
MAGNETIC RECORDING MEDIA, SUBSTRATE FOR MAGNETIC
RECORDING MEDIA, AND MAGNETIC RECORDING APPARATUS
BACKGROUND OF THE INVENTION 5 The present invention
relates to a magnetic  recording media having discrete
tracks, a substrate  used to manufacture the magnetic
recording media, and  a magnetic recording apparatus
comprising the magnetic  recording media. 10 With an
increase in the track density of hard  disk drives
(HDDs), interference between adjacent  tracks has
become more and more problematic. In  particular, an
important technical objective is to  reduce write
fringing caused by the fringe effect of a 15 magnetic
field from the write head. A discrete track  type
patterned media (a DTR media) with physically
separated recording tracks can reduce a side erase
phenomenon during data writing and a side read
phenomenon during data reading, making it possible to
20 greatly increase density in the cross-track
direction.  The discrete track type patterned media is
thus expected to provide a magnetic recording media
that  can realize high-density recording. The DTR
media is roughly classified into a 



25 magnetic film etching type and a substrate etching
type. The magnetic film etching type DTR media
involves a large number of manufacturing steps and is
expected to increase costs. In contrast, the
substrate etching type DTR media, which is
manufactured by first forming protrusions and recesses
in the substrate and then depositing a magnetic film 5
on the substrate by sputtering, is suitable for mass
production. However, because the magnetic film is also
present in recesses in the substrate etching type DTR
media, the signal-to-noise ratio may disadvantageously
10 be degraded due to magnetic signals from the
recesses.  A HDD media has been known in which
protrusions  and recesses are formed on a surface of a
substrate  and in which a magnetic film is deposited
on the protrusions and recesses substrate (see U.S.
Patent  15 No. 5,402,278). In the HDD media, data are
recorded  to the magnetic film on the protrusions
located close  to the head. The magnetic film on the
recesses is  located away from the head and is thus
not subjected  to magnetic recording. The magnetic
film on the 20 recesses also provides low read
signals. The HDD  media is intended to suppress the
recording  interference between adjacent tracks.
However, with  U.S. Patent No. 5,402,278, the large
depth of the  recesses in the surface of the media
makes it 25 difficult to allow the read/write head to
fly stably  



over the media having the protrusions and recesses.
On the other hand, a method has been proposed in which
a magnetic multilayer  film is deposited on a  flat
substrate surface and the magnetic multilayer  film in
the regions between tracks is irradiated with  ion
beams for destroying the structure (see U.S. 5 Patent
No. 6,331,364). This method degrades the  magnetic
recording characteristics of the magnetic  material
between the tracks, which is not subjected to
magnetic recording. The magnetic material between the
tracks also provides weak read signals. This method 10
is intended to suppress the recording interference
between the adjacent tracks. However, U.S. Patent  No.
6,331,364 essentially requires the ion-beam
irradiation process after deposition of the magnetic
film, leading to higher costs for manufacturing the
15 media. BRIEF SUMMARY OF THE INVENTION A magnetic
recording media according to an aspect  of the present
invention comprises: a substrate having  recording
tracks and separating regions separating the  20
recording tracks, the separating regions having
patterns of protrusions and recesses formed therein;
and a recording film deposited on the substrate,
wherein a difference in height between a top of the
recording track and a top of the separating region is
25 2 nm or more and 7 nm or less, and a difference in
height between the top of the recording track and a  



bottom of the separating region is 10 nm or more.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a sectional view of a magnetic recording
media according to an embodiment of the  present
invention; 5 FIG. 2 is a perspective view showing an
example  of the surface structure of the magnetic
recording  media according to an embodiment of the
present  invention; FIG. 3 is a sectional view of a
magnetic 10 recording media according to another
embodiment of the  present invention; FIG. 4 is a
perspective view showing another  example of the
surface structure of the magnetic  recording media
according to an embodiment of the  15 present
invention; and FIG. 5 is a perspective view of a
magnetic  recording apparatus according to an
embodiment of the  present invention. DETAILED
DESCRIPTION OF THE INVENTION  20 A magnetic recording
media according to an  embodiment of the present
invention has a diameter of  65 mm and a track pitch
of 200 nm. However, the  effects of the present
invention are not limited to  the media specification.
The magnetic recording media 25 according to an
embodiment of the present invention  comprises a
substrate having recording tracks and  separating
regions separating the recording track, the 



