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Patent Application entitled "A METHOD FOR CONSTRAI NED
| MPLEMENTATI ON OF VARI ABLE DATA TPI", Application No.
10/ 387,789, attorney reference nunber PANALOO6US 1,
filed on March 13, 5 2003; and [0006] United States
Patent Application entitled "A CONSTRAI NED

| MPLEMENTATI ON OF VARI ABLE DATA TPI", Application No.
10/ 387,781, attorney reference nunber PANAL006US2,
filed on March 13, 2003. 10 Field of the Invention
[0007] The current invention relates generally to
reading and witing to an electronic storage device
haPESigCstheren & theis entigh6r di ng surface, and nore 15
Papbig Sl Yaloly ABAHAdn BN 1A MITIODALR RIS PEARNED
storage device having at Teast one recording surface
usIMBLEMENT ABI@N dit ¥ARIABK Eda A TIANTPI’f Apphidation No.

B d of the | ti 0Q08] . W
PSR elemedeamBT oyt R e ARG o RGMARE Liso
regqsdhng heads and corresponding data track pitch is

continually becoming smaller. As the heads becone
s ni0Delr UnitérbStates @pteabApplicutige entitlal ‘HeGQONSTRANED

e R ERRE C1Sed Lok & 35 AP IRLR, S e

10/387,781, attorney reference number PANA1006US2, filed on March 13,
2003.

Field of the Invention

[0007] The current invention relates generally to reading and writing to an
electronic 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.

Backseround 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. 1a. As head writer widths vary from 0 to W, the
probability p that a head will be acceptable within a hard drive attains a



inch (TPI') format becones smaller as well. Thus,
controlling the witer width to within a percentage
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illustrated in FIG 1 a, a distribution 100 of
typically avail able head witer wwdth versus the
probability of the available heads bei ng acceptable
for use in a hard drive is illustrated in FIG 1 a.
As head witer widths vary fromO to W the
probability p that a head will be acceptable within a
hard drive attains a WO 20043084189 PCT/ US2004/007521
3 maxi mum probability P at head wi dth wp. Usabl e heads
have a width within a range of a, whi ch contains the
wi dt h having the h| est roba il lustrated
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channel 114 and data 15 write instructions are sent to

i TopSpe tderseasion veith hoste) 132 o prstradardolataswritesopgration, data

write information is received from host 122 by the disk controller 118. The data
to be written is sent by the disk controller to read/write channel 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 because 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.



signal to the servo controller. The servo controller
then sends signals to the voice coil notor 108 to
w4 act uator 106 to the data track and sPCT/082004/007521
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 disk 102. Throughout wite
operations and simlarly execyted read operations, the
spaci ng between data tracks is uniform [0010]
Vari abl e data TPl hard drive systens where data and

servo TPl are 25 chosen arbitrarily_ have en slow to
evoljet ﬁé@a@%dewtaw&yablﬁ@aﬁa\ﬂg”émﬁv %‘9 cﬁ Rk Qcreomgs dhe

natﬁgmgﬁﬁ% dﬂﬁﬁﬁﬁéﬁ o?ﬁk L §rtr eason, variable data

TPI S are not 'l devel oped in the

el ectroni c storage deV|ce i ndustry. WO 2004/ 084189
PCT/ US2004/ 007521 4 What is needed is a variable data
TPl system and nethod that overconmes the limtations
and di sadvantages of the prior art. W 2004/ 084189
PCT/ US2004/ 007521 5 Sunmmary of the Invention [0011]
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 nmedia 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 group is also an
w0 ndoggerisbut may vary for each surface accor di PQI/US20041€07521

head wused for R/'Woperations for the nedia surface.

G oup boundaries coincide wwth nedia surface RI'Wzone
boundaries. The groups on nultiple disk surfaces are
10 accessed in a serpentine pattern. WO 2004/ 084189
PCT/ US2004/ 007521 6 Brief Description of the Draw ngs
[0012] FIGURE 1 ais an illustration of a distribution
of head witer w dths accept%bl e for hard disk drive
wite/read use in the prior art. 5 [0013] FIGURE | b is
an illustration a hard drive systemin accordance wth

the prior art. [0014! Fl GURE 2 |s an illustration of
a distribution of he f tioficcept abl e for
h
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3 | SPHImard dtive Eysadm on mfe anbodiinegetht aystae iseaplomenagd bpf
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o B SR 8 et BT A T of 990 b RS HEERT e dp Head
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present invention 18] FIGURE 6 is an illustration
of mediiaderfmeé&l%fzom braimdaiéss KT hiegvoupg on multiple disk surfaces are

10 accessed in a serpentine pattern.



different data TPl for each surface in accordance with
one enbodi nent of the present invention. 25 [0019]

woL@WRE13a is an illustration of a top view of PEr/gzod4/007521

di sk surface used in serpentine RRWin accordance
wi th one enbodi nent of the present invention WO
2004/ 084189 PCT/ US2004/ 007521 7 [0020] FIGURE 7b is
an illustration of a side view of a hard di sk surface
used in serpentine RRWin accordance with one
enbodi nent of the present invention. [0021] FIGURE 8
is an illustration of a nethod for representing data
track 5 reduction to establish goal capacities in
accordance wi th one enbodi ment of the present
i nvention. WO 2004/084189 PCT/U82004/007521 8
Det ai | ed Descrlptl'-=e 3 ¢ Avent i on

I
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|anmaﬁnbbddmmuddmhﬂngamnﬂ@h@dgm@uphebneemﬂo tracks in
a radial direction for a hard drive nedia. 5 The group
is conprised of an integral nunber of servo tracks

st h@on 3] PRNASRAND is AIRVGR A e dﬂ% )‘fstéﬁ‘?iﬁ £Rordh& with the

er of data tracks I1n a group iIs SO an I nteger
butpmrlakt. vary for each surface according to the head
used for RRW operations for each nedia surface. Mdia
surface RF'Wzone boundaries are placed on group
boud#4] BRSURB S 19 0HRStra¢h SFCAsHiStidloMNRRE viltbMORIths

havi ng
acceptable for hard disk drive write/read use in accordance with 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 illustration 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.

25

[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.

[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



10 multiple surfaces in a serpentine manner. |If the
serpentine access extends across groups, the

W@ erpesfiBne switches surfaces at group boundar PEFUS2004/007521
[0023] The variable data TPl inplenentation of the
present invention allows for data tracks to be
| ocated at a different spacing for different disk
surfaces. Alternatively, the variable data TPI
i npl enentation of the present invention 15 allows for
different capacities of essentially the sane nodel
hard drive based on the singhke head's witer wdth.
This provides for heads having a broader range of
widths to be used in a hard drive. Since different
head widths may bhe | nplenented for, use with different
di sl0020] FICAERE %Hé%%ﬂlﬂlﬁ%‘tﬁql?d’rfﬁéﬂ‘IGyVlé‘B@ arhraxd diglesyyiagg used
for: i . dri . .
br oL defHeblf BRY A Rt Gk SpBim By 48 prfent imvention.
popul ati on of the head pool to be used in drive

