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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 5 by 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 SEBNDPlATErEREl RO BIPRFeTof RRSIEDaNsBEROf very
fine, single-domain grains. Every information bit of data is stored by many
grains. This granular recording medjum i ically divided into a plurality

of generally parallel date% @g\)so% Eé?ali&a%% .@j concentrically with

one @heescddipeinaidiclirs to theadissdadilésicke guhnaotegoiodlarly, but not

jgnal-to-noise ratio using sych conventional magnetic medja, the number .
by a0 O HR RO MG SOTE R SErSh A MRS B P apasgned media,
more bits on the given disc area (i.e., to !ncrease the areal density), the

size of a single grain.i reased T s called sca 5-, 20 1tis
understood that sca it by-the-orise Fparamagnetism: if

the gheipsizenisitoeivallrdhenagdeatic @oeigy dhdcainans, nat pafficigntyto bit-
tItar ecor%p%;ed to the thermal energy s‘%that the magn tizgt%on tl%eco es di
patleried | e ottt E8n r5°18hge? %sﬂ%*}%%ﬁ%naBﬁ/. ti-pafterned — media.

Supéipatamagnetishmigiscao disead des)sittdiiisoléd] Dhbonin ofariore discs, which

perpendicular recording. .25 Trgs real depsity limit could be exceeded
orepliah e DDA e R 1 R i e 1 Bceoipged of 2
singleleheet aif aysyofinkscinpdcrdagiaaiigriam&visniafosedtion storef data.id bered 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

gegnailhyampdrsitaie slane tinfs matideh bitre3 Gutdanl kel the wanvectibnal ittagnetianother

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 5 recording media. High areal density recordings using

bit-patterned media will require the precise placement of the head relative

to tracks of the media. Unfortunately, @nventional null patterns used by

servo systems for controlling the head position relative to tracks of the
pogtareubamazagnelicondetlivema die ofi ctatap dithbel jactm bitrpateein eldmeatiaorliGlands of

spects of the present embodjments provide. solutions tg.these and other .

R A S A S U S0 R i ar URRH R i o thei
sephHEBEJN&EN THCHNoPattbsndd necandiggemeniiads disthosddicrbecpatteniballow bit-
pa&%&%@'ﬂ}%@e%""ﬁa‘%@ pa;'%eécﬁ‘ 1%51%;%95?%“ ndia E%L'll{)%ﬁtee?gﬁ%%ﬂ%a e enetic

segment. The segment comprisgs first and sec rows of discrete
recordgreticdlements separated by a non-magnetic material, and a row of

non-agnetia material pasiianed betwean e fist andssecondiows: T recise

null pattern "comprises consecutive oupg oF the disCrete magngﬁc
plaetemeentsf iththbefis relat setona ckoved dichesikgméarbrEaeteroumiethienal null

pathiiid Q3% 3R E‘rﬁs,‘ég s?%rri%trﬁ%‘él inr%pt%‘%%‘lteeac?o 52‘1‘%&‘@1%23‘%}% RSIBHRKs of the
of adjoining’groups m the first row. Each group in the second row has a
gram&gnetigipalantg dhen i&ro pposiie tidemagnatiogotariy weddjoining groups
n thgstgg&g%? i r%&%%%nalggd\{’rﬁggﬁf%%t}%’efg&%ﬁ&?s%g gl‘,leaa%d other problems,
advantages which characterize the present invention will be apparent
andipBnrrethdiragl ofttag o howri e detailed. description and 25 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 vieRlLOYIMAR N QEJTRREIMNMGNIOMNedia i
with g &%H’%@E‘&?d?ég}ﬁe'&‘i ‘%Qt&?&aég’éd.: e RARAYRLIARRIANAEY Fhprises a
tracks of a patterned Tfecording media in
segment and a null pattern 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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accordance with embodiments of the invention. FIG. 4 is a partial top plan

view of a patterned recording disc illustrating a single track in accordance

with embodiments of the invention. 5 FIG. 5 is 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. 7 is a simplified illustration of null patterns of a

patterned recording media, in 10 accardance with embodiments of the

invention. FIG. 8 is a chart depicting a time variant readback signal in

accdrtfan@eiwvithpanifdodimeits ofid¢he dfivientionof kG p&tisraetiowchialing media in

illustrating a methqd of demgdulating.a readback signal in accordance
accv(\)/lrfiaré%@lt‘)%t |rﬁre§rt1)tosgg¥lfﬁgs ié?/%lr?tllgﬁ?‘fﬁoﬁl& 10 is a chart depicting a time

varidiitreddbaglksighaiprpaccerdande witticane & xeroplany dnchibdstrentgh single
wa G Ientien:FlGd 5. iouchart llusirating one embodiment of the

step M Ain"actordance with embodiments of the invention. FIG. 12 is a

simdiified block dibgtanhgfranserioderradplatyr saraccordamcenvativoddince with
emEm lr%%inrpse&tﬁ]%fitr\l/% 1\(grelntion. FIG. 13 is a simplified top plan view of null

patterns in‘accordance with embodiments of the invention. FIG. 14

illustri¢eHan ideabtdiati ahsgipnbdtwamtizerpadivasioSigniidermespontimpatterned
to .the rr]'rlllécl(}.Qatterns ﬁhogyen ithé%b%g»l aggtsao@ tance anrgﬁeld head is
ative to the. 25 center of a track. 5

plankliew’of autimieliteed slbfsarpatterhadl fpatrting imeditcinalocomdmgemedia, in
acLERAAITSRSAA R IVANLRD.fiiGy 16 Is a partial top plan view of a

patterned recording disc illustrating a single track in accordance with

embbtiménts af tharindemtiong -4-tFE . iTiisasipiifie d igpipianagiewdefice with

emBUYiRANE! 35 HLARCRRABRCE With

FIG. 9 is a flowchart illustrating a method of demodulating a readback signal in

d AR
reCI8rOSIt ned relative tc G. T IS a simplified top

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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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 generally depict the same or similar
elements including various 10 embod#nents of the elements. FIG. 1 is an
isometric view of a disc drive 100 in accordance with embodiments of the
inveRlion. Diss drivenplifiadiudesphanousing witmalbasecit? andiectogance with
emgg\cll%&r{%t aown%.etlil)tlsc drive 100 further includes a disc pack 104, which

imountad on%lgplncfl%n’motor (not shown) by a disc clamp 106. The disc

ETTL, ] g patte eara maving a
pattekrniedompigmeti€ subadentiy, ofithehnwithberdsgoobettdbbomimnvgteatfarence to
detail Each disc 108 has.a ciated disc head slider 116 whigch is .

RS 1 e e UREL 100 T DS EA (NG o i mbodiments

desedordingsurfaekehl 4] dnethendxamplenRdshowwithF@e 1pthensliclers 116 other

emBRATHERSIRID: %%?Pf&%!%%&ﬁ%%%ﬂeﬁé%éﬂé“'Eﬂa?“"’}gh%‘én@ﬁééc@. thg same
accessing arms of an actuator 122’ The actuator shownin .Tis’o
refthentypm khoviigwers agotanlindeingt dbit astaiar sndlimctlchesnss vioidading various

()Cf%e(r\l/th shl% n gnerally at 124. The voice coil motor 124 rotates
“Mihe actuator Zew}%/h ]#s'attached heads 116 about a pivot shaft 126 to

posifit-thasslideotkeranddrs ebardspahiding 08 ad &5 @dadrior writle embodiments of
the”ﬁgz%HHSH?qgi‘fgg%x%"%é‘ %%ﬁhfc?e‘l_ %aﬂ%lé&ﬂ%: Qldp %%{Efead%f%ﬁ(ﬁllo% Wver (not

arcuate pat etween a disc inner diameter 1 and a disc oute
shatiawndderc1d2ver he Voideroicindesral dddpaikyéfdwhisbriomsysnsed 084 spindle

pasea PN RIgNAls,genesated By Ihg prangdugiog g?@?ﬁ@ﬁ'q L AMPEAG ity of
fnoqo'nﬁo?ler?rﬁﬂ@ ?@c'déve. FIG.B;?IPustrates a simplified seéitalcglﬁagl d& 1y' ©
indioduetriiseie W &nd G agcisnawitapiffie do30tesivpliroviessntiad (spiibaxes 110 in a
dirBSKEIPIaRY &%‘%%Mﬁgﬁfdﬂ@dﬁ‘é@?ﬂ%@éﬂa@&&%&ﬁp&%ﬁﬁ%"%dia having a

embodiments of the invention. One embodiment of the patterne
pattesmdinganaigigurface 114, which will be described below in greater detail

