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(57) Abstract: The present invention comprises an implementation of a variable data TPT hard drive system. In one embodiment,
the system is implemented by configuring a group of servo tracks in a radial direction for a hard drive media. The group is comprised
of an integral number of servo tracks that is constant throughout the drive device. The nuraber of data tracks in a group is also an
integer but will vary for each surface according to the head used for R/W operations for each media surface. Group boundaries
coincide with media surface RF'W zone boundaries. The groups are accessed in hard drives having multiple surfaces in a serpentine
manner. Data tracks per group are reduced from what is achievable to produce desired target capacities.
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Copyright Notice [0004] A portion of the disclosure of
this patent docunent contains material 20 which is
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Field of the Invention

[6007] The current invention relates generally to reading and writing to an
clectronic storage device having at least one recording surface, and more
particularly to reading and writing to an electronic storage device having at least

one recording surface using a variable data track per inch format.

_ Background of the Invention
[0008] With the advances in disk drive technology, the geometry of magnetic

rec::ording heads and corresponding data track pitch is continually becoming
smaller. As the heads become smaller, the acceptable range of a head’s writer
width that can be used for a hard disk media surface with a static data track per
inch (TPI) format becomes smaller as well. Thus, controlling the writer width
to within a percentage tolerance becomes increasingly more difficult. As
illustrated in FIG. 1a, a distribution 100 of typically available head writer width
versus the probability of the available heads being acceptable for use in a hard
drive is illustrated in FIG. la. As head writer widths vary from 0 to W, the
probability p that a head will be acceptable within a hard drive attains a
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reading and witing to an electronic storage device
having at | east one recording surface, and nore 15
particularly to reading and witing to an electronic
storage device having at |east one recording surface
using a variable data track per inch format.
Background of the Invention [0008] Wth the advances
in disk drive technol ogy, thé geonetry of magnetic 20
recordi ng heads and correspondi ng data track pitch is
continually becomng smaller. As the heads becone

S Rbiffum bvBaREEEP hel8 wiaihGe,. AllsaBld 1Rads Bayld wilkh within a

wi dt h tha%, can be used for a hard di sk nedia surface
wirehgesofay, arhich certtaing ﬂ@mdﬁﬂdlavmgﬁbh h:(gheut)arcﬂnbﬂﬁy As

b I l

CRATRo R 12 Sl b F e B A R NGl it
| NEdRBRnNEhok paRischofrhitGitists ardend®,.i TYpisdinattRdangy &b
la, a distribution 100 of ty ghcal 'y avail abl e head

wrdcpenrialie serer Wikt is sopl, thers Bmitingthe pumher efiragruiastered

head C n a hard drive is

i 119 éﬁ &% g%?%n&ﬁ%ﬁéagﬁog?&%smﬁea 'vvri ter widths vary

f rjo00d) AGall ddivesyseiro b5inlacéordinck Réith @dlmfbdymelit of €he
acceptable within a hard drive attains

2 quisr @843 siovaciy X6 dba Hoodrdrivie Systeﬁhkﬁmuéﬁ%hﬁﬂ drig 1p1

¢ RSB A Gy o B SIBE PAS BN Br e L0, Yol Bnfoller

hi glte tdad prrite @hbdriel ¥14,Agpreamp 116, voice coil motor 108, spindle motor
104, actuator 106, head 105 and disks 102. Hard drive 121 may send and
receive information with host(s) 122, In a standard data write operation, data
write information is received from host 122 by the disk confroller 118. The data

to be written is sent by the disk controller to read/write chanmel 114 and data
write instructions are sent to microprocessor 120. The microprocessor sends a
signal to the servo controller. The servo controller then sends signals to the
voice coil motor 108 to position actuator 106 to the data track and sector of disk
102 to which the data is to be written. Once the data track and sector are
selected and the head is aligned with the desired data track, a signal from the
servo controller to the read/write channel, in one embodiment, enables a data
write operation through the preamp 116 to the disk 102. Throughout write
operations and similarly executed read operations, the spacing between data
tracks is uniform.

[0010] Variable data TPI hard drive systems where data and servo TPI are
chosen arbitrarily have been slow to evolve becanse they involve complicated
software and mathematical processes. For this reason, variable data TPI

methods are not very well developed in the electronic storage device industry.



illustrated in FIG 1 a, a range a of acceptable
witer wwdths in a hard drive with a constant track
ﬁer inch format exists around wp. Typically, the range
WO 28N ceptabl e witer widths is small, thePEhySz003/007521
limting the nunber of manufactured heads that can be
used in nodem hard drives. [0009] A hard drive system
150 in accordance with one enbodi nent of the prior
art is shown in FIG |b. Hard drive system 150
includes a hard drive 121 wth parts including a disk
controller 118, m croprocessor 120, servo controller
10 110, read/wite channel 114 a preanp 116, voice
coil notor 108, spindle notor 104, actuator 106, head
105 and di sks 102. Hard drive 121 may send and
r €CEIRaeid MbGEd R %aﬂ!e?ﬁtahﬂqtssrﬁ%m]aﬁa métRodtiat SR afks the
data wite operation, data wite information Is
r ec timitetiods and dissslvaritagesiof thepriodiagk control l er 118. The
data to be witten is sent by the disk controller to
read/wite channel 114 and data 15 wite instructions
are sent to mcroprocessor 120. The mi croprocessor
sends a signal to the servo controller. The servo
controller then sends signals to the voice coil notor
108 to position actuator 106 to the data track and
sector of disk 102 to which the data is to be
witten. Once the data track and sector are selected
and the head is aligned with the desired data track, a
signal fromthe 20 servo controller to the read/wite
channel, in one enbodi nent, enables a data wite
operation through the preanp 116 to the di sk 102.
Throughout wite operations and simlarly executed
read operations, the spacing between data tracks is
uniform [0010] Variable data TPl hard drive systens
where data and servo TPl are 25 chosen arbitrarily
have been slow to evol ve because they involve
conplicated software and mat hematical processes. For
this reason, variable data TPI



nmet hods are not very well developed in the electronic
storage device industry. WO 2004/ 084189

4/ 007521 4 What is needed is a varl
w$§i{(§4@§§1{(§gm and nmet hod that overcones the ?iﬁ{sg'ﬁg/%mszl
and di sadvantages of the prior art. WO 2004/ 084189

PCT/ US2004/ 007521 5 Summary of the Invention [00111
The present invention conprises an inplenentation of a
vari able data TPl hard drive system |n one

enbodi nent, the systemis inplenmented by configuring

a group of servo tracks in a radial direction for a
hard drive nedia 5 surface or Surfaces. The group is
conprised of an integral nunber of servo tracks that
is constant throughout the drive device. The nunber of
data tracks in a gr%ﬂnhﬁrgbfﬂleaﬁvleﬁ%ﬁﬂer but may
vary for each surfac ead used for
R Wai\ié} dhe preseﬁtcmvdnhen wvenlprass anfiapkEmeGiation of ewadable data
coi surf e..R'Wzone boundarj es. e
o onBLhsH P eviie: i S lffudest BRaSse S oRnleERaY
2! BTAAAL R R OFsc¥R ERRILOBAUI AREHIBPORMOCER Imecic

6 Brief Descrlptlon of the Drawm ngs [0012] FIGURE | a
h s surfick lon surfages.oBho group @ enmmirised pHan tcgralaumbrer Déservo

1 e s G BBt iR e eifpaSioe Tyl 87 et ot i
|| Bgtduplis 8o @n hﬁééier%t MRy XS8R sREEEY 488 gNotthe head

the "prior art.
used for R/W operations for the media surface. Group boundaries coincide with

media surface R/W zone boundaries. The groups on multiple disk surfaces are

- 10 accessed in a serpentine pattern.



[0014] FIGURE 2 is an illustration of a distribution
of head witer wdths acceptable for hard disk drive
ite/read use in accordance with one 10 enbodi nment of
W%@‘@P‘b‘g nt invention. [0015] FIGURE 3 is an PCT[UEZOO‘”“MSZI
illustration of a representative sector map of a hard
di sk surface in accordance with one enbodi nent of the
present invention. 15 [0016] FIGURE 4 is an
illustration of servo information on a hard di sk
surface in accordance with one enbodi nent of the
present invention. [0017] FIGURE 5 is an illustration
of superinposed servo and data track information for
two hard di sk surfaces having different head witer
widths in 20 accordance with one enbodi nent of the
present invention. glPhelertiddE the Diaftfhds! | UStration
of a side view of SK faving d erent data
TPI [00d2] EK#URE Unfimaeilustrattrorfcatistebutidriho fdreed enmbiadividest

of the nt i.nyention. 25 .[0019] FI.GURE 7a is an
iII%@FPtﬁﬁe%aﬁEﬁ*d Ql% Veiw/g?adglsﬁa} egrekadyr f ace used
in serpentine RRWin accordance with one enbodi nent

of the present invention WD 2004/084189
SPCTI0033DBHF0RE S D is arvilfusmaitin #haBURE v bystem émaccordance with the
illTustration of a side view of a hard disk surface

us R4 ser pentine RFWin accordance with one

enbodi nent of the present invention.- [0021] FIGURE 8

is an illustration of a nmethod for representing data
t r ak9014] FEIIRE2dn an dlustraten ofsrdigobntiomplisiad ivedter widths

" ERERAE o B GBI R6h R & PP one

10  embodiment of the present invention.

[0015] FIGURE 3 is an illustration of a representative sector map of a hard disk

surface in accordance with one embodiment of the present invention.

15  [0016] FIGURE 4 is an illustration of servo information on a hard disk surface

in accordance with one embodiment of the present invention.

