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NULL SERVO PATTERN FOR BIT-PATTERNED MEDIA FIELD OF THE
INVENTION The present invention relates to data storage devices
and, more particularly, but not 5by limitation, to bit-patterned media and
servo sector null patterns of bit-patterned media. BACKGROUND OF THE
INVENTION The present invention relates to data storage devices
and, in particular, to bit-patterned media and servo sector null patterns of
bit-patterned media. 10 In a conventional magnetic disc drive, data is
stored on one or more discs, which are coated with a thin magnetically
hard layenJhe SEBNSPlAYarERel RO BIppFeTof RRINIE SR Af very
fine, single-domain grains. Every information bit of data is stored by many
grains. This granular reciriing mgdiim ii %Eic%ﬂ divided into a plurality
of generally parallel data ; é@concentricauy with
one @heeschbperpandiculattadhandisoragiukvices bad)waseniaeriganély, but not

ignal-to-noise ratio using such cgnventional magnetic medja, the numher .
by LA iR EFOTIE TR MR SEreh P VRITRTSBbp foPegened media
more bits on the given disc area (i.e., to increase the areal density), the
size of a single grain.i o This i | ing. 20It is
understood that sca%m&%%@%amagneﬂsm: if
the graénsize:is tavcamall rfigenagnetic enengy degiainsisinat pufficiently to bit-

e cor%p%;ed to the thermal energy soghat the magne izsgion becomes

A

lar .
patiiltshie Bt nfotiatiol dn S iEHger Bl stBAliMia. Pr-patiemed ™ media
Supéipatamagnetishmpigiscao disead des)sittdiiisolé] Dhbohi doimore discs, which

perpendicular recording. 25This areal density limit could be.exceeded
oA 0 O DNl e By HEPACH Ml o SrRged of
singleleheet aif aysyofinkscinpdc rdagiaaiigraiam &visniafosedtionstire tddea Eheored by
mama ?e?itig ngen}sn%liersre Cagg}gd from each otther adnog-rcpagtnetic luralitv of

aterial Each of the discrete m§glr¥leetléue ements Or 1s1ahdsSs & s(i)nalé) uralty o

gegnailhyampdrsitiie slame tintdanativic tbit.rd 0 hindike: the casvneritidhal widgnetic another

me%jau\{vhitc re uires&he alignment of many adjoining magnetic particles
PEIRA S re%c]ﬁebésrcnraailghuest'ized into the same polarity (either -2-

To guarantee good signal-to-noise ratio using such conventional magnetic media,

the number of grains in every bit should be above a certain level. In order to save more
bits on the given disc area (i.e., to increase the areal density), the size of a single grain is
decreased. This is called scaling.

It is understood that scaling is limited by the onset of superparamagnetism: if the
grain size is too small, the magnetic energy of grains is not sufficiently large compared to
the thermal energy so that the magnetization becomes unstable and information can no
longer be stored reliably. Superparamagnetism puts an areal density limit of 0.5Tb/in’
for perpendicular recording.

This areal density limit could be exceeded through the use of bit-patterned media.
In a patterned medium recording, ordered arrays of discrete magnetic elements are used to
store data. The magnetic elements are separated from each other by a non-magnetic
material. Each of the discrete magnetic elements or islands is a single grain and stores one
information bit.

Unlike the conventional magnetic media, which requires the alignment of many

adjoining magnetic particles that must each be magnetized into the same polarity (either
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positive or negative) to define a bit of data, the adjacent magnetic

elements or islands of the bit-patterned media can have the same or

different magnetic polarities due to their separation from each other by the

non-magnetic material. This difference should allow bit-patterned media to

have a much higher areal density than the conventional magnetic

5recording media. High areal density recordings using bit-patterned

media will require the precise placement of the head relative to tracks of

the media. Unfortunately, conventionalnull patterns used by servo

systems for controlling the head position relative to tracks of the granular
postiagnaticagrediemadefineanipatibléawitkhbitgjatierned gnetditac 1t OdspRentsstfnds of

the present embqdiments proyide solution these and other, problems, .
e e o g o L ATy S S RHRRR O g T to the
seftaioN TiQN daclitethadbseiderdimgmagoen ¢sndistiebethiT Hefpatterndubuld allow bit-

recording media,comprises a 15 segment and a null pattern formed in the .
P R R, e e P I R A g
recordgreticdlements separated by a non-magnetic material, and a row of

nonmagnetis material posiianed bewesn e st and second Lo HCprecise

null pattern comprises consectitive gr%up o¥ the discrete magnetic
plaeteneentsf iththbefidbs relat vse to tc dosvst ahth enségménfoEaicktdyo wprimetiteonal null

patiiitd Q4033 AR E‘rﬁstég s?%rr”éfo%‘c%‘él inr%pt%‘@%teeac?l%]é?ﬁ'&%al%ga‘ﬁiv% %8'%@% of the
of adjoining’groups i the first row. Eact group in the second row has a

gram&gnetigipalantg dhen i&ro pposiie tidemagnatiogotariy weddjoining groups

in thg Rack gf rt%\%p(r: sen‘t-r&%gg ganripol{ﬁc%ﬂs]glru{?o%[y [ﬁ | %?e\/\!l%ui Qther problems,

advantages whic aracterize the present invention will be apparent
andipBnarrethdirgl ofttag o howri tlee detaiiled. description and 25review of the

associated drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1

is an isometric view of a disc drive. FIG. 2 is a partially schematic

sectional isometric vielo¥llp nEdNEEd Mg Of®dia in accordance

with Fﬁ?&?@%@&?&ﬁéﬂ%&&ﬁ\ﬁgt&% osed. ThE é‘éﬁ%&%&@@&ﬁﬁhﬁ%@ﬁ?&‘o‘é&% rises a

of tracks of a patterned recording media in accordance with embodiment
segyficheaimyemidhpattern formed in the segment. The segment comprises first and second

rows of discrete magnetic elements separated by a non-magnetic material, and a row of
non-magnetic material positioned between the first and second rows. The null pattern
comprises consecutive groups of the discrete magnetic elements in the first and second
rows of the segment. Each group in the first row has a magnetic polarity that is opposite
the magnetic polarity of adjoining groups in the first row. Each group in the second row
has a magnetic polarity that is opposite the magnetic polarity of adjoining groups in the
second row.

These and various other features as well as advantages which characterize the
present invention will be apparent upon reading of the following detailed description and

review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a disc drive.
FIG. 2 is a partially schematic sectional isometric view of a patterned recording

media in accordance with embodiments of the invention.
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FIG. 4 is a partial top plan view of a patterned recording disc illustrating a

single track in accordance with embodiments of the invention. 5FIG. 5is a

block diagram of an exemplary servo system in accordance with

embodiments of the invention. FIG. 6 is a simplified diagram

illustrating portions of multiple tracks of a patterned recording media in

accordance with embodiments of the invention. FIG. 7is a

simplified illustration of null patterns of a patterned recording media, in 10

accordance with embodiments of the iivention. FIG. 8 is a chart

depicting a time variant readback signal in accordance with embodiments

of thEl{Bivéntion. partiel Gop® daa flawsehaft tittutraitng panethat @tording media in
wdiemedulotind aucadback signal D aggardance with embodiments of the

invention. 210Ne'a chart deplc Ing'a time variant readback signal in

accdrlandeswitpaatma b xeprygbary emhddimantrot dhe¢ovdingiahsc illust@ting sssingle
nadiRuehan lustiaing one smbediment gfdje glep 214 in accordance with

embSdiments of the mvention. EiG 175 simplified block diagram

of a BHivaSdemodilbatodingecodfanacecwndthitdre mbyedimetesiofthecordance with

em%‘é’cﬁpﬁi%?s' ofthH%\'/el ii)s a simplified top plan view of null patterns in
accordance wi em%ocﬂfnents of the invention. FIG. 14 illustrates an

ideaFielationshippbtied ehageadibastka sighpdtome sponditgl ¢drtivésnefla patterned

reRRIEIR NN IR BG4, A BSiANEs e JEAL Iga s positioned
relative 10 the 2bcenter of a track. . FIG. 1518 a simpll?léd top plan view

of nlIQattesnssohplipatic thisttatoodinglhpetians etz pat@nos wittording media, in
acc%%ﬁgém?@%l%gh%%g%}{%ﬁ 1o inyd{fyn 16 is a partial top plan view of a

patterneg recording disc illustrating a single track in accordance with

embbiménts of therindemtitng a time variant readback signal in accordance with

embodiments of the invention.

FIG. 9 is a flowchart illustrating a method of demodulating a readback signal in
accordance with embodiments of the invention.

FIG. 10 is a chart depicting a time variant readback signal in accordance with an
exemplary embodiment of the invention.

FIG. 11 is a flowchart illustrating one embodiment of the step 214 in accordance
with embodiments of the invention.

FIG. 12 is a simplified block diagram of a servo demodulator in accordance with
embodiments of the invention.

FIG. 13 is a simplified top plan view of null patterns in accordance with
embodiments of the invention.

FIG. 14 illustrates an ideal relationship between a readback signal corresponding to
the null patterns shown in FIG. 13 and a distance a read head is positioned relative to the
center of a track.

FIG. 15 is a simplified top plan view of null patterns of a patterned recording
media in accordance with embodiments of the invention.

FIG. 16 is a partial top plan view of a patterned recording disc illustrating a single

track in accordance with embodiments of the invention.
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-4- FIG. 17 is a simplified top plan view of null patterns in accordance
with embodiments of the invention. DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS 5 A description of embodiments of the
invention is provided below with reference to the figures. It is understood
that the present invention comprises the embodiments described herein
taken alone and in combination with one or more of the other
embodiments described herein. Additionally, elements that are identified
by the same reference in the figures génerally depict the same or similar
elements including various 10 embodiments of the elements. FIG. 1is
an iddqietti¢ view ofiadisedrivg Lflenmaecsorcancd vwittt@ansboalirmanislaice with
mventlo DISC %}ve 100 includes a housing with a base 102 and a top

e
em%g\c/lgpe(\not Shown), DIse drive 100 further includes a disc pack 104, which

is mounted on a spindle motor (not shown) by a disc clamp 106. The disc

D ‘ !
one Arﬂbﬂnhptmmt oﬂmrd:edmfb@& @falmmﬁm@nesprdmgam bdlav#f\ authgeference to
terned magneti 114, which W|| be described beIOW| reater
thep ?I ures. g‘ adns (Sllc(e:ri (S)g%hglslaé‘ ;‘ﬂzlis r(%saet% -, IVenfiof COMPHISES 6t %lcﬁl odiments
desmdwdeﬂﬁmthetzdasn chlwmeleﬁdfomcmmlhmmmnm]thdhe pattewred of the other
embo I'ildequ% S rfg Gﬁe%ilﬁ'erler}nt h%gq?m ﬁyzglgpn%\ﬁvtrs] aFtI%reli(} ﬁlﬂe%e[zyl&le same
are supporteé By suspensions 8'Which are in turn attached to trac
refacoessimdgharmgut&0 geharaictdeport 12 sTine actsiatdnshimmenits FiGudiiggofarious
et 5.2 [otary moving coil actuator and includes a voice coll
emﬁ"g Qfﬁ(ﬁ)&%"fﬁ% %o%vnggtesa;}erally at 124. The voice coil motor 124 rotates
the ddfuatos 222switketits attacloéd Hsadkitd 6 Mbowrapilateshaitii@6liodiments of

