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[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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producmg 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.



[0013] FIG 3 is a cross-sectional view of the bit

patterned storage nedia of FIG 2 taken along |line

3-3. [0014] FIG 4 is a schematic diagramof a timnmng

recovery circuit. [0015] FIG 5 is a schematic

representation of a trackitni-systemfor use with a bit
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[0018] FIG. 8 is a schematic representation of a quadrant detector.
[0019] FIG. 9 is 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. 1 is 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.



including a slider 12 and an associ ated data storage
media 14. In this exanple, the data storage nedia is a
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[0028] In one aspect, this invention uses a

non-magnetic bit pattern sensor 68 to sense the bit

i sland | ocations. A non-nagnetic sensor can use

physi cal properties of the bit patterned nedia to

produce a signal that is re€fated to the relative

position of the sensor and bit islands on the nedia.
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- 7 - transducer 108 includes an objective lens 130, a
solid hem spherical lens 132 and a netallic pin 134.
[0036] The near field optical transducer condenses and
delivers the light to the surface of bit patterned
media. Aradially polarizedobeamof light 136 is
brought to focus onto the center of the hem spherica

| ens by the objective lens, and illum nates the
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FIG 7 is an enlarged plan view of a portion 140 of a
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. exanple of FIG 5 the optical spot 156 is centered at
signgl$6?| ower and right corner of the central bit (i.e.,
o ' L i .
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positiaons, as shown in FIG 7. A quadrant detector can
archiectires dn¢ladg @t wayng gaoy deteelor dbpt; Progsssss: the feceived spples to
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exanple, a differenti phase detection (DPD) error
that Hiegj9ed ereaadrege defined as: [(52 + 54) - (Si + S3)]. For

ri r . ' '
SO, FR9, P 038 Rn0d N0k SRR o o
use wahnabit ?@de?@@hssdrg&ﬁine&ap pTFeD@séem inflddé&s3a tight sorE9402 that
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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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[0042] FIG 9 is a graph of a push-pull error signal

with respect to the position of an optical spot on an
island of the nedia. FIG 9 shows the push-pull error
si gnal when the optical spot-scans fromposition 5 to
2 and fromposition 1to 3. It is seen that the

push rror signal is -1.5 x FIG .9 hovvs
transldH%erpﬁiéh%ﬁadﬁs @profyectivgdens 430, tﬁhéol&bip@&ph%a | lesale and a
metd5d Hag3he mddle of a bit, fromposition 5 to

position 2, or scans along the edge of a bit, from

1063a]i offhd ntar f}irﬂélotptloai t&nsducer E:ﬁlﬁi@ﬁiesTdmldsdeﬂnwgnsathe gt to the

surtigf gh Bt P Ehentar deropleyaiporuizsd bk ohlieiigaBys rovehiig focus

ontosﬂhg N@htek fZ@E %e\m%eﬁ&ﬁ e 'bgatlhe SWctive 164, tig iMiheHates the
bet ween two rows bits. An edge detection

metadliq pa, wlgcld@faynbﬁd fas exanple(&lm BR) end pE3her n@4allic pid can be

positghgitabogs {th P ap@che B RSt e IO BETHT ot PRSFFCRp: the
goldQin &8s laSﬂZaﬂﬂ Iﬁﬁntéch ﬁﬁ ndiig difflefsion Qs Sp@WEzell F6r RgimuN lobtical

error _signal when the optical spot scans from position
efficengy, Fhe algrage ansdivo Bictudes squarepgranulay slandg sepaspied bhia dielectric

S5 NRRR  1045) b5 2 RN e

Thes@afasloﬁlbemeﬁ@&namg@ NMoMbint, fromposition 1 to
posi tion i s_evident that t he edae det ecti on

4P, ﬁ%@ % ﬁ@nmg%@lﬁm Visdeoha perien Jd81ef gurtacs dffapf a bit
pattel?ﬁlatd ét&ra%@ﬁﬁ@&1§§4?, &B%llﬁﬁrglgitlﬂ%c{srlg@ MBG 19(9‘%'32%%'15?' ?Eghumbers

€ use dgsition on
on ai]xil around island 148 represent approximate locatlons of a center of an optical spot.

