
MANUFACTURING METHOD FOR MAGNETIC RECORDING MEDIUM Technical Field
Thepresentinventiongenerallyrelatestoamanufacturing 5 method of
magnetic recording media (such as, hard disks). Background Art
There have been known DTR (Discrete Track Recording media) and BPM
(Bit Patterned Media) as hard disk magnetic recording 10 media; and
more particularly, the BPM on which a plurality of magnetic films is
dispersed in a pitted manner has been expected as a next-generation
high-density recording medium.        For the magnetic films of such
magnetic recording media as discussed above , bit formation by
patterning using an etching 15 process has been proposed until now.
Since a magnetic head floats above a surface of the magnetic
recording medium when recordingorreproducing data, surface smoothness
is required. Thus, after patterning, a smoothing process is required
in which spaces between the magnetic films are filled with a
non-magnetic 20 material.       There has been known a method in
which an object to be processed having a resist layer disposed on the
magnetic film is irradiated with ions (ion beams) of a process gas in
order to eliminate the smoothingprocess and to simplifymanufacturing
25 processes (refer to the following Patent Documents).
Although a portion of the magnetic film covered with the resist layer
is protected from non-magnetization, a target element that is a
constituent atom of the process gas is injected in a portion to be
processed where the resist layer is not 



5 disposed; and then, the portion becomes non-magnetized.
Consequently, the non-magnetized portion is formed on the magnetic
film along an opening pattern of the resist layer, and a portion
where magnetism remains (magnetic portion) is separated by the
non-magnet i zed port ion to be a recording portion 10 of the
magnetic recording medium. Patent Document 1: JPA 2002-288813 Patent
Document 2: JPA 2008-77756 Disclosure of the Invention 15 Problems to
be Solved by the Invention In order to make non-magnetize the portion
to be processed from a surface to a bottom face, generally, a peak
depth is set at which an injection amount of the target element is
the maximum in the magnetic film, and the ion beams are irradiated 20
with an acceleration voltage that can achieve the set peak depth.
However, when a resist is formed with an original sheet 



(stamper) or the like, a thin film of the resist also remains on the
portion to be processed; and when the thin film is etched by the ion
beams, the peak depth moves to a bottom face side 25 even though the
acceleration voltage is constant. When the peak  depth moves to the
bottom face side, a surface portion of the magnetic film and its
vicinity are not sufficiently made non-magnetized; and thus, the
magnetic portion is not separated. When the magnetic portion is not
separated, a phenomenon called 5 "writing blur" occurs in the writing
information. Means for Solving the Problems         In order to solve
the above-described problems, the present invention provides a
manufacturing method of a magnetic 10 recording medium for making
non-magnetize a portion to be processed, by arranging a resist that
includes an ion shielding portion and an ion permeation portion
having a film thickness thinner than that of the ion shielding
portion on a magnetic film of an object to be processed having a
substrate and the 15 magnetic film arranged on a surface of the
substrate; and inj ecting the constituent element of a process gas in
the portion to be processed where the ion permeation portion of the
magnetic film is located in order to make non-magnetize, by
accelerating ion of the process gas and by permeating a constitute
element 20 of the process gas through the ion permeation portion,
wherein the constituent element of the process gas is injected by
changing an acceleration voltage that accelerates the ions of the
process gas so as to make non-magnetize the portion to be processed. 



25The present invention is the manufacturing method of a  magnetic
recording medium, wherein the acceleration voltage is changed in
response to the change of the film thickness of the ion permeation
portion in such a manner that a depth, from the surface of the
magnetic film of which an injection amount 5 of the constituent
element is the maximum, is constant.        The present invention is
the manufacturing method of a magnetic recording medium, wherein the
acceleration voltage is changed in such a manner that a depth, from
the surface of the magnetic film of which an inj ection amount of the
constituent 10 element is the maximum, moves.        The present
invention is the manufacturing method of a magnetic recording medium,
wherein the acceleration voltage is changed in a such manner that a
depth from the surface of the magnetic film of which an inj ection
amount of the constituent 15 element is the maximum moves from the
side of the substrate to the side of the resist.        The present
invention is the manufacturing method of a magnetic recording medium,
wherein the acceleration voltage is changed in such a manner that a
depth, from the surface of 20 the magnetic film of which an injection
amount of the constituent element is the maximum, moves from the side
of the resist to the side of the substrate. Effect of the Invention
25Since a peak depth at which the injection amount of the 



