Met hod for Increasing Storage Capacity and a Transducer Configuration

I ncorporating the Sane Field of Invention 5 The present invention rel ates
generally to data storage systens, and nore particularly to overconi ng
constraints resulting fromskew angl e phenonena using an inproved
transducer configuration. Background of the Invention 10 Over the past
decades, data storage systens have experienced trenendous inprovenents in
areal storage density. This devel opnent enabl ed data storage systens to
cont i nual Methodifar increasingdStorage Capadity iandl £ Teatsd W CEIFiqaRABI Y. AS
mar ket demand for smaller formfactors persists, data storage

manuf acturers are continual | jadotperaingtiHef Samw t echnol ogies to increase 15
storage capacity. In data storage systens where di sc-shaped nmagnetic nedi a
are used (e.g. a disc drive), significant advancenents have been nmade to
transducer and slider technol ogies to increase areal density. Such

t echnol qgbRFof INVEWRYR' - are approaching physical limt. A further
limtation to 1ncreasing areal density is the conventional methods 20 of

r eadi:ng and | 1] erations in a dis ri,ve. A disc-shaped nediumis-
conf Pgur ed t\g‘h&%@ge@gpgethnare@ﬁ gg"%{@ﬁtghggﬁﬁt?l@ge(ﬁy@mg, angdJpei® dat a
tracks, Rﬁ%ac‘.g f which is divided into sectors. The nediumis generally
r ot at ed RAMGHATY 1@ OMpIeRMINGg censifajaly welltinghome gkewn angle aghenomeanaad or

wite data. Wiere a 1
using an improved transducer configuration.

Background of the Inventidn
10 Over the past decades, data storage systems have experienced
tremendous improvements in areal storage density. This development enabled
data storage systems to continually miniaturize and yet provide increased
storage capacity. As market demand for smaller form factors persists, data
storage manufacturers are continually in search of new technologies to increase
I5  storage capacity. In data storage systems where disc-shaped magnetic media
are used (e.g. a disc drive), significant advancements have been made to
transducer and slider technologies to increase areal density. Such technologies,
however, are approaching physical limit.
A further limitation to increasing areal density is the conventional methods
20  of reading and writing operations in a disc drive. A disc-shaped medium is
configured to store data in a series of concentric, closely spaced data tracks,
each of which is divided into sectors. The medium is generally rotated while a

transducer is moved over the medium surface to read or write data. Where a




rotary actuator is used to nove the transducer, the arcuate path taken by
an actuator armintroduces a skew angl e between the transducer and the
data track due to different axes of rotation between the actuator path and
the nedium The skew angle changes according to the radial |ocation of the
transducer on the 5 nedium At certain positions on the nmedi um where the
skew angl e becones too large, the transducer nay read or wite an adjacent
track. To prevent such occurrences, track pitches at regions near the

out er anetann@etuateryiss used do troovee the fransduse, theo asacate piakly takenaby hensi ty
(nunber of tracks per radial length) and areal density are reduced. 10 In

vi ew of achmtéroareyoitrogiuces a sketieangle blebvésh tHeoamiRiuReMBhE Btk A9ia 4k €asi ng
storage capacity to overconme the constraints resulting fromskew angle

phenonerae tSwiaelt &%ed bErotatitiidt@Bed thd E@tuﬂfcﬁ% aga ‘fﬁé‘H yrhehkes to a

met hod for increasing storage capacity and a transducer cont guration
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increased. Consequently, track density (number of tracks per radial length) and
areal density are reduced.
10 In view of the foregoing, it is desirable to provide a method for increasing

storage capacity to overcome the constraints resulting from skew angie

phenomena.

Sumrriary of the Invention

15 The present invention relates to a method for increasing storage capacity
and a fransducer configuration incorporating the method to overcome the skew
angle phenomena. According to the present invention, the transducer is
physically skewed at an appropriate angular displacement relative to a slider
supporting the fransducer. This angular displacement ensures a zero skew

20  position at a predetermined location on a medium, for providing an increased
storage capacity as compared to a conventional non-skewed transducer. To
obtain this zero skew position, calculations may be required to ascertain the

respective storage density or storage capacity of each possible zero skew



2 position on the nedium The zero skew position that is capable of neeting
certain storage requirenents nmay be selected therefrom These and ot her
various features as well as advantages which characterize the present

i avention will be apparent upon reading of the followwng 5 detailed
description and review of the associated draw ngs. Brief Description of the
Drawings FIG 1 is a schematic drawing of a data storage device having a

di sc- shaped nmedium 10 FIG 2A illustrates a transducer in a negative skew
angl e p@ositioonon the GnediBm.| |Thex zettce skew t pewitiohucrent is ncababRy of $haatingnal e
position. FIG 2C illustrates a transducer in a positive skew angle

