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(57) ABSTRACT

A magnetic recording medium includes a servo area where
servo data used for detecting a position of a magnetic head
on a magnetic recording medium is recorded; and a writable
data area, arranged side by side with the servo area in a track
direction, on which user data is written by the magnetic
head. The servo area includes a preamble area where a
preamble recording pattern that represents data used for
providing a clock synchronization of the servo data is
formed by a plurality of magnetic sections; and a burst area
where data used for detecting a relative position of the
magnetic head with respect to a track center position of the
servo data is recorded and on which a single burst recording
pattern which is a layout pattern that tilts to the preamble
recording pattern with a predetermined tilt angle is formed
by a plurality of magnetic sections.
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MAGNETIC RECORDING MEDIUM AND
MAGNETIC RECORDING/REPRODUCING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority from
and is a Division of application Ser. No. 11/329,599 filed on
Jan. 11, 2006, which is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2005-005552, filed on Jan. 12, 2005; the entire contents of
both applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a magnetic record-
ing medium provided with a servo-area on which informa-
tion used for positioning a magnetic head at a target position
is recorded, and a magnetic recording/reproducing apparatus
that carries out a reproducing process on such a magnetic
recording medium.

[0004] 2. Description of the Related Art

[0005] In a hard disk drive (HDD), a controlling process
in which, upon positioning a magnetic head at a specified
track, after the magnetic head has been allowed to seek for
the specified track, a relative distance of the magnetic head
from the center position of the track is found to position-
determine the magnetic head on the track, needs to be
carried out.

[0006] In order to carry out such a positioning control,
servo data of a magnetic section recorded on a burst area in
the servo-area of the magnetic recording medium is repro-
duced so that the positioning control of the magnetic head is
carried out. The burst area is divided into bursts A, B, C and
D made of magnetic sections recorded by four types of burst
recording patterns having different positioning phases in the
radius direction of the magnetic recording medium, and
based upon an amplitude value of a reproduced signal
generated when the magnetic head crosses each of the bursts
A, B, C and D, positional deviation information indicating
the relative distance of the magnetic head from the center
position of the track is found so that the magnetic head is
positioned at the track center position; thus, the positioning
control is carried out.

[0007] In recent years, with respect to the magnetic
recording medium, so-called patterned media in which
servo-data to be recorded in a servo-area is embedded and
formed as a magnetic section upon manufacturing the mag-
netic recording medium have received much attention.

[0008] In these pattern media, it is difficult to ensure the
shape stability of the magnetic sections of the respective
bursts A, B, C and D over the entire surface, and noise to a
reproduced signal from the magnetic sections tends to
increase to cause a difficulty in obtaining accurate position
deviation information, causing the problem that there is a
failure in positioning control for the magnetic head.

1. Field of the Invention

[0009] Moreover, upon manufacturing patterned media, in
an attempt to stably carry out transferring and forming
processes over the entire surface, it is preferable to reduce
fluctuations in the ratio of irregularities of the magnetic

Sep. 27, 2007

section in the servo-area to a level as small as possible;
however, within the servo-area, the ratio of irregularities
becomes 50% in a preamble area and an address areca while
the ratio thereof becomes 25% in a burst area, with the result
that it becomes difficult to manufacture a disk by carrying
out transferring and forming processes over the entire sur-
face.

[0010] In order to solve this problem, for example, Japa-
nese Patent Application Laid-Open (JP-A) No. 7-169032
and JP-A No. 6-68623 have disclosed a technique, which,
upon processing a reproduced signal of the servo-data,
detects a phase difference of the reproduced signal of the
servo-data. JP-A No. 6-231552, which relates to a process
used for detecting position deviation information corre-
sponding to a relative distance of the magnetic head from the
track center position, discloses a technique in which: a phase
difference of a reproduced signal from a burst area is
detected and based upon the detected phase difference,
position deviation information is found.

[0011] In the reproduced signal processing of this type
utilizing a conventional phase difference detection, however,
although the precision of the position deviation information
can be improved, phases of reproduced signals from at least
two types of burst recording patterns need to be detected.
For this reason, in this conventional system, magnetic sec-
tions need to be recorded by using at least two types of
different patterns in the burst area, causing the problem that
the formatting efficiency of the magnetic recording medium
deteriorates.

SUMMARY OF THE INVENTION

[0012] According to one aspect of the present invention, a
magnetic recording medium includes a servo areca where
servo data used for detecting a position of a magnetic head
on a magnetic recording medium is recorded; and a writable
data area, arranged side by side with the servo area in a track
direction, on which user data is written by the magnetic
head. The servo area includes a preamble area where a
preamble recording pattern that represents data used for
providing a clock synchronization of the servo data is
formed by a plurality of magnetic sections; and a burst area
where data used for detecting a relative position of the
magnetic head with respect to a track center position of the
servo data is recorded and on which a single burst recording
pattern which is a layout pattern that tilts to the preamble
recording pattern with a predetermined tilt angle is formed
by a plurality of magnetic sections.

[0013] According to another aspect of the present inven-
tion, a magnetic recording/reproducing apparatus includes a
reproducing unit that performs a reproducing process on a
magnetic recording medium that includes a servo area where
servo data used for detecting a position of a magnetic head
on the magnetic recording medium is recorded, and a
writable data area, arranged side by side with the servo area
in the track direction, on which user data is written by the
magnetic head. The servo area includes a preamble area
where a preamble recording pattern that represents data used
for providing a clock synchronization of the servo data is
formed by a plurality of magnetic sections, and a burst area
where data used for detecting a relative position of the
magnetic head with respect to a track center position of the
servo data is recorded and on which a single burst recording
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pattern which is a layout pattern that tilts to the preamble
recording pattern with a predetermined tilt angle is formed
by a plurality of magnetic sections. The reproducing unit
includes a phase detection unit that detects a phase differ-
ence of a burst reproduced signal of the burst area from a
reproduced signal of the preamble area, based upon sample
values at respective points in the preamble area, which are
sampled by using a synchronous clock determined by a
reproduced signal processing of the preamble area and a
plurality of predetermined coefficients, as phase difference
information corresponding to a plurality of phase differ-
ences; and a position detection unit that detects position
deviation information indicating a relative distance of the
magnetic head from the track center position based upon the
phase difference information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic diagram that shows a struc-
ture of a magnetic recording medium according to a first
embodiment;

[0015] FIG. 2 is a schematic diagram that shows a struc-
ture centered on a servo-area of the magnetic recording
medium of the first embodiment;

[0016] FIG. 3A is an enlarged schematic diagram that
shows a burst area of the magnetic recording medium of the
first embodiment, and corresponds to an enlarged view of
the burst area in a mode in which a magnetic section tilts
with an angle corresponding to one cycle of a phase of a
burst reproduced signal for each of changes in two tracks of
cylinder information;

[0017] FIG. 3B is an enlarged schematic diagram that
shows a burst area of the magnetic recording medium in
another mode of the first embodiment, and corresponds to an
enlarged view of the burst area in a mode in which a
magnetic section tilts with an angle corresponding to one
cycle of a phase of a burst reproduced signal for each of
changes in four tracks of cylinder information;

[0018] FIG. 4 is a block diagram that shows a structure of
a burst-area reproducing circuit of a magnetic recording/
reproducing apparatus according to the first embodiment;

[0019] FIG. 5A is an explanatory view that shows a burst
reproducing signal at phase H0=0 and a sampling point;

[0020] FIG. 5B is an explanatory view that shows a burst
reproducing signal at phase HO and a sampling point;

[0021] FIG. 6 is a flow chart that shows a sequence of
burst-area reproducing processes carried out by a burst-area
reproducing circuit according to the first embodiment;

[0022] FIG. 7A is a graph that shows a state of a change
due to an off-track position of the center of a magnetic head
from the center of a track, which is given by integrated value
BstAB of a phase difference cosine value C and integrated
value BstCD of a phase difference sine value S;

[0023] FIG. 7B is a graph that shows position deviation
information PES in association with each of track addresses;

[0024] FIG. 8 is a block diagram that shows a structure of
a burst-area reproducing circuit of a magnetic recording/
reproducing apparatus according to a second embodiment;
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[0025] FIG. 9 is an explanatory view that shows a state in
which inner product coeflicients are switched for each of
divided gates of burst gates;

[0026] FIG. 10 is a flow chart that shows a sequence of
burst-area reproducing processes according to the second
embodiment;

[0027] FIG. 11 is a graph that shows a state of a change in
burst value Bst between an off-track position and each of
gate intervals;

[0028] FIG. 12 is a block diagram that shows a structure
of a burst-area reproducing circuit of a magnetic recording/
reproducing apparatus according to a third embodiment;

[0029] FIG. 13 is a flow chart that shows a sequence of
burst-area reproducing processes according to the third
embodiment;

[0030] FIG. 14 is a block diagram that shows a structure
of a burst-area reproducing circuit of a magnetic recording/
reproducing apparatus according to a fourth embodiment;

[0031] FIG. 15 is a flow chart that shows a sequence of
burst-area reproducing processes according to the fourth
embodiment;

[0032] FIG. 16 is a block diagram that shows a structure
of a burst-area reproducing circuit 1600 that is a modifica-
tion of the fourth embodiment;

[0033] FIG. 17 is a flow chart that shows a sequence of
burst-area reproducing processes of the modification of the
fourth embodiment;

[0034] FIG. 18 is a block diagram that shows a structure
of a burst-area reproducing circuit and a position-speed
detection unit of a magnetic recording/reproducing appara-
tus according to a fifth embodiment;

[0035] FIG. 19 is an explanatory view that shows a state
in which a burst gate is divided;

[0036] FIG. 20 is a flow-chart that shows a sequence of
magnetic head position-speed detecting processes by a mag-
netic recording/reproducing apparatus according to the fifth
embodiment;

[0037] FIG. 21 is a block diagram that shows a structure
of a burst-area reproducing circuit and a position-speed
detecting unit of a magnetic recording/reproducing appara-
tus according to a sixth embodiment;

[0038] FIG. 22 is an explanatory view that shows a state
of a rising delay time of a divided gate in comparison with
a burst gate;

[0039] FIG. 23 is an explanatory view that shows an
example in which the number of divisions of the burst gate
is increased in response to a target speed of a magnetic head;
and

[0040] FIG. 24 is a block diagram that shows a structure
of'a magnetic recording/reproducing apparatus according to
an eighth embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Exemplary embodiments of a magnetic recording
medium and a magnetic recording/reproducing apparatus
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according to the present invention will be described in detail
with reference to the accompanying drawings.

[0042] FIG. 1 is a schematic view that shows a structure
of'a magnetic recording medium according to a first embodi-
ment. FIG. 1 shows the magnetic recording medium viewed
from above. As shown in FIG. 1, a plurality of tracks 120 is
formed on concentric circles on the magnetic recording
medium. Each of the tracks is divided into a plurality of data
areas 100 by a plurality of servo-areas 110 that are virtually
formed into a substantially radial format.

[0043] The data area 100 forms an area on which user data
can be written by a magnetic head of a magnetic recording
medium reproducing device. The servo-area 110 is an area
on which servo data that allows the magnetic head of the
magnetic recording medium reproducing device to detect a
position on the magnetic recording medium has been pre-
liminarily formed.

[0044] Here, the track direction of the magnetic recording
medium refers to an array direction of sectors in which the
sector address increases in one track, and corresponds to
arrow A direction shown in FIG. 1 in the magnetic recording
medium according to the present embodiment.

[0045] Addresses are assigned to each of the data areas as
physical sectors 0 to N in succession in the track direction.
In FIG. 1, for convenience of explanation, an 8-sector
structure with N=7 is shown; however, in actual cases, a
structure with N>100 or more is used.

[0046] Moreover, the radial direction of the magnetic
recording medium refers to a direction toward the center
along the radius from the peripheral edge of the magnetic
recording medium, and in the magnetic recording medium
of the present embodiment, the radial direction corresponds
to the width direction of the track that is arrow B direction
shown in FIG. 1.

