-1- ALTERNATIVE SENSORS FOR TRACKING AND TIMING IN BIT
PATTERNED MEDIA BACKGROUND [0001] Magnetic recording on bit
patterned media (BPM) is seen as a \7\/?5{)7 to increase the areal recording
density compared to conventional magnetic recording while avoiding the
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medium includes a regular arpayof rshamps\aed irenches. Different
geometries are possible for the bit island location including the staggered

geometry. [0002] In bit patterned media, the magnetic material on the disc is
patterned into small isolated bigplskas rmPRHSsuUch that there is a single
maénetic daomain in each island or "bit". The single m%%netiq domains can
be
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continuous media wherein a single "bit" may have multiple magnetic .
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transitions occyr. To.read these  bits (at a later time), a read head senses the
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bits. [0004] Timi ery i hani d to determi :
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applying a magnetic field on the recording medium using the write head. The write head

is controlled by a clock, which determines where the bit transitions occur. To read these
bits (at a later time), a read head senses the magnetic field on the medium and converts it
into an electrical signal, which is further processed. The read process also uses a clock,
which can be the same clock as the write clock. However the two clocks are to be
considered non-synchronous because they operate at different times. The read channel
samples the readback waveform, and processes the samples to recover the bits.

[0004] Timing recovery is a mechanism used to determine where to sample the
signal. The nominal sampling frequency is known, but because no two clocks are
synchronous, it is desirable to determine exactly where to sample the signal using other
means.

[0005] In magnetic recording systems that use continuous media, there is no need
to synchronize the writing of data with the position of the media. For this reason, the

data is written using a free running clock and sampling instances are recovered during the
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to synchronize the writing of data with the position of the media. For this
reason, the data is written using a free running clock and sampling instances
are recovered during the 1196152 -2-Tead process. However, for patterned
media, the locations of the bits to be written are predefined (i.e., on the bit

rel@lieeesANHBKIEL Gy Teh RRZAaTIB dIgegR ot DibfRAEaIRe orpediditten are

restricts the locations of the bits to be written. If the write head is not
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for write synchronization, but the drawbacks are reader saturation, crosstalk,
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p
SYRENQYZRLRY BYLING HLaubagsArelgatst SuL YRS sEak S e cover the
com@?@ammiegaim@ﬁg@tmfw mﬂe?eahm wa\mfgpmteﬁ@éwrfdar%m% is timing
synchronization causes insertion/deletion errors of bits as well as pit fli n .
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Ltransducer position adjacent to the bit patterne magnetic storage media,
S R R R R A R A
waviteriransaiilces, mnveptceysemsaiZaiopredusingradrtidradelsniopignalraofl lbits as
Wéﬂ%ﬁii)eg:overy circuit for producing a synchronization signal in response to

{Pérw.é,@?%!wp{erein the timing of the write pulses is adjusted in
response to the synchronization SighaAFY8] In another aspect, the

invention provides a method including: usin optical sensor ta produce a |, .
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panergactinsincsgestoedie, rmadiasngiie hitapsdtew sigsisioiedondjatdhe tdintagbit
f writ &ulse%iap lied to a write transdugcer to cont O(Hdi ection, of

p %[BF‘ t 398?] Rga%eh @I%[ a,sla write driver coupled to he write transducer to

deliver write pulses to the write transducer, an optical sensor for producing a bit pattern
signal, and a timing recovery circuit for producing a synchronization signal in response to
the bit pattern signal, wherein the timing of the write pulses is adjusted in response to the
synchronization signal.

[0008] In another aspect, the invention provides a method including: using an
optical sensor to produce a bit pattern signal representative of locations of bit islands in a
bit patterned magnetic storage media, and using the bit pattern signal to control the
timing of write pulses applied to a write transducer to control a direction of magnetization
of the bit islands.