(Ol s e b SHiehlcnelbed Fugrpitatoedsdrack

sPCTUWRAPA6 QDD cofl @RI Bes MR cERRAR WP In PGSRBS the
head witer wdths for a drive that requires a

genzesnt ynvemiidnor m head width is small. | n accordance
with the present invention, a wi der range (3 of head
witers can be used in manufacturing of hard disk
drives. In this case, a larger range 0 of acceptable
witer widths 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 t hat

t oget her conprise concentric tracks. FIG 3 is an
illustration of a sector map of a hard di sk surface
300. FIG 3 is intended to represent a sinplified
nodel of a hard disk sector map and not represent a



10 sector map required for use with the present

i nvention. Sector map 300 includes servo wedges 310
w@nah408£189 sect ors 320. As shown in FIG 3, datRCEHE61004/607521

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

| ocation. A set of adjacent data sectors and servo

wedges forma concentric track, as 15 shown by shaded

track 330. Cenerally, the space between servo wedges

is used for data. It may cont@ain | ess than one, one,

or nore than one data sector. 1n one enbodinent,

servo wedges have a pitch (the servo track pitch) that

is finer than the pitch of data tracks. For exanpl e,

to access data track 5C2gal € ircuitry does so

(after extensive cal cul ations) by seeking to servo

t r afl022P0he g8t 20veriio? OdMp1e4 28 dmPIETcBRA00 4f 6 0FEdble data

10 [0025] An illustration of a servo information

pat TET Rard @¢ive ByslerRalitlontl ékbslith i the siystedds pnslamestedvby h

one enbodi nent of the present invention is shown in

Gborﬂigualﬁg @E@g&;ﬁ%f;@ eekVH ABHee dii%%s'}g} N.? REYdRRE Giddia.

400 1 n I nfornati on ,

i nformation 420, .index informati.on 430 rac .

3 by Bious brined ek AT o e b Ain ingonsient
450, 460, 470, .and 480._ Burst infornmation includes

ser theoughout the gye dagge. Thegumpss of defa raglessin agroup 14 2l50 an
476, 482, 484 and 486. [0026] Servo bursts are used to
al i gregar hetawlillovaryl &g icgetasueticel accarding tckhe head vsedSomltdér d
three pass track servo wite nethod, three passes are

- madepfpetiomddbieach thddizpaifate) Magiadavicd REVRUASboundaries are

information used to align a head with data tracks

placed on group boundaries. The groups are accessed in 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 a 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 illustrated in FIG. 2 and discussed



whi ch are evenly spaced every one and half servo
bursts. Thus, as illustrated in FIG 4, data track
wd2m4ios4189 i gned al ong the | ower edge of servo PUI/EE2045@7521
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 anplitudes of bursts
482 and 464. 15 This servo wite technique, having 1
data track per 1.5 servo tracks, and the nethod of
al i gni ng heads over data tracks are well known to
those in the art. [0027] Heads having different
witer widths are best suited to access data tracks
spaced at different intervals. Thus, for heads having
differenf witer wdth, the. data track spacing. should
be WOVE-dhenEe HAS agwgabﬂméé«aﬂﬁrem@%ﬁrﬁeg@@e {rguges 2
informati on patterns with correspondi ng data tracks
t hagenewatly @sifornd heasd width ésrsarell. Ineegpsdinge agthohdaresentwi t h
the present invention are illustrated in FIG 5. FIG
5 \ivedidvh/ H8AdBaride P dIFRA0Wés bailbe ddedrinyndnafactiding lof hard
of as a see-through top view of a nedia surface having
a g 88vQNtm 68l 8asdH 1af Q4 Ploe BT ab O LMD REitR I IS WRikts
surfaces. In one enbodihent, the servo bursts will
4r0s §3r§d\§i mlar alignnment |ocations for both nedia
surfaces.”l n anot her enbodi nent where servo tracks are

not fficiently aljgned 5 between ESD surfaces,  a .
o 11824145 Ismomh hETen L3 4th e PAEb T Eipk gufaesA divided into
physi cal tracks on the surface to |ogical tracks

pr oléssastprpgnd srevEsprgss tleajtagoiher comprse ¢aeRntsp defksg FIG. 3
will differ for each nedia surface according to the

Wi di lan dfustratien baskctorwidpt efra has@disk ouidaceed. TGt 3 is intended
surface. [0028] Witer head width and the optinmal data

t r apkefbicna thgslifdaenidel bes hdtgAdkk sbtof Aap\Whil hit fePreBdY a
be det'erm ned i'n many ways. |In one enbodi nment, witer
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. It may contain less than one, one, or more than one data sector. In one
embodiment, servo wedges have a pitch (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.



width is determ ned by detecting the resolution of
data tracks the witer is capable of witing to.
wo-2003084189 band of data tracks is erased. Next,PCrnesumat/en7s21

track is witten near the mddle of the band using

the witer head to be neasured. The read head may then

pass through the band servo tracks to | ook for the 15

witten data track. As the read head approaches,

reads, and then | eaves the data track witten,

signal s having ranpi ng, maxi num and then decreasing

anplitudes will be detected. By analyzing the range of

signals detected and conparing themto the servo

tracks at which they were detected, the witer wdth

may be _determ ned. 20 [0029] In. another enbodi f

t hel9g#] Aarllystgen preesve grf%wt@@maﬁ?@& i rd s surface

of possible track pitches. In this nmethod, groups of

t hr seaceetidanenvith pac dybedimen® 2bopredyd rggntion is shown in FIG. 4.

PCT/ US2004/ 007521 12 witten at each of the proposed

t r agls sRowig heSsertneedyd infdrentioi paitesh ¢0Ginctpdet ptepmble

the center track of each group is neasured. G oups

t han raitivh 144 b SSA N iforfhalibREX0, itk Ghfokhation 430, @Qck

narrow for the particular reader/witer combination of
head..~wi.l | .have eit ' . t,2n0

§ ongrrdfdiish iRtfrEy! SR eI R S350 uB0Rl Tand 450,

sel ected track pitch can he the narrowes r oposed

pi t BHIst BHoRRAtioR llﬁﬂédeSéFWB&’PF%% i ‘éﬁa{‘ﬁﬁ aak: ‘f@ 4% 474,

acceptable. Alternatively, the track pitch can be

sel ¢6,d821434rads@fe anount | arger-than the

above-nenti oned narrowest proposed pitch that

del {0026 Sarvo dbaesepirahbkea weralign ahatdomdesgiea] datpuhdksy In a

(in order to provide design margin).This is one

exapRh&r® fhrb@¥s HRED 840 Kfe é@fhod,ethﬁegﬁaﬁ‘éeﬁ dravhbdSfer data
width and track pitch that may be used with the

16" €88l 1o 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 illustrated 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



invention. O her nmethods as known in the field my be

used and are considered wthin the scope of the
w@r@3mst1sd nventi on. [0030] As shown in FIG 5, P¢iEas2004/007521

witer 510 corresponds to a first media surface wth

data tracks positioned at lines 511, 512, 513 and 514.

Head witer 520 15 corresponds to a second surface

with data tracks positioned at lines 511, 522, 523

and 524. Though the servo burst spacing remains the

same for both surfaces, the data tracks associ ated

with the first head 510 are spaced closer together

than the tracks associated with the second head 520.

In particular, the witer width of the first head 510

is smaller than head iter 520 an ulres 20 l.ess

s pabiPRge OGN a5 ey Paglb@ﬁdﬂ%ogaa diersueiRes bavinge

enbodi ment, data tracks nay be configured to reside

at diffeesmbtiate THH formay portthe vpier gud fovesr seffaces.s &r gre ppodiment,

2004/ 084189 PCT/ US2004/ 007521 13 burst wi dth.