thePf %%Jéé}n {D%gg & rfjv%6166 d{tcsi&f’ 8’ % B&Q&%\Kiﬁle Su?%”%ﬁré’ﬁdt? da acr(l)ver (not

transducing heads over a desired data tr ace 114
shawodakdissadni v 80feturden mdlsdmn@@mm@tewﬁsmhw@ ssdizmotgdon a spindle

mo%?”@ fershs ;W%VQ'%?SS 0fé'6241' dﬁYs%“é@éﬁjﬁﬂ"‘?n%X?&@ elgﬂgahty of

ase on signals generate e trans ucing and an em

indévidualdisis tHES disbichives mount@l@@(ﬁﬂfﬁﬁh@@sﬂh@lﬁﬂ@hﬂﬁ@d ootoaab 110 in a
dlrlesc?%l?t IGVIgW, ﬁ‘é‘%&éﬁ%’d&%@ ﬁ{r{@]‘eﬁég&‘ﬁdl a8 iep CIP %r}{é%"‘f&fo H?f;r{]tlﬁ@d?i fVing a

exemp ary patterned recording la 140 in accordance -5-

patégriisddirgtt ofiradaéntihideléhtodasieribed bethe pagrsateddetail
recopdigJREdiaslAf ﬁﬂ@ﬂdé?ﬁe% %%Qsﬂre%tr? HROM YRR R 18%8&9&‘3 to the disc

recording layer or film 144 is applied One embodiment of the

drlp_ati@ﬂwé@r regordingcaisdiavidotbe mpiﬁ@@gchm@)@u@rm saftageot patterrikel example
shSUSCTRIG RAaNeE GIRMRNTS @fa'r%agh%&%&l”wh&ésgﬁ&'ﬁ@ lé}%%%‘h R in turn

are 5 separated from each other by hon-maghetic material 148. The
attyiBeddietrnelgpetssenenanss 20® bae readeehidd Thraguderdown in FIG. 1 is of

thel S9GHEN f9uresRy 'iﬂSv?H%‘é‘Sﬁ boxemvhile ﬁﬁ@d&é‘%‘@%@'&oﬂ‘%@ﬂﬂ' (VCM),

is generally représented by the non-shaded boxes. The discrete
ShQW@gB?é‘ﬁéaﬂhéﬁ’ﬁéﬁfb The veiseofbmetd bdtheptatss shrapieaterhAtgwethiseattached

heaﬂ’s"’}[pf‘ﬁoiﬁgﬁt @%@mt@ﬁ{?m% %@1{?8110% (Glfer 21?-1’6'"é'lﬁg"ﬁ%‘rcorrespondmg read
rectangular or any
and/or wr?te transducing heads over a desired data track of the surface 114 along an

arcuate path 128 between a disc inner diameter 130 and a disc outer diameter 132. The
voice coil motor 124 is driven by a servo system 134 based on signals generated by the
transducing heads and an embedded controller in the disc drive.

FIG. 2 illustrates a simplified sectional isometric view and FIG. 3 is a simplified

top plan view of a portion of an exemplary patterned recording media 140 in accordance
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10 other desired shape. In the exemplary media depicted in FIG. 3, the
discrete magnetic elements are square having sides of length T. As
used herein, the term "magnetic" means ferromagnetic or ferrimagnetic.
The term "non-magnetic" means paramagnetic, antiferromagnetic or
diamagnetic, and also includes weakly magnetic materials. 15The discrete
magnetic elements 146 each represent a single bit of data based on the
magnetic polarity of the element. For example, a discrete magnetic
element having a positive polarity can-$epresent a logical zero while a
magnetic element having a negative polarity represents a logical 1. The
witﬂmaeﬁdnddfrmfemtafiaineandemhitrienti@nefdjnéatbmain of the pagignetit relembngsmedia
hat represent the ve orneg ativ n be selected a
L o T T e Rt TR Pl Ly 45l apvtiea
accmammnemmmmmdmmgmmmm gengnatesl abymhkered array
netic elements have sy bstantial nitude.
o B R A RS g 1 g e
sepnetkd tosegmbrtthdShy Eemnmgﬂeadrmak@rms@ékﬂ)rﬁbelsbsermmwmdt@edﬁments
he discrete ti ents 146 d as of the
L e I S SR T RS B PGP Bt he non

malgngihwisgerditdditan dSealdyngetitestnacit bﬁmmhﬁwdemmss A row
158 of n netic material, s ( I148 is osmoned tween .
e 10 SRR A HET 25 RS ot (R AP O e
Thinsbapeerhisbeimagits ticectonvenib 2aante 164 bf le. discretgniay metiongular or any
e O e sta th st
ot R S R A 2 S pmpeneri
clealigmedrovitntne megaeiidee lehharth df. the second row 154 in the
crosseirack opadial flseian 480 Jhe Grassstiach ALiadial drachanadflic. he
is transverse to thé engt wise direction 156. It Is UNAErStoo yt 0S
tergkillechimgigmetre thatcting pertiongfdhe mudierbatghéliystratddingdic@ and also
mcm§m@{ eg@&?%ﬂ'@r%ﬁsed below are greatly enlarged so that the

track rows ar to be In straight lines. However, the tracks and their
COI’I’JMEM@Q’OWSY@W blsforntetias el ttarasenks sngiediso dgtadmsed on the

ma é‘“t‘ircaﬁoqa(ﬂfltlf 'Gr th eleﬁl&t“ﬁ%xakgf% rBietOB %@&81!@%8%6@{% NS0 having a

ecordi sc 1081 ustratlng asin ck 150 comprisifig the first and
pos@agrmbratgga@aemmrmaelegﬂdaimr@fmlemrdmme ehaperdtioaving a negative

poﬁl%rgf]?ég%gé’l@s L”l&Q@a?"1“%‘%&%ﬂt&faﬁb‘?@ﬁ&tﬁoﬁ%@ﬁlflééﬁé‘mfstﬁ‘é%%am of the

rows 152 and 154 of the disc magnetic elements 146 are substantially
magppderaléonenthéheenapicasies1th0. pasoiecepnbsdirtizptpeieradiedpdsitistected as

des%e%"ﬁafé'é%f S22 QIdG %éﬁﬁ?&ﬁéﬂ?ﬂ@?ﬂ%ﬂ'%&%ﬁﬁ%&a‘f@ I8 ISR ARith one

the radial position of the second row 154. In another embodiment, the
emidiracatmiigriaasnsiemmelds 12eadrmtpbd hysthenerasmesiscetonents avs sietantially
the]s%ﬁlerﬁQQnﬁ"cﬂﬁE 150 are located at different angular positions relative to

the central axis 110, as indicated by the radial lines 162A-E. As a result,

the fiPseapiabssbmsatrofythe smtprmab acapedinggierbe. 140 quiBpaiees| one or more

tradGNSI QRiRAIEY NEL MedimcStiaiias fedimpAl I§ AXREGOIE B@ R HigMiscrete

which means that the size of the discrete magnetic elements 146
magaeiignelesacats 148Humg@ second row 154 of the discrete magnetic elements 146. The

rows 152 and 154 extend in a lengthwise direction 156 along the track 150, as shown in
FIG. 3. A row 158 of non-magnetic material, such as material 148, is positioned between
the first and second rows 152 and 154 of the magnetic elements 146.

In one embodiment, the rows 152 and 154 of the discrete magnetic elements 146

are staggered. As used herein, the term “staggered” means that the discrete magnetic
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nanometers. In order to correctly position the read/write head over the

desired small magnetic islands 146, the servo system 134 needs to

precisely measure the current head position, particularly the cross-track

head position relative to the center of the track 150 or the row 158 of the

nonmagnetic material for the track 150. 25FIG. 5 is a block diagram of an

exemplary servo system 134 in accordance with embodiments of the

invention. As mentioned above, the sefvo system 134 operates to control

a position of a transducing read head, which may by carried by the slider
elefiibftéFdGthi fireladiwel fQ arenot e tacksti Hicohdhecpattdenmed tsegOitdingcond row
1spdip 149 usind servo. sectay data storschip e racke 180 ol mediay, 160 is

: ystem 134 is arranged as a control loop that includes

trasseonstrod el [t gthplantiré@ienséryo demodulator 174, and a summing

junction 176 The summing junction 176 receives a referenc sition,.
Sl T on T PRS0 AEREhE JEER T Wi 140
illysositidrisigital 1 A8dndicates! uistesices HaadsSdbeitionarelgtivalfodilerged so that
center of a track 150, that is being,read the re ead. The summin .
AT B S AR RBE T STROSAC BARCIE S 195, IR T sponding
rowsgraalbel k8raediak80r¢olprordde an edoc dlthus 18@stiatdsndifésentative

f ired ad t of th it] fthe h lider.116. Th .
ool 5 S RS B BeR S AR AL R T fgrating o
singbntirakbutpOt dBupiasitize thkaritrd7 20d becplahtskig2 pedduves dContrdl 154 of the
. sigpal 187 ir h t ' h t
A L S e BT secone
rovisd dlesired psitidn thelicatendgnitie signah®7816 areFhbsplatillygoncentric to the
celBRSRTHP0N, MACDGIG R0 510 SRVBAIBRIEING SXIRM 10988 he discret

servo sector output Sigha IS a rea Sigha with servo SpECIfIC
magositionlenEinfotiationi ffersre tulvadhesigdial isqitdncedtire regpomdseoty 154. In

| - [ eq]
an g S SR TR HHHE AL B s 12
andliszt stk Bt bodilneattd of théfesniosgetor pesitidesredatidedo the central

ax180151|89Qsdﬁagﬁ%g%@f{@?gdﬂgﬂ%@gl gHK-B RO'E I%g{l\fe {Hé”ﬁ}gtb% tsec&nd rows
patterns that are used to generate a position error signal in the readbac
15%igrehl IBerersieggdicdtes a position of 20 the head relative to a center of
the crent iiagks e ceidingikeher rRAPAck S190ah 88 P&’éf‘??@?t%dc'{%g 18 be high,
the servo sector can be used to obtain current position data for the head
whigiel srdpiet tbirighe singeritthadicarsttanagetiohadmvatiddd. rdrsigratedas T, should
be gﬁﬂ[ﬂf@r%ﬁfﬂl@?%é@%ﬁl Iél%ﬁ%‘#i%i‘aﬁﬁ@w l%aﬁﬂ%m'gﬁgnt(%{@érs In order

