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(57) Abstract: A tape storage device includes a head assembly having plural access head elements to access data on respective
data tracks on a storage tape. A controller, responsive to information contained in at least one of the data tracks, is provided to in-
dividually adjust a lateral position of at least one of the access head elements independently of at least one other head element.
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Individually Adjusting A Position Of An
Access Head Element On A Head Assembly

Technical Field

[0001] The invention relates generally to individually adjusting a position of an access

head element on a head assembly.

Background

[0002] Various types of storage devices are available to store data for electronic devices.
Examples of storage devices include tape storage devices, disk storage devices, integrated

circuit (IC) storage devices, and others.

[0003] In a linear tape storage device, data is stored on plural data tracks of a storage
tape, where the data tracks extend generally longitudinally along the storage tape. The
reading and recording of data in the data tracks is accomplished by using a tape head
assembly, which typically includes magnetic read/write head elements for reading/recording

data in the data racks.

[0004] The storage tape is moved longitudinally with respect to the tape head assembly
during the recording operation or read operation. Misalignment of head elements on the head
assembly with respect to desired track positions (along corresponding data tracks) can result
from various causes. For example, misalignment can be due to transverse (lateral) tape
dimensional stability issues, such as storage tape dimensions varying due to temperature,
humidity, creep, and tension. Variations in temperature and humidity can cause a storage
tape to expand or contract, which can cause lateral misalignment between head elements and
respective desired track positions. “Creep” refers to the tendency of a tape to return to a
previous form, which can cause variations in dimensions of the tape that can lead to lateral
misalignment. Tension applied on the tape can also cause dimensions of a tape to change.
Increased tension can cause the width of the tape to decrease, while relaxed tension can allow

the width of the tape to increase.

[0005] Misalignment can also result from mechanical causes, such as tape tilt (a storage
tape traveling across a tape head assembly at an angle that is tilted with respect to a target

longitudinal direction of travel), access head tolerances (variations in positions of access head
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elements caused by variations in manufacturing processes and equipment), or servo-writer
head tolerances (variations in positions of servo information written into servo tracks due to

variations of servo-writer head elements in the servo-writer equipment).

[0006] Lateral misalignment of head elements due to various causes can limit the density

of tracks on a storage tape.

Summa

[0007] In general, according to an embodiment, a tape storage device includes a head
assembly having a plurality of access head elements to access data on respective data tracks
on a storage tape. A controller is responsive to information contained in at least one of the
data tracks to individually adjust a lateral position of at least one of the access head elements

independently of at least one other head element.

[0008] Other or alternative features will become apparent from the following description,

from the drawings, and from the claims.

Brief Description Of The Drawings

[0009] Some embodiments of the invention are described, by way of example, with

respect to the following figures:

Fig. 1 is a schematic diagram of a portion of a tape storage device that incorporates an

embodiment of the invention; and

Fig. 2 is a flow diagram of a process of individually adjusting lateral positions of

access head elements, in accordance with an embodiment.

Detailed Description

[0010] In accordance with some embodiments, a tape storage device is provided with a
control mechanism to individually adjust lateral positions of access head elements (e.g., read
head elements, write head elements) of a head assembly in the tape storage device. Adjusting
the “lateral position” of an access head element refers to changing the position of an access
head element in a direction that is transverse to the direction of motion of a storage tape
(which is the longitudinal direction of the storage tape). Individually adjusting a lateral

position of the access head element refers to adjusting the lateral position of the access head
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element independently of at least another one of the access head elements. In accordance
with some embodiments, the lateral positions of access head elements are individually
adjusted in response to servo information contained in data tracks of the storage tape.
Normally, a data track is used to store data. The term “data” refers to user data, data
associated with software applications, software instructions, or any other data that is
distinguished from control information associated with a tape storage device to perform
control or management tasks of the tape storage device that access the storage tape. In
accordance with some embodiments, servo information is also provided in the data tracks to

enable lateral positions of access head elements to be determined and adjusted.