Howgieservotbnestaraill pidsessadahidartalignieascationd for both media

i mpl enentation of the present invention nmay be used

at  RiroRed. mhesehet érﬁﬁ§d1m-gﬁﬁwﬁéi@%éwg fhékd 4rd ﬁlSt sﬂﬁﬁmeﬁtﬁpéﬂl gned
and data track per servo burst ratio wll depend o

Yol pSh S ACA ol bl he5efhd gtem%ﬁ%gﬁ%%gg b

ur Ftds n preV|ous Burst
typically two thjrds _of the.t pitch i o
ext Blﬁfsmi/‘ﬁa‘&ﬁ é’néh%%ffﬁém {2’8%03[ fiacks prosgesst %yﬁ‘@%ﬁgbﬂcuﬂry-

the head witer of the present invention may be as
nucPatagrack seacing will difker fareaehmedia swdreragrondigdowhs wakh of
In one enbodi nent of the present invention, the

wr i therhebdadrisérdishd cmsccesy tiatfsudeeabout seventy percent

of the nomnal data track pitch to over 110% of

nonjgp2k] Vatier Rdadsld dndhthe YahAl dtatthRk bhch qmt ﬂﬁa' wiifefBéad

pitch i's the distance between the centérs of

18 dj Qacnex%ltquiir?ay be determined in many ways. In one embodlment, 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 written, 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



tracks. However, the variable data track per inch
i npl ementati on of the present invention may be used
wa@tookasgey variations of witer head wi dth i n Per/ns2004/007521
nom nal data track pitch. The reader head wi dth can be
si xty percent of the track pitch, plus or m nus
twenty percent. |In one enbodi nent, the reader head 15
wi dt h shoul d not be greater than the witer head
wi dth. I n another enbodi nent, the reader head w dth
may be narrower than the witer head width by an
anount of at |east ten percepy of the track pitch.
[00311 FIG 6 illustrates a side view of a hard drive
di sk 610 having different data TPl for an upper and

| ower. surface i.n accord h one enhodi nent. of 20
t hevEHELEACR ob Disrorpoed Mo R Ao CSh SR gen gualty of
610 has an upper surface 620 and | ower surface 630. A

r olig cefor trackoadeRely aroan iy measytrghOyoups dhal apewyiien with a track
2004/084189 PCT/ US2004/ 007521 14 physical |ocation on
t hepitghgahat istub thaososr fos tivd Eeettcuddr readdi/sikiter doentgiiaion df @ head
configured in the sane general |ocation, and having

t hewsaRR cROUBIARISRS: erﬂﬁ-ra@bhgqov%r%kgrﬁyqﬁaﬁ%n id Jéhfér rack.
the hard drive as well (not shown). Upper surface 620

on A
S T I T
640. Thus, cont ai ns egr.al nber of at a
Cr ab e Ssfal WG s ogrpuble, Raibibarirtchgs be
wll vary between different disk surfaces wthin a
har ¥legtqdiie be spms amoppklargey thag thephgv ewpentioned pgreawest o
several constraints. In one enbodi nent, as discussed
abopreposad gitoh thas delevenuimt adoeptateid erroprané OIasi gnaltqaglitgl(in order
number of 10 servo tracks. Thus, a group should be
Cc hogQfovaHE Bedi Gipdartiin). THIS Bfchk cRAARIof @fany methods for
10 determining writer width and track pitch 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 positioned 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



consecutive servo tracks can be placed within the
group. The nunber of servo tracks within a group wll

wheoousf18¢ m t hr oughout all surfaces in a hard PCT/VE2004/007521

10

15

20

anot her enbodi nent, group size nust be sel ected such
that an integral nunber of data tracks exist within a
group. The nunber of data tracks is uniform per 15
group per surface, but may vary between surfaces as
the head witer wdth varies per surface. In another
enbodi nent, R/ Wzone boundaries coincide with a group
boundari es on each disk surfage. Thus, a smaller group
size may be advantageous in that it would provide for
a higher resolution in placing RF'W zone boundaries at
group, boundari es. i call here are nore group 2
oIS S P Su e i nar by Sheh BTG Rn Of fhe
one enbodi ment, a disk surface may have between

si Ricseh Ipventoerey b gerd atditghsr resplagonsa Theskastudataiaackper
2004/ 084189 PCT/ US2004/ 007521 15 may have up to

t himok andldata fragi perpsrvodepsnatigilbdepehé ol itlsekwiiil 6Bides head
TPI. In any case, a group may consi st of any nunber

Of weigd ifed fodiekshs tHIUiSOQurBREOH pBTibus BSDE! LtPvERISE B S
of between 15 and 480 servo tracks. [0033] In one

g EB@ﬁJaﬁg Wé/o ﬁfirdts I?)? tlfyt?a%ﬁ gfi’wﬁ m’:tea(ﬁ)fai(lj g)?enth qﬁ‘%n@@%ﬁ%g&g{aﬁ% of the

equenti al accesses a sectors’is
in_ a rpentine fashion within a group,. or an integral
noret BRegen du Aipf atflotbd fe BiePed iRieRoR e et shtitops
view of a hard drive disk surface 714 havi ng groups

719nethigd prsllentham s naminakbeddamiitem Inope embedimensof fhe present

wi th one enbodi nent of the present invention,
s enpremtidng the vatteebsadswidth eansarypfromiabeutf sevesy percont vfthe
arm 711 traversing group 712 in one 10 direction on

t hgoriidBEdats HadkasiRh 18 SverNEDOs of MEniGOINakDlrAdK! pifchi WERESIN the
to the next
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 terms 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 emxbodiment,
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



surface and an arm corresponding to the next surface
traverses group 712 in the opposite direction of the

wo oogs4isaver se. This process continues for alPCT/US2004/007521
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surfaces that are used for data storage. If the
sequenti al accesses continue beyond all surfaces of
group 712, the controller starts the process with
group 713, but 15 begins on the | ast surface accessed
with group 712. In this manner, the head travels
radially in a direction towards (or away fron) the
center of a disk surface as ihe di sk spins to provide
access to data sectors W|th|n the data tracks of a
group. [0034] FIG 7b illustrates a side view of hard
drive disk surfaces 720 used in 20 serpentine RRW
opeltysidablesation erctbe paps cad e Wwer seHaceMirodislaehite goup ke
present invention. The elenents of FIG 7b include
hacahfigureden dhesdame R Acrall Bbatican dnd B8/ing/ e 20104 bOBHThA8s, on
PCT/ US2004/ 007521 16 and di sk surfaces 721, 723, 724,
1 28ther/didk atehcéSRithineBsiBaraeive bkl AStANERE). BpRr B@Eface

shown for purposes of sinplifying the illustration.
SPOSEOHAG PRI S YD Oyl oo
nbo f
opcta s i s i, P T e i i aﬂ'zn%?q Foha
dlrectlon of directional arrow 731. Once th
oplEacks itk arpconstanlyera swéace o iadiskg beiupilinzoy h%rwewg digfprent
integral nunber of data tracks on surface 721, the

