METHOD AND APPARATUS FOR | NCREASI NG STORAGE CAPACI TY
Field of the Invention The present invention rel ates
generally to data storage, and nore particularly to
overcom ng constraints resulting from skew angl e
phenonena. Background of the Invention In data storage
systens where di sc-shaped nedia are used, the nedia is
generally rotated during operations. Data can thus be
recorded in the formof one or nore curved or
circular tracks. Oten, the transducers used for -
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supported and noved in arcuate paths by an actuator
whi ch has an axis of rotation that does not coincide

with the axis of rotaFielthobfhetli@enitidha. |t foll ows
that when the actuator is significantly skewed
relative to the track tangent, the witer nay
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avoi d overwiting to adjacent tracks, but this neans
that the overall storage capacity of the nedia wl|l
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The present invention therefore proposes a new

approach to address this and other problens, thus

of f er ilnglataisteragegysteovsewhedeatipr-slorpedhedia aBunswel, vhaxhedia is
t-grze%ell'arl]l\gferr(])tteiltgg during operations. Data can thus be recorded in the form of
one or more curved or circular tracks. Often, the transducers used for
recording and retrieving data from the media are supported and moved in
arcuate paths by an actuator which has an axis of rotation that does not
coincide with the axis of rotation of the media. It follows that when the
actuator is significantly skewed relative to the track tangent, the writer may
overwrite to an adjacent track.

It is not easy to overcome such skew angle phenomena. One known
method involves'spacing adjacent tracks sufficiently apart to avoid
overwriting to adjacent tracks, but this means that the overall storage capacity
of the media will be reduced. To compound the problem, the skew angle is
different for different orientations of the actuator.

The present invention therefore proposes a new approach to address

this and other problems, thus offering advantages over the prior art.




Enbodi ments of the present invention include providing
at least two simlar transducers oriented in
different directions such that adverse effects of the
skew phenonenon can be reduced. Optionally, the
plurality of transducers are spaced apart on the sane
support so as to reach further parts of the nmedi um

wi thout the need to increase the range of novenent of
the support. Overall, a greater area of the medi um
can be utilized for data storage, which neans that
the maxi mum anmount ofuemarywfishe faveriorstored in a
devi ce can be increased. These and various ot her
features as well as advantages which characterize the
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FIGl is a schematic drawi ng_of a data storage device
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These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the

following detailed description and review of the associated drawings.
Brief Description of the Drawings

FIG. 1 is a schematic drawing of a data storage device employing a
disc-shaped medium.

FIG. 2 is a schematic view of a slider from the medium.

FIG. 3. is a schematic view of the slider according to some embodiments
of the present invention.

FIG. 4 is a schematic view of a slider according to alternative
embodiments of the present invention.

FIG. 5 is a flowchart according to other embodiments of the present

invention,




Det ai | ed Description For ease of understandi ng and

W thout intention to be limting, enbodinents of the
present invention will be described with reference to

a disc drive 100, such as one schematically presented
in FIG 1. A nmedium 102 in this exanple is flat and
annular, wth an inner edge 104 and an outer edge 106
boundi ng at | east one surface 108 which can be

formatted for storing data. Data can generally be

stored in one or nore tracks 110. Depending on the
nmechani sm used, the tracks 110 nay be a conti nuous
spiral or a plurality gf ally concentric circles.
In any case, the cur vaﬁSFaglee eTcﬁé’tﬂl‘ack 110 changes

as one noves in a radial direction 112 across the
medi um 102. For exanple, as one noves fromthe inner
edge 10%4r easetdferndetstanding gad Withowtrintentiondabe lisiting,
decr.easi ng track curvature, and vice versa. The medi um
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edge 106, one encounters decreasing track curvature, and vice versa.

The medium 102 is mounted to a first motor 120, operably coupled 122
to circuitry 124 so that it can be rotated 125 at desired speeds during
operation. Also secured to the disc drive housing 126 is a second motor 128,
operably coupled 122 to circuitry 124, for contfollably driving an actuator 130.
The actuator 130 may include an arm 132 and a suspension assembly 134
supported at a distal end 136 of the arm 132. The suspension assembly 134
may include a flexibly supported slider 200, which in turn carries transducers
(not shown) for recording data to the medium 102 or for retrieving data from
the medium 102. In this manner, transducers can be supported and moved to
different tracks 110, that is, to different radial locations of the medium 102.

