
DATA STORAGE DEVTCE WITH BIT PATTERNED MEDIA
WITH STAGGERED ISLANDS

FIELD OF THE INVENTION

[00U The present disclosure relates to the field of data storagg and more particularly to data

storage devices, such as magnetic disc drives, for the recording of data on bit patterned media. .

BACKGROIJND OF THE INVENTION

[002] Patterngd media are regarded as a promising alternative to increase storage density for

magnetic hard disk recording. [n conventional recording, the transitions are placed on granular

mediq which are composed of singledomain particles. Due to the granular nature, the

transitions are not placed exactly where intended and any deviations represent medium noise

which limits the density that can be recorded. A way to reduce this statistical uncertainty and to

decrease the medium noise is to reduce the grain size. Due to the superparamagnetic effec! the

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

[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 af,rays of magnetic islands which are recorded one at a time and thus

each island represents one bit. Such media skuctures can be manufactured by lithographical

processes. The signal-to-noisg ratio of a bit pattemed 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 pattemed

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

I  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
represent medium noise  which limits the density that can be recorded. A
way to reduce this statistical uncertainty and to  decrease the medium
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 recording. [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

t0051 Refening.to Fig. t, which depicts a regular anay of pattemed bits 10, a record or write

head would be moved along a row of islands and swirched or pulsed to achieve the desired

recording of data. Thg spacing between hack and bits is the same, so that the aspect ratio of one

bit (the "bit aspect ratio') is 1.

[006] ,Conventional lecording systems have bit aspect ratios that are coirsiderably higher than

l, more normally between 5 and20. High bit aspect ratios are desirable, because they result in a

higher linear densrty and thus in a higher data 'rrte forthe recording. In addition" fabrication of

the read and write heads is much easier, because the dimensions are nbt required to be so small.

Write heads with larger dimensions are preferred, because the fields are reduced if the surface

area of the head is reduced. Therefore, due to the small dimensions involved, a recnrding system

with a pattemed medium has been difficult to realize in practice and also less attractive in terms

of achievable performance

SUMMARY OF THE INVENTION

t0071 There is therefore a need for bit pattenred medi4 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 pattemed

recording medium, comprising an anay 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 adatastorage

device, comprising a bit patterned recording medium having an array of dataislands arranged in

a plurality of rows with a bit aspect ratio greater than l, and a writing head conligured to write

data to the data islands.

[010] The above needs are also met by the disclosed embodiments which provide adatastorage

device comprising a write head that writes data" and meaff; for storing data written by the write

head.

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 higher 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
addition, fabrication of  the read and write heads is much easier, because
the dimensions are not required to be so small.  Write heads with larger
dimensions are preferred, because the fields are reduced if the surface
area of the head is reduced. Therefore, due to the small dimensions
involved, a recording system  with a patterned medium has been difficult
to realize in practice and also less attractive in terms  of achievable
performance. SUMMARY OF THE INVENTION [007] There is therefore a
need for 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  
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tOl U 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

[0121 Figure 1 is a schematic depiction of a portion of a conventional bit patterned recording

medium.,

[013] Figure 2 is a schematic depiction 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 write curent that illustrates an exemplary timing to be used

with the embodiment of a bit pattemed recording medium of Figure 2.

[015] Figure 4 illustrates elements of a data storage device in accordance with certain

embodiments of the present inventioq for use with the bit pattemed recording medium of Figure

2.

t0lq Figure 5 is a schematic depiction of a portion of a bit pafferned 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 bit patterned recording medium of Figure 5.

t0l8] Figure 7 illustraies elements of adanstorage device in accordance with certain

embodiments of the present invention, for use with the bitpattemed recording medium of Figure
) .

[019] Figure 8 depicts another embodiment of the present invention including empty spaces

between double rows of bits.