[0009] In yet another aspect, the invention provides a method including:
directing a spot of light onto a surface of a bit patterned data storage media, and
producing an error signal in response to light reflected from an island on the bit patterned
data storage media, wherein the error signal is representative of a position of the spot

with respect to the island.
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[0009] In yet another aspect, the invention provides a method including:
directing a spot of light onto a surface 3:‘ a bit patterned data storage media,
and producing an error signal in respohse to light reflected from an island on
the bit patterned data storage media, wherein the error signal is

reueae)tativeeat ampsHinsuebtherseaturithng sreahisyiandippe appAesbtrom a
-3- [0010] These and various other features and advantages will be apparent

fe%ﬂg Qf FQ%&%B’Wf’}ﬂQ?Emm%SHé?&ﬂ’@d description. BRIEF DESCRIPTION
OF THE DRAWINSsSHP QIR EFGP TSN otheRRIIRARVESErgation of portions

of a data storaﬁge device. [0012] FIG. 2 is a plan view of a portion of a

suRktht o p%ft‘e?r?&ﬁ%é?&dépmfé“mb%??ﬂ@”§% 4 qa3stocans;dryre:
viepgaazhe ipif@attesneglstoraae onedifonl 6f alstakse alPaditnfBemddQicthge

FIG. 4 is a schematic diagram of a timing recovery circuit. [0015] FIG. 5is a
m%@ﬁematic representation of a tracking system for use with a bit patterned
StO[@ms]nediﬂ; [B0i €] drifss-SetgiarptNesnAbE tiRRIRMEHeD StorpeRtiRah of FIG.
cer gomzfjoFlG. 7 is an enlarged plan view of a portion of a surface of
H rage media. [0018] FIG. 8 is a schematic representation of

a q!@emnt He®1Gs. 4 QB &t G R gsatn @Rt raing Pastvayitrbiat. signal with
res ct to the position of an optical s ot on a island of the me 02Q
LS oFiEo P B ABERHIETR &g APOREr QI b e i a it
paﬂ@ﬂmﬁmofeﬁy@ apiical spot on an island of the media. DETAILED

IEIPT N QF THE INVENTION [0021 Vghen the at erned storage
8 LEH1ae "R RN L AR LY 6r Bt End control

the[mew]ve PIISIUDFB ahaeageanséorvigiteot ansattiorrotagsurface of a bit patterned

storage media.

[0018] FIG. 8 is a schematic representation of a quadrant detector.
[0019] FIG. 9is a graph of a push-pull error signal with respect to the position of
an optical spot on an island of the media.
[0020] FIG. 10 is a graph of an edge detection error signal with respect to the
position of an optical spot on an island of the media.
DETAILED DESCRIPTION OF THE INVENTION

[0021] When the bit patterned storage media is used in a data storage device, it is

necessary to detect and control the relative position of a read and/or write transducer, e.g.,
a recording head, with respect to the islands on the media. In one aspect, this invention
provides a method and apparatus for providing a position signal that can be used for
timing recovery in a data storage device including a bit patterned media. A non-magnetic
sensor can be used to sense the presence of islands in the media.

[0022]  FIG. 1is a schematic representation of portions of a data storage device 10
including a slider 12 and an associated data storage media 14. In this example, the data
storage media is a patterned media including a plurality of islands 16 of magnetic

material separated by trenches 18, which may be filled with non-magnetic material.
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a recording head, with respect to the islands on the media. In one aspect, this
invention provides a method and apparatus for providing a position signal

- -

that can be used for timing recovery in"a data storage device including a bit
patterned media. A non-magnetic sensor can be used to sense the presence

of igepsls inAhgineediecdAf:tal blsitibis R RFaemelcs eprrseRiits®frage media
portions of a data storage device 10 including a slider 12 and an associated

IN JSEL MW TN BENHEVBS AMbIBCkRE YA Tk disaseohdfigas hpad 22, and a

biPpEaeRedsnsstipinclugindirUisddy iatistrads heief ragaete reeEalapplies a
separated by trenches 18, which may be filled with ngn-magnetic material.