posi ti owerthinGtofhgel reqakrembals mag beaeidtedthepéfrérhack pitch in relation to
skew angle for a one-inch disc drive. 15 FIG 4 illustrates the variation
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Brief Description of the Drawings
FIG. 1 is a schematic drawing of a data storage device having a disc-
shaped medium.
10 FIG. 2A illustrates a transducer in a negative skew angle position.
FIG. 2B illustrates a transducer in a zero skew angle position.
FIG. 2C illustrates a transducer in a positive skew angle position.
FIG. 3 illustrates the variation of track pitch in relation to skew angle for a
one-inch disc drive.
15 FIG. 4 illustrates the variation of bit size in relation to skew angle for a
one-inch disc drive.
FIG. 5A illustrates the variation of average recording density in relation to
zero skew position for a one-inch disc drive.
FIG. 5B illustrates the variation of bit capacity in relation to zero skew
20  position for a one-inch disc drive.
FIG. 6 shows a comparison of storage capacities for a one-inch disc drive

using a conventional non-skewed transducer and a same disc drive using a




3 physically skewed transducer according to one enbodi nent of the present

I nvention. FIG 7 is a flow chart illustrating a nmethod according to one
enbodi ment of the present invention. 5 FIG 8 illustrates a physically
skewed transducer on a slider according to one enbodi mrent of the present

I nvention. Detailed Description In the follow ng description, nunerous
specific details are set forth in order 10 to provide a thorough
under st andi ng _of various enbodi nents of the present invention. It will be
under st GHUSICAbYwskewed: frappducsiti acending tchener embiddirhente obdhie npreiseniof t he
present invention nmay be practiced without sone or all of these specific
det ai | s.invamtionher instances, well known process operations have not been

described in detail in order not to unnecessarily obscure pertinent aspects
15 of enbodi Gt 3 ibaiflog mwluamhngaefr@tmﬁcwd:ﬁgd@ohe efntsBdineflf ¢ bire 100,
such as one schematically presented in FIG 1. A nedium 102 in t

exanpl e the pedsast ivehabny flat and annul ar, vmth an inner edge 104 and an
out er edge 106 boundi ng at | east one surface 108 which can be formatted
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Detailed Description
In the following description, numerous specific details are set forth in order
10 to provide a thorough understanding of varioﬁs embodiments of the present
invention. 1t will be understood, however, to one skilled in the art, that
embodiments of the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not
been described in detail in order not to unnecessarily obscure pertinent aspects
15 of embodiments being described.

Reference is made to a disc drive 100, such as one schematically
presented in FIG. 1. A medium 102 in this example is substantially flat and
annular, with an inner edge 104 and an outer edge 106 bounding at least one
surface 108 which can be formatted for storing data. Data can generally be

20  stored in one or more tracks 110. Depending on the mechanism used, 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 moves in a radial

direction 112 across the medium 102. For example, as one moves from the



direction 112 across the nedium 102. For exanple, as one noves fromthe 4
I nner edge (ID) 104 to the outer edge (OD) 106, one encounters decreasing
track curvature, and vice versa. In the follow ng description, an inner
edge 104 refers to an innernost data track available for read-wite
operations. Simlarly, an outer edge 106 refers to an outernost data track
available for read-wite operations. 5 The nedium 102 is nounted to a first
notor 120, operably coupled 122 to circuitry 124 so that it can be rotated

125 at dowreeded et thuthergtenatge (QD) 106N dhe arRoUNRSSs HEciASingi thackdr | ve
housing 126 is a second notor 128, operably coupled 122 to circuitry 124,

for contupldiiae| yndnicd Wersan 18che! PdIRWIAP Bescrption 288 Wit 'edhad Lacl ude an
arm 132 and a suspensi on assenbly 134ﬁg§uppolrb?ed 10 at aedéiést({aﬁiké% 136 of

the ar md &R indicsy BBRNFACK aRABBIEMY rdatfiniBY obdiclibfie §imiHr§?f;%F|oX,£%Upp0f ted

slider 200, which in turn carries one or nore ansducers own in
FIG 1) HBE 1k ' ' r, retrieving data from
t he madieuﬁ] 189?81‘6?# Etﬂ?ﬂ%iﬁgeﬁh{eb# B{fitraansguqbvgﬁgagghr %%déwgtﬁcﬁpteéﬁ' d noved to
different tr t 1S different radial |lqcations on the nedium
T2, 515" Fi o T8 xnddim, J s mBupled B:4 Sk btor, P2, Qopitie covpiad tbzSaucer ot
certain raﬁ)iéa‘llt% I ocg}t]i ons orba medi um 102 and its correspondi ng track
pi t ch. ARYCUFRYAEE4 it (5B be fotaled 145 @t desyed fpegds chuing conesaiiom
transducer and a data track 110 due to different axes of rotation between
an act ud¥ss spedmedaRdthendiscririveurusing RfeissResecandl motanatidfh soferably a
negative value to a positive value 20 as the transducer noves from an inner
edge 10gouplednitter ciealifey TI@8, dbr tdoatrollably driving an actuator 130. The
actuator 130 may include an arm 132 and a suspension assembly 134 supported
10 at adistal end 136 of the arm 132. The suspension assembly 134 may include a
flexibly supported slider 200, which in turn carries one or more transducers (not
shown in FIG. 1) 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 on the medium 102.
15 FiGs. 2A, 2B and 2C illustrate the arrangements of a transducer at certain
radial locations on a medium 102 and its corresponding track pitch. As
mentioned earlier, a skew angle is introduced between a transducer and a data
track 110 due to different axes of rotation between an actuator path and the
medium 102. The skew angle changes from a negative value to a positive value
20  as the transducer moves from an inner edge 104 to an outer edge 106 of the
medium 102. For any medium, there is a certain radial location between the