In the example of FIG. 5 the optical spot 156 is centered at the lower and right corner of
the central bit (i.e., position 1).

[0038] The incident light spot is reflected and the reflected 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 S, S2, S3 and Sy, respectively.

[0039] Signals §j, S5, 53 and S4 can be combined to produce various error signals.
For example, a differential phase detection (DPD) error signal can be defined as: [(S2 +
S4) - (81 + 83)]. For comparison purposes, the DPD signal can be normalized by the total
intensity (S + 52 + 53 + S4) to produce a normalized DPD signal Sppp:

Sy = (S, +S,)-(S,+55) .
S, +S8,+85;,+8,

[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:



[0046] The reflection al so changes as the optical spot
nmoves. The anount of change is about 0.8%since it is
a sum signal, and the noise level is high. [ 0047]
I n anot her inplenentation, the optical sensor need not
have the resolution of an {i%dividual bit on the nedia.
For exanple, the sensor could sense |ight reflected
froma plurality of n bit islands, and the wite cl ock
cg(*ﬁﬁe%ﬁul(fﬂblsb d to account for sensing of multiple
PPbitsj$B9mq§4”§f the phase of the signal resulting from

light refl éct ed fromn bit islands i s accurate enough,
t[6e42]t h€i@. 9 & agrapieefla pms}rlaﬂbd:m& stamh withtregpsttan dhe/\pdshlon of
t he opti cal or X i f one of ever

an ojigal spaf %xsﬁga ofthe meﬁeeﬁfﬁ% Shves the PoSh-pyil PEAGYER when

t.hen t t
the Fllchl L Prenip Poflibn 5Pl RN IGE! B Spen that the
puShisldU error 51g[1£10148~}1 i 1.t BEGi Avshotvs the ipash-peleerror signal as the

optiGe S5t st FlerTshle S SrE AT RO 0 Scans along
theéa%%fabﬁdfr&ﬁmh%l%?mnsiepartI ng fromthe scope of
e invention as set torth in the follow ng clains.

ﬂﬂ@43]n'p|TéI$§rlﬂnili g b@ex;cd fdyeadsea\bnbecm@ltos hdifferential signal and
the nane Egglnlts aa s9 ow %g ever n 4 ghrgz(lj %scgé%o w%en fﬂe l ?clai 81‘3’& N9in the

mld@@pm&yw@m(ﬁs{m@g. a b| t pat t er ned magneti ¢ storage
nedi a;
[0044] An edge detection signal is defined as:

(Sl +S2)"(S3 +S4)
S, +8,+8S,+8,

SED =

[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
1s 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



a wite transducer positioned adjacent to the bit

patterned magnetic storage nedia; a

wite driver coupled to the wite transducer to

deliver wite pulses to the wite transducer; an

optical sensor for produci+®y-a bit pattern signal; and

a timng recovery circuit for producing a
__synchronj zation signal in response to the bit pattern )
lslarsi)is/ dsmfted fpychadf bitrBen o penser that derretslight eeflngted dtom gt least 10 bit
. ] lyn response to the synchroni zation signal.
ISlangl.g Cﬁfé@gsﬁgar atus of claim1l1, wherein the optical

J0048]r Wiiifer the devensiondas beéredebctibahidteems of severali ex@nmples, it
will %: a?glplpl%egt Iag ygr?gusac}larelgg’s c];a%r lgefj{n;rﬁétt(gg%a:iegsggéecg&%lpé&?ﬁvithout

depa%:in L e %Bﬁg R RE ihBh s Q@f &t frpﬁ%' foWi@laims. The
area |l ess thah a cross-sectional area of a surface of

impliesileatatien descrihed bbdvepatd: eheredhpl@nkémiations arel withinethe scope of the
apparatus of claim1, further conprising: a |ight

fouoé’@ # E@%P%r directing light onto a surface of the bit
patterned nedia; and a guadr ant
optical detector for detecting light reflected froma
surface of the bit patterned nedi a.