magesiesHelA 1B058) ROsRYMB Larife SRIBkiHh A Srial it tBAgNGiHaRPT the

isHIRIStOTAg & due tighiNi ACICRESN SeNYIH RN YA RChMRYASIOAISIREIUGIER eturiient,
head 20, a read head 22, and a bit pattern sensor 24. The write head
tuinelie 9Dt esisiaw, EEMIY t’ﬁ'ﬁfrébbli%% AR JGRMRRITERSHY B AYBRA gdement,

wihingdaueestinldhe ol restisge cignaloineiesptinse ab thegisiaodikl dhgrogadedesdihe
includes a sor 28, such as a ma?grnetoresistive (MR) element, tunnelin

e .
magRghieatialaagse | RABEHR RENSPTr 4 ATHG AR FoHoida Y EAURYS A osmation
aboinichepeogtige B satisnatsiaolngattigm sdnsoieaRP RN oregeetiedigldan arm 30

roduced by the. magnetized islands. The téit pattern sensor 24 produces .
caly B A LR PR TS A EORRAHE PRV boa B RSB CRRPB E IR in
acgerBocandtislangmarrietearaiguen arm 30 can be used to position the

slider. with respect tq the media, The. arm can be contrglled in _accordance .

ol DRE o PG L ARG (oo U o B G, Bl i ok i
st@yerel)(anea trinetkyintRcksafphiegdaprethandhastiapkratd bget@mibealityrhe

of bjt islands separated by trenches. The write head passes close enough to
Wil AR e ROR B Do TGR i E CaTe BOlBr AT the
desireldwolafiragisanimbeddeépandiiog exative éhfdepeationy wh e infomitteion bit being

However the write head field dogs not penetrate the trenches well and po
e IGHH RU RS A e GBS T VG s e L apfno
inflomationveall beundaciesnogipveenchesghinostiferbite (AORAET het mRasiabie deriiein-

t‘nagds %re.co ected to. ahBontro circuit 32 that
wall boundaries between neighboring bits.

[0025] The read and write heads are connected to a control circuit 32 that
includes a write channel 34 for delivering voltage or current write pulses to the write
head and a read channel 36 for processing signals produced by the read head. A timing
recovery circuit 38 uses the signals from the bit pattern sensor to provide a control signal
that can be used to adjust the timing of the write pulses. The control circuit can contain
other elements that are not specifically related to this description, and are therefore not
shown. The write channel can communicate with other components in the control circuit
and/or with a host device on a bus 40. The read channel can communicate with other
components in the control circuit and/or with a host device on a bus 42.

[0026] FIG. 2 is a schematic plan view of a bit patterned media 50. The media
includes a plurality of islands 52 of magnetic material separated by trenches 54. In this

example, the islands are arranged in linear arrays to form data tracks 56. In other
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includes a write channel 34 for delivering voltage or current write pulses to
the write head and a read channel 36 for processing signals produced by the
read head. A timing recovery circuit 38 uses the signals from the bit pattern
sensor to provide a control signal that can be used to adjust the timing of the

exéfiiRRUIneSsikREsCII@Ibeirsvingan RPRtaUYJRYBEISIBMENItA thatdke fittks being
specifically related to this description, and are therefore not shown. The write

foRRaM R¥ W AdiatRALFHRATEUh other components in the control circuit and/or
witfpe2Tpst ¢Eice Ry 2heys 4tidha (Bl hansik gandasIMwtinas? it 2. The

other components in the control circuit and/or with a host device on a bus 42

MAGHSS IE10s R AR IR HISAULAIIAERR LRI SHRRRIRS By argipstrate 62.
omadigydreludesa aluealityint iBpcsSAaf MmagpetisonateiaireeraratepilNarized

trenches 54. In this example, the islands are arranged in linear ari%s_ to

MEGHh HARIFRKLHE HeIBHHAT MAGHEESC N Ar SRR SRINGE T Blndstrads. In

analiFpNgRgi Fa R rabagg arrd s, siiifbthspaata dpaeke B afey il iakeial in the
A[a ent sub-tracksﬁ%Oé? FIG. 3 is a cross-sectignal view of the bit

S fioTaGRBER RS ROSHORsLAtlaceRt 19 Fae gy

layppo@8]thatrisoaeRigpetedthiy insuhstiniadZa fIMaidayals mtphtesncshedr 68 to
sink layer g{t mgag also be included. To form a planarized medi?
RhSie

SepRnt SEHRL nafte AAT BB HESHENit IR HBRVEEA fﬂa%’ﬁ’&%i?as‘?f the

bitpaétroew labgiEze b roedia. atbig inlandsis asldiedspane deave pikinoh anyhealidsor
%terial in the s&gcesfﬁetw en the islands. A bit pattern sensor 68 is
ol B e

