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(57) ABSTRACT

A magnetic recording media includes a toroidal substrate, a
surface thereof is divided into a recording area located in a
central part between an outer peripheral edge and an inner
peripheral edge, edge areas located within 100 um or more
and 2,000 um or less from the outer and inner peripheral
edges, respectively, and adjacent areas located between the
edge areas and the recording area, respectively, a magnetic
film on the substrate, and a protective film on the magnetic
film, in which the magnetic film is thinner in the edge areas
than that in the adjacent areas, and at least a part of the
protective film in the edge areas is thicker than that in the
adjacent areas.
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MAGNETIC RECORDING MEDIA,
MAGNETIC RECORDING APPARATUS, AND
METHOD FOR MANUFACTURING
MAGNETIC RECORDING MEDIA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of application Ser.
No. 11/723,977, filed Mar. 21, 2007, which is based upon and
claims the benefit of priority from the prior Japanese Patent
Application No. 2006-094356, filed Mar. 30, 2006, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a magnetic record-
ing media such as a discrete track media or a nano-patterned
media, a method for manufacturing the same, and a magnetic
recording apparatus.

[0004] 2. Description of the Related Art

[0005] Recently, much attention has been paid to discrete
track media and nano-patterned media which are configured
as described below in order to address to the increased density
of magnetic recording media. In discrete track media, adja-
cent recording tracks are separated from each other by a
groove or a nonmagnetic material to reduce the magnetic
interference between the recording tracks. In nano-patterned
media, adjacent recording bits are separated from each other
by a groove or a nonmagnetic material to reduce the magnetic
interference between the recording bits. In the manufacture of
such discrete track media or nano-patterned media, it is pref-
erable to form magnetic patterns for data areas and for signals
for servo areas by an imprint process using a stamper, since
this method can eliminates the step of servo track write,
leading to a reduced cost.

[0006] However, when a magnetic recording media manu-
factured using the imprint process is incorporated in a mag-
netic recording apparatus, recesses and protrusions on the
surface of the media may disadvantageously make the flying
property of the head unstable. Thus, there have not been
established suitable manufacturing conditions for a method
for manufacturing a magnetic recording media using the
imprint process as well as suitable patterns to be formed and
a processing method for a magnetic film.

[0007] Conventionally, a magnetic recording media has
been proposed which has patterns of recesses and projections
formed in at least either an outside area or inside area with
respect to the data recording area to adjust lifting force
applied to the magnetic head in order to improve the head
flying property (JP-A 2005-38476 [KOKAI]). Further, a
magnetic recording media has been proposed in which the
surface heights of the protective film formed on the recording
track areas and that formed on the separation areas separating
the recording track areas are adjusted in order to prevent the
head from stiction and to prevent the patterned structure from
being easily destroyed (JP-A 2003-109210 [KOKAT]).
[0008] With a magnetic recording media manufactured
using the imprint process, a diamond like carbon (DLC) film
as a protective film may not be appropriately formed by
chemical vapor, deposition (CVD) because electrical conduc-
tion is not established successfully in the edge areas the
substrate. Thus, if the DLC film is formed insufficiently
thickly, for example, the protective film may be damaged by
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contact with the spindle when the media is being mounted on
a drive, and further the magnetic film is corroded at the
damaged portion of the protective film. However, no solution
to these problems has been known so far.

BRIEF SUMMARY OF THE INVENTION

[0009] According to an aspect of the present invention,
there is provided a magnetic recording media comprising: a
toroidal substrate, a surface thereof'is divided into a recording
area located in a central part between an outer peripheral edge
and an inner peripheral edge, edge areas located within 100
um or more and 2,000 pm or less from the outer and inner
peripheral edges, respectively, and adjacent areas located
between the edge areas and the recording area, respectively; a
magnetic film on the substrate; and a protective film on the
magnetic film, wherein the magnetic film is thinner in the
edge areas than that in the adjacent areas, and at least a part of
the protective film in the edge areas is thicker than that in the
adjacent areas.

[0010] According to another aspect of the present inven-
tion, there is provided a method for manufacturing a magnetic
recording media, comprising: depositing a magnetic film on a
toroidal substrate; forming a resist on the magnetic film
except for an inner edge area within 100 um or more and
2,000 um or less from an inner peripheral edge of the substrate
and edge-rinsing an outer edge area within 100 um or more
and 2,000 um or less from the outer peripheral edge to remove
the resist; carrying out imprinting with a stamper having
patterns of recesses and protrusions to pattern the resist on a
recording area located in a central part between the outer
peripheral edge and inner peripheral edge of the substrate;
etching a resist residue remaining in the recesses in the pat-
terned resist; etching the magnetic film in the inner and outer
edge areas and recording area using, the protrusions of the
patterned resist as a mask; and removing the patterned resist.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0011] FIG.11is aplan view of a magnetic recording media
according to an embodiment;