Each disc 108 has an associated disc head slider 116 which is mounted to the disc

drive 100 for communication with the patterned recording surface 114. In the example
shown in FIG. 1, the sliders 116 are supported by suspensions 118 which are in turn
attached to track accessing arms 120 of an actuator 122. The actuator shown in FIG. 1 is of
the type known as a rotary moving coil actuator and includes a voice coil motor (VCM),
shown generally at 124. The voice coil motor 124 rotates the actuator 122 with its attached
heads 116 about a pivot shaft 126 to position the slider 116 and its corresponding read
and/or write 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



10

15

20

25

30

140 comprises a substrate 142 on which a patterned recording layer or

film 144 is applied. One embodiment of the patterned recording media 140

comprises an ordered array of patterned discrete magnetic elements or

islands 146 in the recording layer 144 that are 5 separated from each

other by non-magnetic material 148. The discrete magnetic elements 146

are represented in FIG. 3 and subsequent figures by the shaded boxes

while the non- magnetic material 148 is generally represented by the

non-shaded boxes. The discrete magrtetic elements 146 can be formed

using any suitable technique. The shape of the magnetic elements can be
witthveﬂr(tﬁjdinﬁhti;rrcdgﬂiarinmta'mgu(ammembydl’kﬂenth@f thespratesirapeecordhe media
14(?"e I;g'ar oSt 'S% der|g d 7 'Erﬁl\?’ ihe d?ﬂ%é&gw’aﬁe“e% & BIENIS A8 pplied.

avmg &déSof 1 erein, t magnetic
meaﬁséwﬂm@nmmiﬂmﬁtlfemﬂmgn@mmdfﬂmgtmndmmmgpasﬁé' aneadered array
rama etlc antlferroma netic or dia nefic,.and also include

o B e T R o B P R e Rty e
se[mptatﬁdna Glnbjlethnt dvbfdaia hmgadtmrrnmrmm&feti&p@iantyt@frmhgnetic elements
1§ STE0LERLEXTmPle; 3 e Gl maanele AL BET I YINARON R the non-

polarit can represen Ioglca}lzer e ement avmg a
magedativetpodarits repesenlly aclogiecakdd Hﬁ&pamnslhadcﬂlbmmon and

direcﬂg)n <P£ Ctrhe edr%(an%l 18f e, entagﬂ%tlc eI ments tgat resents

positive or negatlve polarity, can be selecte 5 as 20 desired base
Theedonokingf tdehniggreetivatismeses caul ditiovally Fikiaddordageknyittcmgular or any

othgh’ 98‘%'}”&‘9%55 < }}’Pt e“%n%%ﬁ%%mtu%{gt%dﬁpc\(eﬁ‘? %”"%' ﬁ%fﬁ‘?e%?e magnetic

t%br?Q[ ﬁechmque

ave substan e same ma e embodiment’o
elepmm&mmjsmmdlmngediasxﬁoe@gthﬁlses one or more tracks or

oM R 1, 136k5, 100 CHURISR AJSLIANC 132 @llB oncic. The

discret magnétlc elements a second ro ete
termagostinageatiehtent 46 ﬁh@mgeel@z antfasanegesit i dengilgndse, and also

incHlirection & gﬁnﬂngg&@%é[gﬁléléwo as shown in FIG. 3. A row 158 of

non-magnetic material, such as material 148, is positioned between the
flrst Ahd decmtei mogsetis 2lamd S 446f ehehrrepgessit @lengdénbit pf6lata lbased on the

maGfitee’ g?aﬁﬂﬁg g Eﬂ\@’%ljeﬁ?eﬁtg%?;?%ﬁ%% ?ed'é%?s‘&é?%?ﬂ%ﬂ%tﬁ!e&%%%ﬁtlﬁa@lng a

red. As used rm "staggere eans that the
posjtme:@lm@gn@mi@e@esent a logical zero while a magnetic element having a negative

polarity represents a logical 1. The particular orientation and direction of the domain of the
magnetic elements that represents the positive or negative polarity, can be selected as
desired based on the recording technique that is used. Additionally, in accordance with one
embodiment, the magnetic fields generated by the magnetic elements have substantially
the same magnitude.

One embodiment of the patterned recording media 140 comprises one or more
tracks or segments 150. Each of the tracks 150 comprise a first row 152 of the discrete
magnetic elements 146 and a 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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elements of the first row 152 are not aligned with the magnetic elements
of the second row 154 in the cross-track or radial direction 160. The
cross-track or radial direction 160 is transverse to the lengthwise direction
156. It is understood by those skilled in the art that the portion of the
media 140 5 illustrated in FIG. 3 and similar illustrations discussed below
are greatly enlarged so that the track rows appear to be in straight lines.
However, the tracks and their corresponding rows can be formed as
circular tracks on a disc 108, as illustrated in FIG. 4. FIG. 4 is a partial top
plan view of the patterned recording disc 108 illustrating a single track
eleﬂrﬁﬁitsmﬁmésﬁ‘mg tbe/flrﬂ armlnseaﬁgdedtaggetﬁ&{hnag\t&tl&Elandntﬁéfcohtmcond row
crete m etlc ents embodlme toft s 10
he f%rst an sé%g(n ro Hnié% e (ﬁlscre %agn%‘t%:ae lrrr?(ceﬁ?n 160 1s
traﬂsﬁ»@meetcst}b’sls‘atgthﬂyse(mwmtm t6Ghe central axis 110. In one
emb dlmen the radial osmon C{1e first ro fthe iscret .
magfr%\e ic'e é‘?ﬁeni’? cib%% 3‘?fer hgtlnt eearl\él%ldilh posmg 9[ ertel%feomct3 dia 140
illusmtéd4n IRGNd thet emﬂmdlthsnatthesoﬂwmmlagnetmeIgmﬂbt@ﬂlaﬁgtrd so that
e rshand sscand 1wz 193,45 and. 1id oL the ack. R0 arg IRGRted Blonding
Srent anguiar posmons relative 1o the central’ aX|s as indi ‘E%B
rom@m@mf@nw]asMrﬁlaMracmsmm mmfwsmmwcﬂmvﬁ(igz and
er e areal density af bit- aftern dla such?.I
et ekt S SR B bR R PR T ustating o
smglsctetécniégnetmmtemgrﬂmlﬂﬁtdewsigsmtexd ataggetedutdwa0lhe smdlll 54 of the
aisERI ARG Do el fansily ofdJefaiifing reAMices TIANANANSIEN sceond
nor correc y position the rea erte overt e desired sma
rownd@ﬁetttdli%d%tmetsmétesmagm@yst@mmm ﬂ\é@dsetwpsmnsalym@mmc to the
cerm‘ 1%3&’56 ?I?%r%o &%EH%@%&QF Sgﬂ%ntg??ﬁenir%grggﬁ tg%n of the discrete
atlve to the center o e track 15 ort e row 158 of the non- magneti
magmtetnalltfmemé ﬂr%kﬂé(ff@‘sﬂtlthaﬁ ibatolbek phatframadf tia eﬁecmplawv 154. In
anSERQ YIRS i) SRALANGEHID SHRANTEDNS AldIINEIUOATows 152

mentione ove, the servo system 134 operates to control a position o
and, tfeneti tivinigarkatbhend, ladhitcid atadi fioreatrdaguibyr thesslider ieiaifRI@. thg central

ax1rse!lqtﬂ)vea§%9d?8a?efdt% qﬁ&ﬁd}aﬁqtgg%]hﬁﬁﬁttgr%sdar & ﬁ!”}ﬂen}ﬁgﬂaa&(f' econd rows

using servo sector ata stored in the tracks 150 of the media 140. The
153 endol Systemitagerisrranged as -7-

The areal density of bit-patterned media, such as media 140, is expected to be high,
which means that the size of the discrete magnetic elements 146, designated as T, should
be small. For example, the areal density of 1 terabit/in® requires T<13 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 non-
magnetic material for the track 150.

