METHOD AND APPARATUS FOR | NCREASI NG STORAGE CAPACI TY Field of the

I nvention The present invention relates generally to data storage, and nore
particularly to overconm ng constraints resulting from skew angl e phenonena.
Background of the Invention In data storage systens where disc-shaped nedi a
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 recording and retrieving data fromthe nedia are
supported and noved in arcuate paths by an actuator which has an axis of

rotation t hl@f];:/ﬁﬁ@ﬁ) DD APPAK APUS EFOR IR REASING $PORAGE CAPAETYRdi a. |t
e

foll ows that n the actuator is significantly skewed relative to the
track tangent, the witer may overwite to an adjacent track. It is not
easy to overcome such skeM/anglgﬁgae? nera. e known nethod invol ves
spaci ng adj acent tracks suffi ci Ve gkﬁiqv "900id overwiting to
adj acent tracks, but this neans that the overall storage capacity of the
media will be reduced. To conpound the problem the skew angle is
different for diTffeqsresinténvattiat etates génerkidy tedaatstrragdhadpmesent i nventi on
therefore proposes a new approach to address this and o&he robl ens, thus
of fering adaanewlgdy topprooming cpRFtraipts resulingfroy skewiangls M-
Enbodi ments of the present invention include providing at |east two
simlar transducers oriented in different directions such that adverse
effects of the skew phenonemarkgasuriEof #@dUaedntiGpt i onal Iy, the plurality
of
In data storage systems where disc-shaped media are used, the media is

generally rotated 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.




transducers are spaced apart on the sanme support so as to reach further
parts of the nmediumw thout the need to increase the range of novenent of
the support. Overall, a greater area of the medium can be utilized for
data storage, which neans that the nmaxi rum anount of data that can be
stored in a device can be increased. These and various other features as
wel | as advantages which characterize the present invention will be
apparent upon reading of the follow ng detailed description and revi ew of
. the associated drawings. Brief Description of the Drawings FIG 1 is a
schematic drawi ng of a data stg&Wwimgm&g{% ng a disc-shaped nedi um
FIG 2 is a schematic view of a slider fromthe medium FIG 3. is a
schematic view of the slider according to sone enbodi nents of the present
invention. FIG 4 is a schen%{}i c view of a slider accordi ngclto alternative

enbodi ment s of t KeisdémeRts qtibeRreseRt npriion idude proyidmgd st 5¥8i ng to
ot her enbod'.%m 0 r P | QR ctid g@} i Lot 1 For
ease of undgl_r standi ﬁghgﬁré%#ﬁgﬁj? (?]_Eﬁtégér?ﬂtti%%c?o e cﬁ %ﬁg?%e?gé %@ d(g%?fmant s of
the present ghdwi@dl pREnMéhoDardiesedubed @pﬁ:ﬂ@nﬁg/ﬂh@ Ri@aliey 8f di sc drive
100; such as one schematically presented in Fl 1. Anmedium 102 in this
exanpl e i s tlaasdiereds arerapaged apart bnahe same suppge so B840 madhdnriber partedge 106
bounding at Ol: &\aésl'hegl'l;.]}?l’l ?/vli{tlio%(i:: %hefl' rqge 0 igigre%gerz] thbeerange of movement of the

support. Overall, a greater area of the medium can be utilized for data

storage, which means that the maximum amount of data that can be stored in

a device can be increased.

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.




formatted for storing data. Data can generally be stored in one or nore
tracks 110. Dependi ng on the nechani smused, the tracks 110 may be a
continuous spiral or a plurality of generally concentric circles. In any
case, the curvature of the track 110 changes as one noves in a radial
direction 112 across the nedium 102. For exanple, as one noves fromthe

i nner edge 104 to the outer edge 106, one encounters decreasing track
curvature, and vice versa. The nmedium 102 is nmounted to a first notor 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 notor 128, operably coupled 122 to circuitry 124, for
control lably driving an act uat or Degdled Bpgcriptiamt or 130 may i nclude an arm
132 and a suspension assenbly 134 supported at a distal end 136 of the arm
132. The suspension assenbly 134 may include a flexibly supported slider

200, which in tUFGr&i%Udf%dEfﬁél%ﬂg%awﬂi&ﬂltﬁ%\ff&h%@e gd' ng data to

t he nedium 102 or for retrieving from the nedium 102. ’n this nmanner,
t ransducer semdodhaestspfahé presamidnmremasch tvdll bdidieb@itexd withaefeserkcd@o at hat i s,

to different radial |ocations of the nedium 102. FIG 2 illustrates a
schemati ¢ vﬂ@wdéwetll‘i’@ @lqwor@cmhemaﬁcqlbfepm%nt@ﬂqm ¥3.1-The slider 200
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relative notion to each other. For anpl e, the second notor 128 may hol d
t he act uat oforfr@dtesldire sloaingsdait i Bra&gamgﬂﬂeeali}hbe $torat imoteoor h2ee trhdaps t he
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spiral or a plurality of generally concentric circles. In any case, the curvature
of the track 110 changes as one moves in a radial direction 112 across the
medium 102. For example, as one moves from the inner edge 104 to the outer
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 controllably 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




