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(57) Abstract

A method (200) and apparatus (300) for /206 _—204
thermally writing a magnetic servo pattern (150, r 1. MEDA Mo J
270, 400, 500, 600, 650, 700) on a magnetic disc 202 .
medium (204, 314, 670) prior to assembling the ] 208 STRONG EXTERNAL H FIELD

medium (204 314, 670) in a disc drive (100) are
provided in which the medium (204, 314, 670) is ,
first magnetized in a uniform magnetization direction S— 212
(206, 408). A plurality of magnetic domains
(220, 250, 252, 272, 410-414, 501-503, 602, 604,

651-653,710-712) are then thermally written on the 210
medium (204; 314, 670), on magnetic domain at a

time, by individually heating each magnetic domain ; f”
with a light beam (212, 312, 672) while exposing the . ‘J‘ 5 L ]
magnetlc domain to a magnetic field (209, 674). The 209
magnetic field (209, 674) has an orientation (216, LOCA. HEATING

415) that is opposite to the uniform magnetization 214

direction (206, 408). The light beam (212, 312,
672) forms an illumination pattern (214, 678) on
the medium (204, 314, 670) having a shape that at
P least partially defines a boundary of each magnetic
’ domain (220, 250, 252, 272, 410-414, 501-503,
; 602, 604,651-653, 710-712),

f
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IL steel 1S Icelaifriiop AND APPARATUS FOR THERMALLY WRITING
SERVO PATTERNS ON MAGNETIC MEDIA
BACKGROUND OF THE INVENTION
i 5 The present invention relates to data storage devices and, in
.

particular, to writing servo patterns on magnetic media.

In a magnetic disc drive, data is stored on one or more discs,
which are coated with a magnetic medium. The magnetic medium is
typically divided into a plurality of generally parallel data tracks, which

10 are arranged concentrically with one another perpendicular to the disc
radius.

The data is stored and retrieved by a transducer or "head" that is
positioned over a desired track by an actuator arm. The actuator arm
moves the head in a radial direction across the data tracks under control

15 of a closed-loop servo system based on position information or "servo
data", which is stored within dedicated servo fields. The servo fields can
be interleaved with data sectors on the disc surface or can be located on a
separafe disc surface that is dedicated to storing servo information. As
the head passes over the servo fields, it generates a readback signal that

20  identifies the location of the head relative to the center line of the desired
track. Based on this location, the servo system moves the actuator arm to
adjust the head's position so that it moves toward a desired position.

The servo field patterns are typically written onto the disc surface
through the product read / write head after the disc has been assembled

25  within the disc drive housing to form a head disc assembly (HDA). A
machine called a Servo Track Writer (STW) clamps the HDA along the X,
Y and Z axes and then through some method, measures the position of
the read/ write head and positions the head to the appropriate radial

locations to write the servo tracks. Typical methods of obtaining
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position feedback include the use of a laser interferometer or an optical
encoder.
The Servo Track Writer also provides a clock signal with which to

align adjacent servo tracks in time. Typically, a clock head is inserted

5 into the HDA and is flown on one of the disc surfaces. The clock head is
used to write a clock signal on to the disc surface. This clock signal is
then used to run a phase locked loop (PLL) for obtaining a stable
reference signal with which to write adjacent radial tracks in a servo
pattern with sufficient radial coherence.

10 There are many advantages to writing the servo tracks in the
HDA, after the HDA has been assembled. Unfortunately, the accuracy of
the servo tracks (i.e., the actual placement of the tracks on the disc
surface) is not optimal when writing the servo tracks in the HDA. Any
non-repeatable run-out (NRRO) the HDA at the time of servo writing

15 will be written into the servo pattern. In self-servo track writer systems,
the servo tracks are written by bootstrapping the position of each track
by the position of the previous track in the HDA with no external -
references. In these systems, errors in the placement of the servo tracks
tend to propagate radially from one track to the next as each track is

20  written in the HDA. Another difficulty encountered when writing the
servo trecks is that the accuracy of the servo patterns must increase with
decreased track-to-track spacing as the storage density of disc drives
continues to increase.

The present invention addresses these and other problems, and

25  offers other advantages over the prior art.

SUMMARY OF THE INVENTION
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! Sprior to assembling the medium in a disc drive. The method includes
magnetizing the medium in a uniform magnetization direction and then
thermally writing a plurality of magnetic domains on the medium. The
magnetic domains are written one magnetic domain at a time by
individually heating each magnetic domain with a light beam while
exposing the magnetic domain to a magnetic field. The magnetic field
has an orientation that is opposite to the uniform magnetization
direction. The light beam forms an illumination pattern on the medium
having a shape that at least partially defines a boundary of each
magnetic domain.

Another aspect of the present invention relates to a method of

thermally encoding an information pattern along a track of a magnetic

disc medium. The method includes exposing the magnetic disc medium

to a magnetic field having a magnetic field strength that is less than a
magnetic coercivity of the medium at an ambient temperature and
greater than the magnetic coercivity at an elevated temperature. A
plurality of magnetic domains are thermally written on the medium by
individually heating each magnetic domain to the elevated temperature
with a light beam while exposing the magnetic disc medium to the
magnetic field. A cross-sectional shape of the light beam at least

partially defines a boundary of each magnetic domain. The cross-

sectional shape of the light beam is selectively varied from at least one of

the plurality of magnetic domains to the next while thermally writing the

plurality of magnetic domains.
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—Ppositioned over a desired track by an actuator arm The actuator arm__npves
the head in a radial direction across the data tracks under cont o] 1 1] aﬂﬁ?a
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interleaved with data sectors on the disc surface or can be |ocated on a
separate disc surface that is dedicated to storing servo information. As
t he head passes over the servo fields, it generates a readback signal that
20 identifies the location of the head relative to the center line of the
desired track. Based on this location, the servo system noves the actuator
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with which to align an%mn’%%ie- rmme-Typically, a clock head
is inserted 5 i ntKGt hés dffspntve sietl ddwheaddBosssefbiy@Imlswitkur f aces. The

cl'ock head is _Lfstgd to wite a ¢clock signal on to the disc surface. This
cl ock si gnal " the prpseridpvantopiniustihase | ocked | oop (1'LL) for obtaining
a stabl e joref erenme. 8is0N8h a1 & ML ' j , Lal tracks in a
servo pattern with susffi c%ent ra\zgﬁilg}p%g%r\g%%?g@q%%ﬁ%%ggﬁsgpmny

advant ages t 8seuvipsegier wiitiersen g dist sadkes in accotdancéBith ekt er t he HDA has been
assenbl ed- U . t he accuracy of the servo tracks (i.e., the
actual pl ace'rgr%ﬁ{)&%}%%ﬁge%FPée@E%t%ﬁeT’l‘f@‘ disc surface) is not optinal when

witing the servEG apksdiagratli@ubAingAnYermd Pringfgatadle run-out (NRRO the
HDA at the timaéa)}f servo vgrit_ing 15 will be witten into the servo pattern.
I n sel f - ser vB*PTHRK [Q#71e SH0osimeRtff the present invention.

15 FIG. 4 is a diagram illustrating an elongated magnetic domain

farmed by overlapping individual magnetic domains.

FIG. 5 is a schematic diagram of a system for thermally printing
Servo patterns on magnetic media, according to one embodiment of the
present invention.

20 . FIG. 6 is a schematic diagram of a system for thermally printing
servo patterns on magnetic media, according to another embodiment of
the present invention.

FIG. 7 is a schematic diagram of a system for thermally printing

Servo patterns on magretic media, according to yet another embodiment

25  of the present invention.
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writing a plurali tpicob isRaRaa iHRURIS £BulfMRH Wilcn HGmuimanetic
domains are witten one magnetic domai i at a tine by 1ndivVi dua ly heating
each magnet i cPaftarnispaginghs variedgwithiredtvdinl e  exposi ng t he nmagneti c donai n
to a magnetic fieInEq Iﬁs %netic field has an orientation that is
opposite to the urifo Srﬁang gram Al yssrrting agpylee frRBHN Whighithght beam forns an
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invention rel at es RI6. a1 dbtshatksaf pulshienirehdwing agdgialigy éthephaiyrat i on pattern
al ong a track QE a netic 15 disc nmedium The nethod includes exposing

t he magnetic ‘df* t@“r‘?@ﬁ% ‘TmagnetiGelemats hay ing ymeisrias aisragieei c fiel d
strengt h thatddwnliess dildlog Magnetic coercivity of the nediumat an

anbi ent tenperature and greater than the magnetic coercivity at an

el evat ed tenper at Uile. 1Ais a perspective, fragmentary view of a light beam

illuminating an individual magnetic domain on a disc surface in the
presence of an external magnetic field.
FIG. 13 shows a pulse train having first, second and third sets of
15 overlapping thermally written magnetic domains.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a perspective view of a magnetic disc drive, head disc
assembly (HDA) 100 with which the present invention is useful. The
same reference numerals are used in the various figures to represent the

20 same or similar elements. HDA 100 includes a housing with a base 102
and a top cover (not shown). HDA 100 further includes a disc pack 106,
which is mounted on a spindle motor (not shown) by a disc clamp 108.
Disc pack 106 includes a plurality of individual discs which are mounted
for co-rotation about central axis 109.

25 Each disc surface has an associated slider 110 which is mounted in
HDA 100 and carries a read/ write head for communication with the disc

surface. In the example shown in FIG. 1, sliders 110 are supported by
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the present invention relates to a servo track witer apparatus for
witing a plusspensionsdi2 whiphars o omsipportediby drack fenepaing srmwvd4pattern, on a
rigid magnetj [ ratus.incl.u a s f.a magnetic field
adj acent to éf%él%rcraéﬁoéﬁeg gllﬁ)és)%t%aﬁgr séloé‘tnrlﬁ%ﬁ'rlelsg?&%ﬁ% Igrboa r}%}ga a tenperature
of each of tdwtalyunaltihg yoibdchimaneld icldassd Vsice colltfotdo®EM),at a time, in the
presence ofv%he na%neﬁi c fjeld, BRIEF DESCRI PTI OF THE DRAWNGS FIG | is.
a perspect i VEOWNSFETALY ah Ly Qfhertymesdppiuptaremam bagised sughath the present
inventions i Sjdeseidthatedd FIG. 2 is a diagramof a null-type servo
magneti zation pattern for a servo sector witten on a disc surface in
accordance with ofvice ceifbodoriditrorfesthimaior sewithiitawenathedslidézG. 3 is a

diagramill rating a the rinting . .pr ss agccordi.ng to one

embodi ment g]fsi taﬁéutpr lé'%}ﬁhal&ﬁgéff??%monlSgdg‘isgig_ﬂv‘?@ SFS ﬂ?tgm illustrating an
el ongat ed nagaktalengtopah 122 biveBda Bikc BVRr iARRIAA 2k Bed Yigdualwpagnetic
domains. FIG, 5 is_a schematic diagramof a systemfor thermally printing
servo patt erH8™8i hefynerifecoftenrtar 1Bawrsradpyiyded thatenenbeldi ment of the
present iV ede@lloor?rfd Gk AnfGRRIR kel P95 01 o8 System for

thermal ly printing” servo patterns on magnefl c’nedra, according to anot her
enbodi nent  dfositicnanformsien, whideissiooed ofrbfa orimb= o tiscdistmatrfacesdi agr am of a

system for twhfaﬂrﬁgaéeldycaperdlsgvlor}glds. The servo fields can be interleaved with

data sectors on each disc surface or can be located on a single disc
surface that is dedicated to storing servo information. As slider 110

15 passes over the servo fields, the read/ write head generates a readback
signal that identifies the location of the head relative to the center line of
the desired track. Based on this location, actuator 116 moves suspension
112 to adjust the head's position so that it moves toward the desired .
position.