[0047] In the magnetic recording medium of the present
embodiment, the track width of the servo-area and the track
width of the data area are formed so as to be identical to each
other. Here, not limited to this structure, the track width of
the servo-area 110 may be designed to be %3 of the track
width of the data area 100.

[0048] FIG. 2 is a schematic diagram that shows a struc-
ture mainly composed of the servo-areas 110 of the magnetic
recording medium according to the first embodiment. As
shown in FIG. 2, the magnetic recording medium of the
present embodiment has a structure in which the data areas
100 are arranged side by side in the track direction of each
of the servo areas 110. Here, in FIG. 2, a broken line
indicates the centerline of each track.

[0049] The data area 100 is provided with a plurality of
tracks having magnetic bands 101 that allow the magnetic
head to write user data thereon, with a non-magnetic band
102 on which no user data is writable being placed between
adjacent tracks. In other words, the magnetic recording
medium of the present embodiment forms a discrete track-
type recording medium in which the magnetic bands 101 are
physically separated by the non-magnetic band 102.

[0050] The servo-area 110 is provided with magnetic
sections 201 and 302 as well as non-magnetic sections 202
and 302 that are formed thereon through an entire-surface
transferring process by a stamper upon manufacturing the
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magnetic recording medium, and the non-magnetic sections
202 and 302 have a structure filled with a non-magnetic
material. Upon reproducing servo data from the servo-area
110 by the magnetic head of the magnetic recording/repro-
ducing apparatus, the magnetic sections 201 and 302 are
reproduced as a binary value “1,” and the non-magnetic
sections 202 and 302 are reproduced as a binary value “0.”

[0051] As shown in FIG. 2, the servo-area 110 is consti-
tuted by a preamble area 111, an address area 112 and a burst
area 113. Here, the magnetic sections 201 and 302 may be
formed through the entire-surface transferring process by a
stamper at the time of manufacturing the magnetic recording
medium, or may be preliminarily recorded and formed by
using a servo track writer (STW).

[0052] In the magnetic recording medium of the present
embodiment, the non-magnetic band 102 and the non-
magnetic sections 202 and 302 have a structure, which is
filled with a non-magnetic material; however, in place of the
structure filled with a non-magnetic material, a structure in
which non-magnetic sections 202 and 302 are prepared as
voids may be adopted.

[0053] The preamble area 111 is an area in which, among
pieces of data, data used for conducting a clock synchro-
nizing process is recorded, and magnetic sections 201 and
non-magnetic sections 202 are formed in response to codes
(“1”” and ““0”) of such data. The preamble area 111 is read by
the magnetic head prior to an address area 112 and a burst
area 113, and used for a PLL (Phase Lock Loop) process that
is used for synchronizing a clock of'a data reproduced signal
in response to a time deviation caused by a rotation eccen-
tricity or the like of the magnetic recording medium as well
as for an AGC (Auto Gain Control) that is used for appro-
priately maintaining an amplitude of the reproduced signal.

[0054] The preamble area 111 is prepared as a linear form
in which a plurality of the magnetic sections 201 are placed
so as to extend in the track width direction (arrow B
direction in FIG. 1, that is, perpendicular direction in FIG.
2) that is perpendicular to the track direction so that the same
reproduced signal is obtained from data whichever track
position the magnetic head of the magnetic recording/
reproducing apparatus is located in, and the magnetic sec-
tions 201 are recorded as a preamble recording pattern in
which the magnetic sections 201 are arranged in the track
direction with a non-magnetic section having the same width
being interpolated there between.

[0055] The address area 112 is an area in which codes
referred to as servo marks indicating the start of the servo-
area 110 and data formed by sector information, cylinder
information and the like represented by a Manchester encod-
ing system, and the magnetic sections 201 and the non-
magnetic sections 202 are formed in accordance with codes
(“1” and “0”) of such data. Here, the cylinder information is
recorded in a manner so as to allow the value to vary for each
of the tracks by a unit of 100 servo-areas.

[0056] The burst area 113 is an area in which data used for
detecting position deviation information that corresponds to
the relative position of the magnetic head to the track center
position is recorded, and the magnetic sections 301 and
non-magnetic sections 302 are formed in accordance with
codes (“1” and “0”) of such data. FIG. 3A is an enlarged
schematic diagram that shows the burst area of a magnetic
recording medium according to the first embodiment.
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[0057] The burst area 113 of the magnetic recording
medium of the present embodiment is provided with a
plurality of magnetic sections 301 formed by a single burst
recording pattern that is an array pattern that tilts with a
predetermined tilt angle to the preamble recording pattern of
the preamble area 111. In other words, the magnetic sections
301 of the burst area 113 are linearly arranged in a tilted
manner with a predetermined tilt angle to the radial direction
(perpendicular direction in FIG. 2) of the magnetic recording
medium along which the respective magnetic sections 201
are placed in a preamble recording pattern of the preamble
area 111, and formed by a burst recording pattern that is
arranged in the track direction with a non-magnetic section
302 having the same width as the magnetic section 301
being interpolated there between. Moreover, different from
a burst area for a conventional magnetic recording medium
in which magnetic sections are recorded by four kinds of
burst recording patterns having different array phases in the
radial direction, such as burst A, burst B, burst C and burst
D, the burst area 113 of the present embodiment is provided
with a plurality of magnetic sections 301 formed thereon by
using a tilted single burst recording pattern. Here, the
magnetic sections 301 may be formed in a tilted linear form
as a whole as a result of manufacturing processes of the
magnetic recording medium, and may also be formed in a
linear shape containing a fine shape of steps.

[0058] Since the burst recording pattern of the magnetic
sections 301 in the burst area 113 is formed in a tilted
manner with respect to the direction of the magnetic sections
201 of the preamble area 111, the rising phase timing of the
reproduced signal from the magnetic sections 301 deviates
as the magnetic head is shifted in the radial direction. As
shown in FIG. 3 A, the tilt angle of the magnetic sections 301
is defined as an angle that allows the phase of the burst
reproduced signal to form one cycle for every two track
changes of cylinder information of the address area 112.

[0059] Here, in the burst area 113 of the magnetic record-
ing medium according to the present embodiment, not
limited to two tracks of cylinder information of the address
area 112, the tilted angle of the magnetic sections 301 that
forms one cycle of the phase of the reproduced signal for
data can be set within a range from two tracks or more to 4
tracks or less to obtain a sufficient amplitude value of the
reproduced signal, without causing a reduced tilted angle.
FIG. 3B is a schematic view that shows a structure of the
burst area 113 in which the magnetic sections 301 are
recorded by using a burst recording pattern that defines the
tilted angle of the magnetic sections 301 as an angle that
allows the phase of the burst reproduced signal to form one
cycle for every four track changes.

[0060] Here, the one cycle in the track direction of the
magnetic sections 301 of the burst recording pattern is
identical to the cycle of the magnetic sections 201 in the
preamble area and address area. For this reason, when the
magnetic head is shifted from the preamble area 111 to the
burst area 113, in synchronized timing with the clock cycle
that is determined as the sampling timing from the repro-
duced signal from the preamble area 111, the sampling of the
reproduced signal from the burst area 113 can be carried out
so that a phase detection is achieved.

[0061] Next, the following description will discuss a
burst-area reproducing circuit of a magnetic recording/
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reproducing apparatus that reproduces the magnetic record-
ing medium of the present embodiment. FIG. 4 is a block
diagram that shows a structure of the burst-area reproducing
circuit of the magnetic recording/reproducing apparatus
according to the first embodiment.

[0062] As shown in FIG. 4, the burst-area reproducing
circuit 400 of the present embodiment is mainly constituted
by a CTF401, an A-D converter 402 and a phase detection
unit 410.

[0063] The CTF (Continuous Time Filter) 401 carries out
a filtering process on an analog reproduced signal repro-
duced from the input burst area 113 through an LPF (Low
Pass Filter) or the like.

[0064] The A-D (Analog-Digital) converter 402 converts
an analog signal outputted from the CTF 401 into a digital
burst reproduced signal in synchronized timing with the
same clock as the synchronous clock of a reproduced signal
outputted by a PLL (Phase-Locked Loop) circuit (not
shown) in the reproduced signal processing in the preamble
area 111 so that the sample value is stored in a memory 411
of the phase detection unit 410. Here, in the present embodi-
ment, four points are sampled from an analog signal of the
burst reproduced signal of one cycle, and the sample values
at the four points are stored in the memory 411.

[0065] Based upon the sample values at the four points of
the burst reproduced signal sampled by the A-D converter
402, the phase detection unit 410 detects a phase difference
to find a phase difference cosine value C and a phase
difference sine value S of a phase difference of the burst
reproduced signal from the synchronous clock, and BstAB
obtained by integrating the phase difference cosine value C
and BstCD obtained by integrating the phase difference sine
value S are outputted, while the output timing is being
switched.

[0066] As shown in FIG. 4, the phase detection unit 410 is
provided with a memory 411, two inner product calculation
units 412a and 4125 and two integrators 413a and 4135.

[0067] The memory 411 stores sample values of four
points in one cycle that have been sampled by the A-D
converter 402.

[0068] FIG. 5A is an explanatory view that indicates a
burst reproduced signal and sample points with a phase
H0=0. Here, FIGS. 5A and 5B show burst reproduced signal
waveforms from the burst areas of tracks having even track
numbers. Here, a burst reproduced signal from the burst
areas of tracks having odd track numbers forms a waveform
obtained by inverting the phase of each of waveforms of
FIGS. 5A and 5B by 180 degrees.

[0069] The sampling values at four points, sampled from
the burst reproduced signal by the A-D converter 402 can be
approximated by equation (1):

Y(k)=GO*sin(2auk/N+HO+/N)

N=4,k=0, 1, 2, 3 (6]
where G0 is an amplitude, and HO is a phase difference.
[0070] Sample values at four points are converted into

vectors for each cycle, and outputted to the memory 411 in
a manner as shown in equation (2):

Y0332y @
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Here, y(0), y(1), y(2) and y(3) of equation (2) are calculated
based upon equation (1), and indicated by equations (3) to

(6):

Y(0)=GO*sin (/A+HO) 3)
Y(1)=GO*sin(3n/4+H0) @)
Y(2)=GO*sin(5m/4+H0) )
Y(3)=GO*sin(Ta/4+H0) (6)

[0071] The output Y from the memory 411 at the time of
the phase H0=0 shown in FIG. 5A is indicated by equation
(7) by calculating equations (3) to (6) with H0=0 being held:

Y~(V2/2)*G0¥(1, 1, -1, 1Tt )

[0072] Here, ~is used because the actual sample value has
an error from an ideal value due to influences from noise.

[0073] An inner product calculation unit 412a reads
sample values Y at four points for each cycle from the
memory 411, and calculates the inner product of the sample
valueY and each of cosine value detecting coefficients [1, 1,
-1, -1] so that a phase difference cosine value C is output-
ted. An inner product calculation unit 4126 reads sample
values Y at four points from the memory 411, and calculates
the inner product of the sample value Y and each of sine
value detecting coefficients [1, -1, -1, 1] so that a phase
difference sine value S is outputted.

[0074] Here, the cosine value detecting coeflicients [1, 1,
-1, —1] are sine values with phase difference 0, and the sine
value detecting coefficients [1, -1, -1, 1] are cosine values
with phase difference 0.

[0075] The phase difference cosine value C calculated by
the inner product calculation unit 412¢ and the phase
difference sine value S calculated by the inner product
calculation unit 4125 are represented by equations (8) and
(9), when the inner products between the sample values Y
indicated by equations (2) to (6) and the cosine value
detecting coefficients [1, 1, -1, —1] as well as the sine value
detecting coefficients [1, -1, -1, 1] are calculated.

C=2V2*G0*cos (HD) ®)
S=2v2*G0*sin (HO) ©)

[0076] An integrator 413a sequentially integrates the
phase difference cosine value C found in the inner product
calculation unit 412a, and an integrator 4135 sequentially
integrates the phase difference sine value S found in the
inner product calculation unit 4125; thus, noise from each of
the values is suppressed, and the resulting signal is outputted
as phase difference information. With this arrangement, two
kinds of phase difference information, that is, the phase
difference sine value and the phase difference cosine value,
corresponding to an off-track phase difference required for
orthogonal wave detection are obtained.

