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 Mchael McNeil et at on February 15, 2002
entitled "Patterned Mediuni (published as US
20030179481 on Septenber 25, 2003), which is

i ncorporated by reference herein in its entirety.
BACKGROUND Field of the Invention [0002] The
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[ 0003] D| screte track recording (DTR) disks or

t rbﬁhe prior art.
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sRB0PYcwhizh ia lndmlrporbtdd]bgdrefkrenae hetmn pats entivety. usi ng
standard |ithographic techniques to formdiscrete
tracks as narrow as 0.5 pm These studi es have been
extended to patterns BADWGROWND an etched track is
broken into discrete segnents by etching away some
pbield ghtheinventios:r et e track. Abrupt changes in

0 o nolue02] A% BUenti HIAED (& heiolf plafel fisREAH S and
amoré spekificsly clorpatternerthalagnetiodisks (also whléat tdiserete track

recording” disks or 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 entitied
“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 69(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 um. 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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gap of the readback head is aligned with the edge of
the nmedia pattern. [0004] See al so another article
entitled "Fabrication and magnetic properties of
patterned magnetic recordi ng nedia" by Tsutonu
AOYAMA, | sanmu SATO and Shunji | SHI O published in
OYO BUTURI, Vol .72, No3, p.0298-0303 (2002).
According to this article, discrete track nedia

i nprove the side witing and side readi ng phenonena
whi ch woul d be serious problens in conventional
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is recorded in serrated edges of each data track. A
tﬁ'é%ﬂlﬁf’u‘?&ﬁ‘ponent of a MR head's readback signal is

ext r acfond5pDURUSESKE Suld aNow inhufactipees fd sr@ foymatthe
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disruption in fly helght of a head as it ﬂles over a preformatted areaona

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.

[0007]US Patent 5,739,972 {(incorporated by reference herein in its
entirety) describes a storage medium in which servo information is
recorded in setrated 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 f1 increases.

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



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 al ong
the entire length of a track, and the track is not
apportioned into data sectors v/s servo sectors.
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plurality of servo sectors and a plurality of data
sectors; wherein each s$0 ﬁﬁ or is separated from
an adj acent servo secto E@n | east one data sector;
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nmodul ated in space; and wherein_an anplitude
and anplrAliy iob9aps Toener ivi alargneticslilms sehensim engh fland is Iseparated
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each %Q@Wal},éﬁl@és dhan balf@éthfnglwf atlaed.f r om an adj acent
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magnetie kisk comprising a plurality of tracks and a plurality of gaps formed in a
magnetic film, each track being separated from an adjacent track by a gap, each
track being partitioned into a plurality of servo sectors and a plurality of data sectors,
each servo sector being separated from an adjacent servo sector by a data sector,
each sidewall of each data sector being unmodulated, an inner sidewall of each
servo sector being modulated sinusoidally at a first frequency, and an outer sidewall
of each servo being modulated sinusoidally at a second frequency; a magnetic head
for recording a signal in and reading the signal back from each data sector in the
magnetic disk; and circuitry coupled to the magnetic head, the circuitry comprising a
first detector for detecting a first signal from the magnetic head at the first frequency,
a second detector for detecting a second signal from the magnetic head at the

second frequency, the circuitry further comprising a comparator coupled to the first



servo sector being nodul ated sinusoidally at a first
frequency, and an outer sidewall of each servo being
nodul at ed sinusoidally at a second frequency; a
magnetic head for recording a signal in and reading
the signal back fromeach data sector in the
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single direction). The just-described servo sectors
with spatially nodul ated sidewalls elimnate the
"need for servowiting of the type required in prior
art. [0010] Note that no signal is read back fromthe
data sectors of a disk after it is DC erased in
enbodi nents wherein the land' s sidewalls are
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3a ry un-nodul ated in the data sectors. In such
enbodi nents, data signals are read wthout 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 f1 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
DESCRIPTICN OF THE FIGURES [0011]FIG 1A illustrates,

a isk drive that has a.
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se 111) and. 111j+1. [0013] FIG 1 Cillustrates,
YR Bedp el L el O] St

ina m circuitry in the magnetic disk
drive.of FIG 1A [0014] FIG 1 Dillustrates, in a
cross-sectional three dinmensional view along the

di recti on 1 BRIEDRESERIPTIONMOFRFHERGMRES structure
of Lne 108y #1681 Rlfdstrbfd, W hHoR Fodth. Sl Gk rive

in a graph,” overl I'n position er
bethﬂbleas 2 hangiewith eldéwaﬂ@d‘n a'sBivoesettéra219 thar ase médulated in
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sidewalls in servo sector 121j located between unmodulated sidewalls 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 iliustrates, 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.