20 The servo field patterns are traditionally written onto the disc
surface through the read/ write head after the disc or discs have been
assembled within HDA 100. In accordance with one embodiment of the
present invention, one or more of the discs are at least partialiy
formatted with servo patterns or other disc information prior to

25  assembling the discs in HDA 100. The discs are formatted by thermally
printing at least a portion of the servo patterns or other disc information

onto the disc surfaces, one magnetic domain at a time. This information
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with one enbodiment of the present invention. FIG 9 is a diagram

illustrating a pulse train in which illunination 5 pattern spacing is
varied within the train. FIG 10|sadJagramlllustratlngapulsetraln|n
which the illumnation pattern shape 1’5 varied within the train. FIG 11

illustrates a pulse train having a plurality of thermally witten

el liptical naga}etdcmdgof@ieag pevmég fols a .10 down-track
direction. FIG 12 is a perspecti Vg@at eaai(aﬁa%\/c%rgglgs?ct%r F’?Cé?lrt beam

i 1'Tum nating aﬂmhﬁ:ditmr@@aatmmrgfmtnanodpﬂmsfbroafa-ﬂ gEiugCof SeEthas Bedvid T he
presence of an xt er netic field. FIG 13 shows a pul'se train having

first, secondPand ?Blaélggsanﬂﬁna%tlé\i’é?ﬂ’eéb?ﬁ ¥fghe perticalandien i t t en magnetic
donmai ns. DETAgd{EQe/[)%ﬁ%B |ON OF THE PREFERRED EMBCDI MENTS FIG 1l is a
perspective view of a maghetic disc drive, head disc assenbly (HDA) 100

wi th whi chd the preBI€nR is avdengrammnf e Sulisgbbikervdhtagre@nBis L hei&Rce, Nuner al s
are used in the varlousbéé gures to represent the 20 sane or simlar
el enents. HDA* IHOCiSRTPL Wé‘“ﬁB%lar@SWI{ff@Caﬂb@@@m@e witldome t op cover (not

shown) . HDA mgbgg;ngg}ﬁ % ch,is mounted on a.
spi ndl e notor (not shown ﬁég&ﬁ”&:&é ri%}oﬁsiﬂdé@tﬁa%ﬁo‘i’@ﬁr?%l udes a
plurality of wMguthaﬂsm&f\t\ﬂm éfic @Lﬁﬁad@éﬂﬁz@z@owﬁ@ﬁ 1&&c5&%§§&8§3 about

central axis 10 ch di sc surface has an associ ated sli 110 which

i s mounted in® élﬂaeesm pEihesliscsaniong. i F16. Rshdwk d7 tremkmnuni cati on with

the disc jsurdaes 145@6_1&1155 in FIG 1, sliders 110 are
supported by 10/ 23/ 2001 1 “?3%@)&%@&@@%43312 %WESTVAN CHAMPLI N & KELLY

The shaded regions in FIG. 2 correspond to regions of opposite
magnetic polarity as compared to the non-shaded regions. For example,
in a longitudinal recording system, if the longitudinal magnetization in
the non-shaded regions is right-to-left in figure, then the longitudinal

15 magnetization in the shaded regions would be left-to-right. Ina
perpendicular recording system, the regions of opposite magnetic
polarity are magnetized perpendicular to the disc surface, either into or
out of the page in FIG, 2.

Servo sector 150 includes phase-locked loop (PLL) field i60, pad

20 field 162, sync field 164, pad field 166, track ID Gray code field 168, pad
field 170 and position error (PES) field 172, which is labeled "A Burst".
PLL field 160 and sync field 164 contain radially coherent magnetic
transitions. When the read/write head (not shown) passes over fields
160 and 164, the magnetization patterns within these fields induce an

25 oscillating readback signal. The oscillating readback signal is used to

~ lock the phase and frequency of the disc drive read channel to the phase

and frequency of the readback signal. Track ID Gray code field 168




[ LU/ 497 4VVUL 14124 FAA DLLJYV4991L WEDLMAN CHAMPLIN & _HBBRLLY | wuiz

WO 00758954 PCT/ US99/ 30705 -6 suspensions 112 which are in turn supported
by track accessing arns 114 of an actuator 116. The actuator showd 7 Q¥ @43

1 is of the type known as a rotary noving coil actuator and includes a
voi ce coiwoesmies (VCM), shown generally at 118. O hePCTApe80706F actuators
can be used, such as 5 linear actuators. Voice coil notor 118 rotates
actuator 116 with its attached sliders 110 about a pivot shaft 120 to
position sliders 110 over a desired data track along a path 122 between a
disc inner dianmeter 124 and a disc qQgter dianmeter 126_ Voice coil notor
118 operates under the control of a to closed-loop servo controller within
internal circuitry 128 based on position information, which is stored on
one or nore @htansdnipraatioy identifing thietpar tirudbe diack pest vddelvthethead ds. The servo
fields can legcgtteﬁrl eaved with data sectors on each disc surface or can be
| ocated on a single disc surface that is dedicated to storing servo

information- As PESderd W20 JsedResRasf:okelochlish shyBedd wltHs, the read/ wite
head generates a readback signal_ that identifies the |ocation of the head
relative to TEfReCRipe ¢l sratefine lnghgembpdignept shawn BREH2 %St hi s | ocati on,

act uat or s11Gi@YeSoskSRENSHR peiq'%%pteg%ﬁ@héa{te}nh%hgﬁgtﬁﬁ%@osi tion so that it

noves toward the desired posit servo atterns are

tradi ti onal Impagnehizateom patteon ishverittiinsio a preddtarmensdplmse beldden toehel/ Wi t e head
after the disc qr..discs have been SS led within HDA 100. |In accordance
with one enbrgaoﬁnr?éﬁ%o&mttﬁ’éns lﬂgg@ﬂ?@?ﬁ@t i“\c?ﬁi,% BRE/ WPIhRAESof the discs are
at | east pardvefPEYfieliqrpahé fddvadkRigharl ydeRatd SIS H&Id 9t her disc information
prior to 25 assenbling the discs in HDA 100. The discs are formatted by

thermal |y maduirgedn H BéRaratad opraduee vpositien sreervalysatAtéhas or ot her disc
e i i e o T e SR
head is positioned to one side of the track center, the position error value
will be positive and have a magnitude indicating the amount of
displacement. If the head is displaced to the other side of the track
center, the position error value will be negative and have 2 magnitude
15 indicating the amount of displacernent. Other types of servo patterns
can also be used, such as a spiit burst servo pattern. Demnodulation of
servo patterns is discussed in more detail in U.S. Patent Application
Serial No. 09/268,584, filed March 15, 1999 and entitled
"ASYNCHRONOUS DIGITAL DEMODRDULATOR AND METHOD FOR
20 A NULL-TYPE SERVO PATTERN," for example.
The smallest unit of the servo pattern is one of the small squares
in PES field 172. When the head passes over a region bounded by areas
of opposite magnetic polarity, a di-bit results in the readback signal.
This di-bit (or cycle) is a building block of all the pattemns within servo
25 sector 150, and it consists of defined magnetic domains.
Traditionally, servo patterns are written one “servo track" ata

time. The definition of a "servo track" depends on the product. As




-7 PCT/ US99/ 30705 can include, for exanple, the location of each datd QCT 2003

st orage sector, sector n er identification inforggtion, the start of a
group of seévdorss9siservo tern informati on and naggeti c sormessores of the
particul ar disc surface, for exanple. 5 FIG 2 is a diagramof a null-type
servo magneti zation pattern for a servo sector 150 witten on a disc
surface in accordance with one enbodi nent of the present invention. Arrow
152 indicates a down-track or angular djnension of the disc surface, and
arrow 154 indicates a cross- track or radial dinmension of the disc surface.
FIG 2 shows 17 track centers | abel ed-1560-15616, respectively. The shaded

regions in Fl Glisussed nbsyottibito hbegir@dficdhll P BRAS v Rren BN ENd GOl arity as
conpared to the non-shaded regions. For exanple, in a |ongitudinal

recording syst&Hfacepyithe Wrise giansdueealin thagiead/ waite bead. nBy whitimathesshaded

regions is rightstos: I Lgure, .then the.longituydinal 15 magneti zation
in.the shadedg@eggsocrégg%]ﬁlpgr%g Cefick Bagngit ‘.jO’F’ﬁg’é OL%L?GPIPB%WHP@BP recordi ng

system the regeonsttai o0 ppORidis. "THERE W dpneROUBHatN ﬁé?o%ﬁ?eti zed
per pendi cul ar to the disc surface, either into or out o he page in FIG

2. Servo sett oectpggulapcinersephedisndrsok ik present(iRidntidd, et Bagk60, pad 20
field 162, sy p.el 64..pad field 166, track ID Gray code field 168, pad
field 170 andrﬁoégl%’ﬁiogﬁﬂeelP?b‘pg‘(‘?J%?g‘P‘?t@ MR3BS INFRIER SELOT B¥kated " A Burst .

PLL field 160 ednanprificalshid o aRRLEIH BAL Al )45:8988&%% afAGREL | C

transitions. Wen the read/ wite head (no passes over Tields 160
and 164, the rReferetthe discirrssembladiis: the thiva. t hese fiel ds i nduce an 25
oscillating readba sé gna%. The.1 scillating readback signal is used to

| ock the phase and'freqUénd§esi LHETRNEE adhFreal ReatingBrRfess 208 t he phase

and frequency aetordies feadhaskoSihghalos til Giekeds coge. L 168 1U LJ/
4UUL 14:44 rAA QO G]hggll\]\” Z Whbl MALIN (, I’i%g)kl’ L %@g@()ﬁ[‘t tl,gfﬁf%g 3@00/ 58954

PCT/ US99/ 30705egtisimedia APbismagnetizedéntivniiong mhgnetatationdiRetiss ack over
whieh the heatosk sl Q6RbATex Bl et () ko HRY Fof exaraple, s | C | oI ON
longitudinal recording system, the entire disc is circumferentially "DC"
magnetized in a uniform longitudinal direction. External magnetic field
15 208 has a level that is greater than the magnetic coercivity of magnetic
media 204 at an ambient temperature.
At step 210, external maghetic field 208 is changed to external
magnetic field 209, which has a reduced field strength and an opposite
polarity as compared to field 208 in step 202. External magnetic field 209
20 has a field strength that is that is less than the magnetic coercivity of
magnetic media 204 at the ambient temperature. An incident light‘ beam
212 is directed to a selected area 214 on media 204 to produce local
heating of media 204 within area 214. The temperature of media 204 in
area 214 is elevated from the ambient temperature to an elevated
25 temperature. The magnetic coercivity (Hc) of media 204 decreases with

increasing temperature. When the coercivity drops below the level of
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respect to the track center line. In the enbodi nent shown in FIG 2, PES 5

field 172 contains a null-type magnetization pattern. The null -typf.}, Upﬁ 2003
tlo “he

magneti zation pattern is witten in a predeterm ned phase relation
magnet i zawiomosspad terns in fields 160 and 164. As the reAdSI%0VGSe passes
over PES field 172, the readback signal generated in the head is

denodul ated and integrated to produce a position error value. At the 10
track center, the position error value will have zero nagnitude. If the
head is positioned to one side of the;track center, the position error
value w1l be positive and have a magni tude indicating the anount of

di splacenent. If the head is displaced to the other side of the track
center, the pysiallyappliedmagmdticdield 209, the muggetidavion glintawe a nmagni t ude 15

i ndi cating t un er es of servo patterns can
al so be usedﬂg%tgg%reﬁtglgwélgflfﬁl’%ﬁ&é‘flﬂ'k@?\?@qb‘é{té%‘? Denodul ati on of servo
patterns is di scu,ssszdp RT8, DBfitebeatzAD ks defhobkStoRM 4ARphb@at i on  Serial No.
09/ 268, 584, ﬂlf\@ed March 15,1999 and entitled "ASYNCHRONOUS DI G TAL