[0012] FIG. 2 is a cross-sectional view of the magnetic
recording media according to the embodiment showing from
the inner peripheral edge to the outer peripheral edge;
[0013] FIG. 3 is a cross-sectional view of a magnetic
recording media according to another embodiment showing
from the inner peripheral edge to the outer peripheral edge;
[0014] FIG. 4 is a plan view along a circumferential direc-
tion of a discrete track media according to another embodi-
ment;

[0015] FIG. 51is a plan view along a circumferential direc-
tion of a discrete bit media according to another embodiment;
[0016] FIG. 6 is a plan view along a circumferential direc-
tion of a nano-patterned media according to another embodi-
ment;

[0017] FIGS. 7A, 7B, 7C, 7D, and 7E are cross-sectional
views of an edge area and an adjacent area, showing a method
for manufacturing magnetic recording media according to an
embodiment;

[0018] FIGS. 8A, 8B, 8C, 8D, 8E, 8F, 8G, and 8H are
cross-sectional views of a recoding area, showing the method
for manufacturing magnetic recording media according to the
embodiment;
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[0019] FIG. 9 is a schematic view showing a magnetic
recording apparatus according to an embodiment; and
[0020] FIG. 10 is a block diagram of the magnetic record-
ing apparatus according to the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0021] FIG. 1 shows a plan view of a magnetic recording
media according to an embodiment. FIG. 2 shows an exem-
plary cross-sectional view of the area from the inner periph-
eral edge to outer peripheral edge of the magnetic recording
media. As shown in FIG. 2, a magnetic recording media 1 has
a magnetic film 12 and a protective film 13 on a toroidal
substrate 1. FIG. 2 shows an example in which the magnetic
film 12 and protective film 13 are formed on both surfaces of
the substrate 11. However, the magnetic film 12 and protec-
tive film 13 may be formed on only one of the surfaces of the
substrate 11.

[0022] Here, the surface of the magnetic recording media 1
is referred to as a plane on which information is recorded. As
shown in FIGS. 1 and 2, the surface of the magnetic recording
media 1 is divided into a recording area 21 located in a central
part between the outer peripheral edge and the inner periph-
eral edge, an outer edge area 23, an inner edge area 25, an
outer adjacent area 22 located between the outer edge area 23
and the recording area 21, and an inner adjacent area 24
located between the inner edge area 25 and the recording area
21.

[0023] The outer edge area 23 is formed within 100 pm or
more and 2,000 um or less of the outermost position of a flat
part except for a chamfered part (tapered part) starting from
the outer peripheral edge. The inner edge area 25 is formed
within 100 pm or more and 2,000 um or less of the innermost
position of the flat part except for a chamfered part (tapered
part) starting from the inner peripheral edge.

[0024] The outer edge area 23 and inner edge area 25 are
specified to lie within the above ranges for the following
reason. Substrate mounting eccentricity and motor eccentric-
ity each of about 100 to 300 um may occur during processing
of'a magnetic recording media. Accordingly, it is pointless to
provide some functions within 100 pm of either the outermost
orinnermost position of the flat part. On the other hand, a load
position for the head slider is set at about 2,000 pm from the
outer peripheral edge. (Note that, this may vary depending on
the substrate size). If the outer edge area 23 were formed at a
position more than 2,000 um from the outermost position of
the flat part, the recording area would decrease.

[0025] The recording area 21 includes a data area 30 and a
servo area 40 in both of which the magnetic film are formed
into protrusion patterns. User data is recorded in the magnetic
patterns in the data area 30. The data area 30 and the servo
area 40 will be described below in detail.

[0026] No magnetic patterns are formed and no data is
recorded in the outer adjacent area 22 and inner adjacent area
24.

[0027] The outer adjacent area 22 and inner adjacent area
24 will sometimes be collectively referred to as an adjacent
area. The outer edge area 23 and inner edge area 25 will
sometimes be collectively referred to as an edge area.
[0028] In the magnetic recording media according to the
embodiment, the magnetic film 12 is thinner in the edge areas
23 and 25 than in the adjacent areas 22 and 24. At least a part
of' the protective film 13 in the edge areas 23 and 25 is thicker
than the protective film 13 in the adjacent areas 22 and 24.
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[0029] In the magnetic recording media according to the
embodiment, the protective film 13 is thicker in the edge areas
23 and 25 than in the adjacent areas 22 and 24. This makes it
possible to prevent the degradation of the protective film 13
resulting from its contact with the spindle when it is being
mounted on a drive or processing damage during media pro-
duction. This in turn makes it possible to prevent the corro-
sion of the magnetic film resulting from the degradation of the
protective film. To exert this effect, the protective film is
preferably thicker in the edge area than in the adjacent area by
10 nm or more. When the difference in thickness of the
protective film is less than 10 nm, it is difficult to prevent the
degradation of the protective film.

