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The present invention is directed to disk drives. More particularly, the present

invention provides dual identification fields for each data sector recorded on a data
track of a disk so that the data can be written and read using a dual gap head such
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
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.

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
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 prbw')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
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
different transduction technologies in the same physical gap.



10

15

20

25

30

WO 96/23308 ' PCT/US96/00379

For example, in a magnetoresistive head (MR head), a magnetoresistive element
MR element) is used as a read tfansducer. The magnetoresistiﬁe element comprises
a material that exhibits a change in electrical resistance as a function of a change in
magnetic flux of a magnetic field applied to the element. In a disk drive
environment, the MR elelhellt is positi_oﬁed within the read transducer gap, above

a disk surface. In this position, the electrical resistance of the element changes in

time as mégnetic 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
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

' 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
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
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 track. the appropriate
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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wrththemducnvewntecmuntwillbeoffsetfmmthatmkeemerhneduetothe
skew angle effect. The opposlte 1s true lll a write opeuuon

In modern disk dnvearchltecmres euehdatatmckrsdmded mtoanumberofdata
sectorsforstonngafixedmeddatablock Tofaexhuteacmtoanypamcular
datablockstoredonadlsksurface eachdatasectormcludesanrdenuf‘canonfeld
(ID) to provrde a umque address for the respecuve data sector. The address
contains posmon mformauonandpenmtsacomputer system to locate and verify the
ldenmyofapamculardataﬁeldtobewnttenorreadatanyoneume

In either a reud or write openuon, thelDofthe data sector isread to verify that
theactuatorannhasposiﬁonedthehansduceroverthepmperdatatector As noted
above, whenmedlskdﬂveineludesadualgaptrausducer,ﬂ:erexsaskewbetween
theleadandwntegapsrelauvetotheeenterhueofthedatatmckeonmmngmedata.
sector of interest to the computer system Thus, mawriteopennon the write gap
1sposmonedoverﬂteeenterhmofthedanmkwhereapamwhrdatasectorm
be written is located. However,thereadgap:snow offset from the track centerline
due to the skew angle effeet and is not in a proper posmon to accurately read the
Il)ﬁeldtoveﬁfythattheeomputersystemhasaccesstotheeon'ectdatasectorfor
writing.

A prior soluuon to the problem of an mabrhty to aceurately md an ID field due to
gapskew lstorecord twomﬁeldsforenehdataseetor OneofthelDﬁelds is
aligned with the centerline of the lespecuve data track while the second ID field is
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,
thereudgapwrllbeeenteredovertheoﬁ'set second ID field. Thus, in a write
operation, the read transducer can be used to aewrately read the second. offset ID
fieldtovenfythatthepmperdatasectorhasbeenacoessed The write gap will

 then be properly po_snnoned over the tmek_cemerhne to wme data to the data sector.

While the prior solution ovewentes the skew probletn, additional' overhead is

-3-



10

15

20

25

30

WO 96/23305 PCT/US96/00379

required to maintain the two ID fields. Overhead refers to portions of a disk
surface that must be used to store information necessary 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 capaéity of the disk drive. The ID fields
~are examples of overhead. The use of two complete ID ﬁelds per data sector

doubles the overhcad 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
 the overhead cost, the addition of the overhead will be considered acceptable. The

dual ID filed arrangement offers 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 applicatiisns. even when the ID field overhead
is doubled. -

s v of the 1 .
The present invention provides a dual ID field arrangement that minimizes the
additional ovérhead ‘imposed on the disk drivé system, while maintaining the
advantages of the dual ID proposal. Genetally, the present mventlon shares certain
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
surface. For example each ID field generaliy 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 tlinsi;ions to detect the ID information.
The sync mark indicates that ttie transitions fdlldwing 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.
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Acoordmgtotheprewltinvention themfieldahgnedwiththeuackcemrhnexs
merged into the data f eld of the data sector and utxlmes the VFO signal and sync
markalmdypwsentmthedataﬁeldforusemreadmgandwntmgdm The ID
mfonnanonxswnttenaﬂerthedatasyncmarkandpﬂortotheacmaldata
Accordingly, the amountofovcrheudaddedtoadnskwrfacemadualm
armngementxsmmnmzed

"l‘he present mvennon also mduces the number of passes reqmred to write ID fields
_dunng an opemuon to format the dlSk A formatnng opemuon mvolves the writing
ofoverhead mfonnanononadxsksurfacepnortousmgthedukto storedata A

passreferstoacompleterolauonofadnsktowmetheoverheaquuiredforadm
track of the disk. lnthe duallDﬁeld artangement of the prior proposal, two passes
mmqmredperdatamk aﬁrstpusnowmetheoffsetmﬁeld andaseoond
pass to write the ID field aligned with the track centerline.