DETAILED DESCzuPTION

[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

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 depiction 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
write current that illustrates an exemplary timing to be used  with the
embodiment of a bit patterned recording medium of Figure 2. [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 bit 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 Figure  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  
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address improving the bit aspect ratio of bit patterned media of a data storage device without
decreasing areal density. The embodiments of the invention achieve this by providing an anay
of magnetic islands that are formed in aplurality of rows, with adjacent rows being offset with
respect to one another. The offsetting of the adjacent rows creates a staggering of the islands.
Tlie staggering of the islands produces a higher bit aspect ratio, resulting in a higher linear
density, thereby improving the datarate,and atlowing the use of a larger recording head.

t021J Figure 2 is a schematic depiction of a portion of a bit pattenred recording medium of a
data storage device in accordance with disclosed embodiments of the invention. In this

embodimen! adjacentrows are offsel As seen in Figure 2, a first row 14 and a second row 16
extend in a first direction 15. Within each row 14, 16 data islands 18 are.equally spaced from
each other. As well, ttrc rows 14 and 16 are parallel so that the vertical spacing between the rows
14 and 16 is constant

10721 The adjacent rows 14, 16 in the anay are offset with respect to one another suctt that at
least some of the data islands 18a in row 14 aird the data islands 18b in row 16 are not aligned

with one another in direction 17, which is normal with respect to direction 15. The direction of
arrow 15 represents the direction of bavel of a read head and a write head or a readlwrite head.
In certain embodiments, such as those illusuated, each of the data islands I 8 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 1 8 of a row are offset with respect to the data islands I 8 in an adjacent row.

10231 In the embodiment of Figure 2, everyother row 14, l6is offset from the immediately

adjacent row 14, 16, such that every other row aligns. In other words, ifrow 14 is considered to
be the nth row, row 16 is the nth *l 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 canbe considered the nth + 2 row in the array. Similarly, the next
row in the anay, below row 20, would be aligned (not offset) with row 16. The data islands 18
are therefore aligned in every other (nth + 2) row.

1024) The writing of data to the data islands l8 can be achieved through the use of a write head
22,as depicted in Figure 4. [n certain embodiments of the invention, the write head}Z is wide
enough to enable writing two rows, e.g. rows 14,l1,simultaneously. For example, the write

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  respect 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
density, thereby improving the data rate, and allowing the use of a larger
recording head. [021] Figure 2 is a schematic depiction of a portion of a bit
patterned recording medium of a  data storage device in accordance with
disclosed embodiments of the invention. In this  embodiment, adjacent
rows are offset. As seen in Figure 2, a first row 14 and a second row 16
extend in a first direction 15. Within each row 14, 16, data islands 18 are.
equally spaced from  each other. As well, the rows 14 and 16 are parallel
so that the vertical spacing between the rows  14 and 16 is constant. [022]
The adjacent rows 14, 16 in the array are offset with respect to one
another such that at  least some of the data islands 18a in row 14 and the
data islands l8b in row 16 are not aligned  with one another in direction 17,
which is normal with respect to direction 15. The direction of  arrow 15
represents the direction of travel of a read head and a write head or a
read/write head.  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  
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head'2? can have a width equal to twice the pitch of tlre bits. The nriting can be accomplished
by using pulsed recording or square wave recording, such as employed in conventional systems.
However, the witing of the two rows simultaneously requires appropriate timing.

[025] Figure 3 is provided directly below Figure 2 and illustrates an exemplary write current to
illushate an exemplary write timing. The write current is shown directly below the data islands
l8a, l8b so that the pulses 25 arc shown as aligned with the data islands l8a, l8b for illustration
purposes. This example depicts pulsed writing. As can be seerq every pulse 25 conesponds to
one of the data islands l8a, l8b (i.e., one of the bits) in one of the rows 14, 16. The pulses

alternate between rows 14, 16, such tbat every other pulse 25 writes every other row. Hence, in
the example illustrated in Figures 2 and3,the first pulse 25 in the sequence writes adatzisland

l8a in the first row 14; the second pulse 25 writes adataisland l8b in the second row 16; the
third pulse 25 wdtes a dataisland l8a in the first row 14, etc.

10261 Read/write logsc24, shown in Figure 4, provides the appropriate switching of the write
current to achieve the synchronized writing, such as showq in Figure 3. Further, the read/wite

logic24 uses data analysis to decode the interleaved information when reading the bits encoded
inthe data islands 18.

[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 I having the lower bit aspect ratio. Since the heads are not reduced
in size, the fields are not reduced. Hence, a datarecording device constructed in accordance with
embodiments of the present invention to employ staggered bit patterned media is more attractive
in terms of achievable performance.