DEMODULATOR mﬂﬁ@%wmﬁﬂé@%\m@m\mﬁm&ﬁr&mmm or exanple. The
snmal | est yni tten?fgetr%tgg%ga g%ﬂer;! ma ope;of ﬁltn%gﬂﬁgp ar es in PES

field 172. \We es over re i Feas of opposite
magnetic pol hoﬁmqa,rieaoﬂiredalzm witisrdriath. l'ﬂhe%hﬁaercﬂaﬁﬁg@\ﬁtkc &d»rﬁﬂﬁhzo This di-bit
(or cycle) |s bui.| ddo ck of all the patterns within servo 25 sector

150, and it (L, CARIRSE, @&F Wfﬁléegﬂé{ri‘f@f’&ar?&ﬁﬁ@onm?@a?% onally, servo

patterns are wi tTigh: Lam 2139 en HAEK to &%rl?e bdal By md. ition of a
‘servo track” depe%ds on the product. ra al mI'‘Jfll\l/lgrindiz%&g%T 2003 WO

00/ 58954 0 W@@@F%mwgnmuuggwnaswezlundbmsaﬂnha/e traditionally
a1 nea e Rl Rines 3R A5 e G SV 101 1
magnet i ¢ dondomamsfat d)qffpmt toeatﬁmisahlrﬁedmxarz% Bf hidvely @B 1dcadder di sc. These
magneti don?gﬂ%e?&%l& Ol':jc?r mele, steps 210 and 218 can be repeated one or
more times for each of the shaded regions in PES field 172 shown in FIG.
2. In one embodiment, the light beam is pulsed on for a selected period
15  of time at least once for each of the magnetic domains, in the presence of
external magnetic field 209. Each of the magnetic domains are spatially
separated from one another on the media by moving the relative
positions of light beam 212 and the disc surface in the radial and
circumnferential directions. Information can be magnetically encoded on
20 the disc surface in the circumferential direction, the radial direction or
both.
The length of time magnetic domain 204 is exposed to the
filumination pattern depends on the type of light source used and the
amount of local heating required. Several types of light sources can be
25  used. The chosen light source will depend on various factors such as the

resolution desired and the need to avoid unintended changes in disc

coating properties. In general, light sources having a shorter wavelength




5 rectangul ar. I n one enbodi nent of the present invention, at |eagt 60
portion of the individual gnetic domains in servogsector 150 ar 7 0CT 2003
thermal |y praaitséd$4ont o t di sc surface, one magnhe donedrugdssareki e
before the disc is assenbled in the drive. FIG 3 is a diagramillustrating
a thermal printing process 200 t o according to one enbodi nent of the
present invention. At step 202, nmagnetic nedia 204 is magnetized in a

uni form magneti zation direction 206 with a strong external nagnetic (H)
field 208. For exanple, in a |ongitudinal recording system the entire
disc is circunferentially "DC'" nmagnetized in a uniforml ongitudinal

di rection. Extweiliprovirkgpriter cesbleloth. Hov20&rhasha cheglwdddngts greater than
t he magnetic g)oerci vi}t1 of micgeneti c, nmedia 204 at an anbient tenperature.

At step 210, exXtEPRAPIREgneRnEended dampegs to disslsaatygs may esulir Fak  nagneti ¢

field 209, whiggh vihilSONG i.el d rength an n.opposite polarity as
conpared to fi elréllﬁg%S in stegééli%ggh%?t% té(fenrg yﬁﬁ%‘ﬁg? 585”#) eSOIEG‘QnZO has a

field strengt ipropeties st taraincreasd BsSoft didhadets tAREHESdicn Fé%%’éacr} vity of
magnetic nedi a l5{304 at ttge anbi ent tenperature. An incident |ight beam 212
is directed t&3HPONJRER:that mag ke aprlieshtaredisasedace: ¢n puddaicase) ocal  heat i ng

f media 204 yibi t t f media 204 | 214 |
ol cvat e {romThe SOFLOER dses ST 5 oan ATERy HoBU Y HpEh at ure. The

magneti ¢ coer apprdpridtéic)n ofe ¢RBGEMAE tHERERASR S, Wik e'}é}ft.r ?ﬁ;i ng
tenperature. When the coercivity drops befow the | evejl of I'Urzj/zuul 14: 25
FAA b1LJJ4JJ1*TRIAIHR teraNe eaghgnagetic dnma00 68054 is 16 REXEdWS09/ 30705

external ly apgkés% ic fie 09, the netization 216 in the heated
area 214 will ali ﬁ@?ﬁ gg} %Oqlvl\n&% Hiet%hé\ea%ﬁflg%‘ag?ﬁ@lIH?C%%FXE?%’[S"- 298 thej ght beam
212 i s renbvegoiveopugnaaf ZHdligwisbhed! changi ng external magnetic field

209. When area 214 Leturns to room 5 tenperature, a thernmally witten
magneti ¢ domai n 228 tielongatgdishadestreginnsda PLES e 16(, epnfidldviich landlemai n.  The

shape of magnet,) i i-Spde i ned by the shape of the
i || unination grgthltgg?gf{:gkg?ré%ﬁgdz%ﬁ}n %ﬁ'g‘hﬁang’&fﬁf’ﬁﬁ‘gb}’éﬁm Hisved to anot her

area_on med; uligBOdanoand el Tabh inill Mk Iite IR 6o DT RaciSt PS 210

Sirecﬁon 154. If the media is continuously exposed to the light beam

15 during a radial scan, the media will cool in a heat gradient along the
length of the thermally written magnetic domain. Alternatively, the light
beam can be pulsed or modulated as the light beam is scanned radially
across the media surface. The spacing between adjacent illumination
patterns is set so that the illumination patterns at least partially overlap

20 one another to create an elongated line of overlapping magnetic
domains. For example, FIG. 4 shows an elongated magnetic domain 270
formed by overlapping individual magnetic domains 272 or by
overlapping adjacent illumination patterns during a radial scan.

FIG. 5 is a schematic diagram of a system for thermally printing

25 servo patterns on magnetic media, according to one embodiment of the

present invention. System 300 includes light source 302, beam shaping

optics 304, beam deflector 306, external magnetic field source 308 and




TlAe s M SALALY  WAMAMAL v LLY W AMAddiddd
B VLY

| 10 repeated as rfan tli nMes as necessary to produce nagneticall rever se
P y y top g y reversefier

domains at different |ocations on nmedium 204 by noving the | ocation

| i ght bea Q{Zi%oz For exanple, steps 210 and 218 can be repeated one or nore
times forn‘% *%? the shaded regions in PES field 172 gﬁ'@b\ﬁs’quqﬂqq G 2. In
one enbodi nent, the light beamis pulsed on for a selected period 15 of
time at | east once for each of the magnetic domains, in the presence of
external magnetic field 209. Each of the nmagnetic domains are spatially
separated from one another on the netd-a by noving the relative positions
of light beam 212 and the disc surface in the radial and circunferential

di [ : i: : i cal | ncQded 0.t di f
'n' Che ol r cuntoRLRE Al ACF aersRuAEng: Elherde R et aR 6P ilot . The | ength

of time magnétpassedchuiugh 28dmisbaping opted 30014 Fam ddflebidt 8@, imampat t ern depends
on the type {a I.iqght. source used and the__anount of |ocal heating required.
Several typeS " TRJ5E PSoRfrEcscdighh Beam Sigkay ingrndesitsd pattetn ght source wil |
depend on v astpuswhiarb Okt SURRIPAAAE od B304t T GSIL pA and Lhe need to
avoi d uni ntended changes in discC coating properti€s. Tn general, |ight
sour ces héavi Rgnstighariaundingeatle thgtally) @ tidten Ta@adtidd0Raih. 7 OCT 2033 WO

00/ 58954 -11 PCT/ 9{ 30705, M rovide better resolution, However, as the
chosen wavel engt k?gg%e%gﬁ%tgr% odrebsﬁg?g %"tzetﬁd‘ siethiRERH APIRIEE coati ngs may

resul t. For 3xweithintheastiviahge 3 6MMBesH Mf1bdtGHH06 SOV HE EorliBYrdd Vi de desired
d

s, it_can increase risk of danade to the corrosion

resol ution @ét&pﬁrtlig _ ncr eas
resistant 5 HotBNt 857t 314812 Tadip! disectiop lairods the sarfeiesd diaBléce. | n such a

rore’ appr ope arnahgltay LAMm e BT aRPe 3 LAt BB her ent  The
t enper at Ut e e dighi it fesirad h Imergretbceli empbaarh SeMiemk 805 insiuaegyl ated by the

type of |ight; rce used, the duration of the nmedia exposure and the io
power out puphg?&?ﬁéémlt?%ﬁa%ﬁ?E‘E.m?Wé“éPﬁ'ﬂﬁé?WI?Hé’déénﬁebi ons in PLL field

160, sync ficcditd1atanother embodiment, beamn deflector 306 includes an
electrostatic mirror system. Other types of beam deflectors can also be
used for deflecting light bearn 312.

15 Conirol circuitry 311 is coupled to light source 302, beam shaping
optics 304, beam deflector 306 and spindle motor 322 for controlling
various aspects of their operation. Control circuitry can be configured to
contro] the operating parameters of light source 302, such as the
exposure time and intensity. Control circuifry 311 can also be coupled to

20  beam shaping optics 304 for controlling the shape of the light beamn. For
example, control circuitry 311 can change the illumination pattern shape
from one write operation to the next, if desired, for effecting the relative
distances between adjacent transitions in magnetic polarity on the disc
surface. This can be used to implement a desired data coding scheme or

25 to simply change the size or shape of a particular magnetic domain area.