[0011] Fig. 1 shows a portion of an exemplary tape storage device that has a head
assembly 110 for accessing a storage tape 100 that has servo tracks 102 and 104 and a
number of data tracks 106. A “storage tape” refers to a storage medium (magnetic, optical,
etc.) that moves linearly to allow data to be read from or recorded to the storage medium.
Although just two servo tracks 102 and 104 are depicted on the storage tape 100, it is noted

that in alternative implementations, less or more servo tracks can be used.

[0012] In accordance with some embodiments, in addition to storing data in the data
tracks 106, at least one of the data tracks 106 is also further able to include servo information
108 interspersed with the data and provided at various locations along the length of the data
track 106. For example, the servo information 108 can be provided in short intermittent
bursts along the length of the data track 106. Alternatively, the servo information 108 can be
initially written continuously along the data track 106, with portions of the servo information
overwritten with actual data during operation of a tape storage device. The portions of the
continuous servo information that remain in the data track 106 would appear as intermittent
bursts of servo information 108 along the data track. As yet another implementation, the
servo information can be placed at the beginning and/or end of the storage tape 100 and/or as

a single section in the middle of the data track.

[0013] The servo information 108 that can be recorded onto the data tracks 106 can be
timing-based servo information. Timing-based servo information includes servo patterns in
the form of servo stripes. The servo stripes can have different angular orientations (also

referred to as azimuthal orientations), with repeating patterns of servo stripes recorded as the
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servo information 108 in a data track 106 in Fig. 1. During an access operation (read or write
operation), a read head element is able to read the servo information 108 on the data track
106 for deriving various distance information (corresponding to distances between various
arrangements of servo stripes) to determine the lateral position of the read head element over

the data track. An alternate embodiment is the use of amplitude-based servo marks.

[0014] It is noted that the same type of timing-based servo information can also be

recorded in the servo tracks 102 and 104 of the storage tape 100 of Fig. 1.

[0015] As further depicted in Fig. 1, the head assembly 110 provided over the storage
tape 100 has a number of read head elements 112A, 112B, 112C (collectively or individually
referred to as 112) positioned over respective data tracks 106 of the storage tape 100. The
head assembly 110 extends laterally across the width of the storage tape 100, with the read
head elements 112A, 112B, 112C arranged as an array along the lateral direction (direction y

transverse to the longitudinal direction x) for positioning over the respective data tracks 106.

[0016] The head assembly 110 further includes an array of write head elements 118A,
118B, and 118C (individually or collectively referred to as 118) to record data onto

corresponding data tracks 106.

[0017] A controller 122 in the tape storage device includes a head assembly servo
control circuit 130 and a head element servo control circuit 132. The head assembly servo
control circuit 130 receives servo signals produced by servo head elements 114 based on
reading servo information contained in the servo tracks 102, 104. In response to the servo
signals from the servo head elements 114, the head assembly control circuit 130 provides
control signals to a head assembly positioning mechanism 134 to cause the head assembly

positioning mechanism 134 to adjust the lateral position of the entire head assembly 110.

[0018] In accordance with some embodiments, the head element servo control circuit
132 is responsive to servo signals based on servo information contained in the data tracks
106. In response to such servo signals, the head element servo control circuit 132 provides
control signals to head element positioning mechanisms 136 that are able to individually
adjust the lateral positions of corresponding read head elements 112A, 112B, and 112C.

Note that “individually adjusting” a lateral position of a read head element can refer to either
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adjusting the lateral position of just one read head element, or alternatively, adjusting the
lateral position of a read head element along with at least one other read head element in a
subset, where the subset is less than all the read head elements on the head assembly 110. In
other words, individually adjusting a lateral position of a read head element means that the
lateral position of the read head element alone or in combination with one or more other read

head elements can be adjusted independent of at least one other read head element.

