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RECORDING MEDIUM CONTROLLER AND
METHOD THEREOFK

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2010-124898,
filed May 31, 2010, the entire contents of which are 1ncor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a
recording medium controller configured to write data to a
recording medium using the shingle recording technique,
and to a method thereof.

BACKGROUND

A hard disk drive (HDD) comprising a magnetic disk has
conventionally been used. The recent trend 1s to further
increase the capacity of a hard disk. In order to increase the
recording density for increasing the capacity, there has been
disclosed a technique 1n which the track density 1s decreased
by reducing track widths.

There has also been disclosed another techmique for
increasing the track density. In this technique, the track
widths are decreased to an extent that data i1s written to
adjacent tracks in a partly overlapping manner. Such a
recording technique 1s often referred to as shingle recording.
However, when this technique 1s applied, the data stored 1n
the adjacent track 1n a partly overlapping manner 1s lost.
Therefore, data writing must be performed per unit track
group composed of a plurality of tracks (for example, see
Japanese Patent Application Publication (KOKAI) No.
2006-338731).

However, employing the technique disclosed 1n Japanese
Patent Application Publication (KOKAI) No. 2006-338731
takes long time to write data because the writing must be
performed per unit track group.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A general architecture that implements the various fea-
tures of the invention will now be described with reference
to the drawings. The drawings and the associated descrip-
tions are provided to 1llustrate embodiments of the invention
and not to limit the scope of the mvention.

FIG. 1 1s an exemplary perspective view of a magnetic
disk device according to an embodiment;

FIG. 2 1s an exemplary block diagram of an electrical
hardware configuration of the magnetic disk device 1n the
embodiment;

FIG. 3 1s an exemplary block diagram of a software
configuration realized by a central processing unit (CPU) of
the magnetic disk device executing a computer program, in
the embodiment;
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2

FIG. 4 1s an exemplary schematic diagram of recording
areas on a magnetic disk to which data 1s written by a writing
module 1n the embodiment;

FIG. 5 1s an exemplary schematic diagram illustrating a
process of writing data to an escape area by the writing
module when an mput module receives a command for
updating data, in the embodiment;

FIG. 6 1s an exemplary schematic diagram illustrating a
process 1n the magnetic disk drive, and 1n which data stored
in the escape area 1s written to a track group comprised 1n a
write area, 1n the embodiment;

FIG. 7 1s an exemplary tlowchart of a writing process of
the magnetic disk device performed 1n response to a write
command, 1n the embodiment; and

FIG. 8 1s an exemplary flowchart of a process of the
magnetic disk device, and 1n which data stored 1n the escape
area 1s written to the track group, 1in the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a recording
medium controller comprises a recording medium, an input
module, a reading module, and a writing module. The
recording medium comprises a write area and an escape area
temporarily storing data therein. The write area comprises
track groups. Each of the track groups 1s a unit for writing
data and comprises a plurality of tracks. The mput module
1s configured to receive a write command for data. The
reading module 1s configured to read data stored in the
escape area and data from a first track group of the track
groups. The writing module 1s configured to write data
received for the write command to the escape area, and to
write merged data obtained by merging the data read from
the escape area and the data read from the first track group
to each track comprised 1n a second track group of the track
groups by using a shingle recording technique in which
adjacent tracks are partly overlapped with each other.

An exemplary embodiment of a magnetic disk device
using a recording medium controller and a recording
medium controlling method 1s described below in greater
detail with reference to the drawings. However, the embodi-
ment described hereunder 1s not intended to limit the scope
of the present invention in any way.

A mechanical structure of the magnetic disk device
according to the embodiment will now be explained with
reference to FIG. 1. FIG. 1 1s a perspective view of the
magnetic disk device according to the embodiment.

A magnetic disk device 1 illustrated 1n FIG. 1 comprises
a magnetic disk 11, a spindle motor 12 configured to rotate
the magnetic disk 11, a head slider 13 1n which a magnetic
head (not illustrated in FIG. 1) 1s incorporated, a suspension
14, and an actuator arm 15 i1n a housing 10 as main
mechanical components thereof in the same manner as 1n a
known hard disk drive. The magnetic disk device 1 also
comprises a head suspension assembly configured to support
the head slider 13, and a voice coil motor (VCM) 16 that 1s
an actuator for the head suspension assembly.

The spindle motor 12 rotates the magnetic disk 11. A
magnetic head having a recording head and a reproducing
head (nerther of which 1s illustrated 1 FIG. 1) 1s 1ncorpo-
rated 1n the head slider 13. The actuator arm 15 1s mounted
on a pivot 17 1n a rotational manner, and the suspension 14
1s attached to one end of the actuator arm 15. The suspension
14 supports the head slider 13 flexibly via a gimbal disposed
thereon. The VCM 16 1s located at the other end of the
actuator arm 15. The VCM 16 rotates the actuator arm 15
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about the pivot 17 to bring the floating magnetic head at a
certain position in the radius direction of the magnetic disk
11.