Control circuitry 311 can also be coupled to a spindle motor 322

for rotating disc 314 during servo writing operations. Disc 314 can be




track D Gray code field 168 in FIG 2 can be formed by scanning tHe? 0C5H{03

beam and the resulting i m nation pattern in the dial, off-track
directi on WO40/5894 t he ne i s continuously expose‘o t h&CT/Ugget30oeam 15
during a radial scan, the nmedia will cool in a heat gradient along the

|l ength of the thermally witten nmagnetic domain. Alternatively, the |ight
beam can be pul sed or nodul ated as the |ight beamis scanned radially
across the nedia surface. The spacing _li)g_t ween adj acent illum nation
patterns is set so that the illum nati Oh patterns at |east partially
overlap 20 one another to create an elongated |line of overl apping magnetic

domai ns. For eotatedliea coh@hudussasiwenarhitl Rig@bosbseado eighe belgrain 270 formed
by. over | appi ng i ndi vi dual magnetic domains 272 or by “overl appi ng adj acent
i 1lum nation g'éﬂleéﬁ%mwrs AYPIFUra ar Ahlsed anposHre) orsandegrosathémat i ¢ di agr am

of a system f inti.n S5 servo pattern n.nmagnetic nedia,
according to g%gxtegﬁ%tg% %W’?E%fnélﬁe ?aEWéggﬁPeﬁaﬁ\?Qﬁt {rbﬁ?eqév‘%‘t em 300 i ncl udes
l'ight source 8dinplecdint SHaPbEIA beofhiiSiars @4 calleRBL-HEN 864QIM 1306, external
magnetic field source 308 and '~ ' L L11. 33L.1LLC1 WO 00/58954 -12

PCT/ US9913070% Tt rol circuitry 311. Light source 302 generates |ight
energy 310, which ssed th h be shapi ics 304 to beam

defl ect or 306. Bea%ttgr@ﬂgﬁgﬂah {5%5%8“% éfie r:%f?‘g‘ggg}lk’ SGHP-BRENRE 312 havi ng

a desired patbek BerrSirRe mavhbC foad stwieh bravild¥s defd Aesic kg shape of the
magnetic field S@t ransiti o\rgi’ﬂsur roégﬁg %ach%he‘r rr%l 'y Swri tctlgﬁ magneti c

domai n. Beam Hevingetdssirgbgeldetieagtisatredenitidriantaiate sTheshagnetat i on on di sc
314, within b range. 316, am def | ector 306 can be configured to

defl ect |ight ﬁ%‘?&r‘?\“ﬁgg“‘?‘ﬁed&"ﬁgﬁi"‘é‘?ae%ﬁ”?%%’tflftﬁﬁ‘ PPN AflQEe of disc 314
or in an angub@starfiall¢ UTioe GRMiksabudhdee 3hioAR eflHAGmBnL ¢5d a track on
10 the disc, if desi r_gd- in one enbodi mer?t, “beam de?l'ectg?g%%gc[i ncl udes a
m rror nount efieldrs imjtsid de theoirea reingr wiities aridsmagnetiofiélddobyce 08y ol
circuitry 311, | n.angther. enbodi nent, beam defl ector 306 includes an

el ectrostatic mr g Ts&“&t"é‘%ﬁ“ q’ﬁ’é‘rpﬁtﬁf-ﬁ%émg]ﬁr ﬁ@éﬁf‘ﬁ@? Pghf%?§e@%t7ﬁ0ral so be
used for deflggg, h@&dx&rrgb%dbﬁé@l\1%='Je2324.1iﬂo%eiﬁ&!di&ﬂéﬂ@c&dfmg,l1 I's coupled to

| i ght source 302, beam shaping
magnetic field source 308 can include an electromagnetic coil having a

15 coil axis that is perpendicular to the surface of disc 314, for example.
Light beam 312 is passed through the center of the coil. For longitudinal
recordipg, magnetic field source 308 can include one or more permanent
magnets having a gap between north and south poles, which is arranged
parallel to the disc surface, through the illumination pattern.

20 Alternatively, two spaced, parallel electromagnetic coils can be arranged

~ with a common axis orier:.ted parallel to the disc surface. Other movable
or stationary magnetic structures and configurations can also be used.
FIG. 6 is a schematic diagram of a system for thermally printing
servo patterns on a disc surface according to an alternative embodiment

25  of the present invention. The same reference numerals are used in FIG. 6

as were used in FIG. 5 for the same or similar elements. In FIG. 6, beam

deflector 306 is replaced with an electro-optic scanner 340 for scanning
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optics 304, beam defl ector 306 and spindle notor 322 for controlling
various aspects of their operation. Control circuitry can be confilggr g Lﬁ”
control the operating paranmeters of |ight source 302, such as the XGE Q
time and VAO¥PRETty. Control circuitry 311 can al so be RIGHPLYES0 20 beam
shaping optics 304 for controlling the shape of the |ight beam For

exanpl e, control circuitry 311 can change the illum nation pattern shape
fromone wite operation to the next, if desired, for effecting the

rel ative distances between adjacentl4ransitions in nagnetic polarity on

the disc surface. This can be used to inplenment a desired data coding

schene or ZSIi%gbﬁgﬁ?’hyt&&%?’%&h}%iﬁ%éﬁn g}res%p%gee%fod{%%éﬁ.a%ti cul ar magnetic

dormai n ar ea- ntrol circul ¥ a spindle notor

322 for rote@impe dlesto-dphc shanhaPB4s edrvircMide bh REEBBYHAE L@RSer DI SC 314 can be
"' V.L U17 ng I2003.1 7 %FJOOB WO 00/58954 0 PCT/ US99/ 30705 -13 rotated
in a continuSUSIPEERY e MR PErag Fisteaq ornder at Camagie Malierm 312  (ei t her

conti NUOUS EYWRNSHLLS. Ofirrakkl n_bhe,ro ed in discrete
steps between i ndi gi duarlgh@m)??%éﬁg%gﬁg%cﬁéﬂ%s afe?lﬂf‘heed foa%e?%?uo&arrpl e, disc 314
woul d be 5t a1 Br&Fder 86 orndéprermigret idimelmsi. Mnirgovdmattd inf @dtroEXt er nal

magnetic fielg: 8.can include an el ectro-magnet or a permanent
magnet, for e‘%ﬁ%ﬁ‘?‘em |cqr11°%’r183¥ ghange ?Fé@ﬁi%‘f%emf-i%% scusged ng a desired
yield strengttovgtconrdlesttieg 0 ntHiadd ot JREI RGPS Gre th fiid can be 11m ted
to the areaql}ei ng witten or can extend over all or 1o substantially all of

the disc surf3CEE-GMeRTRnabaBeN-aRYR scantive. Aagiestioempticisedrgiei s |imited to the

area bei ng Wrbbid@an ARARBIREL | Leld source 308 i.s .noved with the
i |1 uninati o\rllg pattern unaglg tﬁgeb %5{5? F i)afe%f’mbo zlﬂﬁlglgfr’li%’t"&rpaﬁg’%, as shown by
dashed | i%he @2he sérce pbdisedidi cul ar recordi ng, magnetic field source 308 can

include an el ect {._ﬁ:lrg%naetc:hc coil,having a 15 coil axis that is -
perpendi cul ar to LHé surtaeatofiagrage ot system forghermplle printinght beam 312 is
passed t hrougivolfateedheiagabtid MedRQktorafiRto LAPG! M NAl e
embodiment of the present invention. The same reference numerals are
used in FIG. 7 as were used in FIGS. 5 and 6 for the same or sirilar
15 elem:ents- In FIG. 7, motion stage 350 mechanically translates light
source 302 and beam shaping optics 304 radially across the surface of
disc 314, while spindle motor 322 rotates disc 314 to any selected
circumferential location, Alternatively, motion stage 350 can be used to
move spindle motor 322 and disc 314, leaving light source 302 and optics
20 304 stationary.
FIG. 8 is a diagram illustrating a single frequency di-bit pulse
train 400 written along a track 401 on the disc surface in accordance with
one embodiment of the present invention. Arrow 402 indicates a radial
Or cross-track direction, and arrow 404 represents a circumferential or
25 down-track direction. Arrow 406 indicates the track width. Prior to

writing pulse train 400, the disc surface was conditioned with a




recordi ng, magnetic field source 308 can include one or nore per mangnr] 1
magnets having a gap bet n north and south poles, _which is arranged 0CT 2003
paral | el twotohessds sc sur e, through the illum na N patd1iidy/3e0s
Alternatively, two spaced, parallel electromagnetic coils can be arranged
with a common axis oriented parallel to the disc surface. O her novable or
stationary magnetic structures and configurations can also be used. FIG 6

is a schematic diagramof a systemfor thermally printing servo patterns

on a disc surface according to an altethative enbodi nent 25 of the present
invention. The sanme reference nunerals are used in FIG 6 as were used in

FIG 5 for th -sioml.ar_elenments,. In FIG 6, beam deflector 306 is
repl aced wit thn e é%’gt?agf-ygl[) 1%’51“5{@5%%%?23%3@f‘F@rs%Béh‘ﬁitFPéka?h@ﬁf 2003 WO
00758954 - 14 PAEKHERA 30ZAGLBAM)SANHELS0iddIG LY Sy ) Bl i on on the
surface of disc 310. For exanple, ‘el ectro-optic scanher 340 ¢can include an

el ectro-optic scanhbidpe trainfipdndpdes mygnédte datanSEts, dag2asyetens Center at

Carnagi e Mel |l gn. i ity rrently, electro-optjc scanners are limted
to deflections h(ggr%l?;{ﬁéer%{‘)apé'e‘?’%?n BH%dé@@’rrb%téiW“S%é‘ dFesERgABN. | mpr overrent s
n el ectros oMkinsnsGonpetelraelasl et BNEIANGS (LI, fleblisetion. As

| 0

di scussed above, control circuitry 311 nay also retate QRIS

fiaci litate theregerce Qﬁfanarxtﬁm:lldhmgxmiicgmm halingtr &&9i4¢5,&0ﬁialneg- An .
el ectro-optic nner royi des an advantage of a precise placenment of the
i|lunination %Safc?séqfe (r%\o tﬁ%ﬁ%ﬂ%‘é‘@ﬂ?%’éaﬁ?’“ EH‘%“QJ&&& Hiheshape of a schematic
di agram of a ysHemidion fRiRLbY AL O PALLEL NS, On magnet i ¢
medi a accor di n%st 0 anot heélﬁfal ter natl{veg%gﬂggg%%%%}p%fao?ﬁéc %?rgglgnt

i nvention. THeUs&leand4k end én pantieniak shaskapdiaebpoditidl & rdnd§oer € used in
FIGS. 5 apd 6 far the szrre or simlar 15 elepments- In FIG 7, notion stage
350 nmechani calI e oM EY altittg‘*nl?c.’ur‘bdéﬁfa%@f Fob deomepineinfKh&pthey optics 304
radial |y acr daghebRemsielas oo mahste dddnintlih asBhAghg Jt o 822 rotates
disc 314 to any selected circunferenti al Tocat T on &fativel y, notion
stage 350 carflbpti¢ded to nove spindle nmotor 322 and disc 314, |eaving

| i ght source 302 qn(gh.opti cs, 20 304 §tatj onary.
n this'example, magnetic domains 410,412 and 414 are spaced

from one another by a uniform distance or "di-bit cell spacing" 416. This

15 distance is measured from the center of one of the magnetic domains to
the center of the next subsequent magnetic domain in the pulse train,
along down-track direction 404. This distance is determined by the
spacing between each illumination pattern. The spacing between
subsequent transitions in magnetic polarity along down-track direction

20 404 is measured between transition edges 420-425 and is indicated by
arrows 430. Each transition generates a pulse in the readback signal.