[0077] A position detection unit 420 to which the phase
difference cosine value C, the phase difference sine value S
and the track number are inputted is used for detecting
positional deviation information that indicates a relative
distance of the magnetic head from the track center.

[0078] Next, the following description will discuss a burst
area reproducing process to be carried out by the burst-area
reproducing circuit 400 according to the present embodi-
ment having the structure as described above. FIG. 6 is a
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flow chart that shows a sequence of the burst area repro-
ducing processes by the burst-area reproducing circuit of the
first embodiment.

[0079] When, after having passed over the preamble area
111 of the servo area 110 and the address area 112 and
having been shifted to a target track, the magnetic head
reaches the burst area 113, a burst gate, which gives a period
in which a burst signal reproducing process is carried out, is
allowed to rise. Then, a burst reproduced signal is read from
the burst area 113 through the magnetic head so that the
analog reproduced signal thus read is sent to the CTF 401.
The CTF 401 carries out a filtering process on the analog
reproduced signal, and inputs the resulting signal to the A-D
converter 402. In the A-D converter 402, the reproduced
signal is sampled in synchronized sample timing with a
synchronous clock determined in the reproduced signal
processing of the preamble area so that sample values Y at
four points for each cycle are stored in the memory 411 of
the phase detection unit 410.

[0080] The inner product calculation unit 4124 and the
inner product calculation unit 4126 of the phase detection
unit 410 acquire the sample values Y at four points from the
memory 411 (step S601).

[0081] The inner product calculation unit 4124 calculates
the inner product between the acquired sample values Y and
the cosine value detecting coefficients [1, 1, -1, 1] to find
a phase difference cosine value C (step S602). This phase
difference cosine value C is indicated by equation (8), and
the resulting value is outputted to the integrator 413a. The
integrator 413a sequentially integrates the inputted phase
difference cosine value C (step S603).

[0082] In contrast, the inner product calculation unit 4125
calculates the inner product between the acquired sample
values Y and the sine value detecting coefficients [1, -1, -1,
1] to find a phase difference sine value S (step S604). The
integrator 413a sequentially integrates the inputted phase
difference cosine value C (step S603). This phase difference
sine value S is indicated by equation (9), and the resulting
value is outputted to the integrator 4135. The integrator 4135
sequentially integrates the inputted phase difference sine
value S (step S605).

[0083] Moreover, the processes from the steps S601 to
S605 are repeatedly carried out as many times as M cycles
included in the interval of the burst gate. With respect to the
M cycles, all the cycles of the magnetic sections 301 of the
burst area 112 (21 cycles in the example of FIG. 2) may be
included therein; however, this process causes a distortion in
the reproduced signal at the start position of the burst area
113, and in order to avoid this problem, preferably, after a
lapse of time corresponding to two cycles since the start of
the reproducing process in the burst area 113, the burst gate
is allowed to rise, and the burst gate is allowed to fall one
cycle before the end position of the burst area 113. For this
reason, in the example of the magnetic recording medium of
FIG. 2, during the period corresponding to M=21 cycles, the
burst gate is kept in the raised state so that the processes
from step S601 to S605 are repeated.

[0084] Upon completion of integrating processes of the
phase difference cosine value C corresponding to M cycles
by the integrator 413a, the integrated value BstAB of the
phase difference cosine value C is outputted to the position
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detection unit 420 (step S606). In contrast, upon completion
of integrating processes of the phase difference sine value S
corresponding to M cycles by the integrator 4135, the
integrated value BstCB of the phase difference sine value S
is outputted to the position detection unit 420 (step S607).

[0085] FIG. 7A is a graph that shows a state of a change
due to an off-track position of the center of a magnetic head
from the center of a track, which is given by integrated value
BstAB of a phase difference cosine value C and integrated
value BstCD of a phase difference sine value S (BstAB and
BstCD are referred to as burst values).

[0086] In FIG. 7A, reference numeral 702 indicates the
burst value BstAB and 701 indicates the burst value BstCD.
Actually, the waveform of the burst reproduced signal
causes a waveform distortion, failing to form an ideal since
waveform indicated by equation (1). For this reason, FIG.
7A indicates that the burst values BstAB and BstCD also
cause no sine-wave fluctuations with respect to the off-track
position; however, BstCD is allowed to virtually linearly
change with respect to the off-track position in the vicinity
of'the track center, and BstAB is allowed to virtually lineally
change at a position offset by 0.5 track (offset track position=
position indicated by 0.5, —=0.5). Consequently, it becomes
possible to detect position deviation information corre-
sponding to the off-track position with high precision from
the burst values BstAB and BstCD.

[0087] Therefore, the position detection unit 420 finds a
weighted average obtained by multiplying the inputted
BstAB and BstCD by a weighting coefficient preliminarily
obtained based upon the graph of FIG. 7A. In this case, as
described above, since the phases of waveforms of burst
reproduced signals are inverted by 180 degrees between the
reproduced signal from an even track and the reproduced
signal from an odd track, the track number CYL is inputted,
and depending on whether the track number is an even
number or an odd number, the phases of BstAB and BstCD
are inverted to find the weighted average so that a smoothing
process is carried out to find position deviation information
PES.

[0088] In addition to this, the position detection unit 420
may be designed to find position deviation information BES
by using another method such as finding arc-tangent arctan
(BstAB/BstCD) of BstAB and BstCD.

[0089] FIG. 7B is a graph that shows position deviation
information PES with respect to each track address. A solid
line 703 indicates position deviation information, and a
wave line 704 indicates a deviation along an odd track as
well as along an even track.

[0090] As described above, according to the magnetic
recording medium of the first embodiment, a plurality of
magnetic sections 301 are recorded on the burst area 113 by
using a single burst recording pattern that tilts to a preamble
recording pattern of magnetic sections 201 of the preamble
area 111 with a predetermined angle; therefore, in compari-
son with a conventional magnetic recording medium in
which the burst area is constituted by a plurality of different
burst recording patterns, it becomes possible to improve the
formatting efficiency of the magnetic recording medium.
Moreover, a plurality of magnetic sections 301 are recorded
by using a single burst recording pattern that tilts to the
preamble recording pattern with a predetermined angle;
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therefore, when the magnetic head scans the burst area 113,
the phase of the burst reproduced signal is allowed to change
so that by detecting this phase change, position deviation
information of the magnetic head from the track center
position can be found with high precision.

[0091] Moreover, in the magnetic recording/reproducing
apparatus according to the first embodiment, phase differ-
ence information of the burst reproduced signal to the
preamble reproduced signal is found from the sample value
of the burst reproduced signal so that the position deviation
information of the magnetic head is found; therefore, even
when the burst area 113 is constituted by a single burst
recording pattern that tilts, as in the case of the magnetic
recording medium of the present embodiment, it becomes
possible to detect positional deviation information with high
precision.

[0092] A second embodiment according to the present
invention will be explained below.

[0093] In a magnetic recording/reproducing apparatus
according to the second embodiment, a burst gate is divided
into a plurality of gates in a burst-area reproducing circuit so
as to process a reproduced signal from a burst area 113.

[0094] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which magnetic sections 301 of the burst area
113 are formed as a single burst recording pattern that tilts
to a preamble recording pattern. In the present embodiment,
a track width of a serve-area 110 is set to 24 of the track
width of a data area. However, the magnetic recording
medium of the first embodiment may be used for a magnetic
recording/reproducing apparatus of the present embodiment.

[0095] FIG. 8 is a block diagram that shows a structure of
a burst-area reproducing circuit 800 of a magnetic recording/
reproducing apparatus according to the second embodiment.
As shown in FIG. 8, the burst-area reproducing circuit 800
of the present embodiment is mainly constituted by a CTF
401, an A-D converter 402 and a phase detection unit 810.
The CTF 401 and the A-D converter 402 have the same
functions as those of the CTF 401 and the A-D converter 402
of the burst-area reproducing circuit 400 of the first embodi-
ment.

[0096] In the phase detection unit 810, the burst gate is
divided into four gates, and for each of the divided gates, and
a burst value is found as phase difference information from
sample values at four points of a burst reproduced signal
stored in the memory 411 by using the A-D converter 402,
and the resulting value is outputted to the position detection
unit 420.

[0097] As shown in FIG. 8, the phase detection unit 810 is
constituted by the memory 411, an inner product calculation
unit 812 and an integrator 813.

[0098] In the same manner as the first embodiment, the
memory 411 stores sample values at four points for each
cycle sampled by the A-D converter 402.

[0099] The inner product calculation unit 812 calculates
inner products between sample values at four points and
coeflicients on a gate basis, while switching coefficients for
each of the divided gates. Different from the first embodi-
ment, the present embodiment has a structure in which: the
burst gate is divided into four equal portions to provide
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intervals of gate A, gate B, gate C and gate D, and for each
of the gate intervals, the inner product coefficient by which
the sample values Y at four points are multiplied is switched
and made different from each other.

[0100] Since the burst area of a conventional magnetic
recording medium is formed by a burst recording pattern
that is divided into burst A, burst B, burst C and burst D,
each of reproduced signals from the burst sections is
obtained as a reproduced signal with a phase difference
H0=0 indicated by FIG. 5A, with the result that the ampli-
tude value GO fluctuates in each of the burst sections. By
adopting [1, 1, -1, —1] as inner product coeflicients for the
sample values at four points for one cycle, the inner product
value C is obtained from equation (8) so that the value
corresponding the amplitude, that is, the value in proportion
to the amplitude, is obtained. Here, actually, in order to
suppress noise, the inner product values corresponding to a
plurality of frequencies are integrated and by using the
average amplitude, the respective burst values of burst A,
burst B, burst C and burst D are found.

[0101] In the present embodiment, however, since the
burst area 113 of the magnetic recording medium is formed
as a tilted single burst recording pattern as shown in FIG.
3A, the amplitude obtained from the reproduced signal is
always made constant. For this reason, in the burst-area
reproducing circuit 800 of the present embodiment, the burst
gate is divided into four equal portions to prepare intervals
of' gate A, gate B, gate C and gate D, and for each of the gate
intervals, the inner product coefficient by which the sample
values Y at four points are multiplied is switched and made
different from each other so that different amplitude values
are obtained.

[0102] FIG. 9 is an explanatory view that shows a state in
which inner product coeflicients are switched for each of
divided gates of the burst gate. As shown in FIG. 9, gate A
uses the inner product coefficients [1, -1, -1, 1], gate B uses
the inner product coefficients [-1, 1, 1, 1], gate C uses the
inner product coefficients [1, 1, -1, —1] and gate D uses the
inner product coefficients [-1, -1, 1, 1], in a switched
manner so that the inner products relating to the sample
values Y at four points are found.

[0103] The integrator 813 sequentially integrates the inner
product values found in the inner product calculation unit
812 for each of the gates in a manner so as to suppress noise,
and the resulting integrated value is outputted to the position
detection unit 420 as the burst value (phase difference
information).

[0104] Inthis manner, even in the case when a plurality of
magnetic sections 301 in the burst area 113 are formed by a
single burst recording pattern tilted to the preamble record-
ing pattern, since the burst value corresponding to each of
the divided gates is obtained; therefore, the position detec-
tion unit 420 is allowed to detect the position of the magnetic
head by using the same processes as those of the magnetic
recording medium having a burst area formed by four kinds
of burst recording patterns in the functions and structure of
the conventional position detection unit 420 that detects
position deviation information from reproduced signals
derived from conventional divided four burst areas of burst
A, burst B, burst C and burst D.

[0105] The following description will discuss a burst area
reproducing process to be carried out by the burst-area
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reproducing circuit 800 according to the present embodi-
ment having the structure as described above. FIG. 10 is a
flow chart that shows a sequence of the burst area repro-
ducing processes according to the second embodiment.

