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particularly, the present invention provides dual identification fi el ds for
each data sector recorded on a data track of a disk so that the data can be

witten and read using a dual gap head such 5 as a magnetoresistive |
head. Background of the Invention Disk drives are co

wor kst at i oW 96/ MSonal conputers, | aptops and ot her con%wé#ems to
store large anounts of data that are readily available to 10 a user.

In general, a disk drive corrprlses a rragnetlc dISk that is rotated by a
spindl e nmotor. The of data

tracks that exteMa ; ' ISIRBIYE: ook can
store data in the form of magnetlc tran5|t|ons on the di sk surface. 15

An |nteract|v§ ﬁkeﬂﬁnm sigch as a magnetic transducer, is used to sense the
magnetic tran d data, or to conduct an el ectric current that
causes a mgnﬂmbmﬁmﬂﬂm tdidisk drivet.aMoretparticularly, thet presefypi cal | vy,

Lhe RGNl C S h Providds dual identification fields for each data sector recorded on a data

tmckofad:;ksothatthedatacanbewnttand:udusmgadualgaphwdsuch
5 as a magnetoresistive head.

Background of the Invention

Disk drives are commonly used in workstations, personal computers, laptops and

other computer systems to store large amounts of data that are readily available to
10 a user. In general, a disk drive comprises a magnetic disk that is rotated by a

spindle motor. The surface of the disk is divided into a series of data tracks that

extend circumferentially around the disk. Each data track can store data in the form

of magnetic transitions on the disk surface.

15 An interactive element, such as a magnetic transducer, is used to sense the magnetic
transitions to read data, or to conduct an electric current that causes a magnetic
transition on the disk surface, to write data. Typically, the magnetic transducer is
mounted in a head. ‘The head, in turn, mmnuntedbyarouryacmatoramand is
selectively positioned by the actuator arm over a preselected. data track of the disk

20 so that the transducer can either read data from or write data to the preselected data
track of the disk, as the disk rotates below the transducer.

Agap is prév)ided in the head to posit_i_on the active elements of the msducer ata
position suitable for interaction with the magnetic transitions. -In certain modem
25 transducer structures, dual gaps are provnded in the head, one for posmomng a read
' transduoer and the other for posmonmg a wnte transducer. In this manner. sepamte '
technologles can be used for each of read and write transduction operanons to
enhance the overall effectiveness of a disk drive product. Moreover, the use of
separate gaps accommodates design constraints that would preclude. mounting
30 different transduction technologies in the same physical gap.



hounted in a head. The head, in turn, is nmounted by a rotary actuator arm
and-is selectively p03|t|oned by the actuator arm over a preselected data
track of the disk 20 © so that the transducer can either read data from
or wite data to the preselected data track of the disk, as the disk
rotates below the transducer. A gap is provided in the head to position the
active elenents_of the transducer at a position suitable for ﬂcﬂ%&ﬁ&%on
with the nagnet‘f’?%sitions. In certain nodem 25 t ransducer
structures, dual gaps are provided in the head, one for positioning a read

transducer and t hepgidxginpleOin # Anghdrorelifitve hedd (IR ﬂé&”i%&ﬁ&orekﬁu\khél&nem

manner, separate technol 0gi es can be used for each of read and write
transducti on oper a@ﬁ%ﬁlsmﬂi) is/ypael ¢ @ read drapsducey) MWMWWSSIW‘&OGP§§GS

drive product. % Faoﬁe%ﬁlcﬂ% @&;gmﬂﬁi

constraints that WO ﬁgrtyg%ﬁﬁg&nﬁjhrﬁ n s erent trans.duc jon
technol ogi es in t huagngie fiwiyel aamagnatic field wpplisd,/ atheselement. In a disk drive
PCT/ US96/ 00379 For?ﬁﬁéﬁﬂaﬁ - thb MI€ ofERHACH Pofifibridh 'wWihir B Gedd RnSRRED gap? above

magnet or esi stive el ement
a disk surface. In this position, the electrical resistance of the element changes in

time as magnenc transitions recorded on the disk pass beneath the read gap, due to
rotation of the disk. The changes in the resistance of the MR element caused by
_ magnetic transitions on a disk occur far mdre quickly than the response of
10 conventional transducers to magnetic transitions. Thus, an MR transducer is able
to sense magnetic transitions during a read operation at higher rotational speeds and
data densities.

However, an MR element is not able to conduct a current in a manner that

15 ' efﬁc1ently generates a magnet:c field, which is necessary to write data on a disk
surface. Accordmgly, an inductive cu'cuit is used as the write transducer and is
positioned in the separate write gap.

Due to the existence of two hhysicnl ga_ps' for separate read and write transduction
20 operations, there is necessarily a skew as between the two gaps and relative to the
centerline of any particular data track on a disk surface, when a rotary actuator arm
is used. This is because the rotary actuator moves the head along an arcuate path,
from the inner diameter, to the outer diameter of the disk. The arcuate path causes
the head to be at a skew angle relative to each data track, with the skew angle
25 varying as a function of the poSiticn of the actuator. Moreover, the skew angle at
' any given data track causes a shghtly dlfferent orientation relative to the centerline
of the disk track for each of the read and wnte gaps.

Whenever data is either writfeh to or read from a data tmclc the appropriate
30 transducer gap must be centered over the centerlme of the data track where the data
| is to be written or from where the data is to be read. to assure accurate transduction
of the data. Thus, in a read operation, the gap associated with the MR element -
must be centered over the appropriate data track centerline and the gap associated
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(MR elenent) is used as a read transducer. The magnetoresistive el enent
conprises a material that exhi bItS a change in electri caI resi stance as a

functron or. a cnange. rmmagnet—c—Hox—of
elenent. In a disk drive 5 environment, the MR el enent is positioned

wi thin the read transducer gap, above a disk surface. In this position, the
el ectrical resistance of the elenent changes in tine as nagnetic _
transitio ﬁ%ﬂ&ded on the di sk pass beneath the read TR o rotation
of the d| changes in the resistance of the MR el %m%@ed by
magnetic transitions on a disk occur far nore quickly than the response of
10 CONV Rith it ibuckive WeRkk Gk will LERAR& frdm tHaf B2dK defifdtine i To RN MR

transducer is .able to sense magnetic transi:tions during a rea operatlon at
hi gher rot at i $¢¥) angls mmﬁwdsmmwmqmen an MR el ement is not
able to conduct a current in a manner that 15 = efficiently generates a
magnetic field, which is necessary to wite:data on.a disk surface.