[0017] FIGURE 5 is an illusiration of superimposed servo and data track
information for two hard disk surfaces having different head writer widths in

20 accordance with one embodiment of the present invention.

[0018] FIGURE 6 is an illustration of a side view of a hard disk having
different data TPI for each surface in accordance with one embodiment of the
present invention,

25
{0019] FIGURE 7a is an illustration of a top view of a hard disk surface used in

serpentine R/W in accordance with one embodiment of the present invention



8 Detailed Description [0022] The present invention
conprises an inplenentation of a variable data TPI

Lve system |n one enbodi nent, the sys '

W?%ﬁ@%%ed by configuring a group of servo %&%200?’307521
a radial direction for a hard drive nedia. 5 The group
is conprised of an integral nunber of servo tracks
that is constant throughout the drive device. The
nunber of data tracks in a group is also an integer
but will vary for each surface according to the head
used for RRW operations for each nedia surface. Mdia
surface R'Wzone boundaries arffe placed on group
boundari es. The groups are accessed in hard drives
having 10 nmultiple surfaces in a serpentine manner. If
t he[oaSHIPEITIIRE 7866 ASBIuSHAtRANT a SAdd RSW o8 h BHRBdisk B face used
serpentine swtches surfaces at group boundari es.
[ 0023FrpEhtine/RIW ab kesotdange With angpinbodment obthegiresehianvention.
present invention allows for data tracks to be
| ocated at a different spacing for different disk
s ur qoegﬁpmem 8riad {Iehdion ¥ Mathba mﬁeﬁ%@tﬂ Wata track

mentation of the present invention 15 allows for
5d i flfeéu@tm te gpfalelishi ges! eabaciewintacadndgnaetvaitis erreemipafiinent of the
hard drive based on the single head's witer w dth.
Thl@mﬁwgvPﬁg@n?or heads havi ng a broader range of
widths to be used in a hard drive. Since different
head wi dt hs maybe "inplenented for use with different
di sk surfaces, heads that normally couldn't be used
for a drive may be used. A drive that can use a
br oader range of head 20 widths allows a |arger
popul ation of the head pool to be used in drive
manuf acturing. As shown in distribution 200
illustrated in FIG 2 and di scussed WD 2004/ 084189
PCT/ US2004/ 007521 9



above, the range a of acceptable head witer w dths
for a drive that requires a generally uniform head
i.dth is small. In accordance with the present

‘W$%@%H?$%%, a wider range 0 of head witers cahChHSEYag7521
in manufacturing of hard disk drives. In this case, a
| arger range ,|1 of acceptable witer wdths exists 5
around wp. [0024] As is known by those in the art, a
hard drive disk surface is divided into data sectors
and servo wedges that together conprise concentric
tracks. FIG 3 is an illustration of a sector map of
a hard disk surface 300. FIG 8 is intended to
represent a sinplified nodel of a hard disk sector map
and not represent a 10 sector map required for use

Wi th the present inventhQQ; : 300 i ncl udes
servo wedges 310 and d béiepfelds . As shown in

FI ta sect.ors .are separated. b I vo wed .

cer 9230 1Bt BeS iR ER FormPiRE GP e legiroligt by vopeble dats
used to position the head i n _preparation for accessing

a daPhhaddriye sysiemt ppne cmbadiment theystemyis imgplemented by
sectors and servo wedges forma concentric track, as

15 strdiguring asdrauieof seradkacB8h a Gdimd dakétion fohe haplalrive media.
bet ween servo wedges is used for data. It may contain

3 esThé BRtpas CompPied ofbn Ll Mibed € sédb adlechais cdditant
one enbodi nent, servo wedges have a pitch (the servo

tr agﬁ'g%g ot dbvicd.! T iR ofiRG tﬁicfdiﬁ\%aoo%ggﬁ%sﬁaéso an

tra r exanpl e, to access data tracl
driy cCLreuifr oes .so fafter extensive

or| Hirest PREU by 50T GbB® bEor it e 150 vesgfonB/ W
2004/ 084189 PCT/ US2004/ 007521 '1(')-‘6%%0025 An X
i || aRerpignsdRr eachanedes spatape  Miedia susliac PR howndaresare
hard di sk surface in accordance with one enbodi nent
of plheshorgeup bonndanics.obhd grogpoawe aceesFdGn hard drives having

10  multiple surfaces in a serpentine manner. If the serpentine access extends
across groups, the serpentine switches surfaces at group boundaries.
[0023] The variable data TPI implementation of the present invention allows for
data tracks to be located at a different spacing for different disk surfaces.
Alternatively, the variable data TPI implementation of the present invention

15  allows for different capacities of essentially the same model hard drive based on
the single head’s writer width. This provides for heads having a broader range
of widths to be used in 2 hard drive. Since different head widths may be
implemented for use with different disk surfaces, heads that normally couldn’t
be used for a drive may be used. A drive that can use a broader range of head

20  widths allows a larger population of the head pool to be used in drive

manufacturing. As shown in distribution 200 illusirated in FIG. 2 and discussed



As shown, the servo wedge information pattern 400
i ncl udes preanble information 410, SAM i nfornmation
x information 430, track 5 identificgt]

W&g&gpﬁ‘g I on 440, and burst information 450, 4@%)#%%‘7)8‘,“'007521

and 480. Burst information includes servo bursts 452,

454, 456, 462, 464, 466, 472, 474, 476, 482, 484 and

486. [0026] Servo bursts are used to align a head on

designated data tracks. In a standard three pass

track servo wite nethod, three passes are nade per

data 10 track to lay dovvn the burst information used

to align a head with data trac,9ks whi ch are evenly

spaced every one and half servo bursts. Thus, as

illustrated in FIG 4, data track 492 is aligned

al camgve,Be T8 ﬁléﬁad@vﬁl@f WddSHr alddive fieat rdqRles a

edge of servo burst For a head to align with data

g%é ﬁulrﬁ an‘plhl f?[p‘g}as ?1 all}lr g?ge(?ggé%ﬁgﬂg%@e%g%&ﬁ
iiﬁéz‘%ert%éfigﬁ SePebEor Y WaRer PRSP g w%a%g%wgpfhard

data tracks _are well known to those in the art
[ 0ohsH diksse dn Hhis Farg, ailarges rage B.atiacesptahleivmider ayidths exists
swted to access data tracks spaced at different
5 ntarowal wp. Thus, for heads having different witer
wi dth, the data track spacing should be different.

Twopoeedess ianesh tiedtbs i Uhd A€ Q hed YAveSisk Bl:P@iddas dieTiled into
patterns with correspondi ng data tracks t hat

or CLES RS A1 R TR0 (el SR QoRA ARGl ke, 1 3
2 SeabLhFBALD 9%%’?%?3#38)?@%%%5@#%@% 1 RinfERced

different data TPl format for the upper and_| ower
surtpaersssent A sepplifisderdchehs harddisk seetoy grapapd pgt xppresent 2
possess simlar alignnment | ocat| ons for both nedia

10  sector map required for use with the present invention. Sector map 300 includes

servo wedges 310 and data sectors 320. As shown in FIG. 3, data sectors are
separated by servo wedges. A servo wedge contains servo information and may
be used to position the head in preparation for accessing a data sector location.
A set of adjacent data sectors and servo wedges form a concentric track, as

15  shown by shaded track 330. Generally, the space between servo wedges is used
for data. Tt may contain less than one, one, or more than one data sector. In one
embodiment, servo wedges have a piich (the servo track pitch) that is finer than
the pitch of data tracks. For example, to access data track 5000, the drive
circuitry does so (after extensive calculations) by seeking to servo track

20 7803.42,



surfaces. In another enbodi nent where servo tracks are
not sufficiently aligned 5 between ESD surfaces, an
ffs y be incorporated when converting fr
w@ﬁ@%ﬁ’%ﬁﬁtracks on the surface to | ogical tragEngszoommsn
processed by the ESD circuitry. Data track spacing
wll differ for each nedia surface according to the
width of the head's witer used to access that
surface. [0028] Witer head width and the optimal data
track pitch that the witer head 10 can wite to may
be determ ned in many ways. In one enbodi nent, witer
width is determi ned by detectilig the resol ution of
data tracks the witer is capable of witing to.
First, a band of data tracks is erased. Next, one data

tr afdm,si AnWThdi ﬁtanre,%arsem enfOiAistlon paftedn®oRAShata ang surface

the witer hea(jl 0 be neasured. The read head nmay the

pass. th t n [\ . for.the.l

b BRI ofE B SEineR SAE Rt iRalion RN idrG. 4
reads, . and fhen | eaves, the data _tr Wiften,

Si g%mséo‘ﬁ%ﬁlﬁ'q@ermwﬂa@ﬂf HRE A7t %8}5 mhu%éere@g%g
anplitudes will be detected. By analyzing the range of

si ginfbrenatien dd 0 A Mhmforowipa f2hgnd orpationed 3k inpek

tracks at which they were detected, the witer wdth
sray ideati feiten thfoedati G044 @2dburkninfomktien 4801E60] 470) tind 480.
the optimal track pitch can be selected froma |Iist

of  pRRS it SudiioRGKcIRELCRBR bukdls 140 350B4580860, A6RUASH, 212, 474,
three adj acent tracks are WD 2004/ 084189

PCT/ 4 12 witten at each of the proposed
traéljlfééi%?’c#eﬁggn% gé witten, the signal quality of

t he r track of ea roup i asur ed oups
{ hot0GoL Strpis fraRatih fiao hent o Hoseind dott BHIS. Ima

narrow for the particular reader/witer conbination of
a hetandardithicee paps dragk serwe wailhingthed, thraeqrasyea aee mpdeper data
| ower signal quality on the center track.