204, and finally the trailing edge 208 of the slider. The slider 200, and
in particular the air bearing surface 204, may be shaped to pronote
stability of the slider 200 in the resulting airflow. For exanple, the
slider 200 may be shaped to be thicker at the two opposing sides 210
(referred to as side rails) which extend generally fromthe | eadi ng edge
206 to the trailing edge 208. Sone sliders 200 have one or nore recessed
areas 212 or protruding areas 214 generally at the center of the air

bearing surface. In some cases, the trailing edge is at a chanfer 216. Air
bearing surbagevill el kEHERE kR ERCch BHgre For xﬂmgreym@ga@oﬁdﬂﬁl&asmp' es
mentioned here are solely for illustration and not i1 ntended to be

limting. TH28 sidyderld2Dactaafrddl dechewital saitiohesstvhilashé fisstsnotoen120 300
oriented in different directions 302, Alternatively described, the

t r ansducer skeens theanedingul 8 inroatign. b bsndhyakimene Painsoadhe teagkiwillhat not

all of the [, he a slider.fa the.sa di rect.i on any one
Chiree 1t hiReeEh g g b6 e T Sficripa BRGEs S BRBnE o Bhedny o (2
relative tozgggngim'&@@M@@d%mommisﬂggest (or track tangent) 302,
a first transducer 310 shows a stmller angul ar displacenent of al fromthe
same track tang&hesBda,208nandirspadivdldrrthastbeering2arfabodl, andyabger angul ar

di spl acenent, of a2 fromthat track tangent 302. The disc drive includes
circuitry B%Wén@ifgﬁ%eﬁ@ﬁf’% e rcgeréa@ﬂla resaltingaefinreeFer 310, 320.
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transducer 240 {reReresMotaahatt Rilk) Whidhedierlbeitralp eloadt Htleadit@ dRBUIt 1S
that the disc drive operates with a snmaller effective skew angle at this
track. 206 to the trailing edge 208. Some sliders 200 have one or more recessed areas

212 or protruding areas 214 generally at the center of the air bearing surface.

In some cases, the trailing edge is at a chamfer 216. Air bearing surface

configurations come in great variety, and the examples mentioned here are

solely for illustration and not intended to be limiting.

The sltider 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 B

relative to the direction of the track of interest (or track tangent) 302, a first

transducer 310 shows a smaller angular displacement of o1 from the same

track tangent 302, and a second transducer 320 shows a larger angular

displacement of a; 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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4 Previously, tracks near the edges 104,106 of the nmedium 102 are not used
because the skew angle (3 would have been very large, thus requiring w de
spaci ng bet ween adjacent tracks 110 to avoid overwiting and data
corruption anong ot her problens. However, by inplenenting an enbodi nent of
the present invention, even the effective skew angl es near the edges of

t he nmedi um can be reduced. Thereby naking it feasible to use these

previ ously unusable areas. In this fashion, the overall data storage
capacity of a nmedium and accordingly of the entire data storage device,

can be increasedrVR{isBH LMD ﬂg&nﬁ@%ﬁgﬂﬁ 906 %P h‘?éﬁ@aﬁﬁntlﬁ'z Sk hot he

configuration of the data storage For exanple, the transducer
support 40Quset]l Heb&irsedthieSkepr oiglelpadvatltihage Heeastrohegd tAGS ind10 that is
aligned with the transducer support orientation 420 and at |east one other
t ransducer Bl spaging ketiiege adiacenhtracksddde aspishterseniting add datom t he

transducer su rt orientation 420. Eurther, the. appended draw ngs show
t he transdtf@é’?“gj &qrppggggh%gpbfe}q@- I#P‘QFV?%&MH@%”BE’&QB&@HDN sliders are

conf i gur ed bkt of Bigd féfésé@ﬂ' Mﬁgtri&%%n lﬂ“% Hfﬁ%&!{@ﬁ?@%&ﬁ%%gedi um

However, this does not exclude ot possi catio

t ransducer sdgks sbiteanedann cih de exdngpide sTTwheby irakity afcdilde ts usaitigyest i on to
be configured for interacting with the sanme piece of medium 102 or

cont i guous HevGHakatsshle areapf Ingthigfashiony e ovesall data Hammeas cappeitapla or

2095 BT e R DS S5 e Bekiotad B TRGHSEE (50"
430) which is 0Waf%fﬁt@%rﬁlﬁocﬁrrﬁ#%héﬁ*tﬂeélhlpiem@ﬁﬂa_‘dzt%rs%@@@c%nﬁgﬂf%ﬂi(ﬁﬁof
represented by al-a2 or 440) relative to the first transducer (such as
310, 410). the data storage device. For example, the transducer support 400 of FIG. 4 is

provided with at least one transducer 410 that is aligned with the transducer

support orientation 420 and at least one other transducer 430 that is fixed at an

angular displacement 440 from the transducer support orientation 420.