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
writing can be accomplished  by using pulsed recording or square wave
recording, such as employed in conventional systems.  However, the
writing of the two rows simultaneously requires appropriate timing. [025]
Figure 3 is provided directly below Figure 2 and illustrates an exemplary
write current to  illustrate an exemplary write timing. The write current is
shown directly below the data islands  18a, 18b so that the pulses 25 are
shown as aligned with the data islands 18a, 18b for illustration  purposes.
This example depicts pulsed writing. As can be seen, every pulse 25
corresponds to  one of the data islands 18a, 18b (i.e., one of the bits) in
one of the rows 14, 16. The pulses  alternate between rows 14, 16, such
that every other pulse 25 writes every other row. Hence, in  the example
illustrated in Figures 2 and 3, the first pulse 25 in the sequence writes a
data island  18a in the first row 14; the second pulse 25 writes a data
island l8b in the second row 16; the  third pulse 25 writes a data island
18a in the first row 14, etc. [026] Read/write logic 24, shown in Figure 4,
provides the appropriate switching of the write  current to achieve the
synchronized writing, such as shown in Figure 3. Further, the read/write
logic 24 uses data analysis to decode the interleaved information when
reading the bits encoded  in the data islands 18. [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. 
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10291 In certain embodiments ofthe invention, the data islands 18 are magnetic islands.
Methodologies for the formation of a bit pattemed medium, including those with magnetic
islands, is knoum. The staggering of the bits formed by the data islands 18, according to certain
embodiments of the invention" canalso be extended to further increase the bit aspect ratio from
the inventiv.e embodiments of Figures 2-4.

[030] Figure 5 is a view similar to Figure 2, but depicts an altemate embodiment in which three
rows of data islands are employed in a set of rows. A first row 30, or nth row, extends in a first

. direction 35, as does a second row 32,or nth +l row, and a third row 34, or nth * 2 row. A
fourth row 36, or nth 3 row, is shown in phantom. The data islands are referenced in the
respective rows as 384 38b, 38c and 38d and generally as 3g.

[031] As in the embodiment of Figure 2, the bit pattemed media of Figure 5 has an nth row 30
and an nth +l row that are offset frbm one another such that the data islands 38 are not aligned in
adirection that is normal to the readlwrite direction 35. In the embodiment of Figure 5,
however, the nth * 2 row (row 34).is also offset from the nth row (row 32), instead of being
aligned with the nth row (row 32). The nth +3 row (row 36, in phantom) is aligned with the nth
row (row 32). This arrangement therefore creates sets of three rows (e.g., rows 30, 32,34) tky1t
are repeated 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. thewrite head 40 may have a width equal to
three times the bit pitctt- The larger head 38 makes manufacture more readily achievable.

[033] The operation of the data recording device for the embodiment of Figures 5 and Z is
substantially the same as that described for the embodiment of Figures 2 and 4. An exemplary
write current illustrating exemplaqy 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 384 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 384 38b, 38c (i.e., one of the bits) in one of the rows 30, 32,34. Tlte
pulses switch between rows 30, 32,34,such that every third pulse 25 writes adataisland 3g in
every third row 30, 32,34. Hence, in the example illustrated in Figures 5 and 6, the first pulse

[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 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. 6  [029] In certain
embodiments of the invention, the data islands 18 are magnetic islands.
Methodologies for the formation of a bit patterned medium, including those
with magnetic  islands, is known. The staggering of the bits formed by the
data islands 18, according to certain  embodiments of the invention, can
also be extended to further increase the bit aspect ratio from  the inventive
embodiments of Figures 2-4. [030] Figure 5 is a view similar to Figure 2,
but depicts an alternate embodiment in which three  rows of data islands
are employed in a set of rows. A first row 30, or nth row, extends in a first
direction 35, as does a second row 32, or nth +1 row, and a third row 34,
or nth + 2 row. A  fourth row 36, or nth 3 row, is shown in phantom. The
data islands are referenced in the  respective rows as 38a, 38b, 38c and
38d, and generally as 38. [031] As in the embodiment of Figure 2, the bit
patterned media of Figure 5 has an nth row 30  and an nth +1 row that are
offset from one another such that the data islands 38 are not aligned in  a
direction that is normal to the read/write direction 35. In the embodiment of
Figure 5,  however, the nth + 2 row (row 34).is also offset from the nth row
(row 32), instead of being  aligned with the nth row (row 32). The nth +3
row (row 36, in phantom) is aligned with the nth  row (row 32). This
arrangement therefore creates sets of three rows (e.g., rows 30, 32, 34)
that  are repeated on the medium. [032] The write head 40 (and a read
head, not shown) may be made even larger than the  
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35 in the sequence writes a data island 38a in the first row 30; the second pulse 35 writes a data
istand 38b in the second row 32; the third pulse 35 writes a data island 38c in the third row 34.

