20147164183 AT |1 0000 10 1010 OO 0 O 000

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

9 October 2014 (09.10.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/164183 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
G11B 5/48 (2006.01) G11B 5/584 (2006.01)
G11B 5/56 (2006.01)

International Application Number:
PCT/US2014/021071

International Filing Date:
6 March 2014 (06.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/800,026 13 March 2013 (13.03.2013) US

Applicant: ORACLE INTERNATIONAL CORPORA-
TION [US/US]; 500 Oracle Parkway, Redwood City, Cali-
fornia 94065 (US).

Inventors: YEAKLEY, Darryl Wayne; 1050 Petras St.,
Erie, Colorado 80516 (US). VANDERHEYDEN, William
J.; 1828 Sedona Hills Drive, Loveland, Colorado 80537
(US). TRABERT, Steven Gregory; 815 Hartford Drive,
Boulder, Colorado 80305 (US).

Agents: PROSCIA, James W. et al.; Brooks Kushman
P.C., 1000 Town Center, Twenty-Second Floor, South-
field, Michigan 48075 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: AZIMUTH ACTUATED DUAL DEVICE SET POSITIONING

s

)///:):

30

Fig. 2

(57) Abstract: A device for recording and/or reading data to and/or from a magnetic tape includes a read/write head which has a first
device set including a first plurality of magnetic data write and/or read elements and a second device set including a second plurality
of magnetic data write and/or read elements. The device also includes a lateral positioning actuator and an azimuth actuator. The lat -
eral positioning actuator and azimuth actuator are used together to position both device sets on the magnetic tape. The lateral posi -
tioning actuator laterally positions the read/write head such that during write and/or read operations the first and second pluralities of
magnetic data write and/or read elements align laterally to first and second pluralities of recordable and/or readable data tracks on
the magnetic tape. The azimuth actuator rotates the read/write head about an azimuthal angle. such that the elements align to lateral
spacings.
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AZIMUTH ACTUATED DUAL DEVICE SET POSITIONING

TECHNICAL FIELD
[0001] In at least one aspect, the present invention relates to read/write heads for

magnetic tape drives, and in particular, to positioning of such read/write heads.

BACKGROUND

[0002] In recording head technology, much thought is put into the positioning of the
write/read devices on the head. The positioning of these devices is important in order
to meet recording throughput and capacity requirements in the most efficient and
inexpensive way possible while making the system robust to variations that exist in
arcas such as head manufacturing, tape to head azimuth (angle), and media width.

[0003] As recording densities increase, these variations become an even larger
problem and make it increasingly difficult to properly position the writers and readers
on the media which can lead to write and/or read position errors. One way to
minimize position errors caused by these variations is to reduce the write and/or read
device set span on the media. This is typically done by reducing the spacing between
the individual write and/or read magnetic elements within the device set and thereby
reducing the overall device set span. This method, however, complicates the head
manufacturing process. In addition, moving the magnetic elements closer together
within the device set increases the likelihood of crosstalk between the elements which
can negatively impact drive write and/or read performance.

[0004] An alternate method of reducing device set span without these negative side
effects is described here. This new method is accomplished by splitting the write
and/or read device set into two sets, with each having half the number of magnetic
clements and half the span of the original device set. The spacing between the
individual elements within the two new device sets remains the same as the spacing
between the elements in the original device set. Each of these smaller device sets
would then be independently positioned on the media for writing and/or reading.
Figure 1 provides an illustration of the effects of media width variations on the
spacing of the data tracks on the media. Magnetic tape 10 includes a plurality of data
tracks 12 which are separated by a distance d. Expansion of magnetic tape 10 as

depicted by arrow “A” leads to widening of the tape which is accompanied by
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widening of the spacing de between the data tracks. Contraction of magnetic tape 10
as depicted by arrow “B” leads to a narrowing of the tape which is accompanied by a
decrease in the spacing dc between data tracks. Tape tension, temperature, and
humidity are major contributors to tape expansion and contraction effects.

[0005] As the densities at which data is recorded onto or read from the media
increase, new methods of compensating for variations in the tape drive system such as
variations in head manufacturing, tape to head azimuth (angle), and media width are
required. There is a need for improved magnetic read/write heads and for improved
methods of positioning the head magnetic elements on the storage media. In
particular, a new method is needed for independently actuating and positioning dual
write and/or read device sets located on a single recording head to reduce the span of

those device sets on the media.