servo demodulator 174, which includes 25 circuitry that demodulates and

to mw&nh@mﬂ?@ﬁ@d{ﬁ&ehm?m %@ﬁm@ﬁm@lgﬁ%@i@ tltands 146, the
ser%rE?%‘JeH@%@%Q!R”rOV\ﬂP&J}s@ﬂﬁ&Qﬁ% It thE PRSI AR GSHERRIE O WR  ularly the

signal 180. When the desired position of the head indicated by the
crogsféiaskicecathpeiitivs islabyed e dontanek therttack theldiréhe new Hégveleiie non-

ma@lﬁt@@ﬁm@?ﬁs@?‘ﬂf@tﬁgﬁqlﬁso and the reference or desired position

signal 178 will be the position error signal once the head is positioned 30 '
overfiife deiredlogkidisgnorevdratexgepiley peaitictyethed Hettasrgydsace with

emBORHRGlYV B Ehe invention. As mentioned above, the servo system 134 operates to
control a position of a transducing read head, which may by carried by the slider 116 (FIG.
1), relative to one of the tracks 150 of the patterned recording media 140 using servo

sector data stored in the tracks 150 of the media 140. The servo system 134 is arranged as
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-8- from the center of the track. As a result, once the head is positioned
over the desired track, the error output 182 may consist of a difference
between a desired position error signal representative of a desired
position within the track and the actual or estimated position error signal
produced by the servo demodulator 174 that is representative of the
current 5position of the head relative to a center of the track. FIG. 6 is
a simplified diagram illustrating portions of multiple tracks 150 of the
patterned recording media 140 in accerdance with embodiments of the
invention. Each track 150 contains data sectors 190 where the magnetic
a celemehisyrejwe et ditsacfaiatal ivat dara lpdare dd 2ynd sevivedeinpdulator 174, and a
su rH%TSdUC'ng h Between the data sectors 190 of each track 10 150 lie
e Letiors , which contain information used by the servo system
134 leeennmhnﬂtgjpn&ltmnldﬁtm¢mﬁsd uefagineapbsitioDsgnambifdameatposition
of the serv sect r ludes one or mare null s 194, such as.
est il (L) SO o e e bR S v heaa
poseotordsiveato |ﬂt&umarg(ﬁyacmtﬂd Ifé)ckhaielsthwgorea;g@syhmeidemdiﬁead The
surg}r% artlcg 1agr tlafé(callsﬁﬁ {eél' ﬁlthgl egrll% vye]grtltt 12 (?gs%j dS a%gsltl ged signals
overa Iments of the Servo Secto can include other mforma
17 &mdellBO to E1de masinplifind il%ttanmrqﬁmwhpfatt@rnﬁa&@a’médrablustment of
150 fthe fterned,r g media 140, in accordance with
theepm%1 Pmogr?tﬁs g aI?e w‘?\%orllrgér;\ The null pattern 194 formed in the servo
sectdhd $2rof eaggtuiot $leisravka ddsiOteshepeisasolihe dtdYgehechrowmrg@roduces a
co?8 ANbEB4 ©f e dizcrsisimagnatic dlements 1qlnans eobediment 157 in
e null If>attern 4 co prlses a pIuraI y o consBeuiive groups, gen aa|y
reSdemgﬁatéJd asn20d oeguh t8Mibrasiticeotsdhoravtontoofl ik (Hiscrélsomagyetle slider
I 4
R e A T
grou";ilseZDDlmrel ghowprasesschbef thegrois 1512 mﬂslhz&l Ome?ﬁil)lllr%brdlng system
t 1 ore r o
D L S S S R fosion
mfamaamar’ﬁlnﬂereﬂﬂbﬂsécr %ﬂeaénsem@peq:cgmupszoosel rfotie erisodiménervo sector
adlGIARORENE ROAIRART 106 AIRHRS AROICAG ENASRRLARE AT AN Rend of the

~same. T at |s the discrete magnetic elements’ groups
sligey0l 8O h‘@vwdhé%én@%@bh@ﬂm@t&b@ylmwmmfihaﬁmbs@tquemﬂude recorded

podlAHFeS: R MAANGUCIPAIANIN AL LSABRONGUG flsae 'B'iﬁét%@t‘t%ms that are used

Indicated by the corresponding arrows pointing in either the upward
to geeastitnaopakidieibRinvargeitantiba retdieekicignalpbife tiRbirdiantsie, pesition of

thePHQY RGNS HEWSFdAINGGHOR GAfye W@c%%ﬁﬁ%@o?ﬁév?eﬁ’@é%'ﬁymgnal 186

while an arrow pointing in the downward direction can represent a
cotesjatdenpdiathy. SRrsncakidbeas bageeditoatiam terantawsitivardgta for the head

sh({&pﬁ?@lﬁaﬁ@g P NeRIGRIN 16l £ QIR PRQHSETGH vesticaly Qr of the current

horizontally relative to the patterned recording layer 144 (FIG. 2).
traglscordance with the embodiment illustrated in FIG. 7, the dlscrete

magpflic SIRRANSA40 186 AEHEHRT 20N IS JitRh10u e 978 a%l@l@(fﬁcludes

150 have alternating netic polarities. Thus, each group 200 in the first
c1r@@mg@bqlqﬁ@mm9&ﬁ@(§mg_gm% the position data to extract the position error signal

and the current track position, which is provided in the position estimate output signal 180.
When the desired position of the head indicated by the reference signal 178 is set to zero
for track center, the difference between the position estimate signal 180 and the reference
or desired position signal 178 will be the position error signal once the head is positioned

over the desired track. However, the desired position of the head may be an offset value
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10 each track has a magnetic polarity that is opposite that of the adjoining
groups 200 in the first row 152. Similarly, the discrete magnetic elements
146 in the groups 200 in the second row 154 of each track 150 have
alternating polarities. Thus, each group 200 in the second row 154 of the
null pattern 194 of each track has a magnetic polarity that is opposite that
of the adjoining groups 200 in the second row 154. Alternatively, the
15magnetic polarities of the groups 200 can be the same in each row 152
and 154. In one embodiment, the fist group 200A in the first row 152
of each null pattern 194 has a magnetic polarity that is opposite the
fromabeetict@oddrity ohihe Aisst gradp @beALa ihadse pondicawd b4 ahthéeriutld track,
attern 194 ne embodimept, the.magnetic polarity,of.the first grou .
e R e SO0 O AR TR TR 8T R vor sigmal
reppcienittiod the fidstsgrolupo2B@A withm skearndkowdl B aicthel adjetimgttrdgiosition
150.that is separated from said.first row. 152 1y a row of non-magnet;
er AT D3 el G e N B, RS Bl g e
positibas Athobitaderplatavityo whitheisahthsamd as that of the first group 200A
in th cond row 154. of track N-1.. Additionally, the first row in track N.i
sepa N o i, S OHRR BTG ST R T or e
pattaatediab@®dip ordieniB0dimanpridvisgeattein dotdsliimentooalthef theenuiin. Each
atterns of the tracks 150 of the patterned media 140, As mentione
o R b r R MRS gt e
carthie stigendd 6/ (Fi. W) attearsiduoiver ihaedrddgrmding thedidalstOtarsdl 90 of each track
1598Netale tsl% §q§ckﬁi pa ﬁn'ﬁ? se to ensi f th 134
St?ﬁa{%:]r%g%i\égfie (%tér)(%afl tr?e’d%clr%eteéégr%adne(?ﬁ:geg}eor%e%sttgflﬁ}éqtﬁe;tgg%éoinse}é%egel: 34 to
corgrokitrityowtibe dlethd ydwinegtigdselow the -10- head) In FIG. 7, s
represents eposiion Aldhe DELLR% 6 u FERETAL e head) [RIANE s 194
to thi%ﬁes?lrle (}oca%on (e.a, t??e ce(r:lt%rr) %th?r? "[%e tr%c% %znﬁﬁéeg%yﬁ%e s ’
suqleferéPtd psltiendighdd (7R)F@. @phitick HéleAddhmedhtethefsgraarseckor 192
CRRsp diead RRS IR CHIUSMENIS, CR0UHIRINAR AR BRRGR Mfack 150 of
Ca‘mglad %4 m;?thfﬁ%he%esireﬁtracﬁ Nnusing t%e geray}-}:o ed ﬁraac% e ©
theigregttificatibint9e {rrd.16 pEdilowihgsuchntsshnsmveeidtiposition sector 192 can

mcﬁr%jg% t%m%gé%%qp@_range of the head position s is generally

ite 1at provided in Equation 1. EO. 51/17frack , O. 5WtrackEq. 1
For tié&giverasranlédd iystratice edagbauiteigndPdiahtaskll paftefribgamtterned

reci&&iﬁchlé&)lyiﬂx)(,ki)ﬁ A8o¥dhitoe B @hbodiments of the invention. The null pattern

194 formed in the servo sector 192 of each of the tracks 150 comprises the staggered rows
152 and 154 of the discrete magnetic elements 146. In one embodiment, the null pattern
194 comprises a plurality of consecutive groups, generally designated as 200, each
comprising one or more of the discrete magnetic elements 146 in the staggered first and
second rows 152 and 154. Each group 200 is represented by the thick lined boxes.
Although only two groups 200 are shown in each of the rows 152 and 154, the null
patterns 194 can comprise many more groups if desired. Embodiments of the groups 200
include the same number of elements 146 per group 200 and a variable number of
elements per group 200.

In one embodiment, the magnetic polarity of the groups 200 in each row 152 or
154 are the same. That is, the discrete magnetic elements 146 of each of the groups 200

have the same magnetic polarity. In FIG. 7, and subsequent figures, the magnetic polarity
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T Eq. 2 where y 1(k) and y 2(k) represent the readback signal
respectively generated by the first row 152 and the second row 154 of the
desired track N at column k, and al (6) and a2 (s) are the portions of the
width of the head (Whead) that overlap the first row 152 and the 15
second row 154 of track N, respectively. As mentioned above, T
represents the size of the magnetic elements 146. Because of the
staggered islands structure, {yi(k)} and {y2(k)} result in a time variant
readback signal 186 due to their relati®aship. FIG. 8 is a chart depicting
the time variant readback signal 186 that is generated by the head 204 as

of thpassgsctveri¢hemslll 20 paitidicafk@dbmn dwing frespondingm arkeststpaiotinpnn either

thek1:18wwple }pe%trilgna %3914@ iﬁ&v%rqtegre(fj éilritrc].{?oth?e E&‘lc\/lé I}Ic') -{I?eu S’athee feerldebx%%ll( le, an
s@)na? 86 1S Tion-2er0 even when the head is centered in tRetrack (i.e., gpe,

arro®) potigrg sigthifiogmiyrditfersendfrean naefirseend patistns ysdakity while an arrow
ofRARCHIIR Ve sonventional grandiar maonetie recording media: A%,u14 b

PO regufﬁ the nul p§¥terns In accordance with the present Invention ut izing

undtaggedabadiberatowragaetiy Rpreleméntpdldttregquirehamditfeligntould be oriented

emodulation technique thap that used with conventional.(j.

e T B e A 2
diredteddooadanethedtbftie randothtivy thBusedbdck difnal/ 186 discrete magnetic
corresponding to the null pattern farmed of discrete ma | .

e O R e Sl B i gave altemating

magnsitiodirientics. thbus] tachettvog, 200 atteheelirshedia, ISAchf dbemedipditdn 194 of

) IS provide 2 tinc tr : rsi :

es R e e e R R AR 200 i e

firgearatéd. filomikabh tihetibyrdmongnegneliomateridb(148heAgrowgps 2109, in the

secoad’ P&%? gﬁo@%}@ﬁ%gt rf\glggég l&l?é%%fn%%??a@ﬂ%gbﬁ%?%dgh roup 200 in the
response to a read hea & 4) passing over the discrete magneti

secoledments Bt ibdl pattepattenG 124 lushcltesatie headbavigsiinapdi@6tyf that is

- aoving f lyyan. I 8. whendy, is di

oD e R he SR T P NORIARGry. e

magagtiplpelofitihe b HutziokpiGNEl caehe thitysaafe ineehed 213 aohdtithite a
magpityfe and g AT e ieadbarlssianal B akeach eolTBOLIenuI pattern
track N 10 corresponding to th€ discrete magnetic elements 146 of the

194 bapamergngtd palectydiheflys tiweskelbacksimetic gntapiesof tBa kst group 200A

in {ﬁég’&%ﬁ%\éﬁlg&q@E%FP%@J&%%{B%GM“C elements 146 of the null pattern
194 in the columns k=1 through k=8 for track N.