An electrical hardware configuration of the magnetic disk
device 1 according to the embodiment will now be explained
with reference to FIG. 2. FIG. 2 1s a block diagram of the
clectrical hardware configuration of the magnetic disk
device 1 according to the embodiment.

In FIG. 2, the spindle motor 12 (FIG. 1) rotates the
magnetic disk 11 about a rotation axis at a predetermined
rotation speed. A motor drniver 21 drives rotation of the
spindle motor 12.

A magnetic head 22 uses the recording head and the
reproducing head comprised therein to read and to write data
from and to the magnetic disk 11. As mentioned earlier, the
magnetic head 22 1s placed at the distal end of the actuator
arm 15, and moved 1n the radius direction on the magnetic
disk 11 by the VCM 16 driven by the motor driver 21. When
the magnetic disk 11 1s not under the rotation, for example,
the magnetic head 22 i1s evacuated onto a ramp 23.

A head amplifier 24 amplifies a signal read using the
magnetic head 22 from the magnetic disk 11, and outputs the
signal to a read/write channel (RDC) 25. The head amplifier
24 also amplifies a signal received from the RDC 25 for
writing data to the magnetic disk 11, and supplies the signal
to the magnetic head 22.

The RDC 25 performs a code modulation on data received
from a HDC 31 to be explained later and to be written to the
magnetic disk 11, and supplies the data to the head amplifier
24. The RDC 25 also performs a code demodulation on a
signal read from the magnetic disk 11 and received via the
head amplifier 29, and outputs the signal to the HDC 31 as
digital data.

A central processing unit (CPU) 26 1s connected to a static
random access memory (SRAM) 27 that 1s a working
memory, a flash read-only memory (ROM) 28 that 1s a
non-volatile memory, and a bufler random access memory
(RAM) 29 used as a temporary memory. The CPU 26
controls the entire magnetic disk device 1 in accordance
with firmware pre-stored in the flash ROM 28 and the
magnetic disk 11. (This firmware comprises mitial firmware
and controlling firmware used for regular operations. The
controlling firmware further comprises a magnetic disk
controlling program, which 1s to be explained later. The
initial firmware, which 1s executed 1nitially upon booting, 1s
stored 1n the flash ROM 28. The controlling firmware, which
1s used for regular operations, 1s stored in the magnetic disk
11. The controlling firmware 1s read once from the magnetic
disk 11 to the builer RAM 29 following a control performed
by the 1mitial firmware, and then stored in the SRAM 27.

The hard disk controller (HDC) 31 controls data trans-
missions and receptions performed between the magnetic
disk device 1 and a host computer (heremnafter, simply
referred to as “host”) 40 via an interface (I/F) bus, controls
the butier RAM 29, and performs error corrections on data.
The buller RAM 29 15 used as a cache for data transmaitted
to and received from the host computer 40. The builer RAM
29 1s also used for temporarily storing therein data read from
or to be written to the magnetic disk 11, and the controlling
firmware read from the magnetic disk 11, for example.

FIG. 3 1s a block diagram of a software configuration
realized by the CPU 26 comprised in the magnetic disk
device 1. Here, the CPU 26 executes the magnetic disk
controlling program to realize the soitware configuration. As
illustrated 1n FIG. 3, the CPU 26 comprised in the magnetic
disk device 1 starts the magnetic disk controlling program
comprised in the controlling firmware stored in the flash
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ROM 28 to realize an mput module 301, a writing module
302, a reading module 303, and a merging module 304.

The mput module 301 receives data write commands or
data read commands from the host 40 connected to the
magnetic disk device 1. Examples of the data write com-
mands comprise a write command for data having a size
storable 1n a sector comprised 1 a single track of the
magnetic disk 11, or sequential write commands for data
having a larger size.

The writing module 302 controls writing data to the
magnetic disk 11. When the writing module 302 according
to the embodiment performs write controls, the writing
module 302 needs to write data to a track having a width
smaller than the main pole width of the magnetic head 22.
Therefore, the writing module 302 according to the
embodiment performs writes using the shingle recording
technique. The shingle recording technique 1s a technique
for writing data in an overlapping manner while scanning an
extremely small amount along the track direction by the
recording head. Because the track width of the magnetic disk
11 used 1n the shingle recording technique 1s smaller than the
main pole width of the recording head, data written to
adjacent tracks partly overlap each other. Because the
smaller track width can be used when the shingle recording
technique 1s adopted, the density of a medium can be
increased.