4 ry ., [0017] FIG 2C illustrates a servo sector
wWth six radially-offset fields "used to inplenent
an overl 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 spati al

nodul ati ons ot her than sinusoidal. [0019] FIGs. 4A
and 4B illustrate, in a graph, a signal (on the vy
axis) resulting fromspatial nmodulation of sidewalls

wherein the magnetic layer is DCer g
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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
as 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
5



(relative to land area 131i) as shown in FIG 1D,

al though in alternative 5 enbodi nents gap area 131i
is inplemented as an area that is at the sane

el evation as the |land area but contains a materi al
that cannot be nmagnetized. The unmagneti zabl e
material nmay be created, in disk 130 of such
alternative enbodi nents, by ion inplantation. [0023]
Each | and area 131i (FIG 1A) in disk 130 is forned
in multiple sectors, such as servo sector 121] (FIG
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1gation of the same sidewall in a data sector and wh[ch 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 fo 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



are deliberately made to be different from each
other, and circuitry 102 is designed to distinguish
bet ween signals sensed by a read el enent 151 of a
head 150 when flying over land 131i. Note that head
150 flies over disk 6 130 due to relative notion

t herebetween, primarily caused by rotation of disk
130 by a notor 105. Head 150 is nornmally held
stationary (relative to the rest of the disk drive)
by actuator arm 103, when flying over a specific

and 131i. [0026] In the above-described exanple, the
t VG0 eetoatklativé Bltioarttierehddvead, priavatiyl Sduseddsyerotation of

dyl [ [ | dal t gt t ..
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signal at these two specific frequencies. ~Mreover,
cilgdil3tly 102 of this enbodi ment uses a difference in

it { - .
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of nodul ation (e E.@?hase nodul ati on). %0027]

vidersouer, ciscuiiip QR of ihis smhedimaphuses adifaieace in amplitude,
Y . A _
SNBSS U s g gL B 216 bk
oscpaditiari ofthestdaPif) redative tadarshliatie Althvaglf BIdBtNRAdn or

triangul ar wave (Fl 3B) or ~arbi.trary shape
(RSMNERH, Sapa ikt diedbu dle it Shad3afbassdRt ne
efikgdenBimodiR@ionlin @a¢ bxampr!, bthekdMiboiifleAtd FhayB¥e Bther
spatially nodul ated, in servo sector 121, into any
shss ofubedyation (&g phasemedulalign)or spr ead- spect rum

even i &oﬁtﬁﬁ MPEBGer! SithRlghositiddidlivifiefolfhs atH MRELESR in
a side s specific sitape in space, In servo sector
1¥1G, 1Bas theencrhilatimip, seae serigr 4211 the veavgiierms may have
g%rﬁ?/ro%e?rdos}cﬂl‘%!ﬁ% rs,RgE)é,nsurc:ﬁaads seqlu%rr@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 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 aliernative embodiments the
data sector sidewall may also be spatially modulated relative tb the

baseline (in the form of a spiral or a circie) about which oscillates the
7



151 is recognized in circuitry 102. [0028] Mbreover,
al though the sane sidewall is kept unnodulated in
the data sector of nmany enbodi nents, in alternative
enbodi nents the data sector sidewall nay 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
enbodinents, t he nodul ati on of a sidewall 1331 in
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and in servo sector 121j, and these sane

sd@ém@ulsl@, tharebetwegnndd @nax@mpls ogthﬁ@u@rmwe ambediments,
| SRBRENY Y851 AU LS b fuBth A 4 8oflal afRE! & fer !

above are equal
t cesmctbve fnequmw@fd aahdnf@rih servehsaciordi@ ihaindribdsd abme

watls 1 dat t 111j
> sievalls By e aen dn sRuEBEBLERS Sl Ruprrenls,
strdguendiss B3aid ANA dbid bectofs #11jand 1431, Agfndf@ﬁaaove f3
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is centered in a servo sector. The specific wd

Wlasleechin FIG: 4B Seremrenmataly same e oulaFassden l@r@dfwéth

CTRSHE TR RS SRR R e N,

okuffiaiedtly close to ensure efficacy in the functionality 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 fo 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
8



wi dth Wand. In many enbodi nents, the read elenment's
wdth Wead is snaller than the foll ow ng upper
limt: Wead-max = Wand + 2*GAP - 2*RTMR wherein
"TIM is track width, "GAP" is the width of a gap and
RTMR is the read track m sregistration. Mreover, in
sonme enbodi nents the read 8 elenent, is made smal |l er
than land width, and the lower limt for the read
element's wdth Wead is Wead-mn = ('/2 * Wand).
The read el enent 151 is made sufficiently wide to
sense the spatial nodul atjon of each

of the two
< Pleeenti 1s roAdasMaker 1han land Witk ardcide Igper Iiisfad thefeag
E[eYﬁe,ﬁg%g Wlpegd:%or dance with the invention. Note
t

oug certain limts have been described in
the previous paragraph, the specific dinmensions of

read el erreg\tN %%%Im ﬁrﬁ(!( WIE nt in differ ent

enbodi nment d| ments the di nensions
are determned primaril y by ot her consi derations such

as the design of .data secftars, 11 and 111j+1. .T
{Reoased RloraTe 19845 Bradsretidentysigs 8 aepss tesiatirg
u!déi‘&h%f%‘é%ﬁ ¥hthd v oEBwWaNDerh it 131 IMat 1888t dHe field
lement 131 | al so depends on the sensitivity