FIG. 2 illustrates a schematic view of the slider 200 from the medium
102. The slider 200 includes a body 202 with a surface 204 (referred to

generally as the air bearing surface) that opposes the medium 102 when in

use. When the disc drive 100 is in operation, the medium 102 and the slider




FIG 2 illustrates a schematic view of the slider 200
fromthe nedium 102. The slider 200 includes a body
202 with a surface 204 (referred to generally as the
air bearing surface) that opposes the nedium 102 when
in use. Wen the disc drive 100 is in operation, the
medi um 102 and the slider 200 wll be in relative
notion to each other. For exanple, the second notor

128 may hold the actuator 130 sonmewhat stationary

while the first notor 120 keeps the nmedium 102 in
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resulting airflow. For exanple, the slider 200 may be
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di fferent directions ternatively described, th
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solely for illustration and not intended to be limiting,

The slider 200 is provided with at least two transducers 300 oriented in
different directions 302. Alternatively described, the transducers 300 are
angularly displaced from one another, such that not all of the writers on the
same slider face the same direction at any one time.

In the example of FIG. 3, when the slider 200 is skew at an angle 8
relative to the direction of the track of interest (or track tangent) 302, a first
transducer 310 shows a smaller angular displacement of oy from the same
track tangent 302, and a second transducer 320 shows a larger angular
displacement of az from that track tangent 302. The disc drive includes
circuitry 330 configured to selectively operate the transducers 310, 320. Here,
the transducer having the smaller skew angle relative to the track tangent will
be used for writing to that track, while the other transducer will be switched
off or left out of operation. The result is that the disc drive operates with a

smaller effective skew angle at this track.
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In the exanple of FIG 3, when the slider 200 is skew
at an angle (3 relative to the direction of the track
of interest (or track tangent) 302, a first

transducer 310 shows a snmaller angul ar di spl acenent of
al fromthe sane track tangent 302, and a second
transducer 320 shows a | arger angular displacenent of
a2 fromthat track tangent 302. The disc drive
includes circuitry 330 configured to selectively

operate the transducers 31 320. Here
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Further the appended drawings show the transducers positioned near the

trailing edge because most sliders are configured such that their trailing edges
will be closest to the medium. However, this does not exclude other possible
locations for the transducers if so desired.

The examples show the transducers in question to be configured for
interacting with the same piece of medium 102 or contiguous recordable parts
of a medium 102. In some cases, the area or range of the medium 102 that
may be affected by a first transducer (such as 310, 410) may overlap with that
of a second transducer (such as 320, 430) which is oriented at a substantially
non-zero angle (such as represented by o-o2 or 440) relative to the first
transducer (such as 310, 410). '

HFIG. 5 is a flowchart 500 of another embodiment of the present
invention which provides a system capable of determining the writer that
would have the smallest effective skew angle relative to the tangent of the

track of interest, and selecting that writer for operation. As the actuator secks
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support orientation 420 and at | east one other
transducer 430 that is fixed at an angul ar

di spl acenent 440 fromthe transducer support
orientation 420. Further, the appended draw ngs show
the transducers positioned near the trailing edge
because nost sliders are configured such that their
trailing edges wll be closest to the nedi um
However, this does not exclude other possible

| ocati ons fgktrm transducers if so desired. The
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track for the next operation 510, the system nakes the

appr off jsah%e et &Bod thdthfe Mﬂe%%\lgtcﬁ&tloéﬁré s ipﬁgﬁaﬁxlf'beonly,

best skew angl e val ue 520. Acc ng to othe

emvbdiamgns magfbetthedpiredetnt], éspeeintly dnmaitiees dff Ansdueansl

300 are spaced apart on the slider 200. As shown in
mArEngsmegit of paits within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, in some embodiments, a
transducer may comprise separate apparatus for writing data to the medium
(writers) and for reading data from the medium (readers). Alternatively, a

transducer may comprise a single apparatus capable of both recording and

retrieving data.