8’&“80‘}5 traek "R &) INGHR Y KSR inARHRIs RS wlh the
magetiodipiediprodusatiepmntae naor 6340 osensdhsy it skadhéadaton®ided.

non- netic sensor cap use sical properties of the hit patterned media

o A D LB RS e A S v A ed to
halod istande erotsseutidinl Ehapsinc plansmardietts aenrsncidote fdtie teeswitace of

the magnetic fields.produced by the wrije head or sensed by the read head,
S N T e A e A e
squareechsssaetibial Bangea $o|thitcestmsslsatiiaskinsbape separptaddyarditedrioce of

or coinqiﬂlent with the surface of the media a\l'l\'ith eaglh Itéit island beirlg in the

24for}m. of aﬁil@?ﬂ%iﬁadqa 4%mq99eél4:nrﬂ? erial, and dielectric” material®can bé for

example SiO,. It should be understood that the islands may have other cross-sectional
shapes and the shapes may not be uniform.

[0030] In one example, the bit pattern sensor includes an optical transducer to
direct light onto the media and an optical detector to detect light reflected from the media
to produce a position signal that can be processed and used to control the relative position
of a read and/or write transducer with respect to the islands on the media.

[0031] Since the bit islands have a different coefficient of reflectivity from the
trenches, or dielectric material in the trenches, light reflected from the surface of the
media can be used to track the bit islands and synchronize the head to write bits at those
locations.

[0032] FIG. 4 is a block diagram of a timing recovery circuit 70. The timing
circuit includes a front end including an input 72 to a channel 74, and a low pass filter 76.
The signal produced by a sensor is a signal a, that is transmitted through the channel,

1196152



square cross-sectional shape. In this example, the islands are separated by a
distance of 24 nm. The islands can be a magnetic material, and dielectric
material can be for example SiO2. It's%éuld be understood that the islands
may have other cross-sectional shapes and the shapes may not be uniform.

re$0RR(Y IR ORREYBIMRIMAING Hit PREGIFERRISQRIRFMAREAR BptieR! BRNSAYGater to
to direct light onto the media and an optical detector to detect light reflected
pradupeié tefediai doaprilduce @ dtitesersrieraltiattben banpnedessdlustiatadeey a
tr. relativ itio, lor \yri sdgcer wi :
S e T e Toa T e T i e e e gl is
PreersERsldnt BT eaflabaeitiAromromice encinielisedirigselrio Ativea4n te equalized

sicTSF%'P‘%E‘%ﬁeHgﬁgtéﬁfb%c‘iﬂdaf@é{bE'flﬁ il f?cF?r%fdﬁ?:% MG BRASCA BHRG error

he bit islands and synchronize the head to write bits at those locations.
defgotep168|ases thechdizerlagiennt anc thmmgnecigen) Gineiaduee amertrnisignal on

lirf "SI ARIUIRS Sl SRRARGUND|BELRREE 63 U@ FRAEI G ARAGIPHter is

pass filter 76. The signal produced by a sensor is a signal a. that is
usaé ARl theolighuans\cphaveltaga 9entsollesl eeeiliaiag 9A. alle vpltag s pdrol led

ostiilathPEHECEBRRIARISSINIHE dimedNBAP Y PASSHHIL i Béﬂfﬂl'&seéi‘“ﬁl{@‘ﬁiltered

_signal s(r). The filtered signal is'then sampled as illustrated by a sampling
signekelr)78 to produce a sampled signal y, on line 80. The sampled signal is

| y . : .
TBESSE, AR SRR IR p AT GRS BN o) B e e
to quprcaainigngl shasrisdesenpler 88 prwskicaa aduliity dEigpmanland THaingtpecovery

o e B s arod P e e PR SR o
Prefacecitagentiontiviiad asoarstoe 4. tin dminmghase rarsiedT BiScHlEi hisnfurther
P o et gl the
saguisgr oampefosexatpisrby detying iyprintHert Tereuaipiawiags cauicel ik raeiligior
(VESRMAIE T1eldBHRD IRCRYGIY by the timing recovery algorithm with the assumption
that they are error free.