inner 104 and outer edge 106 where the skew angle is 0 degree (°). This zero

skew position varies according to the form factor of the medium 102, type of




medi um 102. For any nedium there is a certain radial |ocation between the
i nner 104 and outer edge 106 where the skew angle is O degree (). This zero
skew position varies according to the formfactor of the medium 102, type
of 5 slider and transducer size. At the zero skew position (FIG 2B),
track pitch (TP) nmay approxi mately equal the witer wwdth (VWy. At a
negati ve skew position (FIG 2A), the transducer fornms a skew angle (3
with the track tangent, where the skew angle and track pitch have a

rel at i ofifAPpANGARSEYAes iz At ther Aeroskem BosMbIs (G, RB) N pitsh (1), where
W5 is the witer or magnetic gap and WVis the witer width. At a positive

skew poguay app(oXingate\Cequalnthet weites dvidtr (WVY)TS A2 a akgitivin skéw ositloh t he
track tangent, where the skew angle and track pitch have a relationship

repr eserfFiEl 28), thef pamduzel Rrms\iEskéw angle 5 Wi/ the SracktanddntSHAkhe €
appreciated fromFIGs. 2A, 2B and 2C that the track pitch at zero skew 10

pOSi ti OBkew &G lapd tfréa@Faéh haié @@étﬁdnﬁﬁﬁ{%réﬁ@%‘?@a% E@ﬁ‘ﬁﬁ L.ons. The

effect of zero skew position on areal den romt he
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-concur r &SRR repfesRNted by 3 IMUIB A B WG Simdu) + ¥90hees . |t should
be appreciated from FIGs. 2A, 2B and 2C that the track pitch at zero skew

10 position is smaller than at both positive and negative skew positions.
The effect of zero skew position on areal density will be apparent from the
following description relating to a one-inch disc drive in which a transducer has a
writer gap of 100nanometers (nm) by 300nm. Reference is now made to FIG. 3,
which iliustrates the variation of track pitch as skew angle changes across the
15  radius of a medium 102. For illustration purposes only, skew angie at the outer
edge 106 of a medium 102 is arbitrarily configured at 5°. As the transducer
moves inwards from the outer edge 106, the skew angle changes from 5° to 0°,
and track pitch concurrently decreases from about 308nm to about 300nm. As
the transducer moves further inwards, skew angle changes from 0° to about -17°
20  atthe inner edge, and track pitch increases at a polynomial rate to about 316nm.
With the increased track pitch required at both positive and negative skew

positions, average data frack density of the medium 102 is reduced.




t he transducer noves further inwards, skew angle changes fromO to about
-17 20 at the inner edge, and track pitch increases at a polynomal rate to
about 316nm Wth the increased track pitch required at both positive and
negative skew positions, average data track density of the nmedium 102 is
reduced. 6 Reference is now nade to FIG 4 illustrating the variation of
bit size as skew angle changes across the radius of a nedium 102. As the
skew angl e increases both positively and negatively towards the outer edge
106 and i nner Refatgacel i nowsmadei toef 3. 4 illustrgting thexvhriatiea of bitrsizniased to
accommodate the 5 transducer wi thout overwiting to adjacent tracks. Wth

t he i ncr ekavedchrigie chauges merpssrihe @idiushef pasediuwe 18d qunéiske\nﬁlsﬁ’qlé
positions, average linear density of the nedium 102 is reduced. 1t foll ows

that aveirepeasesadth dossitiviely hﬁdrr@@laﬁe@ly&bwamsaﬂhe%uteﬁaab%wdedaﬁ@in rt's per

unit area) is the product of data track density (KTPI')“(kilo-tracks per

inch, 18468 104 REspREivEl2E SarBeF tFRRI seal %%c{lgrﬁ{apgq l#ﬁﬁ@%@@%é KBPI )