[0019] In some implementations, the head assembly servo control circuit 130 is a high
bandwidth servo control circuit that is able to respond to servo signals of relatively high
frequencies (e.g., greater than 500 Hertz). On the other hand, the head element servo control
circuit 132 is a low bandwidth servo control circuit that is able to respond to servo signals of
relatively low frequencies (e.g., less than 200 Hertz or between 1-10 Hertz). Effectively, the
lateral position of the head assembly 110 can be adjusted more frequently than the lateral

positions of the individual head elements.

[0020] Note that in some embodiments, when the lateral position of a given read head
element is adjusted, the corresponding write head element is adjusted together with the given
read head element. For example, if the lateral position of the read head element 112A is
changed, then the lateral position of the corresponding write head element 118A is also
changed together with the read head element 112A. This is due to the fact that the read head
element 112A and write head element 118A perform read and write operations, respectively,
with respect to the same data track 106, such that an adjustment of a lateral position of the
read head element would mean that the lateral position of the write head element should also

be adjusted, such as by the same amount.

[0021] In some other embodiments, the head element positioning mechanism 136 may
not be able to adjust the lateral positions of both the read head element and write head
element together. In such embodiments, after the lateral position of the read head element
has been adjusted, the head element servo control circuit 132 can perform a correlation
technique that determines the relative position of the write head element relative to the
corresponding read head element whose position has just been adjusted. This correlation
technique then can perform an adjustment of the lateral position of the write head element to

align the pair of read head element and write head element.
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[0022] In some implementations, the correlation technique is accomplished by using read
head elements 119A-119C arranged on the same bump as the write head elements 118A-
118C. Fig. 1 depicts a two-bump head assembly 110, which has bump 1 including write head
elements 118A-118C and associated read head elements 119A-119C, and bump 2 including
read head elements 112A-112C and associated write head elements 113A-113C. Effectively,
cach bump has matching read head elements and write head elements, such that four head
elements per data track are provided in the depicted embodiment. During a write operation
when the write head elements 118A-118C are active, there is quite a bit of electrical
interference on the read head elements 119A-119C on the same bump (bump 1); as a result,
the read head elements 119A-119C are inactive when write head elements 118A-118C are
active. Normally, during a write, the data track is written with the write head elements 118A-
118C on bump 1, and the written data is immediately read back with the read head elements
112A-112C on bump 2 (assuming a right-to-left direction of motion of the storage tape 100).
This read back operation constitutes a read-verify or read-after-write operation to check that
data is written correctly (to ensure no defects). During a normal data read operation, only the

read head elements of one of bump 1 and bump 2 are used.

[0023] To perform the correlation technique according to some embodiments as noted
above, as the head assembly 110 passes over the data section of the data tracks 106, a write
head element (e.g., 118A on bump 1) is writing data to the corresponding data track so that
the corresponding read head element 119A on bump 1 is turned off. However, as soon as
bump 1 passes over the servo section of the data tracks 106, the write head element 118A on
bump 1 is turned off, and the read head element 119A on bump 1 is turned on to read the
servo information. The head element servo control circuit 132 in the controller 122 is then
used to adjust the read head element 119A (along with the write head element 118A on the

same bump) so that the write head element 118A is centered over the data track.

[0024] To do this, the controller 122 uses a previously determined offset between the
write head element 118A and read head element 119A obtained during initial calibration.
The amount of adjustment of the write head element 118A determined using the above
technique allows the controller 122 to determine the correlation between the lateral position

of the write head element 118A on bump 1 with the lateral position of the read head element
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112A on bump 2. The same technique is applied to correlate the other pairs of write head

elements 118B-118C and read head elements 112B-112C.