[0030] To make the protective film thicker in the edge area
than in the adjacent area by 10 nm or more, the amount of the
magnetic film to be etched in the edge area during the process
of manufacturing a magnetic recording media should be setto
10 nm or more as described below.

[0031] On the other hand, in the conventional magnetic
recording media, including discrete track media and nano-
patterned media, the magnetic film and protective film have
almost the same thickness in the edge area and in the adjacent
area. To achieve high-density recording in a conventional
magnetic media, the thickness of a protective film is set in a
range of 1 to 10 nm, preferably 3 to 4 nm, to reduce the
distance between the magnetic head and the magnetic film.
However, a protective film that is thinner in the edge area is
readily degraded by such causes described above.

[0032] InFIG. 2, the protective film 13 is formed to cover
the edge areas 23 and 25 and the outer and inner chamfered
parts (tapered parts). However, the form of the protective film
13 is not limited to this. For example, as is the case with a
magnetic recording media according to another embodiment
shown in FIG. 3, the thickness of the protective film 13 in the
edge areas 23 and 25 may decrease toward the outer periph-
eral edge or inner peripheral edge.

[0033] In the embodiment, the protective film may be
formed of one type of material or a stacked film of two or
more types of materials. The uppermost layer of the protec-
tive film is preferably formed of carbon that is excellent in
durability and corrosion resistance and is deposited by the
chemical vapor deposition (CVD) process. Here, the carbon
is classified into sp® bonded carbon (graphite) and sp> bonded
carbon (diamond). The CVD process generates carbon on the
basis of chemical reaction by exciting material gas in plasma
to decompose the gas. Accordingly, optimized conditions
enable the formation of diamond like carbon (DLC), which is
rich in sp® bonded carbon. DLC is excellent in durability and
corrosion resistance but is poor in flatness owing to replica-
tion of underlying patterns. On the other hand, carbon that is
formed by sputtering using a graphite target is amorphous
carbon containing a mixture of sp> bonded carbon and sp®
bonded carbon and is excellent in flatness.

[0034] Consequently, to form a protective film using one
type of material, DLC is preferably deposited by CVD. To
form a protective film using a stacked film of two or more
types of materials, amorphous carbon is preferably deposited
by sputtering to form a lower protective film, followed by
etching back, and then, DLC is deposited by the CVD pro-
cess. Such a stacked protective film is excellent in flatness,
durability, and corrosion resistance.

[0035] A possible material for the lower protective film
may include an insulating film containing SiO, or ZrO,. The
insulating film such as SiO, can be deposited by sputtering
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under RF bias and exhibits excellent flatness. The insulating
film thus enables the exertion of effects similar to those pro-
duced if amorphous carbon is used as the lower protective
film. However, if an insulating film remains on the surface
after the etch-back operation following the deposition of the
insulating film such as SiO,, electrical conduction is not
established in deposition of DLC by CVD. This may degrade
the quality of the DLC film. To avoid this problem in the case
where the insulating film is used as a lower protective film, the
lower protective film is etched back so that its thickness
decreases toward the edge as shown in FIG. 3.

[0036] A lubricantis applied to the protective film 13 of the
magnetic recording media. Examples of the lubricant include,
for example, perfluoropolyether, fluorinated alcohol, and flu-
orinated carboxylic acid. The lubricant on the protective film
13 is divided into a bonding layer chemically bonded to the
protective film 13 and a free layer not chemically bonded to
the protective film 13. The better film quality of the protective
film 13 in the edge area increases the rate of the bonding layer,
with the free layer having a uniform film thickness. To mea-
sure the ratio of the bonding layer to free layer in the lubricant,
it is possible to use X-ray photoelectron spectroscopy, elec-
tron spectroscopy for chemicals analysis (ESCA), a Fourier
transformation infrared spectrophotometer (FT-IR), or the
like.

[0037] Now, description will be given of structure of the
recording area of magnetic recording media according to
embodiments, taking the case of a discrete track (DTR)
media, a discrete bit media, and a nano-patterned media.

[0038] FIG. 4 shows a plan view of a discrete track media
according to an embodiment as viewed along the circumfer-
ential direction of the media. The servo area 40 in FIG. 4
includes a preamble portion 41, an address portion 42, and a
burst portion 43. The data area 30 in FIG. 4 includes discrete
tracks 31.

[0039] FIG. 5 shows a plan view of a discrete bit media
according to another embodiment as viewed along the cir-
cumferential direction of the media. In the data area 30 in
FIG. 5, a ferromagnetic layer is physically divided into pieces
notonly in the cross-track direction but also in the down-track
direction to form discrete bits 32.