4  target element is the maximum can be made a set depth by changing
the acceleration voltage, it is possible to uniformly make
non-magnetize the magnetic film from the surface to the bottom face
thereof. Becausethemagneticportion(recordingportion) 5 is separated
where read/write of information are performed,
magneticpatterncontrastisgood;andthustheso-calledwriting blur does
not occur. Brief Description of the Drawings 10Fig. 1 is a sectional
view showing one example of a manufacturing apparatus used for the
present invention. Figs. 2(a) to 2(c) are sectional views
schematically showing non-magnetization processes.              Fig.
3 is a sectional view showing one example of a magnetic 15 recording
medium. Explanation of Reference Numerals 40Object to be processed
41Substrate 2044Magnetic film 



47Ion shielding portion 48Ion permeation portion 49Resist 25 Best
Modes for Carrying Out the Invention          Reference numeral 10 in
Fig. 1 denotes one example of a manufacturing apparatus used for the
present invention.       This manufacturing apparatus 10 has a vacuum
chamber 11 and an ion generator 15. 5An internal space of the ion
generator 15 is connected to the internal space of the vacuum chamber
11 through an emission port (not shown). A gas supply system 16 is
connected to the ion generator 15; and a vacuum evacuation system 19
is connected to the vacuum chamber 11. 10When an inside of the vacuum
chamber 11 is vacuum-evacuated by the vacuum evacuation system 19,
and a process gas (such as, an N2 gas, for example) is supplied into
the ion generator 15 from the gas supply system 16, and a high
frequency antenna (not shown) in the ion generator 15 is energized,
the process 15 gas ionizes within the ion generator 15, and ions of
the process gas charged positively or negatively are generated. 



An accelerator 20 is disposed at a position facing the emission port
inside the vacuum chamber 11. The accelerator 20 has one or more
acceleration electrodes 21a to 21d; and each 20 acceleration
electrodes 21a to 21d is arranged along a direction in which the ions
of the process gas are emitted.       Through-holes are formed in the
acceleration electrodes 21a to 21d, respectively, and the ions of the
process gas accelerate in the accelerator 20 (through through-holes
of the 25 respective acceleration electrodes 21a to 21d, and in
spaces  between the acceleration electrodes 21a to 21d) .         The
acceleration electrodes 21a to 21d are connected to an acceleration
power supply device 22. The acceleration power supply device 22 has a
controller 29 and a power supply source 5 25; and the power supply
source 25 applies voltages with di f ferent polarity or magnitude as
the acceleration voltages to the acceleration electrodes 21a to
21dadjacent to each other . Since the ions of the process gas are
charged, they are accelerated by an acceleration electric field while
passing through the 10 accelerator 20; and then, they are emitted to
the inside of the vacuum chamber 11.        The power supply source
25 is connected to the controller 29. The controller 29 is configured
so as to change the acceleration voltage applied to the accelerator
20 from the 15 power supply source 25 based on set information, and
to thereby be able to change accelerating energy of the ions of the
process gas.        Next, processes of manufacturing a magnetic
recording medium will be described. 



20Reference numeral 40 in Fig. 2 (a) denotes an object to be
processed. The object to be processed 40 has a substrate 41, a
magnetic film 44 formed on one surface or both surfaces of the
substrate 41, and a protection film 46 formed on a surface of the
magnetic film 44. It is to be noted that a foundation 25 film may be
provided between the substrate 41 and the magnetic  film 44.
In the magnetic film 44, a portion to be processed 43 that is made
non-magnetized, and a portion not to be processed     42 that remains
without non-magnetization process are 5 predetermined. A resist 49 is
transferred on the magnetic film 44 using a stamper; an ion shielding
portion 47 formed of a thick film portion of the resist 49 for
shielding the ions is 



disposed on the portion not to be processed 42; and an ion permeation
portion 48 formed of a thin film portion thinner 10 than the ion
shielding portion 47 of the resist 49 for making the ions permeate is
disposed on the portion to be processed 43 (see, Fig. 2(b)).
Afilmthickness of the magnetic film 44 hasbeendetermined, and there
can be found energy for injecting a target element 15 required for
making non-magnetize the portion to be processed 43 due to the film
thickness of the magnetic film 44, and a thickness and an area of the
ion permeation portion 48 on the portion to be processed 43. An
injection amount of the ions for making non-magnetize the portion to
be processed 43 is 20 determined from a relationship calculated in
advance between an amount of magnetic property change of the magnetic
film 44 and an injection amount of the ions. When the ions are inj
ected into the ion permeation portion 48 and the ion shielding
portion 47, film thicknesses of the 25 ion permeation portion 48 and
the ion shielding portion 47 are  