10  track to lay down the burst information used to align a head with data tracks

which are evenly spaced every one and half servo bursts. Thus, as iflustrated in
FIG. 4, data track 492 is aligned along the lower edge of servo burst 452 and the
upper edge of servo burst 464. For a head to align with data track 494, the read
sensor is positioned so that it reads equal amplitudes of bursts 482 and 464.

15  This servo write technique, having 1 data track per 1.5 servo tracks, and the
method of aligning heads over data tracks are well known to those in the art.
[0027] Heads having different writer widths are best suited to access data tracks
spaced at different intervals, Thus, for heads having different writer width, the
data track spacing should be different. Two superimposed media surface servo

20  information patterns with corresponding data tracks that correspond to different

heads in accordance with the present invention are illustrated in FIG. 5. FIG. 5



5 The selected track pitch can be the narrowest
proposed pitch for which the error-rate or signa

re acceptable. Alternatively, the tr '
@Lﬁd%&xmgel ected to be sone anount | arger thaﬁ&{fﬂﬁ%oﬁ)ﬂmsu
above-nenti oned narrowest proposed pitch that
delivers an acceptable error-rate or signal quality
(in order to provide design nmargin).This is one
exanpl e of many nethods for 10 determining witer
wi dth and track pitch that maybe used with the present
i nvention. O her nmethods as known in the field may be
used and are considered withilh the scope of the
present invention. [0030] As shown in FIG 5, head
witer 510 corresponds to a first nmedia surface wth

dat ghalyhRAkSugROST 4sl R GhRligh tdgeﬁe@ bt s nwlbita seide ﬁaﬂné a4.

Head writer 520 15 correspon to a second surface

W' t Ia.g%iérﬁ _?h 2 oh %?1%9& 'f&' {8 ﬁg]&é?%?h hdWet. sﬁllf&cess %1% One glﬁ'g’omment

servo Spacl ng renal

for rfaces, the.data tra Ks o]

" Pty WL b sroiae ihen brocas ?oqstt?&é
than t he tracks associated with the second head 520
| n pentaces uinanothen embogliment whergsarvo iragkeare inot suffieigatlp aligned
is smaller than head witer 520 and requires 20 | ess
5 pabetwgeb ESNesarfatdss aie offeet sypayrie ingprp@hed twisshkenvédriing frem
enbodi ment, data tracks may be configured to reside

gh%ﬁ&@ &Héks% thé sitack Qo 20 HAEKs Prodebsed béreché! e ircuitry.
200 84189 PCT/ US2004/ 007521 13 burst wi

: an\?jéFrJé n:%ci(lg Yﬂ%@?hﬁfeg At A Ela%ﬁff?éé']fclaordm%to the mddth of

resen I nvention nma
her, resol uti ons. t data track per inch

ond adfwaﬁﬁ“ﬁsﬁ %%“r“x‘?fﬁ ArUFaee, | o i | | depend on
the wwdth of the head witer used to access the disk

sur {4¥28] Writepheadivadeh andithe optimelrdats sk gitch ¢hat the writer head

typically two thirds of the track pitch in radial
1ext emi writeto eoumey eendedetivined inafiartylveays. In one embodiment, writer

width is determined by detecting the resolution of data tracks the writer is
capable of writing to. First, a band of data tracks is erased. Next, one data track
is written near the middle of the band using the writer head to be measured,
The read head may then pass through the band servo tracks to look for the

15  written data track. As the read head approaches, reads, and then leaves the data
track writien, signals having ramping, maximum, and then decreasing
amplitudes will be detected. By analyzing the range of signals detected and
comparing them to the servo tracks at which they were detected, the writer
width may be determined.

20  [0029] In another embodiment, the optimal track pitch can be selected from a

list of possible track pitches. In this method, groups of three adjacent tracks are



present invention, the head witer of the present
i nvention may be as nuch as one third smaller than a
' ead witer. In one enbodi nent of the ent
W‘F%@éﬁﬁ%&, the witer head wi dth can vary froﬁeﬂﬁgﬂ’f"‘f"“ﬁﬂ
seventy percent of the nomnal data track pitch to
over 110% of nom nal data track pitch, wherein the 10
nom nal track pitch is the di stance between the
centers of two adjacent data tracks. However, the
vari abl e data track per inch inplenmentation of the
present invention maybe used at |arger variations of
writer head width in terns of 1Z2nonmi nal data track
pitch. The reader head wi dth can be sixty percent of
the track pitch, plus or mnus twenty percent. In one

embaditseat sach BEth sedl 8k ditches. dORcSRAHESE ROtighR quality of

greater than the witer head width. In another

e i . i . 4
Chag R sack Feal R BRED iR Do S R i tack
ten_.percent of the Lrack pj.tch. 0311 FIG, .6 .
oSS P gy {265 ol adeR e omibinigiog of a head
having different data TPl for an upper and | ower

sur Wilbkaviersithermhighercaraxiraty o adoesrisignahewality pn thecentee track.
present invention. In the enbodi nent shown, disk 610
ShasThnselgpel trlipiteh eaib BO thendriowest preposédipitclofR0 which the
group 640 is configured in roughly the same WO
200444184855 s 200 A (0ddpeable. 141t RhY B SR hd REA JifkA @D be

the upper and | ower surfacé of a disk. The group Is
cong [ I [ . '
e e S RV
the_hard.dciyv wel I (not shown). er, syrface . 62
corpiphed Bit fhaf Boli sk R3peeRplR S Pitrtd Brtenal iRty n order
surface 630 contains four 5 data tracks within group
6400 preide desigh wargiwoHtaispne gxample of many mgtheds for  dat a
tracks that are constant over a surface of a disk, but
100 | detersrinind striterewidth fridetranktpitch that may be used with the present

invention. Other methods as known in the field may be used and are considered
within the scope of the present invention.
[0030] As shown in FIG. 5, head writer 510 corresponds to a first media surface
with data tracks positioned at lines 511, 512, 513 and 514. Head writer 520
15  corresponds to a second surface with data tracks posttioned at lines 511, 522,
523 and 524. Though the servo burst spacing remains the same for both
surfaces, the data tracks associated with the first head 510 are spaced closer
together than the tracks associated with the second head 520. In particular, the
writer width of the first head 510 is smaller than head writer 520 and requires
20 less spacing between its corresponding data tracks. In one embodiment, data

tracks may be configured to reside at a resolution of up to one quarter of a servo
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di sk surfaces within a hard drive. [0032] The size of
a group IS subject to several constraints. In one
ﬁﬁ |nEnt as di scussed above, a group size_nust be
Y8483t an integral nunber of 10 servo tragggmszoommszl
Thus, a group should be chosen such that an integra
nunber of consecutive servo tracks can be pl aced
within the group. The nunber of servo tracks within a
group will be uniformthroughout all surfaces in a
hard drive. In another enbodi nent, group size nust be
sel ected such that an integral nunber of data tracks
exist within a group. The nudBer of data tracks is
uni form per 15 group per surface, but may vary between
surfaces as the -head witer width varies per surface.

| NbaREkER, Hm%ﬂ%tvm%lwaﬁ%cfegeﬂEa{ eﬁl@ht%ﬁbﬂ%fthe

vvlth a group boundaries on each di sk ace.

I n .t
eatl il fﬂoﬁ'%e'ﬁﬁ %emg*?eg%‘%?ﬁ@%%n“?% %sagp%%cw

zone, bo darle boundari.es. ' Typj cal t he
2 B 9@%{% S5O AT Tado yuli denspd gpdbe Hi REtrghoed
zone boundari es. In one enbodlnent a disk surface

mayrised i apeess the diske swrface. Impusvip us EGPsnastirdo barsdds A
di sk surface WO 2004/ 084189 PCTIUSZOO4/OO7521 15 may
hawgicaflyttwo thiedssefiskstrak pitch ipsadial epientdi A @ne enibbdirtiesiof the
surface TPI. In any case, a group may consi st -of any

ﬂ%@ént @hvenby, 3hd hédkeritet Hf A0 BreRBi 5k XBBA ma bes PHch as
consi sts of between 15 and 480 servo tracks.” [0033] hi

ON&n eeﬁﬁg%gﬂéﬁgxé trl%ﬁﬁ ﬁﬁﬁn@i’l ﬁéagfs‘xﬁr?’cep" SrleQdy d&%ﬂgntmgﬁgg)%sent

durln access a sec ors 1s

|nase tlne wi thin grou or an inteqral
iR S iter ho efa e ¢ PR Rt sVt SRR Y i,
view of a hard drive disk surface 714 having groups

7 1nomingl data traglopiseh taovenkbldYaaf rominal data track pitch, wherein the

nominal track pitch is the distance between the centers of two adjacent data
tracks. However, the variable data track per inch implementation of the present
invention may be used at larger variations of writer head width in ternns of
nominal data track pitch. The reader head width can be sixty percent of the
track pitch, plus or minus twenty percent. In one embodiment, the reader head
width should not be greater than the writer head width. In another embodiment,
the reader head width may be narrower than the writer head width by an amount
of at least ten percent of the track pitch.