[0040] FIG. 6 shows a plan view of a nano-patterned media
according to another embodiment as viewed along the cir-
cumferential direction of the media. Recording tracks in the
data area 30 in FIG. 6 include two subtracks having magnetic
dots 33 formed of protruding magnetic patterns arranged at a
pitch P in the down-track direction. The magnetic dots 33 on
one of the subtracks are shifted from the magnetic dots 33 on
the other subtrack by the V4 pitch. These magnetic dots 33 can
be formed using artificially assisted self-assembly (AASA),
which involves subjecting diblock copolymer to phase sepa-
ration to controllably array patterns.

[0041] With reference to FIGS. 7A, 7B, 7C, 7D, 7E, 8A,
8B, 8C, 8D, 8E, 8F, 8G, and 8H, a detailed description will be
given of a method for manufacturing a discrete track (DTR)
media according to an embodiment. First, processing of the
edge areas and adjacent areas will be described with reference
to FIGS. 7A, 7B, 7C, 7D, and 7E. Then, with reference to
FIGS. 8A, 8B, 8C, 8D, 8E, 8F, 8G, and 8H, the method for
manufacturing a DTR media will be generally described by
describing processing of the recording area, while appropri-
ately referring to processing of the edge areas and adjacent
areas.
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[0042] As shown in FIG. 7A, a magnetic film 12 is depos-
ited on the toroidal substrate 11. A resist 50 is spin-coated on
the magnetic film 12. In this case, a position-controllable
dispenser nozzle is used to avoid applying the resist within
100 um or more and 2,000 um or less from the inner periph-
eral edge of the inner edge area (not shown in FIG. 7A).
Spin-coating the resist 50 raises a part of the resist 50 in the
outer edge area.

[0043] The substrate 11 is, for example, lithium containing
crystallized glass. The magnetic film 12 is, for example, what
is called a perpendicular double-layer media having a perpen-
dicular magnetic recording layer on a soft magnetic under-
layer with a high magnetic permeability. Materials for the soft
magnetic underlayer include, for example, a CoZr-based
alloy, a CoZrNb-based alloy, and a CoZrTa-based alloy.
Materials for the perpendicular magnetic recording layer
include, for example, CoCrPt, or the like. An intermediate
layer made of a nonmagnetic substance may be provided
between the soft magnetic underlayer and the perpendicular
magnetic recording layer to block exchange coupling inter-
action between the soft magnetic underlayer and the perpen-
dicular magnetic recording layer or to control the crystallinity
of the perpendicular magnetic recording layer. A material for
the intermediate layer is selected from the group consisting of
Ru, Pt, Pd, W, Ti, Ta, Cr, Si, alloys containing any of these
elements, and oxides and nitrides containing any of these
elements. However, the constitution of the magnetic film 12 is
not limited to those described above. The resist 50 may be
photoresist such as a novolak resin, used for a semiconductor
process, or spin-on glass (SOG), but the resist is not limited to
them. Methods for applying the resist 50 include spin-coat-
ing, dip-coating, spray-coating, and an ink jet process. It is
preferable to use the spin-coating, which is excellent in flat-
ness, simplicity, and mass productivity.

[0044] AsshowninFIG. 7B, a solvent suitable for the resist
50 is used to edge-rinse a part of the outer edge area which
corresponds to the range of 100 um or more and 2,000 um or
less from the outer peripheral edge to remove the resist. For
example, if the resist 50 is SOG, the solvent for edge-rinsing
may be ethanol, isopropyl alcohol, cyclohexanone, or the
like, but the solvent is not particularly limited.

[0045] As shown in FIG. 7C, the magnetic film 12 in the
edge area is etched and made thinner using the resist 50 as a
mask. The magnetic film 12 is etched by, for example, Ar ion
milling. In this case, to avoid damaging the magnetic film, the
etching based on ion milling is carried out by setting an ion
incident angle to 30° and then to 70° to suppress re-deposi-
tion. When the etching is carried out at such a steep angle to
suppress re-deposition, the side walls of the patterns on the
magnetic film are tapered at 40° to 75°.

[0046] As shown in FIG. 7D, the patterned resist 50 is
stripped off. For example, if the resist 50 is SOG, etching may
be carried out with CF, SF, or the like using an inductively-
coupled plasma (ICP) etching apparatus. However, the etch-
ing process is not particularly limited. A process for removing
impurities from the machined magnetic film, such as wash-
ing, may be carried out as required.

[0047] As shown in FIG. 7E, a protective film 13 is depos-
ited. As aresult, at least a part of the protective film in the edge
area is thicker than that in the adjacent area.

[0048] Withreference to FIGS. 8A, 8B, 8C, 8D, 8E, 8F, 8G,
and 8H, a general description will be given again of the
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method for manufacturing a DTR media, while describing
processing of the recording area, including the imprint pro-
cess.

