MODULATI ON OF SI DEWALLS OF SERVO SECTORS OF A
MAGNETI C DI SK AND THE RESULTANT DI SK CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application is a
related to US Patent Application No. 10/077,200 filed
by M chael MNeil et al. on February 15, 2002 entitled
"Patterned Mediunt (published as US 20030179481 on
Sept enber 25, 2003), which is incorporated by
reference herein in its entirety. BACKGROUND Fi el d of
the I nvention [0002] The invention relates to the
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to patterned nmagnetic S0 ca di screte
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drive systens. Related Art [0003] Discrete track

recordl ng (DTR) di sks or patterned rmgnetl c disks are
~¥? an article

Ter- aspects of
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states that the surface of a thin-filmdisk can

p&PP3), Mdichuisiingpraeriteihbyl raferemeg hepsin dn ite entirelies t o
formdiscrete tracks as narrow as 0.5 pm These

studi es have been extended to patterns forned when an
etched track i s brokenBAQKGROUNRt e segnents by

e i,n Wm/ sqme portions of a discrete track. Abrupt
Mﬁ@@i zation are obtained by DC erasing
t he nephioe) THé Hveatios AdBRs fo iheSticld dF ﬁ.aynbhc d%ﬂ"&ﬁés 1)

anpl i tude of conventional transitions

of
£ Fore SRABAGAly, Buprtaed megsetaRtsks (Ao Al tliscrelé tack
MRl diRgt di€kSor DTR disks) used in disk drive systems.

Related Art

[0003] Discrete track recording {DTR) disks or patterned magnetic
disks are known in the prior art. See, for example, an article entitled
“Beyond discrete tracks: Other aspects of patterned media” by S.E.
Lambert, |. L. Sanders, A. M. Patlach, M. T. Krounbi, and S. R. Hetzler,
published in Journal of Applied Physics Vol 63(8) pp. 4724-4726. April 15,
1991. Specifically, this article states that the surface of a thin-film disk can
be patterned using standard lithographic techniques to form discrete
tracks as narrow as 0.5 pym. These studies have been extended to
patterns formed when an etched track is broken into discrete segments by
etching away some portions of a discrete track. Abrupt changes in
magnetization are obtained by DC erasing the medium, giving readback
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[0004] See also another article entitled "Fabrication
and nmagnetic properties of patterned magnetic
recordi ng nmedi a" by Tsutonmu AOYAMA, |sanu SATO and
Shunji | SH O, published in OYO BUTURI, Vol.72, No3,

p. 0298- 0303 (2002). According to this article,

di screte track nedia inprove the side witing and

si de readi ng phenonena whi ch woul d be serious

probl enms in conventional continuous magnetic film
media at very high track densities. Discrete bit
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ormation is recorded in serrated edges of each
d aresentettie. this artiele.nend megpeticpropsrties of (#bricaled samples

BB, £ e oovesSloser Sovmetn i
out er [OOPS] DR disks stemid allavd meEnufactoreetoypredfornaat the
DehDbsodRah i h R ARl Ak RS RRR gt
t hedridctdring. Also, pre-formatted servoing information may cause a

disruption in fly height of a head as it flies over a preformatted area on a

DTR disk.

[0006] Accordingly, inventors of the current patent application
believe that a new servo structure is needed that does not affect the fly
height even for the case with a preformatted dedicated servo area.

[06007]US Patent 5,739,972 (incorporated by reference herein in its
entirety) describes a storage medium in which servo information is
recorded in serrated edges of each data track. A thermal component of a
‘MR head’s readback signal is extracted and used for servoing.
Specifically, as the MR head moves closer towards an outer edge that is
serrated at frequency 1, a thermal signal at frequency 1 increases.

When the MR head is positioned- at the center of a track, the thermal
2




frequency responses fromthe two serrated edges of the
track are near zero. Note that US Patent 5,739,972
requires serrated edges to be present along the
entire length of a track, and the track is not
apportioned into data sectors v/s servo sectors.
Therefore, a readback signal from such a system
contains the data signal as well as the servo signal,
at all locations along a track. SUMVARY [0008] In
accordance with the invention, sidewalls of a land in
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byaliohdBloRy2SP&k. one wi th groove nodulation in the
servo sectof only, and another with groove nodul ation

in both the servo sector as well as data sector.

[0009] In many enbodi me servo sector, a land
in the I DTR disk has t%mshlnagﬁ/alls that are each
spat i a[dOﬂSlThDIdecatdthce evith. thbynvendion) sidéwalts d)ﬂaelalndmabntyn

f each at h di ff
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. thet:datg 1s&stoi(s) argnotypodiatestin e gaid predeieiaingd manner
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eJRAYrGBY SoBlialieh fh theesehansediosbilgVeid ancthér with groove
modulation in both the servo sector as well as data sector.

[0009] In many embodiments, in a servo sector, a land in the DTR
disk has two side walls that are each spatially modulated, e.g. by
oscillating the location of each sidewall at one or the other of two different
frequencies f1 and f2. A readback signal from a given sérvo sector
contains the modulation {(e.g. components at these two frequencies f1 and
f2), even if the disk is DC erased (e.g. by magnetizing in a single
direction). The just-described servo sectors with spatially modulated
sidewalls eliminate the need for servowriting of the type required in prior
art.

[0010] Note that no signal is read back from the data sectors of a

disk after it is DC erased in embodiments wherein the land’s sidewalls are
3




3 un-nodul ated in the data sectors. In such

enbodi nents, data signals are read w thout any
filtering. In other enbodi nents, even though the data
signals are filtered, they are not filtered to renove
the just-described nodulation (e.g. signals at
frequencies fl and f2), because in the data sectors,
the land's sidewalls are not nodul ated at all or not
nodul ated as in the servo sector(s). BRI EF
DESCRI PTI ON OF THE FI GURES [0011] FIG 1A illustrates,

I anambdasteddh & asdfa sectRENRT sGcHémbodirants, dabRsighals dte
land with sidewalls in a servo sector 121{3 that are
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1ikil]heegmlvd§é¢tdﬂs)_ [0013] FIG 1C illustrates, in a

" block diagram circuitry in the magnetic disk drive
of FIG 1A [0014] FIG 1 Dillustrates, in a

Cross sect | QSRIEF DESERIPTRIN S HHE MGURES ONg t he

direction 1 D1 I n B, an exenplary structure
of t hef00dEkRIGofT MIIu;traIeS in (adiec}k dingranz A inagoetic disksrive
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over | aP PES sig I n one enbodi nent. 4
sidewalls in servo sector 121 j located between modulated S|dewa![s in
data sectors 111j and 111j+1.

[0013] FIG. 1C illustrates, in a block diagram, circuitry in the
magnetic disk drive of FIG. 1A.