( ofals&mo ssfctardn sicepndange witgrthe inyeskiodr i ve' s circuitr y

102 t |

the ¢ vhOLF RN BRGREECL i IrighaSPBEER eBBHtEIRY

epﬁmmumpsuragrapm the smmf;c dinendioms of s3ad eletheat 481i are
TR difpesrtombariment, a0 1 BT ProiefiRERB o

ﬂﬁeﬁ@ér‘nssare'"tﬁé{@rrﬁlﬁéﬁ ipGilveitily By 61 cbAsifeiatiens @tud;roas the
(SNR) for drive circuitry 102 to position a cente

| dreigofof detaiseatersetitl 284 14t Thel e ierxtenitha dpaian 01@19

| R S b BctodshShRETISNERE! b Bbaon
of read element 131i also depends on the sensitivity (or 1ack of 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



[ 0030] Moreover, in sone enbodi nents, the width
Wwite of a wite element 152 in head 150 is
selected to be within certain limts based on track
width "Wand" (b) width of a gap "GAP" and (c) wite
el ement track msregistration "WWM". The m ni num
l[imt Wueite-min and the 9 maximumlimt Wwite-nax
on the wwdth Wwite of the wite elenent 152 of sone
enbodi nents are expressed as follows: Wwite-mn =
Wand + WIMR Wwite-max V\Vand + 2*GAP- WI'MR Each

of the two TMRs, nanely the W
Rewkimomoiinitivegte tlonod e Wédt'ﬂ ﬁ'&%wwgﬁ'&”tﬂ“tt qﬁ@
%mgl I48odvrent s 151 and 152
{Thg?él S pro a@%re&??le%g[%t%%gaﬁgr?ml track follow ng
operations of head 150 in a disk drive. [0031] Note

that the pi@}: H%Eﬁlﬁﬁe\?‘”é'w Iw.TM??(Wand + GAP), and

its value d he "enbodi nent. For exanple, in
some enbOdWWrﬂé&nathIandSl-mm&MﬁM@rs al t hough
ot her enbodi nents may use a pitch as large as 500
nanoneters or as small as 50 nanoneters. The

S E%Ehfgg ﬂmé'@\}ouﬁmﬁs hQﬁ‘ueW th@hNhfe AAR @VTEIR) afb ek n@au

depen on th desi a speC|f|c drive. [0032]
na‘MR emsmmm defines mmtrwnwens@ ofdhe H@s@&nemé&f th?

g?e%qec |&3%ﬁ% ﬁs 1§5‘%{1Ea1|5f2 tﬁ%f% ﬁgg?ﬁlépgﬁ it dt \ﬁ'l track
Moyl loeng ?b@@tleﬂs bbhéed/ ¢5@iya vlasIkLchf:;neﬂ t h(Fe) range 40%

to 90% t ch. ) t

Set eot D3] n” Pl Bl e mifibetEedystts HRNuRRy £ AP
r %hetds%ﬁm @épedde dietharsabediment ermﬂ@&@ h@oﬁﬂ% of

. dependi ng on the enbodi nent
alembqrimenwapmm S0 nanometarss pHbowah otbsnen@f)dwr&ﬁ gay

< e T A sh oS 86 ity Mlritrs
The specific value of the pitch in any given embodiment depends on the
design of a specific drive.

[0032] In many embodiments, fand width Wiand 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 90% 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 sidewall 134i of a land 131iis modulated in
a servo sector 121j may be selected to be any vaiue up to one half of
width Wland of land 131i, which is expressed as follows:

0 < Wa < (0.5*"Wland)

10



width Wand of land 131 i, which is expressed as
follows: 0 < WA < (0.5*Wand) 10 Note that a maxi num
di stance M through 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 showmn in FIGs. 1A and 1B, servo sector
121] with spatially nodul ated sidewalls is sandw ched
between two data sectors 111j and 111j +1 that have
unnmodul at ed si dewal | s. Spati al  nodul ati on of

S bgﬁ%@#%%g%hﬁﬁgﬁ l@ lﬂug)tupg Hﬂ’&%ﬁ %‘%}g{z@g AFdscliates in

sispage(dssuiting he odeillatimpwtiosior id isedhth mdddiatidn) iB@swWa
tZe algl\ﬁn}@ge that data signals fromland 131 i are
t¥ut filtering for the servo sector

modul ajdeys) P iNesiefioAs BROWA WFRﬁs t1Wan&HB%’éMJ Yedtof
that handl és data signals is unchanged fromit

nd@iwith aeeﬁ@ly meduatedisidewrlisig sandwishes bﬁtvmﬂmwo data

{ 3
- SECRIS 1 PL ety 1y PUERAUL BEhoalRISY BuckBIE¥ BN,
evrmdulahoma:a‘emdn‘wé"@d%eaad;émmfta mhddi31i in @kevo sector 121],
o SEROHF MoRuBliod BE etame SRS b fherdand Sgptofs 14'eha™
nmadyj+at pas tl{éw&ﬂdntége nﬁmaa@rm@ﬁblmhﬁaﬁa 13 eare used

i nvention, two wal 133i and  134i of a land 131
aw\éthﬁﬁafdte&nnadowet%wsseqjﬁf mpdulatioa @ hepea 2 aprion of the