The di-bit cell spacing 416 is equal to twice the transition-to-

transition spacing 430, which creates a single frequency di-bit pulse train.
This type of spacing can be used for creating the position error signal

25  (PES) burst fields in a servo pattern, such as field 172 of FIG. 2, as well as
the phase locked loop (PLL) and sync fields, such as fields 160 and 162
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FIG 8 is a diagramillustrating a single frequency di-bit pulse train 400
witten along a track 401 on the disc surface in accordance with opg OCT 2003
enbodi ment of the present invention. Arrow 402 indicates a radi al r
cross-tra¥Mou@ssscti on, and arrow 404 represents a circecifesspsmwesal or 25
down track direction. Arrow 406 indicates the track wdth. Prior to
writing pulse train 400, the disc surface was conditioned with a WO
00/58954 0 0 -15 PCT/US99/ 30705 circunferentially uniformnagnetization
field such that track 401 has a background magneti zation (M in a
direction indicated by arrow 408. Pul se train 400 includes magnetic domai ns
410, 412 and 414, W%ihCh are thermally witten one domain at a tine by
directing anSBOWTPURChAt L5 tyrs efepacing sir alsadratsed fwrareatingathierheat i ng t he

location in &bRIs wARRS SRCRR pafk£Xt ernal magnetic field having a polarity
415, which is opposite to t%e Background magneti zation direction 408. The

shape of the il |l Ramizstiopatattermsizietrer siiapeand fhe pahepepaéingach mgnetic

domain 410, %;Lgls@gld 414 1 gnd i nd;)aﬁéircul ar, the shape and position of

transitions 10 1h Raghetred Shrarsd yhils fopmatting haidiss enepdeeach dommin. | n

FIG 8, the idfoghdtidaenm tealsdDrhed GhdrBgnat in?org%g’ﬁhgﬁgé&&g 412 and 414 was
, an

elliptical. In this exanple, nmagnetic domains 414 are spaced
from one anotifigrl6Bin BlGiRi Qshendiscdntonmetion candilsoljietencaddd @patieng” 416. This

15 di stance j§ r fr: he center .of one of the nagnetic domains to
the center of the nek?fbs'ugﬁgglg]haé}‘l m‘rﬁgﬁ 3???:388%5#@11%8%%’ N se train,
al ong down- t tedkuminagioh ipattertGpacitifissvathes! RAGELES 5061 RItH08d by the spacing

between each_j | l.um pation. pattern, The spaci ng between subsequent
transitions Pfﬁx ﬁgﬁaéniﬂflcgﬁﬂi‘aév Aoy ‘d’g‘ﬁha{eﬁb@w@wr‘mﬁm@o 404 is

Each 11 ansi L1 on gonor ot 60 - e s n e AR RRT T ST coll
spaci ng 416 F‘és”é%ﬁélom%n wilihiethelpeesenadianiestestally apphedinaadticspaci ng 430,
oL P RO SRR L LRI D O TP
a servo pat tiodivates aclovastridkelitbcdi? Qfaif| e siadedSehbihd cofr@spond
to regions of opposite magnetic polarity as compared to the non-shaded
15 regions.
In FIG. 9, the distances between transitions in magnetic polarity is
varied by selectively varying the spacing between magnetic domains
501-503 in down-track direction 506. This spacing is controlled by
controlling the spacing between each illumination pattern. The
20 illumination pattern spacing can be used to encode information onto the
disc surface. For example, the presence of a magnetic domainina
particular bit location can represent a logical "1" or "0", depending upon
the convention used, and the absence of a magnetic domain in a
Particular bt position can represent a logical "0" or "1", respectively. The
25  presence or absence of a magnetic domain is detected by the read/write
head by detecting the presence or absence of two transitions (the left and

right transitions of a particular magnetic domain in down-track direction




the phase | ocked |oop (PLL) and sync fields, such as fields 160 anfl lﬁﬁ 1 ‘73,
OCT 2003 1U 2J/2UUL 14: 2[p YA i G 2JJ4JJi 2 YVhJ11VIAIN GHAi 1YL11V &l AL ? Z‘&Q
00/ 58954 -6 ob768944US99/ 3 shown in FIG 2. This .)e of pShaGbAG£aN al so
be used for creating other fields within the servo pattern. The
illumnation pattern size and shape and the pattern spacing can also be
controlled or varied while formatting the disc to encode 5 infornmation onto
the disc surface, such as the information in track ID field 168 in FIG 2.
Cther disc information can al so be encbded onto the disc surface. FIG 9

is adagramillustrating a pulse train 500 in which the illum nation

pattern spaci I i . . } .includes | ural.j.ty of
nmagneti c dona?%g HE?)%%%%%%\}\)E%% éérnre’ap%el?gr%fcfnf o\ﬁlr%fJﬁI %ﬁth&% ESn?IBO’g%e nmagneti c
di'sc by usi ngisanlely defiriedeiyi e iDaiietion Rittehfakipg 18396, 9, /BEAY iife dOMRI N

within the presence of an externally applied magnetic field. Arrow 504
i ndi cates a crUSEPreseRR thy alsenceef 2 magnetic demsoan thebitgmsiora down- t r ack

di rection. Aggi regi~on orres d to regions of opposite
magneti c pol a?%@feéggg%%;gﬁggnﬁgios hgu%ﬁr—z‘é‘ﬁgﬁé‘éﬂ“ '3‘5“#8'& ISREESePhAlE| G 9, the
di stances et ¢eded biasy VhiuRDf 'T10TRABGdifatBQ b9ty 582. vari ed by

sel ectively varyi n}_gﬁt he spaci ng between magnetic domains 501-503 in

down-track directildr HO6.2 diagrens ghsimting 8 podse train 686 abgordémggntar ol | i ng t he
spaci ng bet wegn chiill.um Lon pattern. The 20 i llunjnation pattern
spaci ng can b%not}g% W%oaéﬁ‘c%gg}glhﬁfpé%ﬁﬁ% irﬁ’ﬁnﬁiﬂf‘b"f’“&\é‘m thedHuByrstte.  For

exanpl e, the pieafBR&s variB@YNETih ChagRRL Aol ﬂrro%dﬁ]ﬁﬂlic%rtesq t location
can represent a logical "1" or "0", depending upon the convention used,

and the absen@@sofrack qisephieni sndiamamblénndicateartdovut-anchidirepidsi.t i on can
A e T A RN M S Tt
ST SR et et e AL b g 57 0
P polgrity which is opposite to that of the non-shaded regior{s in FIG. 10.
Beam shaping optics are used to vary the shape of the illumination
patterns and thus the shape of the individual magnetic domains on a bit- |
15 by-bit basis. This allows the distance between transitions to be varied |
with the illumination pattern shape. For example, transition-to- ;
transition spacing 608 is significantly larger than transition-to-transition
spacing 610. Thus, the illumination pattern shape can be used to encode
information onto the disc surface. If a logical "1" or "0" were represented |
20 by the presence or absence of a single transition at predetermined
circumferential intervals, then elongating thc shape of a particular
magnetic domain has the effect of delaying the trailing transition of that
domain in time past a particular temporal bit position. For example, in
FIG. 10, if each transition represents a logical "1", then pulse train 600
25 - represents an encoded binary "111001", as indicated by arrow 612. In the
example shown in FIG. 10, encoding information by changing the

illumination pattern shape significantly increases the code rate since data
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WD 00/58954 0 -17 1 7 OCT 2003 PCT/US99/ 30705 506) in a particular bit
position. The locations of both of these transitions 1is solely delkﬁgﬁgbgma
the illumyghyaespattern shape. In FIG 9, dashed line 210 repres h
absence of a magnetic domain in the bit position bet wed T TAEMECHE 502 and
503. Pulse train 500 can therefore represent an 5 encoded binary val ue of
"1101", as indicated by arrow 512. FIG 10 is a diagramillustrating a

pul se train 600 according to another enbodi nent of the present invention

in which the illumnation pattern shdpe is varied within the pulse train.
Arrow 604 indicates a cross-track direction, and arrow 606 indicates a
down-track di includes a plurality of magnetic

E j fQ. Pulse train 60 P

domai ns 602- 60%%5%/%%}%& 8%1‘?5111 %atﬁaéﬁlt‘(oé} Tpthar tap &ve Fapsitiers nagneti ¢ domai ns
have a nagnet licregsivigaheé totdewhieGherbSeORRORMLR, 4 dRaH 2QfRie non- shaded
regions in FIG, 10. Beam shaping optics are us to vary the shape of the

i |1 um nation TREIPEIGRCIR AEstopfdson the ditsapeac Thhdlummidatiérdpegtterragnet i ¢

domai ns on a bidpelsn Bi¥s B £ i Thi.s al,l ows. the di stance between .

transitions to lge vari ed %tﬁegﬁ%a‘i’#@ﬁpﬂd?fg\gﬁ%ﬁ’ 510158 FeQUERPES For exanpl e,

transitiondt oor bit pattarns bat spkobwe t608sk Seasll @rtirk, isGRAM kY nla@ing6y, t han

transition-to; nsiti acing 610. Thus, the illum nation pattern shape
EhARi] ““%Mﬁ@?%ﬁ- RUSAtPagededi sc surface. If a logical "1

can be used to encode
or "0" were represen! HANZArdRE A8 RHESGRGRIA - APRENCEf , @ singl e

transition at lgr edeterm ned circunferenti aﬁ% I nter véal%isr}ga[ hen el ongating the
shape of a paP't¥alily af thermajiyeviitenioiinfirel hagnétivedefifiecss1ahddss ayi ng t he

trailing tranghihegy : in i,n ti past a particular tenporal bit
posi tion. For éxgﬁngén{lﬁa&%ﬁg@Wefif?a@é tordoxs sk eprassent s a | ogi cal

1", t henpul eRpoBechionT6:88ra2E axis IS FERCS 1@D%@@€%£lﬁig%§i’is"111001"’ as
“hF ,

i ndi cat ed by LW 8%2. N the exanple shown i encodi ng
chan

|
i nformation by ?F&‘af“ﬂ@ Is §ricp e eripitrndipasurbcabys Hapeatiiggni fi cant |y
i ncreases t halemdss 65&&%%5@%@%;}%@%?10%& gﬁ»%:?ir cY'L\gt)nggzgé E182954 -18

illumination pattern shape from circular to elliptical. For example, pulse
train 650 can represent an encoded binary "10111101", as labeled by
15 arrow 658 beneath each magnetic transition or lack of transition along
down-track axis 654.
FIG. 12 is a perspective, fragmentary view of a magnetic disc 670,
which shows the formation of one of the elongated magnetic domains
651, 658 of FIG. 11. A light beam 672 is directed fo the surface of dise 670
20 in the presence of an external ma gnetic field 674. In the example shown
in FIG. 12, light bcam 672 has an elliptical, cross-sectional shape 676 with
a major axis oriented paralle! to down-track direction 654. Light beam
672 therefore forms an elliptical fllumination pattern 678 on the surface
of disc 670, which defines the elliptical boundary shape of magnetic
25 domain 651, 653. Beam shaping optics, such as that shown in FIGS. 5-7,
can be used to form the desired illumination pattern shape. This shape

can be selectively varied from at least one magnetic domain to the next




PCTI US99/ 30705 is represented by a single transition rather than t\/\ge T i
transitions. Increasing e code rate increases the density and sp &q‘; DS
whi ch i nf womatsgsn can b tored on the disc surfa ThepctAbggisomg i on
pattern shape can also be controlled to avoid undesirable pulse train
frequencies 5 or bit patterns that are known to cause read errors, simlar
to maximum transition run (MIR) length-limted type codes. FIG 11
illustrates an exanple of a pulse train 630 having a plurality of

thermally witten elliptical magnetic démins 651 and 653, which have a

maj or axis 655 aligned parallel to down-track axis 654, as 1 o opposed to

cross-track axj i : Q). netic domain 652.is circular.

| nf or mat i on i)s(élglﬁggesg?%ﬁét%‘F%%@ﬁé’%:en§§/$‘?3§8rr8§/tl(§f BRGAEE HsC syHAes ns 651 and
653 with respeatder thaloimion of&ht) cHBangl D GHRE: in RIS Dat QM fagder N shape
fromcircular to elliptical. For exanple, pulse train 650 €an represent an

encoded bi nar y2ndi@§% generate magnatigfidld ¢7ppdjpBemrthesufs® dfenagdiceaeh magnetic

transition or C t agsiti n al ogn own-track axis 654. FIG 12 is a
per specti ve, f%@g%é‘%\{gﬁ@avri‘ee%cgqm%{ r‘?é'gﬂgéﬂ’rc di sc 670, which shows the

| ot beam 675, i i Tacted o Phe ST ach Bl By A SO PRtel ccence o

i ght beam 672 is directed to e presence of
an external ndfreigha lightlseus?andibeathehapisgippecssbavate viersaBleGhad2, | i ght

beam 672 has rclme(l3 Itidpti cal , cross- sgcti on%I sh?pe 676 with a mmjor axis f
oriented paral T8I “HE oWAY S MALR&IRrtERE {6t haBa of eacnagnatindesriniher ef or e

forms an el | i Priadlyicbhstrdingd b ohdBedrRERaBLS M J di sc 670,
whi ch defi nesH{ he erI i pti éal bgugldary sh?ge@o ﬁ%gﬁggﬁjﬁwa@%ﬁ%%ﬁ%ﬁan 651, 653.