[0025] The above discussion assumes a merged head assembly in which the read head
element and write head element on the same bump are designed to be at the same (or close to
the same) lateral position on the bump such that the read and write head elements on the same
bump are designed to be centered on the corresponding data track. Another type of head
assembly is an interleaved head assembly, in which the read head element and associated
write head element on a given bump are side-by side in the lateral direction, so when one is
centered on the data track, the other is completely off the data track. However, the read head
element on bump 1 is aligned (laterally) with the write head element on bump 2, and the write
head element on bump 1 is aligned (laterally) with the read head element on bump 2. In this
case, the approach of correlating lateral positions of read and write head elements is similar to
that discussed above, except that the offset in the position of the read head element and the

position of the write head element on the same bump has to be considered.

[0026] Fig. 2 illustrates a procedure performed by the head element servo control circuit
132. The head element servo control circuit 132 receives (at 202), from read head elements
112, servo signals based on servo information contained in the data tracks 106 (Fig. 1). Then,
during a read operation, for each read head element 112, the head element servo control
circuit 132 determines (at 204) a lateral misalignment from a theoretical longitudinal center
of the corresponding data track. If a misalignment is detected, then the head element servo
control circuit 132 sends (at 206) control signals to the corresponding head element position
mechanism 132 to individually adjust the lateral position of the corresponding read head

element to seck to center the read head element at a theoretical data track center position.

[0027] During a write operation, for each write head element 118, the lateral position of
the write head element 118 is adjusted (at 208) based on the position of the corresponding
read head element. As noted above, in one embodiment, the lateral positions of the read head
element and write head element are adjusted together. Note that an appropriate lateral offset
may have to be maintained between the write head element and the corresponding read head

element, based on head calibration performed at the factory or in the field. Alternatively, a
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correlation technique can be applied to determine the adjustment of the lateral position of the

write head element relative to the read head element, as discussed above.

[0028] Note that while the low bandwidth lateral position individual adjustment of
access head elements is being performed by the head element servo control circuit 132
according to Fig. 2, the head assembly servo control circuit 130 can perform high bandwidth

lateral position adjustment of the head assembly 110.

[0029] The ability to individually adjust the lateral positions of access head elements has
the effect of eliminating positioning errors of each data track caused by various misalignment
causes, including environmental conditions that can cause tape expansion or contraction, tape

creep, tension variation, tape tilt, head tolerances, servo-write head tolerances, and so forth.

[0030] Moreover, by using techniques and mechanisms according to some embodiments
to eliminate head-track misalignment due to various misalignment causes, margins that would
have to be provided in data tracks to account for such misalignments can be reduced. Asa
result, head elements on a tape head assembly can be moved closer together in the lateral
direction, which increases track density on a storage tape. Increasing track density means
that a larger amount of data can be stored on a storage tape (assuming the same storage tape
size), and higher bandwidth read and write operations can be performed (since a greater

number of data tracks can be read or written at the same time).

[0031] The controller 122 depicted in Fig. 1 can be implemented as hardware to perform
various tasks discussed above. Alternatively, the controller 122 can be implemented as a
combination of software and hardware to perform various tasks discussed above. For
example, in the latter scenario, the controller 122 can include a processor that is able to
execute software instructions to perform the tasks. The processor can include a
microprocessor, a microcontroller, a processor module or subsystem (including one or more
microprocessors or microcontrollers), or other control or computing device. A “processor”

can refer to a single component or to plural components.

[0032] Instructions of the software can be stored in a storage device, which is
implemented as one or more computer-readable or computer-usable storage media. The

storage media include different forms of memory including semiconductor memory devices
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such as dynamic or static random access memories (DRAMSs or SRAMs), erasable and
programmable read-only memories (EPROMS), electrically erasable and programmable read-
only memories (EEPROMS) and flash memories; magnetic disks such as fixed, floppy and
removable disks; other magnetic media including tape; and optical media such as compact
disks (CDs) or digital video disks (DVDs). Note that the instructions of the software
discussed above can be provided on one computer-readable or computer-usable storage
medium, or alternatively, can be provided on multiple computer-readable or computer-usable
storage media distributed in a large system having possibly plural nodes. Such computer-
readable or computer-usable storage medium or media is (are) considered to be part of an
article (or article of manufacture). An article or article of manufacture can refer to any
manufactured single component or multiple components. The instructions can be stored as

drive firmware in flash memory within a tape storage device, for example.