[034] Read/uritelogic 4l,shown in Figure 7, provides the appropriate switching of the write
current to achieve the synchronized writing, such as shown in Figurb 6. Further, the read/wite
logic 42 uses data analysis to decode the interleaved information urhen reading the bits encoded
in the data islands 38. The other elements of the data recording device of Figures 4 and 7 are not
depicted so as not to obscure features of the embodiments of the presentihvention.

[035] The staggering of the bits by the offsetting of the rows 30, 32,34 in the embodiment of
Figure 5 triples the effective bit density. At the same time, the effective hack densify is reduced

by a factor of 3. Hence, the bit aspect ratio is increased to 9 for the embodiment of Figure 5.

[036] Figure 8 depicts another embodiment of the invention in which the bit aspect ratio @AR)
is changed by introducing empty spaces between double rows. In Figure 8, spaces 50 are
provided between pairs 52 of adjacent offset rows 54.. the BAR can be fine tuned by the

addition of empty spaces between certain rows. In other words, the distance between certain

adjacent rows is unequal. For example, the distance between two adjacent rows in a pair 52.of

rows 54 is less than the distance betrveen the pairs 52.

[A3T The bit pattemed 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 ttuee 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 cer0ain embodiments of the present invention have been described in detail

above, this is not to be taken by u,ay of limitation as the embodiments of the present invention

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

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 7  35 in the sequence writes a data island 38a in the
first row 30; the second pulse 35 writes a data  island 38b in the second
row 32; the third pulse 35 writes a data island 38c in the third row 34.
[034] Read/write logic 42, shown in Figure 7, provides the appropriate
switching of the write  current to achieve the synchronized writing, such as
shown in Figure 6. Further, the read/write  logic 42 uses data analysis to
decode the interleaved information when reading the bits encoded  in the
data islands 38. The other elements of the data recording device of
Figures 4 and 7 are not  depicted so as not to obscure features of the
embodiments of the present invention. [035] The staggering of the bits by
the offsetting of the rows 30,32,34 in the embodiment of  Figure 5 triples
the effective bit density. At the same time, the effective track density is
reduced  by a factor of 3. Hence, the bit aspect ratio is increased to 9 for
the embodiment of Figure 5.  [036] Figure 8 depicts another embodiment
of the invention in which the bit aspect ratio (BAR)  is changed by
introducing empty spaces between double rows. In Figure 8, spaces 50
are  provided between pairs 52 of adjacent offset rows 54. Hence, the
BAR can be fine tuned by the  addition of empty spaces between certain
rows. In other words, the distance between certain  



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 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. 8  What is claimed is: 1. 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; the rows extend in a first
direction and are offset with respect to one  another such that the islands
of at least some of the adjacent rows are not  aligned in a second direction
that is normal with respect to the first direction;  and 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. 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 9  the
plurality of rows are arranged such that adjacent rows are offset with
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
nth +3 rows are aligned in a second  direction normal to the first direction.
8. The data storage device of claim 7, wherein the write head is
configured to write two adjacent rows simultaneously. 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
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. 10  14. The
data storage device of claim 13, wherein the array has a bit aspect  ratio
greater than 1. 15. The medium of claim 1, wherein at least some of the
adjacent rows are  spaced a first distance apart from one another, and at
least some other of the  adjacent rows are spaced a second distance
apart from one another the first  and second distances being unequal. 