[0014] FIG. 1D illustrates, in a cross-sectional three dimensional
view along the direction 1D-1D in FIG. 1B, an exemplary structure of the
disk of FIG. 1B

[0015]FIG. 2A illustrates, in a graph, overlaps in position error
signal (PES) between three fields “A”, “B” and “C” of a servo sector in
some embodiments of the invention.

[0016]FIG. 2B illustrates, in an enlarged view, the three radially-
offset fields located in a servo region of the type shown in FIG. 1B, used to

implement the overlapping PES signal of FIG. 2A in one embodiment.




[0017] FIG 2C illustrates a servo sector with six
radi ally-offset fields "used to inplenent an

over |l appi ng PES signal of the type illustrated in

FIG 2A in an alternative enbodi ment. [0018] FI Gs.
3A-3C illustrate alternative enbodi mrents of a disk of
the type shown in FIG 1 B A using spatial nodul ations
other than sinusoidal. [0019] FIGs. 4A and 4B
illustrate, in a graph, a signal (on the y axis)
resulting fromspatial nodul ation of sidewalls wherein
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B) tha t C Ve L
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[0021] FIGs. 5A and 5B illustrate, in cross-sectional views, two
alternative embodiments in accordance with the invention, wherein the
magnetic layer is etched (FIG. 5A) to form gaps or the magnetic layer is

made unmagnetizable (FIG. 5B) in lieu of gaps.

DETAILED DESCRIPTION
[0022] A discrete-track-recording disk 130 (FIG. 1A) has a number
of areas that hold a signal (called “lands”) 131i-1, 131i, 131i+1 (see FIG.
1B) that are separated from each other by areas (called “gaps™) 132i-1
~ and 132i that inhibit storage of data. A land area 131i is also referred to
aé a “track.” Note that gap area 132i is implemented in many
embodiments of disk 130 by a trough which is a physically recessed area

(relative to land area 131i) as shown in FIG. 1D, although in alternative
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enbodi nents gap area 1311 is inplenented as an area
that is at the sane elevation as the |and area but
contains a material that cannot be nagnetized. The
unmagneti zabl e material may be created, in disk 130 of
such alternative enbodi ments, by ion inplantation.
[0023] Each land area 131li (FIG 1A) in disk 130 is
formed in nultiple sectors, such as servo sector 121j
(FIG 1A) that is used in positioning a head relative
to the disk. Servo sector 121j is located between two
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spiral [0012 Iri é(c%ofdlan%e@ﬁﬂimb ifferflionklahd0)31i Ragl@sidewalls
secto to a waveformin servo sector 121j that
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133
r Wfﬁ@éﬁﬁ%ﬂ 19 c%géd;agt&éﬂﬁ% '139% rrﬁlne'ﬂ%&naarré %Raﬁﬁir\{ann :
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TRt PR o, 11 ot e kP 3R o
dehcivsidevell in BRESvd Sedisr dﬁnfﬁééé?lkné\n@ gheagafrotithe, and
C|rCU|trg 102 is  designed to stingui sh bet ween

slqgaties of Ressame gidgwell iiya diatesiton and which known change is
recognized in signals sensed by circuitry 102. In some embodiments, wall

134i in FIG. 1B is spatially deformed from its normal baseline {e.g. which
baseline is circular or spiral relative to a center of disk 130) in data sector
111j into a waveform in servo sector 121j that oscillates (e.g. in a
sinusoidal manner) in space relative to the normal baseline. Similarly, wall
133i in FIG. 1B is also spatially deformed in this manner, although its
frequency of oscillation is different from the frequency of wall 134i.

[0025] The spatial modulations of the two sidewalls 134i and 133i
are deliberately made to be different from each other, and circuitry 102 is
designed to distinguish between signals sensed by a read element 151 of

a head 150 when flying over land 131i. Note that head 150 flies over disk
6 .



a head 150 when flying over land 131 i. Note that head
150 flies over disk 6 130 due to relative notion

t herebetween, prinmarily caused by rotation of disk
130 by a notor 105. Head 150 is normally held
stationary (relative to the rest of the disk drive)
by actuator arm 103, when flying over a specific |and
1311. [0026] In the above-described exanple, the two
sidewal I s 133i and 134i of land 131i are nodulated in
a sinusoidal manner at two different frequencies f1l
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oscillating. To summarize, a sid s specific shape
i typesaf sodulationr(e®. phese orodutetion).can be anyt hing, as
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MBi@oIR as tied trivdupition e seoBesionel®d], the wakefptms may have

unnodyl at ed
any OH"IGF oscillating shape, such as square wave (FIG. 3A), or triangular

wave (FIG. 3B) or any arbitrary shape (not shown) that is predetermined,
depending on the embodiment. Specifically, walls 134i and 133i may be
spatially modulated, in servo sector 121j, into any shape such as a chirp
(FIG. 3C) or spread-spectrum (FIG. 3D) even if the shape is not
oscillating. To summarize, a sidewall’s specific shape in space, in servo
sector 121j, can be anything, as long as the signal generated therefrom in
read element 151 is recognized in circuitry 102.

[0028] Moreover, although the same sidewall is kept unmodulated
in the data sector of many embodiments, in alternative embodiments the
data sector sidewall may also be spatially modulated relative to the

baseline (in the form of a spiral or a circle} about which oscillates the
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in the data sector of many enbodi nents, in alternative
enbodi nents the data sector sidewall may al so be
spatially nodulated relative to the baseline (in the
formof a spiral or a circle) about which oscillates
the 7 location of the sane sidewall when [ocated in
the servo sector. In the just described alternative
enbodi ments, the nodul ation of a sidewall 133i in

data sectors 11 1j and 11 1j+1 is made sufficiently
different fromits nodulation in servo sector 121j,
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smal l er than the foll ow ng moe ' tI
sufficiently close to ensure efflcacy in the unctlona ity of head 150 in
sensing the modulation of the two sidewalls of a land over which head 150
is centered in a servo sector. The specific width Wread of a read element
151 is determined in some embodiments from routine experimentation
with read elements whose widths are selected to be within +10% of land
width Wland. In many embodiments, the read element’s width Wread is

smaller than the following upper limit:
Wread-max = Wland + 2*GAP — 2°RTMR

wherein “TW” is track width, “GAP” is the width of a gap and RTMR is the

read track misregistration. Moreover, in some embodiments the read
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Wead-max = Wand + 2*GAP - 2*RTMR wherein 7Wis track
width, "GAP" is the wwdth of a gap and RTMR is the
read track m sregistration. Mreover, in sone

enbodi nents the read 8 elenent, is made smaller than
land width, and the lower Iimt for the read
element's wwdth Wead is Wead-min = ('/s * Wand).
The read el enent 151 is made sufficiently wide to
sense the spatial nodul ation of each of the two
sidewalls of a land 131 i in at |least one field of a