(kilo-bits per inch, or data bits per circu

' ' i t. technical benefit b
o ovi o oAtk S | SUERRAGAY 1o e TBfs. . TR (B ipbEReR! HiFER “ana i
t ' S | t tal st . ity.of th di | t t t
For "adai (1BaE 2toREohdile ShSBER SREN nekittne, eae: thase darmty of |

manuf act yri ng .equi nt.. According to one enbodi nent of the present
i nvent i oH'® 'Hgg'éfﬂ’ a@g‘gﬁ W“E?ga nmedi um may be increased by optimizing the

zero skew posjtion on a nedium )
It follows that average areal density is reduced since areal density (data

bits per unit areé) is the product of data track density (KTPI) (kilo-tracks per inch,
10 or number of tracks per radial length) and linear density (KBPI) (kilo-bits per inch,
- or data bits per circumferential length). On the contrary, the present invention
provides an important technical benefit by providing a method of increasing
average areal density of a medium, and in turn increasing the total storage
capacity of the medium, without the need for additional components or costly

15 modifications to existing manufacturing equipment.
According to ocne embodiment of the present invention, areal density of a
medium may be increased by optimizing the zero skew position on a medium
102. To this end, average recording or areal density is ascertained for a plurality
of zero skew positions across a radial length of a one-inch disc drive. The data
20 obtained therefrom may be presented as FIG. 5A. Referring to FIG. 5A, a
conventional non-skewed transducer provides a zero skew position at about

10mm from the outer edge 106 of the medium 102 and a corresponding average

recording density of about 4.5 Gigabytes per square inch (Gb/square inch). It is
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102. To this end, average recording or areal density is ascertained for a
plurality of zero skew positions across a radial length of a one-inch disc
drive. The data 20 obtai ned therefrom nmay be presented as FIG 5A.
Referring to FIG 5A, a conventional non-skewed transducer provides a zero
skew position at about 10mmfromthe outer edge 106 of the nmedium 102 and
a correspondi ng average recording density of about 4.5 G gabytes per
square inch (CGb/square inch). It is 7 apparent fromFI G 5A that several
zer o skeapparent fronms FAB. Hér thait iseutctat zermdkalw pdsititgishst esrtain anhéy &dwil
provi di ng even hi gher average recording densities. For exanple, a zero

skew poslengths ate edmalile DfproGidhgf even highePaisiagederoifify %n&ih?s. Mgl um 102
i s capabl e of providing a highest average recording density of 5 alnost 4.8

G/ squar exarfiple, alderd ekb@VFositiat atl dodub gnﬁﬁfsgs?r!‘cﬁki"trﬁ’é’ghfégggggf1 B 4 :t@g drive

I's appropriately configured at about 9mm 508 1 nstea y of the

medi um 104RRY 1R !i@@'aﬁ'gﬁ%dof 'rB\ﬂdﬁugfa[lﬁgﬁégti Mrgbéggéﬁgfdéﬁ%%{;ﬁ ikgvn“ce a

position, the one-inch disc drive presen
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present 1 nvention 1S apparent

medi um 102 _has bheen ascertai ne Si t he |l owi ng equation: Total
capaci tyls:aaprlqg_na%ly &0 95'@9[]3?@%9"9%%. 5&5 ippteads areal demgilysoiutee e t he
medi um 102 has bwo surfaces and KPBS refers to kilo-bits per sector. 15

FIG 6 s®edium {02 masbemadmizgdaci ties of. various data zones in the one-

With the reconfiguration of the zero skew position, the one-inch disc drive
of the present example may experience a total capacity gain of about 6%. The
10 capacity gain provided by the present invention is apparent from FIG. 6 in which
total capacity of a medium 102 has been ascertained using the following
equation: |
Total capacity = = No. of data sectors x £ No. of tracks x 2 x KBPS
where the medium 102 has fwo surfaces and KPBS refers to kilo-bits per sector.
15 FIG. 6 sets out the storage capacities of various data zones in the one-
inch disc drive having a conventional transducer and storage capacities of the
data zones in the same disc drive having a physically skewed transducer of the
present invention. With the present invention, data tracks 110 nearer the outer
edge 106 (e.g. zones 2 to 6) experience increased storage capacities due to
20  increased track density near the outer edge 106. Although certain other regions
within zones 7 to 15 experience a loss in storage capacities, the cumulative

effect is a net gain in total storage capacity of about 6%. The net gain is due to




inch disc drive having a conventional transducer and storage capacities of
the data zones in the sanme disc drive having a physically skewed
transducer of the present invention. Wth the present invention, data
tracks 110 nearer the outer edge 106 (e.g. zones 2 to 6) experience