[0049] As shown in FIG. 8A, a magnetic film 12 is depos-
ited on the toroidal substrate 11. A resist 50 is spin-coated on
the magnetic film 12. The resist 50 is selected to be suitable
for a process such as etching following an imprint process, in
accordance with a high-density magnetic recording media to
be produced. The resist 50 also needs to be more flexible than
a stamper material to allow patterns of recesses and protru-
sions on a stamper surface to be reliably transferred in
imprinting. The resist 50 further needs to be stable enough to
allow the patterns of recesses and protrusions transferred by
imprinting to be retained at room temperature. Thus, a mate-
rial having a glass transition point and a melting point higher
that room temperature is selected for the resist 50. More
specifically, it is desirable that the material for the resist 50 is
flexible enough to allow the patterns of recesses and protru-
sions of the stamper to be transferred under a load of 500 bar
or more and has a glass transition point of at most 100° C. As
described above, the resist 50 may be, for example, a photo-
resist such as a novolak resin, used for a semiconductor pro-
cess, or SOG, but the resist 50 is not particularly limited.

[0050] Inthis case, the resist is not applied to within 100 pm
or more and 2,000 um or less from the inner peripheral edge
of the inner edge area. After the application, the outer edge
area is edge-rinsed to remove a raised part of the resist 50 in
this area (see the description for FIGS. 7A and 7B).

[0051] AsshowninFIG. 8B, imprinting is performed using
a stamper 60 having patterns of recesses and protrusions to
transfer the patterns to the resist 50 on the recording area. The
resist 50 in the recording area is thus patterned. FIG. 8B
shows the state that the stamper 60 is removed after the
imprinting. The stamper 60 is made of, for example, nickel.

[0052] As shown in FIG. 8C, resist residues remaining at
the bottoms of the recesses in the patterned resist 50. To
remove the resist residues, anisotropic etching is preferably
carried out by RIE or ICP.

[0053] Asshown in FIG. 8D, the magnetic film 12 is etched
using the protrusions of the patterned resist 50 as a mask. At
this time, the magnetic film 12 is etched in the recording area
shown in FIG. 8D and in the edge area shown in F1G. 7C. The
etching amount of the magnetic film 12 is set to 10 nm or
more. The magnetic film 12 is etched by using, for example,
Ar ion milling with the ion incident angle varied as described
above.

[0054] As shown in FIG. 8E, the patterned resist 50 used as
the etching mask is stripped off. As described above, at this
stage, the resist in the outer edge area is also stripped off (FIG.
7D).

[0055] As shown in FIG. 8F, a lower protective film 13a
made of amorphous carbon is deposited by sputtering. The
lower protective film 13a may be, for example, an insulating
film such as SiO,. As shown in FIG. 8G, etch-back is per-
formed to flatten the surface of the lower protective film 13a.
As shown in FIG. 8H, an uppermost protective film 135 made
of DLC is deposited by CVD. At this time, since electrical
conduction can be established in the edge areas, the produc-
tive film 135 is improved in quality. This makes the protective
film 13 (lower protective film 13a and protective film 1354)
thicker in the edge area than in the adjacent area by 10 nm or
more. The protective film 13 can thus be made resistant to
corrosion and mechanical damage.
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[0056] Further, processes included in a common method
for manufacturing a DTR media are carried out to manufac-
ture a DTR media.

[0057] The method for manufacturing a DTR media has
been described. However, the method according to the
embodiment is also applicable to other media to which the
imprint process is applied, such as a discrete bit media and a
nano-patterned media.

[0058] FIG. 9 shows a perspective view of a magnetic
recording apparatus (hard disk drive) according to an embodi-
ment. The magnetic recording apparatus comprises a discrete
track media (DTR media) 71 according the embodiment, a
spindle motor 72 that rotates the DTR media 71, a head slider
76 including a magnetic head, a head suspension assembly
including a suspension 75 and an actuator arm 74 to support
the head slider 76, and a voice coil motor (VCM) 77 serving
as an actuator for the head suspension assembly.

[0059] The DTR media 71 is rotated by the spindle motor
72. The magnetic head incorporated in the head slider 76 is
what is called a combined head including a write head of a
single pole structure and a read head that employs a shielded
MR element (GMR film, TMR film, or the like). The actuator
arm 74 is pivotably attached to a pivot 73. The actuator arm 74
has the suspension 75 attached to one end. The head slider 76
is elastically supported via a gimbal provided in the suspen-
sion 75. The actuator 74 has the voice coil motor (VCM) 77
provided at the other end. The voice coil motor (VCM) 77
generates a rotation torque that rotates the actuator arm 74
around the pivot 73, to position the magnetic head on the DTR
media 71 while flying over an arbitrary radial position.
[0060] As shown in FIG. 1, the servo area 40 is circularly
formed in the DTR media 71 to coincide with the locus along
which the magnetic head moves. The radius ofthe circular arc
formed by the servo area 40 is equal to the distance from the
pivot 73 to the magnetic head. The magnetic head records
various digital data on the DTR media 71 in accordance with
the perpendicular magnetic recording system.