FIG. 5 is a block diagram of an exemplary servo system 134 in accordance with
embodiments of the 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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a control loop that includes a controller 170, a plant 172, a servo
demodulator 174, and a summing junction 176. The summing junction
176 receives a reference position signal 178 and a position estimate
output signal 180. The reference position signal 178 indicates a desired
head 5 position relative to the center of a track 150 that is being read by
the read head. The summing junction 176 calculates the difference
between the desired and estimated signals 178 and 180 to provide an
error output 182 that is representative-df a desired adjustment of the
position of the head slider 116. The error output 182 is provided to the
a coatrtrbl@plth@s whilokddsn dawenpribiuded.aa plueohiylosdput d8Addulther 174, and a
su rg}glnt lznzl.ct'we pggnt 172 produces a control signal 187 in response to the
controf outpul%i “that directs the actuator 122 (FIG. 1) to move the slider
116 Taeryingntiestramsithrihith head viesnardftihen de pweiti gpositioal inticatéa position
esthx?&%e %I%ﬂ?ls]'%?{%l-rl .plﬁqnet %'67 & Eesgs%s %h%m%pqggch(l(ﬁr %:Sssg)lgesired head
op |caB record g system whose servo sector o%?put signa 457
poserabetitsigrial thitlcsarroospe trfickpdsitidmt 15 ipdorgnetidnbil hiecreemdbacekd. The
signal is_produ inresponse. to. the sensing of servo sector data on t .
so R T R T RO SRR T B ARG s
179 htidel &)itleprovéd et willdre discus32 thielowparsdnoadineefs déshredsatustment of
theSESl {Oilglc%lle ﬁ%ggrsq%%r E)?gition data for each track includir_lg one or more
dervo null or burst patterns that are used to generate a position error
signdhin ¢hereattbackdgignatd8aehat ifdicatgsodl gokiiforwbid0itheitreptbduces a
coél%bg“&% %tal%%f:j&% ?ﬁéh@%{rrﬁﬁ.t‘?ﬁ&-pﬁ%‘i"i%‘?@&ﬁ‘& edBREk SRRl 187 in
corresponding to the servo sector can be used to obtain current
respositidn thetadoirohepaid! idertidekedirtheaactwatont i2d dik Kndl a to oationtof slider
h ' ce rrant. e i .
L S SRt R ECARE LR SRR 178
dembblelalestahdeudenthéhsosidgnetiatdado pxssadytirwpoditioecerdorg system
3Rl 4046, CHEkaRE UARPARIIRN, WOIERJSPYRAFEL I 0G-ROSHRRNe posic
¢ estimate oﬁtpu{ sigﬁgg 1%. When thae es?r%%pc%it?olen o{;hthe h%aH HHie position
infindigtited bheaheardferk negnslgnairvdecikdset tospense for thaclersngepfthrrvo sector
daf] TRRAGRBEAGEN S PAs OB ENliMAIRRi90R! HBANLINGIGIRIFIERNOd of th
e B S P of he

esired position-sign e the position error signal oncethe hea

slidsipbiitidvenibbo vescursedeited traskodHoerisar! the esireecpusitidndsf recorded
po§ﬁﬁ>H%§8 RRLRS ﬁgcqjﬁﬁ%h\@ffone or more servo null or burst patterns that are used

to generate a position error signal in the readback signal 186 that indicates a position of
the head relative to a center of the current track. Accordingly, the readback signal 186
corresponding to the servo sector can be used to obtain current position data for the head
slider including a current track and a location of the head relative to a center of the current
track.

The readback signal 186 is provided to the servo demodulator 174, which includes
circuitry that demodulates and decodes 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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-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 5 position 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 accatdance with embodiments of the

invention. Each track 150 contains data sectors 190 where the magnetic
froﬁi&hmardsteepfehembl{smsf aiaeauﬂlttatncambemat‘s aositnittdrotgt ghe desired track,

transduc d. Between th ector% 1190 of ea h.track 10.150 li
the_error ou én v?/] sist eren etwee eSI1I'e 051t10 error signal
Servo se ors hich con a|n |n ormation use e ser 0 system

repiStratoenofoh thespod ipontﬁﬁthmtﬂnanﬁmhjma@(mdﬂ@metmh bodsnental position

the servo sector cludes one or | terns 194
err R A e T oy G Tades, T/ FREE MR on BHCA 88 she current
posgotoo1D2 hmd makludeta graptendethéraekkidentification 196 that identifies

the iC Iartrack 5}? f 5the d|a 40 that.the h ad ne
over T B A AR A TIRARER RS WTHUTARCIORSt s0 of the
pategwdllrdet@lidg snzedim Mﬂem ilustrdtiore ot/mhllbprlvtmdm&m@&ﬁftlumukeemﬁ@n Each
tracf tl% 88}1 %ﬁﬁgﬁﬁ&egg rt%lr@ ed 4 14{%6'” acc rda emen Isﬂ}e(;’\rreﬂsjo 811? nt? ata that
fhe mvention. The noil pattern K formedrin the Servo sector 102 0f eac
carobtheatdattrkk\&ﬁoemobmmlsessmem@ggateﬁetywsmqaztamm 1(9f0tlwé each track

15(5“?9%3%%”%9&"8}'0 H?hlconta’?noﬂ?fo%gt%”ﬁ%efﬁ Hepullay te{gsé%%“m to

comprises a urallty of consecutive groups, generally eS|gnate
coretadhhcqqu@nemgfdmetmmd@nen@fhheidlscrete magnetic elements 146 in

the RIS C?g(f Iﬁn& o8 r%v%o}q]%?nﬁjcﬁlu%ﬁ %%8%95*88% %2918] I5atterns 194,

represente ethlck Ined boxes Athoug nly two groups 200 are

sucéh@ﬂﬂr?%d&&ﬂ)(ﬂrtﬁé Y6/ $PER2, doieasl frivdk A 6f). 25ddditerally 10% seryo sector 192
o T IR S S R 1o

thenmashed 60 Gieinfentsgbrsgrosip @M. dnasnErabadodimierf t:he saagnetor 192 can
mcﬁgl@%%é%fﬁﬁsrﬂ{&%a%%t@ each row 152 or 154 are the same. That is,

discrete magnetic elements 146 of each of the groups 200
FIG. 7 is a simplified illustration of null patterns 194 of tracks 150 of the patterned

recording media 140, in accordance with embodiments 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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30 have the same magnetic polarity. In FIG. 7, and subsequent figures,
the magnetic polarity -9- of the magnetic elements 146 is indicated by the
corresponding arrows pointing in either the upward direction or the
downward direction relative to the page. For example, an arrow pointing
in the upward direction can represent a positive polarity while an arrow
pointing in the downward direction can represent a negative polarity. It
should be 5 understood that the arrows merely represent the polarity,
which in reality could be oriented vert@ally or horizontally relative to the
patterned recording layer 144 (FIG. 2). In accordance with the
of dralmodimeeict dlerstnatetdit 1Edicatbe bijstretonmagosdingedementsoldttinin either
e SroURR 200U theyfirsyiou 197 of eachtrask 190 haye aliernating. cnote, an
mggne Ic polarities. ﬂ%us, each group 500N the tirst fow 1626f the nafl P <>
arrpattieomfifd of 1@ epeintdadkdrai®a caagoptisquolaritysihiat ipdppsietirzasn arrow
of the adjqining groups 200 in.the first row 152. Similarly, the discr
P S R RS g s S e SR OIS e ve
undrastoddbhinathe attewratiecehotepittesntTthepodadly, grbigh 20eeatitheoskicondriented
row,154 of the null pattern 194 of each track has.a magnetj rity that
e R R S R e T e
Altelmativalyjthes ¥6thndgnetibpdiatieslbisthregraugd @00, cte lesthete magnetic
same in,each rqw 152 154 1n pne embodiment, the first 200 .
el PSR TeSA mal BT B Pt T Sl T dftmaine
magppiosipe ldrginsadheticqaolagtyupl 208 finsthgrong POOA Sih th¢hsewdhgatsovn 194 of
5 t ull patter 4.1n one. odi t netic polarit :
eo e TRl R PSR BRI Y in he
firthagwetiz2pSlaritlady tHbdfidisgroepREOAin thersetondé rowthLofupre 200 in the