~ According to the present inveation, only one pass tn write the offsot 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
invention maintains a formamug opemtlon 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.

B ‘s tn » » E Il n . - .
" 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.
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Figure 4 is an illustration of a data track including a dual ID field arrangement

~according to the present invention.

Figure 5 is an illustration of a complete ID field including VFO and sync mark

- overhead.

Figure 6 is an illustration of the merged ID and daﬁn field of fig. 4'. according to the
present invention. | :

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

Figure 8 illustrates a dual ID arrangement according to another embodiment of the
present invention.

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
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

present invention can be implemented in a disk drive system including more or less
storage disks.

The storage disks 22a-d are mounted for rotation by a spindle motor arrangement
29. as is known in the art. Moreover, the read/write heads 24a-h are supported by
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
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' radially across the disk surfaces.

Each of the read/write heads compnses a magneuc tmnsdncer 25 mounted to a
slider 26 havmganmbearmgsurfaee Astypwallyuuhzedmdiskdnve systems,
the sliders 26 cause the magnetic uansducers 25 of the read/write heads 24a-h to
"fly" above the surfaces of the respewve storage disks 22a-d for non-contact
operauonofthemskdnve system Whennotmuse, 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
surfaces.

As known, apmnedcuwithoard (PCB) 34isprov1dedmmountcomml electronics

for controlled operation of the spmdle motor 29 and the voice coil motor 32. The
PCB 34 also incudes read/write channel circuitry coupled to the read/write heads
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 drawmg, a top plan view
ofoneofthedisksZZa—dofﬁg l As shownby mpresentanvedata track segments
50, the disk surface is dmded into a plumhty of mdwldual data tracks. Each of the

 data tracks 50 extends circumferentially around the disk. The data tracks 50 are
'radxallyspacedﬁommeanotherﬁ'omanmnermdmstoanouterndmsofthedlsk

22.

As described above, the actuator arm 28 mounts the head 24 for sclective
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
head 24 to form a skew anglc 0 with each the data track 50. The skew angle #

' vanaﬁomuacktomckacmssthecucumferenceofmednskzz asshown in figs.

2a-c. The skew angle 0 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

-
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is at the middle mdius of the disk 22 (fig. 2b).

Mdreover. the skew angle 0 causes one of the gaps 62 in the head 24 to be offset
from a data track centeriine when the other gap 60 is centered over the centerline.
This is shown most: clearly in the exploded portion of fig. 2c.

Each data track S0 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
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.

Figure 3 illustrates a 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
ID field 70 and a read ID field 72. The write ID field 70 is offset from the
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
the ID field 70 when the write gap 62 is centered over the data sector 5.
Accordingly, during a write operation, the read trénsduoer 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.

During a read Opeiatidn, the read gap 60 is centered over the centerline of the data
track and reads the ID mformauon from the read ID field 72, as well as the data
from the data sector 58.

Referring fdr a moment to fig. 5, thefe is iliustrated a complete ID field. Each of
the ID fields 70, 72 of the prior pmposal include a VFO s:gnal 90 that is recorded
on the disk surface. The VFO sngnal is read by the read transducer for use by the

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

of operation to the frequehcy of occurrence of magnetic transitions (i.e. the
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magnetic transitions representing the actual ID information) as the disk rotates below
the read transducer. The VFO srgnal 90 is followed by a sync mark field 92 that
includes mformatlon to mdleate to the readlwme channel when the actual ID
information begins. "The actual ID mfonmnon 94 is xeoorded after the sync mark

field 92 and is followed by a pad field 96 to sepmte the ID field 70, 72 from other

transitions recorded on the dlsksurface _

_Ascanbeseenfromﬁg S eachIDﬁeld70 72ofthepnorpmposalmcludesVFO

and sync mark mformauon, thus addmg to the total overllead requu'ed to implement

the prior dual ID f eld amngement.