I ncreased storage capacities due to 20 increased track density near the
outer edge 106. Although certain other regions wthin zones 7 to 15
experience a loss in storage capacities, the cunulative effect is a net

gai n i n anoingleasedrteapk densilyiafydatd trabicut 18 teafreheetutgeédyd $06lue well 8 an
I ncreased track density of data tracks 110 nearer the outer edge 106 as

vel | asasan inoreasedditichi densitydelnish is/propbaionabtd g Idrigemal to radi al
| ength. Reference is now made to a flow sequence 700 of FIG 7 illustrating

the method eféreRce i oM maaéetetaﬂawas%q@aabé%ot@f A A fiulirhifg fe any form
factor. 5 Various specifications of a disc drive may be ascertal ned 704,

for exarmétﬁodtdfatﬂégﬂggénpl RGPS 2 Cdpﬁ.@&%gﬁgfséﬂﬂx?& Fy}r&%ﬁﬁ agﬁéham ¢s of

t ransducer trans er-to-di sc spaci ng, arm di di um
di nensi : n [ e nedi ecordln radi us
of tﬁe qmfs\%wub (f'ﬁc{aggg% fg %gs#tﬁﬁ '%’853’ %%C?"ng]eﬁg %@ OhHAFP!Hi t s per
i nch) ofr ﬁ di sg drive '?}% non- SF: transducer. Wth these
speci fi dABIUET diMgnRons. f&ﬁ uEﬁbéEF‘P?ﬁ PYRIFRlaMsichanice ofstransduicebd for the
disc. A desired capacity indicator level is then selected 712 to neet
certai n IANSAUGR- Eéﬁ%&lsp c'PSq@i'?@"nﬂHﬂsdmpﬁﬁfoéﬁar'ﬁ!ﬂfﬁl,lmi gimansians, rrrgri red to
maxi m ze storage capacity, the capacity indicator |evel 508 capabl e of
“provi di fecardioniadius (fathe mashun: putes espedingdradivé of ¢he anedispording zer o
skew
recording density (e.g. in tracks per inch or bits per inch) of the disc drive having
10 a non-skewed transducer. With these specifications, a plurality of capacity
indicators are ascertained for the disc. A desired capacity indicator level is then
selected 712 to meet certain storage capacity requirements. For example, if it is
required to maximize storage capacity, the capacity indicator level 508 capable of
providing maximum storage capacity is selected and its corresponding zero skew
15 position is ascertained 716. To ensure that the transducer 800 consistently
forms a zero skew at this radial location to provide the selected capacity
indicator, the transducer 800 is physically skewed at an appropriate angle in
relation fo the slider 200. [n the present one-inch disc drive, the physical skew
angle is ascertained 720 as approximately 8.59° relative to the slider 200, and
20  preferably fo the frailing edge 212 of the slider 200. The physical skew angle

value is the natural skew angle of a conventional transducer at this radial location

if the transducer were not physically skewed.




15 position is ascertained 716. To ensure that the transducer 800
consistently forns a zero skew at this radial |location to provide the

sel ected capacity indicator, the transducer 800 is physically skewed at an
appropriate angle in relation to the slider 200. In the present one-inch
di sc drive, the physical skew angle is ascertained 720 as approximately
8.59 relative to the slider 200, and 20 preferably to the trailing edge 212
of the slider 200. The physical skew angle value is the natural skew angle
of a conventi GreRint varigtioree to ahet hbsve adtiylbd pesdticed adcdording to amsucer
were not physically skewed. 9 Certain variations to the above may be

pract i cedmbodimelits pfttheqirbeent HVBALBHTENVRIOthd BBoWY 8886 bds¥&B tii@‘ Wi le
t he above describes selecting a maxi num capacity indicator valu ?or

i npl enenfrigximin®  EASadiyeRRatoM VSR fziwimﬁPérﬁéﬁti:fggW%éYpr%&&'ﬁtcﬁ%ﬁ%aérﬁ' ues may

alternatively be seleCted according to storage requirenents

above- Megfiep Bﬁ%&@@ﬁ&k&iﬁr%@ﬂié&%&? %ltéﬁn%ti@égggfs%g%téﬁgg,@% lrnaqu‘iﬁfgfggégi A

density or area nsity ts per unit ar
ot hers st ity for . as physical .densit bits per unit
vol urr%) , R%)F aE E% g‘?%r aé- ecgggg?ﬁ&g'fo"?ﬁeC%@%‘?'&m'”“ﬁ?ﬁiﬂr%é%i BXRIERRRI 1. FI G
5B il lustrates thetﬁgri ti@n of bit &gﬁgcity of the same one-inch disc 10
drive i ndYYPHP ETOIUNG ANtk gEral  Jesisity dbHgi Rere Hblt \@ren), At max be
maxi m zed storage capacity is provided at 508 where the zero skew position
is at abB¥Rres $ otharsieraggtdansity derms suah @s lysigal densityd(bits peagait capaci t y
is provided at 504 by a conventional non-skewed transducer having a zero
skew posVeluge).aar as storage capacity of the medium, such as bit capacity.
FIG. 5B illustrates the variation of bit capacity of the same one-inch disc
10 drive in relation to zero skew position. Consistent with FIG. 5A, a maximized
storage capacity is provided at 508 where the zero skew position is at about
9mm from the outer edge 106 whereas a reduced storage capacity is provided at
504 by a conventional non-skewed transducer having a zero skew position at
about 10mm.
15 FIG. 8 illustrates a partial schematic view of a transducer 800 on a slider
200. The slider 200 includes a body 204 with a surface 208 (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 200 will be in
relative motion to each other. For example, the second motor 128 may hold the
20 actuator 130 somewhat stationary while the first motor 120 keeps the medium
- 102 in rotation. At such a time, a point on the track 110 will first see the leading