Accor di ngl y, M?@?&h@ﬁk% WW%WM%@WW!MNMand i s
positigned i nsew,es ﬁ?@ﬁhﬁéﬁmwaﬁ'b ﬂfﬁr)‘;éarﬁéﬁﬁrphys' cal
gaps for. separate read and write:transducti-on 20-- = . oOpe Ions, there is
necessarily a %M@Mmmtwmmmmmmammmd

(ID) to prowde a umque address for the respecuve data sector. The address

contains posmon mfo:mauonandpenmtsacomputer system to locate and verify the

ldenmyofapamculardataﬁeldtobewnttenorreadatanyoneume

10
In either a rdtd or write openuon, thelDofthe data sector isread to verify that
theactuatorannhasposiﬁonedtheuansducerovertheproperdataseetor As noted
above, whenmedlskdﬂveineludesadualgaptransduoer,ﬂ:etexsaskewbetween
theteadandwntegapsrelauvetotheoenterhneofthedatatmckoonmmngmedata.

15 sector of interest to the computersystem Thus,mawriteopennon the write gap
1sposmonedoverﬂteoenterhmofthedanmkwhereapamwhrdatasectorm
be written is located. However,themdgap:snow offset from the track centerline
due to the skew angle effect and is not in a proper posmon to accurately read the
Il)ﬁeldtoveﬁfythattheoomputersystemhasaccesstotheoon'ectdatasectorfor

20 writing.

A prior soltmon to the problem of an mablhty to aceumtely md an ID field due to
gapskew lstorecord twomﬁeldsforenehdataseetor OneofthelDﬁelds is
aligned with the centerline of the lespectwe data track while the second ID field is
25 offset form the track centerline by an amount equal to the skew expenenced by the
' gapnotahgnedwuhthecenterhneofmerespecﬁvedanmckwhemthedamwctor

is located. In this manner, when the write gap is posmoned over a track centerline,
themdgapwmbeoentemdovertheoﬁ'set second ID field. Thus, in a write
operation, the read transducer can be used to aowrately read the second. offset ID

30 ' ﬁeldtovenfythatthepmperdatasectorhasbeenaooessed The write gap will
* then be properly po_snuoned over the tmek_centerhne to write data to the data sector.

While the prior solution ovetoontes the skew ptobletn, additional' overhead is
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‘centerline of any particular data track on a disk surface, when a rotary
actuator armis used. This is because the rotary actuator noves the head
al ong an arcuate path, fromthe inner dianmeter, to the outer dianeter of

t he di sk. The arcuate path causes the head to be at a skew angle relative
to each data track, wth th&*skew angle 25 varying as a function of
t.he position of the actuator. Moreover, the skew angle at any &L Emﬂ?i
track causes a ?ﬂ’m different orientation relative to the c ne of
the disk track for each of the read and vvrlte gaps Whenever data is either

written to or readr@hﬂm%quo % Eiderefdls to omot.tafladdm@r
gap must be centered over the centerline o the ata track: Wnere the data
i's to be written oSurfacethapmustoe used w:tore informatinn necessary fop theccontrel of ahe disk e

transduction of thgrdat §pacd Bhlidtskr&uf'fad’eei@&l Bl%ﬁ{r@%rﬁﬂﬂ u{f&‘ﬂ:aﬂalpls%?%hiﬁlé’ﬂ)

with the MR el enent nust” be centered over the appropriate data track
centerline and thesgmad%s% ithys reduces. the stopge $apazip o6 the disk drive. The ID fields

PCT/ US96/ 00359 are examples of overheed The use of two complete ID ﬁelds per data sector
doubles the overhead imposed by the address information.

In any disk drive design, consideration is given to cost/benefit of any overhead
imposed on a disk surface. If the advantage of the control information outweighs
10 the overhead cost, the addition of the overhead will be considered acceptable. The
| dual ID filed arrangement offer_s a practical solution to dual gap heads, and the
advantages of using MR heads generally outweighs the additional overhead imposed
by dual ID ﬁelds in some disk drive applications, even when the ID field overhead
is doubled. -
15
s v of the 1 .
The present invention provides a dual ID field arrangement that minimizes the
additional ovérhead ‘imposed on the disk drive system, while maintaining the
advantages of the dual ID proposal. Genetally, the present mventlon shares certain
20 overhead between the ID field ahgned with a track centerline and the data field of
the respective data sector.

Typically, each field recorded on a disk surface includes overhead necessary to
synchronize the read and write electronics to the magnetic transitions on the disk
25 surface. For example each ID field genemliy requires a VFO signal and a sync
mark. The VFO signal is processed by the read electronic circuit to synchronize or
"lock" its frequency of operation to the frequency of occurrence of magnetic
transitions as the disk rotates below the read transdncer._ In this manner, the read
electronic circuit can properly process the uinsit_ioné to detect the ID information.
30 The sync mark indicates that the transitions fellewing the mark represent the actual
ID mformauon for the nespectlve data sector. Both the VFO signal and sync mark
“take up space on the disk surface and thus impose an overhead on the disk.



with the inductive wite circuit will be offset fromthat track centerline
due to the skew angle effect. The opposite is true in a wite operation In, °

rrackrs—rTteTTTTTr T e
of data 5 sectors for storlng a fixed sized data block. To facilitate

access to any particular data bl ock stored on a disk surface, each dat a
sector includes an identification field (1D to provide a unique "address”
for the respective data sector. The address contains pOﬂé} i or mat i on
and per ni WO 2PBput er systemto locate and verify the Tdentity of a
particular data field to be witten or.read at .any one tine. 10 In either a -

read or wri tw%%spﬂmmmtwmmwmmwrmwy t hat

t he actuator tioned-the:transducer. over th§ sE)roper data sector.

As noted abovesrgegia® héﬂlﬂlﬁﬁld‘lfrtmmmm “G& t here
s a skew be pFa 7 dife Acks TP Re o ﬁ.at@nmewerrrwm he of the
al ni ng {he "dat :

data track con sect or - |nterest to the conputer

system Thus mfpnnallomlﬁt%ﬂf@ﬂnem%h dl@h%!lnﬂ/rm @épl’"f‘!? e tacgab 428y er t he
center ki ne OfA&Hﬁugﬂl Uﬁfdﬁaé"’BPro%ﬁeﬂaiﬁdeﬂ%ai ﬁbﬁtmmra Bgalb Wi tten

I's |l ocated. Howeve e read gap I's now offset fromthe track centerline

due to the slaamgmghblseﬁlﬁmm and is not in a pr oper position to accurately
read t he '

"l‘he present mvennon also mduces the number of passes reqmred to write ID fields
dunng an opemuon to format the dlSk A formattmg opemuon mvolves the writing
10 .ofoverhead mfonnanononadxsksurfacepmrtousmg thedlskto storedata A
| 'passreferstoacompleterolauonofadnsktowntetheoverheadrequiredforadata
track of the disk. In the dual lD field artangement of the prior proposal, two passes
mmqmredperdatamk aﬁrstpuswwmetheoffsetmﬁeld andaseoond
pass to write the ID field aligned with the track centerline.
15 _
According to the present inveation, only one pass to write the offset ID field is
| necessarydunngafomamngopenuon 'I'heseoondallgnedmfield is written
dunnga normal wmeoperatlon. .8 attlwtxmewhen data is ﬁrst wntten to the
respective data sector Thus, 1n addmon to. mnmmzmg overhead the present
20 invention maintains a formamug opemlon tlmt is commensurate, in terms of the
number of passes required to format the disk, witha formatting operation performed
in a single ID field arrangement.