separating regions having patterns of protrusions and
recesses formed therein. The magnetic recording media
further comprises a recording film (a multilayer
including a soft underlayer and a perpendicular 5
magnetic recording layer) deposited on the substrate.
The recording film deposited on the flat recording
tracks exhibits preferable recording/reproducing
characteristics. On the other hand, the recording
film deposited on the separating region between the 10
recording tracks, in which the patterns of protrusions
and recesses are formed, has disturbed crystal
orientations of the recording film and thus degraded
read/write cha-racteristics.  Further, appropriate
values are set for the difference in height between 15
the top of the recording track and the top of the
separating region and for the difference in height
between the top of the recording track and the bottom
of the separating region. This prevents magnetic
signals -from the recesses from degrading the signal
20 to-noise ratio. In addition, this improves the
flying  characteristics of the read/write head. FIG. 1
is a sectional view of a magnetic  recording media
according to an embodiment of the  present invention.
As shown in FIG. 1, a substrate 1 25 has recording
tracks 11 and separating regions 12  separating the
recording tracks 11. Patterns of  protrusions and
recesses are formed in the separating 6 



regions 12. A recording film is deposited on the
substrate 1; the recording film has a multilayer
structure including a soft underlayer 2 and a
perpendicular magnetic recording layer 3. The 5
recording film has an orientation control layer and a
protective layer in addition to the soft underlayer 2
and perpendicular magnetic recording layer 3. In the
magnetic recording media according to the  embodiment
of the present invention, the height of top  10 of the
recording layer of the recording track is denoted by
a, the height of top of the recording layer  of the
separating region is denoted by b, and the  height of
bottom of the recording layer of the  separating
region is denoted by c. Then, the is difference (a-b)
in height between the top of the  recording track and
the top of the separating region  and the difference
(a-c) in height between the top of  the recording
track and the bottom of the separating  region are set
so as to meet the following 20 relationship: 2 nm -:!~
(a-b) :-!EL 7 nm, and 10 nm :-S~ (a-c)  Similarly, in
the substrate, the height of top of  the recording
track is denoted by d, the height of top  of the
separating region is denoted by e, and the 25 height
of bottom of the separating region is denoted  by f.
Then, the difference (d-e) in height between  the top
of the recording track and the top of the separating
region and the difference (d-f) in height  



between the top of the recording track and the bottom
of the separating region are set so as to meet the
following relationship: 5 2 nm < (d-e) < 7 nm, and 10
nm (d-f) Each of the differences (a-c) and (d-f) in
height  between the top of the recording track and the
top of  the separating region is preferably less than
30 nm.  The heights of each portion can be determined
by, for 10 example, using an atomic force microscope
(AFM) to  observe a cross section of the magnetic
recording  media. FIG. 2 is a perspective view showing
an example  of the surface structure of the magnetic
recording  15 media according to the embodiment of the
present invention shown in FIG. 1. In FIG. 2, the
patterns of  protrusions and recesses in the
separating region form  linear patterns extending
along the recording track 11. 20 The groove structure
in the separating region may  be formed of a plurality
of grooves as shown in FIG. 2  or a single groove as
shown in FIG. 3. If the  separating region has the
single groove structure as  shown in FIG. 3, the top
of the separating region 25 corresponds to that part
of the sidewall shape at an  end of the recording
portion in which angle or  curvature changes, in a
sectional view taken across a line perpendicular to
the tracks. The patterns of protrusions and recesses
in the  



separating region 12 is not limited to the linear
patterns as shown in FIG. 2 but may be dot patterns as
5 shown in FIG. 4. The linear or dot patterns of the
separating region 12 are narrower or smaller than the
protruded patterns constituting the recording tracks
11. Accordingly, although the recording film deposited
on the separating region 12 is prone to have  10
rounded top corners, it is sufficient that the
patterns just satisfy the above height conditions Now,
description will be given of a method for
manufacturing a magnet-:c  recording media according
to  an embodiment of the present invention. The is
manufacture method involves a process of producing a
stamper, a process of producing a substrate having
protrusions and recesses, a process of depositing a
magnetic film, and a finishing process. The process of
producing a stamper will be  20 described. The process
of producing a stamper is  divided into drawing,
development, electroforming, and  finishing. A master
is coated with a resist, which is set in  an
electron-beam exposure apparatus in which the 25
master is supported rotatably. While the master is
being rotated, those areas of the media surface which
correspond to recesses are irradiated with the
electron beam to draw patterns. This operation is
continued from the inner periphery to the outer
periphery of the master. Description will be given of