In one embodiment, the magnetic polarity of the first group 200A in the first row
152 of one track is the same as the magnetic polarity of the first group 200A in the second
row 154 of the adjoining track 150 that is separated from said first row 152 by a row of
non-magnetic material 202. For example, the first group 200A in the first row 152 of track
N has a positive polarity, which is the same as that of the first group 200A in the second
row 154 of track N-1. Additionally, the first row in track N is separated from the second
row in track N-1 by the row of non-magnetic material 202. In one embodiment, this
pattern holds true for all of the null patterns of the tracks 150 of the patterned media 140.

As mentioned above, the transducing head (i.e., read head) 204 carried, for
example, on the slider 116 (FIG. 1), travels over the recording media 140 and generates
the readback signal 186 in response to the sensing of the magnetic fields of the discrete

magnetic elements 146 that are in close proximity to the head (e.g., directly below the
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Finally, at step 214, a demodulated position signal (180) corresponding to
the position of the head relative to the track is generated based on the
readback signal samples 15 213. In one embodiment of step 214, the
demodulated position signal is generated based on a summation of the
readback signal samples 213. In one embodiment of the method, the
patterned recording media 140 includes embodiments of the null pattern
194 described above with respect to FIG. 7 and includes the plurality of
consecutive groups 200 of one or mor®eof the discrete magnetic elements
20 146 in the staggered first and second rows 152 and 154 of the track
hed®0 IT hd@istrete mmagseitic temesitoi4d ahedehdy@idp (BQ0, inctiterficst the head)
row 152 haye.a netic polarjty that is oppasite that of.the adjqinin
e R R T Rt bt e e A B ggerence
posidonafi gaadhl @8ailp@ (), iviiieh $econdiiowehtd bbthe aaviathetic polarity

that js opposite.that of the adjoining groups.200 in the second row 154.
AR A b B G he b A LA lBe head 204
withlive rtiatinigsirsd andtkeondiggotips SOOA adwl 2088 thdinaidijcan @ach WhEr1G. 6).

in each of lﬂe rows 15 %r](()j 154. In one <%mb di entbthe rlgﬁgnetic the head

FOQ% anty of the'firs asr%uﬁs BRI dhe L HacTy GsBBRoaite tha aghetie

popolarityiogtnerfilist Grotgl 20 GAtiprthedsdoariihrawob54 of the same track
150. FIG. 11 is a flowchatt jllysirating one embodiment of the step 214 in
30 accordance with tffes _(ae)n?wddime té@fatma null pattern 194. -12- Eq. 1
At step: 216, e readhacksignal saeled Ak AARESPARIINA RHRE 194 in Track
discrete magnetic elements 146 of the first groups 200A are added to form
Nig sum A. Additionally, the readback signal samples 213 corresponding to
the discrete magnetic elemeap 46 of t@f_‘ cond groups 200B are
added, at step 218, to/f&)m a—gjvyl l@FAeﬁltgﬁm'éh)ad above, the null Eq.2
pattern 194 may contain man1); more (or IeEs) discrete magnetic elements
whéftb $hae) depicfetk InEesdntAddifiaplivk thenultapteincPbsaitated by the first
comprise more than the two groups 200 per row depicted In the exemplary
rowuli patié thel@¢aidmiG, T54rmdnetesjthbtfact Yotups @00A,imadron(4bandr a, (¢)
154 alternate with the second groups 200B in the same row. That is, for a
areg%%r??&}\?‘i%ﬁ\%piéﬁl ‘rgtﬁ’én ﬁlﬁll’ﬁéﬂe{r @@A,%ﬂﬁ%&%{%ﬁ% 132%nd the
sedoil@vrd 14 a BaaoniNgrosHRE0RB;. Wiisheigitalkohwdd Ty @ fistegeaupZO8Ae of the
which i foIIowe%)y a second group 200B, etc. depending on the number
magpa’ﬁl&ﬁz ents 146.

Because of the staggered islands structure, {yi(k)} and {y.(k)} result in a time

variant readback signal 186 due to their relationship. FIG. 8 is a chart depicting the time
variant readback signal 186 that is generated by the head 204 as it passes over the null
pattern 194 moving from column k=1 to column k=8 while the head 204 is centered within
the track N. Thus, the readback signal 186 is non-zero even when the head is centered in
the track (i.e., £=0). This is significantly different from null servo patterns used in
connection with the conventional, granular magnetic recording media. As a result, the null
patterns in accordance with the present invention utilizing staggered discrete magnetic
elements 146 require a different demodulation technique than that used with conventional
(i.e., non-patterned) recording media.

One embodiment of the invention is directed to a method of demodulating the
readback signal 186 corresponding to the null pattern formed of the discrete magnetic

elements 146, which is illustrated in the flowchart of FIG. 9. In one embodiment of the
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200 in the row. Accordingly, the sum A is the sum of the readback signal
samples 213 corresponding to each of the discrete magnetic elements
146 in each of the first groups  200A of the null pattern and the sum B is
the sum of the readback signal samples 213 15corresponding to each of
the discrete magnetic elements 146 in each of the second groups 200B of
the null pattern of a given track 150. For the exemplary null pattern
194 in FIG. 7, the readback signal samples 213A-D respectively
correspond to the discrete magnetic eléments 146 in columns 1, 2, 3 and
4 of the null pattern 194, and are added to form the sum A in step 216.
meThvel reaghaahcigneldz2( sachplasddk-Hi@oiFéSpondingplotitediscratp 210 that

) netic el 146 of the second ar S e adde t ste )
in N R R RS T AR 0 e o SRR, magneti
elemiéats/( 4@ thadbacksignal Sampiesh2itBec by espondiagntoithaadescreted§).
magnetic el nts 146 in columns 1-4 .of the pattern 194(!0 k N are . )
TR R A SRt TR v B SRR o ORBFE ained in
resgisete magntticalef@ehtpising @tecohemhsct® ohdpeenallepatterts 184the null

pat?err%.a.ggéq 1t8 f’ﬂ'{ls }etl}gss v Badbaéllzciré?" al%fﬁéegf %ﬁg ’r%h% %%a o%ﬁa;[relgv’ng from
position S|gna]I IS genera &6d Based on the difference between the sums A
colanth B. tin wrenentbedienanis thisderad dudatebepasitton Sihnadtiskydney ateddistance

5,%%8390%%thne ﬁf?.t@cg%ﬂlolfetshﬁfs H%n éBegr g‘clghseléﬁﬁj Aéneral %?grpeg fo as 213,
Ifference betweén the sums A and B'is essentrally’zero, after possibly
corddiacecuntipnifod e eisk sigihe thadbatiasignghdl8ts Ghe drrhdc@vnis of the track N

ositioned in the center of -13-.the trac d a read eperatio n .
e e R o R T 2R AL R 1 A cconginy
theBrég dimck esigntiesanag nit 2d 8 Aflthecshffetienlye coresppohds tbetheagisttincgements

the head 204 is frgm the center. The sign of the differen sulting from
14 B B [ L R e e o

204 Isipdisitiensters Zldser teimalfilgedopoitidmrsiprasdd8Adl comwetpdnding to the

podRSANGIHY 'tQaEF%% 1Vtgtg1%gﬁ%%i?ﬁg}k?%ﬁ%%%da&%oﬁqﬁgv&éﬁ@%(sé?gwm'kamples

respect to the null pattern tra e resultant sign from t
213ubtramtiombédie il Btip il thelsudemodilldted sppoisiviveigahlas werchafed based

Ong%ﬁklgléﬁg}fgﬁﬁet gitgﬁg%?glg%?%’%ﬁ%%@?@ﬁced from the center of track N

towar irst row e direction indication provided by the
signlof dne tmbeduhant stithactiothat, Bifeopatkmad veegritiog madiatd 4Pavkcludes

emﬁ?ﬁﬁgeﬁ% ?{fﬁg’&@ggg{{é&gﬁ4 desja%'e& %6%%5«%9 Ilfég ep!qglﬁ:?@gfaa'ﬁdeolfncludes

e servo tor 174 configured to implement embodiments of tl
thenpdtradtyod Deonsdiuiatingorppafieraednn edisosadb sk dignetk desgnitisdelements

14600¥E AN GRP&I A NG S UDAFIRASTON HANA 48D R AR HeHR Yiscrete

magnetic elements 146 of each group 200 in the first row 152 have a magnetic polarity
that is opposite that of the adjoining groups 200 in the first row 152. Likewise, the discrete
magnetic elements 146 of each group 200 in the second row 154 have a magnetic polarity
that is opposite that of the adjoining groups 200 in the second row 154.