R/ dslo perfats wrthmontiarddese.upon di sk surface 723. The
| ast data track accessed in direction 731 is | ocated

apE0g2] Meé ke oLPROED issubfect el éraBdondi@diats! M@6kKe embodiment,
accessed in direction 732. This 10 provides for

m p H?Jus&%%@o@\é%?&ﬂ} siddmAG PR IRAdR DI i EQH number of

consecutive tra

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



| ocated on different disk surfaces. Conpensation for
very different servo track alignnent as can be caused
whypooas418ng servo i nformati on before assenbly PECT/US2004/007521
insertion into a drive is not shown, but is well
understood by those in the art. As shown, the RR'W
operation on disk surface 723 occurs over the sanme 15
configured group 730 but in a direction 732 that is
opposite of direction 731 of the R Woperation on
surface 721. Once the RIWoperation on surface 723 is
conpl eted for the group 730, (& Woperation continues
upon di sk surface 724 of disk 725. As shown, the
direction 733 of the RFWoperation on surface 724 is
the sane as that on 721 but oppasite that of 73 The
RS BT Gr PSR AT LZ0RS, SoRPRATE ORGPk Pgface 21, T any
remai nder of the surfaces in the drive as shown in
FI @3¢, PLEronp iy ¢Pragiof amanumberalsase tragksi Inapeiembadliment, a
arrow 736. Once the |ast surface of WD 2004/084189
PGSRt O0MePdeenlls dnidet80astvodiasks.i s read, the next
group may be accessed if further read or wite

_oq{aoas]i Rithe@hthodin e oPBpRéstBdnvémtichNBe RGN uring
ilTustrated in FIG 7b, the next group 740 is

ac :
5 SFEGRAfRLAeNgs B AEFLGRICl: SERLE skl i iR g groue
736, t.he head will. nove t.he. s 5 .surface to read
R A IR SR e T e N
740. Qperation continues as it did for group 730 al ong
t Hearddayadisk sirdrces 14 haying ghavps Héddnd 7 by sddsamirengeetagism
upper surface 721 in direction indicated by
di 7ldctlh apairdaree moth ofi88mbdliEngt of fepreseyt inecntpesiyachtial
for multiple groups as needed. For a hard disk drive

ACHEE3Ein! A sctheRBA HnbNAvHIRENAANT 1 CORRRGHE 'gx\bﬁig ¥12 in one
accessed sector 10 locations are configured to be

10 CORREAYA bY the PPLLAFLPEFRL INLACARE BffFoller switches 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 group 713, but

15  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

20  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,



Conpensation for defects is not shown but is well
understood by those in the art. This nethod of

w@ewensilgy nenory | ocations over nultiple di sSkpEUSRO€B07521
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reduces the tine to access data tracks |ocated on

di fferent surfaces and preserves the expectation of a
"cylinder of tracks" and the expectation that 15

| oner addressed bl ocks on the disk exist on higher
capacity tracks than those blocks at higher addresses
(the concept of zoning). [0035] In inplenmenting

vari able data TPl in accordance with one enbodi nent

of the present invention, configurations are

i npl enented that differ fromtypical inplenmentations

of th rigor art. _In one_e I mep onfiguring RW
St Bos T 7o AT D, 431 4G PA9. diFplisgd pHeE hgdware
present invention fromthe prior art. In prior art,

s eare inatshepnt foe pRPVgsaf aimrlBying flay illastzasion. Haserpgntine phttgm
only WD 2004/ 084189 PCT/ US2004/007521 18 required a

dad R/ W apératien isrshuivn by ®/Wediaernonal apeiwspRar Z3)963,da4a735
Track). To set wup the zone paraneters in one

endiJgRVer 8 &rdupeurd BETh ohd EﬁBB&i%nt,taqﬁstzl@ﬁ_?ﬁﬁ iogeration is

information i's al so dependent on the head

re ' o t ead: .. Far Zone
adretel el soh 4B A b s R R oy 7
are 5 addressed by a table of zaone pointers kept, per
hedece the M&R%}O@ hag seaanre the; e HREP A0 PEYRE an Hiperal
zone boundaries for the a particular surface such as

t hembey b data dfackeonsrfacadkls theR/Wmperation edietinnes ppon disk
stated in the term nology of the present invention,
nwubface 323.gTtijast qaer travbruegessddia dircetielyisdosatddgur ed
for reading and witing data and ot her zone

| N RFSBIbRIY opfisREtAA8 Bird Qb HRER ab@kselQn RERidAeRY. This

al 'ows zone tables to be shared between heads while

0 'Br)ﬂvitdgsefotr HhETa1 head movement in accessing data from consecutive tracks
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. [00361
Transl ating data track to servo track in a typical ESD

WO pootlogd1gr i or art is sinple, usually cal cul at rGT/D$2004/007521
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mul tiplying the data track nunber by a constant
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 daja tracks per servo track
is stored in gXl (that is, wmth gXI places to the
right of the decimal point), the follow ng expression
converts. data tracks into seryvo tracks_.in gxl format:
zothej%st ar?? A%wegﬁaéﬁ%awm%w hf‘e%ﬁ?f’sseé e ireRg or write
/TResult in gXl. WD 2004/084189 PCT/US2004/007521 19
[ oor3:Tations gee tRbpNsEipemed. einshevembodimeniiblustoatedinzidfe 7b tthe
code in the ESD of a typical prior art system does
nohexagdrhups0as adctesset] along dirseiiprahirr@on?3 TIo0BBi Mhus, after the
during sequential transfers until the zone's hi ghest

gﬁ%[guﬁ isBekedsed SlehPare&dnlYartdie 7364188 heaii@NRove on the same

di ment of the present invention, any tine the en

°fsu1ﬁrﬁ‘8e B Igﬁ(gggghge Vél?@i@@%cg%g%r&%%ﬁ Grrb%, 7 g%@@urﬁr e

surtace, Zone Cros

the R Wparaneters, .such as frequency, wll |

¢ ypeiaor Corlipes 1 AEhiPC R Hlgni r BEGH suitaack il the
another way, in this invention each group or series
of hegd diapels iatpng thowepes pagase 731 impiredtionandipyedby tirectional
attenpted head switch occurs if the drive has

mudrkowp 788.sThd proesss nldy §d6pd}ed for oandtiepadiprenicededieFor a
R/ 'Wcontrol conponents such as the disk controller,

M [64r@ JRk AGRE HOes AN RENRNER Malifbh, Ronlcudvdifhsbetet ¢6ctor
of the present
locations are configured to be consecutive logical memory locations.
Compensation for defects is not shown but 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
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

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
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i nvention are configured with information to inplenent
a constrai ned variable TPI hard drive in accordance

i nformati on may include the nunber of surfaces, group
size in servo tracks, 15 and nunber of data tracks per
servo track to inplenent per disk surface. Configured
with at least this information, a hard drive system of
the present invention can be configured to inplenent
the variable data TPl as di scussed herein. [0039] As
di scussed above with regard {9 the size of a group, a
smaller group 20 size gives the nost flexibility in
pl aci ng zone boundari es. However, a larger group size

or SRR 041 HHGK GESDb0 A" RITRG PEHPORAOI duresaeh oo se

i nproves the performance of the ESD up to a point. The
i i Bigaanpprpeivshione sebgdindss efthsergsent @V@monh@aaone

switch, a tine and processing overhead occurs in

or thésrntatioh ool sautepandent eh dachaalie TRIs\Wepdts ame cell shat nay ok
enbodi ment, a starting point of 192 servo tracks per

gr S&@E&%ég@i‘ahﬁﬁ&@@ heldd B Thiaa6the) erHPd/dlﬁ’l%ntC E&%ﬁ@ble?are
assumng a burst, 3-pass per track format.

wr d&dgé é(ﬂ %ta'bfe élfazroh‘g goﬂlgﬁtr%kgfﬁ 'B%y ﬁ%adv A LS eccg% 6&%}81\{1?