S t

¢ Rleetyistins Smpigthefa Wd Ardnt TG Irffforthd foad
tbﬁam@ftlmmdtlstaamg; aph, the specific dinensions of
read elenent 131 i are different in different

enbodi nents, and in many enbodi nents the di nensions

are determvwga@.rmlﬁwq%yvhﬁn@j her considerations such
as the design of data sectors 111 j and 111j+1. To

the extent the design of the servo sector 121 is

t: of
r A58 epd bRefé 99Tis IRAATHGIYWEBT SensS el (o
| awddutdtionenf siach wof the twcnsldawailmif allandet Hi in atdeastoperisd
to,.signal s ensedfr m.th |aI dulatlon of the
t Rha 8’&/\%?‘% |f|§ﬁaortd%gc§¥sﬂel£\stﬁs\nve9tl " found from
experi [k fhiat althduyh cartain Bmite tiave bbén)n destribetl indhe
dependi ng on the noise _in. the sensg E{dﬁ gnal§ hn nost
e PERRURRATagraphe the Spaaific dimessiens of FradRlemght 43
M@kfte?enthﬁwﬁfe?éﬁtféiﬁgmneﬁ@ Bl it el hbddnetstRBR) T or

drive circult to position a“center |line of read
eIdﬂﬂﬁM|on53reaietemnmneé prigrarityf byaothen gonsderatipas guch as the

SSpuRE gt A AR BB Mg ghbEn Bt e

S @BR/oesHesH 1l2ﬂm§takér|ﬂ intaviadtdunitiw sdsme @tnlmdments thed chomigm

1%%,{6;%1 Qggvgatl g% |Ia SO (laﬂgé:r%desdont t?le sensmv;ty For?ack 31] sensitivity)
of a disk drive’s circuitry 102 to signals sensed from the spatial modulation
of the two sidewalls (and the sensitivity is found from experimentation in
many embodiments), and also depending on the noise in the sensed
signals. In most embodiments, the signals sensed from the two side walls
have sufficient signal to noise ratio (SNR) for drive circuitry 102 to position
a center line of read element 151 at the center of a land 131i (e.g.
centered within a predetermined uncertainty thereof, depending on the
embodiment).

[0030] Moreover, in some embodiments, the width Wwrite of a write

element 152 in head 150 is selected to be within certain limits based on
track width “Wland” (b) width of a gap “GAP” and (c} write element track

misregistration “WTMR’. The minimum limit Wwrite-min and the




track wwdth "Wand" (b) width of a gap "GAP" and (c)
wite elenent track msregistration "WIMR'. The
mnimumlimt Wwite-min and the 9 maxi mum |imt
Wwite-max on the width Wwite of the wite el enent
152 of sonme enbodi nents are expressed as foll ows:
Write-mn = Wand + WIMR Wwite-max = Wand + 2* GAP-
W'MR Each of the two TMRs, nanely the Wite TMR (WIMR)
and the Read TMR (RTMR) both define the maxi num range
of the m salignnment of the respective elenments 151
and 152 that, . s.probable durj .

F srvdRnmgrabLpRBaRe ge e Bt o W By Rfent 152
[ 09 3dihe Mphisodifahtstdre expiasRebebveowd:r acks is (Wand +
GAP), and its value depends on the enbodi nent. For
exanple, in sone enbodinents, pitch is 300

nanomtet er s, vl ABGHRI WISIRI + WP TNt s may  use a

pitch as |l arge as 500 nanoneters or as small as 50
nanomet er s. Wiwiite-rspetiWiand va @ARBH WHMMBi t ch in any

gi ven enbodi nent depends on the design of a specific
drive. [0032] In many enbodi nents, |and wi dth Wand nay

_ ?%Ea@ﬁk? ﬂ'ﬁ@?\l{ld vMRtse Iqaﬁ%gy taegmp‘teeTMRdWTMRf) nspg tioé Read
ree-fourths pitch. endi ng on t e i men
| R R EVAR YRt oRisF 1he ToeX gt Stine Filvg BORRRL of the
tGigschﬂU%QIe‘h%tE 959 QK afs2rhAGE probae vefing grpnovved track
\P"'ray  be se

[ ected, in conformance with the
alfailosvinig speiatiots pthead b33 i1 pdiskidsivee anywhere bet ween

10% t 0 6% 0f pi {,ch - -
enbod; ATt e Nalk ot B pCERERH8 b Biwland « GAP)
13hd iefvatud aeskrid3lon thessmivatiinent dFomexamper insoswct or
wioatoGARB S0P F hiscEODANoRat ot oty et SrBaGintEhts ity
f sk WitcHasale &s 600 AaMb@BEbrs or as small as 50 nanometers.

The specific value of the pitch in any given embodiment depends on the

design of a specific drive.

[0032] In many embodiments, land width Wland may be selected to
be, for example, one half pitch or three-fourths pitch. Depending on the
‘embodiment, land width Wland may be selected to have any value in the
range 40% to 80% of pitch. Moreover, gap width GAP may be selected,
in conformance with the above-described relationships, to be anywhere
between 10% to 60% of pitch. Also, depending on the embodiment, the
amplitude Wa through which a sidewalil 134i of a land 131i is modulated in
a servo sector 121j may be selected to be any value up to one half of
width Wland of land 131i, which is expressed as follows:

0 < Wa< (0.5"Wland)

10




10 Note that a maxi mum di stance Mt hrough which
sidewall 134i oscillates in space (assum ng an
oscillating waveformis used in nodul ation) is 2*Wa
(see FIG 1B). [0033] In the illustrations shown in
FIG. 1A and 1 B, servo sector 121j wth spatially

" nmodul ated sidewalls i s sandwi ched between two data

sectors 111j and 111 +1 that have unnodul at ed
sidewal I s. Spatial nodulation of sidewalls 133i and
134i of a land 131i in a servo sector 121j, wthout

MOgte Qﬁétod“mﬁﬁarﬁﬁiﬁ d?si‘éiﬁ:esﬂn%r‘éﬁﬂghﬁmhnaw %ﬂ%\r@ﬁ%d,ﬁ&é‘cﬁ!%és in
111) and 11 |j+1, has the advantage that data si gna S

f rspare &ssuning an gseillaéngiwaveforo s used tnempdgation) is RANa
se(s YOF f@q@ nodul ati on, and hence a portion of the
circui 02 t hat handl es data signals is unchanged
fromi 1[80333tmt|lie illushgatigns shoven iMAREs, U\ aargd diBskeersebtor

