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PERPENDICULAR POLE HEAD FOR SERVO WRITING MAGNETIC MEDIA

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 61/620,199,
filed April 4, 2012, entitled POLE HEAD FOR SERVO WRITING MAGNET, which is

hereby incorporated by reference herein, in its entirety.

BACKGROUND OF THE INVENTION

[0002] Traditionally, the recording and reading of data in tracks on magnetic storage
media can require precise positioning of magnetic read/write heads. To facilitate the
precise positioning, magnetic storage media can include a servo track read by a servo
control system. U.S. Patent No.. 5,689,384 includes details of background servo timing
methods and devices, and is incorporated herein by reference.

[0003] Track following servo systems have kept the industry on track to achieve one
~ terabyte (“TB”) of storage on a commercial single reel tape cartridge. It appears,
however, that modifications may be required to move beyond 1 TB. Longitudinal errors
in placement of the servo pattern can generate false position information during drive
servo operation. The magnitude of these errors can become unacceptable at the high track
densities of multi-terabyte data cartridges.

[0004] Time-based servo bands, which are written to tape during the manufacturing
process, can be used as a reference to position all data tracks for the life of the cartridge.
Time-based servo bands can include a series of repeating patterns (e.g., servo frames)
down the length of a tape. In a simplified version of this pattern, each frame can be made
up of two magnetic stripes written at an angle with respect to one another (e.g., a “/ \”
shape). FIG. 1 illustrates two frames 110 in the “/ \” shape. The servo pattern can be
decoded in a drive by measuring the distance (a) 120 between frame stripes at the servo
read gap position while tape is transported longitudinally across the recording head (e.g.,
in direction 150). A geometric transformation can then yield the vertical position (y) 130
of the read gap 140 with respect to each servo frame on tape.

[0005] Servo-writing for magnetic fape can utilize a ring head technology to write

longitudinal timing-based servo patterns on tape. This has traditionally been useful for
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writing metal particle (“MP”) media, with a magnetic moment substantially in plane with
the media. However, there aiso exist perpendicular media with the magnetic moment
perpendicular to the plane of the tape, or other media surface. Barium-Ferrite (“BaFe”) is
an example of such a tape medium. BaFe media are described in U.S. Patent
Nos. 7,132,164, 7,381,482, 4,690,768, 4,493,779, and 4,493,874, which are incorporated
herein by reference. Perpendicular media can be preferential in some applications, and
may provide a greater data density.

[0006] Traditional ring head designs can write timing-based servo patterns to magnetic
tape. FIG. 2A illustrates one such traditional ring head design, 205. When pulsed with
write current (e.g., through coil 210), these traditional heads 205 can generate a magnetic
field 200 that is mainly longitudinal between the two poles and vertical (and opposite)
very near the poles. When writing media with a planer magnetic moment (e.g., a
magnetic moment in the plane of the media), the resulting magnetization of the media can
create a useful read-back signal with sharp transitions at the boundaries of the regions
magnetically written by the write head, e.g., as illustrated in FIG. 2B. However, such a
traditional ring head design does not produce the same results for perpendicular media,
such as media 220 illustrated in FIG. 2A.

[0007] The magnetization state of oriented media 220 is illustrated in cross-section, and
can be driven from left to right (or vice-versa) over ring head 205. Magnetization
elements are shown in both a positive and negative orientation in AC erased area 221.
Using a ring head 205 on AC erase media creates both a positive 223 and negative 227
magnetization region.

[0008] FIG. 2C illustrates a ring head 205 writing to less oriented media 222. The
magnetization state of less oriented media 222 is AC erased (e.g., as shown in areas 221)
with ring head 205 writing to area 224. As illustrated, the longitudinal nature of ring
head field 210 can cause less oriented media 222 (e.g., media that is not completely
perpendicular) to have a transition zone 224 between the positive and negative regions
that shows a transition with a longitudinal component (e.g., a “leaning” orientation at the
transition). The magnetization state of less oriented media 222, with transition area 224,
is illustrated in perspective view in FIG. 2D, and again in cross-sectional view in

FIG. 2E.
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[0009] FIG. 2F illustrates a cross-sectional view of the magnetization state of DC erased
media 225, with a ring head field 200 applied. As illustrated in DC erased areas 231, the
erased media orientation is in a single direction, consistent with a DC current flowing
through a coil in one direction. This can be compared to AC erased media, where erased
arcas (e.g., 221) are oriented in both directions, in approximately equal amounts,
consistent with an AC current alternating through coil 210. Here, as compared to
FIGS. 2A and 2C, the back half of the ring head field can have the same concentration
(e.g., complete) as the erased areas 231. However, as shown in FIG. 2F, there can still be
“fuzzy” or “leaning” transition lines in the written areé.