25 " Figure 1 is perspective view of a disk drive.

anures 2a-c are a series of top vnews of a disk and acmator of the d:sk drive of fig.
1 showing data tracks, and the actuator positioned at the inner diameter, middle
diameter and outer dxameter. respectively, of the disk.

Figure 3 is an nlluamlon of a data track mcludmg a dual ID field amngement
according to the prior art.



‘ID field to verify that the conputer system has access to the correct data
sector for 20 witing. A prior solution to the problemof an
fnability to accurately read an ID field due to gap skewis to record two
ID fields for each data sector. One of the IDfields is aligned with the
centerline of the respective data track, while the second IDfield is 25

offset formthe track centerline by an anount equal to the sk Lenced
by the gap not NAYAWSwith the centerline of the respective gg?’gé‘}%é?zg
where the data sector is located. In this manner, when the wite gap is

o1 sot . secona | D (g 4 ke lbicon bFE daR¥eck fcifithe o eal BT GRICL A Senl

of fset, second ID f na wlte opera cer
can be used to accuscedrding to thagresens ineeationd, of fset 1D 30 field to
verify that the proper data sector has been accessed. The wite gap wll
then be properly positioned over the track centerline to wite data to the
data sector. Wil e Figwedr ison illustation of a\completectD finld intluding VIS and sync mark

addi ti onal oxer heado\}e&dé'

Fiﬁure 6 is an illustration of the merged ID and daﬁn field of fig. 4'. according to the

present invention.

10 Figures 7a-c illustrate, in sequence, disk format and data write operations according
to the present invention.

Figure 8 iflustrates a dual ID arrangement according to another embodiment of the
présent iiwention. o o
15 :
Detailed Descripti
Referring now to the drawings, and initially to fig. 1, there is illustrated a disk drive .
designated. generally by the reference numeral 20. The disk drive includes a
plurality of storage disks 22a-d and a plurality of read/write heads 24a-h. Each of
20 the storage disks 22a-d is provided with a plurality of data tracks to store user data.
As illustrated in fig. 1, one head is provided for each surface of each of the disks
22a-d such that data can be read from or written to the data tracks of all of the
storage disks. It should be understood that the disk drive 20 is merely
representative of a disk drive system utilizing the present invention and that the
25 present invention can be implemented in a disk drive system including more dr less
storage disks.

The storage disks 22a-d are mounted for rotation by a spindle motor arrangement

2 . as is known in the art. Moreover, the read/write heads 24a-h are supported by

30 respective actuator arms 28a-h for controlled positioning over preselected radii of
the storage disks 22a-d to enable the reading and writing of data from and to the

' data tracks. To that end, the actuator arms 28a-h are rotatably mounted on a pin

30 by a voice coil motor 32 operable to controllably rotate the actuator arms 28a-h

-6-



WD 96/ 23305 .
PCT/ US96/ 00379 required to maintain the two ID fields. Overhead refers to

for the control of the disk drive. Space on a disk surface used to store
control information is not available to store data, and thus reduces the
storage capacity of the disk drive. The IDfields 5 are exanpl es of

overhead. The use of two conplete ID fields per data se es the
overhead iWP¥&RSby the address information. In any di ski :S rtve gea gn,

consideration is given to cost/beneflt of any overhead inposed on a disk
surface. I tﬂ&h??&?ﬂﬁ sirfigescONt 1 O i nf or mati on outwei ghs 10
t he overhead cos e addition of the overhead will be considered
acceptable. The dual ID flled arrangenent offers a practical solution to

dual gap hea ?ﬁd%@ SifcSIF mdhandd RAVei ghs
the additi on%‘ove?ﬁ%a I -npose gﬁﬁ

-h'ua '*|eI I n.sone disk drive

appl i cati ons, swmmmmmv&mwm utiliged ip) disk drive systembary of t he
I nventison Theth@ sfiderd'26 Eﬁ@ﬂk‘rﬁ&n%@ﬁﬁﬁ&fceﬁ F56¥ thé Thaliiviried nedds 284 BNt t hat

m ni m zes the
"fly" above the surfaces of the respewve storage disks 22a-d for non-contact

operauonofthemskdnve system When notmuse, thcvo:cecollmotor32 rotates

the actuator arms 28a-h to position the read/write heads 24a-h over a respective

landing zone 58, where the read/write heads 24a-h come to rest on the storage disk
10 surfaces. - |

As known, a printed circuit board (PCB) 34 isprtmded to mountcontml electronics
for controlled operation of the spmdle motor 29 and the voice coil mouor 32. The
PCB 34 also incudes read/write channel circuitry coupled to the read/write heads

15 24a-h, to control the transfer of data to and from the data tracks of the storage disks
22a-d.

Refemng now to figs. 2a-c, there is lllustrated in each dravnng, a top plan view
ofoneofthedisksZZa—dofﬁg l Asshownbympresentanvedatauacksegmems
20 50, the disk surface is divided into a plurality of individual data tracks. Each of the
| "'danuackssomcmmfmmuymmmm The data tracks 50 are
'radxallyspacedﬁommeanotherﬁ'omanmnermdmstoanouterradmsofthedlsk
22,

25 As descnbed abové, the actuator arm 28 mounts the head 24 for selective
positioning of the head 24 over any one of the data tracks 50. Each head 24

inciudes a read gap and a write gap, shown schemanully at reference numerals 60

and 62, respecuvely ‘As shown in each of figs. 2a-c, the path 52 followed by the

head 24 dueto rotation ofthe actuam- ann 28 i is arcuate causmg the axis 56 of the

30 head 24 to form a skew angle 0 with each the data track 50. The skew angle 9
' varies fmmuacktotnckacmss thecucumference ofmednskzz as shown in figs.