Additionally, the consecutive groups 200 of the null pattern include alternating
first and second groups 200A and 200B that adjoin each other in each of the rows 152 and
154. In one embodiment, the magnetic polarity of the first group 200A in the first row 152
is opposite the magnetic polarity of the first group 200A in the second row 154 of the
same track 150. FIG. 11 is a flowchart illustrating one embodiment of the step 214 in

accordance with these embodiments of the null pattern 194.
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15 of s for use by the servo system 134 to guide the positioning of the

head 204. The demodulator 174 receives the readback signal 186 from

the plant 172 (FIG. 5). The readback signal 186 can be represented as

y(K) as discussed above with regard to Equation 2. The parameter {c(k)} in

FIG. 12, represents a demodulation reference signal, and can be 20

chosen based on the trade-off between performance and computational

complexity. In one embodiment, {c(k)} is chosen as a matched filter having

the relationship provided in Equation-32e obtain the best performance

(i.e., the smallest variance of the PS). c(k)=y2(k)Eg. 3 When there is only

1 bitAdlowepd Z06 cky trraderipuiaiiohabhogitesleXity obsespon@ing to the discrete

demaodulation can be.reduced by defining c(k)=1, for k=8m+{1,2.3,4} . and .

e e T B e SR e e R oy

thewbatbaok cagnbk sampletetjer cohis peddatipnofdic] disteenodgbatiorelements 146 of
reference sign can be underst s the 1-bit guantized version of

e B A R P B s Bl e e o+

11,248 4den(ioieg. abelektke il Hp§B 61V |99 rlaly contdihensadinack @ighak) discrete
186 that is gen by the.head. 2 Sitp s over the null pattern
mop e TR (R CRAGATICS £ REaRED QU I JHIORIRH, 194 can
conpe ssignatthaligie n23@rofit 0l prodolaibepldtdd Ththsigrahphuliplid2ern 194
a modified, readback si 32 correspondin the multiplication
of B e e e AP B Necona
grqupvidet tm the sumemaiohtoliosk 284 ameichosuhis serhiesf didhall pattern 194, a
ifi d i 232 ondi th e (0] 200
e A R P SR 008, WA R AR O aroup
200, sehedhas @bl predded ise&odation 2008 tlets séeponderg odulatoumibgr of groups

> PO ; . .
of e SR aL Uy R0 o AR Aol 21
conpespiamd st theeaehdifatbk_d@n@@@hﬁ@pﬁncﬁmﬂmmé%mashleg the 'ﬁrst groups
2008 SY HiE Eﬂﬁléﬁ&%&%%ﬁ'%@'%ﬁﬁml%s é%ug‘gfr ‘ﬁ?ﬂé‘ﬁgﬁs?c%dggﬁﬁsé% hes 213
samples 213 each correspond to one of the discrete magnetic efements
cortgpofdheg mekqshtied the SUscaatdinpgatiic ttlersemipled 21 sattaptdrecsssond groups

é]%lgckk@o&m + {5,6,7,8}) of the null pattern

2048 DEREGAND AP IR
194 15are E%erteﬁpprio%?oet eir summation with the other samples 213

due tottleccoreespanding vatteenot94 fold(k)7, the readback signal samples 213A-D

respectively correspond to the discrete magnetic elements 146 in columns 1, 2, 3 and 4 of

the null pattern 194, and are added to form the sum A in step 216. The readback signal
samples 213E-H corresponding to the discrete magnetic elements 146 of the second
groups 200B are added, at step 218, to form the sum B. Accordingly, for the exemplary
null pattern 194 in FIG. 7, the readback signal samples 213 corresponding to the discrete
magnetic elements 146 in columns 1-4 of the pattern 194 for track N are added to form the
sum A and the samples 213 corresponding to the discrete magnetic elements 146 in
columns 5-8 of the null pattern 194 are added to form the sum B.

Finally, at step 220, the demodulated position signal is generated based on the
difference between the sums A and B. In one embodiment, the demodulated position
signal is generated based on the subtraction of the sum B from the sum A.

When the difference between the sums A and B is essentially zero, after possibly

accounting for noise in the readback signal 186, the head 204 is positioned in the center of
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The summation block 224 adds the samples 213 corresponding the first
groups 200A of the elements 146 to form the sum A and adds the
samples 213 corresponding to the second groups 200B to form the sum
B. In one embodiment, the estimated position 20signal 180 (PS) is then
generated in accordance with Equation 5. PS = A - BEQ. 5 As
illustrated in FIG. 6, the servo sectors 192 can include multiple null
patterns, such as null pattern 194A and 194B. In accordance with one
embodiment of the invention, the track$-150 of the media 140 include at
least two null patterns, one formed in 25 accordance with the
theetmabbdiments ot ddeopeathpattern toh(semve witshnhl datieseytoasstbed track N.
abo e and ag adr re servo bu t nuII ttern O lustrated in the
W S R A i G B SR e o e
dis240dsausked inadakObimmafromuvtit ctbmabﬁ\he sigacoibthc sleﬁfeoebcwstemllhng from the
attern 194 |n order o.compensate for ideal f tors, such
su urraé:elr arn% ?t?we re errﬂeﬁalld WidtH ar anglo\(/:g%r?gtlvollﬁ 0 mzlléjn%:-l c‘fgg 40133%081t10ned
cloker exdmplest treat mﬂ/on&whsmcard eeumétechomHmmcmgwalhh&@mFMo$heqios1tlon
SIRCHY Ungan I I2SPRCL 2 Sam 1SRSLRORImAN QLIS MUl RIS N, e
comprises, oreach trac fg urality of cons Utie groups
resghmaraignrﬁfterrdnttmhemnojfmhe srmBréahthe disoretewﬂil trag rpeumve value,
e flrst 52.inc %1 Ing;2 fl rst 242 a oining.the
ggtr%roursc BN ‘t%ateFr Vr{)v%‘\} 1&533“ fits SB Sy e“terq’%“k N
tomddﬂttaﬁcﬂ voith b‘iﬁacefmiaoki|hhe"ﬂhetkiﬁemagmellrbq:atbiamn]yroﬁdadrbgrﬂmpsign of the
first row; of the second ttern |te e
rQSlrlnagne I%%f)o%rl% OflgBl5 éornr%@ group |rr}1uﬂ1 ?I iL row 15 %%Fé? he sect%n ot ﬁ’attem
194pattern 240 10Add|t|onally, the pattern 240 comprises consecutive groups
242 cret ements 1 h ond fth
track % dm%l w%&ﬁﬁ ﬂ%r,&%l é)jkgfﬁlen%et?ﬁé aé? %‘%@lﬁoﬁﬁgg tgured fo
imgleoomd ﬁmancﬁmotﬁtmeﬁltht: rmthacﬂte]fr de9dodnlaiceg rthenpetigitiedmecdia readback
s1g§gl' l&%? (ERE am)e éﬁzepa% e%tlﬁ%&@d 1(%45&93@’1?866?0 OQ%{?Q% function
4 0f the secon attern 2 IS oppos e magnetic polarity
of a&jjémmmgelﬁgrdmsem $pistiae setbrtdl gburziﬂheopdsmgen@dfnme dmdrﬂ04. The
4 ternatjv the a lariti egroups, 2 a g}i
demogulﬁ‘f qa}ﬂ Vg& rﬂlegrfgﬁ;p wal gsl Of§g %Hbﬁl 41 f'79 58 thSe)' The

same in each row and discusse ove regar
readbiighattgnal 184, crebeuniivescotgtos p(sk242 drawragedlaematmghme@rétto Equation
polarities in the rows 152 and 154 of the null pattern 240 can vary as

" desired. Therefore, there can be more than the two groups per row shown
Thinpat@neter {c(k)} in FIG. 12, represents a demodulation reference signal, and can be

chosen based on the trade-off between performance and computational complexity. In one
embodiment, {c(k)} is chosen as a matched filter having the relationship provided in
Equation 3 to obtain the best performance (i.e., the smallest variance of the PS).
c(k)=y,(k)-y,(k) Eq. 3

When there is only 1 bit allowed for c(k), the computational complexity of servo
demodulation can be reduced by defining c(k)=1, for k=8m+{1,2,3,4} and c(k)=-1, for
k=8m+{5,6,7,8}. This selection for c(k) is shown in Equation 4 where mcan be any
integer. This selection for 1-bit demodulation reference signal c(k) can be understood as
the 1-bit quantized version of the optimal performance demodulation reference signal.

o) { 1, ke8m+{1,2,3,4}

Eq. 4
~1, ke8m+{56,7,8} 1
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2013. In one embodiment, the first groups 242A in the rows 152 and
154 of a given track 150 have the same magnetic polarity, as indicated by
the arrows in FIG. 13. In accordance with another embodiment, the
magnetic polarity of the first group 242A in the first row 152 of the second
null pattern 240 of a given track 150 is opposite 25the magnetic polarity of
the last group 200B in the first row of the first null pattern of the track 150.
In accordance with another embodiment, the magnetic polarity of the first
group 242A in the second row 154 of-ide second null pattern 240 of a
given track 150 is the same as the magnetic polarity of the last group
2008w thadbeckhrignoiM §64haf thedirsttud b3Gpatiead 204 of thessack ddGhe null
-16- The read signals qr position error.signal (PES) 186 .
P RS B e o S T BT RISHHE Aotk s gupptid to o
sigflREAp anibe2g foctdsedtam didaios I6d . abwva guithmedgrtcio2Heoutputs a modified
modulatqr-LZ4 to generate sition,signal 186 for, each. FIG, 14.
re ) e e D, i el Tl g i 0. mhe
mochfies poadndg toghd 33l phtemsvigdd(RSHY andiddio(Pi883kaddds. which sums
There are many. post-processing algorighms which.ca nerat cha
s B Y AT RIS iy 200 of
the240l pattcFindft are many advantages to forming the null patterns 194 and
240 jn g SeQ aREioR 492 ¢ ena e Staoaeredmadnelic elemants 1quaion
of the media 140, One aHvantage Is 10 that 1t 1s not necessary to have
4 diffetbat patterdsnoidhiaidisdréte sarapiestithelémentsstatbsfarftibedatadback signal

sectors.190 a dl{ ser e . Thus, the discrete neti
co LA YT (1D SO Secior b b A B SO U e gaanples the

podlishEeie thta@aebscrlsimantsot48pohthedatens @IS HkIL8NG @XEfate the readback
. production pracessing is needed for the null patterns, which results in a

sighpl SRRk ddst JRviRGRIHBE Rk SgmlevRist 418 cABh SostrsRoad)to one of

the'da@Rat Ggaidind Jmedia, | 38 cHY aseianpakdne ia, theddabaand servdmples 213
sectors are pre-defined during production. Becauszit/%e? Ir%‘i%screte magnetic

tha RafierenIls dtatecann BEHdEOPEA aa/6r2H0 Jsgitedtrlicpatien 194
are"’ﬁ\gggte%' Gl RRAPSHG SETBR WS A %flﬁfes%ﬁﬁ?@? storadof, the (fg[)ﬁreesponding

number of the data elements used to form ata sectors 190 an
valyeryh-sdetavk 92 are adjustable. For 20 instance, some of the data

e'emﬁ@%@ﬂﬂ&tﬁﬁt%1%%%@"2‘%@&5@&%2&?&@2%f‘BBH%%HhIﬁH%“Mé first groups

patterns of the servo sectors 192. The resultant increase in the Servo

200xyref Ibagtismend liffprovertdhsosition estnadde thpedmptreris sfoesponding to
theSGVTYSIGPSL S0 s PYEERE e 0GPV LU AR bl IR WLl RRERI D osition

can be reduced by allocating some of the discrete magnetic elements of

sigria I (Batrés then teen eratadsecteesrdanceesithi kg uatiaipPoved format
25efficiency. PS—A_B Eq. 5
As illustrated in FIG. 6, the servo sectors 192 can include multiple null patterns,
such as null pattern 194A and 194B. In accordance with one embodiment of the invention,
the tracks 150 of the media 140 include at least two null patterns, one formed in
accordance with the embodiments of the null pattern 194 (servo burst null pattern)
described above and a quadrature servo burst null pattern 240, as illustrated in the
simplified diagram of FIG. 13.
The quadrature servo burst null pattern 240 is used in combination with the above-

described servo burst null pattern 194 in order to compensate for non-ideal factors, such as
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Additionally, the frequency of the servo sectors 192 (i.e., number of data

sectors 190 and servo sectors 192 per track) can also be easily adjusted.