decreased in accordance with ion energy and an ion incidence time
period (ion injection time period) . The injection amount of the
target element required to making non-magnetize the portion to be
processed 43 has been found; and thus, in advance, 5 a decreased
amount of the film thickness of the ion permeation portion 48 is
calculated at the time of injecting the required amount.
Reference numerals To and To in Figs. 2 (b) and 2 (c) denote film
thicknesses of the ion permeation portion 48, the reference 10
numeral To denotes an initial film thickness at the time of starting
non-magnetization process before being etched by the ions of the
process gas, and the reference numeral T1 denotes a last film
thickness at the time of completing the non-magnetization process in
which the required amount of the 15 target element is injected.
When a depth from the surface of the magnetic film 44 to a position
at which the injection amount of the target element is the maximum,
defined as a "peak depth", the peak depth can be changed in a range
where zero is the lower limit and the 20 distance equal to the film
thickness of the magnetic film 44 is the upper limit. Reference
numerals Do and D1 in Figs. 2 (b) and 2 (c) denote an initial peak
depth that is a peak depth at the time of starting non-magnetization,
and a last peak depth that is a peak depth 25 at the time of
completing the injection of a required amount  



of the target element. There are the following cases: where the
initial peak depth Do and the last peak depth Di are equal to each
other, and thus the peak depth is constant; where the initial peak
depth Do is larger than the last peak depth D1, 5 and a position of
the peak depth moves from a substrate 41 side to a resist 49 side in
accordance with an elapsed time of ion injection; and where the
initial peak depth Do is smaller than the last peak depth D1, and the
position of the peak depth moves from the resist 49 side to the
substrate 41 side in accordance 10 with the elapsed time of ion
injection.        Calculated are an initial acceleration voltage Vo
that can achieve the initial peak depth Do when the film thickness of
the ion permeation portion 48 is the initial film thickness To, and a
last acceleration voltage V1 that can achieve the last 15 peak depth
Di when the f ilm thickness of the ion permeation port ion 48 is the
last film thickness T1, and then they are set in the controller 29.
A vacuum ambience is formed in the vacuum chamber 11; the object to
be processed 40 in a state of Fig. 2W) is held 20 by a holder 18 for
holding the substrate so as to be carried in the vacuum chamber 11;
and the surface where the resist 49 has been disposed is made to face
the accelerator 20 (Fig. 1) . Ions of the process gas are generated
in a state where the vacuum ambience in the vacuum chamber 11 is
maintained; and the vacuum 25 chamber 11 is set at the ground
potential.          The controller 29 starts a non-magnetization
process by applying the initial acceleration voltage Vo to the
accelerator 2, changes the acceleration voltage at least one time
until injection of the required amount of target element is
completed, 5 brings the acceleration voltage closer to the last
acceleration voltage V1, applies the last acceleration voltage V1
when the injection of the required amount of target element is
completed, and then completes the non-magnetization process. During
the non-magnetization process, the acceleration voltage may be 10
gradually reduced or may be continuously reduced. 



When the peak depth moves from the resist 49 side to the substrate 41
side (Do <D1) , the acceleration voltage is increased so as to
achieve a depth equal to an inj ect ion depth corresponding to a
decreased amount of the resist film or more. 15The lost film
thickness of the resist film (amount of decreased film) caused by the
ion injection is increased. A distance from the surface of the resist
49 to the peak depth becomes short and a position of the peak depth
from the surface of the resist film becomes shallow, so that when the
peak depth 20 from the surface of the magnetic film 44 is made
constant (Do = D1) , the acceleration voltage is reduced in response
to the increase of the amount of decreased film so as to make the
peak depth constant.              When a rate of decrease of the film
amount (decreased 25 amount of the film per time) is constant, a rate
of reducing  the acceleration voltage (a reducing value of the
acceleration voltage per time) indicates a value corresponding to the
decreased amount of the film, and it is constant. However, when the
peak depth is moved from a bottom face side of the magnetic 5 film 44
(substrate 41 side) to a surface side of the magnetic film 44 (Do >
Di) , it is necessary to reduce the acceleration voltage at a higher
rate than the reduction rate of the acceleration voltage at the time
of making the peak depth constant. 10Conversely, when the peak depth
is moved from the resist 49 side to the substrate 41 side (Do c Di) ,
the acceleration voltage is increased so as to achieve the depth
equal to the injection depth corresponding to the decreased amount of
the resist film or more. 15In other words, when the peak depth is
moved from the resist 49 side to the substrate 41 side (Do <D1) , the
reduction rate of the acceleration voltage can be made constant or
smaller than the reduction rate of the acceleration voltage at the
time of making the peak depth constant. Furthermore, the 