2a-c. The skew angle 0i 1s gxeatest when the head 24 is posmoned by the actuator

28 over the outer radius of the dnsk 22 (ﬁg 2c), and is smallest when the head 24

-



*addi:ti onal overhead inposed on the disk drive system while maintaining the
advant ages of the dual |ID proposal. Generally, the present invention shares
certain 20 overhead between the I'D field aligned with a track
centerline and the data field of the respective data sector. Typically,
each field recorded on a disk surface includes overhead necessary to
synchroni ze the read and wite electronics to the magnetic tr on
the disk 25 WO, ce. For exanple each ID field general 'y Tequites a
VFO signal and a sync mark. The VFO signal is procéssed by the read

el ectronic circuit, ta?tlfé’rﬂﬁﬁfe gseo%d{sg% ,%tﬁ, frequency of operation to
n

the frequency of occurrence o% magnefic transitions as the disk rotates
bel ow the read transducer. In this manner, the read el ectronic CI rcuit can

properly process t The
sync mark indicat egﬁt‘#r?]n%é*@r angltlons @%Pﬁtﬁ%bpﬁef@% present t
actual | D informat from 4 data trigk mmmmrm rlsmm«methvrc@tsnhghal

1 Sy ek ok A e e S o e ] P05
Bach data track SO is divided into a series of data sectors. An illustration of a
representative data sector 58 is depicted in each of figs. 3 and 4. The data sector
58 is centered in a data track 50 and contains magnetic transitions (not shown) that

10 can be sensed by the read transducer in the read gap 60 when the read gap 60.is
centered over the centerline of the data track 50. Similarly, magnetic transitions can
be written into the data sector 58 by the transducer in the write gap 62 when the
write gap 62 is centered over the centerline of the data track 50.

15 Figure 3 illustrates 2 dual ID arrangement for a data sector, according to the prior
solution discussed above. The data sector 58 is preceded by two ID fields, a write
mﬁeldmandamdmﬁeldn nxewntemﬁeld'TOlsoffsetfmmthe
centerline of the data track 50 by an amount sufficient to compensate for the skew
angle effect at the particular data frack, such that the read gap 60 is centered over

20 the ID field 70 when the writc gap 62 is centered over the data sector 58.
Accordingly, during a write opemuon, the read transducer can accurately read the
ID information stored in the ID field 70 to verify that the head 24 is positioned over
the proper data sector 58.

25 During a read Opei'atidn, the read gap 60 is centered over the centerline of the data
' track and reads the ID information from the read ID field 72, as well as the data
from the data sector 58.

Referring for a moment to fig. 5. thele is iliustrated a complete ID field. Each of

30 the ID fields 70, 72 of the prior pmposal include a VFO s:gnal 90 that is recorded
' on the disk surface. The VFO signal is read by the read transducer for use by the

' read/write channel clrcultry on the PCB 34 to synchronize or "lock" its frequency

of operation to the frequency of occurrence of magnetic transitions (i.e. the
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According to the present invention, the ID field aligned with the track .
cemtertrre=rsreryetnto—the—tatetrett—ot—the—tataseettot—tmt—rtttres——
the VFO signal and sync mark already present in the data field for use in
reading and witing data. The IDinformation is witten after the data sync

mark and prior to the actual data. 5 Accordi ngly, the anmount of .
over head added to a disk surface in a dual ID arrangemergal m zed. The
present i nY@9289¥ al so reduces the nunber of passes requi rMMe | D
fields during an operatlon to format the dISk A formatting operation

I nvol ves the Wﬁdﬁe g onhitiun) A thdisierothitas el f ace
prior to using |skto store data. ass referstoacorrpeerotatlon

of a disk to we.wmteorérmmemﬂ%wfenmﬁsxmm#dt i sk. In
the dual 1D Ty dﬁtuﬁe@ﬂfm&? e/ Rad/AVritd Qhidtinel (b BRSEARI 3IDC

required per a track, a ?zIS st ass to wite the offset IDfield, and a
second pass tmfmwenwmnspmvel @Wm%wm@ﬂﬂm%ﬂ&%. 15

Accord'§‘9 to ?‘Uﬂﬁ%&%ﬂb@éﬂ%ﬁ&ﬂﬁeﬁﬁé’m%@ﬁéb@hﬂﬁ &2tk hdrset | D

fieldis
transitions reeonded on the dlSk surface
_Ascanbeseenfromﬁg S eachIDﬁeld70 72ofthepnorpmposal mcludesVFO
_ and sync mark mformauon, thus addmg to the total overhead requu'ed to implement
10 the prior dual ID f eld amngement.

Pursuant to the present mvenuon, the total overhead requued to unplemem a dual
ID field amngement is minimized by shanng VFO and sync mark information
betweenthedatafeldofthedatasecwrandtbemﬁeldallgnedwnhthecemerhne

15 of the data track. As shown in fig. 4, an offset write ID field 82 is arranged to

| compensatefortheskeweffectsothatIDmfomatloneanbetendbytheread
transdueerdunngawmeopemuon 'l‘hewntelDﬁeldSchludesaVFOs:gnal

_ andsyncmark asshownmﬁg 3. However aceordmgtothepresentmvenmn

rendIDinfommonahgnedwnththedatatmckcemeﬂme to be read by the read

20 tmnsducerdunngareadopemtlon |s mergedmtoadausecmrSS’ Accordingly,
thereadlDﬁeldofthesectorSS’sharesVFOandsyncmarkoverheadmththe_
data stored within the sector 58",

Referring now to fig. 6, there is illusuawd the merged ID and data arrangement of
25 the data sector 58' of fig. 4. AVFO signal 100 read by the read transducer, is used
by the read/write channel cucum'y to lock its frequency of operatnon to the
frequency of occurrence of magnetic transitions within the entire sector 58'.
including the ID and data information represented by the transitions within the sector -
'58°. Similarly, a data sync mark ﬁeld 102 mcludes infomanon to indicate to the
30 read/write channel the begmmng of the actual mfonnanon to be detected during a
N ~ read opemtlon In the case of the sector 58, the mfounauon to be detected includes
both the ID information and the data. -



necessary during a formatting operation. The second aligned IDfield is
witten during a normal wite operation, e.g., at the tinme when data is
first witten to the respective data sector. Thus, in addition to

m ni m zi ng overhead, the present 20 i nvention nmaintains a formatting
operation that is commensurate, in terns of the nunber of passes required

to format the disk, with a formatting operation performed inﬂn%' D
field arrangemeWP2B¥¥%f Description the Drawi ngs .25 Figure ? |?

