| DATA STORAGE DEVICE WITH BIT PATTERNED MEDIA WITH
STAGGERED ISLANDS FIELD OF THE INVENTION [001] The present
disclosure relates to the field of data storage, and more particularly to data
storage devices, such as magnetic disc drives, for the recording of data on
bit patterned media. BACKGROUND OF THE INVENTION [002]
Patterned media are regarded as a promising alternative to increase
storage density for magnetic hard disk recording. In conventional -
recording, the transitions are placed on granular media, which are
composed of single-domain particles. Due to the granular nature, the
transitions are not placed exactly where intended and any deviations -
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decrez«fgt!sI e gxedlum noise is to reduce the grain size. Due to the superparamagnetic effect, the

grain size has a lower limit as does the signal-to-noise ratio in conventional recordmg.

[003] An alternative to-conventional recording media is bit patterned media. In bit patterned
media, the bits do not contain as many grains as those in conventional media. Instead, bit
patterned media comprise arrays of magnetic islands which are recorded one at a time and thus
each island represents one bit. Such media structures can be manufactured by lithographical
processes. The signal-to-noise ratio of a bit patterned medium is then determined by the
variations of the island spacings and sizes and thus depends on the quality of the lithography
process. Accordingly, the signal-to-noise ratio can be improved considerably beyond that of

conventional media.

[004] There are limits, however, to the lithography process so that the density of the islands is
limited. The highest areal density is obtained when the spacings between the islands in the
cross-track and the down-track directions are identical. Moreover, a recording on patterned

media needs to be synchronized and therefore the bits should not be placed “bumper to bumper”.



2 [005] Referring.to Fig. 1, which depicts a regular array of patterned bits
10, a record or write head would be moved along a row of islands and
switched or pulsed to achieve the desired recording of data The spacing
between track and bits is the same, so that the aspect ratio of one bit (the
"bit aspect ratio") is 1. [0061 Conventional recording systems have bit
aspect ratios that are considerably hjgher than 1, more normally between
5 and 20. High bit aspect ratios are desirable, because they result in a
higher linear density and thus. in a higher data rate for the recording. In
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of achipvable|pefiftynaficows with a bit aspect ratio greater than 1, and a writing
head configured to write data to the data islands. [010] The above needs

SUMMPARMSORTTRIHNVENISOlsed embodiments which provide a data storage
device comprising a write head that writes data, and means for storing

' [007] ORRAVHTED YN Ror bit patterned media, and a data storage device employing

such media, that has a greater bit aspect ratio without a loss of areal density.

[008] This and other needs are met by disclosed embodiments which provide a bit patterned
recording medium, comprising an array of magnetic islands, the array having a plurality of rows
of the islands, wherein at least one adjacent pair of magnetic islands in adjacent rows are offset

to one another.

[009] The above needs are also met by the disclosed embodiments which provide a data storage
device, comprising a bit patterned recording medium having an array of data islands arranged in
a plurality of rows with a bit aspect ratio greater than 1, and a writing head configured to write

data to the data islands.

[010] The above needs are also met by the disclosed embodiments which provide a data storage
device comprising a write head that writes data, and means for storing data written by the write

head.



head. 3 [011] The foregoing and other features, advantages and aspects
of the present disclosure will become more apparent from the following
detailed description and the accompanying claims. BRIEF
DESCRIPTION OF THE DRAWINGS [012] Figure 1 is a schematic
depiction of a portion of a conventional bit patterned recording medium...
[013] Figure 2 is a schematic depictig)n of a portion of a bit patterned
recording medium of a data storage device construed in accordance with
disclosed embodiments of the invention. [014] Figure 3 is an exemplary
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portion of a bit patterned recording medium of a data storage device
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address and solve problems
[015] Figure 4 illustrates elements of a data storage device in accordance with certain
embodiments of the present invention, for use with the bit patterned recording medium of Figure
2.

[016] Figure 5 is a schematic depiction of a portion of a bit patterned recording medium of a
data storage device construed in accordance with certain disclosed embodiments of the

invention.

{017] Figure 6 is an exemplary write current that illustrates an exemplary timing to be used

with the embodiment of a bt patterned recording medium of Figure 5.

[018] Figure 7 illustrates elements of a data storage device in accordance with certain
embodiments of the present invention, for use with the bit patterned recording medium of F igure

5.
[019] Figure 8 depicts another embodiment of the present invention including empty spaces
between double rows of bits.