20 acceleration voltage can be increased in accordance with the
elapsed time of the ion injection. It is preferable that the
acceleration voltage fall in a range where the peak depth does not
exceed the film thickness of the magnetic film 44. When the peak
depths Do and Di are made constant, if the 25 peak depths Do and Di
are set in the center of the magnetic film  44 in a film thickness
direction thereof, efficiency of non-magnetization is the highest.
When the peak depth Do from the surface of the magnetic film 44 and
the peak depth D1 from the surface of the magnetic film 44 are made
different, a region 5 in which the target element is injected moves
from the surface to the bottom face of the magnetic film 44.
It is to be noted that the peak depths Do and D1 from the surface of
the magnetic film 44 may be changed from increase to decrease or from
decrease to increase in the middle of the 10 non-magnetization
process. In this case, an acceleration voltage that can achieve the
set peak depth is examined; and it is then set in the controller 29
not only at the time of the start and at the time of the completion
of the non-magnetization process, but in the middle of the 15
non-magnetization process. After completing the non-magnetization
process, application of the accelerationvoltage is stopped, or the
object to be processed 40 is covered by a shutter etc. to thereby
stop 



irradiating the object to be processed 40 with the ions of the 20
process gas. The object to be processed 40 is carried out from the
vacuum chamber 11, and the resist 49 is removed. If it is necessary,
a lubrication layer or another layer is formed on the protection film
46 by forming a new protection film after removing the protection
film 46 or by growing the protection 25 film 46 in order to increase
the film thickness thereof, thereby  a magnetic recording medium 50
is obtained (Fig. 3).        Ion injection into the portion not to be
processed 42 is not performed since the ion shielding portion 47 is
located at an upper part thereof; and reference numeral 51 in Fig. 3
5 denotes a magnetic portion consisting of the portion not to be
processed 42 that has been prevented from becoming non-magnetized.
Reference numeral 52 in Fig. 3 denotes a non-magnetic portion
consisting of the portion to be processed 43 which is non-magnetized.
The magnetic portion 51 is divided 10 into a plurality of portions by
the non-magnetic portion 52, and each divided magnetic portion 51
becomes a recording portion where read/write information is
performed. 



Although there has been described above the case where the magnetic
film 44 is formed on one side of the substrate 15 41, the present
invention is not limited to this case, and the magnetic film 44 maybe
formed on both sides of the substrate 41. In such a case, both sides
may be non-magnetized simultaneously, or they may be non-magnetized
one by one. It is preferable that the target element be, for example,
20 at least one element selected from a group of 0, B, P. F, N, H, C,
Kr, Ar and Xe. Two or more kinds of atoms, as described above, maybe
injected. For the process gas, a gas is used that contains one or
more target element(s), as described above, in a chemical structure
thereof. 25A structure of the magnetic film 44 is not particularly
limited as long as it contains magnetic materials (such as, Fe, Co
and Ni) . For example, an artificial lattice film (metal laminated
film such as, Co/Pd, Co/Pt, Fe/Pd, and Fe/Pt) or a CoPt (Cr) alloy
can be used. In addition, in a case of an in-plane 5 magnetic
recording type magnetic film 44, for example, a film formed by
laminating a non-magnetic CrMo foundation layer and a ferromagnetic
CoCrPtTa magnetic layer can be used.        Although a film thickness
of the ion shielding portion 47 is not particularly limited, it is
made thick such that the 10 target element may not reach the portion
not to be processed from the start to the completion of a
non-magnetization process. The ion permeation portion 48 is made thin
such that the target element can permeate it to reach the portion to
be processed. Although the protection film 46 is not particularly 15
limited, it canbemade of, for example, at least one protection
material (s) selected froma group of carbon (suchas, DLC (diamond
like carbon)), hydrogenated carbon, nitrogenated carbon, silicon
carbide (SiC), 5i02, Zr203, and TiN. 