2 2 Rl SR8y TepdlFist fdenirTods sanavichsd Bebiasi ooty

e\5aBtors 1¢ Hehdof11 J-Dptha‘? have uhﬁioﬁh%‘té@ﬁ‘[dewb% dspatial
conponents at spati al freguenm es and f2 at whi ch

edeodudatiaryef sﬂ&wadismfan@ 134i0f aland ﬂ@zﬂ inggt gervo sector 121],
@ﬁ@t

|HW{£]|§1)?l |{ ﬁ%du{a%ﬁ%} I"%d@%&d@ﬂ%ﬂgi (ﬁ?‘tgfse{; an d1 11& ﬁndar e

rrdd dj+tt, bels &ie adwaniageytnat yatdi digreale fomslpadi1@Mi are used

¢ RBRE fikio15 e 6o el tumpuiion, Syfletlp 4p SR eithe

T'&ﬁb@iﬁr?ﬁ@?_ tRat' RARRRCHatS lsgﬁﬁls |s\MNcﬁ§ngéi:l ﬁ@ﬂﬁﬁ@l’torﬁ%[ a

cangelnrranetlcfleld read el ement 151 whe
desiy, svert when vglngmsawthgqrvo S@étﬁr%pﬁ@eawwdescnbed

frh%?éifé‘. gho‘?éO\fé‘ é%ﬁgﬁf%@d ﬂét;n bhE (]B?ﬁﬂk&%% sé&t&“ﬁ‘iu,

sensed by read e anges
rrmgamiril cade afl “&C"ceatmmltlaylospxaeidalconnmmeats airspeﬂalvval l's

- TqueRdel tnd iz et Ecn ot bR e B it Afa 1537re

clnmedn magnetic field when fIy| ng over servo

sector 121]
[0 0345 In many embodiments of the invention, two walls 133i and

134i of a land 131i are modutated at two slightly different spatial
frequencies, e.g. wall 133i is modulated at frequency f1 and wall 134i is
modulated at frequency f2. Therefore, a readback signal, which is sensed -
as a change in magnetic field by read element 151 when flying over servo
sector 121j, contains both frequencies f1 and f2. Note that the readback
signal sensed by read element 151 is formed by changes in magnetic field
caused by spatial modulation of walls 133i and 134i of land 131i. Hence
any head 150, that is designed in the normal manner, detects such
changes in magnetic field when flying over servo sector 121j.

[0035] Furthermore, head 150 in accordance with the invention is

also designed in the normal manner, to screen out or minimize signals due
- 11



[ 0035] Furthernore, head 150 in accordance with the
invention is also designed in the normal manner, to
screen out or mnimze signals due 11 to thernal
effects. This is in contrast to US Patent 5,739,972
which requires their head to be sensitive to and
detect thermal effects caused by serrated edges of a
| and. Note that disk 130 of several enbodi nents of

the current invention is magnetized (e.g. DC erased)
to generate a predeterm ned magnetic response in head

. 180therPaPoFARss.| Thidsé rraé@ﬂrasntoEUQ Pateft 5,338 02b wiidh
these two frequencies f1 and ﬁ%thbe detected in

dé‘?%'ieértbe'!lb%d thbe sensitiveniar afo @etie gaead sffects caused by
_ lant
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e duhcureent invention is sragnetireds(@ne DT kasedhto gemgrbte aldes

ft re ck. si.gnal at these quencies f1l and Q
o ByPsTerifeE BiRtneliS inoRe IESRLISEICE 5t her By o
conpar F036] A@ﬂlu@irét@dllﬁ FHiGded, signals iat tHeskrtvo Fsguecies f1

eS|gnIs at the t freque C|es

diff enc t wee B

" and £ ST heespoieg i detacte @éA@gwda1og&¥¥‘ér are Briuged i
D |

ibga?"ns."g’%?%'.dr Q00 1 aRkdes Wl 813he Do ridtilafBif i) fle

| beasidewalls oba landnin B@8h servonssatdr aredie samej themdbeat ed,

| BpfucR8 R e reBBBRSK sigh dAEA R eheldd Hnd 2 ﬁﬂ%@%

dd tm;tiy&@mp'mgtl agazmsbé@cmgthlég bg ?I c@waat@f 108.@fsel included
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pl at'ed ni cke phosphorous on al um nim nese or

( plectypaiss (Al moduI@c Q%nsﬂawcmtwgl@zndﬁ mdulﬁ;a@%qommis
e BRARGH arl AEof B wHthihea o0 P Tl i e ot

adﬁnheoﬁmkeép@yleesothHPES\mjnd[)ayers dependi ng on the

enbodi
[0037] Note that in many embodiments described herein, disk 130

contains one or more [ayers of magnetic materials. For example, a layer
180 of magnetic material is shown in FIG. 1D as being present over a
substrate 170. Substrate 170 can be, for example, (a) plated nickel
phosphorous on aluminum manganese or (b) glass. A protection layer
190 may be located over the magnetic layer 180. Note that the structure
shown in FIG. 1D is merely illustrative, and there may be additional layers
or fewer layers, depending on the embodiment.

[0038] Magnetic layer 180 may be formed of, for example, cobalt
chrome platinum formed by sputtering on substrate 170. Note that the
trough depth Dt of disk 130 in some embodiments of the invention may be

in the range of 5 nm to 100 nm depending on the embodiment. In some
12




[ 0038] Magnetic |ayer 180 may be fornmed of, for
exanpl e, cobalt chronme platinumfornmed by sputtering
"on substrate 170. Note that the trough depth Dt of

di sk 130 in sone enbodi nents of the invention may be
in therange of 5 nmto 100 nm dependi ng on the

enbodi nent. In sonme 12 enbodi nents disk 130 is forned
usi ng nano-inplant lithograph (NIL), as described in,
for exanple, US Patent Application No. 10/077, 200

whi ch has been incorporated by reference above.