[0031] FIG. 6 illustrates a side view of a hard drive disk 610 having different
data TPI for an upper and lower surface in accordance with one embo diment of
the present invention. In the embodiment shown, disk 610 has an upper surface

620 and lower surface 630. A group 640 is configured in roughly the same
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711. In accordance with one enbodi nent of the present

i nvention, sequential accesses in a serpentine fornat
on the upper surface 714. Next, thePgT"USZ”M‘m07521

controller swtches to the next surface and an arm

corresponding to the next surface traverses group 712

in the opposite direction of the first traverse. This

process continues for all surfaces that are used for

data storage. If the sequential accesses continue

beyond all surfaces of group 712, the controller

starts the process with group4713, but 15 begins on

the last surface accessed with group 712. In this

manner, the head travels radially in a direction

to ﬁﬁﬁﬁﬁi@&&éﬁgﬂ&wEﬁ%mﬁéﬂﬁﬁksggf9d%k§fh§gﬁ%g%?

as the disk spins to provide access to data SEctors

Wi thin t ta tracks.of a r . 034] FIG ,7b

| betiea 168 SniedthranPor fom A0e Hivipk e e Bohaptiss, on

720 used in_ 20 serpentine RFWoperations in

acebenidise sugeenwihin thohydidnvaes wellt(pel shownknpper surface

i nvention. The elenments of FIG 7b include hard drive
di 6k&cotdips §18 Hatadradks/@Bhin\MEoRDE41. (Bekt@ Surface 630 contains four
PCT/ US2004/ 007521 16 and di sk surfaces 721, 723, 724,

728ata frddksaithif 2upttad Thasd Gbhe toltahs WafBegrA iRt of data

shown for purposes of sinplitfying the illustration. A

S ef RAR R G Rk (B4 B AL PO

di?g%giongf %%%omg“?§§?5$¥%?ﬂ§ég§¢9@%@ﬁ5 an Xg@%ﬁ%mﬂ

over. a group.area 73Q.. In one enbodinent, a first RRW

op@@%ﬁ?%ﬁe§§mgnb£$?§ % al ong disk surface 721 in the

direction of directiognal arrow 731. Once the RW

opHi032] Bhe Fize ospaienR & ubicckiptsevarabpensipaino I ave pigbediment,

integral nunber of data tracks on surface 721, the

R/ W dipeissedi abnve, argroupuese mpstrbedhade upsofrahdntegral Sumbérenf

| ast data track accessed in direction 731 is |ocated
servo tracks. Thus, a group should be chosen such that an integral number of
consecutive servo tracks can be placed within the group. The number of servo
tracks within a group will be uniform throughout all surfaces in a hard drive. In
another embodiment, group size must be selected such that an integral number
of data tracks exist within a group. The number of data tracks is uniform per
group per surface, but may vary between surfaces as the head writer width
varies per surface. In another embodiment, R/W zone boundaries coincide with
a group boundaries on each disk surface. Thus, a smaller group size may be
advantageous in that it would provide for a higher resolution in placing R/'W
zone boundaries at group boundaries. Typically, there are more group

boundaries per surface than media zone boundaries. In one embodiment, a disk

surface may have between sixteen to twenty four media zones. A disk surface



approxi mately opposite to the first data track
accessed in direction 732. This 10 provides for

10l ead novenent in accessing data from
w@%@g@g{}pg PCT/US2004/007521
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20

ve tracks |ocated on different disk
surfaces. Conpensation for very different servo track
al i gnnent as can be caused by witing servo
i nformati on before assenbly or insertion into a drive
is not shown, but is well understood by those in the
art. As shown, the R'Woperation on disk surface 723
occurs over the sanme 15 configured group 730 but in a
direction 732 that is opposit& of direction 731 of
the RFWoperation on surface 721. Once the RIR'W
operation on surface 723 is conpleted for the group
7 3ay RaW PR thbisaNd SENHrbiP4e SepeAding ke Gidk b@eRe 4. ®f any
di sk 725. As shown, the direction 733 of the RF'W

opgLatd u}t? gl&?%{)ﬁﬁ&eof %g@ﬁgﬁtﬁ%\eﬁ'g%ﬁ% Tk eﬂ{i‘).o&%}ent, a

but opposI hat of peration continues

20 in this . .maner for. the remai nder of the surfaces in
t HEFOHP CORSIsiE o enf(‘fﬁlﬁégr Woﬁ%kf‘di rectional arrow
731 to directional arrow 736. Once the |ast surface of
W 0983linrme mpepodirentiad theprepsabinyention, heas mevement dwring

read, the next group may be accessed if further read
orseqnénttial acnesseatd dats seatas isalone ipe sérpemim. fadhiort Within a group
enbodi ment illustrated in FIG 7b, the next group 740

| SoramGaRsAl nahbad fir6gs! FOGaYa MukeMes 4 Sfplificd & vidWesa

after the group is accessed al ong directional "arrow

738w iRSe aﬁequfﬁég!nmﬁngm@@@g@ 57(1) 3 %@%gﬁ nge&ﬁﬁfjsm

or wite along adjacen roup
740.. Operation cgntinues as it .did for gro 730 .
a1 Ot TERECereR vGfly rciodiioe of e ity Py Sauprsiay
the upper surface 721 in direction indicated by
di FEEFPORA serpenfipgformat mypvesum ébktraveysing gfosp a2 yone
for multiple groups as needed. For a hard disk drive
acbrestion on thecupper puface Abd.f Mett) the convoldecuitches!ty the next
accessed sector
surface and an arm corresponding to the next surface traverses group 712 in the
opposite direction of the first traverse. This process continues for all surfaces
that are used for data storage. If the sequential accesses continue beyond all
surfaces of group 712, the controller starts the process with groitp 713, but
begins on the last surface accessed with group 712. In this manner, the head
travels radially in a direction towards (or away from) the center of a disk surface
as the disk spins to provide access to data sectors within the data tracks of a
group.
[0034] FIG. 7b illustrates a side view of hard drive disk surfaces 720 used in

serpentine R/W operations in accordance with one embodiment of the present

invention. The elements of FIG. 7b include hard drive disks 722, 725, and 728,



10 | ocations are configured to be consecutive | ogical
menory | ocations. Conpensation for defects is not

Wé‘?&%ﬁﬁ'ﬁ% is well understood by those in the pg{"/tUSzoM/omsn

od of accessing nenory | ocations ove
mul tiple disk surfaces reduces the tinme to access
data tracks | ocated on different surfaces and
preserves the expectation of a "cylinder of tracks"”
and the expectation that 15 | ower addressed bl ocks on
the di sk exi st on higher capacity tracks than those
bl ocks at hi gher addresses (the concept of zoning).
[0035] In inplenenting variabbe data TPl in accordance
wi th one enbodi nent of the present invention,
configurations are inplemented that differ from

t yRidC@bk sirfREETEN 28 | 2aS 726‘ 79N end V2P Hekds- a%:&l Bitfen ﬁardware
enbodi ment, confi’ gurl ng’ RF W20 parameters for varlable

daga nIp ého%ﬂc 1{0? palpoges ol}'%}nﬂntlﬁilﬁgtﬂﬁégﬂl\ﬁ? tl 2 Fé‘ %é’q%ﬁulﬁe pattern

prior art.

par ers or a._zon ically on

20‘0%%&’?8@ %?/%S%S’Zmé%%m’%‘ %@d‘(ﬁ %éeﬂ%z daal34, 735
track as input, for exanple: SetupForZone(dataTrack).
Toarskef36 qyst & Igeouporien iy drene eribpdiment adinsoRy Wneperatdn is
the present invention, the zone information is also
deperfudeit atvmgtdisk svefack 77 Minshe disedtion of dirsctivakl arkdvay3 IRy
read: SetupForZone(dataTraclc head). In another

enpaci B MYW &RRstidnihk 8FaRbe iR AN S98F e)?:@)ﬂaﬁn% &R \feegpdl

zone poi nters kept per head A zone tabl e contal ns

par i P %%%*% 221 RAR S oB eohdiid wpontine

on ound tated hete m naol ogy. of the
Pt Tody e Pefete e sped oipeton /5L Begied ho

frequency confi gured for reading and witing data and

ot aproxizately epnositatd tba firdidntadragk necepssidrin dirsctionr 7320 This
each head allows zone tables to be shared between

10 hemdsidehidreniaithyl hthembatihes in accessing data from consecutive tracks

15

20

located on different disk surfaces. Compensation for very different servo track
alignment as can be caused by writing servo information before assembly or
insertion into a drive is not shown, but is well understood by those in the art.

As shown, the R/W operation on disk surface 723 occurs over the same
configured group 730 but in a direction 732 that is opposite of direction 731 of
the R/W operation on surface 721, Once the R/W operation on surface 723 is
completed for the group 730, R/W operation continues upon disk surface 724 of
disk 725. As shown, the direction 733 of the R/W operation on surface 724 is
the same as that on 721 but opposite that of 732. The R/W operation continues
in this manner for the remainder of the surfaces in the drive as shown in FIG. 7b

from directional arrow 731 to directional arrow 736. Once the last surface of



of pointers are unique for each head. [0036]
Translating data track to servo track in a typical ESD
n the prior art is sinple, usually calcul ate n%
?T“%f@?ng the data track number by a constaﬁFT 2004/007521
multiple of 1.5 or (3 *dataTrack)/2. This translation
is required in order to 15 communicate to the servo
subsystem how to align with a subsequent data track
In one enbodi nent of the present invention, the
multiple to derive data track fromservo tracks is a
variable. If the variable data tracks per servo track
is stored in gXl (that is, Wth gX1 places to the
right of the decimal point), the follow ng expression
converts data tracks into servo tracks in gXl format:

P S A A A it
0345 A B Byl 7 0

not addr es noni t or sulsequent zone_crossin
d u%l?ﬂér%qffgﬁs Aeaesyefl glpnedhizeclional prrowe 735738, cafter the

data track is surpassed by the head. In one
engsup iescesstd eloag direstemal amwwe A36,dhe headywilli meve drethe saine
of the 5 group is reached and there is nore than one

5 sugtréee to feall @A UTBNGILES adjRcknd dEQIdN aBToREEI NEF @6@11?4035
the R/'W paraneters, such as data frequency, Ww Il