¢ PREUEDI07 tngfhictdtatibtile & IRAHhGEEfof g AiHLF"Y
THesighpeesn wher adingaisls wittaservatsectors sf thentype deswrited

PERES, MbuFBRrS éadbalk Sighab R afi AT b spiie, o0 121

f eeam ancawsof“DCrtadinitldibn, VibRis dohgadn%ﬂtbbétcdf)atlﬁﬂ gnal
sensed by read el enment 151 i1s for

igAuenats foas Foaagach 5ach GhieWdeNal T endin are
133duiidg 1341 of land 131 i. Hence
[0034} In many embodiments of the invention, two walls 133i and
134i of a land 131i are modulated 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



any head 150, that is designed in the normal manner,
detects such changes in nmagnetic field when flying
over servo sector 121j. [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 thermal 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 I and. hbte that disk 130 of

. rragnetl ze% ”‘Fﬁ%@ s B corlt .e>t qjgteh é?% 999 which

rase enera
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(FIG | f anplitudes Wa of the spatial nodul ation
,Hrqdﬁger W@%E%ﬂ’fesquf‘s%'ﬂ'A‘?ﬂf}l?peach servo sector

are thmo%a Iius®AatethR F:@mpdzl é.aﬁm a?ihés@%@f?éiﬂéﬁl&es f1

si gnal hese frequencies f

dane &2 my&aﬁﬁe@eda@ detestore é@ﬁAcﬂnde‘rO?@/tr@t awsinglugiedrin
1 .
sorAon oaleia dad, f dipBithes We'eré sefidtsnd fURSFin e

sthphlijeﬁalbs/of:@Imm|ateachb@&zcﬁsemmelthe eanﬁ thein thegnal
t,0 ap actu el ect.roni c]% AE Sr ul e

i ﬁ%‘ip fudes of Hie rﬁegﬁa% sigpal g ilpse |and f%maay be
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in thé nornmal manner |n resggnse to

snngm@u)try T diffeseace hefween t ﬁpnélﬁﬁidhﬁ@m) §requen0|es is
EI%J IQBZJSI &%fér@torqby%s]ég g?sslﬁ&ﬂ%ﬁb gﬂgle(P%rSJq? 2 actuator

181&ctn<bninag%) modurket ‘EGQ laksldlasnimhﬁxwrﬂ azZn AEEE @Goduld> a9 controls

bei resent over rat 0. Sub trat 170
e Iieof et i 105, QiR red TRodRaNOUnRbapRes Boena
omaahém.mmprmeéwﬂfeepes dighalyl ass. A protection

| ayer 190 nay be | ocated over the magnetic | ayer

180. N&087INete thatingnameembediments described herein, disk 130
contains one or more layers 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



shown in FIG 1 Dis nerely illustrative, and there
may be additional |ayers or fewer |ayers, depending
on the enbodi nent. [0038] Magnetic |ayer 180 may be
formed of, for exanple, cobalt chronme platinum
formed by sputtering on substrate 170. Note that the
trough depth Dt of disk 130 in sone enbodi nents of
the invention may be in the range of 5 nmto 100 nm
dependi ng on the enbodi nent. In sone 12 enbodi nents
di sk 130 is fornmed using nano-inplant |ithograph

bbbbctnfiss, BB V3005 forbt il R Btant nBaraBR'vIL), as
i di@mnbed i, dor dyamplbpUSRatenbApEicaliGOB®] 1040 7,200 which
is forned froma naster disk

e descr be t
a]?'?s(\//\h“i"?fh'”(jﬁ'lﬁ?r Pé aggﬁ?ﬂ'@'ac%?b?‘%ughs formed by an
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o By tapgntal Piaerd, SR R on S iRl
SiipeBRCS hEF) ThS Sotve fsaawr rlﬁeréﬂ?ﬂo veddta it Spatiil

condenser, _in the normal manner. [0040] The fre?uency
JnordabnenThejustieseriaed ma\@r%@aﬁﬂwv@rﬁ@w‘f%mn the