[0106] When, after having passed over the preamble area
111 of the servo area 110 and the address area 112 and
having been shifted to a target track, the magnetic head
reaches the burst area 113, a burst gate gives a period in
which a burst signal reproducing process is carried out, and
in this embodiment, the burst gate is divided into equal
portions, that is, gate A, gate B, gate C and gate D. In the
same manner as the first embodiment, a burst reproduced
signal is read from the burst area 113 through the magnetic
head so that the analog reproduced signal thus read is sent
to the CTF 401. The CTF 401 carries out a filtering process
on the analog reproduced signal, and inputs the resulting
signal to the A-D converter 402. In the A-D converter 402,
the reproduced signal is sampled in synchronized sample
timing with a synchronous clock determined in the repro-
duced signal processing of the preamble area so that sample
values Y at four points for each cycle are stored in the
memory 411 of the phase detection unit 810.

[0107] In the phase detection unit 810, when the gate A
interval is started (Yes: at step S1001), the inner product
calculation unit 812 acquires the sample values Y at four
points from the memory 411 (step S1002). The inner product
calculation unit 812 calculates the inner product by multi-
plying the acquired sample values Y by the inner product
coeflicients [1, 1, -1, -1] corresponding to the gate A
interval and the resulting value is sequentially integrated by
the integrator 813 (step S1003). These processes of steps
S1002 and S1003 are repeated until the gate A interval has
been completed (step S1004: No). With this arrangement,
the integrator 813 integrates the inner product value calcu-
lated during the gate A interval.

[0108] Upon completion of the gate A interval (Yes: step
S1004), the value integrated in the integrator 813 is sent to
the position detection unit 420 as a burst value Bst (phase
difference information) (step S1005).

[0109] When the gate B interval is started (Yes: at step
S1006), the inner product calculation unit 812 acquires the
sample values Y at four points from the memory 411 (step
S1007), and calculates the inner product by multiplying the
acquired sample values Y by the inner product coefficients
[-1, 1, 1, 1] corresponding to the gate B interval and the
resulting value is sequentially integrated by the integrator
813 (step S1008). These processes of step S1007 and S1008
are repeated until the gate B interval has been completed
(step S1009: No). With this arrangement, the integrator 813
integrates the inner product value calculated during the gate
B interval.

[0110] Upon completion of the gate B interval (Yes: step
S1009), the value integrated in the integrator 813 is sent to
the position detection unit 420 as a burst value Bst (phase
difference information) (step S1010).

[0111] In the same manner, when the gate C interval is
started (Yes: at step S1011), the inner product calculation
unit 812 acquires the sample values Y at four points from the
memory 411 (step S1012), and the inner product calculation
unit 812 calculates the inner product by multiplying the
acquired sample values Y by the inner product coefficients
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[1, 1, -1, 1] corresponding to the gate C interval and the
resulting value is sequentially integrated by the integrator
813 (step S1013). These processes of step S1012 and S1013
are repeated until the gate C interval has been completed
(step S1014: No).

[0112] Upon completion of the gate C interval (Yes: step
S1014), the value integrated in the integrator 813 is sent to
the position detection unit 420 as a burst value Bst (phase
difference information) (step S1015).

[0113] In the same manner, when the gate D interval is
started (Yes: at step S1016), the inner product calculation
unit 812 acquires the sample values Y at four points from the
memory 411 (step S1017), and the inner product calculation
unit 812 calculates the inner product by multiplying the
acquired sample values Y by the inner product coefficients
[-1, -1, 1, 1] corresponding to the gate D interval and the
resulting value is sequentially integrated by the integrator
813 (step S1018). These processes of step S1017 and S1018
are repeated until the gate D interval has been completed
(step S1019: No).

[0114] Upon completion of the gate D interval (Yes: step
S1019), the value integrated in the integrator 813 is sent to
the position detection unit 420 as a burst value Bst (phase
difference information) (step S1020).

[0115] By using these processes, each of burst values
having different amplitudes GO for each of the divided gates
is inputted to the position detection unit 420 so that the
position detection unit 420 is allowed to carry out the
position detecting operation on the magnetic head in the
magnetic recording medium according to the present
embodiment without the necessity of changing the conven-
tional position detection processes.

[0116] FIG. 11 is a graph that shows a state of a change in
burst value Bst between an off-track position and each of
gate intervals. Reference numeral 1101 indicates a burst
value Bst in the gate A interval, 1102 indicates a burst value
Bst in the gate B interval, 1103 indicates a burst value Bst
in the gate C interval, and 1104 indicates a burst value Bst
in the gate D interval.

[0117] Different from the amplitude value in each of the
bursts A, B, C and D in the conventional magnetic recording
medium, these burst values have plus and minus values of an
average zero; however, it becomes possible to calculate four
kinds of burst values having virtually the same trends as
those of the respective bursts A, B, C and D of the conven-
tional magnetic recording medium.

[0118] As described above, in the magnetic recording/
reproducing apparatus according to the second embodiment,
the burst gate is divided into four equal portions to prepare
gate A, gate B, gate C and gate D intervals, and the inner
product coeflicient by which the sample values Y at four
points are multiplied is made different and switched for each
of the gate intervals; therefore, the position detection unit
420 is allowed to detect the position of the magnetic head in
the magnetic recording medium according to the present
embodiment in which a plurality of magnetic sections 301 in
the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, without
the necessity of changing the conventional position detec-
tion processes.
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[0119] A third embodiment according to the present inven-
tion will be explained below.

[0120] In the magnetic recording/reproducing apparatus
according to the second embodiment, a burst gate is divided
into four equal intervals, and four kinds of different burst
values are calculated by switching inner product coefficients
for each of the divided gates by using the inner product
calculation unit; however, in a magnetic recording/repro-
ducing apparatus according to the third embodiment,
weighting coefficients for inputted values are switched by
using a finite impulse response (FIR) filter so that different
burst values are calculated as phase difference information.

[0121] Inthe same manner as the second embodiment, the
magnetic recording medium of the present embodiment,
which has a structure in which a plurality of magnetic
sections 301 are formed by using a single burst recording
pattern that tilts to the preamble recording pattern, is
designed so that the track width of the servo-area is % of the
track width of the data area. Here, the magnetic recording
medium of the first embodiment may be used for the
magnetic recording/reproducing apparatus of the present
embodiment.

[0122] FIG. 12 is a block diagram that shows a structure
of a burst-area reproducing circuit 1200 of a magnetic
recording/reproducing apparatus according to the third
embodiment. As shown in FIG. 12, the burst-area reproduc-
ing circuit 1200 of the present embodiment is mainly
constituted by a CTF 401, an A-D converter 402 and a phase
detection unit 1210. The CTF 401 and the A-D converter 402
have the same functions as those of the CTF 401 and the A-D
converter 402 of the burst-area reproducing circuit 400 of
the first embodiment.

[0123] As shown in FIG. 12, the phase detection unit 1210
is provided with an FIR filter 1212, a loop gain 1214 and an
integrator 1213.

[0124] The FIR filter (Finite Impulse Response Filter)
1212 is a filter, which, upon receipt of an impulse, allows an
output signal to converge in a finite period of time, and
equalizes the sample value of a burst reproduced signal
converted into a digital signal by the A-D converter 402. In
the present embodiment, the FIR filter 1212, which is
composed of a filter with four taps, is designed to calculate
an output value based upon equation (10) in response to an
input signal.

Out KJ=A0 *¥[K]+41 *¥[k-1 A2 *¥[ k-2 }+43 *¥[k-3] (10)

[0125] Here, equation (10) indicates that the output value
Out [k] with respect to k is represented by the weighted
average of the present and past input values Y[k], Y[k-1],
Y[k-2] and Y[k-3], and coeflicients A0, A1, A2 and A3,
which have been stored in the loop gain 1214, are referred
to upon conducting calculations based upon equation (10).

[0126] As indicated by equation (10), the FIR filter 1212
carries out processes equivalent to the processes used for
calculating the inner product value between the sample
values Y at four points and the coeflicients [A0, A1, A2, A3],
and the burst-area reproducing circuit 800 of the present
embodiment uses the FIR filter 1212 in place of the inner
product calculation unit 812 of the second embodiment.

[0127] In the present embodiment, however, different
from the second embodiment in which sample values at four
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points for each cycle are inputted so as to find the inner
product value, the sample value of each point is inputted for
each one point, and the inner products between the sample
values at four points, that is, the inputted sample value Y[k]
of the one point and the previous sample values at three
points from the inputted time, Y[k-1], Y[k-2] and Y[k-3],
and the coefficients A0, A1, A2 and A3 of the loop gain
1214, are found in accordance with equation (10). Moreover,
in order to provide synchronization for each cycle, the
coeflicients A0, A1, A2 and A3 are looped and sequentially
changed, each time the sample value is inputted. More
specifically, the coeflicients [A0, A1, A2, A3], used upon
inputting a certain sample value, are changed to [A3, A0, A1,
A2] upon inputting the next sample value, and then further
changed to [A2, A3, A0, A1] upon inputting the succeeding
sample value, so that, after having inputted the sample
values at four points for one cycle, the sequence is looped to
return to the first coefficients [A0, Al, A2, A3]. The FIR
filter 1212 of this type is a circuit generally used for AGC
processes and PLL processes in the reproduced signal pro-
cessing of the preamble area; therefore, by utilizing this
circuit for the burst-area reproducing process, it becomes
possible to eliminate the necessity of installing a new circuit
such as the inner product calculation unit, and consequently
to make the circuit scale of the burst-area reproducing circuit
smaller.

[0128] The integrator 1213 sequentially integrates the
inner product values found in the FIR filter 1212 so as to
suppress noise, and the resulting integrated value is output-
ted to the position detection unit 420 as a burst value Bst
(phase difference information). In the phase detection unit
1210 of the present embodiment, since the sample value of
each of the points is inputted to the FIR filter 1212 each time,
no memory for storing the sample values at four points is
installed, which is different from the second embodiment.

[0129] The following description will discuss a burst area
reproducing process to be carried out by the burst-area
reproducing circuit 800 according to the present embodi-
ment having the structure as described above. FIG. 13 is a
flow chart that shows a sequence of the burst area repro-
ducing processes according to the third embodiment.

[0130] When, after having passed over the preamble area
111 of the servo area 110 and the address area 112 and
having been shifted to a target track, the magnetic head
reaches the burst area 113, a burst gate gives a period in
which a burst signal reproducing process is carried out in the
same manner as the second embodiment, and in this embodi-
ment, the burst gate is divided into equal portions, that is,
gate A, gate B, gate C and gate D. In the same manner as the
first embodiment, a burst reproduced signal is read from the
burst area 113 through the magnetic head so that the analog
reproduced signal thus read is sent to the CTF 401. The CTF
401 carries out a filtering process on the analog reproduced
signal, and inputs the resulting signal to the A-D converter
402. In the A-D converter 402, the reproduced signal is
sampled in synchronized sample timing with a synchronous
clock determined in the reproduced signal processing of the
preamble area.

[0131] In the phase detection unit 1210, when the divided
gate interval (first, the gate A interval) is started (Yes: at step
S1301), the FIR filter 1212 acquires the sample values Y[k]
(step S1302). The FIR filter 1212 finds the inner product by
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multiplying the acquired sample value Y[k] and the previ-
ously acquired sample values Y[k-1], Y[k-2] and Y[k-3] by
coeflicients [A0, A1, A2, A3] based upon equation (10) and
the resulting value is sequentially integrated by the integra-
tor 1213 (step S1303).

[0132] Moreover, the FIR filter 1212 acquires the next
sample value Y[k+1] from the A-D converter 402 (step
S1304). Then, the FIR filter 1212 finds the inner product by
multiplying the acquired sample value Y[k+1] and the
previously acquired sample values Y[k], Y[k-1] and Y[k-2]
by coefficients [ A3, A0, A1, A2] that have been looped by
one based upon equation (11), and the resulting value is
sequentially integrated by the integrator 1213 (step S1305).