perspective view of a disk drive. Figures 2a-c aré a series of top views of

a di sk and act uat OfpOfiarh S\ic MaPkficla 182isIbldwed by lthdbaial 1Y indlgrinatibn, ac field 1ead
the actuator positioned at the inner diameter, m ddl ter, and oa;tgr
‘a

di anet er, ‘respect i Whe JD igformation is followed, in; tyrm @93’ data gﬂgh (Fontaining she
data track including gowhdh fig) 6, feldad TRIVEOSH follohed By emdrOcdrition icde
art- ' information (ECC), in field 108, as generally known in theart. A pad field 110 is
5 provided' following the ECC filed 108. The synchronization and sync mark
. information contained in fields 100 and 102 is shared by the ID and data fields 104,
106 and eliminates the need for separate and complete overhead fields for the
aligned read ID field to thereby minimize the total overhead required for the dual
ID field information.
10 |
Another advantage of the dual ID field arrangement according to the present
invention is that ohly a single pass is required to format the disk. Figure 7a shows
two unformatted data tracks labeled Track i and Track i+1. The two unformaned
tracks are devoid of overhead information. =
15 |
Figure 7b shows the two tracks after a single pass over each track i and i+1 bya
' write transducer. During each pass, the write transducer is offset from track
centerline by an amount sufficient to compensate for the skew that occurs in respect
of the read gap at those times when the write gap is centered over the track
20©  centerline. While positioned in this offset position, the write transducer is used to
write the offset ID fields 82 in the respective track. The write transducer writes an
. ID field 82 for each data sector allocated to the particular track, with the ID fields
82 being spaced radially from one another by an appropriate amount of space
sufficient to accommodate the writing of a data sector.
25 '
Figure 7c illustrates the tracks i and i+1 after a write operation to each track. For
each track, the write gap 62 is centered on the track centeriine, and, consequently,
as discussed above, the read gap 60 is offset from the track centerline due to the
skew effect. However, the read gap. 60 will be centered on the ID filed 82, as
30 written during the disk format operation. The read transducer is operated to read
the ID information. '

If the ID information verifies that the head is located at the correct track. the write

-10:



WD 96/ 23305
PCT/ US96/ 00379 Figure 4 is an illustration of a data track including a dual

| :o an

iIIustration.'_of a conplete ID field including VFO and sync mark 5

overhead. Figure 6 is an illustration of the nerged ID and data field of
fig. 4, according to the present invention. 10 Figures 7a-c )
illustrate; in sequence, disk format and data wite oper cording to
t he presenf" MWRW i on. Fi gure 8 illustrates a dual 1D ar%*{% accordi ng
to anot her enbodi ment of the present.invention. 15 Referring nowto the

dr awi ngs, and - oy e
desi gngt ed gene hH; lﬁﬁpérﬂeé g%e%ﬁmw% : in etoll '8

drive I ncludes a

ra
plurality of ﬁW@MP@&hn&@MMMg#_MMMWMS 24a- h.

ngg ?]; a(ZZgS .tO St Ol’g %?%?W%&F&FWH 3=3I’W -one ﬁeacf{ty °

provi ded for - dadke B fieldcR, mwmetmmsofm datafields 104, 106
_5_ shownmﬁgG Inthlsmanner.ﬂ\emmformauoncanbereadbythemd

__tmnsducer for venfication, when the read gap 60 is centered over the track
centerlme ina subsequent read openuon of the dm sector 58‘

Figure 8 shows an alternative embodiment of the present invéntion In this

10 embodiment, a wnte ID field 82’ is written at format time and is aligned with the
trackcenterhne Dunngawrmeoperatwn aﬁerdlskfonnamng,themdgapﬁo
is aligned wnth the track cemulme to read the ID mformatlon As should be
understood, thewntegap&isnowoffsetfmmtheuackcemerhneduetotheskew
effect. Thus.whenﬂxemdminformauonvenﬁesthatﬂleheadxsposmnedover

15 theconactdatasector,amergedmanddatafieldSS" is written by the write
uansduceratandnllomonthatlsoffsetfromtheuackcenterlme During a read
operatnon, themdgapiscmﬂeredovertheﬁeldSS" rather than the track
centerline.



-22a~d such that data can be read o the data tracks of all
-of -the storage disks. It should H“MHWINIHHW"[Mt the LSt

nmerely representative of a disk drrveec syust@m &titizing t 3

i nvention and that the 25 present invention can be_li
di sk drive systemincluding nore or |ess storage .di sks. The STO KS.
22a-d are rmounted for rotation by a spindle notor arrangemenemds 9"&3
known in the aVP%¥%over, the read/wite heads 24a-h are support by 30
respective actuator arns 28a h for controlled positioning over preselected

radii of the stor%?sks 22a-d to enable the reading and witing of data
fromand to the data tracks. To that. end, the actuator_arns 28§°h are

rotatably mounted on alpin By %‘M@@‘Qbﬂ‘f%ﬁ%?‘%ﬂ@ [ fptation,
ICD(C):'rI]'; ngg?gg)é?goﬁ g&l aGH] ﬁ?%&he crﬁsk su??paces %ﬁ of t h%’r F“ggt‘c‘it/m\ﬁrtﬁ e
heads conpri i ses a MMMWMWSME&%M '@dh? gomege disk, a disk medium for
the stomge disk, which comprises:
. a magnetizable surface;
a plurality of cxrcumfexenually extending data tracks defined on the
magnetizable surface;
‘each data track having a centerline and mcludmg at least one data
sector aligned to the centerhne.
the at least one data sector oompnsmg a data field for storing data and
control mfonnanon for use in reading the data sector; .
cach data track further including a write ID field containing data
sector identification information for reading dﬁring a write operation of the at least
one data sector and a read ID field containing data sector identification information
for readmg during a read operation of the at least one data sector;
thewmemfieldbemgamngedmtherespecuvedatatrackata
position radially offset from the centerline;
the write ID field having control information for use in reading the
write ID field; ' '
the read ID field being arranged within the data sector such that the
control information of the at least one data sector is used for reading the read ID
field. ' '

2. The disk medium of claim 1 wherein the amount of radial offset of
the write ID field is a function of a skew angle caused by the posmomng of the head
by the ronry actuator.

3. The disk medium of claim 1 wherein each of the control information
in the data sector and in the write ID field includes a VFO signal and a sync mark.