déuregtgéﬁ B&Jh%éyﬁé%sue%erge&ﬁryané% % whés gbﬁ,&ﬁn%g

I N sone nents it
othkresltafie bh aosoridensertn Huesndrowh rwaerl n formng an

dj f |1 k |

o o Dbt e e RIS o fclemient of b bforBaa i the
?Eﬁ&]dﬁ g"??‘?f upfai ﬁ@lﬂ af ae;gw sedior i8.oneigf¢ 231;2 :hgan ls8ine
s@aboéimen&%@ﬁﬁpaw %ﬁnﬁh%a%@ﬁg‘fp#%fﬂ@ﬂ?érwrg F‘s
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osci requency of a troug I's different
separate circular lands from one another in the data sectors (i.e. C|rcular

tracks), then a trough in some embodiments may have a single spatial
oscillation frequency for all servo sectors. [n 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 fracks (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



adj acent servo sectors (e.g. f1 in one servo sector
and f2 in each of two servo sectors that precede and
foll ow the one servo sector). In enbodinments that
have spiral tracks (as shown in FIG 1A), the
oscillation frequency is kept the sane (e.g. f1) in
all servo sectors for 360 of rotation by the

el ectron beam followed by switching to the other
oscillation frequency (e.g. f2) in all servo sectors
for another 360 of rotation, and then repeating t he

| -described.acts tha h fi

| 470 SORERGCHTS iRy RS eRl MroRaNGE Sae gp 206 or
I el&t BOO sehltedatt@sendy bé cakd wepbmuhg b3 thdentedifent.
sectoréwl n.pany enbodi nents alth S many

43hho §@W@ RIBREHIOEMAHON BEO%%'@amaégfmﬁ"ﬁg)fanand
t hiea emkoglr@eéttma{ i@,%zbbéf@d 8A %est@t H%ﬁroffseﬁt@érhﬁgdiﬁfents

osci I lating sidewa a land 1n a disk, a resist
t tﬁemreseleebegcfgetﬂslefﬁtlw mﬁ@ermysiargefva@ahen e qtisventate.

| Lt g%%k&?éeeﬂ Judh e%c?tflﬁlteh&gtlﬁ% e?&ftfon%e%ﬁ lYmbE St LA

posur beCause 1'n suc
ehtg:btér spedcdwhoe n&bxemg radialtgeawarcts atrm/mdmtdsato dreglaca

o oo el s oaithoving medtBieg s waliin g srvosector,

rttwhné ahephnsddifyial ough i$ t&rrﬁeerb@ptheeéréafon bk &lder

unnodul ated trough isS fornmed by the el ectron beans
s menementirevngthdatanesiers (which is ek asubsiprtialyixed limeas
sg@l? ﬂﬂtl ally fixed linear velocity). [0042] Note

at 1" sonme enbodi nents frequencies f1 and f2
al t hou[fl042] Noterthat infscone embodmoeriie frequendes Ecamdif2 o

S FHE L ol G5 A AingDateu o GHES 1 bE isdicienikglose to
cbps aneter,o gf theg wenche selettedd Helwithin $0¢4of one another.
enbodi nent’s ensures that the signals fromthe two

f Teg We%@@é@wwmﬁ/l amd?lo*ﬁade pmbedinggnts igagdies that

a}{;@ 4 QI%IQ ﬂfoPrt th‘eot n Co felhe tbc?&gr%%‘}tg{/ (?2‘1 ﬂﬂ%‘“’iC)

sbeeoraé at/an‘aixte forezqmmarysoﬁﬂw(tasne anather at about the same
time. In contrast, if frequency f1 is several times frequency 2 (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 1 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] Alternative 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



case in sonme alternative enbodi nents), then the
signal fromdetector 107A becones avail abl e severa
time periods before the signal from detector 107B.
Hence, frequency f1 being several times frequency f2
requires the servo sector of such alternative

enbodi nents to be nmuch larger than it needs to be in
enbodi ments wherein f2 is approxinmately the sane as
fl. [0043] Alternative enbodi nents may use any two
signal s whose nodulations (e.g. frequencies and/or

anpl i tudes) are distinguishable from not
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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



signal is typically neasured in mcro-volts, and this
signal is showmn normalized in FIG 2A. [0045]
Overlapping fields A-Cillustrated in FIG 2A may be
i mpl emented in accordance with the invention by
radially offsetting the |location of a line at which
the data land's sidewalls are |ocated. Note that at
the top of FIG 2B, before field A begins, one data
land's two sidewalls are located at |ines 133CA and
134CA The two |ines 133CA and 134CA at which the
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nﬁtraélblf bff et 80k ihe cofsshoRding TefiRitlline 123CA iR fRUECA. The
enbodi nents additional fields are formed in a manner
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fields, and the better the_continuity |n the servo

sﬁba@apn athirafield £a dhe Juskdescringd canterding 1326C ekaifpyall
thgs; va_;@'a't tHE? ergdjaﬂeeé\ﬁrféﬁr@ BdR c@ﬁoﬁb;sfe%m r

r adi a ocat i on a center Tine (not s ovvn
1[&16 (natshbwnyof :ﬂdewal! A34i in first field A. Note that in FIG. 2B, a gap