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 oa-ot2 br 440) relative to the first

transducer (such as 310, 410). :

FIG. 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 seeks
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FIG 5 is a flowhart 500 of another enbodi ment of the present invention
whi ch provides a system capable of determning the witer that would have
the smal | est effective skew angle relative to the tangent of the track of
interest, and selecting that witer for operation. As the actuator seeks 5
out a track for the next operation 510, the system nakes the appropriate
switch to the witer that will have the best skew angl e val ue 520.
According to other enbodi nents of the present invention, the transducers
300 are spaced apart on the slider 200. As shown in FIG 2, at lez one
transducer BUG gk fos theonext eperatiemSH, the sysemanales theappropmials, t he

transducers_300 c wite 1o a.bigge rea W thout the ed to increase the
range of nﬂ‘é‘%@ho W%f&@%%#ﬁiﬂg‘%@e%ﬂﬁ%%%ﬁa%%f”-y advant ageous in
systens wher e thecshiiger o2 fled smbblfizhdns o HIS@RG, ithe i t IS too near
the outer edge 1C0c§) of%trﬁe rreed(?lt}m 102. It isto %e under st’oo%l that the
f oregoi ng diraeldeseysSi0sre bpatstiratarven did slider200. dkahges ine§I(oe, atdee i n
detail, especially in matters of structure and arrangemant of parts wi.thin

the princi presraisduger Plemertbeifayad et sach of tigsidamails 24+ Ehusithei cat ed by

t he broad gener.al ing of, the terns in e he ended ¢l ains are
expr essod. TERPICRRMIPD A sl ShiBee Hen e it e BreRREGRe Mo e
separate ar}aﬁg@wﬁmﬂ;@hem bf X d@ddr 190.t TRisTB GhriPuldrly AdeAfhg@ifd ihor
reading data fromthe nmedium (readers). Alternatively, a transducer nmay
conpri se asgsteglsevhppahatlidec2(feibllikef todmichnreaowtatilng iadoometr tevi ng dat a.

6 What is clained is: .
' outer edge 106 of the medium 102.

It is to be understood that the foregoing disclosure is illustrative only,
and changes may be made in detail, especially in matters of structure and
arrangement of parts 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.




1. A transducer apparatus for use wth a nmedium conprising: a support;
and at |l east two transducers affixed to the support, the transducers being
oriented other than substantially zero or 180 degrees relative to one

anot her and the transducers are further configured for relative notion to

t he suppoWhatisaclhimsd igti rection which is oriented at a skew angle rel ative
to the support, in which at | east one of the transducers is oriented at an
angle smaller than the skew angle relative to the first direction; and

circuits goupled to the transducers, t.he circuits being.caonfigured for

sel ecti velcly %5@’%%?%85%8%?%?@33@??% as%‘Pé’thmf %‘?me‘g’rrﬁ'i on the

transducer thatgi i ed at a smallest angle fromthe first direction.
pfipo@t, A

2. The apparatus of claim1, in which the transducers are simlar to one
anot her. 3. Theatagpartatwtramsdutaisrafiixed no whé shpport| tastramsducdrst he

transducers.is .orjenpted at an angle ot her than substantially zero relative
to the suE?BH}g eregye%@eg Pagc"&’@g%m wneggoror 180 ﬂﬁgﬁ?stmi“ﬁ%%‘@ﬂﬂzers are
| ocated s f - of cl.aim4, in
whi et ho g, S8 the H e LAY A Tho oontlBRRRE AT E mBBR "' The

face, andthesubpett inhefirstadisdetien sricle is bicatelbagfRREW dnilatreldtfresi des. 6.
The apparatus of claim1, in which all the transducers are configured for
use with t®&he gaprertdiyMihigh at least one of the transducers is oriented at an

angle smaller than the skew angle relative to the first direction; and

circuits coupled to the transducers, the ecircuits being configured for
selectively operating the transducers to select for operation the transducer

that is oriented at a smallest angle from the first direction.

2. The apparatus of claim 1, in which the transducers are similar to one

another,

3. The apparatus of claim 1, in which at least one of the transducers is

oriented at an angle other than substantially zero relative to the support.

4, The apparatus of claim 1, in which the transducers are located spaced

apart from one another.

5. The apparatus of claim 4, 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.

6. The apparatus of claim 1, in which all the transducers are configured

for use with the same medium,