Beam shapi ng st geemeitjcof the producedieadn Tihe 16hGS. rabial magratic demaged to form
the desired il lum nati . er. pe. Thi hape can._be sel ectively
varied f roﬁq atswvé'géf‘ ﬂ)@g *ﬁgéﬁe{*géﬁgﬁnﬁm f{%gga%a%kfﬁck 1 fietd 168nan WO
00/ 58954 -19 RCEoMIRPHBARMIPO LIS, 'Lﬂﬁﬁ i o encode
information onto the disc suyr’j‘df) ace, lu%ggirl t e1 glf(l)lrﬁ)?irc?)]l%ggg%g)cnt rol circuit
311 (shown i n den@edns G-by)scanbiggehe ilB8Oinagiod B8R ryene radial diegitioni ¢ fiel d 674
adj acent the surfa%-: of magneti.c di PC i

so, by overlapping at least two thermally written domains
during two different writing operations, the effects of the curved
transitions at the radial edges of each magnetic domain can be mitigated.
For example, FIG. 13 shows a pulse train 700 having first, second and
third sets 702-704 of thermally written magnetic domains 710-712, which
are formed during individual writing operations and overlap one

another in radial, cross-track direction 706. The combined area 713 of

20  domains 710-712 is substantially rectangular. The resulting servo

pattern formed by pulse train 700 is more regular and resembles current

rectangularly-shaped servo pattern designs more closely.
In an alternative embodiment, additional writing operations can
be used to overlap additional magnetic domains (not shown) in down-
25  track direction 708. In another alternative embodiment, Fourier-type
beam shaping optics can be used to generate a rectangular-shaped

illumination pattern for use in the servo pattern. An example of a




670, through magnetic domain 651, 653. 5 Thernmally witing indivi du]filnl
magnetic domains in a servo pattern through a |ight source and beam! OCT 2003
shapi ng og}i CS i1s1 nore versatile than conventional servo witing in that

the shape ‘St"&%¢h magnetic domain is primarily const r2FHeNYBA% he beam
shaping optics rather than the wite pole geonetry of the produce head.

The | onger radial magnetic donmains io shown in FIG 2 in PLL field 160,

sync field 164 and track ID field 168 can be forned by radially

overl apping individual elliptical ne¥hetic donmains or by scanning the
illumnation pattern in a radial direction. A so, by overlapping at |east

two thermall L L NS uring t di fferent iting operations, the
effects of the cg?%ggluﬁgﬁ%n%ﬁt{éf ﬁ?gﬁfsvgl?‘ﬁémraég{%’in Fégg%ghﬁff each magnetic

domai n can bthemedthrgaiaehapdbmagieaaitiloainslsGowhdn SHOMS 2 %&h%@.”ai n. 700
having first, second.and third sets 702-704 of thermally witten nmagnetic

donai ns 710- §ePSTateH Vit 3 singde Yesiangaiatiehapad illuminetichipdttenniot kng oper at i ons and
overl ap one plafd8f ovellapBa < ack direction 706. The conbi ned
area 713 of 20 dofrai%s %g% ?%@@@%&%éﬁfflhg Iﬁ/a%rogﬁagﬁrdﬁ ar. The resulting
servo pattern férpaste ppplivaticre, it raiyrbe 260tiin® cORASRIRL WHoRMatil T esenbl es

current rec -shaped servo pattern designs nore closely. In an

alternative é@%%g%%%réce%@‘ Fowate 'at“firiﬁh%&%%ﬁb&glf@%ﬁobe used to

over| ap addidricansgnetiagaekinGt o, N§ ﬂ(&@&@ﬁg%ﬁa iHa tﬂ&gﬂh sééﬁt rack direction
0 ea

708. In anot heE< al.ternative enbodi nent, urier-type m shapi ng optics
can be used T} JEREIERE %S pEibe Prsentinverimpadn be kbadniorvatifean pattern for use

i'n the servgdeabd 8f fis i f 4 1 OCT 1003 00/ 58954 -20

PCT/ US99/ 30%5 rect alnsglﬁagfrﬁl {’f?n"g%et‘fﬁ%cn%éﬁ BPR @ﬁaﬁ\é,‘%@gé%m at 214 in

FIG 3. Thuglisc WWEinrth&:ltladgijicaasseﬁkmae’ﬂhe'mgﬂﬁiliycwﬁggmd}&a&ﬁ%mn in FIG 13 can
i | Um nation pattern

o De SR & SIS et Shaped T o, et Lery
d'se Surf ace, st Soruopatre s o et o PrhgneRt Bt on ' one
magneti c dor?ﬁ"l‘rﬁpgt th therrel seryp FReseriapppiccedsiod tie predeet irivertiel  servo
can be used to write a radial ruler on the disc surface that can be used
15 later by the read/write head to verify radial position during subsequent
servo writing operations.
In summary, one aspect of the present invention relates to a
method 200 of thermally writing a magnetic servo pattern 150, 270, 400,
500, 600, 650, 700 on a magnetic disc medium 204, 314, 670 prior to
20 assembling the medium 204, 314, 670 in a disc drive 100. The method
includes magnetizing the medium 204, 314, 670 in a uniform
magnetization direction 206, 408 and then thermally writing a plurality
of magnetic domains 220, 250, 252, 272, 410-414, 501-503, 602, 604, 651-
633, 710-712 on the medium 204, 314, 670. The magnetic domains are
25  written one magnetic domain at a time by individually heating each
magnetic domain with a light bearn 212, 312, 672 while exposing the

magnetic domain to a magnetic field 209, 674. The magnetic field 209,




track.witing process of the present invention can be used to witg S%Iem;i

portion of this informati onto the disc surface prior to assenblin

]0 di sc wiwbb#sdoke head c assenbly. The thermnal ’vvri tplcgRsbesop®e t i ng

i nformation can then be used during subsequent assenbly operations or
servo track witing processes through the product read/wite head- For
exanpl e, the thermal servo track witing process of the present invention

can be used to wite a radial ruler on.the disc surface that can be used 15
| ater by the read/ wite head to verifty radial position during subsequent

servo witing operations. In summary, one aspect of the present invention

relates to a ¢MEi3Qe RMtaiort el Ml thyt Wo?}:bﬂ&t%tﬁ@gﬂﬁéﬁﬁ servo pattern 150,
270, 400, 500, 600, 650, 700 on a magnetic disc nedium 204, 314, 670 prior

to 20 assenblmagnetwativaditaetiona06, 308 TheTight heam i3 812r672dort0an The met hod
i ncl udes magnetizing the, med 04, 314, .67Q i i.form magnetization
di rection Zodﬁugagatg%xap?tﬁgﬁqﬂtlﬂe pithe quf‘?‘ﬂgoé'%ﬁtﬁ@ll}aﬂ“g dfhahggnetic -
domai ns 220, {R&0at 1352, a?t?aalal aléfﬁreéla60u§9§rzig%ac1§9%gn§%4d%:ﬁ§i¥: 653, 710-712

on the medium 204, 314, 670. The magneti omal ns“are 25 witten one

magneti c domai n atABothenmaspeyt ofriblé predemt ihyeritéat fehgesstac@hmetimdrgdt i ¢ domai n
with a |ight g\eam 12 3312, 672 while exgqosi ng t he ma%netic domain to a
magnetic fi el FETH8IY B5cPIRG an fhlgrmation patiary 634 glonge taske@dnhat o . - 21 17
OCT 2003 PCT/ {9994 1307:95mB 4 #7354 Fhe ' : 1S, opposite to
the uniform ma%ﬁeti zlati on di rec’?iﬂ%;6 2'02%@%%&%21‘1#%%{)%%%12, 312, 672
forms an il |magnetid disc pathendlf 324, 6608 omdgretiodid 00264 hadidg a 670 havi ng

a shape that_at le artial .defines a boundary of each magnetic
domi ﬁ 5 Andi'fi@ etéf?sbegg?tr‘é?g%ﬁgtﬂ? éé%ﬂla“iWéE{“‘r‘t%frFOF’éﬂ“éﬂégf% a met hod of
t her Bl | y1eNGAEdn 804, BIL QB hOB BAkE B &l 8RR G dhibd dgl (01 of a

magnetic di sc medi um 214, 314, 670. thoJ i nclfudes exposing the
magnet i ¢ di somagaitionoRlclvitBavian @ateédteampagnet. & phireligy F@Ragietid having a

o um 204, - S5O Re R Sk BB 4B0 R engboar e endle e
medium 204, 314, 670 by individually heating each magnetic domain to
the elevated temperature with a light beam 213, 312, 672 while exposing

15 the magnetic disc medium 204, 314, 670 to the magnetic field 209, 674. A
cross-sectional shape 676 of the light beam 213, 314, 672 at least partially
defines a boundary of each magnetic domain. The cross-sectional shape
676 of the light beam 213, 314, 672 is selectively varied from at least one
of the plurality of magnetic domains 602, 651, 653 to the next 604, 652

20 while thermally writing the plurality of magnetic domains.

Yet another aspect of the present invention relates to a servo track
writer apparatus 300 for writing a plurality of magnetic domains 220,
250, 252, 272, 410-414, 501-503, 602, 604, 651-653, 710-712, which form a
servo pattern 150, 270, 400, 500, 600, 650, 700, on a rigid magnetic disc

25 204,314, 670. The apparatus 300 includes a source 300, 680, 682 of a
magnetic field 208, 209, 674 adjacent to the magnetic disc 204, 314, 670
and a structure 302, 304, 306, 311, 322, 340, 350 for elevating a
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magnetic coercivity at an el evated tenperature. A plurality of magnetic
domai ns 220, 250, 252, 272, 602, 604, 651-653 are thermally written bf BGE 2003
medi um 20, 670 by individually heating each nmag i into the

el evat ed gr‘%glés?gture with a light beam 213, 312, 672 V\r}fﬁtrlflresgex%ggsi ng 15 the
magnetic di sc nedium 204, 314, 670 to the magnetic field 209, 674. A
cross-sectional shape 676 of the light beam 213, 314, 672 at | east

partially defines a boundary of each nagnetic donain. The cross-sectional
shape 676 of the |ight beam 213, 31~ 672 is selectively varied from at

| east one of the plurality of nmagnetic domains 602, 651, 653 to the next

604, 652 20 i L , ity of neti ¢ domains. Yet
anot her aspeg%é)e?at%%:&g?éeﬂs%ﬁpg F%\%{eig} %gﬁaglg#gct 3 %{%5’ 3mg§ F(')mti'fack writer

appar at us 308 tifrgy invthé presenca optherradgrieyic fiéldeagregei ¢ donmmi ns 220, 250, 252,

272, 410-414, 50]&5831’ 6)8%5 604th 651- 6?3, 710-712, which forma servo
pattern 150, 270, 350)°C BRETst8eE thagsyen thopsh Brmeraus gharasemsvist i ¢ di sc 25 204,