133GA in first 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



Also, in athird field C, the just-described center
line 133CC of sidewall 133i may be at the sane
radi al location as the radial |ocation of a center
line (not shown) of sidewall 134i in first field A
Note that in FIG 2B, a gap 133GA in first field A
that defines sidewall 133i is not continuous with a
correspondi ng gap 133@B in second field B due to the
process used to formthese gaps (e.g. if fornmed by
switching off an el ectron beam when naking a master
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f g&mRdsBotPRSqakacas 1 hhe FRINREN AQBnd tieRbemsddadi§nals at the
avai |l abl e for servo fields, the pitch of the tracks,

t freo H@W@iﬁ’% gre efual whegdhg head ﬁ%ﬁﬁ-ﬂt?ﬁﬂdi qyes thy kerad).
dei , ) . . e ot
a8 1503netPEtioblfon 262 SRS/ Rphictey 110 igl B find
ntdusartsed sighat isomasiimwn efhen the redge of theoreadingagiement in

t i nbodi t that [ i.el ds. .[ 004
e R 1 PR sl o e Beide of 8 BRd 0BT B ihe
sgappsHesd W56 wberen tdetioh!213nnkes freqliémdick 2 4Nl ihifRId
sensed sigpals at, the two frer%uenm_es are equal when

h
t e eampltude of siopalssdbe tie feaHencies i aneseenaesinat
| R oRRLAmBRRRSRolANeKd AN, hbd IR f (b

ense I's maxi num when edge o
r praides abelterES signahthandhing acrass alsingkafieithservo sector

e [.S1 00 - the |l and towards the gap).
Fégﬂg'eigrggmg“étgﬁ "I?gggt n 213 senses frequencies f2
and f 1[0i049]ineina cyCle ditfieldspf theddse lilisisatedat F1GL2B HhAe

across, a

P e B "G At BBBes o a HEbaigpbt hipd et e, i
| theFdAmutRl dREIINY &5 s@pratd BlenPiinié, 4t rabilBA) byl o/ piftsh
across a single field servo sector
(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. 1) is now on the right side of the land. Hence, the
relative positions of the two frequencies f1 and f2 are used fo 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 f2 and f1 on the left and right side respecitively.
[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
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of the type illustrated in FIG 1 B. [0049] In one
cycle of fields of the type illustrated in FIG 2B
the 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
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et R ted o P8 Sy ¥ s ATRE (R, 2B Bt dftonal
I fFO@edtiondas Yeahid identify tiey spécific trask (fesn afrmquea@y tfscks)
f2 and fl ontheleft and right side respectively.

[ o03g)ich\Biachqatkip 19680t he servo si gnal froman active

SErvo L gExiﬁ?F‘e@Qﬁ sBriY RAES bReflugtrabd inudems of the
(indicatin ad is centered_ relative

t Fallomamgi paranaerse rfwlaadé%traglﬁ widihiapd GAR is 988/ Widié then
{ t
¢ PLER P2l P BRI, efg Epite e ighepeen

Mglstantisli sreailes tharoVandRo avgndadtedemcaﬁ)aiwwm the two

%%IG}BI%BE thecrars. o Ba et ofiodtyd el i fne e
%ﬁggérﬁ theraired MmN it e erIl offsef ofehé daciolfilds (il Gstance
additional information is resd to |O$ent|fy

tﬂuetwmt\ffd fieldslac ko therfeleving igblradl nemaeisare o N ch
t he he s_J 1wl S ebRFnn
o B A R I Colurh 3] whERTE pliors OO that

pat mbq:mk-tofpéaampmude atWawif diaerspatial cwdul@ogaﬁ a

wi dt h, b@ E%t h P— wand + GAP. ©Moreover, wobbl e
arﬁﬁefwéﬂ ' substantially smaller than
Wand/ 2 to avoid mterference bet ween the two

Example | Wland | 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 Example 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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edges of the track. If Nis the nunber of servo
fields in one cycle (an integer), then SP = P/INis
the radial offset of the servo fields (i.e. distance
between two fields). In the followng table, all
nunbers are of units nanoneters, except for col um
"N'" which is a nunber. Note that colum Mis the
peak-to- peak anplitude 2*Wa of the spatial nodul ation
of a sidewall (see FIG 2A). Exanmple Wand GAP M P N
SP A 80 40 30 120 3 40 B 80 40 30 120 4 30 C 80 80