Out| k+1 |=A3 *Nk+1 [+40 * Mk [+4 1 * A= 1 |+A42* N k-
2] (11)
[0133] Next, the FIR filter 1212 acquires the next sample
value Y[k+2] from the A-D converter 402 (step S1306).
Then, the FIR filter 1212 finds the inner product by multi-
plying the acquired sample value Y[k+2] and the previously
acquired sample values Y[k+1], Y[k] and Y[k-1] by coef-
ficients [A2, A3, A0, A1]that have been looped by one based
upon equation (12), and the resulting value is sequentially
integrated by the integrator 1213 (step S1307).

Out] k+2 |=A42 *Nk+2 [+43 *¥k+1 FAO* Yk [+41 * Y k-

1] (12)
[0134] Next, the FIR filter 1212 acquires the next sample
value Y[k+3] from the A-D converter 402 (step S1308).
Then, the FIR filter 1212 finds the inner product by multi-
plying the acquired sample value Y[k+3] and the previously
acquired sample values Y[k+2], Y[k+1] and Y[k] by coef-
ficients [A1, A2, A3, A0] that have been looped by one based
upon equation (13), and the resulting value is sequentially
integrated by the integrator 1213 (step S1309).

Out| k+3 |=A1 *Nk+3 |+42 ¥ k+2 |+43 *Yk+1 +40*Y
[%] (13)
[0135] These processes of step S1302 to step S1303 are
repeated until the current divided gate interval has been
completed (step S1310: No). Upon completion of the current
divided gate interval (Yes: step S1310), the burst value Bst
(phase difference information) integrated in the current
divided gate interval is sent to the position detection unit 420
(step S1311). The above-mentioned processes from step
S1301 to S1311 are repeatedly carried out on gate A, gate B,
gate C and gate D. With this arrangement, in the same
manner as the second embodiment, a different burst value
(phase difference information) is outputted to the position
detection unit 420 for each of the gate intervals.

[0136] As described above, the magnetic recording/repro-
ducing apparatus according to the third embodiment finds
the burst value by switching inner product coeflicients by the
FIR filter; therefore, in the same manner as the second
embodiment, the position detection unit 420 is allowed to
detect the position of the magnetic head in the magnetic
recording medium according to the present embodiment in
which a plurality of magnetic sections 301 in the burst area
113 are formed by a single burst recording pattern that tilts
to the preamble recording pattern, without the necessity of
changing the conventional position detection processes.

[0137] Inthe magnetic recording/reproducing apparatus of
the third embodiment, since the FIR filter 1212 that is used
for preamble area reproducing processes upon calculating
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the inner product is utilized, it becomes possible to eliminate
the necessity of installing a new circuit such as the inner
product calculation unit, and consequently to make the
circuit scale of the burst-area reproducing circuit smaller.

[0138] Here, with respect to the initial value of the coef-
ficient of each of the gates, the value may be changed
depending on the respective gates; however, it is more
preferable to provide an arrangement in which, upon rise of
each gate, the coefficient is further looped by one. In this
case, different from the reproducing process of a magnetic
recording medium having a burst area formed by a conven-
tional burst recording pattern divided into four kinds of
different bursts A, B, C and D, although the output order of
the burst value for each gate is varied among the burst value
corresponding to burst A, the burst value corresponding to
burst B, the burst value corresponding to burst C and the
burst value corresponding to burst D, the four kinds of the
burst values are outputted so that it is possible to carry out
the position detecting processes by using the position detec-
tion unit 420.

[0139] A fourth embodiment according to the present
invention will be explained below.

[0140] Inthe magnetic recording/reproducing apparatus of
the first embodiment, the phase detection unit 410 finds the
phase difference cosine value C and the phase difference sine
value S, and the phase difference cosine value C and the
phase difference sine value S thus found, as they are, are
outputted to the position detection unit 420; however, the
magnetic recording/reproducing apparatus in accordance
with the fourth embodiment finds the phase difference
cosine value C and the phase difference sine value S and
carries out division operations thereon so that the position
deviation signal is subjected to approximation processes.

[0141] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which a plurality of magnetic sections 301 in
the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, and the
track width of the servo-area is formed with the same width
as the track width of the data area. Here, the magnetic
recording medium of the second embodiment may be
applied to the magnetic recording/reproducing apparatus of
the present embodiment.

[0142] FIG. 14 is a block diagram that shows a structure
of a burst-area reproducing circuit 1400 of the magnetic
recording/reproducing apparatus according to the fourth
embodiment. As shown in FIG. 14, the burst-area reproduc-
ing circuit 1400 of the present embodiment is mainly
constituted by a CTF401, an A-D converter 402 and a phase
detection unit 1410. The CTF 401 and the A-D converter 402
have the same functions as those of the CTF 401 and the A-D
converter 402 of the burst-area reproducing circuit 400 of
the first embodiment.

[0143] The phase detection unit 1410 detects the phase
difference to find the phase difference cosine value C, (-C)
and the phase difference sine value S from sample values at
four points of a burst reproduced signal sampled by the A-D
converter 402, and finds divided values S/C and (-C/S) from
the value obtained by respectively integrating these values,
and outputs the resulting values to a smoothing processing
unit 1415.
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[0144] As shown in FIG. 14, the phase detection unit 1410
is provided with a memory 411, three inner product calcu-
lation units 1412a, 14126 and 1412¢, three integrators
1413a, 14135 and 1413¢ and two dividers 1414a and 14145.
Here, the memory 411 has the same functions as those of the
memory 411 of the phase detection unit 410 of the first
embodiment, and stores the sample values at four points
outputted from the A-D converter 402.

[0145] The inner product calculation unit 1412a reads
sample values Y at four points for each cycle from the
memory 411, calculates the inner product between the
sample values Y and cosine value detecting coefficients [1,
1, -1, -1] based upon equations (2) to (6) and outputs the
phase difference cosine value C indicated by equation (14):

C=2vV2*G0*cos (HO) (14)

The inner product calculation unit 14125 reads sample
values Y at four points from the memory 411, calculates the
inner product between the sample values Y and sine value
detecting coefficients [1, -1, -1, 1] and outputs the phase
difference sine value S indicated by equation (15):

S=2v2*GO0*sin (HO) (15)

[0146] The inner product calculation unit 1412¢ reads
sample values Y at four points from the memory 411,
calculates the inner product between the sample values Y
and cosine value detecting coeflicients [-1, -1, 1, 1] and
outputs the phase difference cosine value (-C) indicated by
equation (16):

—C=-2v2*G0*cos(HO) (16)

[0147] In this case, the cosine value detecting coefficients
[1, 1, -1, -1] are sine wave values with a phase difference
of 0, the sine value detecting coefficients [1, -1, -1, 1] are
cosine wave values with a phase difference of 0, and the
cosine value detecting coefficients [-1, -1, 1, 1] are sine
wave values with a phase difference of 180 degrees.

[0148] The integrator 1413a sequentially integrates the
phase difference cosine value C found in the inner product
calculation unit 14124, the integrator 14135 sequentially
integrates the phase difference sine value S found in the
inner product calculation unit 14125 and the integrator
1413¢ sequentially integrates the phase difference cosine
value —C found in the inner product calculation unit 1412¢
S0 as to respectively suppress noise.

[0149] The divider 1414a divides the integrated phase
difference sine value S outputted from the integrator 14135
by the integrated phase difference cosine value C outputted
from the integrator 1413a to find a divided value Ph_A
(=S/C), and outputs the resulting value to the smoothing
processing unit 1415. The divider 14145 divides the inte-
grated phase difference cosine value —C outputted from the
integrator 1413¢ by the integrated phase difference sine
value S outputted from the integrator 14135 to find a divided
value Ph_B (=-C/S), and outputs the resulting value to the
smoothing processing unit 1415.

[0150] Strictly speaking, the phase of the reproduced
signal is detected as arctan (C/S) that is an arctangent of the
phase difference cosine value C and the phase difference sine
value S; however, in the vicinity of a position corresponding
to phase 0, the value of arctan (C/S) can be approximated to
the divided value of S/C. For this reason, in the present
embodiment, the divided value ph—A=S/C is found as phase
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difference information by the divider 1414a of the phase
detection unit 1410 so that the phase difference from the
track center is detected.

[0151] Moreover, at a position having a phase offset of 90
degrees, the phase difference cosine value C=0 holds, failing
to find the divided value S/C; therefore, in the vicinity of
such a position, the reliability in phase difference deterio-
rates. For this reason, the phase detection unit 1410 of the
present embodiment finds the divided value Ph_B=-C/S as
phase difference information having an offset of 90 degrees
by using the divider 14145.

[0152] The smoothing processing unit 1415 to which
pieces of phase difference information Ph_A and Ph_B have
been inputted from the phase detection unit 1410 carries out
a smoothing process by weighted-averaging these two val-
ues to find position deviation information.

[0153] The following description will discuss a burst-area
reproducing process carried out by the burst-area reproduc-
ing circuit 1400 according to the present embodiment having
the above-mentioned arrangement. FIG. 15 is a flow chart
that shows a sequence of burst-area reproducing processes
according to the fourth embodiment.

[0154] When, after having passed over the preamble area
111 of the servo area 110 and the address area 112 and
having been shifted to a target track, the magnetic head
reaches the burst area 113, a burst gate is allowed to rise in
the same manner as the first embodiment. Then, a burst
reproduced signal is read from the burst area 113 through the
magnetic head so that the analog reproduced signal thus read
is sent to the CTF 401. The CTF 401 carries out a filtering
process on the analog reproduced signal, and the A-D
converter 402 samples the reproduced signal in synchro-
nized sample timing with a synchronous clock determined in
the reproduced signal processing of the preamble area so
that sample values Y at four points for each cycle are stored
in the memory 411 of the phase detection unit 410.

[0155] The inner product calculation unit 1412a, the inner
product calculation unit 14125 and the inner product calcu-
lation unit 1412¢ of the phase detection unit 1410 acquire the
sample values Y at four points from the memory 411 (step
S1501).

[0156] The inner product calculation unit 1412a calculates
the inner product between the acquired sample values Y and
the cosine value detecting coefficients [1, 1, -1, -1] to find
a phase difference cosine value C (step S1502). This phase
difference cosine value C is indicated by equation (14), and
the resulting value is outputted to the integrator 1413a. The
integrator 1413a sequentially integrates the inputted phase
difference cosine value C (step S1503).

[0157] Moreover, the inner product calculation unit 14125
calculates the inner product between the acquired sample
values Y and the sine value detecting coefficients [1, -1, -1,
1]to find a phase difference sine value S (step S1504). This
phase difference sine value S is indicated by equation (15),
and the resulting value is outputted to the integrator 14135.
The integrator 14136 sequentially integrates the inputted
phase difference sine value S (step S1505).

[0158] The inner product calculation unit 1412¢ calculates
the inner product between the acquired sample values Y and
the cosine value detecting coefficients [-1, -1, 1, 1] to find
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a phase difference cosine value -C (step S1506). This phase
difference cosine value —C is indicated by equation (16), and
the resulting value is outputted to the integrator 1413¢. The
integrator 1413¢ sequentially integrates the inputted phase
difference cosine value (-C) (step S1507). Moreover, the
processes from the steps S1501 to S1507 are repeatedly
carried out as many times as M cycles included in the
interval of the burst gate. With respect to the M cycles, in the
same manner as the first embodiment, all the cycles of the
magnetic sections 301 of the burst area 112 (21 cycles in the
example of FIG. 2) may be included therein, or may be set
to 18 cycles by allowing the burst gate to rise at the point of
time after a lapse of time corresponding to two cycles since
the start of the reproducing process in the burst area 113 and
also to fall one cycle before the completion position of the
burst area 113.

[0159] Upon completion of the above-mentioned repeti-
tive processes corresponding to M cycles, the integrated
phase difference sine value S outputted from the integrator
14135 is divided by the integrated phase difference cosine
value C outputted from the integrator 1413« in the divider
14144 to find phase difference information Ph_A (=S/C),
and the resulting value is outputted to the smoothing pro-
cessing unit 1415 (step S1508).

[0160] Next, the integrated phase difference cosine value
-C outputted from the integrator 1413¢ is divided by the
integrated phase difference sine value S outputted from the
integrator 14135 in the divider 14145 to find phase differ-
ence information Ph_B (==C/S), and the resulting value is
outputted to the smoothing processing unit 1415 (step
S$1509).