In the shingle recording technique, data 1n adjacent tracks
1s lost because the data in adjacent tracks are written 1n
partly overlapping manner. Therefore, even when particular
data 1in a certain track 1s to be updated, the particular data
alone cannot be updated, but whole data 1n a number of
tracks needs to be updated. In this embodiment, such unit of
tracks 1s referred to as a track group. Here, an unused area
1s provided between the track groups. Thus, when data 1s
written to one of the track groups, data 1n other one of the
track groups adjacent the one of the track groups 1s protected
from being overwritten.

FIG. 4 1s a schematic diagram of a recording area on the
magnetic disk 11 to which data 1s written by the writing
module 302. As illustrated in FIG. 4, the magnetic disk 11
comprises a write area 402 used as a regular data recording
area and an escape area 401 used as temporary storage area
for the data.

The write area 402 comprises a plurality of track groups
(a track group 403, for example) As mentioned earlier, each
of the track groups comprises a plurahty of tracks, each
having a width smaller than the main pole width of the head
performing the writes. The number of tracks comprised in
the track groups 1s not limited, but the number of tracks in
the following explanation 1s assumed to be 100.

The write area 402 comprises not only track groups
assigned with logical addresses, but also those not assigned
with logical addresses. In the embodiment, a track group not
assigned with a logical address 1s referred to as a spare track
group. The number of spare track groups allocated in the
write area 402 1s not limited, and a plurality of the spare
track groups may be allocated. In the magnetic disk 11
according to the embodiment, the tracks comprised in the
magnetic disk 11 are concentrically divided by head/zone. A
number of sectors per track are diflerent for the head/zone.
More specifically, the number of sectors per track 1s larger
in one of the heads/zones located nearer to the outer cir-
cumierence. In other words, the capacity of the tracks is
different for the heads/zones. Thus, 1n the magnetic disk 11
according to the embodiment, a spare track group 1s pro-
vided for each head/zone. In this manner, because a spare
track 1s provided for each of the heads/zones, the entire data
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written 1n a single track can be written to a single spare track,
even 1f the capacity of the tracks 1s different for each of the
heads/zones.

The escape area 401 temporarily stores therein data to be
written to the write areca 402. Assuming that a single platter
of the magnetic disk 11 has a capacity ranging from 3500
gigabytes to one terabytes, the escape areca 401 of several
gigabytes 1s provided, for example.

The reason why the escape area 401 1s comprised 1n the
magnetic disk 11 will now be explamned. To rewrite data
using the shingle recording technique, the data in the entire
track group needs to be rewritten. Therefore, much longer
time 1s required than a conventional data rewriting tech-
nique. Thus, 1n the magnetic disk device 1 according to the
embodiment, the temporary escape area 401 1s provided.
Then, at the time when the writing module 302 writes data
in accordance with a write command, the data 1s temporarily
written to the escape area 401 instead of the track group in
the write areca 402. In this manner, the time required for the
writing 1s reduced.

The escape area 401 according to the embodiment 1s
located on the outer side of the magnetic disk 11. In this
manner, the writing and the reading speeds can be improved.

The escape area 401 may be a group of tracks each with
a small track width so that data 1s written using the shingle
recording technique. Alternatively, the escape area 401 may
be a group of tracks each with a conventional track width so
that data can be written without data of adjacent tracks being
overlapped.

The reading module 303 reads at least one of the data
stored 1n the escape arca 401 and the data stored 1n the write
area 402 when the mput module 301 receives a read com-
mand or when the data written 1n the magnetic disk 11 1s to
be updated.

FIG. 5 1s a schematic diagram illustrating a process of
writing data to the escape area 401 performed by the writing,
module 302 when the mnput module 301 receives a command
for updating data. In the example illustrated 1n FIG. §, 1t 1s
assumed that the mput module 301 receives a write com-
mand for data to be written to a sector 5303 1 a track 2
comprised 1n a track group 501. If the data at the sector 503
1s updated using the shingle recording method, the entire
track group 501 must be updated. This process will require
long time.

Therefore, 1n the embodiment, when the input module 301
receives an update command for a part of a track or a sector
(e.g., the sector 503) of a track group to which data from the
host 40 1s already stored, the writing module 302 writes data
corresponding to the update command to a track or a sector
(e.g., sector 504) of the escape area 401.

After the wrniting, the writing module 302 reassigns a
logical address that has previously been assigned to the track
or the sector to be updated (e.g., the sector 503) to the track
or the sector 1n the escape area 401 (e.g., sector 504). This
process ends the writing performed for the update command
received by the input module 301.

When such process 1s performed continuously, the capac-
ity of the escape area 401 will be overused. Thus, to avoid
overusing the capacity of the escape area 401, in the
magnetic disk device 1 according to the embodiment, the
data stored 1n the escape area 401 1s written to the write area
402. This writing process 1s performed during an 1dle time
excluding a time during which the mput module 301 1is
performing processes in response to the read or write
commands.