edge (not shown) of the slider 200 followed by the air bearing surface 208, and

finally the trailing edge 212 of the slider 200.
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about 10mm 15 FIG 8 illustrates a partial schematic view of a transducer
800 on a slider 200. The slider 200 includes a body 204 wwth a surface 208
(referred to generally as the air bearing surface) that opposes the nedium
102 when in use. Wien the disc drive 100 is in operation, the medium 102
and the slider 200 will be in relative notion to each other. For exanple,
the second notor 128 may hold the 20 actuator 130 sonewhat stationary while
the first notor 120 keeps the nedium 102 in rotation. At such atine, a
poi nt on t he TtheatansdLgeni8OP i iaffixedstecthe Istidére200 agd mrdvided vith 5heiey of the
slider 200 followed by the air bearing surface 208, and finally the

trail i ngpostiigre abti2a aleate pertiarer THOwrildt gdréioh risnagatear pRfindie @f fiexed to
the slider 200 and provided with a witer portion and a reader portion.

The wri ttesfligoledgen212. | et editdr puitiAt MayOiddifle o bhided ;ﬁﬁé’eq]o%flipr dThe
ead-

witer portion may include a contact polé 804 for neasuring I sc

| car e 5 DSaRKCBAREL Wl O SerBull LA 4 B, O

j uxtaposed with the contact pole 8 gat hering mag emtted
reader norrh BRRrasy KR oftlaw) B PEHRRINNE Ao RIS 3551 b 1 nol ude
o1 erent B1HeA 3R} iR 8330y Betharelciiarataytiseroming: Tom shi el d -
From 1 BRI ACHRE rerolRbPg G 0 adoes LRt besippluerecpd t hat

ot her tyges of transducer, such as_
return pole 816 for gathering magnetic flux emitted from the writing element 812.

A reading element 820 is interposed between a bottom shield 824 and a top
10 shield 828, which are used to protect stray magnetic flux from interfering with the
reader signals. It should be appreciated that other types of transducer, such as
for longitudinal magnetic recording, are equally suitable in the present invention.
According to one embodiment of the present invention, the transducer 800
of the present invention is arranged at an angular displacement (8) in relation to
15  the slider 200. More particularly, the angular displacement is relative to the
trailing edge 212 of the slider 200. For the foregoing one-inch disc drive, the
angular displacement is ascertained at about 8.59° relative to the slider 202.
This angular displacement provides the medium 102 with the predetermined zero
skew position capable of providing the medium 102 with the selected storage
20  capability.
Embodiments of the present invention may be implemented in disc drives
of various form factors to achieve larger capacities. In the present description,

the form factor of a disc drive generally refers to the physical dimensions and
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for |ongitudinal magnetic recording, are equally suitable in the present

I nvention. According to one enbodi nent of the present invention, the
transducer 800 of the present invention is arranged at an angul ar

di spl acenent (6) in relation to 15 the slider 200. Mre particularly, the
angul ar displacenment is relative to the trailing edge 212 of the slider
200. For the foregoing one-inch disc drive, the angular displacenent is
ascertained at about 8.59 relative to the slider 202. This angul ar

di spl acesbape pf e dise drive. rihe presednveéntiont dan ipe pdeticatarynedfaidoformkew
position capable of providing the nedium 102 with the selected storage 20

capabi | i factorSrdroallerehas teb-dritea hatfSectes] ay eichaisdaHvEE mdjPh@BNASE | n disc
drives of various formfactors to achieve |arger capacities. In the

present tesadhigld othe ddaftellosiBrige!t QdpaRiticd Fhtigf! icHs egal | ers to
t he physical dinensions and 11 gf\apep of the di gc éI:ri CgﬁaTF\@é pléré(]agstgﬁt

| nvent | oBInEkigHs BATiERI o/ ARLEAnnbAENE OBy SAFHOES P EBMLSLGED

t wo- and- a- hal f inches, as such rives may n

two- and ‘nches, it tbe dbreT Sodenreve
it or bl G LRI CRRE e el B Bl 280 B Tl B biSiel =L T4 ¥rR: e
di dri ti . Sk | | ti t 14.8 f
the. i nnelromite, MAKE ofidec Bhe¥ RarBldh Bhtseimsnsiantot oL araispac dri ve