[0010] Thus, there exists a need for new pole head designs for writing the timing based

servo pattern on substantially perpendicular media.

SUMMARY

[0011] Certain exemplary embodiments of the present disclosure can include a
perpendicular write head. The exemplary write head can include a primary write head
configured to generate a magnetic field approximately perpendicular to a surface of the
head. The exemplary write head can include a concentrator on the surface configured to
concentrate the magnetic field in a pattern. Certain exemplary embodiments can include
at least two servo stripes disposed at an angle with respect to each other as part of the
concentrator, Exemplary concentrators can be disposed in substantially a “\ /” or “/ "
shape, or a “/ \ /” shape, a “\\ /” shape, or a “// \” shape. The magnetic field in certain
example embodiments can be substantially generated by the primary write head
approximately perpendicular to the surface facing the magnetic media (e.g., a media-
facing or air-bearing surface), and the primary write head may not generate a substantial
magnetic field approximately parallel to the media-facing surface, as compared to the
magnitude of the magnetic field approximately perpendicular to the surface. The
magnetic field may be concentrated in a medium by the concentrator, so that the
concentrated magnetic field is greater than (e.g., about) 110% of a coercivity of the
medium, where the magnetic field generated by the primary write head is less than (e.g.,

about) 90% of the coercivity of the medium, absent the concentrator.
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[0012] The exemplary primary write head can be configured to generate the magnetic
field in a first direction approximately perpendicular to and away from the surface of the
head. The exemplary primary write head also can be configured to generate the magnetic
field in a direction approximately perpendicular to the surface of the head and in a
direction opposite the first direction. The exemplary primary write head also can be
configured to generate the magnetic field alternating between the first direction and the
~ second direction.

[0013] Certain exemplary embodiments can also include a coil of wire wrapped around
the primary write head. Certain exemplary embodiments can also include a cover
configured to be disposed substantially on the surface and defining holes through which
the concentrator is received such that, when disposed substantially on the surface, an
outer (e.g., media-facing) surface of the concentrator is approximately flush with an outer
(e.g., media-facing) surface of the cover. The exemplary cover can be formed from a
non-magnetic material and/or a magnetically neutral material.

[0014] Exemplary embodiments of the present invention can include a storage medium
that includes a magnetically perpendicular media including a first set of areas oriented in
a first direction perpendicular to the media and a second set of areas oriented in a second
direction perpendicular to the media and opposite of the first direction, wherein the first
or second areas include a pattern. The exemplary pattern can be a servo timing pattern,
and can include a plurality of servo stripes angled with respect to each other.

[0015] Exemplary embodiments of the present invention can include a method of writing
a magnetic pattern. The exemplary method can include moving a magnetic media
relative to a write head, wherein the write head includes: (1) a primary write head
configured to generate a magnetic field approximately perpendicular to a surface of the
head; and (2) a concentrator on the surface configured to concentrate the magnetic field
in a pattern. The exemplary method can include generating the magnetic field during a
write time period to create the magnetic pattern that covers less than all of the magnetic
media. The generating of the magnetic field can include applying an electric current to
the write head in a first direction. The exemplary method can further include generating
an opposite magnetic field during a non-write time period or an erase time period that

does not include the write time period. This generating an opposite magnetic field can
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include applying the electric current to the write head in a second direction opposite the
first direction. The magnetic pattern may include a plurality of servo strips, each with a
length of about 75% to about 125% of an average length of the plurality of servo stripes
in the pattern,

[0016] Other exemplary embodiments can include non-transitory computer readable
storage media having a program embodied thereon, the program executable by a
processor to perform a method for writing a magnetic pattern according to any of the

other embodiments above, or additional exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] While the specification concludes with claims particularly pointing out and
distinctly claiming the subject matter that is regarded as forming the various
embodiments of the present disclosure, it is believed that the embodiments will be better
understood from the following description taken in conjunction with the accompanying
Figures, in which:

[0018] FIG. 1 is a graphical representation of two pattern frames and elements within;
[0019] FIG. 2A is a magnetic field ring head for writing on magnetic media, as
traditionally used in the art; '
[0020] FIG. 2B is an illustration of a process for writing to parallel media, e.g., with the
write head of FIG. 2A;

[0021] FIG. 2C is an illustration of a field ring head writing to less oriented media;
[0022] FIG. 2D is a perspective view of a ring head writing to less oriented media;

[0023] FIG. 2E is a cross-sectional view of a ring head writing to less oriented media;
[0024] FIG. 2F is an illustration of a field ring head writing to DC erased media;