30 160 : t he
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ePeutptlvp layes 90 hayoitougted 32 152, 142ibairiemed by, for
1 f d Db h
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h@(hou the magnetic | ayer protective |ayer
Ha@r@aw@t Ayer &0 hasiggia@ ar&%ﬁzlﬁbaé‘i‘ 662%@‘@&’9&#9”
f qu,‘gﬁ [ 0

bg{a\ggen I an g% i @% B? Iarﬁﬁo nghgﬂbﬁﬁ%ﬂé
s@easlfdtans 1362131@ $@lda1eg@nswvta@h atsuin lieapfigape bbbl!/@’n
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embodiment are magnetizable and in fact are magnetized, as described
above in reference to FIGs. 1A-1D. Specifically, in FIG. 5B, 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 l[ayer 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

specific frequencies 1 and {2 being sensed depend on the speed at which
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made unmagnetizable, e.g. by ion inplantation. The
unmagneti zeabl e areas 161 and 162 are solid regions
which are in |lieu of gaps between |ands 131 i-1,
1311 and 131 i+1. Lands 131 i-1, 131 i and 131 i +1 of
this enbodi ment are magnetizable and in fact are
magneti zed, as descri bed above in reference to FlGs.
1A-1 D. Specifically, in FIG 5B, lands 131i-1, 131
i and 131 i+1 formtracks that are nmagnetized, in the
data sectors (and in servo sectors either magneti zed
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being the peak with the highest amplitude. In this illustration, two smaller
peaks 432A and 432B on either side of this f0 peak 431 represent the
contribution of one sidewall that is spatially modulated at frequency f2.
This single sidewall generates the two peaks 432A and 432B at the
respective frequencies f0+{2 and f0-f2 . Another sidewall contributes two
peaks 433A and 433B at the respective frequencies f0+f1 and fO-f1 due to
being spatially modulated at frequency f1. In the illustration of FIGs. 4C
and 4D, the values are f1 = 29.00 MHz and f2 = 26.36 MHz. Note that
these same values of f1 and f2 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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in anplitude between the two peak is used to center
the head in sonme enbodinents. |In enbodi nents
illustrated in FIGs. 4A and 4B, the nmagnetic |ayer
is DC erased in the servo sector, and the signal
bei ng sensed has only one peak for each sidewal |l

(two peaks total for each land), i.e. there are no
si debands. [0057] In contrast, sidebands are present
in an illustration shown in FlIGs. 4C and 4D, wherein

the track is magnetized with a carrier frequency fO
(which is 165.8MHz as illustrated by pek4§% &%
fspesﬁ"catamthe figerancerin apwlitisle briwseRPaaie A32ZRaNd 433A is
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r @ﬁmdhawsi ﬁé’@[[&r‘fcﬁ'@?'f eﬁﬁ'accr aangy akﬂ%r

ﬂd Sl tﬁ@%@é@%ﬁo‘?‘é the ‘éHEi‘EBMaIflﬂlforhﬁtlbﬂi'% used in
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d 338
¢ P R inf heltgh A Hp PRSI inf aher fris8 Yoo dis
elee@bﬁ@mmqmﬁabie:dbaﬂfahmmmsuammment:) [ 0059] Note
also that _in so

ot hor  AGUSOTAISE NBUSH PEPRalts s S ol S R T, "

I Hh8dBRRGhH aCcdrivBbud Bfanner 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 sidewali (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 sidewali on one side of length L1 (e.g. 100 nm) and another
intermitiently 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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of lands in the servo sectors. The additiona
information is used in identifying a track on which
the head is currently flying. In one such

enbodi nent, a carrier signal is recorded in the
magnetic |ayer 180 in the servo sectors at 400 MHz,
and | 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
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QSERCI8Fat i al npdul ati on wherein a | and has an

I nt er njooe2 hMerMsem@amcémcﬂ%vﬁ{d addptatihssdfdRe of
@%@h L1 00 nm and another intermttently

diments éﬁﬁ¢ﬂrbet§+h%rﬁwt aerenspawagped byithe seane of the
' fﬂi}%{lgﬂr&né thdattacied d&lns, These two sidewval |'s

genérate square wave signals in a read elenent, of
two di [068HRd!lomang isem g$thzf ceHain symbale et hase !bgen used in

|try 102 0061]. S enbodi nents, a master
d‘ ut? a5H P ’IEW% Hﬂée 9% ecorder with an

abi | i thDaMEJd% dfhddenmoduia@oswi t ch the beam on
21 and off. In. these enbodi nents, the e-beam

recor d\@ﬂa’f(brf'ﬂﬂdtbrfgd@?q ned nodul ati ons at the edges
?rI)dLIth : ons Bei r?erlfeor neg%?séﬁs&sgﬁ%ﬁl t e"%ﬁﬂ?dj ettkg'ﬁd
t he peWread-tiay— mﬁxnmum widthudfoa read elemenhinos beadby t he
€ beamw'rggg rrr‘%ﬁ  min mnma\zldﬂ?\'\f hd% Ead element in the head
Wwrite-max — maximum width of a write element in the head
Wwrite-min — minimum width of the write element in the head
RTMR - frack 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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t he beam can be noved, how the resist responds to the

exposure in dosage of the electrons etc. Hence these

limts are taken into account in designing the

nmodul ati on of sidewalls of the lands in disks of such

enbodi nents. [0062] Numerous nodifications and

adaptations of the ~enbodi nents described herein are

%&@assed by the scope of the invention and the

attached clainms. [0063] Following is a list of

certain synbols that have been used in the above
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the d@vﬁér@iﬁcéaacﬁ%tdéﬁ%ﬂ ir &&h@r@&%&ftor léﬁﬁﬁul fdrin Eblméegnd

of servo fields in one pitch 1 AIStaR

bet wewherpindwg sidewalls pt %aqb'fsqqu gertor 2p@ modpleie at 1wo different
kg di sk conprising: a plurality of lands and a

plurality of gaps fornmed in a magnetic film wherein

each land is separated froman adjacent |and by a

gap; whemabRetRaik diitim! SwRdel: |1 oned Tnto a

plurality of servo sectors and
the frequencies are within less than 50% of each other.