@;p&%hbﬁ{ corftinkib €5 i bRt ofuPG?@O 'éRm% Yd RS sulides ‘ﬁnm the
a n 0

her vvay In this 1nv on eacrn group or se

ot DEHER o EERR S5 2 RF i Ghegely iSetonat

rrultl\g g ;ﬂlf aces. 10 [0038] | n one_enbodi nent, the
R B 880 Lne BRASERTaPmsdatsperteds for ruLipl grovps gs peadedy For a

m cro-processor and servo controller of a hard drive
of hartl diskrdsive arcesiadvie ntserpentimefagiom, cpuseedtivély laccessed sector
information to inplenment a constrained vari abl e
10 locations are configured to be consecutive logical memory locations.
Compensation for defects is not shown bﬁt is well understood by those in the
art. This method of accessing memory locations over multiple disk surfaces
reduces the time to access data tracks located on different surfaces and
preserves the expectation of a “cylinder of tracks™ and the expectation that
15 lower addressed blocks on the disk exist on higher capacity tracks than those
blocks at higher addresses (the concept of zoning).
[0035] In implementing variable data TPI in accordance with one embodiment
of the present invention, configurations are implemented that differ from typical
implementations of the prior art. In one embodiment, configuring R/W

20  parameters for variable data TPI differs in the present invention from the prior

art. In prior art, setting up the R/'W parameters for a zone has typically only



TPl hard drive in accordance wi th one enbodi ment of
the present invention. The information may incl ude
r of surfaces, group size in servo t
‘Négﬁmﬁﬁﬁggr of data tracks per servo track to ?ﬁﬁ&%ﬂg%ﬁnsn
per disk surface. Configured with at least this
information, a hard drive system of the present
i nvention can be configured to inplenent the variable
data TPl as discussed herein. [0039] As discussed
above with regard to the size of a group, a smaller
group 20 size gives the nost flexibility in placing
zone boundaries. However, a R&rger group size makes
the adjustnment for witer width have nore granularity
and WO 2004/ 084189 PCT/ US2004/ 007521 20 inproves the

Pefeqairom s afta Slack H@inﬁﬁ?f&&xhﬂlpl’e: S¥sihFor A5V URRITPYRY. To set
performance occurs because for evéry head swtch, a

p AR P RARFIRLTR Y SHISRRAN £ R e iR Blich e Bl
Cniron Rrb dendent R s Bend, T e R ool gt mavgne:

a 4-burst, 3-pass per track format. If the witer
wi Serwl e Zana( itéalTa‘ﬁck ot yinfanghepembedimenty gors tablgs are
bel ow the nom nal width, a surface with 100 to 160

5 dasdir¢ssedtbsa pbic affmunp pomsars kept penheude Aondedhbie Rbntaink W
zones consi st of between 24 and 40 groups between

NeRIfGTRHEBR rdparif@sdiRsbouhBarfRTbIRE a pRARAG: SRiThoce o | W¥s the

zones consi st of 32 groups spanning 4096 (nom nal)
d ' : L ber
oL bR el 010l A CPRA TR RABoAC L6
have been determ ned for the surfaces of a storage
d QRRPRSET Hyeptioy, aimBe of YRS Per Zgnalaiig Eavansy SeRiigNed for
specific capacity targets. A desired ESD

reading and writing data and other zone information. Using zone pointers for

10  each head allows zone tables to be shared between heads while only the tables
of pointers are unique for each head.
[0036] Translating data track to servo track in a typical ESD in the prior art is
simple, usually calculated by multiplying the data track number by a constant
multiple of 1.5 or (3*dataTrack)/2. This translation is required in order to

15 communicaté to the servo subsystem how to align with a subsequent data track.
In one embodiment of the present invention, the multiple to derive data track
from servo tracks is a variable. If the variable data tracks per servo track is
stored in gX1 (that is, with gX1 places to the right of the decimal point), the
following expression converts data tracks into servo tracks in qX1 format:

20  (dataTracksPerServolracks{head] * dataTrack) // Result in gX1.



capacity may be set to sone capacity that is
mar ket abl e or otherw se desired. A 15 resulting
' of the ESD corresponds to the actual i
w@%?ﬁé‘hé%D with a particul ar value of data t]?(g'ﬁ/&sgaaé{?fmsu
group i npl enented. Because of rmarket requirenents,
not .all possible resulting capacities are desirable.
In one enbodinent, the reduction nmethod reduces each
surfaces data tracks per group by one until a m ninmum
val ue resulting capacity is reached that is |arger
than 20 the desired capacity. The remaining "extra"
capacity is consumed by spare3%for factory detected
and grown defects or other utility. This reduction
met hod has WD 2004/ 084189 PCT/ US2004/ 007521 21 the
addg@d3Peostd R/WihaRintdrd v S8 GP 6 a o8] the CodLinTREERD of a
wi der highways with additional |anes for cars of a
gi ven: W . u Il Lon onsi der .
P nepist S e SRl I RORFF adthesp o HiiB} SRR Blpripe
a group is 192 seryo tracks and .a nominal witer
Wi o"g‘l-\“% sefvRntigbiangiars until the zongcet highest; data Rpelpts syrpassed by the
determning witer widths for a 4 surface drive, the
r edegedi dmorgsembodimentafdhe presentingyenton, eny tiplei thel endof the
data tracks/group for each head. If the resulting

Scapgoip ¥ eadhet] ahé tHeess e thdnonefsuiface, d@sad @ditch and a zone
capacity, the sanme reduction is applied until a

cap@sising RRuis the Rr/ﬁﬁﬁi}%ﬁeﬂeﬁé‘&uéhsa(s) 'Elgfzalf?éqﬁpﬂc?f; whlP Eypically

exanple,” a starting capacity of O. may bé reduced

s SR AR TR M o

2.5" drive, is marketable, buf.|[nterimcapacities are .
not O(SeHet i EOWBSARAPENe GLogs ghwhichovst Po%ﬁﬁéﬁeﬁgﬁd&}eé@ Fwitch
Li kewi se, capacity points significantly above |x may
be ocsursdEihedirive hpsmgliiplpenrfacss.(f or exanpl e 1.13x 90GB
and 1.25x 100GB per 2.5" disk)

10 [0038] In one embodiment, the R/W control components such as the disk

controller, micro-processor and servo controller of a hard drive of the present
invention are configured with information to implement a constrained variable
TPI hard drive in accordance with one embodiment of the present invention.
The information may include the number of surfaces, group size in servo tracks,
15  and number of data tracks per servo track to implement per disk surface.
Configured with at least this information, a hard drive system of the present
invention can be configured to implement the variable data TPI as discussed
herein.
{0039] As discussed above with regard to the size of a group, a smaller group
20  size gives the most flexibility in placing zone boundaries. However, a larger

group size makes the adjustment for writer width have more granularity and



15 [0041] The present invention conprises an
i npl ementation of a variable data TPl hard drive
t n one enbodi ment, the systemis inplenented

Wéﬁ“@%ﬁ#’guri ng a group of servo tracks in a FGEU3p004/007521

direction of a hard drive nmedia. The group is

conprised of an integral nunber of servo tracks that

is constant throughout the drive device. The nunber

of data tracks in a group is also an 20 integer but

will vary for each surface according to the head used

for RFW operations for each nedia surface. R'Wzone

boundari es are placed at grou@0OWD 2004/ 084189

PCT/ US2004/ 007521 22 boundaries. The groups are

accessed in hard drives having multiple surfaces in a

ser | ot
capanp oy EXnE R mank oPe TP A0 I Bbint Hiiflorpued performance
group. until a mninmmis f.ound.that .is sti.ll qreater .
 harttoutscnu? A0t Sy BeaCoritl'S i dnd el qfipey Seours in
aspects and objects of the_invention_can be obtained

f r offdente legk apand relead the B Wararameicrsy dn epe prkodiment, g stagting
be understood that other enbodinents of the invention
canpbiat o122 sspesdiraoid pérdrbupitominalish E2 &qbita irgckajoay be ohesen,
of the invention and clains. [0043] The foregoing

§les agsuingdn 4 Slrsd BHES hedirXTohare T theafritbh@idi BSafikd &P
i nventi on has been provided for the purposes of

il Hﬁ&ﬁﬁ-ﬁb@@e&@& a%%f iﬁﬂrﬁ’ﬁél@w@ thd domdndl ‘Hﬂtth,ia%ﬁlﬁgt%a\gﬁﬁ 200 to

be exhaustive or to t the invention to e precise
l.osed. For exa S,.i nve

for I SC le, thi L,on al so .
ppiTLete FRCRET rpiroRiRath fip rbaimaHe R iondt Sivit of
all instances_of a particul ar design have capacity
var hetigen 44 and 49 grpups betweemedisrzong hpwndsries. e anetigr i ¢
was built wth. Coviously, many 15 nodifications and
var smbodimentiR/W tonea ppwist of 32 grovhe spanabigi4006 Geominal) data
skilled in the :
10 tracks.
[0040] In one embodiment, once writer width and the corresponding data tracks
per group have been determined for the surfaces of a storage device, a reduction
method may be used to achieve specific capacity targets. A desired ESD
capacity may be set to some capacity that is marketable or otherwise desired. A
15  resulting capacity of the ESD corresponds to the actual capacity of the ESD
with a particular value of data tracks per group implemented. Because of
market requirements, not all possible resulting capacities are desirable. In one
embodiment, the reduction method reduces each surfaces data tracks per group
by one until a minimum value resulting capacity is reached that is larger than