[0025] FIG. 3A is an exemplary pole write head, according to one exemplary
embodiment of the present disclosure;

[0026] FIG. 3B is an exemplary pole write head and less oriented media, according to
another exemplary embodiment of the present disclosure; |
[0027] FIGS. 3C and 3D are a perspective view and a cross-sectional view of a ring head

writing to DC erased media, respectively;
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[0028] FIGS. 3E and 3F are a perspective view and a cross-sectional view of a pole head
writing to DC erased media, respectively, according to another exemplary embodiment of
the present disclosure;

[0029] FIGS. 3G and 3H are a perspective view and a cross-sectional view of a ring head
writing to AC erased media, respectively;

[0030] FIGS. 31 and 3J are a perspective view and a cross-sectional view of a pole head
writing to AC erased media, respectively, according to another exemplary embodiment of
the present disclosure;

[0031] FIG. 4A is an ecxemplary pole write head, according to one exemplary
embodiment of the present disclosure;

[0032] FIG. 4B is an exemplary pole write head with an exemplary wire coil, according
to one exemplary embodiment of the present disclosure;

[0033] FIG. 5 is an exemplary pole write head with the exemplary wire coil and an
exemplary surface cover portion, according to one exemplary embodiment of the present
disclosure;

[0034] FIG. 6A and 6B are exemplary diagrams of the flux concentrators and their
direction of magnetic moment, according to exemplary embodiments of the present
disclosure;

[0035] FIG. 7 is an exempléry illustration of a write procedure, according to one
exemplary embodiment of the present disclosure;

[0036] FIG. 8 is a flow diagram of an exemplary method, according to one exemplary
embodiment of the present disclosure;

[0037] FIG. 9 is an exemplary control system, according to one exemplary embodiment
of the present disclosure;

[0038] FIGS. 10A and 10B are a perspective view and a cross-sectional view of a narrow
band written with an exemplary pole head;

[0039] FIG. 11 is an exemplary illustration of an exemplary pole head, shown twice in an
illustrated exemplary two step write process, according to one exemplary embodiment of
the present disclosure;

[0040] FIG. 12A is an illustration of an exemplary servo burst of narrow stripes,

according to one exemplary embodiment of the present disclosure; and
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[0041] FIG. 12B is a contrasting illustration of what a traditional ring head could produce

if attempting to create a servo burst of narrow stripes.

DETAILED DESCRIPTION

[0042] Exemplary embodiments of the present description describe a new pole head
design for writing a timing-based servo pattern on substantially perpendicular media,
including perpendicular magnetic media, and a perpendicular pole head for servo writing
on such magnetic media. Exemplary embodiments of the present disclosure describe a
unique pole servo write head design, e.g., as shown ih FIGS. 3A to 6B. FIG. 3A
illustrates an exemplary pole head design 305. In certain exemplary embodiments, the
servo pattern to be imprinted can be defined by one pole of an electromagnet. This
electromagnet can have its magnetic material wrapped by a coil of wire 310 used to
create a magnetic field 300 when supplied with current. A non-magnetic material can
cover most of the head surface where media contacts the head, e.g., as shown in FIG. 5.
When a pulse of current is supplied to the coil, the magnetic field emanating from the
pole (either north or south) can be mainly perpendicular to the plane of the tape, e.g., as
illustrated with 300. This perpendicular field can be much better suited to the magnetic
moment configuration for perpendicular media, such as BaFe media. FIG. 7 illustrates an
exemplary write pattern for perpendicular media and an exemplary pole write head,
according to an exemplary embodiment of the present disclosure. The resulting
magnetization of the media, e.g., as illustrated in FIG. 7, can create clear magnetic
boundaries that can be easily detected by a read head.

[0043] Returning to FIG. 3A, oriented media 322 is illustrated in cross-section over
exemplary (e.g., perpendicular) pole head 305. Exemplary media 322 is shown AC
erased, e.g., in areas 321. Exemplary embodiments of pole head 305 can generate a
perpendicular magnetic field 300 and generate a write area 323. Write area 323 can be
contrasted with areas 223 and 227 of FIG. 2A which includes an area 227 in a second
direction. As illustrated, exemplary head 305 can generate a field 300 to write in a single
direction (e.g., when current is applied through coil 310 in a single direction). FIG. 3B
illustrates exemplary pole head 305 with less oriented media 322 and DC erased

areas 331.