In the writing process performed during the idle time, the
data stored in the escape area 401 and the data stored in the
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track group that 1s being updated arc merged. In other words,
in the magnetic disk device 1 according to the embodiment,
because the merging 1s performed during the i1dle time, the
merging does not interrupt executions of processes per-
formed for read or write commands 1ssued by the host 40,
and the executions of such processes are not delayed.

During the idle time, the merging module 304 merges the
data read from the escape area 401 and the data read from
the track group 1n the write area 402, each of which 1s read
by the reading module 303, by using a bufler (not illus-
trated).

The writing module 302 then writes the data merged by
the merging module 304 to each of the tracks comprised in
a spare track group, which 1s arranged separately from the
track group read by the reading module 303.

FIG. 6 1s a schematic diagram 1llustrating a process of
writing the data stored 1n the escape area 401 to the track
group 1n the write area 402, performed by the magnetic disk
device 1 according to the embodiment. FIG. 6 illustrates an
example where the merging module 304 merges the data
stored 1n the sector 504 1n the escape area 401 by the process
of FIG. 5 and the data stored in the track group 501, and
where the writing module 302 writes the merged data to the
spare track group.

As 1llustrated in FIG. 6, the writing module 302 writes the
data read by the reading module 303 from the track group
501 to a spare track group 601. During this process, the
reading module 303 also reads the data from the sector 504
comprised 1n the escape area 401. The merging module 304
then merges the data read from the sector 304 comprised in
the escape area 401 and the data read by the reading module
303 from a track 2 comprised 1n the track group 501. The
writing module 302 then writes the merged data to the spare
track group 601.

After completing writing the data of the track group, the
writing module 302 reassigns the logical address assigned to
the track group 501 which 1s the target of the updating to the
spare track group 601, and deletes the logical address of the
original track group 501. Consequently, the track group 501
1s set as a new spare track group.

In the process 1illustrated 1n FIG. 6, the writing control 1s
performed on the spare track group 601 only, and any data
in the original track group 501 1s not updated. Therefore, the
data in the track group 501 1s always protected, and no data
1s lost even 1f the power shuts down unexpectedly. Further-
more, no recovering process 1s particularly required even it
the power shuts down during the process illustrated in FIG.
6. Assuming that a recovering process 1s performed, the data
stored 1n the spare track group 601 can simply be discarded
to allow the writing module 302 to start writing data from
the beginning of the spare track group 601.

In the magnetic disk device 1 according to the embodi-
ment, when a write 1s performed using the shingle recording
technique, the escape area 401 i the magnetic disk 11 1s
used. However, because the capacity of the escape area 401
1s limited, 1t 1s necessary not to overuse the capacity.

IT all of the write commands received by the mput module
301 are for data of relatively small blocks, all of the data can
be stored in the escape areca 401 without overusing the
escape area 401. However, 11 the mnput module 301 recerves
sequential write commands, which are often observed in
copying a large file or the like, the escape area 401 will be
overused. If the amount of data stored 1n the escape area 401
increases, a number of the writing of the data of the tracks
by the shingle recording technique increases. Accordingly,
the performance will deteriorate significantly.
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Hence, 1n the magnetic disk device 1 according to the
embodiment, when the input module 301 receives sequential
write commands, the writing module 302 begins to write
data for the write commands to the escape area 401. Then,
at the timing when a logical address specified as a target
address for the sequential writes changes from the address of
the first track group for writing data to the address of the next
track group, the writing module 302 starts writing the
subsequent data directly to the spare track group thereafter.
When the writing module 302 completes writing data to the
spare track group, the writing module 302 assigns a logical
address to the spare track group, and sets the track group
originally being updated as new spare track group. If the
write commands still continue, the writing module 302
turther continues writing data to the spare track group that
1s newly made available. Sequential write commands can be
handled by repeating this process.

During the 1dle time and after completing writing data for
the sequential write commands according to the process
explained above, the magnetic disk device 1 merges the data
written to the escape area 401 and the data stored 1n the track
groups originally being updated. The merging process 1s the
same as the process illustrated i FIG. 6. In this manner,
even 1f the sequential write commands are received, the
capacity of the escape area 401 can be prevented from being
overused by allowing data to be written directly to the spare
track group during the process.

Furthermore, the magnetic disk device 1 explained in the
first embodiment can support a multi-threaded write. In
other words, because the magnetic disk 11 has a spare track
group for each of the heads/zones, by allowing a multi-
threaded write to use the respective spare tracks for the
different heads/zones, the writing module 302 can write data
to a plurality of track groups simultaneously.

Even 11 the targets of the multi-threaded write commands
are 1n the same heads/zones, such command can be handled
by providing spare track groups at positions that maximize
the track capacity in the magnetic disk 11 and making such
spare track groups available for any heads/zones.

The writing i response to the write command 1ssued 1n
the magnetic disk device 1 according to the embodiment will
now be explained. FIG. 7 1s a flowchart of the process
performed 1n the magnetic disk device 1 according to the
embodiment.