4.  For use in a disk drive having a storaige disk mounted for rotation,
a head having separate read and write gaps, and a rotary actuator for mounting the

-12- This Sheet Has Been Relilaced




‘slider 26 having an air bearlng aIIy utilized in disk .
drive systems S the sli de H'I ﬂﬂ& 'II;HI gnetlc transducers 25 of
t ove

storage di sks 22a-d for non- cont act operatlon of the di sk drive system
When not in use, the voice coil notor 32 rotates the actuator arns 28a-h to
position the read/wite heads 24a-h o 5P Mandi ng zone 58,
where the read/wite heads 24a-h cone fl(rl)lS‘?Squ I%E@t rage di sk 10
surfaces. MOWRME, a printed circuitlbear 34 i4 0 nount
control electronics for controlled operation of the spi ndl e not or 29 and

Circuitry coup B rototins dlviiidh Gl i o REE Socl S bf piaRBTRE ||

transfer of damasmugamkf whithtchmpd&s.a tracks of the storage disks 22a-d.
Referring now to figs. 3“ (" Jllustrated in each draw ng, a top

pl an view of one of the di SkKS 2Z2a-d of fig. 1. As shown by .representative
data track segnents 20 aplumhtﬁ@fchtmf&eMm&aﬁugmmmﬂnmetha
plurality of ‘(ﬂ% tracks. Each of the data tracks 50 extends
circunferentia aroun ¢ di sk. The data tracks 50 are radially spaced

from one another from ammmmmgtmmm lnelutlmgatolmttme datg k
sector radially offset from the centerline;
_ the at least one data sector eompnsmg a data ﬁeld for storing data and
control information for use in readmg the data sector; '
eachdmmekfunhermclndingawntemf'wld conmmmgdata
secmndenuﬁcauonmfomwonforrudingdunngawnteopemonoftheatlast
_.onedam secmrandamdmﬁeldcontaimngdatasecmridemﬁanonmfonnatmn
forreadmgdunngamdopemuonoftheatleastonedatasecmr .
| thewntemﬁeldbangamngedmthemspecuvedammckata
posmon aligned to thc cenmrhne
the wnte ID field havmg control information for use in reading the
write ID field; o -
the read ID field being arranged within the data sector such that the
control information of the at least one data sector is used for reading the read ID
field.

5. The disk medium of claim 4 wherein the amount of radial offset of
the at least one data sector is a function of a skew angle caused by the positioning
of the head by the rotary actuator.

6.  The disk medium of claim 4 wherein each of the control information
in the data sector and in the write ID field includes a VFO signal and a sync mark.

7. For use m a dlsk drive havmg a storage d:sk mounted for rotauon
a lmd havmg sepamte read and write gaps, and a rotary actuator for mounting the
head for reading and wrmng data from and to the storage disk, a disk medivm for
the storage dxsk wluch comprises
a magnetluble surfaee;

This Sheet Has Been RTlaced
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“Tor sl ective' positioni ng §?°¥ﬁe Iﬁlﬂﬂlﬂmmﬁﬂlﬁﬂm one

50. Each head 24 incfudes a read gap ‘and a*w#te* gap,

: of t
: s O\El.@glﬂﬂiﬁ HAS BEEN |
at reference nurmerals 60 and 62, respectively. As shown i eacI‘REﬁLACEgs

2a-c, the path 52 followed by t he ‘head 24 due to rotat
armz28 is arcu sing.the axis 56 of the 30

skew angl e [erﬁ W

fromtrack to track across the-circunference of the di
figs. 2a-c. The skew angl e }§@lurdlity of Eibcuaifereatially Rhte

by the actuator 28 over the oquter radius of the disk
smal | est when the B le syrface; \\p 96/ 23305

nounts the head 24

|

i on of the€ actuoates

head
each the data track 50. The skeM/anglgérerri varles

sk 22, as shown in

Bﬂﬁ&a&édeﬁn&pﬁiﬂlbpned
2 (fig. 2c), and is

PCT/ US96/ 00379 is at the m ggthRiataflick Snchidirig v jg&ts&,e%(g‘eagp 2b) . Moreover,

the skew angle [err] causes one of -the 62 in the head 24 to be offset
g Lerr] the at least one dangsegtor comprising a data field for stor?ngdataand

control information for use in reading the data sector;

cach data track further including a write ID field contammg data
sector identification information for mdmg during a write operation of the at least
one data sector and a read ID ﬁeld cont_mmng data sector identification information
for reading duﬁng a read operation of the at léast one data sector;

the write ID field being arranged in the respectwe data track at a

posmon radially offset from the at least one data sector;

the write ID field having control information for use in reading the

write ID field;

the read ID field bemg ananged within the data sector such that the
control information of the at least one data sector is used for reading the read ID

field.

8. The disk medium of claim 7 wherein the amount of mdlal offset
betweentheatleastonedausectorandthewmelDﬁeldlsafuncnonofaskew
angle caused by the positioning of the head by the rotary actuator.

) | 9. The disk medium of claim 7 wherein each of the control information
in the data sector and in the write ID field includes a VFO signal and a syic mark.

10. A disk drive, comprising:
a storage disk mounted for rotation;

a head having separate read and write -tmnsducers arranged in

separate respective read and write gaps; and

a rotary actuator for mounting the head for reading and writing data

from and to the storage disk;

the rotary actuator causing a skew angle between the read and write

gaps and the data tracks;

the storage disk comprising a magnetizable surface having a plurality

This Sheet Has Been"Reﬂlaced -14-




froma data track centerline "III 60 is centered over the .
centerline. 5 ~ This is s I us lmuﬂm in the expl oded portlon of

fig. ZC. Eacm gata tracR so-Ts divided iht & a*sermes—ot—tata—sectors—An
illustration of a representative data sector 58 is depicted in each of
figs. 3 and 4. The data sector 58 is 1 %Q@E track 50 and
contai ns magnetic transitions (not sh \MrbIStSﬂiEET can be sensed by
t he read tmﬁﬁ%ﬁr in the read gap 6 whenREPAGEDad _gap: g- tered
over the c e of the data track 507Srmlarly, magnétic transitions
can be witten into the data sector 58 by the transducer in the wite gap

62 when the WtlofosiffereAfaliySexisiiiing datl AV deingl 6°ihe MidghdiBallé sirfiRe;dat a track

50. 15 Figure 3 illustrates. a dual ID arrangenent for a data sector,
accordirng to the prior ahdatadmck including atileass ope daty sectary; o sector 58 is

preceded by two | D fi el ggat least\brieldita'sbtéricBmprisifly £l ficld Rt dhokiby bdightl 72. The

wite IDfield 70 is offset. fromthe centerline of the data track 50 by an
anount suf fi ci‘@nwolrinformation foruse in grading thedaa,segtafl e ef fect at the particul ar

data track, such that tigh cCnRMiuftr! el &'l WPheld Gonaining da | D

field 70 when the wite gap: 62-1s centered over the data secto

Accordingly, ceeton ideptifigations informatien for reading by sbe mmm Q,fa!hc é)@%rat ely
;iafst Bgs: tD| Bnﬁegﬁggwmw&wdl%w&h%mﬁw%'méoh&imﬁé‘e head
data sector identification information for reading the read transducer of the head
dunngareadopemtlonoftheatleastonedatasector,
thewntemﬁeldbemg arrangedmthc respecnvedatatrackata
position radmlly offset from theatleastone data sector, the radial offset being a
function of the skew angle suchthat the read gap is centered over the write ID field
when thewmegaplscentered overtheatleastonedatasector
the wme ID fi jeld havmg control mformatton for use in reading the
writeIDfield .
the read ID field being arranged within the data sector such that the
control infonnaﬁonofﬂ:eatleastonedatasecmrisusedfoi'mdingmereadm
field.