WO 2013/151612 PCT/US2013/023816

[0044] FIGS. 3C to 3F illustrate DC erased less oriented media. FIG. 3C illustrates a
write zone of a previously discussed ring head design, and FIG. 3D illustrates a cross-
sectional view. FIG. 3E illustrates a write zone of an exemplary pole head design, and
FIG. 3F illustrates a cross sectional view. FIGS. 3G to 3] illustrate AC erased oriented
media. FIG. 3G illustrates a write zone of a previously discussed ring head design, and
FIG. 3H illustrates a cross-sectional view. FIG. 31 illustrates a write zone of an
exemplary pole head design, and FIG. 3] illustrates a cross sectional view.

[0045] FIG. 4A, which illustrates an exemplary embodiment of the present disclosure,
shows an exemplary single pole (e.g., perpendicular) head design. Being a single pole, as
compared to the dual pole head design in FIG. 2A, the generated magnetic field can
substantieﬂly be confined to a direction perpendicular to a surface of the head 400. The
exemplary head design can include a primary write head 405, which can include material
configured to generate a magnetic field, e.g., through magnetic properties of the material,
an applied electric current, or a combination of material and current. The generated
magnetic field can emanate substantially perpendicularly from a surface 412 of primary
head 405.

[0046] On this surface 412, a plurality of flux concentrators can be disposed, such as the
protruding bars 415. These concentrators 415 can concentrate or focus the perpendicular
magnetic field in a shape substantially similar to the concentrators. Thus, when applied
to a magnetic medium, a shape substantially similar to the concentrators can be written to
the magnetic medium. The concentrator shape can be formed for writing a servo pattern
frame in any suitable and desired configuration. For example, the shape can include a
“\ /”” shape as illustrated, or any number of other shapes used for servo timing patterns,
such as an “/\ /” or “// \” or “A\ /” shape, also referred to as an “N” shape, as described in
U.S. Patent Nos. 6,842,305 and 6,542,325, the entire contents of both of which are herein
incorporated by reference. FIGS. 6A and 6B illustrate exemplary embodiments of a “V”
shaped and “N” shaped flux concentrator pattern respectively.

[0047] As illustrated in FIG. 4B, the magnetic field can be generated in whole or in part
by an electrical current. To facilitate this, head 400 can be wrapped in a wire coil 410, or
any other arrangement configured to facilitate or generate a magnetic field via an electric

current. When current is applied to the exemplary coil 410, a magnetic field can be
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formed in a first direction 420 perpendicular to the surface of 400 having the
concentrators. When the current is applied in the opposite direction, the magnetic field
can be formed in a second direction 425 that is substantially opposite to the first
direction 420.

[0048] FIG. 5 illustrates an exemplary cover for exemplary head 400. The cover 510
can be constructed from any number of materials, and preferably is a non-magnetic
material, such as Aluminum Titanium Carbide (AITiC), Barium Titanate (BaTiO),
Calcium Titanate (CaTiO), Silicon Nitride (SiN), Aluminum Oxide (A1203), or any
number of other suitable materials. A non-magnetic material can be any material that
approximately does not add to nearby magnetic fields (e.g., those emanating from
head 400). Alternatively, the exemplary cover 510 can be made from a magnetically
insulated or magnetic shielding material, e.g., a material that can block at least part of the
magnetic field emanating from the primary write head (e.g., 405), such as a high
permeability (e.g., iron or nickel-iron) alloy or superconductor. Since concentrators 415
remain uncovered by cover 510, the concentrated magnetic field emanating from
concentrators 415 can remain free from the insulating or shielding effects of exemplary
cover 510, even if formed from a magnetically insulated or shielding material.

[0049] Exemplary cover 510 can include a first surface 520, and optionaﬂy, one or more
side surfaces 525 (e.g., two sides surfaces, as shown, and/or three or four side surfaces).
The first surface 520 can define cutouts, holes, or voids, 515, which can be dimensioned
and configured to be adjacent to and/or to receive concentrators 415. Concentrators 415
can protrude from a surface of primary head 405 a certain distance, and the first
surface 520 of the cover can include a thickness approximately or exactly equal to that
protruding distance. In this way, the cover surface 520 can rest on a surface of primary
head 405 (e.g., surface 412) while being flush with the outer surface of concentrators 415.
[0050] Regardless of the protruding distance of concentrators 415 and/or the thickness of
cover surféce 520, the cover surface 520 is preferably flush with the outer surfaces of
concentrators 415. The exemplary head 400 can be used to imprint patterns on magnetic
media, such as BaFe. To do this, the media can be run over the head, either in contact
with or close to the head. For example, a tape drive can include a reel-to-reel tape of

magnetic film, e.g., made from BaFe and other materials. This tape can be run over
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exemplary head 400 while electrical pulses applied to the head 400 cause an intermittent
magnetic field to imprint a pattern on the magnetic media. It may be appreciated that
magnetic media in contact with head 400 and moving over head 400 may snag, tear, or
otherwise damage the tape and/or head by the protruding concentrators 415. The
exemplary cover 520 can allow for a smooth, flush surface for the magnetic media to
travel over concentrators 415, preserving both the media and head 400.