DETAILED DESCRIPTION

[020] The embodiments of the invention described herein address and solve problems related to

the low bit aspect ratio of bit patterned media. In particular, the embodiments of the invention



the low bit aspect ratio of bit patterned media. In particular, the
embodiments of the invention 4 address improving the bit aspect ratio of
bit patterned media of a data storage device without decreasing area
density. The embodiments of the invention achieve this by providing an
array of magnetic islands that are formed in a plurality of rows, with
adjacent rows being offset with respgct to one another. The offsetting of
the adjacent rows creates a staggering of the islands. The staggering of
the islands produces a higher bit aspect ratio, resulting in a higher linear
addregrinrgvinetenbitasprotintiptofbitaatteated ardiabibwitat hieragaiofice aigRit
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The adjacent rows 14, 16 in the array are offset with respect to one
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14 andibbasistastdst18 of a row are offset with respect to the data islands 18 in an
adjacent row. [023] In the embodiment of Figure 2, every other row 14, 16
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In certain embodiments, such as those illustrated, each of the data islands 18 in one row are

offset with respect to the data islands 18 in an adjacent row. In certain embodiments, only some

of the data islands 18 of a row are offset with respect to the data islands 18 in an adjacent row.

[023] In the embodiment of Figure 2, every other row 14, 16 is offset from the immediately
adjacent row 14, 16, such that every other row aligns. In other words, if row 14 is considered to
be the nth row, row 16 is the nth +1 row and is offset with respect to the nth row. The next row
20 in the array, shown in phantom immediately beneath row 16 in Figure 2, is not offset with
respect to row 14. Row 20 can be considered the nth + 2 row in the array. Similarly, the next.
row in the array, below row 20, would be aligned (not offset) with row 16. The data islands 18

are therefore aligned in every other (nth + 2) row.

[024] The writing of data to the data islands 18 can be achieved through the use of a write head
22, as depicted in Figure 4. In certain embodiments of the invention, the write head 22 is wide

enough to enable writing two rows, e.g. rows 14, 16, simultaneously. For example, the write



row in the array, below row 20, would be aligned (not offset) with row 16.
The data islands 18 are therefore aligned in every other (nth + 2) row.
[024] The writing of data to the data islands 18 can be achieved through
the use of a write head 22, as depicted in Figure 4. In certain
embodiments of the invention, the write head 22 is wide enough to enable
writing two rows, e.g. rows 14, 16, simultaneously. For example, the write
5 head 22 can have a width equal to twice the pitch of the bits. The
Writingﬁc]an be accomplished by using pulsed recording or square wave
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[027] The staggering of the bits by the offsetting of the rows 14, 16 in the embodiment of
Figure 2 doubles the effective bit density. At the same time, the effective track density is

reduced by a factor of 2. Hence, the bit aspect ratio is increased to 4 for the embodiment of

Figure 2.

[028] The increase in bit aspect ratio has a number of advantages. The higher linear density
leads to a higher data rate for recording. In addition, the fabrication of the read and write heads
 is much easier, because the dimensions of the heads do not have to be as small as in those with
media patterned as in Figure 1 having the lower bit aspect ratio. Since the heads are not reduccd
in size, the fields are not reduced. Hence, a data recording device constructed in accordance with
embodiments of the present invention to employ staggered bit patterned media is more attractive

in terms of achievable performance.




[028] The increase in bit aspect ratio has a number of advantages. The
higher linear density leads to a higher data rate for recording. In addition,
the fabrication of the read and write heads is much easier, because the
dimensions of the heads do not have to be as small as in those with
media patterned as in Figure 1 having the lower bit aspect ratio. Since the
heads are not reduced In size, the figlds are not reduced. Hence, a data
recording device constructed in accordance with embodiments of the
present invention to employ staggered bit patterned media is more
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are répeated on the medium.

- {032] The write head 40 (and a read head, not shown) may be made even larger than the
embodiment of Figure 4, as shown in Figure 7. The write head 40 may have a width equal to
three times the bit pitch. The larger head 38 makes manufacture more readily achievable.

[033] The operation of the data recording device for the embodiment of Figures 5 and 7 is
substantially the same as that described for the embodiment of Figures 2 and 4. An exemplary
write current illustrating exemplary timing employed to write the data islands 38 in the three
rows 30, 32 and 34 simultaneously is depicted in Figure 6. The write current is shown directly
below the data islands 38a, 38b, 38c so that the pulses 35 are shown as aligned with the data
islands 38a, 38b, 38c for illustration purposes. As can be seen, every pulse 35 corresponds to
one of the data islands 38a, 38b, 38c (i.e., one of the bits) in one of the rows 30, 32,34. The
pulses switch between rows 30, 32, 34, such that every third pulse 25 writes a data island 38 in

every third row 30, 32, 34. Hence, in the example illustrated in Figures 5 and 6, the first pulse



embodiment of Figure 4, as shown in Figure 7. The write head 40 may
have a width equal to three times the bit pitch. The larger head 38 makes
manufacture more readily achievable. [033] The operation of the data
recording device for the embodiment of Figures 5 and 7 is substantially
the same as that described for the embodiment of Figures 2 and 4. An
exemplary write current illustrating exemplary timing employed to write
the data islands 38 in the three rows 30, 32 and 34 simultaneously is
depicted in Figure 6. The write current is shown directly below the data
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rows. In other words, the distance between certain
[037] The bit patterned recording media with staggered bits may be considered means for

storing data written by a write head.