[0034] FIG. 5 is a schematic representation of an optical tracking system 100 for
use with a bit patterned storage media. The system includes a light source 102 that
directs light 104 through a semi-transparent mirror 106 to a near field optical transducer
108. The near field optical transducer 108 concentrates the light into a small spot 110 on
the surface 112 of the bit patterned storage media 114. A portion 116 of the incident light
is reflected back toward the mirror and reflected by the mirror to a detector 118. The
detector produces an error signal 120 that can then be processed by a servo system 122 to
control the position of the recording head.

[0035] FIG. 6 is a schematic representation of a near field optical transducer 108
positioned adjacent to a surface 112 of a bit patterned storage media 114, including a
recording layer 124 positioned adjacent to an electrically conductive heat sink layer 126,

which is positioned adjacent to a substrate 128. In this example, the near field optical
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architectures include a timing error detector that processes the received

samples to produce a quantity that is g measure of the timing phase error.
This quantity is further passed through a loop filter to produce a correction
signal that is used to control the sampling timing, for example by driving a

trFRERET topyehrixolEagenienivellethosgiawisdivmispadirRiacied bitasad a

used by the timing recovery algorithm with the assumption that they are error
MetaligelBA34%IG. 5 is a schematic representation of an optical tracking system

10Qotm6 ) seThitmaabifipriteptiesl Stansascerastinderiessasiedelinetydns Adiho the
source 102 that directs light 104 through a semi-trans;ti)arent mirror 106 to a

SURASF RERIOpHEANEh M THakn BAIA ARG AL APaASA R SF oLt to Tocus

orteneenteies drethghhamipghemall sat biOuen dbjectivdaresl 1ahefiingiitates the
mgtgtterned storage media 114. Agortion 116 of the incident light is reflected

IC B B T rOgn d P fEERRISP R mihSr 88% Yelbigretalic R can be
podRiestar OGUTE S ANFEITE tIgnaATIZ00 BicCand RNMGIRIPCESSRMO Y RBRIO the

stem 122 to_contro| the position of the recording head. [0035] FIG. 6is a .
goﬁtﬂéﬂm iR e UBrRQHTRIOHR ﬂé‘gﬂtﬁ eRiilet: ﬂﬁaﬂ%ﬁ%‘“ﬂ&i 138§|HBHB&F’“C3'
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recording layer. ositione acent to an electrically conductiye heat si
R e S G S
Tlibeepaativeldandenlgbhlfeti2 aléo Pansducer 108 includes an objective lens

13 lid hemispherical lens 132 and a pmetallic pin 134, [0036] The near . .

o0 3 el e e EOREREL LA & ST S e KRR e bi
paﬂ@ﬁgﬁel@ﬂﬁmﬂe' dq?]raﬂdailwcnsﬂ&rgz&ﬁb@sﬂg@;ﬂmtt}%ﬁ1isz|oandglauéome:tmambers

ontq the center o emispherical lens by the objective lens .
O e b BT T IGF L BT GEh b &1 oRYegh v
Inrtretaltampte GiFiE. Positionéciadpottl s noditreds twiaeeohtoeaigiaragaer of

mediu IP one ex mﬁlg) the gold pin has a 12 nm pointed tip and its
th%ﬁﬁ%@gﬁ g%pﬁﬂﬁ ' t maximum optical efficiency. The storage media

incf0d8s] squanwe greidekar Ifjandsposepanatiettoy aadilewdrieflected beam can be

monitored while the optical spot is placed at different positions, as shown in FIG. 7. A
quadrant detector can be used to detect the reflected intensity. FIG. 8 is a schematic
representation of a quadrant detector 158. The quadrant detector detects light in four
quadrants numbered 1, 2, 3 and 4. From the four quadrants 1, 2, 3 and 4, the detector
produces signals Si, Sy, Sz and Sy, respectively.