[0051] Exemplary embodiments of the present disclosure can also include a method of
writing a servo pattern on perpendicular media. For example, FIG. 7 illustrates a
graphical representation of a write procedure. Most of the exemplary media (e.g.,
tape 705) is in an erased state 710, illustrated by down arrows. A controller may apply a
write current pulse 715, which may generate a magnetic field in an exemplary write head,
by running a current through a coil around that exemplary write head. This can cause the
exemplary (e.g. perpendicular pole) write head 700 to generate that magnetic field and
create a written tape portion 720 as the tape 705 travels over the head (e.g., in
direction 725).

[0052] FIG. 8 illustrates another exerhplary embodiment of the present disclosure,
including a flow diagram of an exemplary write method. First, at 810, the magnetic
media and write head are moved relative to each other at 810. This can include moving
the media (e.g., turning tape reels, spinning disk platters, etc.), include moving the head,
or both (e.g., moving the head along a disk radius as the disk spins). Next, at 8§20, the
exemplary method can apply a write current (e.g., to a coil that generates a magnetic field
from the write head) at appropriate times. Optionally, at 830 in dashed border, the
exemplary method can apply an opposite current during non-write times. This opposite
current can create cleaner boundaries between the written area and the unwritten area.
This exemplary “non-write” opposite current can be the same or different as current
applied during erase periods. Certain exemplary embodiments can simply apply a write
current at 820, and apply no current or less current when the head does not need to be
writing to the media (e.g., when certain exemplary embodiments do not include
step 830). However, this may create a small amount of noise at the boundaries as the

media continues to move and the magnetic field dissipates over a small interval of time.

-10-
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[0053] This may be fully sufficient for certain implementations, but for other
implementations an exemplary method can force the field in the opposite direction by
driving the current in the opposite direction, and thereby force the un-written areas to
remain in an erased state. For example, certain exemplary embodiments can include
current in a first direction for writing, no current for non-write periods, and current in an
opposite direction for erasing. Other exemplary embodiments can include current in the
first direction fc;r writing, and current in an opposite direction for non-write periods and
also erase periods. Such reverse current methods can also be used in other
implementations to write patterns to both sides of the magnetic media, which may be
mirror images of each other, offset mirrors, or totally different patterns.

[0054] These exemplary steps can be repeated to construct a repeating pattern on the
magnetic media. For example, at 840 the exemplary method can check to see if the
pattern writing is complete and return to 810 if it is not. If it is complete, the exemplary
method can end at 850. While each exemplary step has been illustrated in a discrete
process box, certain exemplary steps may be continuous. For example, step 810 can
include a continuous reeling of a tape media over a write head, which can be repeatedly
and intermittently activated at step 820 as the pattern indicates.

[0055] FIG. 9 illustrates an exemplary system 900 that can include a controller for
writing an exemplary timing pattern. System 900 can be configured to execute
exemplary procedures, according to other exemplary embodiments of the present
invention. The exemplary system 900 can include a processor or controller 910, an
input/output port 930, which can include the write head 960 and/or a current application
device connected to a coil of write head 960, and various memories 920, including, e.g.,
read only memory 922, random access memory 929, and bulk storage memory 926 (e.g.,
a disk drive, network drive, database, etc.), which can include control logic for the timing
pattern to be written via the write head 960. Different exemplary embodiments can
include more or fewer components.

[0056] Certain exemplary embodiments can be used to write a very narrow pulse, e.g.,
even narrower than the pole width. For example, FIGS. 10A and 10B illustrate DC
erased oriented media with a written pulse narrower than an exemplary pole width. By

writing in a first direction, and then switching directions to write in the opposite

-11-
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direction, e.g., the DC erase direction, a narrow pulse width can be created, which can be
narrower than a traditional ring head design is capable of creating. FIG. 11 illustrates an
example of this in two stages. First, head 1105 can apply a first magnetic field 1130. In
the first exemplary stage, current can be driven through coil 1110 to create a write
pulse 1130 to media 1120 of approximately the same width as the pole head. In the
second exemplary stage, after media 1120 has traversed less than the full width, current
can be driven through coil 1110 in the opposite direction to create field 1130.