SUMMARY OF THE INVENTION

[0006] The present invention solves one or more problems of the prior art by
providing in at least one aspect a device for recording and/or reading data to and/or
from a magnetic tape. The device includes a magnetic head having a first device set
and a second device set. The first device set includes a first plurality of magnetic
elements and the second device set includes a second plurality of magnetic elements.
The device also includes a lateral positioning actuator and an azimuth actuator. The
lateral positioning actuator and azimuth actuator are used together to position both
device sets on the media. The lateral positioning actuator positions both device sets
laterally on the media while the azimuth actuator is used to correct the lateral spacing
error between the device sets and the media. In a simplified example of this dual
actuator system, the lateral positioning actuator continuously positions the magnetic
head such that the first plurality of magnetic elements remains aligned to a first
plurality of data tracks on the magnetic tape. This continuous alignment of the lateral
positioning actuator is necessary to overcome any lateral misalignment subsequent
actuation of the azimuth actuator may cause. While the first plurality of magnetic
elements remains aligned to a first plurality of data tracks by the lateral positioning
actuator, the azimuth actuator rotates the magnetic head about an azimuthal angle

such that the second plurality of magnetic elements are aligned to a second plurality
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[0007]

[0008]

[0009]

of data tracks on the magnetic tape. The azimuthal angle is an angle of rotation about
an axis perpendicular to the magnetic tape.

In another aspect, a device for recording data to a magnetic tape is provided.
The device includes a read/write head which has a first device set and a second device
set. The first device set includes a first plurality of magnetic data write elements and
the second device set includes a second plurality of magnetic data write elements.
The device also includes a lateral positioning actuator and an azimuth actuator. The
lateral positioning actuator laterally positions the read/write head such that during
write operations the first plurality of magnetic data write elements continuously aligns
to a first plurality of recordable data tracks on the magnetic tape. While the first
plurality of magnetic data write elements remains aligned to a first plurality of data
tracks by the lateral positioning actuator, the azimuth actuator rotates the read/write
head about an azimuthal angle such that during write operations the second plurality
of magnetic data write elements aligns to a second plurality of recordable data tracks
on the magnetic tape. The azimuthal angle again being an angle of rotation about an
axis perpendicular to the magnetic tape.

In another aspect, a device for reading data from a magnetic tape is provided.
The device includes a read/write head which has a first device set and a second device
set. The first device set includes a first plurality of magnetic data read elements and
the second device set includes a second plurality of magnetic data read elements. The
device also includes a lateral positioning actuator and an azimuth actuator. The lateral
positioning actuator laterally positions the read/write head such that during read
operations the first plurality of magnetic data read elements continuously aligns to a
first plurality of readable data tracks on the magnetic tape. While the first plurality of
magnetic data read elements remains aligned to a first plurality of data tracks by the
lateral positioning actuator, the azimuth actuator rotates the read/write head about an
azimuthal angle such that during read operations the second plurality of magnetic data
read elements aligns to a second plurality of readable data tracks on the magnetic
tape. The azimuthal angle again being an angle of rotation about an axis
perpendicular to the magnetic tape.

In another aspect, a device for recording and/or reading data to and/or from a
magnetic tape is provided. The device includes a read/write head which has a first
device set and a second device set. The first device set includes a first plurality of

magnetic data write elements and a first plurality of magnetic data read elements. The
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second device set includes a second plurality of magnetic data write elements and a
second plurality of magnetic data read elements. The device also includes a lateral
positioning actuator and an azimuth actuator. The lateral positioning actuator laterally
positions the read/write head such that during write operations the first plurality of
magnetic data write elements continuously aligns to a first plurality of recordable data
tracks on the magnetic tape and that during read operations the first plurality of
magnetic data read elements continuously aligns to a first plurality of readable data
tracks on the magnetic tape. While the first plurality of magnetic data write and/or
read elements remains aligned to a first plurality of data tracks during write and/or
read operations, the azimuth actuator rotates the read/write head about an azimuthal
angle such that the second plurality of magnetic data write and/or read elements aligns
to a second plurality of recordable and/or readable data tracks on the magnetic tape.
The azimuthal angle is again an angle of rotation about an axis perpendicular to the
magnetic tape.

[0010] Advantageously, rotation with an azimuth angle compensates for lateral
dimensional errors that exist between the dual write and/or read device sets and the

tape media.

[0011] A new method for independently actuating and positioning dual write and/or
read device sets located on a single recording head is defined here. This new method
can be used to compensate for variations in the tape drive system such as variations in
head manufacturing, tape to head azimuth (angle), and media width.