20  the desired capacity. The remaining “extra” capacity is consumed by spares for

factory detected and grown defects or other utility. This reduction method has



art. The enbodi ments were chosen and described in

order to best explain the principles of the invention
' racti cal application, thereby enabli s

w@Eﬁﬂo&%sfn the art to understand the inventi OEQT/SI&H)%M%M&]

various enbodi nents and with various nodifications

that are suited to the particular use contenplated. It

is 20 intended that the scope of the invention be

defined by the following clains and their

equi val ence. WD 2004/ 084189 PCT/ US2004/ 007521 23

[0044] In addition to an enbodi nent consisting of

specifically designed integrdted circuits or other

el ectronics, the present invention may be

convenlently i mpl ement ed using a conventional genera

pur {hee8d& behefis OB AMdiadaging kindlar ¢ "wigér highways with
m cropr ocessor programTed according to the 5 teachi'ngs

?L ?%c{e&mﬁiarﬁzgg soille ?1% é)(ﬁ%n'pu di ?}Hr p%ggqgjf’ ﬁﬁ txlfa'flgn GOPSldBl‘
o) %‘FWZ C.O In%EBIadﬁ ef?%—g?‘h? [eé)oéeﬁuﬁgapgrglgg%ﬁgzsewo

d| sclosure, as w || apparent to those skilled in

t hetracks eng 2 @omyinal wm@r “Vidiiorields A28rdgtadragks ps er@up. After

i npl emented by the preparation of application specific
5 nt dajeratieuig simtenwidthafor by suifateadrventhectduntionms illustrated in
appropriate network of conventional conponent

Ci IEMd. 1855 agsliedvb the diga frmﬂggrmpaﬂap 8dcBrHead OTfthORBulting
skllled inthe art. [0046] Thé present invention

<t o SA RN B A B 08 ot R sy Rougon s
o § eﬁ?@bﬂﬁﬂ?@gﬁ%@ (i steeEBeys kAR Sable, &

| nventl on. The storage nedi um can include, but is not
li ,ﬁt@rgg,gp@pacgﬁyf Pypganayrbe reduced to 0.75 because it has been determined

10 that an 80GB per disk 2.5” drive is marketable and a 60GB per disk 2.5” drive
is marketable, but interim capacities are not (in this example, a capacity of
65.6GB per disk). Likewise, capacity points significantly above 1x may be
selected as target points (for example 1.13x 90GB and 1.25x 100GB per 2.5”
disk)

15 [0041] The present invention comprises an implementation of a variable data
TPI hard drive system. In one embodiment, the system is implemented by
configuring a group of servo tracks in a radial direction of a hard drive media.
The group is comprised of an integral number of servo tracks that is constant
throughout the drive device. The number of data tracks in a group is also an

20  integer but will vary for each surface according to the head used for R‘'W

operations for each media surface. R/W zone boundaries are placed at group



di sk including floppy disks, optical disks, DVD,

CD- ROV, mcrodrive, and nmagneto-opti cal dISkS ROMS,
ROV6, EEPROVs, DRAMs,  VRAMS, flash

wWQéal @ggg magneti c or optlcal cards, nanosystgﬁgyérmm*MW521

(i ncluding nol ecul ar nenory 1Cs), or any type of nedia

or device suitable for storing instructions and/or

data. WD 2004/ 084189 PCTI US20041007521 24 [0047]

Stored on any one of the conputer readabl e nmedi um

(nmedia), the present invention includes software for

controlling both the hardware of the genera

pur pose/ speci al i zed conputer 82 m croprocessor, and

for enabling the conputer or mcroprocessor to

interact with a human user or other mechani sm

ut | héigldRGes megraaﬁe%& ocebsel eh4a aﬁeeg hdv’i'ﬂgfeﬁﬁﬂtgﬂe suptiels in

sof tware may i ncl ud but is not limted evi ce

{008 S PR i ef Honf R B 3R B B BB by
- Sorretaries R rel szx?%rgrwpp“?%ﬁe P H%@ﬁaﬁ%ﬁ’é@%&ta than

the present invention, including, but not limted to,

i npthedasaetioagacity. var i abl e data TPI R/ Woperation in a

hard drive. 25 In the Cains: 1. An electronic

St of0dgz] Oher CangosTaspetsand objectymfitiieyinventivnugaa betoptabded from
medi a surfaces, at |east one of said plurality of

e d} fovick 5%@%@%&%@01%@‘ @mm b@éﬁ&r&&()@&ﬂla{’bﬂl&h

then at | east one other of said plurality of nedia
SUr £ 365fmeRIYf the invention can be developed and fall within the spirit and

scope of the invention and claims.
[0043] The foregoing description of preferred embodiments of the present
10  invention has been provided for the purposes of illustration and description. It
is not intended to be exhaustive or to limit the invention to the precise forms
disclosed. For example, this invention also applies to a hard drive having a
single surface where all instances of a particular design have capacity varying
according to the writer width of the head it was built with, Obviously, many
15 modifications and variations will be apparent to the practitioner skilled in the
art. The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, thereby enabling others
skilled in the art to understand the invention for various embodiments and with
various modifications that are suited to the particular use contemplated. It is
20  intended that the scope of the invention be defined by the following claims and

their equivalence.



a processor, the processor configured to execute
conputer code located in said nenory, the conputer

rising:. conmputer code for configuring.a
W‘E?ﬁﬁéﬂ’?‘ﬁ% of groups, each group having a gr ogﬁT@ﬁ%"é"m’msn
of an integral nunber of servo tracks for the
plurality of nmedia surfaces; conputer code for
configuring an integral nunber of data tracks
associated with the integral nunmber of servo tracks
for each of the plurality of nedia surfaces, wherein
the integral nunber of data tracks associated with the
i ntegral nunber of servo track3 for one of the
plurality of nmedia surfaces differs fromthe integra
nunber of data tracks associated with the integra

Sup‘;tmm Pin a HProlahdedbddfRént dbndiga gtofeﬁb%lﬂé Hé@

corrputer code for perform ng at Iea one

of

conbite] ?ﬁg gﬁ%g\% ?&g@ﬁ%c@;%%%sﬁh% R B ey b oup
on at Ieas %he plurality qf nmedj a surfaces

as sHRAVERSH! Wﬂe‘%’lﬁ%te F8g agj’PBYF‘ﬁm‘”za EPRE P ERPTGHI
storage device of claim1 wherein the integral nunber
of speciabized digddsompuier gr sugroprocersenpregragonethabcsgiing ®.the
The el ectronic storage device of claim1 wherein the
HNunteachings ofohe preberd disalostirepadssillier apgiretiptorthogaskilled in the
between 75 to 750. 4. The el ectronic storage device of
cl apgpdutet #€ conputer code further conprising: 26
conputer code for configuring nmedia zone boundaries to

AL I&?‘%gsg A Duing MRS e BRGMER bl o
code Lo conligu s S FPEA R AIET DR L s ion B ibe

apparent to those skilled in the software art. The invention may also be

10  implemented by the preparation of application specific integrated circuits or by
interconnecting an appropriate network of conventional component circuits, as
will be readily apparent to those skilted in the art.

[0046] The present invention includes a computer program product which is a
storage medium (media) having instructions stored thereon/in which can be

15  used to program a computer to perform any of the processes of the present
ivention, The storage medium can include, but is not limited to, any type of
disk including floppy disks, optical disks, DVD, CD-ROMs, microdrive, and
magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMSs, DRAMSs,
VRAMs, flash memory devices, magnetic or optical cards, nanosystems

20  (including molecular memory ICs), or any type of media or device suitable for

storing instructions and/or data.



conputer code for configuring the integral nunber of
groups between nedi a zone boundaries to be in the
25 to 200 groups. 6. An electronic s

‘Néggﬁ@gﬁ%%nprising: a menory; a plurality of kg@&gﬁmmmwmzl

surfaces, at |east one of said plurality of nedia

surfaces having a different data track pitch then at

| east one other of said plurality of nmedia surfaces;

and a processor, the processor configured to execute

conmputer code located in said nenory, the conputer

code conprising: (a) conputer code for accessing a

first nunmber of consecutive d¥da tracks in a first

radial direction on a first of the plurality of nedia

surfaces, the accessing a first nunber of consecutive

dat ol TaSifedlBCiny Hnd @f e @ﬂéiufétreﬁaﬁfetm&ﬁﬁﬂt(ﬂeﬁﬁﬁttEéjpﬁsent

first distance in a radial direction away fromthe

ce . [ 3

r1 rapentiy holide' spHlrafBRt AL SN MR Ble fngral

direction a fromthe center of the éjrst medj a

o urHUERESe/pRea2ef COMmRIE 8F MUTORBREEy Pd BT atbline e pqmaputer

corresponding to an integral nunber of groups, wherein

eaclt rBicHPEocesH febspiyvitioa hpmpmusey onpthaymiehanisn igiziag

tracks; and (b) conputer code for accessing a second

Snunthe resolts obihs peastntvisvahitivn. Stclasifevaremay sedady] butid nat

direction on a second of the plurality of nedia

SUraReEsto, dé6s &ffe) dpératth@bystini£ Ghd Odr apR{dafibied  to .

be opposite to the first radﬁal direction, the

acg : .
pegPRi o R EAE pRFR TR (SARRET LI Belib ki AR
second distance in a radia direq%ion away, fromthe
cerfORIPUT OF FHCTOREOSAOR T SAItw AT leh T unefrmgatne he
second_end point |ocated about the first distance in
a rigenhingsef fecprpssnt Byention: sieludies, bahmnedingted:thampdenending
medi a

10 variable data TPI R/W operation in a hard drive.