S red f N ‘
P00 Gk 58 DO ST I AT B 0 o
seqow 16% ofttack the hadlapatsitivé Yolelribpchviiebkishise ssamgnati chenlefithiethat is

[ r in, i 0 w-~E54.0f frack N- iti Iy, '
ol SR SRS SN Rk IS,
magheiphpelagtiesio iz eriet0200rankeshsradimentachisowatierandol44- true

for g|.0 i

o e LR Ot bR oL SRS e 4 e
194 %asnp lwaghetivepsiiaiary1thet (S| appbpitethe |agestih @okctydiddhe édia 200p 200A

in ALELAGHESI 54 of the null pattern 194.

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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the readback signal 186 in response to the sensing of the magnetic fields

of the discrete 30 magnetic elements 146 that are in close proximity to

the head (e.g., directly below the -10- head). In FIG. 7, s represents the

position of the head 204 (e.g., center of the head) relative to the desired

location (e.qg., the center) within the track identified by the reference

position signal 178 (FIG. 5), which here is the center of the track N.

Coarse head position adjustments can initially be made to place the head

204 5 within the desired track N using @he gray-coded track identifications

196 (FIG. 6). Following such a coarse head position adjustment, the
heabsénvable range eptbehsatic pasitiom is thenerallR (mited.toctadr of the head)

rovided in . Equation 1. a E [- 0.5WW,~k, O. ~k1Eq.,1 Forthe give

rel B e R o A s T, A eremce

podiliety diymaBITE) (F1(K)5h, ali)hylzefi)i Etpe 2 eminaref\th ¢y akd\y 2 (k) represent

the readback signal respectivel nerated.by the first row 152 and.th

coccn M Ea SPOLREIRA PATR GO SN oo (€ R ead 204
withie tthe phrtions ohtke Widtingf the lreaddWitibadicthat avefilepithe firgé rgilG. 6).

52.and the 15 second row 154 of track N, respectively. As mentione

Fo S R R 2 R bR B SRR TR B e heas
poth®staggececridlamas tstiuctineg , phyivkdpdind y2ékigrésult in a time variant

readback signal 186 dueyto thejr relat'%&hip. FIG. 8 is a chart depicting

the time variant readb& _Qiéwa%i%q istgenerated by the head 204 as £9- !

it pag3eehe\EldRe:- U SORFIET ARALMQYARR i{gﬁQIQﬁ*H{E%&Tgﬁﬁe‘E&'}@B% Track
k=8 while the head 204 is centered within the track N. Thus, the readback

N isignal 186 is non-zero even when the head is centered in the track (i.e.,
s=0). Th_is IS ;ignificantly diz‘%@t from FMO E{atterns u_sed in _
connection with the cyfiven Yeffaht fiefic recording media. As  Eq. 2
a result, the null patterns in abcordance with the present invention
whdftlizin ‘fta&ge}rze(qiﬁﬁg&@ﬂﬂﬁ@%@&@lﬁmmé&%ﬂe@wﬁrgeeﬁegdt&r%@tthe first
demodulation technique than that used with conventional (i.e.,
rowdf2pattbtinesicrecoraingvhetihe OcsredrtomdiNentcofitiva favendan () and ,(¢)
ared‘gﬂgclg%gtitgng g}e‘&lheogvic()ittl?% &%uLaegHg(&lh}iad) that overlap the first row 152 and the
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 {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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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 -11- method, a patterned media, such

as media 140 (FIG. 7), is provided at step 210 that includes a track (150)

comprising a null pattern (194) formed of discrete magnetic elements

(146) that are separated from each other by a non-magnetic material

(148). At step 212, samples of a time variant readback signal (186) are

obtained in 5 response to a read head1(204) passing over the discrete

magnetic elements of the null pattern. FIG. 10 illustrates the readback
meshgdalal étefibé reedld)ead?@4 meddmgiﬂr@r(FI(‘Lblmﬂ);risl poo@dﬂamat&wpezﬂo that
lnC!lt %}d %pltacq(d the Celqg?r of the aCkF[GI‘n IfStanC(? % 1SC ma netic

547 23 of e T8adhAck & sigha gen re erred’to @ éig £

eleummm(l]t‘eﬁ}athaagmtmbera‘rw $igm @ﬁd:he)ﬁmdbemhmgmagﬂ&& anaeachl (148).

colu f the track N re ondln to the ete g e leme nts

26 B S S TS Qe T ek ol ] et in
resPOBA- kb respedtively 20D sponthgodher rﬁRgdfstmewem@nmlcldE:méﬂte ofuthe null

atte 9 nd eclu nsk throu r kN. Fi aII
P e S0 T T el TR O R 2By tom
cohhemead ¢elanve&ovﬂlrml U’axskdmgecm}étenh ttlaes e eintar tkfeheatﬂohdﬂ bigtial distance
Ig\%n15 % “? aemembo %n%e%fd 2s11£‘fi he deerr% %e ed.to as 213
posmon signal Is generatgdp%ase ona summ oni &t the eyaéﬁ signfflllg ’

commmes 12iSnindnadmigodifitbatreddhacknsthod, lﬁ“(eqbattelnrreﬂlumnmﬂthg track N
corre on&i {n(dyd %Ceertrébog o nt%l(e)f It nHI? %renn:lllﬂ4 dFE'SC”Pﬁj %t():(c)grdmgly,
resp ctto F and i ﬁnleu lura |ty of consecutive groups
thezmadﬂaohes@laim:mqﬂtbewﬁe@rﬁtemmgnwb’ aglemspte1@ 00l 46 imtwnetic elements
red,first an d. rows and 154 fth r The
14§|2§r%egte lﬁrrll gtg(aéli?c(:jl eéfse?n?&% C?E%én 8 %éagr?hr?)o mgtﬁ ]F?gt row 152
havemeHagmetﬁctepoldﬁtyatldamedoqbpoé|1lep§m¢>mf81geaéc(1b8ﬂbngogrmms®ﬁg to the
podtilied fggg X%h&?éat'rv‘é Wige( fé 'sg\ge%%‘?a@c?% téico '?ﬂn%‘ o QLA Dimples

group e secon row ave a magnetic po ant that IS
213)|ol|eo®te ¢hdodi it tadlciteing lgtoﬂqasdzowdulﬂtedsmnqw@vgrm@ 26nerated based

on agg}ﬂ@gﬁ'@{l 5@&8 g@ocal& é%aﬁ%g 2@%9 ?Hhe null pattern include

alternating first an second groups 200A and 200B that adjoin each other
in edohootthebodisnes ehthel Bthndoribe paitisthntentcandingagmdtic 140 includes

emB8lﬁH{é(n?J Hf‘?}ﬂ:r %tuﬂrg%.)e%? 96‘4i '&é?&f&r&f FB¥d3¢ith respect to FIG. 7 and includes

the plurality of consecutive groups 200 of one or more of the discrete magnetic elements