[0161] The smoothing processing unit 1415 to which the
pieces of phase difference information Ph_A (=S/C) and
Ph_B (=-C/S) have been inputted calculates the weighted
average a*(S/C)+b*(=C/S) (a, b: weighting coefficients) so
as to carry out a smoothing process to find position deviation
information PES (step S1510).

[0162] Inthis manner, the magnetic recording/reproducing
apparatus according to the fourth embodiment finds the
phase difference cosine value C and the phase difference sine
value S, and a dividing operation is carried out so that arctan
(C/8S) is approximated by Ph_A (=S/C) and Ph_B (==C/S) to
find a position deviation signal; therefore, it is possible to
positively find a phase difference irrespective of the position
from the track center, and consequently to detect the position
of the magnetic head with high precision.

[0163] In the fourth embodiment, arctan (C/S) in the
vicinity of each of a position corresponding to phase 0 and
a position having an offset in phase of 90 degrees is
approximated by each of Ph_A (=S/C) and Ph_B (=-C/S),
and another structure in which four inner product calculation
units and dividers are respectively installed may be prepared
so that four pieces of phase difference information approxi-
mated at positions having respectively offset phases by 90
degrees can be found.

[0164] FIG. 16 is a block diagram that shows a structure
of a burst-area reproducing circuit 1600 that is a modifica-
tion of the fourth embodiment. In this modification, as
shown in FIG. 14, a phase detection unit 1610 is provided
with a memory 411, four inner product calculation units
14124, 1412H, 1412¢ and 1612d, four integrators 1413a,
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141354, 1413¢ and 1613d, and four dividers 1414a, 14145,
1614¢ and 1614d. Here, the memory 411 has the same
functions as those of the memory 411 of the phase detection
unit 410 of the first embodiment, and stores sample values
at four points outputted from the A-D converter 402.

[0165] In the same manner as the fourth embodiment, the
inner product calculation units 1412a, 14125 and 1412¢ read
sample values Y at four points for each cycle, and calculate
respective inner products between sample values Y indicated
by equations (2) to (6) and the cosine value detecting
coeflicients [1, 1, -1, —1], the sine value detecting coeffi-
cients [1, -1, -1, 1] as well as the cosine value detecting
coeflicients [-1, -1, 1, 1], thereby outputting a phase dif-
ference cosine value C, a phase difference sine value S and
a phase difference cosine value -C respectively indicated by
equations (14), (15) and (16).

[0166] The inner product calculation unit 1612d, which is
added in this modification, reads sample values Y at four
points from the memory 411, calculates the inner product
between the sample values Y and the sine value detecting
coeflicients [-1, 1, 1, —-1] and outputs a phase difference sine
value (-S) indicated by equation (17):

—S=—2V2*G0*sin (HO) 17

[0167] Here, the sine value detecting coefficients [-1, 1, 1,
—1] represent cosine values, each having a phase difference
of 180 degrees.

[0168] Inthe same manner as the fourth embodiment, each
of the integrators 1413a, 141356 and 1413¢ sequentially
integrates the phase difference cosine value C, the phase
difference sine value S and the phase difference cosine value
-C found in the inner product calculation units 1412aq,
14125 and 1412¢ so as to suppress the noise. The integrator
16134 sequentially integrates the phase difference sine value
-S found in the integrator 16134 so as to suppress noise.

[0169] In the same manner as the fourth embodiment, the
divider 1414a divides the integrated phase difference sine
value S outputted from the integrator 14135 by the inte-
grated phase difference cosine value C outputted from the
integrator 1413a to find a divided value Ph_A (=S/C), and
outputs the resulting value to the smoothing processing unit
1615.

[0170] In the same manner as the fourth embodiment, the
divider 14145 divides the integrated phase difference cosine
value -C outputted from the integrator 1413¢ by the inte-
grated phase difference sine value S outputted from the
integrator 14135 to find a divided value Ph_B (=-C/S), and
outputs the resulting value to the smoothing processing unit
1615.

[0171] The divider 1614¢ divides the integrated phase
difference sine value —S outputted from the integrator 16134
by the integrated phase difference cosine value C outputted
from the integrator 1413a to find a divided value Ph_C
(==S/C), and outputs the resulting value to the smoothing
processing unit 1615.

[0172] The divider 1614d divides the integrated phase
difference cosine value C outputted from the integrator
1413a by the integrated phase difference sine value S
outputted from the integrator 14135 to find a divided value
Ph_D (=C/S), and outputs the resulting value to the smooth-
ing processing unit 1615.
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[0173] These pieces of phase difference information
Ph_A=S/C, Ph_B=-C/S), Ph_C=-S/C, and Ph_D=C/S are
obtained by respectively approximating arctan (C/S) in the
vicinity of each of off-track positions of phase 0, phase offset
of 90 degrees, phase offset of 180 degrees and phase offset
of 270 degrees.

[0174] The following description will discuss a burst area
reproducing process carried out by a burst-area reproducing
circuit 1600 of this modification having the above-men-
tioned structure. FIG. 17 is a flow chart that shows a
sequence of the burst area reproducing process of the
modification of the fourth embodiment.

[0175] Here, sample values Y at four points are acquired
from the memory 411 by the inner product calculation unit
1412a, the inner product calculation unit 14125 and the
inner product calculation units 1412¢ and 16124 of the phase
detection unit 1410 (step S1701), and the inner product
calculation processes by the inner product calculation units
14124, 14125 and 1412¢ and the integrating processes by the
integrators 1413a, 14135 and 1413c¢ (steps S1702 to S1707)
are carried out in the same manner as those processes (S1502
to S1507) of the fourth embodiment.

[0176] Next, the inner product calculation unit 16124
calculates the inner product between the acquired sample
value Y and the sine value detecting coefficients [-1, -1, 1,
1]to find a phase difference sine value -S (step S1708). This
phase difference sine value S is indicated by equation (17),
and the resulting value is outputted to the integrator 16134d.
The integrator 1614d sequentially integrates the inputted
phase difference sine value -S (step S1709).

[0177] Moreover, the above-mentioned processes from the
steps S1701 to S1709 are repeatedly carried out as many
times as M cycles, and upon completion of the processes as
many times as M cycles, the divider 1414a divides the
integrated phase difference sine value S outputted from the
integrator 141356 by the integrated phase difference cosine
value C outputted from the integrator 1413a to find phase
difference information Ph_A (=S/C), and outputs the result-
ing value to the smoothing processing unit 1615 (step
S1710).

[0178] Next, the divider 14145 divides the integrated
phase difference cosine value —C outputted from the inte-
grator 1413¢ by the integrated phase difference sine value S
outputted from the integrator 14135 to find phase difference
information Ph_B (=-C/S), and outputs the resulting value
to the smoothing processing unit 1615 (step S1711).

[0179] Moreover, the divider 1414¢ divides the integrated
phase difference sine value -S outputted from the integrator
16134 by the integrated phase difference cosine value C
outputted from the integrator 1413a to find a divided value
Ph_C (=-S/C), and outputs the resulting value to the
smoothing processing unit 1615 (step S1712).

[0180] Furthermore, the divider 1614d divides the inte-
grated phase difference cosine value C outputted from the
integrator 1413a by the integrated phase difference sine
value S outputted from the integrator 14135 to find a divided
value Ph_D (=C/S), and outputs the resulting value to the
smoothing processing unit 1615 (step S1713).

[0181] The smoothing processing unit 1615 to which
pieces of phase difference information Ph_A (=S/C), Ph_B
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(==C/S), Ph_C (=-S/C), and Ph_D(=C/S) have been input-
ted calculates an weighted average a*(S/C)+b*(-C/S)+c*(-
S/IC)+d*(C/S) (a, b, c, d: weighting coeflicients) so that a
smoothing operation is carried out to find position deviation
information PES (step S1714).

[0182] As described above, in the magnetic recording/
reproducing apparatus of the modification of the fourth
embodiment, four pieces of phase difference information,
each approximated at each position having a phase offset of
90 degrees, are found to obtain a position deviation signal so
that the phase difference can be positively found irrespective
of the position from the track center; thus, it becomes
possible to detect the position of the magnetic head with
high precision.

[0183] A fifth embodiment according to the present inven-
tion will be explained below.

[0184] The magnetic recording/reproducing apparatus
according to the first to fourth embodiments, the position
detection of the magnetic head is carried out by using a
reproduced signal from the burst area 113; however, the
magnetic recording/reproducing apparatus according to the
fifth embodiment further detects a shifting speed of the
magnetic head in the radial direction of the recording
medium from the reproduced signal from the burst area 113.

[0185] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which a plurality of magnetic sections 301 of
the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, and the
track width of the servo-area is formed with the same width
as the track width of the data area. Here, the magnetic
recording medium of the second embodiment may be used
for a magnetic recording/reproducing apparatus of the
present embodiment.

[0186] FIG. 18 is a block diagram that shows a structure
of a burst-area reproducing circuit and a position-speed
detection unit 1820 of the magnetic recording/reproducing
apparatus according to the fifth embodiment. The burst-area
reproducing circuit 400 has the same circuit structure as that
of the first embodiment. In the present embodiment, the
burst gate is divided into two sections, and for each of
divided gate 1 and gate 2 intervals, phase difference cosine
values C1 and C2 and phase difference sine values S1 and
S2 are found.

[0187] The speed-position detection unit 1820 detects the
position of the magnetic head on the track and a speed
thereof in the radial direction of the recording medium. As
shown in FIG. 18, the speed-position detection unit 1820 is
provided with a position detection unit 1821 and a speed
detection unit 1822.

[0188] The position detection unit 1821 is inputted with
the phase difference cosine value, the phase difference sine
value and the track number for each of the divided gate
intervals, and finds pieces of position deviation information
PES1 and PES2 for each of the divided gate intervals. In
other words, the position deviation information PES1 is
found from the phase difference cosine value C1 and the
phase difference sine value S1 calculated in the gate interval
1, and the position deviation information PES2 is found
from the phase difference cosine value C2 and the phase
difference sine value S2 calculated in the gate interval 2.
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Here, the position deviation information is found from the
phase difference cosine value and the phase difference sine
value by using the same method as the position detection
unit 420 of the first embodiment.

[0189] The speed detection unit 1822 calculates the shift-
ing speed in the radial direction of the magnetic head from
the pieces of position deviation information PES1 and PES2
for each of the gate intervals.

[0190] FIG. 19 is an explanatory view that shows a state
in which a burst gate is divided. In the present embodiment,
the burst gate is equally divided; however, the burst gate is
not necessarily divided equally. Here, as shown in FIG. 19,
when the delay time for rising in the divided latter half of
gate interval is defined as T_BST, the position deviation
information PES and the shifting speed in the radial direc-
tion v of the magnetic head are represented by the following
equations (18) and (19) by using the position deviation
information PES1 found in the gate interval 1, that is, the
former half, and the position deviation information PES2
found in the gate interval 2, that is, the latter half.

PES=(PES1+PES2)/2 (18)
v=(PES2-PES1)/T_BST 19

[0191] The reason that, in equation (18), PES1 and PES2
are added and then divided by two is explained as follows:
although the position detection with higher precision is
available as the interval becomes longer, the burst gate is
divided into two and made shorter in the present embodi-
ment, with the result that influences due to the noise appear
in both of PES1 and PES2 to cause degradation in the
position detecting precision; therefore, the above-mentioned
methods are taken so as to prevent this problem.

[0192] Moreover, in equation (19), with respect to the shift
of the magnetic head in the radial direction in the burst area,
since changes in the acceleration can be ignored, the differ-
ence between PES1 and PES2 is divided by the delay time
T_BST for rising upon calculating the shifting speed in the
radial direction.

[0193] Next, the following description will discuss the
position-speed detecting processes of the magnetic head in
a magnetic recording/reproducing apparatus 1800 according
to the present embodiment having the above-mentioned
structure. FIG. 20 is a flow chart that shows a sequence of
magnetic head position-speed detecting processes by the
magnetic recording/reproducing apparatus 1800 according
to the fifth embodiment.