€ nomi na surtacé w
160 dat trac rou I n. o

Soten EgRiad S bulnes 10uhS natib g e b mbr
medl a zone boundaries. I n another enbodi nent, RI'W
7 OREBDEE O §71¥Q traeksamer goua hsndwaen sigted Oothe terstinelagy of the
data 10 tracks. [0040] In one enbodi nent, once witer
Wi pletenandrettive), combesqigrdipsgped amae),tthaﬁlequency configured for

reading and writing data and other zone information. Using zone pointers for
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
communicate 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 X1 (that is, with gX1 places to the right of the decimal point), the
following expression converts data tracks into servo tracks in gX1 format:

(dataTracksPerServoTracks[head] * dataTrack) // Result in gXI.

i nvent i on. PCTTg2004/007521



per group have been determ ned for the surfaces of a

storage device, a reduction nethod may be used to
wa@elioesdasspeci fic capacity targets. A desired BES3DUS2004/007521

capacity may be set to sone capacity that is

mar ket abl e or otherw se 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 i npl enented. Because of nmarket requirenents,

not all possible resulting capacities are desirable.

In one enbodi nent, the reducfgyon nmethod reduces each

surfaces data tracks per group by one until a m ninmum

val ue resulting capacity is reached that is Iarger

thap 20 the desired capacit The remaining "extr

a3l bpce R sermieriosy vsiatcs up R ~acive pydcier e LS of a

and grown defects or other utility. This reduction

met fypigahprionAD sysieny @84 18addaCsHs UBRROUPODDSRLentZbne krossing

added benefit of providing margin, simlar to making

W déuring sghiveryial tnarisfers anlilithe onal's highes dita traclélssuffassed by the

given width. For purposes of illustration, consider

t henda@! oA EmBIEBhE Mhi greg &l %{\%ﬁﬁ&l Ly i 't:}n@ th8 encﬁéisﬂlrige

a group 1s 192 servo tracks and a nom ha

h g.data. tra el EQY
et EA Ikt pR IR 8 Ay Onezf o seb i g
reduction as |IIU§¥ ted in is applied.to th?
dat GRS HFONH %%ﬁteﬁe aﬂda Hecdugrayh wilh gypically

capacity point is Iess than | x of t he desired

capdifer fromtyefaeivesurfach cithiod anetheraywpy, i thisimventien each group
capacity point is reached that is marketable. For
exasieties @f groty it b agnCapss; at whichewdr Bainvetheetermpiddrdd twitch
0. 75 because it has been determ ned 10 that an 80GB

pefoéihl%lﬁfﬁregdnv@%hé’ﬁmltﬁalé@[rﬁ%%@b| e and a 60GB per disk
2.5" drive is marketable, but interimcapacities are

1dot [0()'3:@] fnhdn% e%%ﬁpllle%t, e W&n&r}gl ngponents 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



65. 6B per disk). Likew se, capacity points

significantly above | x may be selected as target
w@oioans+18d or exanpl e 1.13x 90GB and 1. 25x 100@BCPER2004/007521

2.5" disk) 15 [0041] The present invention conprises

an inplenentation of a variable data TPl hard drive

system In one enbodi nent, the systemis inpl enented

by configuring a group of servo tracks in a radia

direction of a hard drive nedia. The group is

conprised of an integral nunber of servo tracks that

is constant throughout the dppve 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, R' W ogerations fq{ each nmedi a surface. RI'Wzone

boulRiPYesdhe parfosmapegiothe %%aﬂﬁ) A pYpla/ I amgrpved performance

PCT/ US2004/ 007521 22 boundaries. The groups are

ac cessmtbdacausdedoiewdry head swaichnaytinmg land prosessing @aedsad nccws in

serpenti ne manner. |In one enbodi nent, target

capadkt iodsolalif afiCatddhOR/ WrRghiiadieg. diabide érhbeBeMSh starting
group until a minimumis found that is still greater

t haﬁointtmdz%%ttra“cﬁpg?i %r%%p Giob R0 A e %ie s MAFBe chosen,

aspects and objects i nventi'on can tal ned

rom. a.revjyew of, the figu and e clai It I.s.to
e TuBPEE AR a0 B8 pen P Tt 8 v TR e b
can be devel oped and fall within the spirit and scope
of FHEt-FVERFICEH ARTP HIholEY thegtoaynaliridth, g sugesengith 100 to
description of preferred enbodinents of the present 10
i nv it dasmirhcls pse group resuitdeth ¢nwrenatnelimpentpBS¥ gonds consist of
illustration and description. It is not intended to
be botlvaeis24 el 40 glodpd bativeed fediaroaeibowidaties. tlRanptheci se

forns

embodiment, R/W zones consist of 32 groups spanning 4096 (nominal) data

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



di scl osed. For exanple, this invention also applies to
a hard drive having a single surface where al

wo peuases of a particul ar design have capaci t PCT/ER30040D7521
according to the witer width of the head it was built
with. Ooviously, many 15 nodifications and variations
w Il be apparent to the practitioner skilled in the
art. The enbodi ments 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 understapd the invention for
various enbodi ments and with Vvarious nodifications
t hat are suited to the particular use contenpl ated. It
'S I.nt ende at the scope of, vention be
defthg géd%i)}oqnﬁ t ?gyrp&%}hqggmgg ﬁl,gmglﬁao Jélgrmder hlghways with
equi val ence. WD 2004/ 084189 PCT/ US2004/ 007521 23
[ 00xtlijtianal kaes for garstod agiveariiddi rhionpuposes aftillwgragipn, consider
specifically designed integrated circuits or other
el et felluwiag ekiaplematdenterémte en FiGr8. maysube a group is 192 servo
conveniently inplenented using a conventional genera

PUTBRKE afdl a AomIRE Wribd wiith flbdk a8 ds@ mekseﬁer%&ou . After
m croprocessor programed according to the tgachrngs

f 0 ren
L T L
sof re co can readrl repared_ b krlled
pr aﬁgeaheo%t% ek R ﬁb%fcg‘fhe?@rey 5?%@8@%1%
dlsclosure as Wil be apparent to those skilled in
t hecapatityieaint iadess thand xj afleaddsived panacity,dbe sranel@duction is
i npl enented by the preparation of application specific
i ntapptiad edtilcd capacityspaint ibyeached thncio nivekdtalg Bor example, a
appropriate network of conventional conponent
Cl rgatihg captRity of 0.82 may be 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
1s 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



will be readily apparent to those skilled in the art.
[ 0046] The present invention includes a conputer
w@e@giosdspr oduct which is a storage nmedi um ( nMedi/aEy2004/007521
havi ng instructions stored thereon/in which can be 15
used to program a conputer to performany of the
processes of the present invention. The storage nmedi um
can include, but is not limted to, any type of disk
including floppy disks, optical disks, DVD, CD ROVs,
m crodrive, and magneto-optical disks, ROVs, RAMs,
EPROMs, EEPROVs, DRAMs, VRAM;, flash nenory devices,
magneti c or optical cards, nanosystens 20 (i ncl uding
nol ecul ar nmenory 1Cs), or any type of nedia or device
suitable for_ storing instructjons .and/or data, WO i
200kodarisso Thegronpeeareseyss 1 had drigeyhaving @Pﬁﬁpl%wr@ﬁ? in
one of the conputer readable nedium (media), the
pr es sanpenting veannen ninione leodedinwnt, tavgetecapanitiesoare reachédigy
both the hardware of the general purpose/specialized
COonRUdtichg B4ita HilaCkOpsr @EaFOWIt] a aitinfudi iscfoabd thagistsniél greater than
computer or mcroprocessor to interact with a hunan

usqme@ﬁggkgg&jﬂpchanisn1utiIizing 5 the results of the
present 1 nventiron. Such software may include, but is