[ Qﬁ?b%h%t%%\kerﬂﬁé%ﬂn‘i@ﬂuﬁﬁ@ﬁﬁﬁé |m§!a§19ﬁtﬁ8?rafphqm'llg as
mast er di sk gaps are defi ned ou

f dﬁa@weﬂyndﬁr @x@mpieo hJSoBahent Applicatian Nee 104y b r?sﬂ{%l whighed
foll di ff

e,ae rohﬁg'gt%deﬁ%%%reﬁ abb\fe followi ng difference.

eami-s rmve radially inwards and
out war [&039]The abolvé-describedistampeamig éormed fromta mapter disk

duripg the f g t h,(to  inpl t a
it whEniadgs o6k Bfmed hekrafghs Grideu thn HeBgabram. s
MRiinef tafimohfeusdtbin“NRSGheheds bfamitdo.atn@ f@lwwmg d

novenent of the electron beam may be inplenmented in

s gittereneso diheesleetray bedmng, m@gedtrﬁ@awbnnmg@s and gutwards (in

COGR0R e el PR, RN ARG asgbigs ey

]ggnpiem'enha igapairf a sé@ocsfecmr,sthexﬂbygec:‘en’teitbe epfiabf fl or
nt It e on t

o rioefifitigh” She et deRe e F e ahy seRFa i Al AR A e

t é@@ﬁbn beBRChAY Balipleméntad tH Sdmé @mbbdrﬁuht@rbytmughfg
~that separate circular |lands fromone another in the

meavqi,t@se&nsa WHC@nsgw@Lheamormala@mer then a trough in
SONE  EifpY fré \%n"?érﬁ%lf theo Bkttt beam in th%
ti o enc for a er

oscill Servo sectors.
c'rad'nailcﬁrecﬁcnmh:ie fieldmidu sepvi sectohis aneafifalor f_&(anldllatsome

| ERRABERE) e o BPECE P AR e
t RPMIrLary de%@éﬁﬂﬁmgm Bpduifeafiglal adibkielsl sguldnéroogks that
Sgéga?atseetg;cglra)r Iands from one another in the data sectors (i.e. circular

tracks), then a trough in some embodiments may have a single spatial
oscillation frequency for all servo sectors. In other circular track
embodiments, the spatial oscillation frequency of a trough is different in
adjacent servo sectors (e.g. f1 in one servo sector and f2 in each of two
servo sectors that precede and follow the one servo sector). In
embodiments that have spiral tracks (as shown in FIG. 1A), the oscillation
frequency is kept the same (e.g. f1) in all servo sectors for 360° of rotation
by the electron beam followed by switching to the other oscillation
frequency {e.g. f2) in all servo sectors for another 360° of rotation, and
then repeating the just-described acts. Note that although only five servo

sectors are shown in FIG. 1A for 360° of rotation, there are typically about
13




enbodi nents that have spiral tracks (as shown in FIG
1A), the oscillation frequency is kept the sane (e.g.
fl) in all servo sectors for 3600 of rotation by the
el ectron beam foll owed by switching to the other
oscillation frequency (e.g. f2) in all servo sectors
for another 3600 of rotation, and then repeating the
just-described acts. Note that although only five
servo sectors are shown in FIG 1A for 3600 of
rotation, there are typically about 13 100 servo
.S 0
o O0 3R SIS R BRAIEns it FRTnaRy o 200'ch
t legee 300 dermensectroguay baoseh dep@an@ parthe embadlrmntof

Chat 1 ORSTR YR ArbpdipBpafifter el SiaBys R atend
I $n ad&eheeéueﬂthéms dxpbsedibh agnastertifsk of eotneyerhibodiments

variation in ex rera e This is because in such
efbygsaientes fPh[éj?%" ﬁg'&g ASH lS’E‘eKWV largpypdation inexposyfrrate.

SHRRGs WeeRuSEN hrél%cﬁiu'n&nisrm@re%%tn%ﬂ%éé% Waheved &t a
create a trough (that defines a ga&p t havi ng nodul at ed
QU

s highaappeed whenenaming,/ adiallytioward wardsniesueatetaed

fmf@r@éﬁe F]tbgi c{j]ér’f!) r[l%ﬂa gé(a?)tﬂla%m?[ ﬁBHﬁ@%}J’&ﬁE@vﬁns‘c‘l{ﬂﬂg servo sector,

a sectors
swuihiie antdrmhd:duldt'ed ¢dubh teformeddlyahe tegjgctrondiadny’s bower

that in odi nent s uenci es, f.1 .

- PRstnt Tpvg Bei Sackirs wBEHS AFa SonsanElaReddnesr e
syélbbgy)ently close to one another, e.g. they may be
selected to be within 50% of one anot her. The

¢l osenE942hNote thgtisrsemasembodimerts freauenies BnaystiZrent s

c B diftdlons trifh SHIBRRen S Tehctted fPne CEALEARY close to
f one another, agmhwwmmobmseledeﬂéo batwitto 60% tfeorsaamether.
¢ TR clakBpSseot fidiyanclasdt SH152 W sldyaRoBitis ehydes that
--eﬂ%Oéigﬁ@§ o tHe@o ﬂ'é&f%leﬁbﬁ Aatectdrs ﬁomtemat 1078 HIGA1C)

becones avail abl e several tinme periods before the
sbeerine arvaifable for comparison with one another at about the same

time. In contrast, if frequency f1 is several times frequency f2 (as is the
‘case in some alternative embodiments), then the signal from detector
107A becomes available several time periods before the signal from
detector 107B. Hence, frequency f1 being several times frequency 2
requires the servo sector of such alternative embodiments to be much
larger than it needs to be in embodiments wherein f2 is approximately the
same as 1.

[0043] Aliernative embodiments may use any two signals whose
modulations (e.g. frequencies and/or amplitudes) are distinguishable from
one another. Also, in some embodiments, the spatial wavelength (and

hence frequency f1 or f2) of a periodic modulation of a sidewall (e.g. in a
' 14



detector 107B. Hence, frequency f1l being several tines
frequency f2 requires the servo sector of such
alternative enbodinents to be nuch larger than it
needs to be in enbodi nents wherein Qis approximtely
the sanme as fl. [0043] Alternative enbodi nents nmay
use any two signals whose nodulations (e.g.
frequenci es and/ or anplitudes) are distinguishable
from one another. Also, in sone enbodinents, the
spatial wavelength (and hence frequency f I or f2) of

a periodic dul atiqn ,of  a,sidewal | i 4
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an ower control in using an electron beamto form

t ieleiropshesnoigrmARE B8D%h some enbodi nents use a
si npl e @%41 gﬁﬁ%rﬁ%orﬁé enttRRIIMYRE dsk!d'Sitipd 8&hvb @seEﬂoGolf 1

B, in nts each servo sector has nultiple
pahé eypesillustrated infFlSe 1Batrt many enthadimpaisegch $epio s Teve’y

patterns. For exanpl Fl LA . |
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i cepteramf twagadhbelztdandiﬁs ch;rrze%Jn%bérs “or gl%%gttﬂle ?c—a%c'is?na'
represents two track pitches. Moreover, along the y-axis the sensed
signal is typically measured in micro-volts, and this signal is shown
normalized in FIG.2A.