[0061] FIG. 10 shows a block diagram of the magnetic
recording apparatus (hard disk drive) according to the
embodiment. FIG. 10 shows the head slider only on the top
surface of the DTR media. However, for a DTR media with
magnetic films (magnetic recording layers) formed on both
surfaces as shown in FIGS. 2 and 3, a down head and an up
head are provided for the respective surfaces.

[0062] The disk drive comprises a mainbody portion called
a head disk assembly (HDA) 100 and a printed circuit board
(PCB) 200.

[0063] The head disk assembly (HDA) 100 includes, as
shown in FIG. 9, the DTR media 71, spindle motor (SPM) 72,
pivot 73, actuator arm 74, suspension 75, head slider 76, and
voice coil motor (VCM) 77.

[0064] A head amplifier (HIC), which is not shown, is fixed
on the actuator arm 74 to amplify input signals to and output
signals from the magnetic head. The head amplifier is con-
nected to the printed circuit board (PCB) 200 through a flex-
ible cable (FPC) 120. The head amplifier (HIC) provided on
the actuator arm 74 as described above enables effective
reduction in noise in head signals. However, the head ampli-
fier (HIC) may be fixed to the HDA main body.

[0065] Four main system [.SIs are mounted on the printed
circuit board (PCB) 200. The system LSIs include a disk
controller (HDC) 210, a read/write channel IC 220, MPU
230, and a motor drive IC 240.
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[0066] MPU 230 is a control section of a drive driving
system and includes ROM, RAM, CPU, and a logic process-
ing section which cooperatively implement a head position-
ing control system according to the embodiment. The logic
processing section is an arithmetic processing section consti-
tuted by a hardware circuit which carries out high-speed
arithmetic processes. The relevant operating firmware (FW)
is stored in ROM, and the MPU controls the drive in accor-
dance with the firmware.

[0067] The disk controller (HDC) 210 is an interface sec-
tion in the hard disk. The disk controller (HDC) 210 performs
interfacing between the disk drive and a host system (for
example, a personal computer) and exchange information
with MPU, the read/write channel IC, and the motor driver IC
to manage the whole drive.

[0068] The read/write channel IC 220 is a head signal pro-
cessing section relating to read/write operations. The read/
write channel IC 220 comprises a circuit which switches a
channel for the head amplifier (HIC) and which processes
read/write signals and the like.

[0069] The motor driver IC 240 is a driver section for the
voice coil motor (VCM) 77 and spindle motor 72. The motor
driver IC 240 controls the spindle motor 72 so that the spindle
motor 72 makes constant rotations, and provides VCM 77
witha VCM manipulation variable from MPU 230 in the form
of a current value.

EXAMPLES

[0070] The present invention will be described more spe-
cifically with reference to Examples.

Example 1

[0071] A DTR media was produced using the method
shown in FIGS. 7A to 7E and 8A to 8H.

[0072] A 1.8-inch lithium-based crystallized glass sub-
strate was used as a substrate 11. The substrate 11 was washed
and then introduced into a sputtering apparatus. A soft mag-
netic underlayer, an intermediate layer, and a CoCrPt record-
ing layer were sequentially deposited to form a magnetic
layer 12. SOG (OCD T-7 5500T; Tokyo Ohka Kogyo Co.,
Ltd.) as a resist 50 was spin-coated on the magnetic layer 12
at 5,000 rpm. At this time, the resist 50 was not applied to a
part of the inner edge area which corresponded to the range of
100 pm from the inner peripheral edge. After application of
the resist 50, a part of the outer edge area which corresponded
to the range of 300 um from the outer peripheral edge was
edge-rinsed with cyclohexanone to remove the resist 50.
[0073] On the other hand, a nickel stamper 60, having pat-
terns of recesses and protrusions, was prepared. The protru-
sions on the stamper 60 had a height of 90 nm. The area ratios
of recesses in the patterns for each area of the stamper were as
follows:

[0074] Address portion and preamble portion in the servo
area: 50%,

[0075] Burst portion in the servo area: 75%, and

[0076] Data area: 67%.

[0077] Before imprinting, the stamper was coated with a

perfluororalkyl derivative as described below so as to be
released more smoothly after imprinting. First, to improve the
adhesion of the perfluoroalkyl derivative to the nickel
stamper, RIE using oxygen gas was carried out for 5 minutes
to oxidize the stamper 60. The stamper 60 was then dip-
coated with a solution prepared by diluting perfluoropoly-
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ether (HOOC—CF,—0O—(CF,—CF,—0),—(CF,—0)
,—(CF,—COOH), the perfluoroalkyl derivative, with
GALDEN-HT70 (Solvay Solexis K.K.) in order to be coated
with perfluoropolyether. The stamper 60 was annealed in a
nitrogen atmosphere at 150° C. for 10 minutes.