£ aATOUE B SRS FB5HBES o MREDTHH GH 3 SWhin o
BEERRNE IR Ot I E R

i npl ementing the teachings of the present invention,
i ncémbhdiments of thednvéritientcer be develapsi ene fall wighinghe spirit and
vari able data TPI R/ Woperation in a hard drive. WO
20068411838 imEhtibisand dlaiifs/ 521
[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.



25 Inthe Cainms: 1. A electronic storage device
conprising: a nenory;, a plurality of nedia surfaces,
w@tookosasd one of said plurality of nedia 5 suPCRHUS®04/007521
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
computer code located in said nenory, the conputer
code conprising: conputer code for configuring a group
size to have an integral 10 nunber of servo tracks
for the plurality of nedia supfaces; and conputer
code for configuring an integral nunmber of data tracks
associated with the integral nunmber of servo tracks
for each of the plurality of nedia surfaces, wherejn
t nelIA b iditriaaR cibodiment paRILSS o Sassdicaliydenien
the integral nunber of servo tracks for one of the 15
pl umdggratyd oifcuits dir atheu elealcecsd tefpeessnt ingentiosemanbegr al
nunber of data tracks associated with the integra
nung@ivedienideinyslememted asihgh cativdnéiasdl goneaal mirpege oredi a
surface. 2. The electronic storage device of claiml

wh e§&bﬁli§é@dihﬁﬁl%g%hte@ WERBEropocesdbr RBEMMniERESrdiRE @ the

group i s between and 500." 3. The electronic storage

0" g8l SPL oA g S SS BAY  e

el ectronic storage device of claim1, the conputer
codePTRRIFETF&F

[0045] Appropriate software coding can readily be prepared by skilled
programmers based on the teachings of the present disclosure, as will be
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 skilled 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
invention. 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, EEPROMs, DRAMs,
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.



conprising: WD 2004/ 084189 PCT/ US2004/ 007521 26

conputer code for configuring nmedia zone boundaries to
w@oeinosded with an integral nunber of groups. BCT/TRmM04/007521

el ectronic storage device of claim4 wherein conmputer

code for 5 configuring nedia zone boundaries to

coincide wth an integral nunber of groups includes:

conmput er code for configuring the integral nunber of

groups between nedia zone boundaries to be in the

range of 25 to 200 groups. 10 6. A electronic storage

devi ce conprising: a nenmory;o@a plurality of media

surfaces, at |least one of said plurality of nedia

surfaces having a different data track pitch then at

east one ot her of sai pl ur al of nmedia surfa

andﬂﬂé7la§ Fed s one Of 816;998@&% 5?ade%1ﬁfm%% ggdja), the bresent

execute conputer code located in said nenory, the

coripueriondndudessafiwirsi faycontu)lingorqt therhasduare foﬁ the general

accessing a first nunber of consecutive data tracks

I N purposespediaiied cosiptie bi mitroproeeskor; siid fok ehdtding the computer

plurality of media surfaces, the accessing a first

NURQ&HiRIpr&RESHE Wfdtéfﬁct%ﬁf"a Bﬁrﬁ&ﬂ‘%e@ Br 6%} ABEDiR utﬂlzmg
first start point located a first distance in a radial

T R

secon i stance, in a radjal directi fromthe
C enlfolgde(ij to, device drivers, operating systems, anc? user ap lications. -

[0048] Included in the programming (software) of the general/specialized

%]

computer or microprocessor are software modules for implementing the
teachings of the present invention, including, but not limited to, implementing

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



of the first nmedia surface, the first nunber of
consecutive data tracks corresponding to an integral

woovhes4184 groups, wherein each group 25 corr eBEDOER04/a07521

10

15

20

25

an integral nunber of servo tracks; and (b) conputer
code for accessing a second nunber of consecutive
data tracks in a second radial direction on a second
of the plurality of nedia surfaces, the second radia
direction configured to be opposite to WO 2004/ 084189
PCT/ US2004/ 007521 27 the first radial direction, the
accessi ng a second nunber of,gonsecutive data tracks
begi nning at a second start point |ocated about the
second distance in a radial direction away fromthe
center of the second nedia surface and ending at a

s Cldaspoi nt | ocated about the first distance 5 in
a radial direction away fromthe center of the second
meldi a sreletrenic stdragefdevie cotmprisingoi nt general |y
aligned with the second end point, the first end
poi nt geMEf&Y:y aligned with second start point, the

second pymbalt opﬁle&l@@ﬁﬁédéfslat%a@%@ dffsaiekudidth of nidia
fromthe f|rs¥ nmber of consecutive data tracks, the

s egfadesdfavirign @lfﬁ@mt faty treek pitolf thewet leash Phejottest of saide
Ol%zf—lcegt (al Eae fir t of the plurality of surfaces.
PERETBAT Cf?c?ln ge device of claimé6, further
conpri s pbceds6, tEOirBedssdT coaflgurt@rto &apeRtcon@{te) caledocated
(b) for the remaining of the plurality of nedia

s unfsaidayemory, the CPRPUET seds (IIIISE®r age devi ce of claim
6, further Cc%{ﬁ)}gdtglj de for configuring a group size to have an integral

number of servo tracks for the plurality of media surfaces; and

computer code for 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 nuimber of data
tracks associated with the integral number of servo tracks for at least one

other media surface.

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:



(c) computer code for accessing the second nunber of
consecutive data tracks in a third radial direction
worootlogt18econd of the plurality of nedia surfaP€spUS20041e07521
accessing a second nunber of consecutive data tracks
beginning at a third 20 start point located a third
distance in a radial direction away fromthe center of
the second nedia surface and ending at a fourth end
point located a fourth distance in a radial direction
away fromthe center of the second nedia surface; and
(b) conputer code for accessyhg the first nunber of
consecutive data 25 tracks 1n a fourth radia
direction on the first of the plurality of nedia

surfaces, the fourth radial djrection configured. to.
be oppoqmRitersods doroppiiguringdnedia gPRebqyndaries B ggincide with

ac&eﬁggp%ngﬁﬁgﬂ?%%w .rrber of consecutive data tracks

begi nni*n start point |ocated the fourth
di stance in a radial direction away fromthe center WO
2004/ 084189 PCT/.US2004/,00752]1 . .28 of the secaond i a
sutf ac eTé‘?]%le%thHF% gozge findce ‘Pﬁl“rlﬁnb‘ﬁ A hSERm o Cé)gg ?‘?fe