5. The apparatus of claim1, wherein the optical
sensor senses |light reflected fromone bit island on
the bit patterned magnetic storage nedia.
6. The apparatus of claim1, wherein the optical
sensor senses |light reflectl®d froma plurality of bit
islands on the bit patterned magnetic storage nedia.
7. A nethod conpri sing: usi ng an
Whaf i3 ¢laireddgnsor to produce a bit pattern signal

represent ati we, fhalAcabhnsingf bit islands in a bit
patterned magnetic storage ngdia; and

usi ng the bi fbugtattemnad siagnetic $aragomedia] t he ti m ng of

wite pul ses a Iied({oavvritet.ansducr to control :

a direction 8 HaFABIUSERRASHIoged ?‘giéceﬂf fo the pypgtierned pmpgnetic
storgke mi&i§a;met hod of claim 7, wherein the optical sensor

conprises: a near field transducer including a

met al | i ¢ pi naawdteadiregrscduplteddior &et ivmige Itiagstucemtam deheer write

1 net a}hl i C. Eﬁtl n. ) 9. The nethod of claim 8,

pulsghiorthe WHLHIASGUSSE: t he pin has a cross-sectional area

| ess than a &h@ptcad 8&iisbOfdR brodinbidg Afbitdastein’ AGfil;Qind
islands in the bit patterned nedra. 10

The met hod of tisniag necpyemtrircuit fort predusting)a synohsonigptian signal in
ol BB b FBRCHSE AT THER BB i
respbhde tp Hetwhelaoninmipnadigial. st or age nedi a conpri ses:

directing light onto a surface of the bit patterned

medi a: &nd 1he 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.



usi ng a quadrant optical detector for detecting |ight
reflected froma surface of the bit patterned nedia.
11. The method of claim7, wherein the optical sensor
senses light reflected fromone bit island on the bit
patterned magnetic storage liredi a. 12. The
nmet hod of claim 7, wherein the optical sensor senses
light reflected froma plurality of bit islands on_ the
bit pat Ber nedbaghadiaf c Et“@r Taydeipinythg optical sqrsor pomprisss
conpri si ng: uf fsa

of a bit patf eéeﬁggi !}gtngns;t{ﬁgérragf;gldd'lrgmg;rﬂ%glcaplﬁ 1{d®% Qens for

direg@ingdight oo alre metablic pgm.gnal in response to |ight

refl ect dfr and on the bit patterped data
st or age rredl iﬁé \BPFéﬂ“é{ Pf’](i‘gné?l"r‘?ﬁl?er%‘i“gar’i‘a?nq §Pehe pm hias a cross-
sectlﬁﬁﬂra?%fégsagﬂaﬁ% @bssBePR5Hal bR o‘ff stupﬁcé BP%s1antt th fh%scﬁleﬁc{ttemed

he i sl and . The nmethod of claim
medla?, vvherel n the i ght det ector produces first, second,

third an th detector .signals and the error signal

0O el s the TeeRol Sk Ui, P BhereRuthe sie OF maigcy, BeR field
Opuééqehﬁﬁstd%er&b %ﬂiu@e amgt pauBInCfigran é)?&@ﬁ‘tﬁﬁvéaﬂlo&hidhg of bit islands

detector signals. 15. The nmethod of claim 13, wherein

mabﬁea@m@rmsgrgﬁalstocaﬁmercbfesommeedge det ectl on S| gnal .

compr 1 ses: . adPORERE] P g &t e bRt Rl By
claim 13, whegifé 8 qubérafl (Bplfcaﬁdiéjétﬁd)r 02 E[Btébt&%shght reflected from

a surface of the bit patterned media.
11.  The method of claim 7, wherein 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:



- 12 - a differential phase detection signal.

18. The nethod of claim 13, wherein the |ight detector
produces first, second, third and fourth detector
signals and the error signal conprises a sumof the
first, second, third and fddrth detector signals.

19. The nethod of claim 13, wherein the spot has a
dianeter that is less than a width of islands on the
bit patterned d4frantial phasgdeieglagmysignal.

18. The method of claim 13, wherein the light detector produces first,
second, third and fourth detector signals and the error signal comprises a sum of the first,
second, third and 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.