[0057] One exemplary benefit of exemplary pole head designs is illustrated in FIGS. 12A
to 12B. FIG. 12A illustrates a series of short pulse writes on DC erased media. FIG. 12B
illustrates media written with a traditional ring head. As illustrated, the exemplary
transitions in FIG. 12A are clearer than the exemplary transitions illustrated in FIG. 12B.
Further, a traditional ring head leaves an undesirable thick write pattern 1205 at the end
of a series of stripes. This series of stripes can include a servo burst or group of servo
bursts. Media written with a traditional ring head can be characterized by a long
transition at the last stripe of a servo burst, while exemplary pole head designs can
include transition lengths that are all approximately equal, e.g., all within 75% to 125%
of the average transition length of all the pulses within a servo burst or group of servo
bursts.

[0058] The foregoing merely illustrates the principles of the disclosure. Various
modifications and alterations to the described embodiments will be apparent to those
skilled in the art in view of the teachings herein. For example, while write heads have
been generally described for permanent writing of servo timing patterns, any number of
other permanent or temporary uses would be made, including but not limited to erasable
magnetic writing or non-servo writing (e.g., user data recording). It will thus be
appreciated that those skilled in the art will be able to devise numerous systems,
arrangements, and procedures which, although not explicitly shown or described herein,
embody the principles of the disclosure and can be thus within the spirit and scope of the
disclosure. Various different exemplary embodiments can be used together with one
another, as well as interchangeably therewith, as should be understood by those having
ordinary skill in the art. It should be understood that the exemplary procedures described

herein can be stored on any computer accessible medium, including magnetic tape or

-12-
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other magnetic media, a hard drive, RAM, ROM, removable disks, CD-ROM, memory
sticks, etc., and executed by a processing arrangement and/or computing arrangement
which can be and/or include a hardware processors, microprocessor, mini, macro,
mainframe, etc., including a plurality and/or combination thereof. In addition, certain
terms used in the present disclosure, including the specification, drawings and numbered
paragraphs thereof, can be used synonymously in certain instances, including, but not
limited to, e.g., data and information. It should be understood that, while these words,
and/or other words that can be synonymous to one another, can be used synonymously
herein, that there can be instances when such words can be intended to not be used
synonymously. Further, to the extent that the prior art knowledge has not been explicitly
incorporated by reference herein above, it is explicitly incorporated herein in its entirety.
All publications referenced are incorporated herein by reference in their entireties.

[0059] In the foregoing description, various embodiments of the invention have been
presented for the purpose of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious modifications
or variations are possible in light of the above teachings. The embodiments were chosen
and described to provide the best illustration of the principals of the invention and its
practical application, and to enable one of ordinary skill in the art to utilize the invention
in various embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the invention
as determined by the appended claims when interpreted in accordance with the breadth

they are fairly, legally, and equitably entitled.

13-



WO 2013/151612 PCT/US2013/023816

Claims
We claim:
1. A perpendicular write head, comprising:
a primary write head configured to generate a magnetic field approximately
perpendicular to a surface of the head; and
a concentrator on the surface configured to concentrate the magnetic field in a

pattern.

2. The perpendicular write head of claim 1, where the concentrator includes at least two

servo stripes disposed at an angle with respect to each other.

3. The perpendicular write head of claim 1, wherein the magnetic field is concentrated in
a medium by the concentrator such that the concentrated magnetic field is >110% of a
coercivity of the medium, and wherein the magnetic ficld generated by the primary write

head is <90% of the coercivity of the medium, absent the concentrator.

4. The perpendicular write head of claim 1, wherein the concentrator is substantially

disposed in one of a “\ /” shape, a “/ \ /” shape, a “\\ /” shape, or a “// \”’ shape.

5. The perpendicular write head of claim 1, wherein the magnetic field generated by the
. primary write head is, at least near the surface, approximately perpendicular to the
surface and the primary write head does not generate a substantial magnetic field

approximately parallel to the surface.

6. The perpendicular write head of claim 1, wherein the primary write head is configured
to generate the magnetic field in a first direction approximately perpendicular to and

away from the surface of the head.
7. The perpendicular write head of claim 6, wherein the primary write head is configured

to generate the magnetic field approximately perpendicular to the surface of the head and

in a second direction opposite the first direction.

-14-
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8. The perpendicular write head of claim 7, wherein the primary write head is configured
to generate the magnetic field alternating between the first direction and the second

direction.

9. The perpendicular write head of claim 1, further comprising:

a coil of wire wrapped around the primary write head.

10. The perpendicular write head of claim 1, further comprising:
a cover configured to be disposed substantially on the surface and defining holes
through which the concentrator is positioned such that when disposed
substantially on the surface, an outer surface of the concentrator is

approximately flush with an outer surface of the cover.

11. The perpendicular write head of claim 10, wherein the cover is formed from a non-

magnetic material.