[0045] Overlapping fields A-C illustrated in FIG. 2A may be’
implemented in accordance with the invention by radially offsetting the
location of a line at which the data land’s sidewalls are located. Note that
at the top of FIG. 2B, before field A begins, one data land’s two sidewalls

" are located at lines 133CA and 134CA. The two lines 133CA and 134CA
at which the adjacent data land’s sidewalls are located are normally either
circular or spiral, when viewed relative to the entire disk although they are
shown almost linear in FIG. 2B because their curvature is small at the
magnification at which FIG. 2B is illustrated. These two lines 133CA and

134CA form the centerlines of modulations (such as sinusoidal deviations)
15




[ 0045] Overlapping fields A-Cillustrated in FIG 2A
may be inplenented in accordance with the invention
by radially offsetting the I|ocation of a |ine at

whi ch the data land's sidewalls are | ocated. Note that
at the top of FIG 213, before field A begins, one
data land's two sidewalls are located at |ines 133CA
and 134CA. The two'lines 133CA and 134CA at which the
" adjacent data land's sidewalls are |ocated are

normal |y either circular or spiral, when vi ewed
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servo sector in accordance he i nvention
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waB él*newbmteréhaﬁonmtéigeﬁ therservo signal as mehgeq GiosseH the
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he " continulty e Servo
t tmjiﬁdambtmnaﬁmrﬁérdlnet(natﬂmwrﬂmf Im)daﬁﬁrl ién fitsh&eld A.

[l .13 [ h dj al

B o 1R T i TP et nlRting i i sigdeh 2
f HBStmhAY 86 @it fhe sAthé PadialNodatidh dgiihk! ratidi Beatibve of a center
just-described center [ine 133CC of sidewall _ 1331 nay

biinenat RowRhef sidelval 134dafirshfickAt Neta it in FIh 28 iagap

0% 38GAGRTIR field A that defines sidewall 133i is not continuous with a
corresponding gap 133GB in second field B due to the process used to
form these gaps (e.g. if formed by switching off an electron beam when
making a master disk).

[0047] The distance through which lines 133CA and 133CB are
radially separated (i.e. the locations at which the respective sidewalls are
centered) in the adjacent fields “A” and “B” depends on many factors, such
as the number of servo fields used to form the PES signal, the amount of
real estate available for servo fields, the pitch of the tracks, the complexity
of the servo circuitry in a disk drive that uses the just-described disk, and

other drive design parameters. FIG. 2C illustrates the modulated
16




l'ine (not shown) of sidewall 134i in first field A
Note that in FIG 213, a gap 133GA in first field A
that defines sidewall 133i is not continuous with a
correspondi ng gap 133GB in second field B due to the
process used to formthese gaps (e.g. if forned by
switching off an el ectron beam when nmking a nmaster
di sk). [0047] The di stance through which |ines 133CA
and 133CB are radially separated (i.e. the | ocations
at which the respective sidewalls are centered) in
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I gaa) i ldead 120 svheneat Imdtmnmécaeeaeslfré@emc@s 1% mc8‘1(|arﬁiéld
t d th f t

o RSB signdi a thE b 86 letaiea. el retansed in
eﬂymg sacﬂisslmnmnﬁ)k@ﬂga sefvd strastdnd ey ilstidied indRI®. 2B

Head 150 when at | ocation 213 senses frequencies f2
aREPVides & beften BES signphthaadiying adiesoa s Held serva mctor

:TUBT) Hl‘eg?@égmﬁgr dlih&iga4s. sensed in flying across a

servo sector of the type illustrated in
FIG 200481 lovirdesycle bifialds oS typegiflastratedin FIG.i 28 the

PSR B T e disPRoB 18 dresin oy BPed Bl e

othd &8mutize dirbttitsii) ft@b@ﬁ’arbfé thefa indfgae,tdiRl radially by a pitch
(the servo pitch) that is a fraction of the data track’s pitch. The next cycle
covers identical azimuthal positions, but is displaced radially by one data
track, as illustrated by the field A’ in FIG. 2B. In one cycle, a given
frequency (e.g. 1) is on the left side of a land, while in the next cycle, that
given frequency (e.g. f1} is now on the right side of the land. Hence, the
relative positions of the two frequencies 1 and f2 are used to identify
“odd” and “even” tracks. For example, an “odd” track has frequencies f1’
and f2 on the left and right side respectively while an “even” track has
frequencies 2 and f1 on the left and right side respectively.

| [0050] Note that when the servo signal from an active servo field

reaches a prescribed amplitude (indicating that the head is centered

relative to the land), the servo electronics in circuitry 102 locks on to the
17




fields "A", "B", and "C' are displaced in the
direction of head travel (i.e. in the azinutha
direction) to separate themin tinme, and radially by a
pitch (the servo pitch) that is a fraction of the
data track's pitch. The next cycle covers identica
azi mut hal positions, but is displaced radially by one
data track, as illustrated by the field A in FIG

2B. In one cycle, a given frequency (e.g. fl1l) is on
the left side of a land, while in the next cycle, that
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freld. The multiple servo fields A.C and

A suﬁstaehally gnalteidhala\f\ﬂé@dﬂ ite aveiddpiedfepancerhetwesh the ko

a &5@ 5’r [\I%E)me ﬁuﬂﬂ é.dgf derf {;{‘ﬁ%lps iNbAE BH4IE @an i S
he speC| trac rom anong many

t rﬁt@béb) th@n smmmnh ¢hehesalinl |oﬁsemfathesen{oqu (i.exdisganse

of servo fields are. illustra ter
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ed t he If Nis the nunber of servo fields

[ rﬁ%%ﬁ&?gﬁel:%?%l nteger), then SP = PINis the

radi al offset of the servo fields (i.e. distance

Example | Wiand | GAP M P N SP
A 80 40 30 120 3 40
B 80 40 30 120 4 30
c 80 80 30 160 3 53.3
D 80 80 30 160 4 40

[0052] In the above-described table, Example B requires 4/3 more
real estate for the servo sector than Exampie A, but the error functions
spacing is % smaller, resulting in better overlap. Example D has a more
extended error curve but the same error functions spacing as example A,

and hence somewhat better overlap.
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between two fields). In the follow ng table, all
nunbers are of units nanoneters, except for colum
“"N' which is a nunber. Note that columm Mis the
peak-to- peak anplitude 2*Wa of the spatial nodul ation
of a sidewall (see FIG 2A). Exanpl eWAandGAPMPNSP
A804030120340 B804030120430 C808030160353. 3
D808030160440 [0052] In the above-described table,
Exanple B requires 4/3 nore real estate for the servo
sector than Exanple A, but the error functions

spaci ”g)ds%k%n%@?éds%odm%ﬁ{iﬁé Al AdadiStidryofaner | ap.
Exanple D has a nore extended error curve but the
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met hods as illustrated in FIGs.
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unmagnet i zabl e implantation. T

AR A bare. sl doalons At a1 1Aie 6 mBs bekass

WHHGE 13981 1341 bRl 1341+92ASrkEAARA, 131i and 131i+1 of this
embodiment are magnetizable and in fact are magnetized, as described
above in reference to FIGs. 1A-1D. Specifically, in FIG. 58, lands 131i-1,
131i and 131i+1 form tracks that are magnetized, in the data sectors (and
in servo sectors either magnetized or DC erased depending on the
embodiment). Although unmagnetizable areas 161 and 162 are shown in
FIG. 5B as being unmodulated (for ease of illustration), they are in fact
spatially modulated in accordance with the invention (e.g. as shown in
FIG. 5A), when present in a servo sector.