[0012] Other exemplary aspects of the invention will become apparent from the
detailed description provided hereinafter. It should be understood that the detailed
description and specific examples, while disclosing exemplary aspects, are intended
for purposes of illustration only and are not intended to limit the scope of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Exemplary aspects of the present invention will become more fully understood
from the detailed description and the accompanying drawings, wherein:

[0014] FIGURE 1 is a schematic illustrating the effects of media width variations on
the spacing of the data tracks on the media;

[0015] FIGURE 2 is a schematic illustrating a method of aligning a magnetic head to
data tracks during write operations in which the spacing has changed;

[0016] FIGURE 3 is a schematic illustrating a method of aligning a magnetic head to
data tracks during read operations in which the spacing has changed; and

[0017] FIGURE 4 is a perspective view of a device for recording and/or reading data

to and/or from a magnetic tape.

DETAILED DESCRIPTION

[0018] Reference will now be made in detail to presently preferred compositions,
aspects and methods of the present invention, which constitute the best modes of
practicing the invention presently known to the inventors. The Figures are not
necessarily to scale. However, it is to be understood that the disclosed embodiments
are merely exemplary of the invention that may be embodied in various and
alternative forms. Therefore, specific details disclosed herein are not to be interpreted
as limiting, but merely as a representative basis for any aspect of the invention and/or
as a representative basis for teaching one skilled in the art to variously employ the
present invention.

[0019] It is also to be understood that this invention is not limited to the specific
embodiments and methods described below, as specific components and/or conditions
may, of course, vary. Furthermore, the terminology used herein is used only for the
purpose of describing particular embodiments of the present invention and is not
intended to be limiting in any way.

[0020] It must also be noted that, as used in the specification and the appended
claims, the singular form "a," "an," and "the" comprise plural referents unless the
context clearly indicates otherwise. For example, reference to a component in the

singular is intended to comprise a plurality of components.
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[0021] With reference to Figure 2, the operation of a device for recording and/or
reading data to a magnetic tape is illustrated. The device includes a read/write head
22 which has a first device set 24 and a second device set 26. First device set 24
includes a first plurality of magnetic data write elements 30 and second device set 26
includes a second plurality of magnetic data write elements 32. The device also
includes a lateral positioning actuator and an azimuth actuator as set forth below in
more detail. In step a), the lateral positioning actuator laterally positions the
read/write head along direction d; such that during write operations the first plurality
of magnetic data write elements 30 is continuously aligned to a first plurality of
recordable data tracks 36 on the magnetic tape 10. In step b), the azimuth actuator
rotates the read/write head 22 by an azimuthal angle A, such that during write
operations the second plurality of magnetic data write elements 32 aligns to a second
plurality of recordable data tracks 38 on the magnetic tape 10. Azimuthal angle A, is
an angle of rotation about axis 40 which is perpendicular to the face 42 of magnetic
tape 10 and to direction d,, which is the direction that magnetic tape 10 moves during
read and/or write operations. Axis 40 may be in a location other than shown but will
remain perpendicular to the references described above. Such rotation is either
clockwise or counter clockwise about axis 40 as needed to align the device sets. In a
refinement, the angle of rotation is from 0 to 1 degree.

[0022] Still referring to Figure 2, first device set 24 and second device set 26 are
located on read/write head 22 in such a way that one set is positioned downstream
from the other with respect to the motion of magnetic tape 10. Once the two device
sets are positioned in this manner on the read/write head, the primary axial degree of
freedom and the azimuth angle degree of freedom are used together to position both
device sets on the media. The primary axial degree of freedom positions the device
set writers laterally on the media while the azimuth angle degree of freedom is used to
correct the lateral spacing error between the device set writers and the magnetic tape
10. The combination of these two different actuated degrees of freedom allows for
proper positioning of the writers on both device sets to their respective data tracks on
magnetic tape 10 during write operations.

[0023] With reference to Figure 3, first device set 24 further or alternatively includes
a first plurality of magnetic data read elements 50 and second device set 26 includes a
second plurality of magnetic data read elements 52. In step a), the lateral positioning

actuator laterally positions the read/write head along direction d,; such that during read
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operations the first plurality of magnetic data read elements 50 continuously aligns to
a first plurality of readable data tracks 56 on the magnetic tape 10. In step b), the
azimuth actuator rotates the read/write head 22 about an azimuthal angle A, such that
during read operations the second plurality of magnetic data read elements 52 aligns
to a second plurality of readable data tracks 58 on the magnetic tape 10. Azimuthal
angle A, is an angle of rotation about axis 40 which is perpendicular to the face 42 of
magnetic tape 10.

