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710 651 653 medi um (2 91 on netic OITB.I nat atine, by
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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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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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One aspect of the present invention relates to a method of
thermally writing a magnetic servo pattern on a magnetic disc medium
prior to assembling the medium in a disc drive. The method includes
magnetizing the medium in a uniform magnetization direction and then

5  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

10 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

15 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

20  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

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

plurality of magnetic domains.
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Yet another aspect of the present invention relates to a servo track
writer apparatus for writing a plurality of magnetic domains, which
form a servo pattern, on a rigid magnetic disc. The apparatus includes a
source of 2 magnetic field adjacent to the magnetic disc and a structure

5  for elevating a temperature of each of the plurality of magnetic domains,
one domain at a time, in the presence of the magnetic field.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a head disc assembly (HDA) with

which the present invention is useful.

10 FIG. 2 is a diagram of a null-type servo magnetization pattern for
a servo sector written on a disc surface in accordance with one
embodiment of the present invention.

FIG. 3 is a diagram illustrating a thermal printing process
according to one embodiment of 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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AND APPARATUS FOR THERMALLY WRI TI NG SERVO PATTERNS ON MAGNETI C MEDI A
BACKGROUND OF THE | NVENTION "V 5 The present invention relates to data
storage devices and, in 4 particular, to witing servo patterns on
magnetic nedia. In a magnetic disc driv5e, data is stored on one or nore

di scs, which are coated with a magneti€ nmedi um The nagnetic nediumis
typically divided into a plurality of generally parallel data tracks, which
10 are arranged cOFICRBti§ b Gaddr¥mWMILiir 8506 ] to the disc
radius. The data is stored aénd retri evec’dﬁgl?%ﬁ?ﬁ%é%ggFﬁyru%ghead" that is
posi ti oned ovERingwrEshaieng  tistk by thendiacswddaerin accorddive weich bag or arm noves
the head in a_ r irection across, the data tracks under control 15 of a

di, al
cl osed- | oop s%rpvgé%%}qé)&%g%g@aergﬁnb%}%'pn information or "servo data",
which is stored WFI@.BiQQ@E&%‘&ﬁQHﬁ&?%ﬁ)é éﬁbg%tra}_xbﬁl v%ﬁ{c\llml{z)fn%lxa%soncan be

interl eaved with data sectors on the di'sc*surface or can bé T ocated on a
separ at e di scpaftarhapecinpas vareeddwithorathedrdin. st ori ng servo i nformation. As

t he head passes vaﬁg g{sue sgrvo fi,?l ds, it generates a readback signal that
20 identifies the Tocal fohdGeramd tredinga Belse Bairpingwkickélr er | ne of the

desived ! r ackilufanadoRBaltirshaBe & VAlka {fIfiP@l\fyyst em noves the actuator
at |

armto adjust the head's position so that moves toward a desired
posi ti on. FIG. 11 illustrates a pulse train having a plurality of thermally

written ellipticali magnetic domains having a major axis aligned in a
10 down-track direction.

FIG. 12 is 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—servo—fieldpatterns are typically witten onto the disc surface
t hrough the product read/ wite head after the disc has been asseerI‘pq)(ﬁZQﬂ%
within the disc drive housing to forma head disc assenbly (HDA). machi ne
cal | ed awighdisgosdr ack Witer (STW clanps the HDA al ongcriigookp7os Y and Z axes
and then through sone nmethod, neasures the position of the read/ wite
head and positions the head to the appropriate radial locations to wite
the servo tracks. Typical nethods of obtaining 10/23/2001 14:23 FAX
6123343312 WESTMAN CHAMVPLI N & KELLY MO 00/ 58954 PCT/ US99/ 30705 position
f eedback include the use of a laser 'interferometer or an optical encoder.
The Servo Track Witer also provides a clock signal with which to align
adj acent sersuspensipgied 12 whidhraze inTtypi eeppoyted &y dtagk Redsesing dsnsildderted 5 into
t he HDA and (s fl o of the.disc fa h | ock head is used
to wite a c+fga8kac§1:ﬁg°r§§1%'on T AT BT '&clgs?%hﬁecﬁgﬁn Ky gnal is then
used to run argphgseoting ksiladt@eer {rd ihthhdésos vaibd @ilnhewgr wSMabl e reference
signal with ich to ite adjacent radial tracks in_a servo pattern with .
sufficient r '@Wéﬂgeeﬂ?ﬁir}'éﬁ%é& henfgpes YREUARTS CARPHFEEFESN 80 writing the
servo tragksidddr bdigatoddDA, after the HDA has been assenbl ed- Unfortunately,
the accuracy of the servo tracks (i.e., the actual placenent of the tracks
on the disc sur fVaie)coil snatot 118 pbiatelactmhion 19§ withiiig atthchedahidarst r acks in the