146 in the staggered first and second rows 152 and 154 of the track 150. The discrete
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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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 30 accordance with these embodiments of

the null pattern 194. -12- At step 216, the readback signal samples 213

corresponding to the discrete magnetic elements 146 of the first groups

200A are added to form a sum A. Additionally, the readback signal

samples 213 corresponding to the discrete magnetic elements 146 of the

second groups 200B are added, at std@-218, to form a sum B. 5 As

mentioned above, the null pattern 194 may contain many more (or less)

discretestapagnétidlelemadtisck46ignah steppdtadAm3Fksrréspuadign&dlythiheliscrete

null pattern 194 can .comprise more jhan the t roups 200 per (o ..
e R LR T RS ARG, AR AR R R o begomatry
thegrandba R0§i Anirl aaroplek521 drcbbig spidvarhagetovitie thscecomdggeaupdcRBGOB 146 of

in the same ro at is, for.a given 52 or 154 of the null pattern
e e o oA R AT S RATER S So08 wnch i

follovwe thbytfiedtalpoiep tHIRODA] palticm iE9f hoyedityia seogndogedop 1280 Mjscrete

etc.. dependi number. of gr 0Q in, the row. Accordingly, th

magife BRSO RG] KRS O ASIAN. QSR e 04 can

compukeahitite timcthtewragetis 208mentsvt d6pivtedch dktbrecfinstagyoulspattern 194
of the null.pattern and the B is the sum of the, readback signal

of B0 o MR IR SHIAS IR Y 81 11 SRANACHIANRL second

grol8 2@ ch betirmrsacondligadipdo0@B of the 10 paitd4robfle givépattaok 194, a

50, Fo ex lary.null patter 4 i 7.1he re ck signal

fird ol YARTORBC LB LD 0% ' EHMRETIN first group

20@termiintl b4BlinwofUmsste @ BgamebL 00 Bhetqadepatteng 09 4heamahdrer of groups
tq for ins 216. T d S| I

20§53 TR AL NG NCTRCAT e IERCREAC MR SRR SSmples 213

corsesimding dapRc00B theedisideld, mpgtep2¢Bntonfsrid ¢thie sunh Bf the first groups

2065 ‘{’111@911.36’1{ aita?neéﬁmg%d&% P@EB%%%&Q%ﬂfé@’eaﬁbg&% rs‘?r%%as‘éﬁﬂoles 213
signal samples 213 corresponding to the discrete magnetic elements 146
correspsinding to-dach thictha tset©mign etac kI Nnsrdsaitfeth erebraf the seepndagroups

20@@%@&5@@ I;é%}&@gﬁﬁgﬁrﬁﬁyg%gp the discrete magnetic elements

146 in 25 columns 5-8 ttern 194 are added to form the sum

B. Firetlitheatrstapl2nonthepdéenod dtated Kosttidhesigrstiaickgegibseaiples 213A-D
reng&?\%RincH}?espond 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



10

15

20

25

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 30 accounting for noise in the readback

signal 186, the head 204 is positioned in the center of -13- the track N and

a read operation can commence within the data sectors 190 of track N.

When the sum of A and B is not zero, the magnitude of the difference

corresponds to the distance s the hedd-204 is from the center. The sign

of the difference resulting from the subtraction of the sum B from the sum
theAttndki dstesdnvh ethé roffee dtieadc 204 isnpasitiovethin dlioseato {bedisst pOwof track N.

152 [ the second 154. For instance |th regard osn ion of
W O A I o aen e e SR ngs to the
disNntiees rdsultemt 3ighifrdronhésubttactibieofigheosuhe Bifforntiversuutidgwithm the

e a.positiv value, which track 1n | tes tha the 04.i .
SUbglrag‘acea fr%lm e ceré%er of frac tOWar ?ﬁe Fow i% %f r%%(lﬁ\i?osmoned
cloi'dﬁa(dﬂecﬁm mdidatoor [Iine\smmmyObhdS«ﬂglfﬁrf HMahﬁere\suhaagard to the position
ac | from. A fom track to ack ase null
teF:r%l %b 2 Vs a S|mp {d fﬁsc%igtdltggrfmng et%sletg1 BE Of track N, the
resdhm@d@atﬁoﬂn?ﬂae:smm@w‘edntof itingo kermeB tfeonb A rsumtA ofthdaeretlsdioé value,
whléfflmt(())(r:j atligq\]t A at% rThedh a%? kd'S s% ace I‘((:)Hlb d abo & athrack N
enerate fhe estimated’ posmon S|gna 0 as a linear unctlon
tovusd byethesservio S teEnrdd4No @hwd@mhelmsmhmngmpthmﬁﬁhum sTgte of the
dulator 174 es the readbac, naI 6{ he pjant

re P TR AR AR A6 B SR A% pacem
194liscussed above W|th regard to Equatlon 2. The parameter {c(k)} in FIG.

12, r%?ﬁe% A48 fﬁ‘?ﬁ%{'% 1 s %rr}?%fs%ﬂé‘%‘éraé‘%e%%‘de?atgp 1°}2P§onrhgured to

based on the trade-off between pe ormance and computational
impbmpmmbndmtembdmhnmthqct(kﬂdsmh@sbmg &mtthmdllmcdla readback

Y [ t Q est .

Slgﬁér S BUOCSAR RIE o SR TR o function
of Wh‘ém tirerdys tbnlyemmtalmmd ¥ér o(lguithe &@nmlatanmmgl oﬁrﬂplebthyl c¥04. The

g’ ?atﬂ é’ %%'F‘%'C (E)l{: %‘egﬁb%ec%”‘éfg%aqyl%%ﬁ?ri% WThalP 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
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).

o(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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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. - 11, k e 8m+{1,2,3,4} C(k)

Eq. 4 1, ke 8m+{5,6,7,8} -14- The readback signal 186 that is generated

by the head 204 as it passes over the null pattern 194 of the track N and

the demodulation reference signal c(k) are supplied to a signal multiplier

230 of the demodulator 174. The signéd-multiplier 220 outputs a modified
readback signal 232 corresponding to the multiplication of the signal 186

with Tlik)rehieabknsaatifile trethdb ackesignaid232t e thed pdvidedpsdbeover the null

ion block su amples o the mod|f|
pa T e e A o R O T R E TR At pticd 10 o
sigh®dmibipiie A3l pﬁﬂmrded&pmtetdnrl’lﬁlGElﬁ dfoptanbvpsel @@ dwputs a modified
ovided in ation 4 angd rvo d d lator 174 sam e time
n[éafall(’lts%qatlhl-:ze%lriea d%es % Orrrl}les c%mn E‘ Zhe mgngﬂel%%h w1ttlh c(k). The
moﬁm&e{ﬂr@aﬁb@,&&,@&ﬁ MtsshmedeemmmamaﬁdmhmeBmwhich sums

rtlon fthe Sl aI corr onding to t e C | 8
s R e IR I R i B, 00 of
thesadimmem:%%hch correspond to one of the dlscrete magnetlc elements

146 nul pattern 194. A dit I 213 that corre elo :
ot oo R AR Al Q0 o 8 S LR ion
4 al’ﬁlarmmmvtedipmodudathem Sdinsamagilem With tuh&omﬁamanqd lebe2 1 dbecko signal

cofiS SOUESPOAIgValtS o1 for o i symmaton logk 22 peis e e

p es corresp t groups’ e elements 1

poffﬁéﬁh TdSletﬁél PaaAkARH ﬁ@ﬁ&l t&ﬁ*r%@;ﬁﬂﬁlﬁﬁgztlﬁtﬁ@ BESRERAING (D géh@r&@cﬂa@deadback
groups 200B to form the sum B. In one. embodiment, the estimated

Slgadsmaw%%anghié@%@ﬁ.%ﬁ&ﬁf&eﬁm {SAMP LS I SABR (iFespond to one of

theEs R dRStic Aenfeindl 1364 ilsthatedttrr| (946 AbgisenDysaR0Smples 213
192 can include multiple null patterns, such as nul atte%rg 194A and
thay garsespPRE 8 srics WSO LANBBiFrBn KT Sk inUeriidi, of the null pattern 194

are inverted prior to their summation with the other samples 213 due to the corresponding
value of -1 for c(k).