[0039] Signals S;, Sz, Sz and S, can be combined to produce various error signals.
For example, a differential phase detection (DPD) error signal can be defined as: [(S; +
Sy) - (S1 + S3)]. For comparison purposes, the DPD signal can be normalized by the total
intensity (S1 + S, + Sz + Sy) to produce a normalized DPD signal Sppp:
S,.0 = (S, +S,)—-(S,+S,) '

S;+S,+S5;+S,

[0040] It was found that the normalized DPD signal is only about 10°. The
signal reverses sign between positions 3 and 4.

[0041] A push-pull error signal can be defined as:
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material such as SiO2. Each granule has size 24 nm by 24 nm in the
recording film plane. The separation between granules is also 24 nm. [0037]
FIG. 7 is an enlarged plan view of a pottion 140 of a surface 142 of a bit
patterned storage media 144, including islands 146, 148, 150, 152 and 154.

The mimitzens pg angl ground island 148 represent approximate locations of a
SﬁeﬁwJ?{rgrpgf\?pot. In the example of FIG. 5 the optical spot 156 is
centeréd atthe fowet and right corner of the central bit (i.e., position 1).

[0088kI e ingideniighippoifia miacser andritprelipmerbeamteameMRsition of
monitored while the optical spot is placed at different positions, as shown in

angqgyical AD(&LPJU?QHES'&B%EHP%&‘PPB@-u&é@-t8 qBe the F?lé?fé@téhﬁﬁ@rﬂlﬂf}?' when
thé BptiBdP spRchiamafienieaaeAtstioaf aHafraodidetect®r 358t &en that the

quadrant detector detects light in four quadrants numbered 1, 2, 3 and 4.

PUshoPH e e pignabifantd 2,7 18 and}Cthe Hhaweidie fetilieel siraigsalsys the
optidaRlfob4diRsRasty ehe. i8R shiamHsFRImTBsRRMBdc s e, GNkinediong

to produce various error signals. For example, a differential phase detection
thersBgs) Al RN GiRR) PSSt ddRRASIHSNBS2 + S4) - (Si + S3)]. For comparison

purpossp, thenisBigreiomal aaneedimalizes, edhgséaters ntrreidhialstyhd 4nd
S3 + S4) to produce a normalized DPD signal SDPD:  (Sz+S4)-(S1+S3

the; ppgs vel §zais%§3‘-4l’-si'ﬂ!b‘ﬂ(?f’lﬂ%é%@h&%ﬁ%ﬂﬁ@%%ﬁ?@&ab?ﬂﬁté%Hthe

migdaheabaitt b Polbef pighal reverses sign between positions 3 and 4.
[0041] A push-pull error s_i%r]la! can be defined as: 1196152 8- (S1+S4

(s29¥Slsppreadgesbiecton signalgp 4811RSE 2% is a graph of a push-pull error

signabwitls respsctitg the position of an optical spot on an island of the
S meti oFi e push-pull error signal when the optical spot scans
from pdsnioths & 24nd from position 1 to 3. It is seen that the

[0045] FIG. 10 is a graph of an edge detection error signal with respect to the
position of an optical spot on an island of the media. FIG. 10 shows the push-pull error
signal when the optical spot scans from position 5 to 2 and from position 1 to 3. FIG. 10
shows the edge detection signal as the optical spot scans across the middle of a bit, from
position 5 to position 2, or scans along the edge of a bit, from position 1 to position 3. It
is evident that the edge detection signal has the same magnitude as the push-pull signal
but it behaves differently from the push-pull signal. It may be used to pinpoint the spot
position on the bit.

[0046] The reflection also changes as the optical spot moves. The amount of
change is about 0.8% since it is a sum signal, and the noise level is high.

[0047] In another implementation, the optical sensor need not have the resolution
of an individual bit on the media. For example, the sensor could sense light reflected
from a plurality of n bit islands, and the write clock can be multiplied to account for
sensing of multiple bit islands. If the phase of the signal resulting from light reflected
from n bit islands is accurate enough, then there is no need to resolve each bit island with

the optical sensor. As an example, if one of every 10 bits is missing, or if every 10 bit
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push-pull error signal is -1.5 x 10-3. FIG. 9 shows the push-pull error signal

as the optical spot scans across the nbiddle of a bit, from position 5 to

position 2, or scans along the edge ofa bit, from position 1 to position 3.