[0055] Moreover, although in some embodiments, a modulated
servo sector of the type described herein is DC erased (i.e. magnetized in
one direction), in other embodiments a high frequency carrier signal (e.g.
100 MHz) is encoded in magnetic layer 180. In such embodiments, the
servo signal frequencies f1 and f2 are decoded from a signal that is
sensed in the read element, as sidebands of the carrier signal. The

spegcific frequencies f1 and f2 being sensed depend on the speed at which
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lands 131 i-1, 131 i and 131 i+1. Lands 131 i-1, 1311
and 131 i+1 of this enbodi nent are magneti zabl e and
in fact are magneti zed, as described above in
reference to FIGs. IA-1 D. Specifically, in FIG 513,
lands 131 i-1, 1311 and 131 i+1 formtracks that are
magneti zed, in the data sectors (and in servo sectors
ei ther magnetized or DC erased depending on the

enbodi nent). Al though unmagneti zabl e areas 161 and 162
are shown in FIG 5B as being unnodul ated (for ease

0fd|§k| 13055 rétateRMy Moty OF @vhiidh isardesigiPparlamdtdr of the disk

nodul ated in accordance with the invention (e.g. as
sHBV®-in FIG 5A), when present in a servo sector.

rodul aIAGFEFAY Showdt i PRIIUA g ABCHETILHBRAL 310 rhich
i svhe@ amnplified afe dtstmgn;tghabl? ?rgﬂwduallymmpeﬁk:?t‘tsﬂ amy < I412 at
( 2832 30 S, TR T £1E fbierirSlresedie spata

- SRR iRt sitlBRallsef ¥ @lngleglli’@ék (f éeﬂngleqa@@) |ﬁ|a and
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A20RHIr i R R R B s, B S 8"
I miig\neti@&iybvlsalscre?aé@ﬁi iflthe aeﬂloélsb%tcﬁt andZthel\A'l% naint
MHz. Peaks 411 and 4 2 to et her prese e spatl aI

eenieskhasonly opg pep apga fotalfppegch

(Irgon%%[.u.%'. ﬂf&r@a#@ﬂ@sﬁe‘&aﬁdssewo sector of this
enbodi nent. Note that two peaks 411 and 412 are at

t he sald@5Zhipldontrest, ﬂd@band&am@r@sem ioentibusicktion shown in

" 5K ol BECBRRSR s\ AP ARSI NERTh Bl Bl

efto@diicteist 165.8MH2t aslllasirated byGak 48 13 rahd4iD3s iddmtified from
being the peak with the highest amplitude. In this illustration, two smaller
peaks 432A and 432B on either side of this fO peak 431 represent the
contribution of one sidewall that is spatially modulated at frequency 2.
This single sidewall generates the two peaks 432A and 432B at the
respective frequencies f0+f2 and f0-f2 . Another sidewall contributes two
peaks 433A and 433B at the respective frequencies fO+f1 and f0-f1 due to
being spatially modulated at frequency f1. In the illustration of FIGs. 4C
and 4D, the values are 1 = 29.00 MHz and 2 = 26.36 MHz. Note that
these same values of f1 and 2 are also used in FIGs. 4A and 4B.

[0058] In the non-zero carrier frequency embodiment illustrated in

FIGs. 4C and 4D, the difference between each of the two adjacent peaks

is averaged to obtain the feedback signal that centers a head on the track.
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naghetic | ayer is DC erased in the servo sector, and
the signal being sensed has only one peak for each

sidewal | (two peaks total for each land), i.e. there
are no sidebands. [0057] In contrast, sidebands are
present in an illustration showm in FIGs. 4C and 4D,

wherein the track is magnetized with a carrier
frequency fO (which is 165.8MHz as illustrated by
peak 431), and fOis identified from being the peak
with the highest anplitude. In this illustration, two
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curren I'n one such
modulated in a continuous manner in servo sectors of some disks, other

disks may spatially modulate their sidewalls in a discontinuous manner in
their servo sectors, e.g: by modulating simply the presence and absence
of a sidewall (i.e. modulation constitutes the sidewall being present or the
sidewall being absent, thereby to provide a binary encoding). One such
disk (FIG. 3C} uses spatial modulation wherein a land has an intermittently
present sidewall on one side of length L1 (e.g. 100 nm) and another
intermittently present sidewall on another side of a different length L2 (e.g.
150 nm). These two sidewalls generate square wave signals in a read
element, of two different wavelengths that are detected by circuitry 102.
[0061] In some embodiments, a master disk is prepared in an e-

beam recorder with an ability to wobble the beam or to switch the beam on
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enbodi nment, a carrier signal is recorded in the
magnetic layer 180 in the servo sectors at 400 MHz,
and 1 bit of information is enbedded in the carrier
signal in each sector (at 4 MHz) e.g. by aligning al
magneti ¢ domains of a servo sector in the direction
of travel or opposite to the direction of travel. If
a di sk has 100 servo sectors in 360 then 100 bits of
addi tional information may be encoded in this manner.
These 100 bits encode a unique track identifier in
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[imts,en the. litude and the periodicity of the
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how f aGAP 1 dstdieR bat@beh thaOpRIbing sidewhls 6E§dj§¢ent lands
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etc. I—iéﬂ@%dﬂfﬁ%'equfﬂ“ﬂ@ i efaceqdislemenrtipsuhead n

Wread-min — minimum width of the read element in the head
Wwrite-max — maximum width of a write element in the head
Whwrite-min — minimum width of the write element in the head
RTMR - track misregistration of the read element |
WTMR — track misregistration of the write element