The head positioning performance of the servo system 134 can be greatly

improved through choosing the optimal frequency of the servo sectors

192, which provides the optimal sample rate. -17- FIG.15is a

simplified top plan view of null patterns 250 of the patterned recording

media 140, in accordance with another embodiment of the invention. In

this embodiment, the null patterns 25Q #ach comprise rows 152 and 154

of the discrete magnetic elements 146 that are non-staggered or aligned.
undestaisey dfabei meaher terad Smidrh stad) germdbmmf&ﬁaggﬂﬁdfespeass toatiaenple, that
madl§g§u elr';naa 1 tIC mesqti%rcl)fs}hea Ii%t(lg% 1520 %]eg{i V\éth tht re tto &

Pﬁa netic e emen s OriRE SeLAd Tow vihe &ossrack direction 160, '

whichris meedermttoﬁltl&alen@tpmm Qiuectionptis6s, for E#Ch fridk aSPartiplurality

lan view of the atter disc,108 |I strating an :
o G P Wi S SEB Pty vack 56, WER Rl diseree
maxgsedcaﬂanentk 114&6pattherﬁ@semWS]S)Zoﬁcﬂlﬁlﬁg\aofnlaigrﬂnﬁﬁ %bm/adjoiﬁli@g the last
Qd} ntof dIClO tefrst nd secgnd rows 152
erof g LS T L 08 sty byt Aol A SRIGADS e one
embademtrﬁeﬁhntrmgmaltmqsuﬂlm refatic fodhp 24htnaltbiSrdd Govnlddeof the second
t. each of t dlscret .magne ements 146 in thef rstro

e S OB e A S R g Rrow 152
of ﬁwsethatdmld:beﬁdﬂne%ﬁgular 15 position of one of the discrete magnetic

elem 146 in the se nd of the nuII attern 250, as indicaje :

radla (ristes tI}:] s%g resu Wtﬁen}P goélesg%lﬁav?og %Z%f]ztd% %rdelscrete
maghgned:leme@snéékﬁnbothwnmaboﬂtmndlﬂébaﬁeha 250K orpethoudach offttsé group

o 15 cagmprises a pl cons t|ve I eperall

2 Dt S e L B AR e 194
accm@ancthmﬁilgnedm&mémdmdmmagmlgmlanwlﬁmaElacgnogmaﬁmzﬂs second

t 0 t 2
ron STESSIRC BucHE P AINGS DX PO TN IR 2R BPadioining
grmﬁ@elmaﬁﬂy mmecbrowpé §tdebithel. sBenbddinibmatiefth24grobpsasdvely, the

maél%Hgg)r&gL}%ﬁ%%% fgR ‘sz%@'%%rﬁé HERARL Q{%Hg‘ozrﬁ% 319 gyeriaple

ements roup 2. 25In one embodiment, the magnetic
polamg/cbsqhssgi@bpwwhnrmﬁ towhe 521bpaserad thehsammbThaf igoups 242

ha&ﬂ%@ﬁ&ﬁ&ﬁd%?%g?xé%ﬂ%lh‘?ﬂ}ésjlﬁt?h J%%Fshlg tQﬁﬁgfﬁ’HPg% %ﬁﬂ‘{o%ﬁ'éﬁq 240 can

e magne arity In accordance with the e iment
vaijlgstestein Fl@ei@ethbe&m@magméhmdimﬁmgmamheogmhpwn in FIG.
252 in the first row 152 of each track 150 have alternating 30magnetic
polarities. Thus, each group 252 in the first row 152 of the null pattern 250
of -18osacmbredinesn thadissheagwetiddgaaritihehearys bppesitd Manfcrf giheen track

156‘%}9%9 QJ&%QE%%G groéﬁﬁuf{ té&"ﬁﬁ&é@rec? iy, 106 GiRGIRYE Magnetic

elements 146 in ps 252 in the second row 154 of each track 150
havdmreeadimgpoldhitestthanbedimgrbuihe bR gmeHe peltsiy pdvihesarsf group

2430eiRYl PRI GOS0 Sakk E@B%&]ﬁﬁl?ﬂgﬁ%ei%p&%ﬂgv@?ﬁ%k 150 is opposite
the magnetic polarity of the last group 200B in the first row of the first null pattern of the
track 150.

In accordance with another embodiment, the magnetic polarity of the first group
242A in the second row 154 of the second null pattern 240 of a given track 150 is the same
as the magnetic polarity of the last group 200B in the second row 154 of the first null
pattern 194 of the track 150.
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5opposite that of the adjoining groups 252 in the second row 154. In

one embodiment, the first group 252A in the first row 152 of each null

pattern 250 in a given track 150 has a magnetic polarity that is opposite

the magnetic polarity of the first group 252A in the second row 154 of the

track. As a result, the components of the readback signal 186 generated

by the read head 204 as it passes over the null pattern 250 10

corresponding to the first and second rows 152 and 154 are 180 degrees

out-of-phase, as provided in Equation1®- Yl(k)= -y2(k)Eq. 6 The total

readback signal of the pattern in FIG. 15 also satisfies Equation 2. When s

= 0, The readiivekksgignakl is poﬂiﬁiﬁmemmns%gaglg@E)or%igmeekmmmao the null

pater use ene stim ted osition SI naI 18

P P o B R R R B wi
reguaﬂlamcehm demed;ﬂ?mted?dowlcgermgnal genarated srgnebpidtséao thebnUflG. 14
i BRI FEA IS ERg AR IR pIaeR N EapoRsS B e IRLBAISHR AR, 10 e

own n rns ave ne sa

nullepagthrhs A%a(Peammmem(ﬁsu)pmdem TherofiFdGratsy mld;tqmtqnma‘mngl atg)rlthms

WLEEARE SLIG i s sense shemaler yerten e gsnermied.
posifi on%lgna 988 ﬁﬂﬁls perormance advantage o]fefWe non-staggere

patintrih 2 58 patiexh0of FIG 15 is achleved at the cost of a fixed burst length L
as well as the servo ata ors. 40, n éla_)
oo AR 20 R0 00 e R AR i 2 it servo
seaterd$ paRtexsngIteariliziprgethesgmecpd texmflidbe ofidgnetidie lefieisedFantage is
e R SRIRSEAArs of he Media 140, allows for anadiustabie.bustiendt s6 g,
and Senvo and data sectors of t n°6ne embodiment o
therddtgpattans 230 ,athietlnaasgnensepto:larilt?bﬂtlmsfm droupt@bRAnietitheldirsits 146 of

ther(s?eNrV]OSZ % tr%%kﬂg’ the uce ¥ as&i %gcrg’[ntyllg%rtlgllg IE et:rggnts 146 of

e &'SecoRd Fow é4go i Wl 0|n|ng trac
thes@amtﬂdtﬁrd)ﬁﬁ)sﬁrd ext@- ﬁimtu@wmﬁﬂ)tnﬁan@vs otarlmd- foatireticl hpateniag, which

resu nFé)r re0>§a Ie thiflrst roup 252A in the first row 152 of track N has a
pos |veppo rlty, Ythe same as that of the first group 252A in the

sec@dﬂrﬂw 115¢cufvt¢ankn‘dlj(1 Admmmamymhé)fmmqmmmmwda such as
arate m t nd row in track N- 1 the r f non:m ne

R RS (SRR e el Bl TR0RE DRI cause the

dispretepattenns ofitnectrackdd kB0hsfthl patttensd P4rradi@1249) have the same structure

as the discrete magnetic elements 146 of the data sectors 190, the number of the data
elements used to form the data sectors 190 and the servo sectors 192 are adjustable. For
instance, some of the data elements of the data sectors 190 can be allocated for use in the
null patterns of the servo sectors 192. The resultant increase in the servo burst length L can
improve the position estimation performance of the servo system 134. Conversely, the
servo burst length L of the null pattern can be reduced by allocating some of the discrete
magnetic elements of the null pattern to the data sectors 190 resulting in improved format
efficiency.

Additionally, the frequency of the servo sectors 192 (i.e., number of data sectors
190 and servo sectors 192 per track) can also be easily adjusted. The head positioning
performance of the servo system 134 can be greatly improved through choosing the

optimal frequency of the servo sectors 192, which provides the optimal sample rate.
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As with the null pattern 194, a quadrature servo burst null pattern 260
(PS2) can be used in combination added to the servo burst null pattern
250 (PS1), as illustrated in the simplified top plan view of a portion of the
media provided in FIG. 17. The null pattern 10 260 can be used to
compensate for non-ideal factors, such as uncertainty of the reader head
width and variation of magnetic response, for example, that may result in
an estimated position signal 180 that is not perfectly linear with respect to
s when the null pattern 250 is used aldfie. One embodiment of the null
pattern 260 comprises, for each track 150, a plurality 15 of consecutive
groubk; generaliynpfdiedddp piﬂn?@i@wod')f)mdlqm[tmrs 25 bhef disgratterned recording
agnetic elements 146.in the rst r 52 | a first grqu 262
Mt gi%?hgnthecl%s group%@ 1trhe 1%\%1 He Nii ?s?% qﬁqa (—:-eFHbOdlment
the2m@! paamraaﬂ@aohlﬂvmpelmbwdlmﬁ@nanm éﬁzﬂaa@ ribticlpotaritynageetoh elements
roup 262 |n the first raw 152.0f the second attern 60 IS Xl ite ”
h(%ai1 rEagne tic pglaa%%y (;% aéjoﬁnﬁtgﬁgrc%ps mdt ?Er)snt’ r%f\l/v 15220 %hs aggered” or
“alggeolidmualptiethe2éBcrete Additavinatlgntbetpaftdrn 260oompdsas aligned with

consec tiv of the discre a etlc ele S int

e o PP S A G TP oo, which is
traimseg;mmlﬁslngthmgesmeWHdMlM of the first null pattern 250. In

acc nee with one e dlmentt magy netic olarlt C 0

oo B ST, S Bt PRe B 838 s raring an
emtivslmaghefitheahatity afahe 23djeih mglwau‘pchGIZS[h thkideconll rowwuged! &f a null

patth %?(éo%ggétp%éesr&v%Ggata § %q(‘?bg) v V‘Gﬂé rer%‘éﬂ&%eﬁﬂ of the disc

ttern e number o groups aving aternatlng magnetic
lo&dlmﬁes mdnecondsra§2 Al a6 thiethe lirpektedn 260sebsiangigllzsoncentric to

the @%ﬁgﬁ' gﬁeﬁ%ﬁt HRE & &?ﬂ%@ﬁt%‘gﬁﬂ 8040g t‘P"i’a%(%“t% tggfiﬁt’%’aﬂd%’é”l 10. In