11.  The disk medium of claim 10 wherein each of the control information
~ in the data sector and in the write ID field includes a VFO signal and a sync mark.

This Sheet Has Been Replaced
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the proper data sector 58. 25 During a read operation, the read gap.
60 rs—centeret—over—the—eenter e —ef—ie—gai-a—i-fuirtle—titt-e-atts—t-he—-P

information fromthe read IDfield 72, as well as the data fromthe data
sector 58. Referring for a nonent to fig. 5, there is illustrated a
conplete ID field. Each of 30 the ID fields 70, 72 of the prior
proposal include a VFO signal 90 thz} I's recorded on the S%iﬁlsurface. The
VFO si gnal i"!"?‘@aﬂsby the read tran é)ucer for use by the WY channel
circuitry on the PCB 34 to synchronize or "lock"” its frequency of operation
te the frequency of occurrence of magnetic transitions (i.e. the -8- WO
96/ 23305 PCT/ US96/ 00379
magnetic transitions representing the actual information) as the disk
rotates below the read transducer. The VFO signal 90 is followed by a sync
mark field 92 that includes information to indicate to the read/wite
channel when the actual 1D




information begins. The actual ID information 94 is recorded after the sync
merk—5 rett—92—amt—t-s—Fott+ov i

field 70, 72 fromother transitions recorded on the disk surface. As can be
seen fromfig. 5 each IDfield 70, 72 of the prior proposal includes VFO
and sync mark information, thus adding to the total overhead required to

i mpl emrent 10 the prior dual |[RM8 eld Pursuant to the_present

i nvention, MAP6RS| overhead required to inplenent a duargpﬂﬂFW@Fa
arrangenment is mnimzed by sharing VFO and sync nmark information between
the data field of the data sector g Dfield aligned with the
centerline 15 of the dagte"track. As showsyn fig. 4, an offset wite
ID field 82 is arranged tg-Conpensate for the skeweffect so that ID

i nformati on can be read Dy the read transducer durin\a witgqgoperation.
The wite IDfield 8 ncl udes a VFO signal and sync maxk shown in fig.
5. However, accordip to the present invention, read |ID Ngformation aligned
with the data trackK centerline, to be read by the read 20 t ransducer
during a read opeyation, is nerged into a data sector 58 . Wccordingly, the
read ID field of /the sector 58 shares VFO and sync mark ovexhead with the
data stored within the sector 58'. '

Fﬁg. Ao



Referring nowto fig. 6, there is illustrated the nerged I D and data

Al <GSR Bl e O -0 — 50 G| el S @y ey t

r-ad by. the read transducer, is used by the read/wite channel circuitry to
|l ock its frequency of operation to the frequency of occurrence of nagnetic

transitions within the entire sector 58 . including the ID and data
information represented by the trg%gitions within the Sethﬁmﬁﬁaﬁ¥sn
Simlarly, VO3B nc mark fiel d®102 includes information to I ndlcate to
t he 30 read/ wite channel pegT TmRe~Qf the actual information to

t he sector 58', the
information to be detecteg” ncludes both the ID infoRgation a § t he data.
- 9- WD 96/ 23305

PCT/ US96/ 00379 The daja sync mark field 102 is followed B e actual 1D
information, at field 104. The ID information is followed,\in turn, by a
data field 106 contAining the data. As shown in fig. 6, the\data field 106

. is followed by errfor correction code

Ay b



“information (ECC), in field 108, as generally known in the art. A pad field
1+ _ , . : . . .

and sync mark information contained.in fields 100 and 102 is shared by the
I D and data fields 104, 106 and elim nates the need for separate and

conpl ete overhead fields for the aligned read ID field to thereby mnim ze
t.he total overhead required for tq_adual ID field infor i H@nother
advant age oVOPBNal IDfield arr ngenment accordi ng ton?%gﬂ@?gég

i'nvention is that only a single pg i equired to format the disk. Figure
*a shows two unformatted data-tTacks | abel ed ack i and Track i + 1. The
two unformatted tracks are”devoid of overhead infoxgation. 15 Figure 7b
shows the two tracks af¥er a single pass over each tNgck i and i+ 1 by a
wite transducer. Dur#/ng each pass, the wite transduce{ is offset from
track centerline by/an amount sufficient to conpensate f& the skew that
occurs in respect Af the read gap at those tinmes when the ite-gap is
centered over the/track 20 centerline. Wile positiongd in R#s

of fset position,/the wite transducer is used to




wite the offset IDfields 82 in the respective track. The wite transducer

* @St S G R -t H—d at-r-seetor—arocated—tothe partTcut ar
‘track, with the ID fields 82 being spaced radially fromone another by an
appropriate anmount of space sufficient to accormmbdate the witing of a data
sector. 25 Figure 7c illustrates the tracks i and i+ 1 after a wite
operation to each track. For eac%, rack, the wite gap géThﬁmfﬁﬁﬁered on
the track Wae628¥5i ne, and, consefuently, as di scussed above, e read gap
60 is offset fromthe track centerline due to the skew effect. However, the
read gap. 60 will be centered on the IDfiled 82, as 30 witten
during the disk format operation. The read transducer is operated to read
the IDinformation. If the IDinformation verifies that the head is | ocated
at the correct track, the wite WD 96/ 23305

PCT/ US96/ 00379 transducer is operated to wite the data desired to the
stored in the data sector 58
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of the respective track i or i+ 1. At the tinme of witing the data into the
dala—seal-ok ‘-_\8'7 1.h I L i