12. A storage medium, comprising:
a magnetically perpendicular media including a first set of burst areas oriented in
a first direction perpendicular to the media and a second set of areas
oriented in a second direction perpendicular to the media and opposite of
the first direction, wherein the first or second areas includes a pattern and
wherein each area of the first set of areas has a length 75% to 125% of an

average length of the first set of burst areas.
13. The storage medium of claim 12, wherein the pattern is a servo timing pattern.

14. The storage medium of claim 12, wherein the pattern includes a plurality of servo

stripes angled with respect to each other.
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15. The storage medium of claim 12, wherein the pattern is disposed in substantially a

“A /7 shape.

16. The storage medium of claim 12, wherein the pattern is substantially disposed in one

of a “/\ /" shape, a “\\ /” shape, or a “// \” shape.

17. A method of writing a magnetic pattern, comprising:
moving a magnetic media relative to a write head, wherein the write head
includes:
a primary write head configured to generate a magnetic field
approximately perpendicular to a surface of the head; and
a concentrator on the surface configured to concentrate the magnetic field
in a pattern; and
generating the magnetic field during a write time period to create the magnetic

pattern such that the pattern covers less than all of the magnetic media.

18. The method of claim 17, wherein generating the magnetic field includes applying an

electric current to the write head in a first direction.

19. The method of claim 18, further comprising:
generating an opposite magnetic field during a non-write time period that does not

include the write time period.

20. The method of claim 18, wherein generating the opposite magnetic field includes
applying the electric current to the write head in a second direction opposite the first

direction.

21. The method of claim 17, wherein the magnetic pattern includes a plurality of servo

strips, each with a length 75% to 125% of an average length of the servo stripes.

-16-



WO 2013/151612 PCT/US2013/023816

1/21
120
SERVO READ GAP STRIPE TO STRIPE DISTANCE
AT GAP LOCATION
____________ - () b (i)
SERVO STRIPES \ /
LONGITUDINAL DIRECTION ——»
130 110
Fig. 1

PRIORART



PCT/US2013/023816

WO 2013/151612

2121

mam/

002

03I OV3H ONY

LY HOd

V5% "Siq




WO 2013/151612

TARPE DIRECTION

WRITTEN TAPE

DC ERASED

\

\

$ddd
$ddd
$ddd
+4dd
ddd
+dd
hdd
Phdd
bd
$bbd
$id
b
$ddd
$ddd
$ddd
+4dd
4 dd
+dd
hdd
Phdd
bd
b
$id
S
dddd
$ddid
$ddd
44dd
4ddd
+dd
dd

3/21

RING WRITE HEAD

RN
44
44
44
44
ER NN
NN
RN

dddd
$ddd
$ddd
44dd
4ddd
+dd
hdd
Phdd
hbd
bl
bbb
S
$&dd
$ddd
$&dd
4444
4ddd
+dd
22227
Lhdd

o e

o

WRITE CURRENT PULSE

PCT/US2013/023816

L
0
<%
£
&
%
£

Ty
® pod
ho



PCT/US2013/023816

WO 2013/151612

4/21

A et LoV ¥0lHd

\ O YAEIR |

SN (] ¥4

mam,/«

007
O OTHHOVIHONY

o iy
\




PCT/US2013/023816

WO 2013/151612

5/21

SURFACE MAGNETIZATION

DD O O

froo ]

<2
(]

TAPE LENGTH (um)

Fig. 2D

CROSS WEB (um)

MAG SURFACE MAGNETIZATION

TAPE LENGTH (um)

Fig. 2K



PCT/US2013/023816

6/21

WO 2013/151612

A 1Y HORd

\. DI

mmmifjm

002
~ O34 OY3H ONIY

wmmxx& wmm\“m




WO 2013/151612 PCT/US2013/023816

7121

e300

305

Fig. 3A



WO 2013/151612 PCT/US2013/023816

8/21

331 331

TV -

el 300

m\\\\\\\\\\\\\\m\\\x\\\\&\\\% R

305




PCT/US2013/023816

WO 2013/151612

9721

§
i

gy
|

14
i

A€ "S1d

{wn) HIONTT3dYL
LA N - A A 4
N E— |

b 80 0

g

&Y

¥
f

5€
|

(W} H1IONTT 3dvL

€ ¢ ¢
T —

41
|

L 90 0
T —

W\§§ ................... A «5\0\\“\\\.&\«\

,\:
Vit

»
7

NOLLYZLLINDYIN J0VNS Ovi

NOLLYZILANOYI H0V4INS

{Wn) HLONTT3dvL

v

............................................................................

..........................

...............................................................