[0194] When, after having passed over the preamble area
111 of the servo area 110 and the address area 112 and
having been shifted to a target track, the magnetic head
reaches the burst area 113, gate 1, that is, the former half of
the divided two burst gates, is allowed to rise, and during
this gate terminal 1, the phase difference cosine value C1
and the phase difference sine value S1 are found by the
phase detection unit 410 in the same manner as the first
embodiment, and the position detection unit 1821 calculates
position deviation information PES1 in the same manner as
the first embodiment (step S2001).

[0195] Next, when gate 2, that is, the latter half of the
divided gates, is allowed to rise with a delay of T_BST from
gate 1, the phase detection unit 410 finds the phase differ-
ence cosine value C2 and the phase difference sine value S2
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during the gate interval 2, in the same manner as the first
embodiment, and the position detection unit 1821 calculates
the position deviation information PES2 in the same manner
as the first embodiment (step S2002).

[0196] Next, based upon PES1 found in the gate interval
1 and PES2 found in the gate interval 2, the position
detection unit 1821 calculates position deviation informa-
tion PES by using equation (18)(step S2003). Next, based
upon PES1, PES2 and the delay time T_BST for rising, the
speed detection unit 1822 calculates a shifting speed v in the
radial direction of the magnetic head by using equation
(19)(step S2004).

[0197] In this manner, in the magnetic recording/repro-
ducing apparatus 1800 according to the fifth embodiment,
the burst gate is divided into two sections, and pieces of
position deviation information PES1 and PES2 are found
from the respective gate intervals of the former half and
latter half thereof, and based upon these PES1 and PES2, the
position deviation information PES and the shifting speed in
the radial direction of the magnetic head are found; there-
fore, it is possible to detect the position of the magnetic head
with higher precision. Moreover, according to the present
embodiment, since the shifting speed in the radial direction
can be detected by using the burst area, it becomes possible
to find the shifting speed with higher precision in compari-
son with the arrangement in which the shifting speed is
found based upon the difference of positions between sectors
during a seeking operation in which the magnetic head
travels between the tracks, thereby greatly improving the
seeking performance.

[0198] A sixth embodiment according to the present
invention will be explained below.

[0199] In the magnetic recording/reproducing apparatus
1800 according to the fifth embodiment, the burst gate is
divided, and based upon pieces of position deviation infor-
mation PES1 and PES2 found from the respective divided
gates; the position deviation information PES of the mag-
netic head and the shifting speed v in the radial direction of
the magnetic head are calculated; however, a magnetic
recording/reproducing apparatus according to the sixth
embodiment further switches the gate intervals so as to
calculate the position deviation information PES of the
magnetic head and the shifting speed v in the radial direction
of the magnetic head.

[0200] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which a plurality of magnetic sections 301 of
the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, and the
track width of the servo-area is formed with the same width
as the track width of the data area. Here, the magnetic
recording medium of the second embodiment may be used
for a magnetic recording/reproducing apparatus of the
present embodiment.

[0201] FIG. 21 is a block diagram that shows a structure
of a burst-area reproducing circuit and a position-speed
detecting unit 2120 of a magnetic recording/reproducing
apparatus according to the sixth embodiment. The burst-area
reproducing circuit 400 has the same circuit structure as that
of the first embodiment.

[0202] The speed-position detecting unit 2120 switches
divided gates of the burst gate so that the position of the
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magnetic head on the track is detected and the speed thereof
in the radial direction of the recording medium is also
detected. As shown in FIG. 21, the speed-position detecting
unit 2120 is provided with a position detection unit 1821, a
speed detection unit 1822 and a gate switching unit 2121.
Here, the position detection unit 1821 and the speed detec-
tion unit 1822 have the same functions as the position
detection unit 1821 and the speed detection unit 1822 of the
fifth embodiment.

[0203] During the positioning control of the magnetic
head on the track, the gate switching unit 2121 does not
divide the burst gate, and during the seeking operation that
allows the magnetic head to shift between tracks, it switches
operations so as to divide the burst gate into two sections.
Since the position detection precision becomes higher as the
burst gate is made longer, this arrangement is made so as to
make the precision of the position detection highest during
the positioning control of the magnetic head; in contrast,
during the seeking operation of the magnetic head, since the
speed detection should be preferentially carried out rather
than the position detection, the burst gate is divided so as to
effectively carry out the speed detection.

[0204] Moreover, during the seeking operation of the
magnetic head, the gate switching unit 2121 changes the
delay time T_BST for rising in the fifth embodiment depend-
ing on the target speed so as to adjust the divided gate
intervals.

[0205] In recent years, the track pitch of the magnetic
recording medium is narrowed with the result that at the time
of maximum seeking speed of the magnetic head, the
amount of shift in the radial direction thereof upon passing
through the burst area sometimes tends to exceed one track.
For this reason, in the case where the speed detection is
carried out by dividing the burst gate into two sections as
described in the fifth embodiment, the shifting speed of the
magnetic head might be erroneously detected; therefore, a
difference in the positions of the magnetic head between
sectors is taken, and the detection of the shifting speed of the
magnetic head has to be conducted based upon this differ-
ence value and the shift time between the sectors, resulting
in degradation in the precision of the speed detection. For
this reason, in the present embodiment, during the seeking
time of the magnetic head, by shortening the delay time
T_BST for rising in response to the target speed, the amount
of fluctuations in the position deviation information PES for
each of the divided gates is suppressed so that it becomes
possible to prevent the erroneous detection in the shifting
speed.

[0206] FIG. 22 is an explanatory view that shows a state
of a rising delay time of a divided gate 2 in comparison with
a burst gate. In the present embodiment, the gate switching
unit 2121 of the position-speed detection unit 2120 is
designed so that, upon positioning control of the magnetic
head, the burst gate is not divided, while, upon seeking
operation of the magnetic head, the burst gate is divided into
a gate 1 and a gate 2, so that the delay time T_BST for rising
of'the gate 2 is changed depending on the target speed of the
magnetic head. More specifically, the controlling operation
is carried out so that, as the target speed of the magnetic head
becomes faster, the delay time T_BST for rising is made
shorter. After the delay time T_BST for rising has been
changed, the shifting speed detecting process of the mag-
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netic head is carried out in the same manner as the speed
detecting process of the fifth embodiment.

[0207] The speed of the magnetic head during the seeking
operation to be detected is calculated by the weighted
average between the speed found by using the above-
mentioned divided gates and the speed obtained based upon
the position difference between sectors. In this case, the
weighting coefficient is set to a value that allows the speed
detected based upon the position difference between sectors
to be used more preferentially, as the target speed of the
magnetic head during the seeking operation becomes
greater, and is also set to a value that allows the speed
detected by using the divided gates to be more preferentially
used, at the time of a low-speed secking operation as well as
in the settling state.

[0208] As described above, in the magnetic recording/
reproducing apparatus of the sixth embodiment, switching
processes are carried out in such a manner that during the
positioning process of the magnetic head on the track, the
burst gate is not divided, and that during a seeking operation
that allows the magnetic head to shift between tracks, the
burst gate is divided into two sections; thus, the delay time
T_BST for rising of the gate 2 is adjusted in accordance with
the target speed of the magnetic head so that it becomes
possible to detect the position of the magnetic head with
high precision during the positioning process of the mag-
netic head, and also to carry out the speed detection with
high precision during a high-speed seeking operation of the
magnetic head between tracks.

[0209] In the present embodiment, during the seeking
operation of the magnetic head, the delay time T_BST for
rising is adjusted in accordance with the target speed of the
magnetic head, with the burst gate being divided into two
sections, and in addition to this arrangement, an arrangement
in which the number of divisions of the burst gate is adjusted
by the gate switching unit 2121 in accordance with the target
speed of the magnetic head may be used. FIG. 23 is an
explanatory view that shows an example in which the
number of divisions of the burst gate is increased in response
to the target speed of a magnetic head. More specifically, the
gate switching unit 2121 carries out adjustments so that the
number of divisions is increased as the target speed of the
magnetic head becomes faster.

[0210] A seventh embodiment according to the present
invention will be explained below.

[0211] In the magnetic recording/reproducing apparatus
1800 according to the fifth embodiment, the shifting speed
in the radial direction of the magnetic head is detected based
upon position deviation information PES1, PES2 of the
respective divided gates obtained from a phase difference
found by the reproduced signal of the burst area 113 and the
delay time T_BST for rising; however, this method tends to
have errors in detecting the speed.

[0212] For this reason, in the magnetic recording/repro-
ducing apparatus according to the seventh embodiment, the
shifting speed in the radial direction of the magnetic head is
detected by taking conversion of the amplitude value of the
reproduced signal from the burst area 113 into consideration.

[0213] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which a plurality of magnetic sections 301 of
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the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, and the
track width of the servo-area is formed with the same width
as the track width of the data area. Here, the magnetic
recording medium of the second embodiment may be used
for a magnetic recording/reproducing apparatus of the
present embodiment.

[0214] Here, the structures of the burst-area reproducing
circuit and the position-speed detection unit of the magnetic
recording/reproducing apparatus of the present embodiment
are the same as those of the fifth embodiment.

[0215] The phase difference cosine value C indicated by
equation (8) and the phase difference sine value S indicated
by equation (9) commonly include an amplitude G0. There-
fore, as indicated by the following equation (20), informa-
tion that includes only the amplitude value is obtained from
the phase difference cosine value C and the phase difference
sine value S.

G=Y C2452=2v2%Go (20)

[0216] Inthe magnetic recording medium to be used in the
present embodiment, since a plurality of magnetic sections
301 in the burst area 113 are formed by a single burst
recording pattern that tilts to the preamble recording pattern,
the amplitude is normally maintained in a constant level
even when, on the same track, the relative distance from the
track center is changed, with only the phase of the clock of
the reproducing signal obtained from the burst area being
changed.

[0217] However, in the case when the magnetic head is
shifted between tracks so that the seeking speed increases,
the amplitude of the reproduced signal from the burst area is
changed. Such a change in the amplitude depends on the tilt
angle of the magnetic sections 301; however, in the tilted
burst recording pattern of the magnetic sections 301 as
shown in FIG. 2, when the magnetic head is shifting toward
the center of the recording medium, that is, upward in FIG.
2, the signal amplitude tends to reduce, and, in contrast,
when the magnetic head is shifting outward of the recording
medium from the center of the recording medium, that is,
downward in FIG. 2, the signal amplitude tends to increase.

[0218] Accordingly, in the magnetic recording/reproduc-
ing apparatus of the present embodiment, the speed detec-
tion is preferentially carried out based upon equation (19) in
the speed detection unit 1822 of the position-speed detection
unit 1820, and upon occurrence of an erroneous detection of
speed, by using the phase difference cosine value C and the
phase difference sine value S inputted from the phase
detection unit 410 based upon equation (20), amplitude
information G including an amplitude GO is calculated so
that the shifting speed of the magnetic head is found.

[0219] Here, in the case when the magnetic head is car-
rying out a high-speed seeking operation, the amplitude
value GO fluctuates and the frequency also varies. For this
reason, when the magnetic head is shifting outward from the
center of the magnetic medium, the amplitude value GO
monotonously increases, with the two factors having a
non-linear relationship; therefore, the amplitude information
G and the shifting speed of the magnetic head are prelimi-
narily measured so that a speed-amplitude conversion func-
tion, which indicates a relationship between the shifting
speed and the amplitude information G, is found, and based
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upon the amplitude information G and the speed-amplitude
conversion function, the shifting speed of the magnetic head
is detected.

[0220] As described above, in the magnetic recording/
reproducing apparatus according to the seventh embodi-
ment, in addition to the detection of the shifting speed of the
magnetic head based upon position deviation information
PES1, PES2 of the respective divided gates obtained from a
phase difference and the delay time T_BST for rising, in the
event of an error in the speed detection, the shifting speed in
the radial direction of the magnetic head is detected based
upon a change in the amplitude value of the reproduced
signal from the burst area 113; therefore, it becomes possible
to detect the shifting speed of the magnetic head with higher
precision.