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
signal 180 (PS) is then generated in accordance with Equation 5.

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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the tracks 150 of the media 140 include at least two null patterns, one

formed in 25 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 -15- uncertainty of the reader head width and

variation of magnetic response, for exéfnaple, that may result in an

estimated position signal 180 that is not perfectly linear with respect to 8.
unéorteigiy b6 dimsntiof ﬁeadwwﬂdﬂaﬂedmﬁﬂ@ticmmﬁuimdm eaphryacfoi&hmple, that

e of consecuive groups, aanerglly feferiod 10,09 242, 0FONE O et 0 5.

ore of iscrete magne elements 1 row
mclu@mgemﬁnshgmm p»thr]:EAlaldi jpamng ) lastngringp, 20081 ¢h tineckirss 0w plurality
2 of the first null patte al?‘ rdan Ewthfone embodlme?t th 1screte

of r(ﬁ%nsﬁ% &S I%\HP)P 5f 8ach 5%5 9nesf|r 1 fow 155 of the Secon
magaﬁtmm]@d&msolmﬁomtmﬂﬁrmagmdﬁ@ pxmhxatmgfaeﬁi]ﬂl groggPddpsady d)lnﬁ'ng the last
first 152 of the seco ull-pattern 24 dd| ally, the pattern
e R e DT B e I P o ome
embdéimetite theanmghﬂbw pSdrafytioé ¢rabket&ithiRdRidnta first gmuﬁ?Zdﬂthe second
nuqéﬁq ”'”gzﬂbel rsol!fjeD (9 Qn% IHehe S"iiarl{‘| (hp X‘(r/iﬁ%%%l? f trr]((;"u]c Irssi[tnn an row 152
" accordance WI one 0 men?’t agnetic potarity ot eac
of @mw@@nmlkipetﬁendd@ row 154 of the second null pattern 240 is
opposite the etlc olarity, of the ad| 0|n|n roups. 242 e :
oo S B 0 PR TR RIS 81 e aicree
mamwglned:icrpcnlnmtléé cmﬁtﬂe groapd PeR dan bé the Erackellﬁ()eamﬂu:bn\g 16 first group
24?&d %f’mAS ﬂ's?a %ﬁ?u}ql%yﬁwnhhrege%@ng)&% Ml (ﬁ%&lgrp rg’t attern 194. In
Aumber of roups aving aternatlng magnefic polarltles |nt ep
acclEQaamJl Bl ofi¢renboldipztner th240agantivaciasydesicech Thenefie, 1thé1@ second

the h
S BN e RO H S LPOE s
grctuaekMZS@rhd\m sheosdmevmafrhatictbolacitgndsnimdiipatstnby4he Alrmm@mly, the

rnaﬂ%‘?élg g%ﬁ%&%&%” RS ED ARIhe L EMRQGIMANt. 408 R9nstGRqla4Ity of
As discussed above with regard to the null pattern 194, the number of groups 242

having alternating magnetic 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 in FIG.
13.

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
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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242A in the first row 152 of the second null pattern 240 of a given track

150 is opposite 25 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 30 pattern 194 of the track 150. -16- The readback signals or

position error signal (PES) 186 corresp®nding to the null pattern 194

(PS1) and the null pattern 240 (PS2) can be processed as discussed

abovéhwittadtegarsi godleod positieiatoni 4 nel g@ESatE @ ositpondigpab the null

86 FIG. 14 illustratesihe i relationship between the .

P TS i e R A S S R S s o wie
reg2d4d (PSR9 alechedilhene Hié¢ roagypostpaopessiog algomithi®e fvhichcbarF1G. 14
. nerate such a fully linear position signal (with respect ) from the null
I A R S A ST B RO o e
nulpgtteenss 1194 481240 d240e(BSR)arske ctoih d@2uesingnthpcstaggeessing algorithms

whPRASIE clements 146,01 the media 140, Qne,pdvapiade o, 10 tabitis 1
not necessary to have different patterns of tive discrete gnetic elements

patiet6sfopdhmndat) sectors 190 and the servo sectors 192. Thus, the discrete

maghetic elements 146 of the servo sector 192 can be praduced,tngether

i T s e e TR B i PRI BB T oo
seqoeodL22iasipzahe ssipgeisdeagadtfore ettt kbt tis; whddh 1 4@sdisindaantage is
P TpHuEtion. oSt sayings A Furtier, In sonyepional (re  nopspetiEhedl 146 for

magnetic recording media, such as granular media, the data'and servo
thesdttosscans pHd-aeditiedsdomng @rosilifiohhBe dadediwe disgnete rlagreticl46 of

elements 14? the null patter 19jjgand/ %40 1ave the same structure
e R e e VAR A U B S 6 or
thendatalrec oishiddladn ettmpridwsied o doessitizga datadsddiorsht 0ilhpdttbms, which

resﬁrtgvi% ge% 'S %82 are QQJ}JHS'[QUG- For 20 instance, some of the data
e emenl% 0 tﬁe &a a sectors 190 can be allocated for use in the null
pattéimshef the senverseotdr$i£92ndhpatesulidnningnetiseréndhengemedia, such as

grasglr[%) }glgg%%]m&f?%[%%?]c{\?sé\érlesvé@g,eg‘%%%tie?rg FRIMAHIN BEHREPANER QS Because the
discrete magnetic elements 146 of the null patterns 194 and/or 240 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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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 25 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. -17- FIG. 15-iga simplified top plan view of null

patterns 250 of the patterned recording media 140, in accordance with

anotRKGs. elﬁbmalimﬂpﬁﬁédheljmlmmtrmw bf thil panfeadi 2y the patlérned recording
oINS AR ST TR G ks SRR ARG 04 eibe dsmete madeihodiment.

clemenits’ 148 that are non S aggere 5r'a gned s'Uised hierein erm

noh-paa@gerédt) @laal"ahglpedé meen$ihanthéSdisdidie diagetetinateatentements
1 4é)f first row 52 are gneld WIH1 %8 ma(g eetrlglele@ents of‘thensset%o eclre & or

row S%mI%Re Cross rac K direction Itlr"ansverse to the &8
“aligngdﬁmerﬂlthatldw I5SréGndghsia q:ianmaitso@f plwﬁrﬂaemmwf e peettelngadd with
the! DAY rﬁi g disc 1({8 tgaglen a rowdtl)gﬁi i ch tfgg 1tlteec whlch is

sin rac ?LIEB WhIC cou be Used as a nufi 16 pa{?ern 1IS%I ofthe
trassrmajmdlm@lgﬂrywmdlﬁk@oﬁ lirbone embodiment of the dISC 108, the

first row nd 154 of the track 150 are substantigally

condatians e e e A S B PBIRE s usrating an
emteiémaﬁanﬁ@@@miiabmmlm o a)magmb@d{rﬂéﬁt welach obthe lelisevedens a null

patgnﬁgpe“c}eﬁég Js%%'@ (ih% fi@ S w]f15% %L%%QQP f he disc

angu ar positon re ative to the central axist at matc est € anguia
lo&dbmfﬁmt)ﬁmheeobmlderm@ciétbmg hétid dlemmarkd A 6rinsiistestaliy congoftric to

hetE A RAYSTY %ﬁphé\f%g%géﬁ‘? Bﬁla"i‘%%\,‘f& ?é}é%? f%@ J&?t%i’ %2% 110. In

flrst and second rows 154 are ned. One em iment of the
0n¢1@mpadmnm&tbrnfédmrﬂmﬁ@mh@m@emtmmnsé@aﬁpiuraN‘tyléﬂ of the

nuﬁ‘i?)'élg%ﬁ%gﬁ HOURIn g&@ Egb&%%s 'élﬁ(%qé"?a@% Q4198 flé‘i‘ﬁ{sﬁ L e angular

Iscrete magneti nts 14 in the aligned first an second rows

posiBonapicons 41 Heecti sprstmEn étieepheasmnidd OyntHee tioknidneeaviodxbs null pattern
25@'%%%&%% Q- HAHRR R RS ESHOWD I 8RCH, OTHRE JRWSLBAAR s 152 and

154 atterns 250 can comprise many more
154 are aligned.