First, the mput module 301 receives a write command
issued by the host 40 (5701). The mput module 301 then
receives the data to be written, transiferred from the host
(S702). It 1s assumed herein that the data has a size storable
in a track or a sector comprised 1n a track group, and the data
does not rewrite the entire track group.

Upon receipt of the write command for data having such
s1ze, the writing module 302 calculates a physical location
in the escape area for storing the data (5703). The physical
location 1n the escape area may be at any location, and may
be calculated sequentially based on the write request. In this
manner, the writing module 302 calculates the location in the
escape area having no relationship with the location for
writing the data specified in the write command.

The writing module 302 then wrtes the data to the
calculated physical location on the magnetic disk 11 (5704).
The wrting module 302 then determines 1f the write 1s
completed (S705). I the writing module 302 determines that
the write 1s not completed (No at S705), the writing module
302 continues writing the data at S704.

By contrast, when the writing module 302 determines that
the write 1s completed (Yes at S705), the writing module 302
assigns a logical address, which 1s previously assigned to a

5

10

15

20

25

30

35

40

45

50

55

60

65

8

target location 1n the track groups specified in the write
command, to the escape area in which the data 1s stored.
Then, the writing module 302 deletes the logical address of
the target location to prevent such an address from being
referred to, and ends the process.

A process of writing data stored 1n the escape area 401 to
a track group 1n the magnetic disk device 1 according to the
embodiment will now be explained. FIG. 8 1s a flowchart of
the process 1n the magnetic disk device 1 according to the
embodiment. It 1s assumed that the process illustrated 1n the
flowchart of FIG. 8 1s performed 1n the idle time during
which the mput module 301 receives no read/write com-
mand In this manner, the reading/writing 1s prevented from
being delayed by the process illustrated in FIG. 8.

First, the reading module 303 sets a track group for
reading data (S801). The track group for reading data 1s
determined based on whether any data 1n the escape area 1s
available for being merged with the data stored 1n such a
track group, for example.

The reading module 303 then reads the data stored 1n the
tracks comprised in the set track group (5802). The reading
module 303 then determines 1f there 1s any data that should
be merged with the data read from the tracks based on the
set logical address (S803).

I1 the reading module 303 determines that there 1s no data
that should be merged (No at S803), S806 1s performed
without any intervening process.

By contrast, if the reading module 303 determines that
there 1s some data that should be merged (Yes at S803), the
reading module 303 reads the data temporarily stored in the
escape area so that such data can be merged with the data
read from the tracks at S802 (S804).

The merging module 304 then merges the data read at
S804 and the data read from the tracks at S802 (5805).

The writing module 302 then writes the data to the tracks
in the spare track group (S806). The writing module 302
writes the merged data when there 1s some data that should
be merged, and writes the data read at S802 when there 1s no
data that should be merged.

The writing module 302 then determines 11 the write of the
data 1s completed 1n all of the tracks comprised in the spare
track group (S807). If the writing module 302 determines
that the write 1s not completed (No at S807), the reading
module 303 starts reading the data from the tracks again at
S802.

By contrast, i1 the writing module 302 determines that the
write of the data 1s completed 1n all of the tracks comprised
in the spare track group (Yes at S807), the writing module
302 changes the logical addresses so that the track group that
has been read 1s reallocated as a new spare track group and
the spare track group to which data has been written 1s
reallocated as a regular track group that makes the data
available for reading, and ends the process (S808). At this
time, the writing module 302 also changes the logical
address assigned to the escape area.

By the process described above, the data temporarily
stored 1n the escape area can be comprised 1n the regular
track groups.

In the magnetic disk device 1 according to the embodi-
ment, the data 1s read and written by means of the configu-
rations described above. In this manner, even when data 1s
recorded to the magnetic disk 11 using the shingle recording
technique, the time required for rewriting the data can be
reduced. Furthermore, when the data 1s to be copied from a
track group to a spare track group, because only the spare
track group 1s rewritten, a data loss can be avoided even
when the power shuts down unexpectedly. As described
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above, the technique adopted 1n the magnetic disk device 1
1s suitable for actual production environment.

In the magnetic disk device 1 according to the embodi-
ment, when a write command, especially a write command
for data 1n a small unit, e.g., sectors, 1s received, the data 1s
once written to the escape area 401, then written to the track
groups as described above. Therefore, 1n the magnetic disk
device 1, the write can be completed 1n a shorter time than
the time required for writing data in the entire track group.
Thus, the number of tracks comprised in a track group can
be increased compared with a conventional example.

In the magnetic disk device 1 according to the embodi-
ment, when data 1s written using the shingle recording
technique, the spare track group 1s used. The data 1n a track
group and the data in the escape area are merged, and the
merged data 1s written to the spare track group. In this
manner, the data 1s protected against a loss caused by the
data being overwritten, and against an unexpected power
shutdown.