HDA. Any nopnrepeatable.run-out (NRRO). .th DA at,the time of servo
writing 15 \?\{i Iola%%ét av\ﬁliv?‘i%‘ﬁgiqﬁ@go ch%éuo e‘ﬁlé%‘sgﬁ%?ﬁ.d%%é?tﬁ- servo track
Witer systeiak aldriyea SRR bdtAekSa aisinMet 2a0tY120904 stiisdBRI.PY the position
of each trag bg/? t he qusml_on of the previous track in the HDA with no
external rPBPERELE- Yoicy sl grotay Eidapsrateryrsies tharoniel ¢flaacement of t he
servo tragk Jolak-Tol is f .to the next as each
track is Zosc\k?s{etg?gor#%ﬂ he H% :?w%\%%txﬁée%% f%%gﬁ?%gésgggﬂntered when witing
the servo tpastion informhben, eckais storatyn ofie ddraomat ite ¢isd 4uefa0& NMuUst i ncrease

with decreas track-to-track, spacin s, the storage density of disc
drives cont‘fﬁ%@s e?gﬁeﬂg;rgg?gfds-fﬂ‘geﬁﬁg RS iR BRI BIPaRedMEEses these and
ot her probl eta seafids oﬁ&cg?&rsﬁr@&é'&rcaﬁ@é( aRhRERH AVRfle BRe prior art. SUMVARY

OF THE | NVENTION C7~]. O
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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present invention relate o a nethod of thermally witing a magnetic
servo pattwomoeGessa nagne di sc medium prior to enbl pRguidiBeseedi UM in
a disc drive. The nethod includes magnetizing the mediumin a uniform
magneti zation direction and then 5 thermally witing a plurality of

magneti ¢ domains on the nedium The magnetic donains are witten one
magnetic domain at a tine by individually heating each nagnetic domain
with a light beamwhile exposing the Hagnetic donain to a magnetic field.
The magnetic field has an orientation that is opposite to the uniform
magnet i zat i oncad®ir@idRe Edrht J . he iLllumnation pattern on
the nedium having a shapeal:trl gt?dge!tlg etélogﬁt&ggélflﬁ%ﬁlsy 8%‘%??% 1"<’§'1ect§((3"hndary of
each nmgnet i butbenidentifnatidreinf@speich, tife stdieofu gsrtofisByOR, s8R, €l ates to a
met hod of thert Il.glfenc?.di n% an information pattern along a track of a
magnetic 15 dPetC Pt UMAUPRET LSRRt PepRpTties ehthe grrtipularedismgnet i ¢ di sc
medi um to a ymenet id okhghbe having a magnetic field strength that is less
than a nagnetic coercivity of the nmedium at an anbi ent tenperature and

greater than the nﬁl@hétii;addageaimidihtnyxllatgrpa@er@beﬂé%rﬁé@z&t%‘fpﬁéﬁéﬁkg%r A
plurality of nmagnetic dgﬁ)ai ns are thernmally witten on the medium by 20
i ndi vi dual | y HEHOECRal YeigRON@ dsmmirfrce in adgerdsinge atididohenperature with

a light beam yhaibhLa; [ ] ticdisc diumto the nmagnetic
field. Acr osés{}?ls)ggltn?%ﬁg?ks a1I|S£l:'%ctn‘1 trplhglopi g‘fﬁfmbég%r\éﬁcalt%sa%?owﬁaﬁrf‘i Iy
defines a bourdargulaf diesskionagbied digc doii@ieNandli@ow18%Inde skl hepdds. shape of
the |ight begr_é_n i.s sel e(it ively varied fromat |east one of 25 the plurality
of magnetic dOAET HsraCk! dirmensian ofiie|dise svaters FIS. Rshoing 7teek plural ity of

magnet i ¢ goMadddgersiiteldd 196,554, oS 46V A M VIG IV-1 J.J1G /tr.J1llLj
% nAl nrL111 p; Ielrlf. Lfl ﬁ&%@b&%’%@ﬁﬂmgg/ 30705 4  Yet another aspect of

the present inventTheshadbdtegtotoinFISED ¥OrréIpRal to WdibRE ofRPRSsALUS for
witing a pl ur%g!gﬁét}/c }g)c])clarrlrgfgansecg)lrncpaggdn&l trlllse ’nomlh(azged 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
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forma servo pattern, on a rigid magnetic disc. The apparatus includes a.