One embodiment of the null pattern 250 formed in each of the tracks 150
comprises a plurality of consecutive groups, generally designated as 252, of one or more
of the discrete magnetic elements 146 in the aligned first and second rows 152 and 154.
Each group 252 is represented by the thick lined boxes. Although only two groups 252 are
shown in each of the rows 152 and 154, the null patterns 250 can comprise many more
groups if desired. Embodiments of the groups 252 include the same number of elements
146 per group 252 and a variable 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



10

15

20

25

30

groups if desired. Embodiments of the groups 252 include the same
number of elements 146 per group 252 and a variable number of
elements per group 252. 25 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 alternatind830 magnetic polarities. Thus, each
group 252 in the first row 152 of the null pattern 250 of -18- each track 150

eadWaakﬂé@rimk:apnl@mtimabismp plogite tpabeitttbtandidihing grougs 5200252 in
fII’St ro the discrete magnetic e 6 in the

the ot R ot Vo e S s SRR R T o gl 252 in the

seqonthrmesl SFlmlS¢:mhdnaglmlﬁi)25126mhemaierg)pdlmmﬂ.ﬂlm’smethgmmtéﬁﬁ in the
of each track has a, magneti laxit is 05|te that of t

seco 8 TOwW ?94 f’ @%fﬂ(ﬁ ‘9 E atr %agg { l? REJ) ne 1{: R](r)‘heafmtg/t that is

adjoining groups h the sec secon row i one embodi
opaitptRB2A ihethdy dinsnpogvdlp? D 2acthestcpatdeow 250 in a glven track

150 has a tlc larit tlso etlc yof th
ot Dr s S G R SRS A RPN SR Wi paceern
25@ommgnemtﬁaxfkﬁé&hadbank@gmpihBﬁlgemetaSempysnmtmaddmadczmzflarlty of

theaf%rstt ﬁ dg}%? 5%@%%%”{# ar;ern g ?9 310 OSSP dlnl%sﬁ)ltt qﬁg I(r:%tmganglents of the

seco WS degrees out-o0 phase as provide
reafopcktingral Y36(lgenery@(kp thebretthditadal 08 adbia phssigpnan af thvenptisttern 250
I gls | n s50,t d ignal i
co B e S S e S s, s
prcg'ed@ate‘ianafe@nimated position signal 180 that is a linear function of c.
One advantage to the nuk6 ttern 2@? is that the variance in the Ea. 6
estimated position signal ratéd Il response to the null pattern 250 isd

less 1ihandhat@rashiceddraresnansaderthm rut pastarsy A4 shawiatibh@. When
7, when the null patterns 194 and 250 have the same burst length L. As a
ebsu‘I]FetFF@%ﬂﬁﬁl%‘g&é?rQQSO of FIG. 15 will outperform the null pattern

194 ph& Konsinghe Lo alainsMAR v iRtiandrh themene el RPsitigtherate an
estisrllgalzc]eacli ]b%gi'tion 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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This performance advantage of the non-staggered null 250 pattern of FIG.

15is 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. 25 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 30 group
fir25a¥ ird 2hey second fr ovn ib4gat tivenadpoinliRg4rdck dottplat ihsfparaiagp 252A in

from said :19- first r 52 by a row of non-magnetic material 254, For
eGSR, [Re ey oo TR T ROk T ik N e BCh e firt
grquplanBA whibh ssdbedsawmd 84 dfiataok tNel fist dirioupl RS 2 ifirsheoset 6P dn track N
. row 1 f track N-1. Additionally,the first row 152 jin track N is separat
i AR B R R L R A R B s
ondremigmbreenhdtimeritethibopdttene foldd wietondll pfttbmnafl thattewks 60 of the

a&gren %@C@dilfﬂﬁf the patterned media 140. As with the null pattern 194, a

P qua rature servo burst null pattern 260 (PS2) can be used in combination

addessteithglsenud battstm i attprai2B0r¢RSN o dsiustibfedtenntB60 (PS2) can be
usITPUfisg o plandew oA Paian oL e MEdRRIOGHTRIR IR i TE in e

null pattern can be used to compensate for non-ideal factors, suc
singdilindenpiplynofitdve of adeorthendiidtmadd paoiated of hl&grétidhe null pattern
26§EEROBES,0T BBl IRl MRSl AL Semeied ARRIUaARSION A cader

that Is not perfectly Ihear with respect to e when the null pattern 250 is
heags v dtlo e dOvmrienono dimengodttherenpbpsttelor 26@wptaptises pfay eashlt in an

.a plyrall onsecutiv u enerall rred.t
e I B B R e e
pati&a dfluslimgdalivstgroup 262A adjoining the last group 252B in the first

row e fi tter, Wij iment, ..
the G S B el S8t R LTty
of aliysatteve 260uissompositdlihectragdetic polafdy of adjoiningngreups thethdiscrete

mafé'%%tnrg \é\‘[e]fééltgqﬁ%f fH?h%eI%%Pgowlll%tﬁ%md%?g 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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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 25 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 ndlDpattern 250, the number of groups

262 having alternating magnetic polarities in the rows 152 and 154 of the

null patieecre@b60darenyahe a'ssﬂgman Tixefoties thereld@rabé Méref thgiven track

e s per rqw shown in FI O In one odiment, the

1 e B A i e BRI T e o

samhlmergnéam:cpokatnyamhﬂdmnbedm;emhetbafmwgnmléIﬁ)léﬂtyl of the first group

|th an e he magne olarity of the first

2R e b T b P Bl TR R AL pOor he tas
granag ﬁéBorpdiam'tgstafothmfaht: Grefroulh 2BRBnimssadirst oW GF e first null

pattern, as shown |n rda ce,with another am od| ntth

e ol O eI AR i o
2621ati:ertht2ﬁ!§t@kbrwvolfftheﬁmckmusﬁtlsmmwémmofnhg nenk:Spkﬂam;ppposne the

the last gro in the se rQ 154 of the fir at 25
D B e A RS S TS S ol e 250
of dteayamotetisticd Hhd advantages of various embodiments of the |nvent|on

have.b rt| regaing.descri tai

the S e H By SRR RS Htages or
vaniisslesubedsritiustrafives onlygrdied dhandesmsey hertinadelia detibing descrlptlon

c i afters o str nd arr

o e WA i dienes of he
invisrdma,géneraisoleaningiofithestatme innlwhiehdhehapgssndey clai msaéﬂe in detail,
esp eI fﬁﬁ%a%?eré’\é'#ﬁh'c?u‘?é-ﬁw 'z:n'?ah%er]n&?t{ﬁr%ﬁsr%&%%”&é*}%%%lples of the

comp isin
present 1nvent10n to the full extent indicated by the broad general meaning of the terms in

which the appended claims are expressed.



a first segment comprising 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; 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 polarity that is
opposite the magnetic polarity of adjoining groups in the first row; and
consecutive groups of the discrete ma&yjnetic elements in the second row
of the first segment, each group in the second row having a magnetic

Wipalarity that iIsEppLsite the magnetic polarity of adjoining groups in the

seccipq row..2. The.media, of claim.l, further comprising: a second
1. atterned recor 1nﬁ edia comé)ns&h% . .
segment comprising first and second rows of the discrete magnetic

elemefitstsspanate d froprisaghfothemdysaconod-magnefidiscaterialpgmdia elements
row of nonmagnelie maierial posiioncd belyvecn the frstand seeondic material
rows of the S8con sggment; afirstnu patltaefnlformeaV in the Secona

segment cqptising: wowses uhiy ¢igtondsafaindrdissyetel magnetic

eler%eﬁts in We first rew of?thethseeﬁ(r)srt\d s%gemggémeach roup in the first

t 1 Sk ;
row of the secbh Iéneg%rgﬁ 1ﬁavmg a rsr1e§gné]t|c poParﬁs’tlf/1 at is opposite the

magnetic polastywivagdiomag groudsdrethefistetoveshibetsecdrdfirst row of the

segment; and congecutive groups,of the disgre agnetic elements in.the ,_ .
econd row of thoLeSE e B i TS B otarey
second segment thavisgpporigrtbticneglatiy pbirity ofpdsitaithegreagaetiche first
polarity of adjoinir}%\gr%ﬁs in the second row of the second segment;

-22- wherein the maghetic polarity of a first group in the first row of the first

null patterncohsheuseeqrrdgsgrhédnt b stretsanagretichd amagtseticthe 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.