In one embo nt, the |rst groups
onggwibedinantl ¢&h off dhyiviisctrdckniochiavednensaritomagimreficspotarit)a2 of the

nu@%%‘[gé—ﬁaé%* I%% IheAra g '&F S 1'1:? tive to MRAESULPRGS WIN-ANOME e angular

odiment, the ma net| po arlty the first group 262A in the tirst row
posigonodfzone ok t.b@()hscmée sameeé@ tHenmuaignettcip oharitscofidmeovast Stroup pattern

25(%52?58 &UA%HV r&\% %[lgk %pﬁtéei’}e&ﬁts%’é"’f‘rk? !1:119 séc ond rol\gs 152 and

accor ance Wlt ano erem ent, the magnetic polarity of the first
154 eseplsRA in the second row 154 of the null pattern 260 of one of the

trac'@n@@dﬁa%ﬁ?&ﬂ%@%ﬁ@%ﬁ?tk?a%’llﬁ“%é’f fast W%‘AB}?%%BMQ tlE}‘fr.‘cks 150

second row 154 of the first null pattern 250 of the same track 150. 10l
congppecsAdeisdtl tHarayesvthsugiaunsneaouslbhaeaiciesistdas dad, of one or more

of RVARIAGRS O HRIRUS SRR ME SR H‘%ﬁ%&%‘?%@é’@c&?@?o%@& {83Mind 154.

in the foregoing description, together with details of the structure and

Ea¢lirganon 892 avitswscsentrsdim 8rdhageHm pdvlegrtisn Adthe elibictdy i sgroups 252 are
shd WS ALY ECHMAEWwhaRees Y4 e adR &Q%'Qgép&ﬂaébfﬂﬂrﬁ@%@y more

of structure and arrangement of parts within the principles of the

gr%préﬁﬂrﬁﬂ/e%@@ﬁdmwf daegioigidatednslpdectit sameganaragr of elements
14@}?&%}9&%@@%&%& number of elements per group 252.

In one embodiment, the magnetic polarity of the groups 252 in each row 152 or
154 are the same. That is, the discrete magnetic elements 146 of each of the groups 252
have the same magnetic polarity.

In accordance with the embodiment illustrated in FIG. 16, the discrete magnetic
elements 146 in the groups 252 in the first row 152 of each track 150 have alternating
magnetic polarities. Thus, each group 252 in the first row 152 of the null pattern 250 of
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which the appended claims are expressed. - 21 - WHAT IS CLAIMED IS:
1. Patterned recording media comprising: a first segment comprising first
and second rows of discrete magnetic elements 5separated by a
non-magnetic material, and a row of non-magnetic material positioned
between the first and second rows; and a first null pattern formed in the
first segment comprising: consecutive groups of the discrete magnetic
elements in the first row of the first segment, each group in
the first row having a magnetic 10polardy that is opposite the magnetic
polarity of adjoining groups in the first row; and consecutive groups of the

cadhiscreltel Malyrseti mefpren®iarttyetsetce g posito thihedirgtesatjmemig gamlps 252 in
oIS SR s OGRS o
secbhe mediabbtlaoh traflrthd) kormpiisingting polarities. Thus, each group 252 in the
second row 154 of the null pattern 250 of each track has a magnetic polarity that is
opposite that of the adjoining groups 252 in the second row 154.

In one embodiment, the first group 252A in the first row 152 of each null pattern
250 in a given track 150 has a magnetic polarity that is opposite the magnetic polarity of
the first group 252A in the second row 154 of the track. As a result, the components of the
readback signal 186 generated by the read head 204 as it passes over the null pattern 250
corresponding to the first and second rows 152 and 154 are 180 degrees out-of-phase, as
provided in Equation 6.

yi(k)=-y,(k) Eq. 6

The total readback signal of the pattern in FIG. 15 also satisfies Equation 2. When
g =0, the readback signal is 0.

The non-staggered or aligned null servo pattern 250 can be used to generate an
estimated position signal 180 that is a linear function of &. One advantage to the null
pattern 250 is that the variance in the estimated position signal generated in response to the
null pattern 250 is less than that produced in response to the null pattern 194 shown in
FIG. 7, when the null patterns 194 and 250 have the same burst length L. As a result, the
null pattern 250 of FIG. 15 will outperform the null pattern 194 of FIG. 7 in the sense of
smaller variation in the generated position signal 186.

This performance advantage of the non-staggered null 250 pattern of FIG. 15 is
achieved at the cost of a fixed burst length L as well as the servo and data sectors of the
media 140, when the data sectors 190 comprise staggered discrete magnetic elements 146.
The null pattern 194 utilizing the same pattern of the magnetic elements 146 as the data
sectors of the media 140, allows for an adjustable burst length L and servo and data sectors
of the media 140.

In one embodiment of the null pattern 250, the magnetic polarity of the first group
252A in the first row 152 of one track is the same as the magnetic polarity of the first
group 252A in the second row 154 of the adjoining track 150 that is separated from said
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a second segment comprising first and second rows of the discrete
magnetic elements separated from each other by a non-magnetic
material, and a 20row of non-magnetic material positioned between the
first and second rows of the second segment; a first null pattern formed in
the second segment comprising: consecutive groups of the discrete
magnetic elements in the first row of the second segment, each group in
the first row of the second 25 segment having a magnetic polarity that is
opposite the magnetic polarity of adjeirting groups in the first row of the
second segment; and consecutive groups of the discrete magnetic
fireeleweni2 by tihheoseobndn-omagnetic material 25df e senaptt segriientgeap?52A in

thegf"os‘{p 1 he Peeond Iy %fstaﬁ‘ec?’s‘?&%?é""”fanfg Fohnaving & mage %%;eﬁ of the first
olari y‘?’ha is opposne € magnetic polari Vf’agijomlng groups
grmpx:bi&lérmvthﬂ tHeeon R wskErbnltsedment; Avkigtionn thye tthmfjrmamomdlﬁzuy track N

is se gr!ll{ S& fs %Qﬂn the fIrSt Wit (%f ﬂ]<e rftbnu&np racg%gro %E)}rhe f§ el%f 1C aterlal 254. In
ment IS the same e ma olari )g

ong) amutppdnﬂ%tsdus mﬂttmw b@lkmetfustfmﬂlbaftémrﬁxﬂ plagdinst cs(égmarad;karido of the
patterned media 140.

As with the null pattern 194, a quadrature servo burst null pattern 260 (PS2) can be
used in combination added to the servo burst null pattern 250 (PS1), as illustrated in the
simplified top plan view of a portion of the media provided in FIG. 17. The null pattern
260 can be used to compensate for non-ideal factors, such as uncertainty of the reader
head width and variation of magnetic response, for example, that may result in an
estimated position signal 180 that is not perfectly linear with respect to & when the null
pattern 250 is used alone.

One embodiment of the null pattern 260 comprises, for each track 150, a plurality
of consecutive groups, generally referred to as 262, of one or more of the discrete
magnetic elements 146 in the first row 152 including a first group 262A adjoining the last
group 252B in the first row 152 of the first null pattern 250. In accordance with one
embodiment, the magnetic polarity of each group 262 in the first row 152 of the second
null pattern 260 is opposite the magnetic polarity of adjoining groups in the first row 152
of the second null pattern 260.

Additionally, the pattern 260 comprises consecutive groups 262 of the discrete
magnetic elements 146 in the second row 154 of the track 150 including a first group
262A adjoining the last group 252B in the second row 154 of the first null pattern 250. In
accordance with one embodiment, the magnetic polarity of each group 262 in the second
row 154 of the second null pattern 260 is opposite the magnetic polarity of the adjoining
groups 262 in the second row 154 of the second null pattern 260.

As discussed above with regard to the null pattern 250, the number of groups 262
having alternating magnetic polarities in the rows 152 and 154 of the null pattern 260 can
vary as desired. Therefore, there can be more than the two groups per row shown in FIG.

17.
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a row of non-magnetic material adjoining both the first row of the first null
pattern of the second segment and the second row of the first null pattern
of the first segment. 103.The media of claim 1, wherein the first and
second rows of the first segment extend circumferentially, the first row is
positioned at a different radial location from a central axis than the second
row. 4. The media of claim 1, wherein: 15the discrete magnetic elements
of the first and second rows of the first null pattern are staggered; and the
consecutive groups in the first and se@06nd rows each include a first group,
wherein the magnetic polarity of the first group of the first row is opposite
the ﬂmqnmﬁmlmmaﬂmbﬁhhéiﬁsg@wméﬁmmsthemuwgd\ﬁiz 20d 357 o€ a given track
edia of claim 4 furt rlsm d null attern g the
1 e R s R R R S B oo o
the dlsaxetﬁdmmgne/uﬂleiammnsmbmbnhmt row mejuditig pofastygrdupe first group
joi st gr the first I of the flrst nuh 25 att
26%1% nquztapro?arlg/] gg ar}:n ?rou% n? he |rst fow Of tlhe seg S ngﬁ)la %Pnf the last
graspoppisite tefmhgoetid foldity milhdgbimn,gagﬂhopmlmﬂﬁlﬁfnﬁt row of the
secqnd. null pattery; and onsecitius: raups,ofhe dIRCrete, MAARHS. feet eroup
elements’in the second row including a first group-adjoining ala group in
261Meisebonctrov wirhied 80fitse mulll pattern 2&(hvdgmetid faldritskeflé8ak opposite the
m %agn &?g%%%flty '(‘J? r%wglrorcﬁl#z%fgrg?l{‘%@%c%ag%%é’zPQP&ﬁ'%eﬁtr*%?nuu pattern 250
of the same track 150.

It is to be understood that even though numerous characteristics and advantages of
various embodiments of the invention have been set forth in the foregoing description,
together with details of the structure and function of various embodiments of the
invention, this disclosure is illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning of the terms in

which the appended claims are expressed.
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groups in the second row of the second null pattern. 6. The media of

claim 5, wherein the first groups of the second null pattern have the same
magnetic polarity. 5 7. The media of claim 6, wherein the magnetic

polarity of the first group in the first row of the second null pattern is

opposite the magnetic polarity of the lagy group in the first row of the first

null pattern. 108.The media of claim 6, wherein the magnetic polarity of

the first group in the second row of the second null pattern is the same as

the magnetic polarity of the last group in the second row of the first null
pAMBEAT I ChABVEEE) I8t claim 1, wherein: 15the magnetic elements of the

first and r the first n n are aligned with each other in

a ?édial i%é%%]i tphég%g{? ?lnsg\gig%sce tog g%egr%thwise direction of the first
segmenifinsfisiegniens fiestprisingfish andbsesomdcowls afdisci¢te megneiieitlements
groups of the first an ond_rows each.include.first and, last 20gro .
Aherein the maShaeS B B R b Bob P R Rnanedc
the magnetic patatéabpiistinsidipetweead the Sstand sesondidwishembedia

of claim 9 wrgerii'n the mfdiaf tther gomprises second.null pattern
adjoiningﬁjl t'?]ré st A %rgt IrTrlll,eéilenée olﬁ%} ﬁ?ﬁfnﬁa &P ggr‘%%‘sing:
25consecutive goasgehiiéhecliscofibadagrat enalarannétetading il g fivét row of
including a first group adjqining the last group in the first row of the first )
null pattern, a magnetf% T8, RSO $R &1%%%‘%@??6% qyjgg a magnetic
second null pattern is pglaFsjteHieiNagpedite Moy gictd bingtgropagdjsining
the first row of the second null pattern; and 30consecutive groups of the
discrete magnetic eler@ONRS ith e SRy 89including a first group

adjoining the lags gHQupve sAsupe Pt V¢ eidRfignetic elements in the second row

of the first segment, each group in the second row having a

magnetic polarity that is opposite the magnetic polarity of

adjoining groups in the second row.