P — pitch, or the distance between two adjacent lands

N — number of servo fields in one pitch

1/N is the distance between fields in units of pitch.
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desi gning the nodul ation of sidewalls of the lands in
di sks of such enbodinents. [0062] Nunerous
nodi ficati ons and adaptations of the enbodinents
descri bed herein are enconpassed by the scope of the
invention and the attached clains. [0063] Following is
a list of certain synbols that have been used in the
above description, and in the drawi ngs: Wa - anplitude
of sidewall nodulation Wand - width of |and GAP -
di st bet ween t he opposing sidewal | s of adjacent
Ianoé)ﬁ’g—'&gbad-nax - mximumw dth of a read elenent in
a head Wead-nmin - mnimmw dth of the read el enent
int ead . ite-max - maximumw dth of a wite
el er}&ﬁ?ﬁ?ﬁ%ﬂ'ﬂé‘\y\ﬁéad Wwite-nmin - mininmumuwdth of the
wite elenent in the head RTMR - track
isregistration pf the read el ement WIMR - track
Esr egi st rgi'i on 'gpaf’ﬂé'c\ﬁl'ﬁit‘:@"@ﬂ%ﬁ%nt P - pitch, or the
@i st ance alpduralieof lands aad asi@ality P fothed iR TR film:
ervo fi Wh@?éiri@acﬂrfaendqi tch %/clj\l is the di stlance bgt vvclergh
ields in units of Pitcma22 &Eﬂlﬂ\?@%ﬁ[‘“?%‘“@%ﬂ?ﬁéd
fs: 1 1 whereimgandt land d§ pértitenerih®i 8 glurdin@oPsdiidkbdtyrsOind a
gangﬁ,rggﬂof@afgégc%é.ty of gaps formed in a magnetic
film

| wherein each land is separated from an
8dj acent Wheiisth #agh setyasectr istsepatatedefesmin ah abidcérd servo sector by
parb{@ggmgdgﬁtﬁc@npl urality of servo sectors and a 5

gl urali t% of data sectors;
: herein each sidewall in each servo sector is modulated in space.

2. The magnetic disk of claim 1 wherein:
2 two sidewalls of each servo sector are modulated at two different
frequencies.
3. The magnetic disk of claim 2 wherein:
2 the frequencies are within less than 50% of each other,
1 4, The magnetic disk of any one of the preceding claims wherein:
2 an amplitude of modulation of each sidewall is less than half of the width
3 ofaland.
1
1 5. The magnetic disk of any one of the preceding claims wherein:
2 each servo sector comprises a plurality of fields; and
3 each field in a given servo sector is radially offset from an adjacent field in
4  the given servo sector.
1 : 6. The magnetic disk of claim 5 wherein:

23




6 wherein each servo sector is separated from an
adj acent servo sector by 7 at |east one data sector;
8 wherein each sidewall in each servo sector is
nodul ated in space. 1 2. The magnetic disk of claiml
wherein: 2 two sidewalls of each servo sector are
nodul ated at two different 3 frequencies. 1 3. The
magneti c disk of claim2 wherein: 2 the frequencies
are within I ess than 50% of each other. 4. The
magneti c disk of any one of the preceding clains
mhereln |itude of nodul ati on of each
2 si dewal ? 'aldé"" P n?‘ﬂ’ﬁﬁ” Freq adigfent Frldsip dragiven sarvossqcign
3 1 leds than Thewidmaiialiam id itisdgindn somyo oeerof the preceding
claims wherein: 2 each servo sector conprises a
plurality of fields; and 3 each field in a given servo
1 sector is7radi The ynadrietiet ditk wn amy adgacfemtie forededingn clains
2the gi ven servohggctor 6. The magnetic di sk of claim
5 wherein: 23 ¢ Padlal of fset between two adj acent
3 fiel ds eachtsliewgll inezack datacest@c tsammogula@dliesgacehan t he
width of a land in the given servo sector. 1 7. The
- magnetic disk of any one of the preceding clains 2
1T wherein: 8 each diskddrivel ¢omprisingdhe arroactinediskof ARy one of the
o2 unnodul ated in prePaGRy cldinfs: afnéfﬁ’n%ﬁcgrﬁigr‘fs%gconﬂp“ sing the
0

magneti ¢ di sk of any one eceédi ng cl ai ns
3 and f ura REgnetisnhgadsion geconding gesignsy |'ftah‘éa‘éﬁd‘flﬂrthe signal from
4 re&&hdﬁa&ﬁse@teﬂr&ﬁé'mabﬂetﬁﬂﬂsl( eading the signal from 4
each data sector in the magnetic disk;
wherein the magne’uc head includes a read element of a width

approximately same as the width of a land.

9. A disk drive comprising:
a magnetic disk comprising a plurality of tracks and a plurality of gaps
formed in a magnetic film, each track being separated from an adjacent track by

6
1
1
2
3
4  a gap, each track being partitioned into a plurality of servo sectors and a plurality
5  of data sectors, each servo sector being separated from an adjacent servo sector
6 by a data sector, each sidewall of each data sector being unmodulated, an inner
7 sidewall of each servo sector being modulated sinusocidally at a first frequency,
8 and an outer sidewall of each servo sector being modulated sinusoidally at a
9 second frequency;

10 a magnetic head for recording a signal in and reading the signal back
11 from each data sector in the magnetic disk; and

12 circuitry coupled to the magnetic head, the circuitry comprising a first

13  detector for detecting a first signal from the magnetic head at the first frequency,
14  asecond detector for detecting a second signal from the magnetic head at the

15 second frequency, the circuitry further comprising a comparator coupled to the
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5 wherein the magnetic head includes a read el ement of
a wwdth 6 approximately sanme as the width of a | and.
1 1 9. Adisk drive conprising: 2 a magnetic disk
conprising a plurality of tracks and a plurality of
gaps 3 formed in a magnetic film each track being
separated from an adjacent track by 4 a gap, each
track being partitioned into a plurality of servo
sectors and a plurality 5 of data sectors, each servo
sector being separated from an adjacent servo sector
6 by a data sector, each sidewall of each data sector
16 beifirg detwadaﬂcabewb sednd Betector, for shpaid a Ikt agliudaT IR

| dal | fi
17f$i5%§ﬁ@§%3g§ fipt gﬁ égég%géhiﬁ Zéckr:grvo

sector belng nndulated S|nu30|dally at a 9 second
frequency cording a signa
|n and regglng EQE%%%Pnback qé?ron1each dat a

2sect or the head ma@fﬁ@entkv vddes to, semnel each ofi twofegugnaiesugsueed by
to I t ' f

313 APSPIrsIg8RSe it dElebl fthy b HEATHY Ly B
magneti c head at the first frequency, 14 a second
detector for detecting a second signal fromthe
magnetic head at the 15 second frequency, the
circuitry further conprising a conparator coupled to
the 24 16 first detector and to the second detector,
for conparing a first anplitude of the 17 first
signal to a second anplitude of the second signal. 1
10. The disk drive of claim9 wherein: 2 the head is
sufficiently wide to sense each of two frequencies
caused by 3 nodul ation of two sidewalls of a |and
when the head is centered on the land. 25
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