formation of linear patterns in separating regions of
5 width 60 nm as shown in FIG. 2; track pitch is set
at  200 nm and the width of a magnetic film on the
recording track is set at 140 nm. In this case, while
the master is being rotated three turns, each
separating region is irradiated with the electron beam
10 with a spot diameter of 25 nm so that the edges of
spots overlap. The area where spots of electron beam
overlap is subjected to larger amount of exposure as a
result of two times of exposures. Thus, development
forms this area into a deep groove (bottom of the 15
separating region). The area where spots of electron
beam do not overlap is subjected to only one exposure.
Thus, development forms this area into a shallow
groove (top of the separating region). The master is
subjected to treatments such as 20 development and RIE
and is formed into a resist master  having patterns of
protrusions and recesses. The  surface of the resist
master is made conductive, and  then electroforming is
performed to deposit a Ni  electroforming film, which
is then peeled off. The N.-' 25 electroforming film
peeled off is polished on the back  surface for
flattening treatment to adjust film  thickness. The
master is then punched to form a 10 disk-like stamper
made of Ni having predetermined  inner and outer
diameters. The stamper has  protrusions corresponding
to recesses on the media.  



The difference in height between the region 5
corresponding to the recording track and the region
corresponding to the separating region is adjusted on
the basis of the film thickness of the resist and RIE
conditions. The difference is 30 nm  or more,
preferably about 70 nm.  This stamper is used to  10
manufacture a discrete track type patterned media.  In
the process of producing a substrate having
protrusions and recesses, an imprint apparatus capable
of transferring both sides simultaneously is used to
transfer the patterns of protrusions and recesses to
is the HDD substrate by imprint lithography. First,
the  HDD substrate is coated with an imprint resist on
both  surfaces. The substrate is sandwiched with two
stampers for the back and front surfaces, and pressed
uniformly on the entire surface to transfer the 20
patterns of protrusions and recesses to the resist
surface. This transfer process forms recesses on the
resist which correspond to the recesses on the -media.
Then, the substrate is etched using the resist having
the patterns of protrusions and recesses as a mask. 25
The etching method uses RIE based on a CF4 gas in the
case of, for example, a glass substrate but is not
limited to this. The etching results in an HDD - 11
substrate with the patterns of protrusions and
recesses formed on the surface thereof. After
etching, the difference in height between the region 



corresponding to the recording track and the region  5
corresponding area and separating region is 10 nm or
more, preferably about 20 nm. In the process of
depositing a magnetic film, a  recording film
including a soft underlayer and a  perpendicular
magnetic recording layer is deposited on 10 the
surfaces of the glass substrate with the patterns  of
protrusions and recesses to manufacture a
perpendicular magnetic recording media. The media
having the perpendicular magnetic recording layer on
the soft underlayer with high permeability is called a
15 perpendicular double-layer media. In the
perpendicular double-layer media, the soft underlayer
(SUL)  shares a part of the function of the head in
which the soft underlayer allows a recording magnetic
field from a single pole head to pass through in a 20
horizontal direction to return to the return yoke
arranged near the single pole head. That is, the soft
underlayer serves to apply a steep, sufficient
perpendicular magnetic field to the recording layer to
improve recording efficiency. 25 FIG. 5 shows a
perspective view of a magnetic  recording apparatus
according to an embodiment of the  present invention.
The magnetic recording apparatus - 12  comprises a
magnetic recording media (DTR media) 1C, a  spindle
motor 51 that rotates the DTR media 10, a head  slider
55, a head suspension assembly (suspension 54  



and actuator arm 53) that supports the head slider 55,
5 a voice coil motor (VCM) 56, and a circuit board,
which are arranged inside a housing 50. The DTR media
10 is mounted to the spindle motor 51 and rotated. A
perpendicular recording scheme is used to record
various digital data on the DTR media 10. The 10
magnetic head incorporated in the head slider 55 is
what is called a composite head comprising a single-
pole head and a GMR element. The suspension 54 is
held at one end of the actuator arm 53 to support the
head slider 55 so that it faces the recording surface
15 of the DTR media 10. The actuator arm 53 is
attached  to a pivot 52. A voice coil motor (VCM) 56
is  provided at the other end of the actuator arm 53
to  serve as an actuator. The voice coil motor (VCM)
56  drives the head suspension assembly to position
the 20 magnetic head over an arbitrary radial address
on the  DTR media 10. The circuit board comprises a
head IC  to generate driving signals for the voice
coil motor  (VCM), control signals that control
read/write by the  magnetic head, and the like. 25 A
magnetic recording apparatus incorporating a  magnetic
recording media (DTR media) is produced. As  media
with patterns of protrusions and recesses in 13
separating regions, three types of media are produced
which have different values of the difference hl in
height (a-b in FIG. 1) between the top of the  