one transducer 300 may be found at each of the side
rails 210. Thus, the transducers 300 can wite to a
bi gger area without the need to increase the range of
novenent of the actuator 130. This is particularly
advant ageous in systens where the slider 200 is
likely to beconme unstable if it is too near the outer
edge 106 of the nedium 102. It is to be understood

that the foregoing disclosure is illustrative only,
and changes may be made in ?ﬁtal| especially in
matters of structure and AMfenent of parts within

the principles of the present invention to the fal
extent indicated by the broad general neaning of the

t SVhst islaitmedhis:t he appended cl ai ns are expressed. For
exanpl e, in sone enbodi nents, a transducer may
conprise separate apparatus for witing data to the

di umy d for reading data fromthe nmedi um
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(readers ely, a transducer may conprise a
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retrieving data Claims What is clained is: 1. A
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directions and configured for use with a nedium 2.
The slider of claim1, in which at |east one of the

t PansdUdterslidesof claim 1, in which at least one of the transducers is
substantially aligned to the slider orientation.

3. The slider of claim 1, in which the transducers are located spaced apart

from one another.

4. The slider of claim 3, in which the slider comprises an air bearing
surface and two side rails at opposing sides of the air bearing surface, and in
which the transducers are Jocated generally at the side rails.

5. The slider of claim 1 for use with a medium configured for relative
motion to the slider in a first direction which is oriented at a skew angle
relative to the slider orientation, in which at least one of the transducers is

oriented at an angle smaller than the skew angle relative to the first direction.




substantially aligned to the slider orientation. 3.

The slider of claim1, in which the transducers are

| ocat ed spaced apart fromone another. 4. The slider
~of claim3, in which the slider conprises an air
bearing surface and two side rails at opposing sides
of the air bearing surface, and in which the
transducers are |l ocated generally at the side rails.

5. The slider of claim1l for use with a nmedi um
c%pfigg{ﬁg ﬂ$r relatiye notign to the slider in a
first BRITH ARYTANSCOPRHPEd at a skew angl e

rel ati waupolign@! i der orientation, in which at |east

. one of the transducers is oriented at an angle
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direction., 7 6. A transducer apparatus conprising: a

s pisHEed oty than qubstentially zevoerskflciegieea relaiivel tq one drother.
support, the transducers being oriented other than
substantially zero or 180 degrees relative to one
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appatterus of claim6, in which at | east one of the
transducers is oriented at an angle other than
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9. The apparatus of claim 6, in which the transducers are located spaced

apart from one another.

10.  The apparatus of claim 9, in which the support comprises a face and
two opposing sides delimiting the face, and in which the transducers are

located generally at the sides.

11.  The apparatus of claim 6 for use with a medium, in which all the

transducers are configured for use with the same medium.

12. The apparatus of claim 11, in which the transducers are further
configured for relative motion to the support in a first direction which is
oriented at a skew angle relative to the support, in which at least one of the

transducers is oriented at an angle smaller than the skew angle relative to the

first direction.



two opposing sides delimting the face, and in which
the transducers are |ocated generally at the sides.
11. The apparatus of claim6for use with a medium in
which all the transducers are configured for use with
the same nmedium 12. The apparatus of claim1l, in

whi ch the transducers are further configured for
relative notion to the support in a first direction
which is oriented at a skew angle relative to the
sugport in which at | east one of the transducers is
orlPent die appraratanef daiswi? Fethencemprising diewitsmgupled to the
relati.ve tqQ.the first directign. 8.13. The apparat us
ot I et P PR ERHs dor lrehve G O e Bt e
t raRsdyEeRES, the circuits being configured for

sel ectively operating the transducers. 14. The
apparatus of claim13 in which the circuits are

configured to select for operation the transducer
t H4t i dhgapparadas af claing A in wdichahgicrcrityaergoafignresk to select

d ifBPS}BérQHOn the transducer that is oriented at a smallest angle from the first

direction.