surface, the first start point generally aligned wth
the second end point, the first 27 end point
generally aligned with second start point, the second
nunber of consecutive data tracks differing fromthe
first nunber of consecutive data tracks, the second
of the plurality of surfacegsconfigured to be adjacent
to the first of the plurality of surfaces. 7. The
el ectronic storage device of claim®6, further
Inghefldinisng: (c) conputer code for repeating (a) and
(b) for the remaining of the plurality of nedia
surfaces. 8. The el ectronic storage device of claim®6,
1. f ur thedlet@ifarst@hfodevice)comriging.er code for accessing
t he second nunber of consecutive data tracks in a
t hi Ad""¥¥Yal direction on the second of the plurality
of _mliais'\vr hRABSrbOS, ATLEGTHNTsid pREARDHE RURBSHrREs
consecuti1 ve data tracks begi nning a? athird start
hapiog rtdififereritdats teack piteldthen pisleash ore ¢theraofisaid iphirality péwedion
,é{onwthe center of the second nedia surface and
ending at a fourth end point |ocated a fourth distance
I N a pragssl, tht pectssarcoafigyred toosxetihe compnérasodofochtbé in said

second nedi a surface, .and (b) conputer code for
mepryJBF ReMPHEr 4odF SPMATSIREr of consecutive data tracks

in a fouphputeAdiddlfortohfglrirh Mikalifyeorighduds, @h £08p having a
plurality of nedia surfaces, the fourth radi al _

di r @eupPcHzecd ri igigerdinembaof spspotrhcks ferghe plaralify efgnedia
rad%ﬁkmggrection, the accessing the first nunber of
consecuti've data tracks beginning at a fourth start

poi nt | ocampuatet dveleffauwhfiguriigsindmegral mmaber afldah tracks

direction a fromthe center of the,.second nmedia,.
sur fYsiaigd jvItEthy Pﬁg@rﬁtn“ffﬁ’sr e t@ﬁgs 98 o q?gteaﬁ%fghfm
t hi ngkdeh sitREGEwhrem thébitddral AumBE dfUataaNRYs d5QMERith the
center of the first nedia surface, the fourth start

poi mtegrahmmalter of sarveyiacks farone phie phirslily ehaedipsurfaces diftsrs
Lgiu E{olih fd %t@éﬁfﬁunﬂ)eep &f &‘e{té %aﬁés 'a%BSQ’[eWVJiﬁ tﬁ@ 1n€e%reﬁ 'ﬁﬁﬁﬂ)er of
ser.vo tracks for at least one other media surface; and

8

computer code for performing at least one of a read operation and a write
operation on consecutive data tracks associated with a first group on at least two

of the plurality of media surfaces associated with the first group.

2. The electronic storage device of claim 1 wherein the integral number of servo

tracks in a group is between 50 and 500,

3. The electronic storage device of claim 1 wherein the number of nominal data

tracks per group ranges between 75 to 750.

4. The electronic storage device of claim 1, the computer code further comprising;



9. The electronic storage device of claim1, wherein
configuring an integral nunber of data tracks
associated with the integral nunmber of servo tracks
for each of the plurality of nmedia surfaces
conprises: 28 (a) conputer code for witing a first
data by a first wite head pg a first data track on a
first nedia surface, the first wite head adapted to
wite data to the first surface; (b) conputer code
f or cosguiengodetfer ¢anfigurimpmedibyorg Houndaries émchbimedalwith heintegral
first read head adapted to read data fromthe first
nuﬂhﬁ 1{: RC) conmput er code for determining a witing
characteristic of the first wite head fromthe first
data; and (d) conputer code for_ configuring a first
- nt Slechonp sforage dgyicaot Hatad whereinoppatss 6ods fopcapbiguring

médih ﬁ&{eadoumﬂirt@@to QfinchES With & ﬁtégﬁﬂ ttetlb&qu- gtdttﬁ tncmt a
nber of at

surface, the first integral tracks
d e r iopggpufer mﬁﬁfhlecmmﬁugtmm&th@ frdegreltnauibst pftgrodis. beheen media zone

boun efu%%ln%eolr tdz%vtla%oof claim9, the conputer

er ¢ ?s1on £t upc:onrputer code repeating
steps (a) through (d) for the remai nder of the
plurality of media surfaces, each nmedia surface
6. adap‘%leﬁte‘tt@nﬁestcﬁé‘%fe%f‘é’@& CBPPHSINE o r espondi ng wri ti ng
head, g@doeadi ng head. 11. The el ectronic storage
devi ce of “claim 10, the conputer code further
co nptplsnahty of nmdmpﬁurf@ttescaé deast ane of eald plungfity é miedia eg:rfedes
havmﬁt? ({1fft(a)rfantdcf1 Eaatraci( gtlésth%g% 22% 2%9 6?1 f%ald put%rg];lt?ft ?glr
suffachsparglur f aces such t hat the t ot al capamty of the

el ectronic s oraedew wthin a marg
Car QoSS PLPLcsp cORFGITE] K IeCHF EOIEP‘HPranj’B ool at i
mé&hélyMhd c%ﬁtﬁt@t‘ ddbdb Q@m}ﬁﬁéﬂig.ng characteristic
(a) computer code for accessing a first number of consecutive data tracks
in a first radial direction on a first of the plurality of media surfaces, the accessing
a first number of consecutive data tracks beginning at a first start point located a
first distance in a radial direction away from the center of the first media surface
and ending at a first end point located a second distance in a radial direction away
from the center of the first media surface, the first number of consecutive data
tracks corresponding to an integral number of groups, wherein each group
corresponds to an integral number of servo tracks; and
(b} computer code for accessing a second number of consecutive data
tracks in a second radial direction on a second of the plurality of media surfaces,
the second radial direction configured to be opposite to the first radial direction,
the accessing a second number of consecutive data tracks beginning at a sccond
start point located about the second distance in a radial direction away from the
center of the second media surface and ending at a second end point located about
the first distance in a radial direction away from the center of the second media

surface, the first start point generally aligned with the second end point, the first



includes the witing head width. 13. An electronic

storage device conprising: a plurality of nedia

surfaces, the nedia surfaces having a varying data

track pitch; and a plurality of groups, each group

havi ng a group size corresponding to an integra

nunber of servo tracks for phe plurality of nedia

surfaces, wherein an integral nunber of data tracks

is aSSOC|ated with the integral nunber of servo tracks

f or eedpbinbgeneradlypligmed) Wltlysezgnd st peidi, alessmcfndalelglber of

mher t tracks ass

Stx%cﬁtﬂ%tdg&rtgqgﬂsa&f@nﬁg? mihe ﬁ%téﬁ %eé L ngF:cuoIr\]r a%t]al gracks

t he the secodd dﬂth@lﬁlufmw @& sﬁtthéﬁ@@ﬁﬁﬁ@ré(f terbe alljacent tdwhe first of the

inte gm E ngpr of data tracks associated with the

|nté%F YRLRBECSSf servo tracks for at |east one

ot her medi a surface; thereby enabling at |east one of

a read operation and a wite operation to be
7perfEhm@@ﬂ@ﬁw@@ﬁﬁﬁﬁhwwv@fd@ﬂa61 wgogwsisiogated with a

flr ] ity of a

sur 0Pt Shudbr s R GRBaR) b Bt af et 3c
malieatrfaoes. c st orage device of claim13 mhereln t he

i ntegral nunber of servo tracks in a group is between

50 and 500. 15. The el ectronic storage device of claim

8.13 WhRlRicRodib Stold3t aeviad oMiAReY, fathed EaHPSsing 0l NCi de
wi th nmedi a zone boundaries on nedia surfaces. 16. The

el ed®r@mipEtes cefdedgeacgessingdBe sfcord rimber 51 ognseaitive daie tracks in a

third Fa%g{l) ﬁiredgl%%ﬁ e d 3&91? S%l[l%ﬂ{(’y ocf%&i‘le &1?{ #et ﬁlle %@ccli: ?g a

Z0ne poundarli es on ne es 1S In range o
se@mdtnomibeOof cgnmap&ve dbta trabiks hégmtmg)atl athisd staageind Rmateda a third

SRR S BBt b B om0 s ces o g
endRBA A buk@ B Pk Iok4tBda fourth distance in a radial direction away from the
center of the second media surface; and

(b) computer code for accessing the first number of consecutive data tracks in a
fourth radial direction on the first of the plurality of media surfaces, the fourth radial
direction configured to be opposite to the third radial direction, the accessing the first
number of consecutive data tracks beginning at a fourth start point located the fourth
distance in a radial direction away from the center of the second media surface and
ending at the third end point located the third distance in a radial direction away from the
center of the first media surface, the fourth start point generally aligned with the third end
point, the fourth end point generally aligned with third start point,

9. The electronic storage device of claim 1, wherein configuring an integral number
of data tracks associated with the integral number of servo tracks for each of the plurality

of media surfaces comprises:



fromthe plurality of nedia surfaces, and a nenory
storing conputer code, which, when executed by the
processor causes the processor to performthe
follow ng steps: determining a plurality of groups of
an integral nunber of servo tracks, each group
including a Iike portion of2%ervo tracks of each one
of the plurality of nedia surfaces; determning for
each nedi a surface of each group, an integral nunber
of dat a(Vrcanipyter opdierfel writinga first daja by a digsiivaite béaddandirst
tra i ffer t Sty 1 [ faces .of

ar odst ikl s Modl en 85 ine 9w Bl BHPRTE R ot o e
operfaitisarfacend a write operation on sequential data

tracks associated wth the first groyp on at |east two
of the Z‘%&P%ﬁ“{% 0%4'3 fg’b‘ifﬁ g Ehefflgété%ta;%ao%ﬁ‘a@%h%dt the first

t he rfddriRhd SRWR- 10 d diRSTHRh BRtArQRUuEac! Or age devi ce of
claim17, whérein the conmputer code for perform ng at

| east onéc)sbmpuiceerfledpiedetarngtingavridingcharectaprtie af thenirgnvrite
Seq?@ﬁiﬁ@ﬁlﬁ%ﬁﬁ&@ﬁ?%ﬁg associated with the first
east U

group on aﬁ wo of the plurality of nedia

sur f aces (disoopust ecle for ¢dmfighengd a fist ingggedl pumbamfrdagasacks to
comput er code f.or the follo

per FEFFPAGY Byan Blegbl b ol Srvotier's gt ¢ i surtace, the

W i tfﬁstQﬁ@%xﬁI hbeP Bf SLAWRIKS iddkivedatdin edflthg Aadeekflied
with the first group on at |least two of the plurality

of nedia surfaces associated wth the first group in
ser : i r .
107 P EF Rl R g RHRESR S i Phbul PO horcSlporising
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11.  The electronic storage device of claim 10, the computer code further comprising:

computer code for reducing the integral number of data tracks corresponding to
the integral number of servo tracks for each of the plurality of media surfaces such that
the total capacity of the electronic storage device is within a margin above a target

capacity.

