  20  cleaning step, an
etching gas is supplied into a vacuum  vessel for processing the
substrate. 6. The method according to claim 1, further  comprising
the step of cleaning the first ion beam  generator by emitting an ion
beam from the second ion  beam generator to the first ion beam
generator. 7. An substrate processing apparatus for processing  a
substrate, comprising: a first ion beam generator and a second ion
beam  generator arranged opposite to each other to sandwich a  plane
on which the substrate is to be placed; and a controller which, with
no substrate being  placed on the plane, controls the first ion beam
generator to clean the second ion beam generator by  emitting an ion
beam from the first ion beam generator  to the second ion beam
generator. 8. The apparatus according to claim 7, further  



comprising a neutralizer which emits electrons to the  second ion
beam generator, wherein the controller controls the neutralizer  to
prevent charging of the second ion beam generator by  emitting
electrons to the second ion beam generator. 9. The apparatus
according to claim 7, wherein the  controller controls a potential of
an electrode as an  object of cleaning among extracting electrodes of
the  second ion beam generator, such that the ion beam  emitted from
the first ion beam generator is drawn to - 21  the electrode as an
object of cleaning. 10. The apparatus according to claim 7, wherein
with  no substrate being placed on the plane, the controller
controls the second ion beam generator to clean the  first ion beam
generator by emitting an ion beam from  the second ion beam generator
to the first ion beam  generator. - 22  