3. The magnetic disk of claims 1 or 2 wherein:
each servo sector comprises a plurality of fields; and
each field in a given servo sector is radially offset from an adjacent field

in the given servo sector.

4. ‘The magnetic disk of claim 3 wherein:
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plurality of data sectors; wherein each servo sector

is separated froman adjacent servo sector by at

| east one data sector; wherein each sidewall in each
servo sector is nodul ated in space; and wherein two
sidewal | s of each servo sector are nodul ated at two
different frequencies. 2. The nmagnetic di sk of claim
1 whef dagial effpet PebvRREMOsadiagast fipldaiim thee given Isarvosesdor is
REs 8RAANOWYE of a fand I e HRMN I SHcidr. Of claims | or 2
wherei n: each servo sector conprises a plurality of
fields; and each field in a given servo sector is

sadi arhymabheRt gk @mr@rbna%f ﬁféeﬁ}&céduﬂf& rﬂg,ﬂ”ﬁég&ng' ven

servo sector. 4. magnet i c di sk

~ wher efah sigewal ip %P%Iﬂatéfsﬁ'ét@f ispamoseistadio saa¢eacent
fields in the given servo sector is less than the
width of a land in the given servo sector. 5. The
Fragnefinagmeik disk camprigng of the preceding cl ains
wher eh Blural ard ISP EluFﬂtfﬁggpgm ﬁ'ﬁé ﬂ{aﬁ'séncf' ilm:

unnmodul ated 1 n space.
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n 3 WReRE bactf lohflis PHBLRINIRAG LAY drseifPEAb%nd o
froman adjacent |and by a gap; erern ea an
pluralitnafsatasacires a plurality of servo sectors and a
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pidgagt oppdatdestosect or; wherein each sidewall in each
SerVOwﬁ@r@FnoéadhssdEQ\?Eﬂliﬁé% éé?vosﬁ&‘sfclﬁ'ase ﬁ\:layg?ﬁ gé&ea nd

anpl i tude of nodul ati on of eac
hal f wherein an amplitude of modulation of each sidewall is less than half of

the width of a land.

7. The magnetic disk of claim 6 wherein:
each servo sector comprises a plurality of fields; and
each field in a given servo sector is radially offset from an adjacent field

in the giverrservo sector.
8. The magnetic disk of claim 7 wherein;
a radial offset between two adjacent fields in the given servo sector is

less than the width of a land in the given servo secior.

9. The magnetic disk of any one of claims 6 to 8 wherein:

each sidewall in each data sector is unmodulated in space.
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the wwdth of a land. 7. The magnetic disk of claim®6
wherei n: each servo sector conprises a plurality of
fields; and each field in a given servo sector is
radially offset froman adjacent field in the given
servo sector. 8. The nagnetic disk of claim?7
wherein: a radial offset between two adjacent fields
in the given servo sector is less than the width of
a land in the given servo sector. 9. The magnetic
di sk of any one of clains 6 to 8 wherein: each
si dewdP! i f disfkchiva &PBIPEEIBgor i s unnpdul ated i n space.
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first detector and to the second detector, for
conparing a first anplitude of the first signal to a
second anplitude of the second signal. 11. The disk
drive of claim10 wherein: the head is sufficiently

wi de to sense each of two frequencies caused by

nodul ation of two sidewalls of a | and when the head
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15. - The magnetic disk of any one of claims 10 to 14 wherein:

each sidewall in each data sector is unmodulated in space.
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signals are read without filtering the nodul ati on,
because data sector sidewalls are not nodul at ed.
Figure 1B

MODULATION OF SIDEWALLS OF SERVO SECTORS OF A MAGNETIC DISK
AND THE RESULTANT DISK

ABSTRACT

A discrete-track-recording (DTR) disk (also called “patterned” disk) has a
sectored servo formed by modulation of its sidewalls in a predetermined manner,
whereas sidewalls of data sectors are not modulated in this manner. Each servo
sector has two side walls that are each respectively modulated in two different ways.
Hence, a readback signal from a given servo sector contains components of each of
the two different modulations, even in case of “DC” erase initiation. Therefore, the
just-described modulated servo sectors eliminate servowriting. Moreover, data
signals are read without filtering the modulation, because data sector sidewalls are
not modulated.

Figure 1B
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