[038] The embodiments of the present invention are not limited to two and three row widths.
The embodiments may be extended to greater numbers of rows, limited by practical tradeoffs
such as timing accuracy, the increased need for high down-track resolution, maintaining the

same read sensitivity and the speed of the data processing.

[039] Although certain embodiments of the present invention have been described in detail
above, this is not to be taken by way of limitation as the embodiments of the present invention

are to be limited only by the terms of the appended claims.



adjacent rows is unequal. For example, the distance between two
adjacent rows in a pair 52 of rows 54 is less than the distance between
the pairs 52. [037] The bit patterned $ecording media with staggered bits
may be considered means for storing data written by a write head. [038]
WSS EARsugsats of the present invention are not limited to two and three
row widths. The embodiments may be extended to greater numbers of
rows, limited by practical tradeoffs such as timing accuracy, the increased
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rows of the islands; wherein at least one adjacent pair of magnetic islands
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of at least some of the adjacent rows are not aligned in“a second direction
aligngddm & seeenth disestientthefeisirseamatuith resaesicly the fiss sirgetian;
ang3 row are not offset to one another such that the islands of the nth and

nth +3 rows are aligned in the second direction. 2. The medium of claim 1,
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2. The medium of claim 1, wherein the rows are grouped in adjacent sets,
with each set including nth row, a nth +1 row that is offset with respect to the
nth row and a nth +2 row offset with respect to the nth and nth +1 rows.

3. The medium of claim 2, wherein the adjacent sets are arranged such
that the n +3 row of a first one of each adjacent set is adjacent to the nth row

of a second one of the adjacent sets.

4, The medium of claim 1, wherein the magnetic recording medium has a

bit aspect ratio greater than 1.

5. The medium of claim 4, wherein the bit aspect ratio is 4.
6. The medium of claim 4, wherein the bit aspect ratio is 9.
7. - A data storage device, comprising:

a bit patterned recording medium having an array of data islands
arranged in a plurality of rows with a bit aspect ratio greater than 1; a writing

head configured to write data to the data islands; and



nth row and a nth +2 row offset with respect to the nth and nth +1 rows. 3.
The medium of claim 2, wherein the adjacent sets are arranged such that
the n +3 row of a first one of each at%acent set is adjacent to the nth row
of a second one of the adjacent sets. 4. The medium of claim 1, wherein
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_The medium of claim 4, wherein the bit aspect ratio is 4. 6. The medium
withrreshed toureranatbariimadist diRetios; 7. A data storage device,
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respect to one another in a first direction; wherein every nth row and nth
+3 row are not offset to one another such that the islands of the nth and

8. Nth Fheous@yest IRG/REFP_ JUREUTN RRBIRIO THE TVRidrediy- is
8. The data storage device of claim 7, wherein the write head is

copligitasda Yiletwaasiagerbraws siutaneaeslysly. 9. The data storage

device of claim 8, wherein the data islands are magnetic islands. 10. The

data storage device of claim 7, wherein the rows are grouped in adjacent
9. setsghdaiehsleragaudridce noh @aina Bih whetintheisdsttaeislands are
md&ﬁ@ﬁ&qépa%nth row, and a nth +2 row that is offset with respect to the

nth and nth +1 rows.

10. The data storage device of claim 7, wherein the rows are grouped in
adjacent sets, with each set including a nth row, a nth +1 row that is offset
with respect to the nth row, and a nth +2 row that is offset with respect to the

nth and nth +1 rows.

11.  The data storage recording device of claim 10, wherein the write head

is configured to write three adjacent rows simultaneously.

12. The data storage device of claim 11, wherein the data islands are

magnetic islands.

13. A data storage device comprising:

a write head that writes data;

means for storing data written by the write head; and

the means for storing data includes an array of magnetic islands, the
array having a plurality of rows of the islands, wherein adjacent rows are
offset to one another in a first direction;

wherein every nth row and nth +3 row are not offset to one another
such that the islands of the nth and nth +3 rows are aligned in the second

direction normal to the first direction.



11. The data storage recording device of claim 10, wherein the write head
is configured to write three adjacent rows simultaneously. 12. The data
storage device of claim 11, wherein tRe data islands are magnetic
islands. 13. A data storage device comprising: a write head that writes
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storing data includes an array of magnetic islands, the array having a

ratig @giiestthals lof the islands, wherein adjacent rows are offset to one
another in a first direction; wherein every nth row and nth +3 row are not

offset to one another such that the islands of the nth and nth +3 rows are
15alignEEmMadierehglairettiviheminatieast sesoaipfdheradiecent myes are

spHe& AHAIURRIGL UMM IHEERIBHHS, U 1S A PSRRI ERH the
greater than 1. 15. The medium of claim 1, wherein at least some of the

adiagepbrews\ararePrapadea serendidisianse et drammngnanathesbefirst

anlf3eLEpAaictaRESS %@n%%%%“darl‘?ws are spaced a second distance

apart from one another the first and second distances being unequal.