Although the stamper is not particularly limited, it is, 20 for
example, formed in aplate-shape in which a concave portion having a
plane shape substantially equal to the shape of the portion not to be
processed 42 is formed on the surface thereof at the same interval as
the portion not to be processed 42. Amethod for forming the resist 49
using the stamper will 25 be described hereinafter. The resist 49 is
held and pressed  between the stamper and the object to be processed
40. The resist 49, when containing thermoplastic resin, is heated
while pressed. Since the resist 49 is pressed to be pushed away from
5 a top of a convex portion, and then flows into a concave portion,
the ion shielding portion 47 made of a thick film of the resist 49 is
formed on the portion not to be processed 42. The resist 49 is not
thoroughly pushed away from the top of the convex portion, but a part
thereof remains as it is; and thus, the 



10 ion permeation portion 48 made of a thin film of the resist 49 is
formed on the portion to be processed 43.        The resist 49 is,
when containing thermosetting resin (such as, epoxy resin), hardened
by heating, when containing ultraviolet curable resin (such as,
acrylate) hardened by 15 ultraviolet irradiation, and when containing
thermoplastic resin, solidified by cooling.        Adhesive property
of a surface of the stamper to the hardened (or solidified) resist 49
is made lower than the adhesive property of the resist 49 to the
object to be processed 40, 20 and when the stamper is removed, the
resist 49 on which the ion shielding portion 47 and the ion
permeation portion 48 have been formed remains on the object to be
processed 40.        In a photolithographic method, which instead of
using the stamper, has the resist 49 on the portion to be processed
25 43 etched halfway to form the ion permeation portion 48, and  has
the resist 49 on the portion not to be processed 42 made to remain
without etching process to form the ion shielding portion 47.
However, when using the stamper rather than the photolithographic
method, manufacturingprocesses are simpler, 5 and a less amount of
materials (such as, the resist 49 and an etchant) is needed so that
it is economical.        The substrate 41 is not particularly limited
as long as it is non-magnetic and, for example, a glass substrate, a
resin substrate, a ceramic substrate, an aluminum substrate or the 10
like can be used. 



A manufacturing method of the present invention is widely applicable
to a manufacturing method of magnetic recording media in which a part
of a magnetic film is non-magnetized to separate a plurality of
magnetic portions; and specifically, it can be 15 used for
manufacturing a variety of magnetic recording media, such as DTR
(Discrete Track Recording media) and BPM (Bit Patterned Media).
SCOPE OF CLAIMS 1.A manufacturing method for a magnetic recording
medium, comprising steps of: arranging a resist that includes anion
shielding portion 5 and an ion permeation portion having a film
thickness thinner than the thickness of the ion shielding portion on
a magnetic film of an object to be processed having a substrate and
the magnetic film arranged on a surface of the substrate; and
injecting the constituent element of a process gas in 10 the portion
to be processed where the ion permeation portion of the magnetic film
is located in order to become non-magnetize, by accelerating ion of
the process gas and by permeating a constituent element of the
process gas through the ionpermeation portion, 15wherein the
constituent element of the process gas is injected by changing an
acceleration voltage that accelerates the ions of the process gas so
as to make non-magnetize the portion to be processed. 



20 2.The manufacturing method for a magnetic recording medium
accordingtoclaiml,whereintheaccelerationvoltageischanged in response
to the change of the film thickness of the ion permeationportion in
such a manner that a depth, from the surface of the magnetic film of
which an injection amount of the 25 constituent element is the
maximum, is constant.   3. The manufacturing method for a magnetic
recording medium according to claim 1, wherein the acceleration
voltage is changed in such a manner that a depth, from the surface of
the magnetic 5 film of which an injection amount of the constituent
element is the maximum, moves.  4. The manufacturing method for a
magnetic recording medium according to claim 3, wherein the
acceleration voltage is changed 10 in such manner that a depth, from
the surface of the magnetic film of which an injection amount of the
constituent element is the maximum, moves from the side of the
substrate to the side of the resist. 15 5.The manufacturing method
for a magnetic recording medium according to claim 3, wherein the
accelerationvoltage is changed in such a manner that a depth, from
the surface of the magnetic film of which an injection amount of the
constituent element is the maximum, moves from the side of the resist
to the side 20 of the substrate. 