source of a magnetic field adjacent to the magnetic disc and a strﬂuc‘”ﬂ(ﬁ 043

for elevating a tenperature of each of the plurality of magnetic donains,
one donmaiwo @bssssti ne, in the presence of the nmagneti cPETESHBOTBRI EF

DESCRI PTI ON OF THE DRAWNGS FIG | is a perspective view of a head disc
assenbly (HDA) with which the present invention is useful. 10 FIG_ 2 is a
diagram of a null-type servo nmagnetization pattern for a servo sector
witten on a disc surface in accordagce with one enbodinment of the present
invention. FIG 3 is a diagramillustrating a thermal printing process
according to one enbodi nent of the present invention. Is FIG 4 is a

di agram i | | (onizins infpramatien ideytifyieg hegasiquar dediover Widelndg hegd over | appi ng

i ndi vi dual tteiic domains. FIG 5 is a schematic diagram of a system for
thermal ly printing servo patterns on magnetic media, according to one

enbodi ment of t hEES fiekiskEts M edidentsy 120 1dch&on & the haadswhrmat i ¢ di agram of a
system for thermall gri nting. servo patterns on magnetic nedia, according

to anot her SRIRSET RERE TaFk cortiz lige. eliehe emhodimeanyshovm B FIG. 2.8E8 schemati ¢

di agram of &aiehyPirInists 4 REl- AR LNt r t S on magnetic

medi a, accorhi ng to yagr;is aﬂ%’% H?F%a%%%n%ﬁ%mgﬁ’ ‘(‘;T?te?ﬂzg rgéﬂsent i nvention. LJ
VU 17 OCT 200&BrEtiZat@ipa2@08is WAt @OH 589 8detérnPAAd pIBBOISTHBothbe FIG 8 is a

di agram il | ustrat. a single. fre nc i -bi ul.se . train witten along a
track on therﬁ %ﬁngéz%%’ﬁ%%gn%ﬁn%@éﬂg@%%l% ﬁ?tﬁﬁgeadzw UPHETt of the present
i nvention. Fiver PES fieldd 78)itAgreatbidklsisial gdren@edintl f&adikai n in which

i'l'lum nation, 5 pattern, spaci ng is varred within the train. FIG 10 is a
di agram i | | femosufases andyintegsated & producempesitierherrorivalusnidtahe on pattern shape

o A e S SR BT T2 o o
axi s al i gnedwepdisgositioned 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
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i ght beam illum nating i ndi vidual magnetic dongin on a disc surface in
t he presenveowm Bdsn exter magnetic field. FIG 1 howsecar/ymgd/sozod r ai n
having first, second and third sets of 15 overlapping thermally witten
magneti ¢ domai ns. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1
is a perspective view of a magnetic disc drive, head disc assenbly (HDA)
100 with which the present invention is seful. The same reference
nunerals are used in the various figures to represent the 20 sanme or
simlar elements. HDA 100 includes a housing with a base 102 and a top

cover (not shotisdussedDAbARDAI-bits have tragiteseRy Bedll #¢itRAC Nt A gigivhi ch i's
nmounted on a spindle notor (not shown) by a disc clanp 108. Disc pack 106

i ncl udes a pl uTHfacePYdhe piale Gieaaducediin the nehi tivride bearbUuBy editifoctheszo- r ot at i on

about central axi; i sGg surface, has. an ,assocjated slider 110
whi.ch is munt%lﬁn&%ﬂ%?d?%ﬁqﬁ’%%% Megnge dampifsiof @Ppesite pelarity

communi cat i on aretWriftdreonlisthe st FR&Be mApnbhe | in FIG 1,
sliders 110 are supported by 10/ 23/ 26012%7114: ZQQ@AXWS%SEQ%&Z %W/ESTNVAN

CHAMPLI N & KELIe¢tapg oo/ Bposvernbrdins90/o8 Oropreséntsneaeitsi, anladth? which are in
turn supporte . L agcessing ar 14  of an actuator 116. The

act uat or show?FJ é}}éohlog%&lml ?sv@f‘alt’_ﬁég?%}%é}%@%“h%ervﬁs‘?‘df’%ﬂ‘@ #FBvi ng coi l
actuat or and ithehHs®spanid difo ¢ His@ﬁﬂéce&&@“%ag §t@9%nﬂﬁ?§tr iy at 118.