5 t hiddhonflhs hREE 0B bBudBHbSlo it WRRA aR WRYorhl QTR 8F
center of "'the first nedia surface, the fourth start

pogmtpgenkdes:| y aligned with the third end point, the

fourth end point |1y aligned with third
poi nt . oMo e £ CORf Binl B O MebObrgh ki hfveen
MERM zofle Pétﬁfdﬁ’riéstﬂé Rfin Elﬁcfh.l?%esd{fﬁ%%o gadupseast one of

sald plurality of nedia s aces having a different
data track pitch then at | east one other of said

10 6. A electronic storage device comprising:

a memory;

a plurality of media surfaces, at least one of said plurality of media
surfaces having a different data track pitch then at least one other of said
plurality of media surfaces; and

15 a processor, the processor configured to execute computer code located
in said memory, the computer code comprising:

(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

20 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

25 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
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10 plurality of nedia surfaces; and a processor, the
processor configured to execute conputer code | ocated

conputer code for witing a first data by a first
wite head to a first data track on a first nedia
surface, the first wite head adapted to 15 wite
data to the first surface; (b) conputer code for
reading the first data by a first read head, the
first read head adapted to read data fromthe first
surface; (c) conputer code $or determining a witing
characteristic of the first wite head fromthe first
data; and 20 (d) conputer code for configuring a first

I ntegr f data tracks to co a
i nt egr@ﬁ fﬂi @Fﬂ ‘gfec%?»\} © PCEBS # Feop 8“ dfC?H?S?l&lve
surf acgy, &Q&sfaegﬁﬁnﬂg% %QE@And@ inObc4lad 'albduE 9ﬁ5 §econd

derived from ting characteristic. 25 10
el ect rdisiancesinaradiel digsdtion aphy dloai the@entehef iho ntpqmed medla

code further ri sin ode,re tln

st eps i‘ﬁga"? ﬁ]?%ﬁlbcﬁg g2 g?n‘{‘ﬂ'@ é‘ﬁaf’?‘lﬁ%} cbcﬂ”?thﬂiﬁ distance
pl ur al jntayradfal Hﬁé’dt@nsaWaﬁliffo%Sthe%éﬁt@r FBME decond hdsc®ia surface,
adapted to be accessed by a WO 2004/ 084189

PCT/ UShedusteorbpaint geperaly @bgtmdnmﬂmgle\mmndr@dmat drifirst

readi n ead ein one t he ral|t
G 1 acoul g8t echl Tl Moo Rait ol he Rrp B oo
dat a t§RshSecuti0é 128 PABH dfelifs i@ the fieghambausPesnsetutive
servo tracks that differs fromthe

data tracks, the second of the plurality of surfaces configured to be

adjacent to the first of the plurality of surfaces.

7. The electronic storage device of claim 6, further comprising;:
(c) computer code for repeating (a) and (b) for the remaining of the

plurality of media surfaces.

8. The electronic storage device of claim 6, further comprising;:

(c) computer code for accessing the second number of cons ecutive data
tracks in a third radial direction on the second of the plurality of media surfaces,
the accessing a second number of consecutive data tracks beginnin g at a third
start point located a third distance in a radial direction away from the center of
the second media surface and ending at a fourth end point located a 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 consecuitive 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 froam the center

t he conmputer code conpri si ng: PCEYS2004/007521
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i ntegral nunber of data tracks corresponding to the
i ntegral nunber of servo 5 tracks of at |east one

of claim 10, the conmputer code further conprising:
conmput er code for reducing the integral nunber of data
tracks 10 corresponding to the integral nunber of
servo tracks for each of the plurality of nedia
surfaces such that the total capacity of the

el ectronic storage device is wthin a margin above a
target capacity. 12. The el egdronic storage device of
claim9 wherein the witing 15 characteristic

i ncludes the witing head mﬁdth 13. An electronic

st or age deV|ce co S plurality of di a )

s uplfthe seeond medidesyr aC%%ndP f‘aléérs% 3 &k thyd nd reipt Ingated the third
@ &J]lh%l'} iafrtoR afhf mst{lzé %?Iﬁ&f Jﬁﬁ@ﬁ 'n{éﬁr ts‘&rﬁ@e the

egra er of servo trac or the urality

weﬁuﬂh startfmu&g,emmh]éy eliigned rwithnthe ghried emipmmx theffoukdlt ald po1nt

tracks. is.. as with the integral nunber of

seFengraly aligee d?‘éﬂﬁh ffﬂ‘t?}‘fp‘?lﬁ plurality of nedia

surfaces, wherein the integral nunber of data tracks

associated with the integral nunber of servo tracks

f o?. oneAefectrhaicpianage davicesbmpeiding: surf aces differs 25

fromthe integral nunber of data tracks associ ated

with t he™PHP8Gral number of servo tracks for at |east

one ot h@ ig%éf ﬁH&lﬁ@ﬁﬁacey\Qt 28Q04 {8ALEBR plurality of media
PCT/ USZO 4/ 007521 . The el ectronic storage

d esnirfaeesdfavisige dtffmrsmv\mta éﬂai:k pitah then atgeast oneiather ofgfaid
plurality of media surfaces; and
a processor, the processor configured to execute computer code located
in said memory, the computer code comprising:
(a) computer code for 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) computer code for reading the first data by a first read head,
the first read head adapted to read data from the first surface;
(c) computer code for determining a writing characteristic of the
first write head from the first data; and
(d) computer code for configuring a first integral number of data
tracks to correspond to an integral number of servo tracks for the first
media surface, the first integral number of data tracks derived from the

writing characteristic.

10.  The electronic storage device of claim 9, the computer code further
comprising:
(e) computer code repeating steps (a) through (d) for the remainder of

the plurality of media surfaces, each media surface adapted to be accessed by a
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servo tracks in a group is between 50 and 500. 15. The
el ectronic storage device of claim 13 wherein the

boundari es on nedia surfaces. 16. The electronic
storage devices of claim15 wherein the integra

nunber of groups that coincide with nedia zone
boundari es on nedia surfaces is in the range of 25 to
200 groups. 10 17. A nmethod for providing a differing
data track pitch per surface of an electronic storage
device, the electronic storage device having a
plurality of nedia surfaces, the nethod conpri sing:
configuring a group size to have an integral nunber of
servo tracks for 15 the gLn& ity of nedia surface

an€PTESPendRg WHEDS RegdAndde ?ﬁéewhsmlm@%%p tth%lalwgaﬁlty of
[ ck
F oo oty hrlndfred BhaR Al ik e SIS o
t heorraspagtind toﬁhﬁh&egrm]fnmhahea of saek bradssbatidfferd front thet he
|ntegr | nynbe ervo tracks far .one of the
e s biradeedtew g By Dol AuDg of servo
' nﬁ?&fs%kaﬂ%@%ﬁe Q{hefjﬁ‘feélatsﬁﬁﬁ&s associated with the

i ntegral nunber of servo tracks for at |east one
ot her nedi a surface. 18. The nethod of claim 17
eln |nte r.al mher f se tracks in
orEL e I eh el khragh 42060 of 9at b0 g E SR B further
C|§&ﬂ%ﬂ§hyﬁ€f€ln the nunmber of nom nal data tracks per

group ranges between 75 to 750.
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 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.