0¢ 'S1q

NOLLYZILINSYIN JOVRINS

{wn} 930 85040

NSO O
o o



PCT/US2013/023816

WO 2013/151612

£g "SI

10/21

{Wn} HIONTT 3Vl (W) HIONTT3dvL
¢y ¥ & ¢ A+ N AR ¢ Sy ¥ &t € ¢z Z & 1 g0
m m m :,mv ..... w ............. mm ........... m P m.. ........ \m EY

1€ 814

(wn) HIONT 3dVL 0.9

NOLLYZILANOYI H0V4INS

{wn} 930 S80M0
&0

NOLLYZLLINDYIN 20V4uNS OV

{Wn) HIONTT 3dvL 0,0

NOLLYZILINSYIN JOVRINS

{wn} 930 85040



WO 2013/151612 PCT/US2013/023816

11721

[Ee]
=
=g

Fig. 4A




WO 2013/151612 PCT/US2013/023816

12/21




WO 2013/151612 PCT/US2013/023816

13721

510

Fig. b



WO 2013/151612 PCT/US2013/023816

14721




WO 2013/151612 PCT/US2013/023816

15721




PCT/US2013/023816

WO 2013/151612

16/21

L "8

G
35Nd LNTHHNO TLHM
004
OvaH JLIYM T70d
e AN
Vi
b e i o s L e s w e B w  w u w A o B o A "R A R R A A M I (I S A A O I e s o s R A o s Y o
R R R A R IE R E EE I R O i S I I o e o o I o s o o o A s o m@\m
PP TP T4+ P+ TPTPEPYEEPERYTALTTDRAEDPYERLREAPYNIE A E AL AL AHIPTPTEPYERERYEATEOREYED S
— \
G274 0zs 011
NOILOHIA 3dvL IdvL NILLINM SEST T ERY



WO 2013/151612

17721

MOVE MEDIA AND HEAD
RELATIVE TO EACHOTHER [
810

'

APPLY WRITE CURRENT WITH
PATTERNED WRITE HEAD
820

'

APPLY REVERSE CURRENT
TO WRITE HEAD
830

REPEATING
PATTERN
COMPLETE?
840

PCT/US2013/023816



WO 2013/151612

18/21

WRITE
HEAD
960

PROCESSOR
910

1o
830

i

!

PCT/US2013/023816

i

READ ONLY
MEMORY

822

RANDOM

ACCESS

MEMORY
820

BULK
STORAGE
926

MEMORY SYSTEM 320

Fig. 9



WO 2013/151612

CROSS WEB (um)

PCT/US2013/023816

19721

SURFACE MAGNETIZATION

2

TAPE LENGTH (um)

Fig. 10A

0
3
SRV

...............................




PCT/US2013/023816

WO 2013/151612

20/21

é%fiﬁlmaﬁls\\\&\

I ———

¢
;

5 \ \\ Z2
z@ﬁ«wmmzmqﬁ muﬁmnw O

NOLLYZILINDYI mm,&mmm DY

\\\x\\\\\




WO 2013/151612 PCT/US2013/023816

21721

17 A TAPE LENGTH (um)

Fig. 12A

1T TAPE LENGTH (um)

Fig. 12




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2013/023816

A CLASSIFICATION OF SUBJECT MATTER

G11B 5/127 (2006.01)
G11B 5/008 (2006.01)
GI11B 5/10 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G11B 5/00, 5/008, 5/10, 5/127

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), Esp@cenet, PAJ, USPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
JP 1208712 A (CANON KK) 22.08.1989,
X abstract, drawing 1 1,5-9,17-20
Y 2,4,21
US 2012/0050908 A1 (FUJIFILM CORPORATION) 01.03.2012,
X drawings 1, 2A, 6, par. 54, 63, 97, 104, 105, 108 12-15
Y 16,21
Y US 2005/0254170 A1 (MATTHEW P. DUGAS et al.) 17.11.2008, par. 103, 106, 2,14, 16
113, drawing 5C
A SU 1631598 Al (KRIVOROZHSKY GORNORUDNY INSTITUT) 28.02.1991 1-21

I:] Further documents are listed in the continuation of Box C.

[:] See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the att which is not considered

to be of particular relevance

carlier document but published on or after the international filing date

“L™  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

X7 document of particular relevance; the claimed invention cannot be
considered novel or camot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance: the claimed invention cannot be
considered to involve an mventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&"  document member of the same patent family

Date of the actual completion of the international search

04 April 2013 (04.04.2013)

Date of mailing of the international search report

25 April 2013 (25.04.2013)

Name and mailing address of the ISA/ FIPS
Russia, 123995, Moscow, G-59, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7.(499) 243-33-37

Authorized officer
I. Nagornykh

Telephone No. (499) 240-25-91

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report