Q her types of actuators can be used, such as 5 FI Near actuat ors. Voice

coil notor 11&afereshedisgitassemblethip thetdhiviet s att ached sliders 110 about a

pi vot shaft 120 topg(gséicsi ok?} sli dgl s 110 ov?r a desired data track along a
path 122 between a drsc it an ngathermgalprinting pracess 208i aneter 126

voi ce coi | 1bidetortil @Rt RBodiRta: of B GABLTGhyalidd, |2 fLoged- | oop servo

controller within internal circuitry 128 base posi ihformati on,
which is stor gBagirtismeediz 20bisenagnatireddn sarsforfranegnetidatiohriidedbcat ed servo

urface or can e b aPEs Bl mngne T Rell A, o efartbleinaoa cat 00 to
storing servo longiardinalieeordfiy S)stélf] tht k0 ds dRARSER MGl ey SBEYO fiel ds,
the read/ wite head generates "a readback
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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Signal that 1dentifies the |location of the head relative to the center |ine

of the desired track. Based on this |ocation, actuator 116 nobves
v\};w?dupﬁewﬂ3

suspension 112 to adjust the head's position so that it noves to

desired paedosssfn. 20 The servo field patterns are trariTWuSSMNSy witten
onto the disc surface through the read/wite head after the disc or discs
have been assenbled wthin HDA 100. In accordance with one enbodi nent of
the present invention, one or nore of the discs are at |east partially
formatted with servo patterns or otheg disc information prior to 25
assenbling the discs in HDA 100. The discs are formatted by thermally
printing at |l east a portion of the servo patterns or other disc information
onto the di sexistneilieppliedmegmatyiietd 209dtdlaaiagnatﬁzaaot\i2‘tmm théi s i nformation LJj

010 17 COCT x 3 0/.5895 CT/ US99/ 30705 can i ncl ude,
for exanple, %?%E&Frea%ngl?olfgn\é&g@& g’t 125?6133519551 )ector, sector nunber

i dentification i nApstepRisyhghttfaemaidrebvad QBH\Lthé)iMSﬁﬁB&EtS servo pattern
information and magnetic properties of the particular disc surface, for

exanple. 5 FF}@“SE'@ %"t%{“ﬂllfaWﬁFéﬁlda?UﬂuNheny{ﬁe Qe reremydgrmti zat i on pattern
for 2 SevOiahel ot S0l S0 RagllSEGSHLLA0R Ly accordance wi th one

enbodi nent of r ésent n 1 on. Arrow €down-track or
angul ar di nehsumhrmé of drea AidswillydfraBC Ethe@Rgheadtk é@édérﬂﬂh@@@ €S a Cross-
track or radla(ldetdl rredi %O{\ t he dl)fC surface. FIG 2 shows 17 track
centers | abelStf TBRE S IREQS g HEP%FUOTFWé“%WeRTe‘&e#lééP‘bns in FIG 2

correspond {0 eglightbedtn ADRABA frovER Wkl AOLAT hiaifs, gEpar ed to the
non- shaded regi ons. For exanple, in a long |tu recording system if

the |ongit udF}}?éIP‘a%g’ﬁ’éQ woskdranagnatic démaino ﬁtesh amamarzag icambe i s right-to-|eft
et SR OO DaL A BOIELL 4y L5, AL S0
of opposite demainsatdiffornaldcitjorang WQO@B}%@&%%Q[&%@H of Q the disc
surface, eit Pgem blegrg&lg ' Foroelig.mg{e, gtggs ﬁ% a?ld |22r118 cI::aln%e 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