5 groups coincide wth neRPCHUSINE007521
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WD 2004/ 084189 PCT/ US2004/007521 31 20. The nethod of
claim 17 further conprising: configuring nedia zone

groups. 5 21. The nethod of claim20 wherein
configuring nmedia zone boundaries to coincide with an
i ntegral nunber of groups includes: configuring the

i ntegral nunber of groups between nedia zone
boundaries to be in the range of 25 to 200 groups. 10
22. A nethod for accessing data on an el ectronic

st orage device having a pl ity of media surfaces,
at | east one of the plurality of media surfaces having
a different data track pitch then at |east one other

medi a surface, the nethod conpr|3|ng ( % accessin
fildst rthesdectionicatprase devicrofcrdain 13 wheism the ftegralumber of

radl %ltracg??aceér%ﬁﬁko&t%geﬁé Mé%o&f the plurality of

12 ‘&0 e accessing a first nunber of
consecutlve data tracks beginning at a flrst start

point |ocated a first _distance in a radi directi

awky fer ql??ém@@rﬁ@lag%fle‘ﬂ‘l"ﬁe‘)ffqlﬁﬂg]t13n‘é(B?f5mst ? integalqpgber of

enghil Blndid i nefRG R bBEnd:AEAL P hefialRHANA, di St ance
d|re I 'on away rom-t center of the

f| rst medl a surface, the f| rst nunber of consecutive

data 20 tracks correspondi ng nurrb r o
Bups, IW%?%FOHI%S@H%%&%‘G%@S of afaergﬁaaﬂaegg{l @*%ﬁtqgrﬁ
Suﬂgfthﬁ SbMRide rvﬂ%ﬁledﬁ%né DduRGAESH MBdia s8AERE ‘i’s in the

nu er ‘of consecutive data tracks in a second radial
dimegd of@d tor208 gs@pend of the plurality of nedia
surfaces, the second radi al
17. A method for providing a differing data track pitch per surface of an
electronic storage device, the electronic storage device having a plurality of
media surfaces, the method comprising:
configuring a group size to have an integral number of servo tracks for
the plurality of media surfaces; and
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.

18.  The method of claim 17 wherein the integral number of servo tracks in a

group is between 50 and 500.

19.  The method of claim 17 wherein the number of nominal data tracks per

group ranges between 75 to 750.

nunbePCT/U£2004/007521



direction configured to be opposite to the first

radi al direction, the accessing a 25 second nunber of
w@ongmsLBe ve data tracks begi nning at a secondPGI/Ef1004/007521

poi nt | ocated about the second distance in a radial

direction away fromthe center of the second nedia

surface and ending at a second end point |ocated about

the first distance in a radial direction away from

the center of the second nmedia WD 2004/ 084189

PCT/ US2004/ 007521 32 surface, the first start point

generally aligned with the segpnd end point, the first

end point generally aligned wth second start point,

t he second nunmber of consecutive data tracks

differing fromthe first nupnber of consecutive data

t r atks, %h%n§@@éﬁ@C@Fnﬂﬁéhﬁﬂ%FQFWF§n8f surf aces

confi gur Q- ' | A 3

ol ur ar ¢ oA pRALARRGob e St chdfiek with ah Mt garal number

f urofwoumsonpri sing: (c) repeating (a) and (b) for the

remai ning of the plurality of nedia surfaces. 10 24.

The nethod of claim 22 further conprising: (c)

Accessi ngpt BeuSACRRRiAYIRArh SORSREYIhMEs At hARS to

inathird radial direction on the seécond of the

pl uccahdidy with ameatiegrabuurhibered gravpe imdwtessi ng a  second

nunber of nsecuti.ve data tracks begqi pnin a third
ctart pofHEgos s e N RPPE G e o Tactin o
di r g&indes9@% ih HRThASE BN Q00 @todpse second nedi a
surface and ending at a fourth end point |ocated a

fourth distance in a radial direction away fromthe
1¢° enif ' OIX r}lgﬁoé ?o%%ggesglgg Idéatasolﬂra]}l%?&trogl%(jstorage device having a

plurality of media surfaces, at least one of the plurality of media surfaces having

a different data track pitch then at least one other media surface, the method
comprising:
(a) accessing a first number of consecutive data tracks in a first radial
15  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
20  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
25  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



(b) accessing the first nunber of consecutive data
tracks in a fourth radial direction on the first of

wo b@4psusal ity of nedia surfaces, the fourth redi/ab200207521
direction configured to be opposite to the third
radi al direction, the accessing the first nunber of
consecutive data tracks beginning at a fourth start
point |ocated the fourth distance in a radia
direction away fromthe center of the second nedia
surface and ending at the third end point |ocated the
third distance in a radial difection away fromthe
center of the first nedia sur? ce, the fourth 25 start
poi nt generally aligned with the third end point, the
fourth end point generally aligned with third start
poi surfack\he fits4 5184080 gpeTAllsAtmes vothshe secegd pad peint, the first

met hod f.or conf.i i J | ect [ '
PR Ly el ol il Bt R SGRRe Bk s
dat gyrlsbRfie RblaGihickd MefefRE ROt 6 Mpdt nsihider of consevtive dgtaa
first data by a first wite head to a first data track

on tadkisy the seqpndios theplnraliey, ofishefagas configired to hreadgacent to the

dapted.ta 4 to the first surface; 5 (b)
feaﬁ’fsﬁﬁf@lﬁé’w Ialgt&o‘i”%élr %Ceg'y a first read head, the first
read head adapted to read data fromthe first

surface; ﬁc) determining a witing characteristic of
t he23.i r sThomethodipd glpim 28 fthes cOMPFISNgyat a; and (d)

confi gurj ] ' e -ja&hﬁ :
correspohggggmé%é&§6h$ﬁ§ggﬁgF%%ﬁ%%egquﬂggﬁ?%{tracﬁ%g
forsurheed.i rst media surface, the first integral
nunber of data tracks derived fromthe witing

1&haracteristic. 26. The nethod of claim25 further
COMpA! S #e method of claim 22 further comprising:

(c) accessing the second number of consecutive data tracks in a third

radial direction on the second of the plurality of media surfaces, the accessing a
second number of consecutive data tracks beginning at a third start point located
15  athird distance in a radial direction away from the center of the second media
surface and ending at a fourth end point located a fourth distance in a radial
direction away from the center of the second media surface; and
(b) 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
20  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
25  start point generally aligned with the third end point, the fourth end point
generally aligned with third start point.
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10  integral number of servo tracks for the first media surface, the first integral

number of data tracks derived from the writing characteristic.

26.  The method of claim 25 further comprising:
(e) repeating steps (a) through (d) for the remainder of the plurality of
15  media surfaces, each media surface adapted to be accessed by a corresponding
writing head and reading head, wherein one of the plurality of media surfaces is
configured to have an integral number of data tracks corresponding to the
integral number of servo tracks that differs from the integral number of data
tracks corresponding to the integral number of servo tracks of at least one other

20  media surface.

27.  The method of claim 25 further comprising:
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
25  total capacity of the electronic storage device is within a margin above a target

capacity.
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29.  Anmethod 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 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.

30.  The method of claim 29 wherein the integral number of servo tracks in a

group is between 50 and 500.

31.  The method of claim 29 further comprising configuring a number of

groups to coincide with media zone boundaries on media surfaces.

32.  The method of claim 31 wherein configuring a number of groups to
coincide with media zone boundaries on media surfaces includes:
configuring the number of groups between media zone boundaries to be

in the range of 25 to 200 groups.