2. The media of claim 1, further comprising:
a second segment comprising first and second rows of the discrete magnetic
elements separated from each other by a non-magnetic material, and a
row of non-magnetic material positioned between the first and second
rows of the second segment;
a first null pattern formed in the second segment comprising:
consecutive groups of the discrete magnetic elements in the first row of
the second segment, each group in the first row of the second
segment having a magnetic polarity that is opposite the magnetic
polarity of adjoining groups in the first row of the second
segment; and

consecutive groups of the discrete magnetic elements in the second row
of the second segment, each group in the second row of the
second segment having a magnetic polarity that is opposite the

magnetic polarity of adjoining groups in the second row of the
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- 24 - first null pattern, a magnetic polarity of each group in the second row

of the second null pattern is opposite the magnetic polarity of the adjoining
group in the second row of the second null pattern. 511.The media of

claim 10, wherein the first groups of the second null pattern have the

same magnetic polarity.  12. The medja of claim 11, wherein the

magnetic polarity of the first group in the first row of the second null

pattern is the same assg}%mgg&ﬁgﬁtpolarity of the last group 10in the first

row of the first null pattern.” 13.”The media of claim 12, wherein the

magnetic polarityhsteinetiiesnagoeticipolagtyedefi sigroup tinghefrstdomudf the first
pattern is opposite the i larit OUR .
row of the first null pat#ﬁ%%@éﬁl%%agaxﬁg%%é@c%iﬁgﬂ rggg%é&&ﬁ{éqnagnetlc
comprising: a plurality pflpatyerfiefnsigroseinthgsetimd waithe s mtb ghattern
from each other by nogm%gfrl}rep(s:emage ial, a plurality of concentric

recording segments each pOSI%IOI’]gHIaI% a different radial 20 location from

a centralaaros; efiabrsagipesticconatprisiridjbiaimnbotl cha disv roendfi¢hiofisst null
of the discrete magnetic_ e ementzéi)rmin data sectors and a null pattegn,

the null pattern RERBHEh Je576 ﬁ%‘é‘&ﬁ%“o &G etféwm‘ggﬁ&'rém null
elements in theginsérios eHidifiesseggnfnt. the magnetic elements of each

group in the first 25row having a magnetic polarity that is opposite the
magnetic polarity of adjoining groups in the first row; and

3. The media of claim 1, wherein the first and second rows of the first segment

extend circumferentially, the first row is positioned at a different radial location from a

central axis than the second row.

4. The media of claim 1, wherein:
the discrete magnetic elements of the first and second rows of the first null
pattern are staggered; and
the consecutive groups in the first and second rows each include a first group,
wherein the magnetic polarity of the first group of the first row is

opposite the magnetic polarity of the first group of the second row.

5. The media of claim 4, further comprising a second null pattern adjoining the
first null pattern, the second null pattern comprising:
consecutive groups of the discrete magnetic elements in the first row including
a first group adjoining a last group in the first row of the first null
pattern, a magnetic polarity of each group in the first row of the second
null pattern is opposite the magnetic polarity of adjoining groups in the
first row of the second null pattern; and
consecutive groups of the discrete magnetic elements in the second row
including a first group adjoining a last group in the second row of the
first null pattern, a magnetic polarity of each group in the second row of

the second null pattern is opposite the magnetic polarity of adjoining
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consecutive groups of the discrete magnetic elements in the second row
of the segment, the magnetic elements of each group in the

second row having a magnetic polarity that is opposite the 30magnetic
polarity of adjoining groups in the second row. - 25 - 15. The media of
claim 14, wherein the magnetic polaritygf a first group in the first row is
opposite the magnetic polarity a first group in the second row. 16. The

media of claim LouBsicis UedmARse Ut femenia ol ihpafiahand second

5rows of the nu tern are staggered. 17. The media of claim 14,
wherein a plurality of the discrete magnetic elements in the first row of the

niyl patteffehG 8F BEmaI MRS AR HIVE-beBPHE s ROHE MU BARNE have

to the central axis, that Is thé same as one ogghe discrete magnetic
eltmeameimagnbacgalantyrow of the null pattern. 18. A method of
demodulating a patterned media readback signal comprising: providing a
patterned media including a segment comprising a null pattern

fofimed oThikanedie ofiabiatts; wlxreimthesmpgnatizgpflantyeaitthedinst gloppin the first

15n0on- netic material, wherein th Il pattern comprjses: consecutive,

o Sp8 SP A AL ARG BRI e RBBRRUC polaity O he s grouin he
first row of the first null pattern.

8. The media of claim 6, wherein the magnetic polarity of the first group in the
second row of the second null pattern is the same as the magnetic polarity of the last

group in the second row of the first null pattern.

9. The media of claim 1, wherein:

the magnetic elements of the first and second rows of the first null pattern are
aligned with each other in a radial direction that is transverse to a
lengthwise direction of the first segment in which the first and second
rows extend; and

the consecutive groups of the first and second rows each include first and last
groups, wherein the magnetic polarity of the first group of the first row
is opposite the magnetic polarity of the first group of the second row.

10.  Themedia of claim 9, wherein the media further comprises a second null pattern
adjoining the first null pattern, the second null pattern comprising:
consecutive groups of the discrete magnetic elements in the first row
including a first group adjoining the last group in the first row of the first null
pattern, a magnetic polarity of each group in the first row of the second
null pattern is opposite the magnetic polarity of adjoining groups in the
first row of the second null pattern; and
consecutive groups of the discrete magnetic elements in the second row

including a first group adjoining the last group in the second row of the
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row of the segment, the magnetic elements of each group having a
magnetic polarity that is opposite the magnetic polarity of 20adjoining
groups in the first row; and consecutive groups of the discrete magnetic
elements in a second row of the segment, the magnetic elements of each
group in the second row having a magngic polarity that is opposite the
25magnetic polarity of adjoining groups in the second row; wherein: the

bt e SIS g b g

the consecutive groups’in each s of the nu
pattern include firsseoondeel patdidnipygagitathe nzagietie polatity oftheadjoining

polarity of the magl?etlrclztﬁlengtceorg %uhoeﬂﬂgt group r'lﬂlfhe irst row is

’ . ttern, .
opposite the m%ne‘flcl: po A\ y Of the ' magnetic e ements of thie first group
in the second row; and 5obtaining samples of a time variant readback

e e L e o G RHER S GhRS G otem have
mggnatit elRigenic pflakeynull pattern; and

12.  The media of claim 11, wherein the magnetic polarity of the first group in the
first row of the second null pattern is the same as the magnetic polarity of the last group

in the first row of the first null pattern.

13.  The media of claim 12, wherein the magnetic polarity of the first group in the
second row of the second null pattern is opposite the magnetic polarity of the last group

in the second row of the first null pattern.

14.  Patterned recording media comprising:
a plurality of patterned discrete magnetic elements separated from each other by
non-magnetic material,
a plurality of concentric recording segments each positioned at a different radial
location from a central axis, each segment comprising first and second
concentric rows of the discrete magnetic elements forming data sectors
and a null pattern, the null pattern comprising:
consecutive groups of the discrete magnetic elements in the first row of
the segment, the magnetic elements of each group in the first
row having a magnetic polarity that is opposite the magnetic
polarity of adjoining groups in the first row; and

consecutive groups of the discrete magnetic elements in the second row
of the segment, the magnetic elements of each group in the
second row having a magnetic polarity that is opposite the

magnetic polarity of adjoining groups in the second row.
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generating a demodulated position signal corresponding to the position of
the 10head relative to the row of non-magnetic material of the segment
based on the readback signal samples comprising: adding the readback
signal samples corresponding to the discrete magnetic elements of the
first groups to form a sum A, adding the4eadback signal samples
corresponding to the discrete 15 magnetic elements of the second groups

toyiOrm argidi & ABEL BERTAUNEIRM AR NRARIE D NLSHYOR SI9PLIABSH the first

on the difference between A'and B. 19.The method of Claim 18, wherein
gEPNrstMpesiethmpagneticinouiiv e Sighatepradbe weand @ifference
between A and B includes generating the demodulated position signal

based on the subtraction of B from A.
16.  The media of claim 14, wherein the magnetic elements of the first and second

rows of the null pattern are staggered.

17.  Themedia of claim 14, wherein a plurality of the discrete magnetic elements in
the first row of the null pattern of one of the segments each have an angular position,
relative to the central axis, that is the same as one of the discrete magnetic elements in

the second row of the null pattern.

18. A method of demodulating a patterned media readback signal comprising:
providing a patterned media including a segment comprising a null pattern
formed of discrete magnetic elements separated from each other by a
non-magnetic material;
wherein the null pattern comprises:
consecutive groups of the discrete magnetic elements in a first
row of the segment, the magnetic elements of each group having
a magnetic polarity that is opposite the magnetic polarity of

adjoining groups in the first row; and

consecutive groups of the discrete magnetic elements in a
second row of the segment, the magnetic elements of each group
in the second row having a magnetic polarity that is opposite the
magnetic polarity of adjoining groups in the second row;
wherein:
the first and second rows of the null pattern are
staggered;
the consecutive groups in each of the first and second
rows of the null pattern include first and second

adjoining groups; and
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the magnetic polarity of the magnetic elements of the
first group in the first row is opposite the magnetic
polarity of the magnetic elements of the first group in the
second row; and
obtaining samples of a time variant readback signal generated in response to a
read head passing over the discrete magnetic elements, each of the
samples corresponding to one of the magnetic elements of the null
pattern; and
generating a demodulated position signal corresponding to the position of the
head relative to the row of non-magnetic material of the segment based
on the readback signal samples comprising:
adding the readback signal samples corresponding to the discrete
magnetic elements of the first groups to form a sum A;
adding the readback signal samples corresponding to the discrete
magnetic elements of the second groups to form a sum B; and
generating the demodulated position signal based on the difference

between A and B.

19.  The method of claim 18, wherein generating the demodulated position signal
based on the difference between A and B includes generating the demodulated position

signal based on the subtraction of B from A.