recording track and the top of the separating region 5
and the difference h2 in height (a-c in FIG. 1)
between the top of the recording track and the bottom
of the separating region (Samples 1 to 3). For
reference, conventional DTR media are also produced in
which the separating region is made a recess does not
10 have patterns of protrusions and recesses. Two
types  of conventional DTR media are produced which
have  different values of the difference h3 in height
between the top of the recording track and the bottom
of the separating region (Samples 4 and 5). 15 Table 1
shows the signal-to-noise ratios and  flying stability
of the magnetic recording apparatus  incorporating
each of the above media. For the  signal-to-noise
ratio, read/write (R/W) tests are  conducted by a
method of using the single-pole head to 20 write
signals to the magnetic recording media obtained  and
then using the GMR head to read the signals.
Measurements are carried out at a fixed position, a
radial position of 20 mm, by rotating the disk at
4,200 rpm. In the media signal-to-noise ratio (S/Nm),
25 the S value is obtained at half the peak-to-peak
value  (positive and negative maximum values) in one
magnetization reversal of a single waveform at 14  10
kFCI. The Nm value is the root mean square (rms) of
noise at 400 kFCI. The media SNR decreases under  the
effect of noise from the adjacent tracks. 



Table 1 indicates as follows. In Sample 2, the  5
appropriate values are set for the difference h1 in
height between the top of the recording track and the
top of the separating region and the difference h2 in
height between the top of the recording track and the
bottom of the separating region, that is, 5 nm and 10
10 nm, respectively. Consequently, Sample 2 exhibits
a high SNR and good flying stability of the head.
Both heights h1 and h2 of Sample 1 are excessively
small, so that the sample exhibits appropriate flying
stability but a low SNR. Both h1 and h2 of Sample 3 15
are excessively large, so that the sample exhibits a
high SNR but inappropriate flying stability. Sample 4
exhibits a low SNR though its recesses constituting
the separating regions are deeper than the top of the
separating region in Sample 2. The reason of this is
20 believed that the flat separating regions in Sample
4  prevent the disturbance of the crystal orientation
of  the perpendicular magnetic recording film
deposited on  the separating regions, so that the
magnetic recording  film on the separating regions
exhibits 25 recording/reproducing characteristics
comparable to  those on the recording track, which
lowers the SNR due  to magnetic signals from the
separating region. - 15  Sample 5 has an excessively
large height h3 and thus  exhibits a high SNR but
inappropriate flying stability.  



5 Table 1 Sample No.hl h2 h3 SNR Flying (nm)(nm)
(nm)(dB)stability 117-20.4good 2510-25.3good
31030-24.9no good 4--721.3good 5--2024.4no good - 16
WHAT IS CLAIMED IS: 1. A magnetic recording media
comprising:  a substrate having recording tracks and
separating regions separating the recording tracks, 5
the separating regions having patterns of protrusions
and recesses formed therein; and a recording film
deposited on the substrate,  wherein a difference in
height between a top of  the recording track and a top
of the separating region 10 is 2 nm or more and 7 nm
or less, and a difference in  height between the top
of the recording track and a  bottom of the separating
region is 10 nm or more. 2. The magnetic recording
media according to  claim 1, wherein the difference in
height between the  15 top of the recording track and
the bottom of the 



separating region is less than 30 nm. 3. The magnetic
recording media according to  claim 1, wherein the
recording film has a multilayer  structure including a
soft underlayer and a 20 perpendicular magnetic
recording layer. 4. The magnetic recording media
according to  claim 1, wherein the patterns of
protrusions and  recesses in the separating region
form linear patterns  extending along the recording
track. 25 5. The magnetic recording media according to
claim 1, wherein the patterns of protrusions and
recesses in the separating region form dot patterns.
17  6. A substrate for magnetic recording media
comprising: regions corresponding to recording tracks;
and  separating regions separating the regions 5
corresponding to the recording tracks, the separating
regions having patterns of protrusions and recesses
formed therein; wherein a difference in height between
a top of  the region corresponding to the recording
track and a  10 top of the separating region is 2 nm
or more and 7 nm or less, and a difference in height
between the top of  the region corresponding to the
recording track and a  bottom of the separating region
is 10 nm or more. 7. The substrate according to claim
6, wherein  15 the difference in height between the
top of the region  



corresponding to the recording track and the bottom of
the separating region is less than 30 nm. 8. The
substrate according to claim 6, wherein  the patterns
of protrusions and recesses in the 20 separating
region form linear patterns extending along  the
region corresponding to the recording track. 9. The
substrate according to claim 6, wherein  the patterns
of protrusions and recesses in the  separating region
form dot patterns. 25 10. A magnetic recording
apparatus comprising:  the magnetic recording media
according to claim 1; and  a magnetic head. 