conponents, it y .hot be ssible to inplement this optimum zero skew
°°"|"H9'E'%’§§; Ity nay t’\@?ﬁ%ﬁt iRPEsipls do JmplerpeRt this noptyumezenopbkewnt ed by

posi tion.
shifting the zero skew position 5.6 degrees towards the outer edge of the
position. Instead, an alternative zero skew position may be implemented by

shifting the zero skew position 5.6 degrees towards the outer edge of the

10 medium therefore resulting in a reduced storage capacity. According to an

embodiment of the present invention, the zero skew position can be repositioned

at the optimum zero skew position (i.e. shifting the zero skew position 5.6°

towards the inner edge of the medium) by physically skewing a transducer at 5.6°

relative to a slider supporting the transducer. This way, storage capacity is

15 increased by 4.5% without the need to undergo any costly re-design of the

mechanical aspects of the disc drive. Capacity gain may differ for other form

factors and transducer type, or for disc drives of the same form factor but
different mechanical designs.

The present invention is thus particularly advantageous as it provides a

20 low cost solution to increasing storage capacity. Additional tooling and

processing to implement the physically skewed transducer are minimal. Slider

flying dynamics, such as pitch, roll and fly height are relatively unchanged as

compared to a slider having a non-skewed transducer. It is therefore relatively

12




10 nediumtherefore resulting in a reduced storage capacity. According to
an enbodi nent of the present invention, the zero skew position can be
repositioned at the optinum zero skew position (i.e. shifting the zero
skew position 5.6 towards the inner edge of the medium by physically
skewi ng a transducer at 5.6 relative to a slider supporting the
transducer. This way, storage capacity is 15 increased by 4.5% w t hout the
need to undergo any costly re-design of the nmechanical aspects of the disc
drive. Gasi@AndychpAmiardhe dnanufacticer totimplerhentrembadinmrds anthed prrgesucer
type, or for disc drives of the sane formfactor but different nmechani cal
desi gns.inwgiopr e§emther,nthenpresent Sntdniidnpir bheallyaapilicuibia Tl SRS |t
provides a 20 | ow cost solution to increasing storage capacity. Additional

t ool i ng rasdificatione fstiiNErebSing HROAEB Raph &ty HHYiSE ARléY hﬁ\%gﬁgﬂﬁr&ﬁ%@gﬁacer are

mnimal. Slider flying dynam cs, such as pitch, rol ght are

rel ati vebym e 0aASddcer fgm&daﬁ\?ce)ﬁr@,sgfiggggg@vi ng a non-skewed

transducer. It is therefore relati y and cheap for the
manufsact ur er I i f resent _invention. Further,

t he 8r esent ilttnf\%etlr?trr[lR %;ﬂﬁ:ﬁ%&ggﬁ@%”@ﬁ%ﬁF@ggfjﬁ-ﬁ?@st\wﬁ&ﬁ F‘BB‘F"@"E kﬂ)ﬂ’quiecati ons)
for incr LN t or capacit f di drives. having other medium form
fact or, Sﬁﬁ%hs@u@& afa‘gﬁﬁ{‘} &8{‘8@%@3% ?éﬁl‘?ﬂ@?@?i%f;?tﬂﬁ‘. a%d| pracce ofpihe

under st ood that other e'gbr?di ments wil|l be apparent to those skilled in the
art fromfetidi BYeniiqon oHrthermore. ceRRAIpAlarminalegy Mascbeer used: fas ther esent

i nvention. Furthernore, certain term nology has been used for the
purposes of descriptive clarify, and not to limit the invention. The embodiments

and features described above should be considered exemplary, with the

10 invention being defined by the appended claims.

15

20
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pur poses of descriptive clarity, and not to limt the invention. The

enbodi nent s

and features descri bed above shoul d be consi dered exenpl ary,

with the 10 invention being defined by the appended clains. 15 20 13

C ai ns
nmet hod

1. A nethod of configuring a disc drive for increased capacity,

t he

conprising: ascertaining a plurality of capacity indicators for a
plurality of zero skew 5 positions on a nediunm selecting a first of the

plurality of capacity indicators; ascertaining a transducer orientation
configurediM® provide a first zero skew position corresponding to the
first capacity indicator; and providing a transducer with the transducer
ori ent atli on. A r@tiod Bheonfigiroy afdist diive Tor inkessien ddpRicity amedwetiod

orientation includes an

angul ar di spl acenent between the transducer and a

slider soppoisiigng the transducer. 15 3. The nmethod of claim2, wherein
each of the plurality of capacity indicators is one of areal density,

physi cal denaséattaiRing & FM#IIfyYoraEkpaeity IidCatb AP RS 4 Yluhiith N 218 Tk

5  positions on a medium;

selecting a first of the plurality of capacity indicators;

ascertaining a transducer orientation configured to provide a first zero

skew position corresponding to the first capacity indicator; and

10

2.

providing a transducer with the transducer orientation.