In the magnetic disk device 1 according to the embodi-
ment, during sequential writes, the data 1s written to the
spare track group istead of the escape area, whereby the
escape area 1s protected against overuse and performance
degradation 1s prevented.

Furthermore, 1n the magnetic disk device 1 according to
the embodiment, the spare track group may be provided in
plurality to allow a multi-threaded write to be handled. In
addition, by providing a common spare track group to each
of the heads/zones of the magnetic disk 11, versatility can be
improved.

The magnetic disk controlling program executed by the
CPU 26 1n the magnetic disk device 1 according to the
embodiment 1s provided 1 a manner pre-installed in the
flash ROM 28.

Alternatively, the magnetic disk controlling program
executed by the CPU 26 in the magnetic disk device 1
according to the embodiment may be provided 1n a manner
recorded 1n a computer-readable recording medium such as
a compact disk read-only memory (CD-ROM), a flexible
disk (FD), a compact disk recordable (CD-R), and a digital
versatile disk (DVD) as a file in an 1installable or an
executable format.

Furthermore, the magnetic disk controlling program
executed by the CPU 26 in the magnetic disk device 1
according to the embodiment may be provided 1n a manner
stored 1n a computer connected to a network such as the
Internet to be made available for downloads via the network.
The magnetic disk controlling program executed by the CPU
26 1n the magnetic disk device 1 according to the embodi-
ment may also be provided or distributed over a network
such as the Internet.

The magnetic disk controlling program executed by the
CPU 26 1n the magnetic disk device 1 according to the
embodiment has a modular structure comprising each of the
modules explained above (the mput module, the writing
module, the reading module, and the merging module). As
the actual hardware, the CPU 26 reads the magnetic disk
controlling program from the flash ROM 28 and executes
the same. Accordingly, each of the modules is loaded to the
main memory, and the input module, the writing module, the
reading module, and the merging module are provided on
the main memory.

In other words, the various modules of the systems
described herein can be implemented as soitware applica-
tions, hardware and/or soitware modules, or components on
one or more computers, such as servers. While the various

10

15

20

25

30

35

40

45

50

55

60

65

10

modules are 1llustrated separately, they may share some or
all of the same underlying logic or code.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents arc intended to cover such
forms or modifications as would fall within the scope and
spirit of the mventions.

What 1s claimed 1s:

1. A recording medium controllerfconfigured to use a
recording technique of collectively rewriting all tracks
included 1n a track group, which comprises a plurality of
tracks and 1s a unmit for writing data, by causing adjacent
tracks to be partially overlapped with each other], compris-
ng:

a recording medium comprising thereon a write area
having [the] a plurality of [the] skingled track groups
and an escape area for temporarily storing data therein;

[an input module configured to receive] a processor
configured to, after an update command for data
recorded in the write areal:;

a reading module configured to]; read data from a first
shingled track group in the write area, [which includes]
the first shingled track group including the data to be
updated [by] according to the update command, [of]
the first shingled track [groups] comprising a plurality
of shingled tracks; and

[a writing module configured to] write the data to be
updated [by] according to the update command to the
escape area after receiving the update command, [and
to rewrite merged data obtained by merging] merge the
data [read] from the escape area and the data [read]
from the first shingled track group, and write the
merged data to [each track comprised in] a second
shingled track group [of the track groups by using the
recording technique] az a physical location in the write
area different from the first shingled track group.

2. The recording medium controller of claim 1, wherein],

if the update command is received, the writing module] z%e
processor 1s configured to [rewrite] write the merged data to
[the each track comprised in] the second shingled track
group during an idle timefexcluding a time during which a
process 1n response to a read command or a write command
is performed].

3. The recording medium controller of claim 2, wherein
the [input module is configured to receive an] update com-
mand is for a data [with a] size storable in a track sector[of
a track of the tracks, and

the writing module 1s configured to write the data with the
s1ze to be updated by the update command to the escape
areal].

4. The recording medium controller of [claims] claim 2,

wherein

[the second track group is a spare area allocated as a spare,
any logical address not being assigned to the spare area
until the writing module rewrites the merged data; and]

the [writing module] processor is configured to assign,
after [rewriting] writing the merged data to [the each
track of] the second shingled track group, a logical
address to the second shingled track group, to delete a
logical address of the first skingled track group, and to
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[set] allocate the first shingled track group as a [new]
spare areafallocated as a spare].

5. The recording medium controller of claim 1, wherein

the [input module is configured to receive an] update
command is for a data [with a] size storable in a track >
sector[of a track of the tracks, and

the writing module 1s configured to write the data with the
s1ze to be updated by the update command to the escape
areal.