314, 670. Thenca&pahﬁtgus%oﬁ%ioh@&hw&&eﬁts%@w;c.ﬁﬁré,@é%? irg%ﬁgorégﬁ of a magnetic
I SC )

field 208, 209, 674 adjacent to the magnetic 4, 670 and a

st r uct ur e® 30peenzpiforts i theforpgoipg 2les@iption 35@ether with deiils nftha 1 7 OCT 2003 WO

00/58954 PCT{}J329) . erature _of .each of the plurality of magnetic

domai ns, one donai ﬁgggﬁjcgg@ﬁ%?lquﬁepﬁgdﬁ?e&% ctg‘eB'fVegﬂ%“' §netic field 209,

674, 1t is tdisesumnibelisadde bﬂ?}az@/@x@n%&%ghb@ﬁl\ggg QuUstpharacteristics and |

advant ages of var,jous enbodi ments of the priesent invention have 5 been set |

forth in jthees‘PS‘fli'é1 dPﬁ@atEfé%%fﬂTﬁF%?]?nq%f@@tg?aeﬂw&?ﬁrtﬁe‘t’iélhih;thmf the structure

and funCti onplcipiay diahe pRIDRAVERALS hhe HIP et BVGRLIONa o s dT SC1 OSUre s

illustrative only, and changes nmay be nade 1 n detall, “especially in

matters ¢f strPadswnesl araningrad treteens inobhiph titesappiehiédiclaing arr i nci pl es of the r
|
|
|

present inv L t ' | 1__extent indicated by the 10 broad general
neani ng of t Eé{%EeErdh% Olg E)?a\féﬁ %ﬁafﬂgsﬁﬁﬁ%ﬁ%EH’%?aéYeﬁé grRior@yiessed. For
exanpl e, vardaolbs tlieypeRy efitRany theRhlidsarMse BrackdtigndBlipme can be thernally
witten to the disc surfa‘&g in accordance with the present invention.

Vari ous typd¥dHht IV EMIoTs olfFicss tynse aftighesvesen beam deflastemper s, magneti ¢
field sourcega.&an, RecHSRdiM tdhr ' tion CAl.so, 15 the particul ar
process steps and or ggr of stepéségg%#lg%g&r%‘gﬁfléedng?non' Also,

15 the particular process steps and order of steps can be modified as

- desired. Other modifications can also be made.




desired. OGther nodifications can also be made. 1 7 OCT 2003 23 CLA'I IYBP 12063
nmet hod of thermally witing a nagnetic servo pattern on a magnetic °d g :
medi um prior to assenbling the nedi umm'bg a disc drive, the nethod 5
conprising: (a) nmagnetizing the nediu n a uni form magneti zati on
directionecrans.(b) thermally witing a plurality of magnetic domains on
the medium one nagnetic domain at a tinme, by individually heating each

10 magnetic domain with a |ight beam whil e exposing the magnetic domain to
a first mongt iCnldfibd dAhEARARP WRIkRN b @lelid! 8rvoSpattiiROBh ! £ ritdlriche

uni form magneti zation direction, wherein the |ight ISeam forns an

i |l umination paiscemedsrmpriortedssamnbipe the medingpin 2 Khisc dxive.dhgmmethod; 51 |y
defi ne§ a bounq?%rigm :ach magnetic 15 domain, and shaping the light beam
such that the i mnation pattern shape and the boundaries of the
plurality of nagneinagnitizingshermedisim dnr @ yiaiforny magpetizationddectioni m 1
wherein step (b) corgglr' ses: 20 (b)(1) scanning the Iight beamin a
generally radial direction across the surface of the nedium and (b)(2)
rotating the nedi (ohtheimally writing & elutalignphetagoatip slomains gnttde mpdildr m ng
step (b)(1) and then_repeati nj t iRafidu i t hod
of claim2 wherein the F?%%}eﬁgeg%%ﬁgg}gn%pg@de%y%aﬁ I grﬁlﬁsggﬁtr%%eegr%

wher eil0 t he scanni ngnagregiic 891din withp pi ligy peamsiwiajle Aeposing the gaagneaticon and
off to selectively e ' fh [ -ge i o [ t he
light beamin the r aaéjl[}g%%dwgac?lﬁgen%@%Ptgaﬁeelhaggfﬂggstam ?H\A%%fﬁoflhg{mnaﬁeti o
donmmins in a radi al dppositero tthe uniidrmnmagoetizatipmedirectipad vdtereimatha BElher ei n

th [ t 1 h X [ ] i ;
mgnet 1 ¢ doai ne. 1 1 GHEOoURG L b MERERRAET PR O UP e Eraddl 2,0, 5,

shape that at least partially defines a boundary of each magnetic

-

—

15 domain, and shaping the light beam such that the illumination
pattern shape and the boundaries of the plurality of magnetic

domains are non-circular.

2. The method of claim 1 wherein step (b) comprises:
20 (b)(1) scanning the light beam in a generally radial direction
across the surface of the medium; and
(b)(2) rotating the medium relative to the illumination pattern after

performing step (b)(1) and then repeating the scanning step (b)(1).

25 3. The method of claim 2 wherein the light beam is generated by a light
source and wherein the scanning step (b)(1) comprises pulsing the light
source on and off to selectively expose the medium to the light beam
while scanning the light beam in the radial direction to create at least
two of the magnetic domains in a radial line on the medium.

30

4. The method of claim 3 wherein the scanning step (b)(1) further comprises

spacing the at least two magnetic domains from one another in the radial

direction.




5. The method of claim3 wherein the scanning step (b)(1) conpri std 0CT 2003
overl apping the | east two nmagnetic donains in the radial direction on the
magneti ¢ di sc medi um such that the congi ned area of the at |east two
magneti c domains is elongated in the r éi al direction and rectangular. 5 6.
The nethod of ghai fethsdesreiRihhe S3RAEhNEhS tRAnhing bler ABIL) $OMprivepOSi Ng
the mediumto the illum pation pattern continuously while scanning. the

i || umi nation pavewdapping thedegsh fwa magnedicidapaips 1;1(;%1%@@11;1? dijsetion qB t he
plurality of nagngldie AeAREELM ShcRAnS! BYebeBiIkidRASI eNtlidat 1dst fiwor adi al
direction. 7. The nethod of claim1 wherein the thermally witing step (b)
conprises: gemeagnetieglorpring i plongates) i the radial girecten la(‘?gfeﬁﬁé"tgé‘?q‘{ ‘t he

| ight peam has a |ight beampath fromthe |ight source to the nedium and
15 changing the |ight beampath to nove the illum nation pattern from one
of the magne®i dhg¢omethedtef anhgxﬁ”@ﬁemhéhﬁe?ﬁaﬁmn&“%égﬁé} HOEPRIISCEl ai m 1
wherein the th ; |t ) 1R AHRRLS RS | RatinGukie whight
beamwith a |i %f%?&%)délémm eﬁeg%?lz% %('?oél%ol\}e t hgh%l P?tltg%{ rycgt ih(k)ln pai'?fer n from
one of the magmseanuingothgi iHuminatioie pastern in thepadiat dirsgtion te|farmmat lgady ei n
the nmedi um has el B'JHr?n i rg(?;nq,l ink " | - ion in

| ongi t udi nal , é’gl\%n%[{?lgﬁ}héhrtgggl oI, %Egn w%%é@ﬁ{(g?\é%bf )tggo%rlr%f??gg: 25 (b)
(1) theérmal |y whetradigl divectiomural ity of nagnetic donmins within the track;
and (b)(2) selectively varying the illum nation pattern shape from at

| east one of the plurality of magnetic domains to the next. 30 10. The

net hod of cl @i MR mktheel of daiep 1(Wherein tenthermally wrijr2yten) (bk eoupripes| v

varying the illum natiaon r . 6 ke §i

| ongi tudi nal, down-t ggﬁatgfg@%tlli%ﬁﬁ%%g}l%a%hgﬁg%&%fdg&%. ré I al

di rection, whi deains hgendighitibeapepadniionutherlight sphiece toothgi medivaz| anfl r ect i on.
> 10 ]1% changing the light beam path to move the illumination pattern

from one of the magnetic domains to the next on the medium.

8. The method of claim 1 wherein the thermally writing step (b) comprises:
deflecting the light beam with a light beam deflector to move the

20 illumination pattern from one of the magnetic domains to the next.

9. The method of claim 1 wherein the medium has a generally
circumferential track, which has a longitudinal, down-track direction,
and wherein step (b) comprises:

25 (b)(1) thermally writing the plurality of magnetic domains within
the track; and
(b)(2) selectively varying the illumination pattern shape from at

least one of the plurality of magnetic domains to the next.

30 10.The method of claim 9 wherein step (b)(2) comprises:
(b)(2)(a) selectively varying the illumination pattern shape to a

greater extend in the longitudinal, down-track direction than in a




20 25 30 11.The nethod of claim 1 wherein step (b) conprises: (b) (L7 OCT 2003
defining the boundary of each magnetic domain entirely and solely with the
illum nation pattern shape. 12. The mat?gd of claim1l wherein the nagnetic
di sc nmedium conprises a track and whef'ein step (b) conprises: (b) (1) o
thermally witing tBeqiRl Uafkbion,Of wHRBNS{si CodRFRIDS patpdiidiculhbe toT ank; and |
(b)92) encoding information onto the nmedium by changing the illum nation
pattern shape from dngiglinalgieections he pagnetic domains to the next
subsequently witten magnetic domain within the track. 13.The nethod of
claiml1l wherein the magnetic di sc nediumconprises a track and wherein
step (b) conbt-Thegnethigylof clainet wiersingtep (M Fontaisesural ity of magnetic
domaing within the nﬂig‘{.]ﬂagb ; j [ mat i on
onto tﬁe medi um by ((:]%1)9231%?11 paC|%%rg%eﬁﬁg%n‘é%%ﬁ%%?ﬁﬁﬂ%ﬂgﬁﬁgd ones
of the plurality ofolehywithithedbwaination pattern $leape: ack, during step (b).
14. The nethod of claim1l wherein: step (a) conprises exposing the nmagnetic
disc nediumto a second nagnetic field, which has a magnetic field
strengt h t hat2.Thegmethost of claim b whegeiot the pwgnetividisc pfediva emEpUstsad an
anbi ent tenpetature: L.ses: (b) (1) exposing each of the
magneti ¢ domai %@ac#oﬁ}%‘%ﬂrg}%egﬁg??%@cg%legow 26 field, which has a
magnetidc field strefigl thamilly vekding thenpluralitynefgmegietic demsiins mijthin t he
medi um at the anbi ent t?ﬂ??{aﬁkuﬁﬁda”d greater than the magnetic coercivity
at an elevated tenperature, ’

(b)92) encoding information onto the medium by changing the

illumination pattern shape from at least one of the
magnetic domains to the next subsequently written

15 magnetic domain within the track.