[0024] Still referring to Figure 3, first device set 24 and second device set 26 are
located on read/write head 22 in such a way that one set is positioned downstream
from the other with respect to the motion of magnetic tape 10. Once the two device
sets are positioned in this manner on the read/write head, the primary axial degree of
freedom and the azimuth angle degree of freedom are used together to position both
device sets on the media. The primary axial degree of freedom positions the device
set readers laterally on the media while the azimuth angle degree of freedom is used
to correct the lateral spacing error between the device set readers and the magnetic
tape 10. The combination of these two different actuated degrees of freedom allows
for proper positioning of the readers on both device sets to their respective data tracks
on magnetic tape 10 during read operations.

[0025] With reference to Figures 2, 3, and 4, schematic illustrations of a device for
recording and/or reading data to and/or from a magnetic tape as set forth above are
provided. Figure 4 is a perspective view of the device for recording or reading digital
data to a magnetic tape. Device 60 includes read/write head 22 which includes first
device set 24 and second device set 26 as set forth above. Read/write head 22 is
mounted on head carriage 62. First device set 24 includes a first plurality of magnetic
data write elements 30 and second device set 26 includes a second plurality of
magnetic data write elements 32. The device also includes lateral positioning actuator
64 and azimuth actuator 66. Lateral positioning actuator 64 laterally positions the
read/write head along direction d; such that during write operations the first plurality
of magnetic data write clements 30 continuously aligns to a first plurality of
recordable data tracks 36 on the magnetic tape 10. Azimuth actuator 66 rotates the
read/write head 22 about an azimuthal angle A, such that during write operations the
second plurality of magnetic data write elements 32 aligns to a second plurality of
recordable data tracks 38 on the magnetic tape 10. Azimuthal angle A, is an angle of

rotation about axis 40 which is perpendicular to the face 42 of magnetic tape 10.
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[0026] In a variation as set forth above, first device set 24 further or alternatively
includes a first plurality of magnetic data read elements 50 and second device set 26
includes a second plurality of magnetic data read elements 52. Lateral positioning
actuator 64 laterally positions the read/write head along direction d; such that during
read operations the first plurality of magnetic data read elements 50 continuously
aligns to a first plurality of readable data tracks 56 on the magnetic tape 10. Azimuth
actuator 66 rotates the read/write head 22 about an azimuthal angle A, such that
during read operations the second plurality of magnetic data read elements 52 aligns
to a second plurality of readable data tracks 58 on the magnetic tape 10. As set forth
above, azimuthal angle A, is an angle of rotation about axis 40 which is perpendicular
to the face 42 of magnetic tape 10.

[0027] In another variation as set forth above, first device set 24 further or
alternatively includes a first plurality of magnetic data write elements 30 and a first
plurality of magnetic data read elements 50. The second device set 26 includes a
second plurality of magnetic data write elements 32 and a second plurality of
magnetic data read elements 52. Lateral positioning actuator 64 laterally positions the
read/write head along direction d; such that during write operations the first plurality
of magnetic data write eclements 30 continuously aligns to a first plurality of
recordable data tracks 36 and that during read operations the first plurality of
magnetic data read elements 50 continuously aligns to a first plurality of readable data
tracks 56 on the magnetic tape 10. Azimuth actuator 66 rotates the read/write head 22
about an azimuthal angle A, such that during write operations the second plurality of
magnetic data write elements 32 aligns to a second plurality of recordable data tracks
38 and that during read operations the second plurality of magnetic data read elements
52 aligns to a second plurality of readable data tracks 58 on the magnetic tape 10. As
set forth above, azimuthal angle A, is an angle of rotation about axis 40 which is
perpendicular to the face 42 of magnetic tape 10.

[0028] Still referring to Figures 2, 3, and 4, device 60 also includes coarse actuator 70
for positioning read/write head 22 proximate to magnetic tape 10. In particular,
coarse actuator 70 provides crude lateral positioning of read/write head 22 while
lateral positioning actuator 64 provides a fine adjustment so that the write and/or read
clements align to the relevant data tracks. Coarse actuator 70 drives coarse travel

carriage 72 during such positioning. Coarse guiding shaft 74 guides the lateral
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positioning as it moves along a slot in bushing 76 which is mounted to structural
support 80.

[0029] While embodiments of the invention have been illustrated and described, it is
not intended that these embodiments illustrate and describe all possible forms of the
invention. Rather, the words used in the specification are words of description rather
than limitation, and it is understood that various changes may be made without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A device for recording and/or reading data to and/or from a magnetic
tape, the device comprising;:
a magnetic head including:
a first device set including a first plurality of magnetic elements; and
a second device set including a second plurality of magnetic elements;
a lateral positioning actuator for positioning the magnetic head such that the
first plurality of magnetic elements aligns laterally to a first plurality of data tracks on
the magnetic tape; and
an azimuth actuator for rotating the magnetic head about an azimuthal angle
such that the second plurality of magnetic elements aligns to a second plurality of data
tracks on the magnetic tape, the azimuthal angle being an angle of rotation about an

axis perpendicular to the magnetic tape.