6. The recording medium controller of [claims] claim 5,
wherein
[the second track group is a spare area allocated as a spare,
any logical address not being assigned to the spare area
until the writing module rewrites the merged data; and]

the [writing module] processor is configured to assign,
after [rewriting] writing the merged data to [the each
track of] the second shingled track group, a logical
address to the second shingled track group, to delete a
logical address of the first skingled track group, and to 2g
[set] allocate the first shingled track group as a [new]
spare areafallocated as a spare].
7. The recording medium controller of claim 1, wherein
[the second track group is a spare area allocated as a spare,
any logical address not being assigned to the spare area 25
until the writing module rewrites the merged data; and]

the [writing module] processor is configured to assign,
after [rewriting] writing the merged data to [the each
track of] the second shingled track group, a logical
address to the second shingled track group, to delete a 30
logical address of the first skingled track group, and to
[set] allocate the first shingled track group as a [new]
spare areafallocated as a spare].
8. A recording medium controlling method executed by a
recording medium controller configured to use a recording 35
technique of collectively rewriting all tracks included in a
track group, which comprises a plurality of [tracks and is a
unit for writing data, by causing adjacent tracks to be
partially overlapped with each other, wherein,
the recording medium controller comprises a recording 40
medium comprising a write area having the plurality of
the track groups and an escape area temporarily storing
data therein, and the method comprises]siingled
tracks, the method comprising:
receiving an update command for data recorded in [the] a 45
first track group in a write area on a recorvding medium;

reading data from [a] ¢%e first track group[, which includes
the data to be updated by the update command, of the
track groups]; and

writing the data to be updated by the update command to 50

[the] ar escape area on the recording medium after
receiving the update command, [and rewriting merged
data obtained by merging] merge the data [read] from
the escape area and the data [read] from the first track
[eroupleroup, and write the merged data to [each track 55
comprised in] a second track group [of the track groups

by using the recording techniqueldifferent in physical
location from the first track group in the write area on
the recording medium.

9. The recording medium controlling method of claim 8, 60
wherein][, if the update command is received, the writing is
configured to rewrite] the merged data is written to [the each
track comprised in] the second track group during an idle
time[excluding a time during which a process in response to
a read command or a write command is performed]. 65

10. A vecording apparatus, comprising:

a recording medium including:
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a first area having first and second track groups that
are in different physical locations on the recording
medium from each other, each of the first and second
track groups including first and second write tracks
that each partially overlap the other, and

a second area for storing data; and

a controller configured to:
read first data from the first track group in response to

a write command that references a first portion of the
first data in the first track group;

write second data associated with the write command
in the second area; and

write merged data in the second track group, the
merged data including the first data from the first
track group with the second data from the second
area replacing the first portion.

11. A recording medium controller, comprising:

a recording medium comprising thereon a write area
having a plurality of track groups in different physical
locations and an escape avea for temporarily stoving
data therein;

a processor configured to, in vesponse to a first command
to update data in the write area:

read data from a first track group in the plurality of track
groups, the first track group including data to be
updated by the first command; and

write the data to be updated by the first command to the
escape arvea after veceiving the first command;

merge data from the escape area and data from the first
track group; and

write the merged data to a second track group in the
plurality of track groups by using a shingled vecording
technique, the second track group being at a physical
location in the write area different from the first track
group.

12. The recording medium controller of claim 11, wherein
the processor is configured to write the merged data to the
second track group during an idle time.

13. The recording medium controller of claim 12, wherein
the first command is for a data size that is storable in a track
sector.

14. The recording medium controller of claim 12, wherein

the processor is configured to assign, after writing the
merged data to the second track group, a logical
address to the second track group, to delete a logical
address of the first track group, and to allocate the first
track group as a spare area.

15. The recording medium controller of claim 11, wherein

the first command is for a data size that is stovable in a
track sector.

16. The recording medium controller of claim 15, wherein

the processor is configured to assign, after writing the
merged data to the second track group, a logical
address to the second track group, to delete a logical
address of the first track group, and to allocate the first
track group as a spare area.

17. The recording medium controller of claim 11, wherein

the processor is configured to assign, after writing the
merged data to the second track group, a logical
address to the second track group, to delete a logical
address of the first track group, and to allocate the first
track group as a spare area.

18. A recording medium controlling method executed by a
recording medium controller configured to use a recording
technique of collectively rewriting all tracks included in a
track group, which comprises a plurality of shingled tracks,
the method comprising:



US RE48,952 E

13

reading first data from a first track group in a plurality of

track groups, the first data including a portion of the

data to be updated; and

writing second data to the escape area after receiving a

first command indicating that the portion of the data to
be updated in the first data is to be updated with the
second data, and writing merged data that combines
the second data from the escape arvea and the first data
from the first track group to a second track group in the
plurality of track groups by using a shingled vecovding
technique, the second track group being at a physical
location separate from the first track group.

19. The recording medium controlling method of claim 18,
wherein the merged data is written to the second track group
during an idle time.