Pursuant to the present mvenuon, the total overhead requued to unplement a dual
ID field amngement is minimized by shanng VFO and sync mark information
betweenthedataf'eldofthedatasectorandtbemﬁeldallgnedwrththecenterlme
of the data track. As shown in fig. 4, an offset write ID field 82 is arranged to
compensatefortheskew effeetsothatIDmfomattoneanbetendbytheread
transduoerdunngawnteopemuon 'l‘hewntelDﬂeldSchludesaVFO signal

_ andsyncmark asshownmﬁg S. However acoordmgtothepresentmventmn

rendlDinfommonahgnedwrththedatatmckcenterlme to be read by the read
tmsducerdunngareadopemoon |s mergedmtoadatasectorSS’ Accordingly,
thereadlDﬁeldofthesectorSB’sharesVFOandsyncmarkoverheadwrththe
data stored within the sector 58", '

Referring now to fig. 6, there is illustrawd the merged ID and data arrangement of
the data sector 58° of ﬁg 4.. A VFO srgnal 100 read by the read transducer, is used
by the read/write channel cucmtry to lock its frequency of operatron 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 informatron to indicate to the
read/write channel the begmmng of the actual mfonnanon to be detected during a
~ read operatlon In the case of the sector 58’ the mfounauon to be detected includes

both the ID mformauon and the dam :
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The data sync mark field 102 is followed by the actual ID 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 error correction code
information (ECC), in field 108, as generally known in theart. A pad field 110 is
provided' following the ECC filed 108. The synchronization and sync mark
information contained in fields lOO'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.

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. =

Figure 7b shows the two tracks after a single pass over én_ch track i and i+1 by a

" 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

" 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.

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 centerline, 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

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:
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tmnsducensopemtedtowntethedatades:redtothestoredmthedm.sectorSS'
oftherespectwetrackxon+l Attheumeofwntingthedatamtothedatasector
58°, the write tmnsducenseontmlledm wnteacopyof thelefonnauon written

. mtheIDﬁeldSZ accordmgtotheamngementofmanddauﬁelds 104, 106

shownmﬁg 6 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
embodiment, a wnte ID field 82’ is written at format time and is aligned with the
trackcenterhne Dunngawrmeoperatwn aﬁerdlskfonnamng, themdgapﬁo
is aligned \vxﬂh the:tlauﬂ: cenmeﬂhuus to read the,ll) lnibwmnﬂuIOMI As should be

 understood, thewntegapﬁzisnowoffsetfmmtheuackcemerhneduetotheskew

effect. Thus.whenﬂxemdminformauonvenﬁesthatﬂleheadxsposmnedover
theconactdatasector,amergedmanddatafieldSS" 1swmtenby the write
uansduceratandnllomonthatlsoffsetfromtheuackcenterlme During a read
operatnon, themdgapiscmﬂeredovertheﬁeldSS" rather than the track
centerline.

-11-
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Claims:
" 1. For use in & disk drive having a storage disk mounted for rotation,
a head having scparate read and write gaps, and a rotary actuator for mounting the
head for reading and writing data from and to the storage dlSk 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 mformanon 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
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head for reading and writing data from and 10 the storage disk, a disk medium for
the stomgedlsk which compnses |
amagneuzable surface _
a plurality of cucumferenually extendmg data tlacks deﬁned on the
magnetizable surface;
_ eachdatatmckhavmgacenterhneandmcludmgatleastonedata
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_mdlp_ﬁeldbgingamgedwithinthedausectorsuch 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
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a plurality of circumferentially extending data tracks defined on the
magnetizable surface; | |

each data track including at least one data sector;

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

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 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 tracks;

the storage disk comprising a magnetizable surface having a plurality
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of circunife“rentially. exw'nding. data tracks defined on thc magnetizable surface;
' eachdatatmckmclndmgatleastonedmsecmr

_ . theatleastonedatasector compnsmgadata field for storing data and
" control mfoxmanon for use in rudmg the data sector, _
mh data track further mcludmg a wnte ID field contammg data
~ sector identification mformauon for mdmg by the read transducer of the head
dunngawnteopmnonoftheatleastonedata sectorandareadmﬁeldconmmmg
data sector |denuﬁcatxon mformatmn for reading the rcad uansducer of the head
dunngareadopemtlonoftheatleastonedatasector,

thewntemﬁeldbemg arrangedmthc respecnvedatatrackata
position radmlly offset from theat least one data sector, the radial offset being a
| function of the skew angle suchthattheread gap is centered over the write ID field
when thewmegaplscentered overtheatleastonedata sector;

the wme ID fi jeld havmg control mformatton 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.

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.
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