[0033] In the foregoing description, numerous details are set forth to provide an
understanding of the present invention. However, it will be understood by those skilled in the
art that the present invention may be practiced without these details. While the invention has
been disclosed with respect to a limited number of embodiments, those skilled in the art will
appreciate numerous modifications and variations therefrom. It is intended that the appended

claims cover such modifications and variations.
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What is claimed is:

1. A tape storage device comprising:

a head assembly having a plurality of access head elements to access data on
respective data tracks on a storage tape; and

a controller, responsive to information contained in at least one of the data tracks, to
individually adjust a lateral position of at least one of the access head elements independently

of at least one other head element.

2. The tape storage device of claim 1, wherein the information contained in the at least

one data track comprises servo information interspersed with data in the data track.

3. The tape storage device of claim 2, wherein the servo information in the at least one
data track includes either timing-based servo information or amplitude-based servo

information.

4. The tape storage device of any of claims 1-3, wherein the head assembly further
comprises a servo head element to read a servo track on the storage tape, the servo track

separate from the data.

5. The tape storage device of claim 4, wherein the controller is to further adjust a lateral

position of the head assembly in response to servo information in the servo track.

6. The tape storage device of claim 5, wherein the controller includes:

a higher bandwidth servo control circuit to adjust a lateral position of the head
assembly based on the servo information in the servo track; and

a lower bandwidth servo control circuit to individually adjust the lateral position of

the at least one access head element.

7. The tape storage device of claim 6, wherein the higher bandwidth servo control circuit
is to perform lateral position adjustment in response to servo signals having a frequency

greater than 500 Hertz, and
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wherein the lower bandwidth servo control circuit is to perform lateral position

adjustment in response to servo signals having a frequency less than 200 Hertz.

8. The tape storage device of any of claims 1-7, wherein the access head elements
comprise read head elements, and wherein the head assembly further includes write head
clements,

wherein the control circuit is to adjust the lateral position of the at least one read head

clement together with a corresponding one of the write head elements.

9. The tape storage device of any of claims 1-7, wherein the access head elements
comprise read head elements, and wherein the head assembly further includes write head
clements,

wherein the controller is to further apply a correlation technique to determine an

adjustment of a lateral position of a corresponding one of the write head elements.

10. The tape storage device of any of claims 1-9, wherein the controller is responsive to
information contained in another one of the data tracks to individually adjust a lateral position

of another one of the access head elements.

11. The tape storage device of claim 1, wherein the controller is to adjust the lateral
position of the at least one access head element by seeking to center at least one access head

element over a track center of the at least one data track.

12. A method of correcting positioning of at least one access head element from among
plural access head elements of a head assembly in a tape storage device, comprising;:

reading servo information from at least one of plural data tracks on a storage tape,
wherein the plural data tracks are distinct from servo tracks on the storage tape; and

in response to the servo information, individually adjust a lateral position of the at
least one access head element relative to the at least one data track, wherein the lateral
position of the at least one access head element is adjusted independently of at least one other

access head element.
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13. The method of claim 12, further comprising:
reading servo information from the servo tracks; and
adjusting a lateral position of the head assembly in response to the servo information

in the servo tracks.

14. A controller for use in a tape storage device, comprising:
a servo control circuit to:
receive signals representative of servo information from a data track in a
storage tape, wherein the data track further contains data; and
cause a lateral position of an access head element of a head assembly of the

tape storage device to be individually adjusted relative to the data track.

15. The controller of claim 14, wherein the access head element comprises a read head
clement to read data on the data track, and wherein the servo control circuit is to further
adjust a lateral position of a write head element based on the position of the read head

element, wherein the write head element is to record data onto the data track.
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