The method of claim 1, wherein the transducer orientation includes an

angular displacement between the transducer and a slider supporting the

transducer.

15 3

The method of claim 2, wherein each of the plurality of capacity indicators

is one of areal density, physical density, bit capacity and storage capacity of the

medium.

4.

The method of claim 1, wherein the first zero skew position is capable of

20 providing a first storage capacity that is larger than storage capacities capable of

being provided by remaining zero skew positions.

14




4. The nmethod of claim1l, wherein the first zero skew position is capable
of 20 providing a first storage capacity that is |arger than storage
capacities capable of being provided by remaining zero skew positions. 14
5. The method of claim1l, further conprising ascertaining a plurality of
specifications of the disc drive for ascertaining the plurality of capacity
indicators. 6. The nethod of claim5, wherein at |east one of the
plurality of 5 specifications is one of transducer dinensions, transducer
shape, %ysi ddie meibedrefcslain 1. furtherceomplising sakoeemirting i pturapgcong,
slider arm di nensions, nedium dinmensions, inner recording radius of the
medi um spetificatietooftheglisa drilieufor acdrtuining dhel pluralily bPeastiIndlemsidy. 10 7.
A slider conprising: a body defining a slider orientation; and a transducer
affi xed to the body at an angul ar di splacenment relative to the slider
orientation, the angul ar displacenent is configured to provide a

p1ned

pr edet ergri nedhee rAethisd WoP Oglain 05, Qi jtu I g ¢ e
zero 15 skew position is sel ected to&S{ﬁg\%tdieBagy\?ﬁ%t&céﬁgcp{uy”ﬂﬁd{;cator to

t he di ; ; sl ider.co 0 7 LN first capacity. indicator
is SETI3 ecsP gglﬁg?tc')ﬁ%g I§p‘?'ﬁ§reaqfi Er?/ﬁgb C(g\épcg% §r°?'§m*§:4§k%8P§emf‘éﬂ ’arpg'yg'gﬁlertai ned
for a pl i ositipns. on the medium 20 9. The slider of
claim 8,rHé ea'r“@én8@&@*‘?&%%’3%%@8%&'@?0i PAHY: otiider M dimensions,

medium dimensions, inner recording radius of the medium, outer recording

radius of the medium and recording density.

10 7. A slider comprising:
a body defining a slider orientation; and
a transducer affixed to the body at an angular displacement relative to the
slider orientation, the angular displacement is configured to provide a
predetermined zero skew position on a medium, wherein the predetermined zero

15 skew position is selected to provide a first capacity indicator to the medium.

8. The slider of claim 7, wherein the first capacity indicator is selected from a
plurality of capacity indicators which are ascertained for a plurality of zero skew
positions on the medium.

20
9. The slider of claim 8, wherein each capacity indicator is one of areal

density, physical density, bit capacity and storage capacity of the medium.

15




density, physical density, bit capacity and storage capacity of the nmedium
15 10. The slider of claim8, wherein the predeterm ned zero skew position
is capable of providing a first storage capacity which is larger than
storage capacities capable of being provided by remai ning zero skew
positions. 5 11. The slider of claim8, wherein the plurality of capacity
indicators are ascertained based on a plurality of specifications of a

di sc drive. 1%. The slider of claim11l, wherein at |east one of the

pl ural i 1) of T8BeYider 4Gl 8. whegpie e predateaminad aereeskavemositionassducer
shape, physical nmechanics of 10 transducer, transducer-to-disc spacing,
slider &sapakipnehdirevidingnadifitah stioragesicapacity iwhich riecargémdharaditoragef t he
medi um outer recording radius of the mediumand recording density. 13.
The sl i depadfiestapabld of baiag girovitiéc b oetyainivg zeleskewt pasitidrag edge havi ng t he
15 slider orientation. 14. The slider of claim 13, wherein the transducer
includes a witer portion and a reader portion, both are arranged at the
angul ar di splacenent relative to the slider orientation. 20 15. The slider

of ckaim13, THBesiRleR dfh8lalh 38‘,5%6%50itﬁeaﬁlﬁ%ig}e%{g&p%cﬁfqhai%toré Qpgtion on

the slider and proximate to the trailing e
ascertained based on a plurality of specifications of a disc drive.

12. The slider of claim 11, wherein at least one of the plurality of specifications
is one of transducer dimensions, transducer shape, physical mechanics of
10 transducer, transducer-to-disc spacing, slider arm dimensions, medium
dimensions, inner recording radius of the medium, outer recording radius of the

medium and recording density.

13.  The slider of claim 7, wherein the body includes a trailing edge having the

15 slider orientation.

14.  The slider of claim 13, wherein the transducer includes a writer portion
and a reader portion, both are arranged at the angular displacement relative to
the slider orientation.

20
15.  The slider of claim 13, wherein the transducer is arranged on a central

location on the slider and proximate to the trailing edge.
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