13.The method of claim 1 wherein the magnetic disc medium comprises a
track and wherein step (b) comprises:
(b)(1) thermally writing the plurality of magnetic domains within
20 the track, during step (b); and
(b)(2) encoding information onto the medium by changing
spacing along the medium between selected ones of the

plurality of magnetic domains within the track, during step

(b).
25
14.The method of claim 1 wherein:
step (a) comprises exposing the magnetic disc medium to a second
magnetic field, which has a magnetic field strength that is greater
than a magnetic coercivity of the medium at an ambient
30 temperature; and

step (b) comprises:
(b)(1) exposing each of the magnetic domains to the magnetic




5 (b)(2) heating each of the magnetic domains to the elevated te a t;fe
with the |ight beam whil e exposing each of the nagnetic domains {T’ge?hg 2003
first magnetic field; and (b)(3) cooling each of the magnetic domains from
the elevated tenperature to the anbi e38 tenperature while exposing 10

each of the nagnetic dog'ﬁ%\ﬁz v&}gcltlf}gsf;?%@%%p%ﬁﬂg%ﬂﬁwﬁééh%%sgﬁhgﬁe

15. The nethod of claim rein step I nNg
| i ght beam such that thethé Imagmetid eoepdvitieraf thrhapediaml dthéhdoambiEmites of

the plurality of magneti I NS ul.ar . Ih thod of claim
L wher el n step (b) compr (PO Broall ARLUA mabefORaRRIIR AEAn
plurality of domai ns in elevatditainpsratere; on on the nagnetic di sc nmedi um
such that the conbi re f the at .least t omai.ns Jjs . yectangular. 1A
A net h%d of thernal i“@&g@%ﬁﬂé G r??o?l’r?af?%g{le t?igm?né? 0%y téet?lg‘é edf a
magneti c di sc medi um t héempedaddrecwithrthsilipint beajn ehie eixpgsingeachgifahec di sc
mediumto a magnetic field hawving a. ethc.field, st gth . that is |ess
than a magnetic coerci vi W%F%Ct(%g%g%%‘%tlrséﬁn%gﬂﬁt]@rﬁ&?’ %%r ature and
greater than the mig(Bt cavlingeeadlyidfythet nmgnetie vddmadirise frpat aher devdtbi
thermally witing a pluralit f netic domains on the nedium by

i ndi vi dual |y heating eacﬁerﬂﬁ 'tl{eg%go%i A 6&?%(56’8%%}15%%1&7&&3%{}89 with
a light beam while exposiach bhthegmggaétic doinatns tedhieUiist ndghetiodighit i C
field, wherein a cross-sectional shape of the Iight beam at | east

partially defines a boundary of each nagnetic domain; and 1 7 OCT 2003 5
10 15 27 15.The method of claim 1 wherein step (b) comprise:

(b)(1) shaping the light beam such that the illumination pattern
shape and the boundaries of the plurality of magnetic

156 domains are rectangular.

16.The method of claim 1 wherein step (b) comprise:
(b)(1) overlapping at least two of the plurality of domains in a
radial direction on the magnetic disc medium such that the

20 combined area of the at least two domains is rectangular.

17.A method of thermally encoding an information pattern along a track of a
magnetic disc medium, the method comprising;:
(a) exposing the magnetic disc medium to a magnetic field having a
25 magnetic field strength that is less than a magnetic coercivity of
the medium at an ambient temperature and greater than the
magnetic coercivity at an elevated temperature;
(b) thermally writing a plurality of magnetic domains on the medium
by individually heating each magnetic domain to the elevated
30 temperature with a light beam while exposing the magnetic disc
medium to the magnetic field, wherein a cross-sectional shape of
the light beam at least partially defines a boundary of each

magnetic domain; and




(c) selectively varying the cross-sectional shape of the light beamto a

different extend in a longitudinal direction along the track than id 06T 2003

radial direction that is generally perg&ndi cular to the | ongitudinal :
direction, fromat |east one of the pléafality of magnetic domains to the

next while ther it ; t i The
X ' ”:'i(%:j )éel\é’f:h{'élﬁgaffﬁﬁ% ?lllélgﬁdés éécugflal?%%}% 6@&@3@%&%@1}&) a

nmet hod of claim wherei n” step (c) npri ses: varying a
width of the |ight Biffarenhextead ingnigngitudingl ditectieoniadeng i trabk thentind of
claim 17 wherein thg lighf far nid | ] [ 1 apg.on the
magneti c di sc nedi um ar?g V\hgggéi@rt\lfogt (rar%a?b)lé g%b@?&e%?ﬁ?*&?{ageﬁpnﬁﬁa t he
boundary of each nmadngitudigadmalirection; ricom ahi least hend | ofukheapluwalityatafer n

shape. s 20. A servo t i ; I AR it .
magnet?c domai ns, m%oéo%ﬁ%ﬁgggﬁ %&gﬁg@yﬂéﬁﬁg&;ﬁﬁﬂ{%ﬁ# }lc‘{h sc
externally 20 to a @f smgnetiodomies.ei n the disc has a generally
circunferential track, which has a |ongitudinal, down-track direction, the
apparatus conprising: a source of a magnetic field adjacent the magnetic
di sc; and nEhidbefrethodgieldin b wiheeeidi sep (o) camprisesr m magneti zati on 25
direction; neans fo e . e p i ty..0f mgnetic domains
within the track, o Céh é%ing%’el ok%rb’ﬁgga?aa |t§e,°tfb3t/l%i n11 Vi E)Eg yI%hngtgFi ng
each mdgneti c domai n wi t borggitudidl dismthonhi | e exposi ng the nagnetic domain
to a first magnetic field having an orientation that is opposite to 30 the
uni form magneti zation direction, wherein the Iight beamfornms an

i 1lum nati onl®a&8hteanntlanl dhelatins t7 helvérein #he highe behat faind aasillupsnttiah! vy
defines a boundary of .each magnetic domain; and.1 7 ?093 28 . nmeans for
sel ect i vel y vaPOFg A Clmina PoRRaL s BRARet P, WaES SeBol of

the plurality obmpeiyestic domains to the next within the track while
Wit r]lg the magneti fb)[jﬂ rr%'eﬁrslintgh%e fb%w;d%p}? b) eera\{:?l npaagtnte%[: n(Elomain entirely

with the illumination pattern shape.

20.A servo track writer apparatus for writing a plurality of magnetic
domains, which form a servo pattern, on a rigid magnetic disc externally
20 to a disc drive, wherein the disc has a generally circumferential track,
which has a longitudinal, down-track direction, the apparatus
comprising:
a source of a magnetic field adjacent the magnetic disc; and
means for magnetizing the disc in a uniform magnetization
25 direction;
means for thermally writing a plurality of magnetic domains
within the track, one magnetic domain at a time, by individually heating
each magnetic domain with a light beam while exposing the magnetic
domain to a first magnetic field having an orientation that is opposite to
30 the uniform magnetization direction, wherein the light beam forms an
illumination pattern on the disc having a shape that at least partially

defines a boundary of each magnetic domain; and




5 21. The servo track witer apparatus of claim11 wherein the nmeans for

sel ectively varying conprises: nmeans for selectively varying a w dfty §CTt 783

light beamin the |ongitudinal, dovvn-ér ack direction. 10 22. The servo
track writer apparatus of claim1 wher Bn the boundary of each nagnetic
domai n is defined ephdfif! thr3RfLc50LE! ' di i [ n_shape.
15 23. The servo track wi t(l;r ap():palr3 t‘iégwgg}'&%gﬁ%%h%r?Z)lta#%g%es]ﬁ%\g’é?éo?or

sel ectivel y varyi ngatdast one of thephualitr ofamsgeiitigdomabisntat themext twathihe

medi um by changi ng Qe trdck! Wil i I f.r {.least one of the
magnetic domains to he next g?&%gﬁ{ #‘%&Bﬁﬁ??@ﬁmﬁuﬁ%@% Eo%ﬁéﬁ AP+t hi n
the track. 20 24. Tipettservo track witer apparatus of claim 1 wherein the
means for thermally witing conprises nmeans for formng the boundary of
each nmagnetic domain with a substantially rectangul ar shape. 25 25. The
servo track 2¥-Ther seippatrack switerc appanaSusudr daimt hewheis ther meaher forl | y
writing furthe i . Shaping the light beam such that the
illum nation p%%%gwlgﬁgégﬂgﬁéﬁ?#e% joundary of each nagnetic donain are
substanti al Iy rect ampansrfor 8€le@veThearytngy a widdckf thiei light beppafrathes of cl ai m
5 wherein the 1S . r |y. witing further conprises nmeans for
shaping the Ii W@éﬁ%\sl’ (siég]ﬁ ttr}’%%lf&{rﬁ%u?rf'l um nation pattern shape and the
bounddy of each nmagnetic domain are substantially square. 1 7 OCT 2003 29

27. The seryv, ck wri,ter, apparatus aof clai,m5s rein the nmeans for
thermal |y wrélbfltrhg L TS SﬁgpPS’fﬁB\?e?tﬁ%}BHPnghvg?enghége t]?%‘nr‘]iary of
i1l um nation peaatlemegnetit kiomsad$ definédentitdly ahdtspledf wiBieifluminatieadi al 5
direction on the n%ggﬁti c disc such that the conbined area of the patterns

i s substanti al PﬁttF %%eul ar. 28.A servo track witer apparatus for witing
a plurality of magnetic domains, which forma servo pattern, on arigid

rragneﬁé ¢ di st%% eée”r% | %ack writer apparatus of claim 1 wherein the means for
selectively varying comprises:

means for encoding information onto the medium by changing the
illumination pattern shape from at least one of the magnetic domains to

the next subsequently written magnetic domain within the track.

20

24.The servo track writer apparatus of claim 1 wherein the means for
thermally writing comprises means for forming the boundary of each

magnetic domain with a substantially rectangular shape.

25 25.The servo track writer apparatus of claim 5 wherein the means for
thermally writing further comprises means for shaping the light beam
such that the illumination pattern shape and the boundary of each

magnetic domain are substantially rectangular.

30 26.The servo track writer apparatus of claim 5 wherein the means for
thermally writing further comprises means for shaping the light beam
such that the illumination pattern shape and the boundary of each

magnetic domain are substantially square.




10 to a disc drive, wherein the disc has a generally circunferential track,
whi ch has a |longitudinal, down-track direction, the apparatus con‘ﬂ)r} sﬂm'g?n”
a source of a magnetic field adjacent the nmagnetic disc; and neans for '
magnetizing the disc in a uniform magn39i zation 15 direction; neans for
thermally witing a plurality of magnetic domains wthin the track, one
magnetic domain at a tinme, by individually heating each nagnetic domain
with a |ight2bdasm sgvpetraslpostitey appanatigmaifli daimlodewhetein athiei netansafpret i ¢
field having a ' j.an that | PROSI.t.e 20 the .unifor

magnet i zat i on Ekl‘érljé%?%ﬁ%h\%ﬁgr gzlﬁ%n]{ ggl ?g%ﬁsoe}é)?n I p%{ﬁg ia1?| E]‘Fﬁsﬁatt?@n
pattern on theillimindiion pattermshaiibint bath af the phtrafity of dbllnﬁtinsflﬁ{ 'ﬁrleﬂiaa ]
boundagy of ea et i opnin:..an ans. for api ng t i ght am suc

t hat tﬁg i umaﬂ‘glgla % &?oa tg eg%g{slﬁgge&ag} etﬁ%bﬁggrvlﬂ?mggcﬁre%aﬁﬁggfec

dormai n are 25pstibmsistsudistantiajlyareetangular.

28.A servo track writer apparatus for writing a plurality of magnetic
domains, which form a servo pattern, on a rigid magnetic disc externally
10 to a disc drive, wherein the disc has a generally circumferential track,
which has a longitudinal, down-track direction, the apparatus
comprising:
a source of a magnetic field adjacent the magnetic disc; and
means for magnetizing the disc in a uniform magnetization
15 direction;
means for thermally writing a plurality of magnetic domains
within the track, one magnetic domain at a time, by individually heating
each magnetic domain with a light beam while exposing the magnetic
domain to a first magnetic field having an orientation that is opposite to
20 the uniform magnetization direction, wherein the light beam forms an
illumination pattern on the disc having a shape that at least partially
defines a boundary of each magnetic domain; and
means for shaping the light beam such that the illumination
pattern shape and the boundary of each magnetic domain are

25 substantially square.