2. The device of claim 1 wherein the first device set including a first
plurality of magnetic clements includes a first plurality of magnetic data write
elements and a second device set of magnetic elements includes a second plurality of

magnetic data write elements.

3. The device of claim 2 wherein during write operations the first
plurality of magnetic data write elements aligns to a first plurality of recordable data
tracks on the magnetic tape and the second plurality of magnetic data write elements

aligns to a second plurality of recordable data tracks on the magnetic tape.

4. The device of claim 1 wherein the first device set includes a first
plurality of magnetic data read elements and the second device set further includes a

second plurality of magnetic data read elements.

5. The device of claim 4 wherein during read operations the first plurality
of magnetic data read elements aligns to a first plurality of readable data tracks on the
magnetic tape and the second plurality of magnetic data read clements aligns to a

second plurality of readable data tracks on the magnetic tape.

10
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6. The device of claim 1 further including a coarse actuator for

positioning the magnetic head proximate to the magnetic tape.

7. The device of claim 1 wherein the azimuth actuator rotates the

magnetic head clockwise or counterclockwise.

8. The device of claim 7 wherein the actuator rotates the magnetic head

by a clockwise or counterclockwise angle from 0 to 1 degree.

9. The device of claim 1 further including the magnetic tape.

10.  The device of claim 9 further including a feed reel for providing the
magnetic tape to the magnetic head and a take-up reel for receiving tape from the feed

reel.

11. A device for recording and/or reading data to and/or from a magnetic
tape, the device comprising a read/write head including

a first device set including a first plurality of magnetic data write elements and
a first plurality of magnetic data read elements;

a second device set including a second plurality of magnetic data write
elements and a second plurality of magnetic data read elements;

a lateral positioning actuator for laterally positioning the read/write head such
that during write operations the first plurality of magnetic data write elements align
laterally to a first plurality of recordable data tracks on the magnetic tape and that
during read operations the first plurality of magnetic data read elements align laterally
to a first plurality of readable data tracks on the magnetic tape; and

an azimuth actuator for rotating the read/write head about an azimuthal angle
such that during write operations the second plurality of magnetic data write elements
aligns laterally to a second plurality of recordable data tracks on the magnetic tape
and that during read operations the second plurality of magnetic read elements aligns
laterally to a second plurality of readable data tracks on the magnetic tape, the
azimuthal angle being an angle of rotation about an axis perpendicular to the magnetic

tape.

11
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12. The device of claim 11 further including a coarse actuator for

positioning the read/write head proximate to the magnetic tape.

13. The device of claim 11 wherein the azimuth actuator rotates the

read/write head clockwise or counterclockwise.

14. The device of claim 13 wherein the actuator rotates the read/write head

by a clockwise or counterclockwise angle from 0 to 1 degree.

15.  The device of claim 11 further including a feed reel for providing the
magnetic tape to the read/write head and a take-up reel for receiving tape from the

feed reel.

16. A method for recording and/or reading data to and/or from a magnetic
tape, the method comprising:
providing the magnetic tape to a read/write head, the read/write head
including:
a first device set including a first plurality of magnetic data write
elements and a first plurality of magnetic data read elements;
a second device set including a second plurality of magnetic data write
elements and a second plurality of magnetic data read elements;
laterally positioning the read/write head such that during write
operations the first and second pluralities of magnetic data write elements align
laterally to first and second pluralities of recordable data tracks on the magnetic tape;
and
rotating the read/write head about an azimuthal angle to further align the first
and second pluralities of magnetic data write elements align laterally to first and
second pluralities of recordable data tracks on the magnetic tape, the azimuthal angle

being an angle of rotation about an axis perpendicular to the magnetic tape.
17.  The method of claim 16 wherein during read operations the first and

second pluralities of magnetic data read elements align laterally to first and second

pluralities of readable data tracks on the magnetic tape.

12
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18. The method of claim 17 wherein lateral dimensional errors that exist
between dual write or read device sets and the magnetic are corrected by rotation

about the azimuthal angle.

19. The method of claim 16 wherein the read/write head is rotated

clockwise or counterclockwise.

20.  The method of claim 18 wherein the read/write head is rotated by a

clockwise or counterclockwise angle from 0 to 1 degree.

13
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