[0221] An eighth embodiment according to the present
invention will explained below.

[0222] In the magnetic recording/reproducing apparatus
according to the eighth embodiment, the shifting speed of
the magnetic head is detected based upon a frequency
fluctuation in the reproduced signal from a burst area
occurring at the time of a high-speed seeking operation of
the magnetic head.

[0223] In the same manner as the first embodiment, the
magnetic recording medium of the present embodiment has
a structure in which a plurality of magnetic sections 301 of
the burst area 113 are formed by a single burst recording
pattern that tilts to the preamble recording pattern, and the
track width of the servo-area is formed with the same width
as the track width of the data area. Here, the magnetic
recording medium of the second embodiment may be used
for a magnetic recording/reproducing apparatus of the
present embodiment.

[0224] Strictly speaking, the frequency fluctuation that
occurs when the magnetic head is carrying out a high-speed
seeking operation appears as an error in orthogonal wave
detection, and gives adverse effects to the phase detection
and amplitude detection, resulting in a non-linear distortion
in the detection results. In the magnetic recording medium
of the present embodiment, in the case of a seeking opera-
tion in which the magnetic head is shifted toward the center
of the recording medium, the frequency is lowered, while, in
the case of a seeking operation in which the magnetic head
is shifted outward from the center of the recording medium,
the frequency is increased. Since this frequency fluctuation
and the shifting speed in the radial direction of the magnetic
head mutually have a linear relationship, the magnetic
recording/reproducing apparatus of the present embodiment
detects the shifting speed of the magnetic head by detecting
the frequency fluctuation so that the shifting speed in the
radial direction of the magnetic head is detected with high
precision even during a high-speed seeking operation.

[0225] FIG. 24 is a block diagram that shows a structure
of'a magnetic recording/reproducing apparatus according to
the eighth embodiment. FIG. 24 shows only the circuit that
is used for detecting the shifting speed of the magnetic head
in the magnetic recording/reproducing apparatus of the
present embodiment. Here, during the detecting operation of
the speed of the magnetic head, the detection of position
deviation information from the reproduced signal in the
burst area 113 is not available; however, position informa-
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tion, found from the address area 112, may be used so that
no problems are raised when the magnetic head is carrying
out a high-speed seeking operation.

[0226] As shown in FIG. 24, the structure to be used for
the speed detection in the magnetic recording/reproducing
apparatus according to the eighth embodiment includes an
A-D (Analog-Digital) converter 2301, a PLL (Phase-Locked
Loop) circuit 2310, an SFC (Servo Frequency Generator)
circuit 2302 and a speed detection circuit 2302. Here, all the
A-D converter 2301, the PLL circuit 2310 and the SFG
circuit 2302 commonly utilize circuits used for reproduced
signal processing in the preamble area.

[0227] The A-D converter 2301 converts the burst repro-
duced signal that is a reproduced signal from the burst area
113 that is inputted from a head amplifier IC (HIC) through
a CTF (not shown) to a digital signal in synchronized timing
with a synchronous clock outputted from the PLL circuit
2310.

[0228] The SFG circuit 2302 generates a servo reference
clock. The PLL circuit 2310 phase-adjusts the servo refer-
ence clock generated by the SFG circuit 2302 to generate a
reproducing clock that has a frequency that is N times the
frequency of the burst reproduced signal detected by the
A-D converter 2301 with a phase coincident therewith; thus,
the sample timing in the A-D converter 2301 is adjusted.

[0229] In other words, as explained in the first embodi-
ment, in the reproduced signal processing in the burst area
113, the sampling timing of the burst reproduced signal is
synchronized with the timing determined in the reproduced
signal processing in the preamble area 111, and in the case
when the center of the magnetic head is coincident with the
track center, the phase of the reproduced signal is set to O so
that a sampling process is carried out in such timing as
shown in FIG. 5A.

[0230] In the present embodiment, upon detection of the
shifting speed of the magnetic head, a reproduced clock,
which is frequency- and phase-adjusted so as to be synchro-
nized with the burst reproduced signal by the PLL circuit
2301, is generated so that a synchronizing process for
carrying out a feed-back control so as to adjust the sampling
timing shown in FIG. 5A to a timing as shown in FIG. 5B
is carried out.

[0231] As shown in FIG. 24, the PLL circuit 2310 is
provided with a P/D (Phase Detector: phase comparator)
2312 and a VCO (Voltage Controlled Oscillator) 2311.

[0232] The P/D 2312 detects a timing error (TE) between
a servo reference clock (actually, clock obtained by prelimi-
narily N-frequency dividing the reference clock) and a data
row of a sample value Y sampled by the A-D converter 2301.

[0233] The VCO2311 adjusts the transmission frequency
by the timing error (TE) detected by the P/D 2312 so that the
data row of the sample value Y of the burst reproduced
signal is sampled at the timing as shown in FIG. 5-2. The
timing error (TE) includes a phase error and a frequency
error in a mixed manner at first, and by using the timing error
(TE), the transmission frequency of the VCO 2311 is
adjusted so that a feed-back controlling operation is carried
out by the PLL circuit 2310 until the data row of the sample
value Y outputted from the A-D converter 2301 has been
sampled at the timing as shown in FIG. 5B.
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[0234] The controlling operation of the PLL circuit 2310
thus carried out determines the sampling timing of the burst
reproduced signal so that the synchronizing process is
completed, with the timing error (TE) being set to a fixed
value corresponding only to a frequency compensated
amount to the frequency obtained by N-frequency dividing
the servo reference clock, and the resulting frequency is
outputted to the speed detection circuit 2320.

[0235] The speed detection circuit 2320 holds the initial
timing error (TE0) after the reproduced signal processing of
the preamble area 111. The initial timing error (TE0), which
is derived from the timing error (TE), inputted from the PLL
circuit 2310 at the time when, upon detecting the shifting
speed of the magnetic head, the magnetic head has been
shifted to the burst area to allow the burst gate to rise, and
retained therein, corresponds to a timing error immediately
after the completion of the synchronizing process of the
preamble reproduced signal.

[0236] The speed detection circuit 2320 compares a timing
error (TE) inputted from the PLL circuit 2310, that is, the
timing error (TE) after the completion of the burst repro-
duced signal synchronization, with the initial timing error
(TEO) so that, a difference value as a result of the compari-
son forms a frequency fluctuation amount that is propor-
tional to the frequency error of the preamble area and the
burst area, and based upon such a frequency fluctuation
amount, the shifting speed VEL of the magnetic head is
outputted.

[0237] Upon detecting the shifting speed of the magnetic
head, at the time when the magnetic head has been shifted
to the burst area 113 to allow the burst gate to rise, a timing
error (TE) is inputted to the speed detection circuit 2320
from the PLL circuit 2310, and this timing error (TE) is
retained in the speed detection circuit 2320 as the initial
timing error.

[0238] During the burst gate interval, a synchronization
drawing process of the burst reproduced signal is executed
by the PLL circuit 2310. When the burst gate is allowed to
fall so that the sampling timing of the burst reproduced
signal has been determined, the timing error (TE) at this
point of time is inputted to the speed detection circuit 2320
from the PLL circuit 2310 so that the speed detection circuit
2320 calculates a frequency fluctuation amount as a differ-
ence value between the inputted timing error and the initial
timing error, and the shifting speed VEL of the magnetic
head corresponding to the frequency fluctuation amount is
outputted.

[0239] In this manner, in the magnetic recording/repro-
ducing apparatus according to the eighth embodiment, the
frequency fluctuation in the preamble area and the burst area
is detected so as to find the shifting speed of the magnetic
head; therefore, even when the magnetic head is carrying out
a high-speed seeking operation, the shifting speed in the
radial direction of the magnetic head can be detected with
high precision.

[0240] With respect to the method of detecting the fre-
quency, not limited to the processes adopted by the embodi-
ments, any known method may be used. Moreover, by using
a band-pass filter, the frequency fluctuation may be con-
verted to an amplitude fluctuation, and based upon the
converted amplitude, the shifting speed of the magnetic head
may be detected.
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[0241] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention 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 equivalents.

What is claimed is:
1. A magnetic recording/reproducing apparatus compris-
ing:

a reproducing unit that performs a reproducing process on
a magnetic recording medium that includes a servo area
where servo data used for detecting a position of a
magnetic head on the magnetic recording medium is
recorded, and a writable data area, arranged side by
side with the servo area in the track direction, on which
user data is written by the magnetic head, the servo area
including a preamble area where a preamble recording
pattern that represents data used for providing a clock
synchronization of the servo data is formed by a
plurality of magnetic sections, and a burst area where
data used for detecting a relative position of the mag-
netic head with respect to a track center position of the
servo data is recorded and on which a single burst
recording pattern which is a layout pattern that tilts to
the preamble recording pattern with a predetermined
tilt angle is formed by a plurality of magnetic sections,

the reproducing unit including

a phase detection unit that detects a phase difference of
a burst reproduced signal of the burst area from a
reproduced signal of the preamble area, based upon
sample values at respective points in the preamble
area, which are sampled by using a synchronous
clock determined by a reproduced signal processing
of'the preamble area and a plurality of predetermined
coeflicients, as phase difference information corre-
sponding to a plurality of phase differences, the
phase detection unit including

an inner product calculation unit including

a first inner product calculation unit that calculates
a first inner product value obtained by multi-
plying the sample value at each of the points by
a sine wave value serving as the coefficient;

a second inner product calculation unit that cal-
culates a second inner product value obtained
by multiplying the sample value at each of the
points by a cosine wave value serving as the
coeflicient; and

a third inner product calculation unit that calcu-
lates a third inner product value obtained by
multiplying the sample value at each of the
points by a sine wave value having a phase
difference of 180 degrees serving as the coef-
ficient,

an integrating unit including

a first integrator that integrates the first inner
product value;
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a second integrator that integrates the second inner
product value; and

a third integrator that integrates the third inner
product value, and

a dividing unit including

a first divider that divides the integrated second
inner product value by the integrated first inner
product value to find a first divided value, and
outputs resulting the first divided value as the
phase information; and

a second divider that divides the integrated third
inner product value by the integrated second
inner product value to find a second divided
value, and outputs resulting the second divided
value as the phase difference information; and

a position detection unit that detects position deviation
information indicating a relative distance of the
magnetic head from the track center position based
upon the phase difference information.

2. The magnetic recording/reproducing apparatus accord-
ing to claim 1, further comprising a speed detection unit that
detects a shifting speed in a radial direction of the magnetic
head of the magnetic recording medium,

wherein the phase detection unit detects the phase differ-
ence information relating to the burst reproducing
signal based upon the sample value at each of the points
sampled from the burst reproduced signal at a synchro-
nous clock determined by the reproduced signal pro-
cessing in the preamble area and a plurality of prede-
termined coefficients, for respective divided gate
intervals into which a burst gate interval corresponding
to a reproducing process interval for the burst area is
divided,
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the position detection unit detects deviation information
of the magnetic head center from the track center
position for each of the divided gate intervals, based
upon the phase difference information for each of the
divided gates, and detects the position deviation infor-
mation in the burst gate interval based upon the devia-
tion information for each of the divided gate intervals,
and

the speed detection unit detects the shifting speed based
upon the deviation information for each of the divided
gates and a delay time for rising of the divided gate.

3. The magnetic recording/reproducing apparatus accord-
ing to claim 2, further comprising a gate switching unit that
controls one of a delay time for rising of the divided gate and
a number of divisions of the burst gate based upon the
shifting speed in the radial direction of the magnetic head.

4. The magnetic recording/reproducing apparatus accord-
ing to claim 2, wherein the speed detection unit further
detects an amplified value of the burst reproduced signal
based upon the phase difference information, and detects the
shifting speed in the radial direction based upon the ampli-
fied value.

5. The magnetic recording/reproducing apparatus accord-
ing to claim 1, further comprising a speed detection unit that
detects a frequency fluctuation with respect to the repro-
duced signal of the preamble area of the burst reproduced
signal, and detects a shifting speed of the magnetic head in
a radial direction of the magnetic recording medium based
upon the detected frequency fluctuation.