[0043] This signal may be used for a servo, because it is a differential signal
isiaRgs foennmisenlewelfia BisaHewa s veat iitcigNghisemsowd ®oning RRSCAD bit
. Spotis in the middle between two rows of bits. [0044] An edge detection
Islapgi?-a8 BRHSR as: (S1 + Sz) - (S3 + S4) Ss~ S1+52+S3+S4 [0045] FIG. 10

is gopag]h ofiledpe HRiERIEM IRE WesioaaiMbRdaaPRENO dheerIaitiomhA, it
Wi)[otical spot on an island of the media. FIG. 10 shows the push-pull error

P PRIREE P D YRAPH SPRSES SRS BEIHB G 15 Slescilheshe ERlsn wighout

depaftify HOnshRwsdhis:esoeheaiptitinGianabasdnr aptinal RIREEGNEARIOSSThe
the middle of a bit, from position 5 to position 2, or scans along the edge of a

MG ReRLRHBRif6 1 ReRGNE 2T RURe e R ATRUARSAIE N NE S SSRRaPT the

follawig ctgime. magnitude as the push-pull signal but it behaves differently
from the push-pull signal. It may be used to pinpoint the spot position on the
bit. [0046] The reflection also changes as the optical spot moves. The
amount of change is about 0.8% since it is a sum signal, and the noise level
is high. [0047] In another implementation, the optical sensor need not have
the resolution of an individual bit on the media. For example, the sensor
could sense light reflected from a plurality of n bit islands, and the write clock
can be multiplied to account for sensing of multiple bit islands. If the phase of
the signal resulting from light reflected from n bit islands is accurate enough,
then there is no need to resolve each bit island with the optical sensor. As an
example, if one of every 10 bits is missing, or if every 10 bit 1196152 -9-
islands is shifted by half a bit, then a sensor that detects light reflected from
at least 10 bit islands can be used.
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[0048] While the invention has been described in terms of several examples,
it will be apparent that various change& can be made to the described
examples without departing from the scope of the invention as set forth in
the following claims. The implementation described above and other
wiraplemeintatqgs are within the scope of the following claims. 1196152 -10-
What is claimed is: 1. An apg{gratus comprising: a bit patterned magnetic

storage media; a WEBRHEHSEMHISI¥hed adjacent to the bit patterned

magnetic storage gadjit@mstieragreicowpige teethg write transducer to
deliver write pulses to the write transducer; an optical sensor for Producing a

bit pattern signal; S HRiHARYIHSEL PR IGRERiRRb SRS R LR P4 Patterned magnetic

stéisaehfenigation signal in response to the bit pattern signal, wherein the
timing of the write pulses is ad%lfjnSted in resp&\nse to the synchronizati

n .
signal. 2. The app&raHile i PURIES-dh the Wﬁﬂeaﬁfé@%&%&ﬂmﬁﬁ@g& gurite

putearfield wanstuasguoetuding a metallic pin and a lens for directing light
onto the metallic pin. 3. Th?égg(?r tus of claim 2, wherein an end of the pin

has a cross- sectighaPBYEa hir Rrepbcing achimaara s'epal Aiace of
islands in the bit pattatiegl reoediay 4irdiie fappasatiesnof ingtrofireiRN signal in

S e s Ao S e i
respifeeecaththeyhihpaiiestied sngdia.

2. The apparatus of claim 1, wherein the optical sensor comprises:

a near field transducer including a metallic pin and a lens for
directing light onto the metallic pin.

3. The apparatus of claim 2, wherein an end of the pin has a cross-
sectional area less than a cross-sectional area of a surface of islands in the bit patterned
media.

4. The apparatus of claim 1, further comprising:

a light source for directing light onto a surface of the bit patterned
media; and

a quadrant optical detector for detecting light reflected from a
surface of the bit patterned media.

5. The apparatus of claim 1, wherein the optical sensor senses light
reflected from one bit island on the bit patterned magnetic storage media.

6. The apparatus of claim 1, wherein the optical sensor senses light
reflected from a plurality of bit islands on the bit patterned magnetic storage media.