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 second

segment;



polarity of a first group in the second row of the first null pattern of the first
segment; and 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. 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 rows2¥-the first null pattern are
staggered; and the consecutive groups in the first and second rows each
include a fisshgrouphenhegeiithgpotaagnefia gotargyoop the thestigsouprobfhtbe first
first row is opposite the magnetic, polarity of the first gr of the second .
row. 5. The mediang}}cpﬁ%ﬁ Rirther s’cegr%%p(?issle mgrf;te%o?lﬁc? na) Sa?tser%e magnetic
adjoining the first palifirpatodra fitlie ggevpnal thelkpattermeoniphisifigst null pattern of
consecutive grouqﬁeoﬁ}s esgi%lcergtt_e 1rpd'atgnetic elements in the first row
including a first group adjoming a fast group in the first row of the first null
pattermwa onagmeiigpdiaritaefiehet gronp hothéefirStstonvobithesBeanull pattern
null pattern,is PROSic the magnetie Relarity of adioining. RSN ern of the
first row of the 'Second nu pattern; and Gonsecutive groups o the
discrete mdgnetigmiements 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 -23-
3. pattdrhcisredposifecihenmbgwbticpokaktyict adidinteggroups infttleesBoonstgment
extend 8&5%&%%88{}911%9 hRAHR Sy lﬁgo@lﬁghae&’fa?'é'mf?er@’&%fae {Lﬁfi&g[ﬁt from a
groups of the second null pattern have the same magnetic polarity. 7. The
cerrediaiotlodaitheGseadrateiwthe magnetic polarity of the first group in the
first

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



row of the second null pattern is opposite the magnetic polarity of the last
group in the 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 efxhe first segment in which the first
and second rows extend; and the consecutive groups of the first and
second rowseachisnghpdetkrgicanc dasticgpolypsy whedgaining gragpefic the second
polarity of the flrett%oup of thﬁlﬁrst row is opposite the magnetic polarity
of the first group of the secon 8. The media of claim 9, wherein the
media further comprises a second null pattern adjoining the first null
patt the secand null pattern. ¢ con tive ft
6 dlscﬁe 8 madgneﬁ Cij em%entsth met]ﬁeﬁ?lrs \gr é)? e %ur%iﬂo anem have the
saracljoagnetthpdasitgroup in the first row of the first nuII 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
7. secobie: nodidpati€iaiand, -Whemmshcmh@gﬁoqmamﬁyhefdlﬁcfm gnagmetiche first

row? Ig t enggclgnt guﬁ?ﬁ%‘t’t‘gﬂ{?w olp;]pccl)ﬁgquearggstl oladtOln et rl‘a? laSt cﬂi‘@he first
In the second row rst pattern, etIC olari ty

rowggupdritkiens8gotidow of the second null pattern is opposite the
magnetic polarity of the adjoining group in the second row of the second
null pattern. 11. The media of claim 10, wherein the first groups of the
8. secofiet rmHCbattevmlhanéththemeﬂtmgrmh@ttmlmi@ritymﬂ' He niegliafup in the

sed I?H?olx;oi“{ﬂ@rﬁ%'é‘oﬂlfnﬁlf‘gﬁ%i% oy ﬁ‘é‘%@e magnetl Cé Q%Irﬁé 0@{%@% éﬁg’tt%"{a%t group

e second nu pattern ISthe same ast
in @m@qgrmdhgw 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. The media 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



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 se2énd concentric rows of the discrete
magnetic elements forming data sectors and a null pattern, the null
pattermsamprisgrgueoos deudisergronpgaftit el cisarstinrtiegreticdetemantsiding a
i the first row,of the, seqment; the magnetic elements.of, SACH,ITOURIN i i
the first row ﬁa\%rng m gneﬂ%: polaer]ﬁy aths opposité the magnetic
polarity of paljeiming gagupsdmpoleifysifroachanrdugonsdeuta@gioopsaittieesecond
discrete magnetic elements in.the, second row of the segment, the .
magnetc SIS SO R RRas RElady SEAE RN iRe group in the
magnetic psieaoity toat o dppesiiedhelipagieatic polarity of adjoining
groups in the second row. 15. The media of claim 14, wherein the
magnetic polarity of a first group in the first row is opposite the magnetic
11 polaflite anfest griod piin t0e wkeendthewirditerdhpsmetia sicolalmudUpattern have the
sa rx‘ﬂ‘éh%raeifl‘&?ce r&%glpetic elements of the first and second rows of the null
pattern are gtagggr'ed. 17. The media of claim 14, wherein a plurality of
the discrete magnetic elements in the first row of the null pattern of one of
12Ihe sqgments sachiave a”h%?(%‘ﬂ'ﬁ{e"l%ﬁ' 1 !ﬁ%l'%’l‘? S 1he ﬁﬁsrt“ 9&%5‘53.’ the first
that is the same as one of the discrete gnetic elerments in the Secon
rowoyf ticthecond paiteaticti8isAimetnadasfttie meguttiting @yt thed aseglioup in the
ﬁr&er%qufﬁlgigpﬁln%%gag{{g;%g: providing a patterned media including a

segment comprising a null pattern formed
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



of discrete magnetic elements separated from each other by a
non-magnetic material; 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
segment based on the readback signal samples. 19. The method of claim
18, wherein: the null pattern compris@s-consecutive groups of the
discrete magnetic elements in a first row of the segment, the magnetic
elements of each buoing havingnetinpgheiiy thalaitppoaitistbppesgitetiogolarity of
magnetic polarity g&%?ﬁ?ﬁni”%gfgugﬁg é@gnﬁr% Jow; and -26- consecutive
groups of the disciete ma%ﬁe I elementsin'a Second row of the segment,
the magnetic elements of each group in the second row having a
maghnetic paglarity that is oppesite the magnetic polarity of. adjoinin .
1St T S CL o Toba et A AL it Rl il e i
ropatteppaare shaggeged;dipeloonsedutivergnpupslin aohdfdive first and
second rows of the null pattern include first and second adjoining groups;
and the magnetic polarity of the magnetic elements of the first group in
l161the firbe rowdis apgesiid thevheagnetic pelaritycafltnentsagiik¢ifislemdsts@fd rows
of H;éa I{hrﬁt roup J{r‘eﬂ}% see(r:ogd row; and generating a demodulated position
signa orrespondsln %6 the position of the head relative to the row of
non-magnetic material of the segment comprises: adding the readback
17519n3 2amAies POLEIAMNARG Q.10 P'%‘H%ﬁ Hllgylcet?ll%% N8 A di&nts in the
first groups to form asurﬁ‘x; adding the readbac signal sariples
firsonrespiothdingltpaterdis€iate ohdlghetigments 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;

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 segment based on the readback signal samples.

19. The method of claim 18, 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



elements of the second groups to form a sum B; and generating the
demodulated position signal based on the difference between A and B.
20. The method of claim 20, 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.

26-

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
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
generating a demodulated position signal corresponding to the position of the head
relative to the row of non-magnetic material of the segment comprises:
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.

20. The method of claim 20, 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.