12. The electronic storage device of claim 9 wherein the writing characteristic

includes the writing head width.

13.  An electronic storage device comprising:

a plurality of media surfaces, the media surfaces having a varying data track pitch;
and

a plurality of groups, each group having a group size corresponding to an integral
number of servo tracks for the plurality of media surfaces, wherein an integral number of

data tracks is associated with the integral number of servo tracks for each of the plurality



nmet hod conprising: configuring a plurality of groups,
each group having a group size of an integral nunber
of servo tracks for the plurality of media surfaces;
configuring an integral nunber of data tracks
associated with the integral nunber of servo tracks
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of predieeiurfpgesofherpiadhaintagral avmberdiffdparteicks aspacidied With igrintegral
r
uﬁﬂaﬁgg segjfo tgagfr(é’jfg'f to?% %@?Wﬁg&f@% E'%ﬁaé’gsg 1#31{3%11? he integral
nusnbef altdafa trdokes edsymema bflitimljﬂ inpgrdl anmbegpfadrvo aadts fons leﬁst one

read operatio te o atl n on.consecutijve
otfi et AR Ineby AR e 1 gRB PF & oo PeTRG A et
opeMBioRfo Bd1RridtHERH &ms&fmv&aat@trwsfa@s%@fated IRBOLHARE gféup on at
with the first grogﬁ . The method of claim19

leashbyaelibe plarslify elgpedia w%ﬁraswcl%@f vish thede®teroup. a gr oup
is between 50 and 500. 31 21. The nethod of claim 19
wherei n the nunber of nom nal data tracks per group

14t angés clyetromgie storige tHoviddar cldfh | SThikcrom thvddiegfal airabenol Servo
further comprisin i guring nmedi a zone boundari es

traegs 105 STRYRS Wi“feﬁng?]a'il(ﬁ gral nunber of groups. 23.
The net hod of claim 22 wherein configuring nmedi a zone
boundaries to coincide wth an integral nunber of

13gr o8 clestrpije slorage davicgyefralaig Bneharein sy inteaval maber of groups

e s to be in the
co?%ﬁ%@ﬁgpﬁ%éﬁ E%%%hgrogggngg%Qgﬁgngthod for accessing
dat a on an electronlc st or age deV|ce havi ng a
pIu nedl sur f eas
1651 & i elofriic iBERER et G A3 IS S i it B of groups
thﬁtrcaﬁﬂslde with media zone boundaries on rnedla surfaces 1s in the range of 25 to 200

groups.

17.  An electronic storage device, comprising:
a plurality of media surfaces,
a processor, the processor coupled with a mechanism for reading to and writing
from the plurality of media surfaces, and
a memory storing computer code, which, when executed by the processor causes
the processor to perform the following steps:
determining a plurality of groups of an integral number of servo tracks,
each group including a like portion of servo tracks of each one of the plurality of
media surfaces;
determining for each media surface of each group, an integral number of
data tracks; wherein the integral number of data tracks differs for at least two

media surfaces of a group; and



pitch then at | east one other nedia surface, the

nmet hod conprising: (a) accessing a first nunber of
consecutive data tracks in a first radial direction on
a first of the plurality of nedia surfaces, the
accessing a first nunber of consecutive data tracks
beginning at a first start pmint |ocated a first
distance in a radial direction away fromthe center
of the first nedia surface and ending at a first end
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number of servo tracks for the plurality of media surfaces;

configuring an integral number of data tracks associated with the integral number
of servo tracks for each of the plurality of media surfaces, wherein the integral number of
data tracks associated with the integral number of servo tracks for one of the plurality of
media surfaces differs from the integral number of data tracks associated with the integral
number of servo tracks for at least one other media surface; thereby enabling:

performing at least one of a read operation and a write operation on consecutive
data tracks associated with a first group on at least two of the plurality of media surfaces

associated with the first group.

20.  The method of claim 19 wherein the integral number of servo tracks in a group is

between 50 and 500.



direction on the second of the plurality of nedia
surfaces, the accessing a second nunber of
consecutive data tracks beginning at a third start
point |l ocated a third distance in a radial direction
away fromthe center of the second nedia surface and
ending at a fourth end poipt |ocated a fourth
distance in a radial direction away fromthe center of
the second nedia surface; and (b) accessing the first
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from the center of the first media surface and ending at a first end point located a second
distance in a radial direction away from the center of the first media surface, the first
number of consecutive data tracks corresponding to an integral number of groups,
wherein each group corresponds to an integral number of servo tracks; and

(b) accessing a second number of consecutive data tracks in a second radial
direction on a second of the plurality of media surfaces, the second radial direction
configured to be opposite to the first radial direction, the accessing a second number of
consecutive data tracks beginning at a second start point located about the second
distance in a radial direction away from the center of the second media surface and
ending at a second end point located about the first distance in a radial direction away
from the center of the second media surface, the first start point generally aligned with
the second end point, the first end point generally aligned with second start point, the

second number of consecutive data tracks differing from the first number of consecutive



nunber of servo tracks for the first nedia surface,

the first integral nunber of data tracks derived from

the witing characteristic. 28. The nmethod of claim27

further conprising: (e) repeating steps (a) through

(d) for the remainder of the plurality of nedia

surfaces, each nedia surface adapted to be accessed by

a corresponding witing head and reading head,-. 29.

The nmethod of claim 27 further conprising: reducing
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consecutive data tracks beginning at a fourth start point located the fourth distance in a
radial direction away from the center of the second media surface and ending at the third
end point located the third distance in a radial direction away from the center of the first
media surface, the fourth start point generally aligned with the third end point, the fourth
end point generally aligned with third start point.

27.  The method of claim 19, wherein configuring an integral number of data tracks
associated with the integral number of servo tracks for each of the plurality of media
surfaces, cdmprises:

(a) writing a first data by a first write head to a first data track on a first media
surface, the first write head adapted to write data to the first surface;

(b) reading the first data by a first read head, the first read head adapted to read
data from the first surface;

(c) determining a writing characteristic of the first write head from the first data;

and



associated with the first group. 34 32. The nethod of
claim 31 wherein the integral nunber of servo tracks

in agroup is between 50 and 500. 33. The met hod of
claim 31 further conprising configuring a nunber of
groups to coincide with nedia zone boundaries on

medi a surfaces. 34. The netipd of claim 33 wherein
configuring a nunber of groups to coincide with nedia
zone boundari es on nmedi a surfaces includes:
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30.  The method of claim 27 wherein the writing characteristic includes the writing
head width.

31. A method for implementing an electronic storage device comprising:

providing a plurality of media surfaces, the media surfaces having a varying data
track pitch; and

configuring a plurality of groups, each group having a group size corresponding
to an integral number of servo tracks for the plurality of media surfaces, wherein an
integral number of data tracks is associated with the integral number of servo tracks for
each of the plurality of media surfaces, wherein the integral number of data tracks
associated with the integral number of servo tracks for one of the plurality of media
surfaces differs from the integral number of data tracks associated with the integral
number of servo tracks for at least one other media surface; thereby enabling:

performing at least one of a read operation and a write operation on consecutive
data tracks associated with a first group on at least two of the plurality of media surfaces

associated with the first group.



surfaces associated with the first group in serpentine
fashi on by accessing data along a first radial
direction for a first media surface with a first head
and a substantially opposite radial direction for a
second nedia surface with a second head.

34

32.  The method of claim 31 wherein the integral number of servo tracks in a group is

between 50 and 500.

33.  The method of claim 31 further comprising configuring a number of groups to

coincide with media zone boundaries on media surfaces.

34.  The method of claim 33 wherein configuring a number of groups to coincide with
media zone boundaries on media surfaces includes:
configuring the number of groups between media zone boundartes to be in the

range of 25 to 200 groups.

35. A method for configuring a hard disk, comprising:

determining a plurality of groups of an integral number of servo tracks, each
group including a like portion of servo tracks of each one of a plurality of media surfaces;

determining for each media surface of each group, an integral number of data
tracks; wherein the integral number of data tracks differs for at least two media surfaces
of a group; and

performing at least one of a read operation and a write operation on sequential
data tracks associated with the first group on at least two of the plurality of media
surfaces associated with the first group.

36.  The method of claim 35, wherein performing at least one of a read operation and a
write operation on sequential data tracks associated with the first group on at least two of
the plurality of media surfaces associated with the first group, comprises:

performing at least one of a read operation and a write operation on sequential
data tracks associated with the first group on at least two of the plurality of media
surfaces associated with the first group in serpentine fashion by accessing data along a
first radial direction for a first media surface with a first head and a substantially opposite

radial direction for a second media surface with a second head.