[0078] The treated stamper 60 was pressed against the
resist 50 at 2,000 bar for 1 minute for imprinting to transfer
the patterns to the resist 50. The resist 50 in the recording area
was thus patterned. The recesses in the patterned resist 50 had
a depth of about 80 nm. Resist residues remaining at the
bottoms of the recesses had a thickness of about 50 nm.
[0079] After pattern transfer, RIE was carry out using an
ICP etching apparatus to which CF,, gas was introduce so as to
set the pressure to about 2 mTorr. The resist residues were
thus removed.

[0080] After removal of the resist residues, the magnetic
film 12 in the recording area and edge area was etched by 10
nm or more by means of Ar ion milling using the protrusions
of'the patterned resist 50 were used as a mask. In this case, the
ion incident angle was set to 30° and then to 70° to taper the
side walls of the protruded patterns on the magnetic film 12 at
about 40° to 75°.

[0081] After processing the magnetic film 12, the remain-
ing patterned resist 50 made of SOG was removed by RIE
using CF,, gas.

[0082] As alower protective film 13a for flattening, amor-
phous carbon was deposited to a thickness of about 100 nm by
sputtering. Ar ion milling was then carried out to etch-back
the lower protective film 13a to expose the surface of the
magnetic film 12. At this time, the ion incident angle was set
to 70° to flatten the lower protective film 13« in the edge area
as shown in FIG. 2. At this stage, the flat lower protective film
134 of thickness 10 nm or more is formed in the edge area.
[0083] As a protective film 135 for corrosion prevention,
DLC of thickness about 3 nm was deposited by CVD. Per-
fluoroether as a lubricant was further dip-coated to a thickness
of about 2 nm.

Example 2

[0084] Amorphous carbon of thickness about 100 nm was
used as a lower protective film 13a. The ion incident angle
was set to zero in etching back the lower protective film 13a.
The protective film 13 was thus inclined so that its film thick-
ness decreased toward the outer peripheral edge as shown in
FIG. 3. Except for these processes, a DTR media was pro-
duced in the same manner as in Example 1.

Comparative Example 1
[0085] The resist 50 was left in the outer edge area without
being edge-rinsed. Only DLC was deposited by CVD to form
a protective film. Except for these steps, a DTR media was
produced in the same manner as in Example 1.

Example 3

[0086] A DTR media was produced in the same manner as
in Example 1 except that SiO, was used as the lower protec-
tive film 134 in place of amorphous carbon.

Example 4

[0087] A DTR media was produced in the same manner as
in Example 2 except that SiO, was used as the lower protec-
tive film 134 in place of amorphous carbon.

Comparative Example 2

[0088] A DTR media was produced in the same manner as
in Comparative Example 1 except that SiO, was used as the
lower protective film 13« in place of amorphous carbon.
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[0089] The above Examples are classified as follows.
Example 1
[0090] edge-rinsing was performed, the lower protective

film was made of carbon, and the protective film in the outer
edge area was flat.

Example 2

[0091] edge-rinsing was performed, the lower protective
film was made of carbon, and the protective film in the outer
edge area was inclined.

Comparative Example 1

[0092] edge-rinsing was not performed, the lower protec-
tive film was made of carbon, and the protective film in the
outer edge area was flat.

Example 3

[0093] edge-rinsing was performed, the lower protective
film was made of SiO,, and the protective film in the outer
edge area was flat.

Example 4

[0094] edge-rinsing was performed, the lower protective
film was made of SiO,, and the protective film in the outer
edge area was inclined.

Comparative Example 2

[0095] edge-rinsing was not performed, the lower protec-
tive film was made of SiO,, and the protective film in the outer
edge area was flat.

[0096] The DTR media in these Examples were evaluated
in the following manner.

[0097] (1) Average thickness of the protective film in the
outer edge area
[0098] The thickness of the protective film (total thickness

of the lower protective film 13a and protective film 135) was
measured with a sectional transmission electron microscope
(TEM) at a position 300 um away from the outer peripheral
edge.

[0099] (2) Rate (bond rate) of a bonding layer in the lubri-
cant and an Id/Ig value

[0100] The amounts of a bonding layer and a free layer in
the lubricant were measured by FT-IR to determine the rate of
the bonding layer (bond rate).

[0101] The Id/Ig value of DLC, the uppermost protective
film, was measured by Raman spectroscopy to evaluate the
film quality of DLC. 1d/Ig means the ratio of the integrated

Jan. 20, 2011

intensity of a D-band (a vibration peak resulting from a dis-
turbance in the structure) and the integrated intensity of a
G-band (a vibration peak of a graphite structure), which are
obtained by waveform separation. A smaller Id/Ig value indi-
cates the higher density of the DLC film.