20. A vecording apparatus, comprising.

a recording disk medium including:

a first data arvea having a first track group at a first
location and a second track group at a second
location physically distinct from the first location,
each of the first and second track groups including a
first write track and a second write track partially
overlapping with the first write track, and

a second data area; and

a processor configured to:

receive a write command for writing second data;

receive the second data associated with the write
command;

write the second data into the second data area;

read first data from the first write track in the first track
group;

write the first data on one of the first write track or the
second write track in the second track group; and

write the second data on the other of the first write
track or the second write track in the second track
group.

21. The recording apparatus of claim 20, wherein the

processor is further configured to assign a logical address of

the first track group to the second track group after writing
the first data and the second data in the second track group.

22. The recording apparatus of claim 21, wherein the
processor is further configured to delete the logical address
of the first track group.

23. The recording apparatus of claim 20, further com-
prising:

a buffer memory to stove the rveceived second data before
writing the second data into the second data avea and
to store the read first data.

24. The recording apparatus of claim 20, wherein the first
data area further has a thivd track group including a first
write track and a second write track partially overlapping
with the first write track.

25. The recording apparatus of claim 20, wherein a
capacity of the second data area is more than one gigabyte.

26. The recording apparatus of claim 20, wherein the
second data area is on the outer edge of the recovding disk
medium.

27. The recording apparatus of claim 20, whervein tracks
of the second data area are not overlapped and track width
of the tracks of the second data area is wider than that of the
tracks of the first data area.

28. The recording apparatus of claim 20, further com-
prising:

an interface controller to receive the write command and
the second data from the host.
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29. The recording apparatus of claim 20, wherein the

processor is further configured to write the first data and the

second data into the second track group during a time

period during an idle time.

30. A recording apparatus, comprising:

a recording disk medium including:

a first data area having a plurality of track groups, each
including a first write track and a second write track
partially overlapping with the first write track, and

a second data area in an outer edge region of the
recording disk medium and having a plurality of
non-overlapping write tracks,; and

a processor configured to:

receive a first write command and a first address
corresponding to a first physical location in the first
data areq;

receive first data associated with the first write com-
mand;

receive a second write command and a second address
corresponding to a second physical location in the
first data avea different from the first physical loca-
tion;

receive second data associated with the second write
command.;

write the first data into the second data area;

write the second data into the second data area;

read thivd data from the first data avea; and
write a part of the read thivd data and the first data into
the first data avea at a thivd physical location after
the writing of the first data and the second data into
the second data area.
31. A method of writing data to hard disk media which
includes theveon a write area in which data is written to an
area which partly overlaps with another avea in which other
data has been written and an escape avea to temporarily
store data, the method comprising:
writing first data in a first area in the write area;
writing second data in a second area in the write area, the
second area partly overlapping with the first area;

receiving a first write command including first address
information for writing third data to update a part of
the first data stored in the first area,

receiving the third data associated with the first write

command;

writing the third data to a thivd area that is in the escape

area;,

receiving a second write command including second

address information;

receiving fourth data associated with the second write

command;

writing the fourth data to a fourth area that is in the

escape area,

after the execution of the writing of the fourth data to the

fourth area, veading at least a part of the first data

stoved in the first area;

after the execution of the writing of the fourth data to the

fourth area, reading the second data storved in the

second area; and

writing fifth data comprising the thivd data and the part

of the first data to a fifth avea in the write area which

is at different physical location in the write area from
the first area.

32. The method according to the claim 31, wherein the
escape area is located adjacent to an outer edge of a platter
of the havd disk media.

33. The method according to the claim 31, wherein a
capacity of the escape area exceeds one gigabyte.
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34. The method according to the claim 33, wherein a
single platter of the hard disk media has a capacity ranging
from 500 gigabytes to one terabytes.

35. The method according to the claim 31, wherein in the
escape arvea, data is written to an area which overlaps with 5
another area to which other data has been written.

36. The method according to the claim 31, wherein in the
escape area, data is written without shingling.

37. The method according to the claim 31, further com-
prising: 10
receiving a third write command including thivd address

information;

receiving sixth data associated with the third write com-

mand;

writing the sixth data divectly to a sixth area in the write 15

area without writing the sixth data to the escape area.

38. The method according to the claim 37, wherein
reading of the at least the part of the first data stored in the
first area is carried out after the execution of the writing of
the sixth data in the sixth area. 20

39. The method according to the claim 31, further com-
prising, after execution of the writing of the fourth data to
the fourth arvea, veading the thivd data stoved in the thivd
area, and merging the fifth data using a buffer memory.
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DATED : March 1, 2022
INVENTOR(S) : Tatsuya Haga et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Column 10, Claim 1, Line 32, please insert --group-- after “track™.

Signed and Sealed this

T'wenty-second Day of November, 2022

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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