7. A method comprising:

using an optical sensor to produce a bit pattern signal
representative of locations of bit islands in a bit patterned magnetic storage media; and

using the bit pattern signal to control the timing of write pulses
applied to a write transducer to control a direction of magnetization of the bit islands.
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5. The apparatus of claim 1, wherein the optical sensor senses light reflected
from one bit island on the bit patterne(i agnetic storage media. 6. The
apparatus of claim 1, wherein the optical sensor senses light reflected from a
plurality of bit islands on the bit patterned magnetic storage media. 7. A

method congorisingrHestgtRIY @ itahs eNRPRESI P tRE UEE IR Rt BMpiE Sl
representative of locations of bit islands in a bit patterned magnetic storage

media; and using th8%3k Pt HasRteeloBeRHIgN2 MEAYORIRRPUisENs for

direahgditheondtent angaiiessitp control a direction of magnetization of the bit
islands. 1196152 -11- 8. The method of claim 7, wherein the optical sensor

comprises: & near figfd HEROGUREFIRELSintyRETRE M EPHh kG RIRRS, @ cross-

sedireeingdigsomtartkecrasiallictivnal Srdd emaatingscefofl aimnds Wheieibiepaasthed
of the pin has a cross- sectional area less than a cross-sectional area of a

M&iface of islands in the bit patterned media. 10. The method of claim 7,

wherein theigiep ofrtgingethogastliglginpticahti@nsdheaitdp prodsiag a Ritar field
attern signal representative of locations Tf bitislands in gd%i%g_attemed

ORtCA T L67h 5P CoPHPRALEEN AT HERIGFRGHHY 0 0% fdtitslands

inRasiepaaerneadirighetcusitgge Aicaitaoinppisesl detector for detecting light
reflected from a surface of the bit patterned media, 11. The method of claim
Rt T

7, wherein the optiggﬁggﬂ%'rg LAY @H aret H&BHEME H‘Féi%&fl% the

bit patterned magngiegstofagermedisichP déteetondtirattet iy mght witksetsd from
th<=1=z optix‘ta‘és%r.hsor sensgs light reflected from a plurality of bit islands on the
a it ﬁ%ﬁtg A Q&H@'ﬁﬂ? media. 13. A method comprising: directing a

spot of lightnto a®wwfasghobiadditchaiteMedidaéin the optical sensor senses light
reflected from one bit island on the bit patterned magnetic storage media.
12.  The method of claim 7, wherein the optical sensor senses light
reflected from a plurality of bit islands on the bit patterned magnetic storage media.
13. A method comprising:
directing a spot of light onto a surface of a bit patterned data
storage media; and
producing an error signal in response to light reflected from an
island on the bit patterned data storage media, wherein the error signal is representative
of a position of the spot with respect to the island.
14.  The method of claim 13, wherein the light detector produces first,
second, third and fourth detector signals and the error signal is a difference between a
sum of the first and fourth detector signals and sum of the second and third detector
signals.
15. The method of claim 13, wherein the error signal comprises:
an edge detection signal.
16.  The method of claim 13, wherein the error signal comprises:
a push-pull signal.

17. The method of claim 13, wherein the error signal comprises:
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storage media; and producing an error signal in response to light reflected
from an island on the bit patterned data storage media, wherein the error
signal is representative of a position ofthe spot with respect to the island.
14. The method of claim 13, wherein the light detector produces first,

second, third and fedFifeFefieatehsiedetectidn Signgrror signal is a difference
between a sum of the first and fourth detector signals and sum of the second

and third detctor SiraRINSE Of itttk o BE QU HNE HORiHEIEriAharasiyes first,

seSigRLIGRIHIERRINBRY Qe daipelipmaitnabrif sidiRIeMneke! glaim dBthe first,
herein the error signal comprises: a push-pull signal. 17. The method of

W ]
seeptih Y AARE A0 YR JERRYSIEA Somprises: 1196152 -12- a differential

phase deteqtgn sigmal ddnddeneeiind of alaimik3ihwketrindha irheter that is
detector produces first, second, third and fourth detector. signals and the

legs B A WA O {RIRES QTsihin biF patiennad dalasHY28simesiY fourth detector

signals. 19. The method of claim 13, wherein the spot has a diameter that is
less than a width of islands on the bit patterned data storage media. 1196152
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