[0102] (3) Evaluation of corrosion resistance

[0103] Each of the DTR media was installed in a drive and
taken out a week later. The DTR media were then left in an
SF;atmosphere. Next day, the DTR media were examined for
corrosion (white turbidity resulting from corrosion).

[0104] Table 1 shows the measurements and indicates the
followings.
[0105] The protective films of the edge rinsed DTR media

in Examples 1, 2, 3, and 4 are thicker in the outer edge area
than those of the DTR media in Comparative Examples 1 and
2. The thickness of the protective film in the adjacent area in
each of the examples is almost equal to that in the outer edge
area measured in Comparative Example 1 or 2. Consequently,
the difference in thickness of the protective film between the
edge area and the adjacent area is about 20 nm in Examples 1
and 3 and about 12 nm in Examples 2 and 4.

[0106] The DTR media in Examples 1 and 2, for which
edge-rinsing was performed and amorphous carbon was used
as the lower protective film, exhibit a higher bond rate and a
smaller Id/Ig value than that in Comparative Example 1. The
DTR media in Examples 3 and 4, for which edge-rinsing was
performed and SiO, was used as the lower protective film,
exhibit a higher bond rate and a smaller 1d/Ig value than that
in Comparative Example 2. However, the DTR media in
Example 3, in which the protective film was flat, exhibits a
lower bond rate and larger 1d/Ig value than the DTR media in
Example 4, in which the protective film was inclined. Since
the DTR media in Examples 1, 2, 3, and 4 could establish
electrical conduction in the outer edge area, these media are
expected to have a higher amount of sp* bonded carbon in the
DLC protective film and exhibit high film quality. The reason
why the DTR media in Example 3, for which SiO, was used
as the lower protective film and the protective film was flat,
exhibited a lower bond rate and a larger Id/Ig value would be
due to slightly lower conductivity in the outer edge area.

[0107] White turbidity resulting from corrosion was
observed in the DTR media in Comparative Examples 1 and
2, for which edge-rinsing was not performed. However, no
white turbidity resulting from corrosion was observed in the
DTR media in Examples 1, 2, 3, or 4, for which edge-rinsing
was carried out. These results also indicate that the DTR
media in Examples 1, 2, 3, and 4 had high-quality protective
films.

TABLE 1
Average
thickness
Lower  Surface of of Bond
Edge protective protective protective  rate White
rinse film film film (nm) (%) Id/Ig turbidity
Example 1 Performed  Carbon Flat 23 83 1.6 Not
observed
Example 2 Performed  Carbon Inclined 15 85 1.6 Not
observed
Comparative Not Carbon Flat 3 43 33 Observed
Example 1 performed
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TABLE 1-continued
Average
thickness
Lower  Surface of of Bond
Edge protective protective protective  rate White
rinse film film film (nm) (%) Id/Ig turbidity
Example 3 Performed Si0, Flat 23 67 2.2 Not
observed
Example 4 Performed Sio, Inclined 15 80 1.7 Not
observed
Comparative Not Sio, Flat 3 35 32 Observed
Example 2 performed
[0108] Additional advantages and modifications will etching the magnetic film in the inner and outer edge areas

readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
What is claimed is:
1. A method for manufacturing a magnetic recording
medium, comprising:
depositing a magnetic film on a toroidal substrate;
forming a resist on the magnetic film except for an inner
edge area within 100 um or more and 2,000 um or less
from an inner peripheral edge of the substrate and edge-
rinsing an outer edge area within 100 um or more and
2,000 um or less from the outer peripheral edge to
remove the resist;
carrying out imprinting with a stamper having patterns of
recesses and protrusions to pattern the resist on a record-
ing area located in a central part between the outer
peripheral edge and inner peripheral edge of the sub-
strate;
etching a resist residue remaining in the recesses in the
patterned resist;

and recording area using the protrusions of the patterned
resist as a mask; and

removing the patterned resist.

2. The method according to claim 1, wherein the magnetic
film is etched by 10 nm or more.

3. The method according to claim 1, wherein, before the
protective film is deposited, a lower protective film is depos-
ited and then etched back.

4. The method according to claim 1, wherein the protective
film includes a material selected from the group consisting of
carbon, SiO, and ZrO,.

5. The method according to claim 1, wherein the protective
film is formed of a stacked film of two or more types of
materials.

6. The method according to claim 5, wherein the stacked
film comprises a lower protective film including amorphous
carbon and an uppermost protective film including diamond-
like carbon.

7. The method according to claim 5, wherein the stacked
film comprises a lower protective film including SiO, and an
uppermost protective film including diamond-like carbon.
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