I'D i nf.ormation witten in the IDfield 82, according to the arrangement of
ID and data fields 104, 106 5 shown in fig. 6. In this manner, the ID
information can be read by the read transducer for verification, when the
read gap 60 is centered over the tgack centerline in a subseﬁuent ead
oper ati on OWO©9s233t a sector 58'. éﬁbure 8 shows an alter odi nent
of the present invention. 1In this 10 enbodiment, a wite IDfield
82' is witten at format tinme and is aligned with the track centerline.
During a wite operation, after disk formatting, the read gap 60 is aligned
with the track centerline to read the ID information. As should be
understood, the wite gap 62 is now offset fromthe track centerline due to
t he skew effect. Thus, when the read ID information verifies that the head
is positioned over 15 the correct data sector, a nerged ID and data
field 58" is witten by the wite transducer at a radial location that is
offset fromthe track centerline. During a read operation, the read gap is
centered over the field 58" rather than the track centerline.
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a rotary actuator (28) for nmounting the head for reading and witing data
fromand to the storage disk, a disk nmediumfor the storage di sk, which
conprises: a magnetizable surface: a plurality of circunferentially
extendi ng data tracks (50) defined the magneti zabl e surface; each data
track havi r086/233%: rel i ne and inclgzgng at | east one datdKEE@P8W”F%8); t he
at | east one data sector conprising a data field for storing data and
control . information for use in reading the data sector; used data track
further including a wite IDfield (82, 82') containing data sector
identification information for reading during a wite operation of the at

| east one data sector and a read IDfield (58, 58") containing data
sector identification information for reading during a read operation of
the at | east one data sector
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“characterised in that either the wite IDfield (82, 82') is arranged at a
R

‘'sector is radially offset fromthe cantreline, or the wite ID field (82,
82') is arranged at a position radially offset fromthe centreline of a
respective data track and said data sector is aligned to the centreline,
the wite 1D field (82, 82') has trol information for ' di ng the
wite ID figPd¢ t he read IDfiCégPd (58', 58") is arrangé gv’m%?’ﬁ t he
data field such that the control information of the at |est one data sector
I's used for reading the read ID field. 29 JUN 1998 2. A disc drive
mediumas clainmed in claiml, in which the anount of radial offset is a
function of a skew angle caused by the positioning of the head by the
rotary ac:uator.
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A-disc .drive nedium as clainmed in claim1 or 2, in which each of the
VFO signal and a sync mark. 4. A di sk | e,Qonpri sing; a stor 'lgk

sducer
y ad&nﬁtbr
X he storage

mounted for rotation; a head having %glgg ead and writ ',:”‘.’«I
arranged in separate respective read wite gaps; and a -~

!|I
for mounting PY&Thead for wow .
di sk; the rotary actuator causing a SKew angl e between the read and wite
%BU%FgH%'a ATENT COOPERATION

gaps_a I

sur f[anPiastiongPuaptuteidos §: of ci r Funf Qi ARkrndtibrda) PublichtR® Nimiber: dat 2 WO 0623305
defi ned(_;i)ﬁ;i-}m,FI w81z abl e surfapay jeach data track including at |east gne
e at

datd sector | east one dat h sq&Pinternaations} Rubliepflgn Butes ot 5 I AupEt 996 ()1-08.96)
storfing data and corol 1nformation for use | n reading the datg seqtor; wstach
dat g @1} atereationsl Appliqation Nembegii g Wmﬁdemg%ﬁ@m R B LU, MC
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(54) Title: DUAL IDENTIFICATION FOR DATA FIELDS OF A DISK DRIVE
(57) Absiract

A disk drive comprises a storage disk mounted for rotation, a head having separate read and write transducers arranged in separate
respective read and write gaps, and a rotary actuator for mounting the head for reading and writing data from and to the storage disk, The
rotary actuator causes a skew angle between the read and write gaps and the data tracks during read and write operations. The storage disk
comprises a magnetizable surface having a plurality of circumferentially extending data tracks defined on the magnetizable surface. Each
data track includes at least one data sector comprising a data field for storing data and control information for use in reading the data sector.
Each data track further includes a write ID field containing data sector identification information for reading by the read transducer of the
head during a write operation of the data sector and a read ID field contsining dats sector identification information for reading the read
transducer of the head during a read operation of the data sector. The write ID field is arranged in the respective data track at a position
radially offset from the data sector, as a function of the skew angle such that the read gap is centered over the write ID field when the write
gap is centered over the at least one data sector. The write ID field includes control information for use in reading the write ID ficld. The
read ID field is arranged within the data sector such that the control information of the data sector is used for reading the read 1D field.
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field containing data sector identi f i ¢at Fonti nf orsmatti on_for reading.th

read transducer of the head during a read operation of

data sector;

the wite ID fiel.d being arranged in the fe

at a p05|t|on radially offset fromthe at | east one dafalsector, the r

of f set bei ng
over the wit
data sector;

a function of the skew angl d2such that th¢ fead? gw 1998ce
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1. For usc in a disk drive baving at least one storage disk (22) mounted for rotation.

a head (24) having separate read and writs gaps, and a rotary actuator (28) for mounting
the head for reading aud writing data from and to the storage disk, 2 disk medium for the
storage disk, which comprises:

a roagnetizable surface |

2 plurality of circumferentially extending data tracks (50) defined on ths
magnetizable surfaca;

each data track having a centreline and including at least one data sector (58);

the at least one data sector comprising a data field for storing data and conrrol .

information for use in readin'g the data sector;

oxah data twack further including a write ID field (32, 82') containing data sector
identification information for reading during a write operation of the at least one data
sector and a read ID field (58', $8") containing data sector identification information for
reading during a read operation of the at least one data sector;

characterised in that ,

either the write ID field (82, 82') is arrapged at 2 position allgned to the
centreline of a rapecnvu data track and said data sector is radially offset from the

centrelmc, or

the write ID field (82, 82') is mange."d at a position radially offset from the
centraline of a respective data track and said data sector is aligned to the centreline,

the write ID field (82, 82') has control information for use in reading the write
ID field; and

the read ID fleld (58', 58") is arranged within the data field such that the control
information of the at least one data sector i3 used for reading the read ID field.
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2. Adisc drive medium as claimed i claim 1, in which the amount of radial

offset i3 a function of a 3kew angle caused by the positioping of the head by the rotary
actuator, | |
3. A disc drive medium 33 claimed in claim 1 or 2, in which each of the
eontrol information in the data sector and in the write ID field includes 2 VFO signal and
a sync mark. _
4. A disk drivs, tomprising:
a storage disk mounted for rotation;
a head having Scpa_rate read and write transducers arranged in separate

respective read and write gaps; and

a rotary actuator for mounting the head for reading and writing data from |
and to the storage disk;

the rotary actuator causing a skew angle between the read and write gaps
and the data wracks;

the storage disk comprising a magnstizable surface having a plunlity-cf
circumferentially extending data txaci:s defined on the magnetizable surface;

each data track including at least one data sector;

the at least ons data Sector comprising a data field for storing data and
control information for use in reading the data sector;

each data track further including a write ID field containing data sector
identification information for reading by the read transducer of the head during a writs
operation of the at least one data sector and a read ID field containing data sector
identification information for reading the read wansducer of the head during a read
operation of the at laast one data sector;

the write ID field being arranged in the respective data track at a position

i:dially offset from the at least one data sector, the radial offset being a function of the

skew angle such that the read gap is centred over the write ID field when the write gap is
centred over the at least onc data sector; | |