Servo. sector 150 includes phase-|ocked | oop (PLL) field 160, pad Zod:{d‘elﬂ
162, sync field 164, pad gdeld 166, track ID Gay cgde field 168, 1p.é a0
field 170 ¥MoPF8%Hti on e r (PES) field 172, whi cI‘s | apet/8sbo3fyoBuUr st " .
PLL field 160 and sync field 164 contain radially coherent nagnetic
transitions. Wen the read/ wite head (not shown) passes over fields 160
and 164, the nmagnetization patterns within these fields induce an 25
oscillating readback signal. The oscillgting readback signal is used to

| ock 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 1U LJ/
AUUL 14: 44 r AAVH 300 idrbeztey sl tihN HowrévaXr dsl thblcRoseh b aelet o 00/ 58954
PCT/ US99/ 30705 _contains information identifying the particular track over
whi ch the head®“?Les Judtaquniptagded ciagmagy o fisc goatingsonawirsstiltf Fot he | ocati on

of the head wigkh . k center li.ne.. I.n the enbodi ment shown
in FIG 2, PES ?4‘?2’??@1&7{?%%% géﬁgscoé”‘?]eu’f“ﬁw;r/%%‘aﬁﬁaﬂéeﬁ[ esplugienpat tern. The

nul | -type magpevperdiescncgraintease fisk o ddriaie tbhdcht &8st fismdigd phase

relation tqQ the malgnet zation patterns in fields 160 and 164. As the read/
wite passds “BIRAN IPEE thakingy beappliedta edidbaeifacsi gnatichyeneeated i n the head

is denpdul at j roduce a . ,position error value. At the 10
track center,qE(tg/k\;gIn%})ésrgi7 ?gﬁégeoﬁlg%elt’a\lfg\ T §EFT Aﬁg%hf%‘i’g‘ar}h@ﬁ”f’{ﬁje. 1f the

head i s posit appesprizieolreoisd étb&lindeh€ the BSK: KRR RfincdidfeROFHEI On error
value wll be rgosi tive and have a magnitUde i ndicating the anount of

di spl acenent . '$'PPeIREIReadvhich eachphegretic dontdie ixhdaead isireeulafedttie track

center, the positi al ue wi.ll.be.negative and have a magni tude 15
i ndi cati ng thg%a‘br’lggn%tf%g?l P%Cfu\s{g% lésceg%ﬁqurﬁ‘%g? ’Ekﬁ?ﬂB%CﬂBFXE‘é?Véaﬁétt erns can

al so be used, psuehoatpwt of phe lightubgiceser vo pattern. Denodul ation of servo
patterns is discusged in nore detail in U S. Patent Application Serial No.
09/ 268,584, filed MiFElengatedsbadedwegtmsiinPed. fiel ASANGHRONIS 6DlGHTAL

DEMODULATOR Al @;;F . ULL: TYPE SERVO PATTERN, " for exanple. The

smal | est unitugfﬁﬁe S rc\%g;g)gltdﬁgslﬁphg\é niﬂeﬁgﬁﬁeg prardyngthes  in PES

field 172. Whbght beanhead tlpasselsin Vl@tﬁmﬁqarti%ﬂiﬁ%@tepx?ﬂ{‘gx%q\a@i)él,%?@ﬁ'%%k of opposite
ack sig

magneti c polarit%/ﬂ,ﬁa di-bit resul'ts in the readb nal . I's di-bit
(or cycle) isdye 1 téndf Blegerdiats eontinuhuslp@xpesadsowh¢ light Isamvo 25 sect or

150, and i} c@AfhghYadla S&H BRINIRINEH! S AR NS 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
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| Tradi tionally, s'ervolpatterns are witten one "servo track" at a t] h
AW oct 03

definition of a "servo track"” depends on the product. As ijUlZ 17

OCT 2003 WD 00/58954 0 PCT/ US99/ 30705 -9 di scussed above, di-bits have
traditiondl9Y%8&n written onto the disc surface by tReVHPPY% ransducer
in the read/wite head. By witing these di-bits coherently
track-to-track, magnetic domai ns of opposite polarity are witten on to
the disc. These magnetic domains are roughly 5 rectangular. In one

enbodi nent of the present invention/lat least a portion of the individual
magneti c domains in servo sector 150 are thermally printed onto the disc

surface, onecmgﬁﬁ_ﬁggg@ﬁi ﬂﬁﬁtbsgargeis‘ﬂ?ée“ge%%éﬁjsre%}%régﬁ%%ﬁ?rh%d%?Senbl ed in the

drive. FIG 3 1s ram i ratrn ocess 200 t o

accor di ng t oisgresedrthatighbatmehagiRgoptic 360 to baaneadneon: 368, mhep 202,
magnetic ‘media 204 is pagnetized in a uniform magnetization direction 206
with a strong EXtetist g??g%ﬁ‘i@faitis 3({ght prasn d1Dlyingpdessed pattern i n a

| ongi t udi nal skeeorRihg: 18¥s beManl e satd L 36 teSn &l rentially "DC’
magnetized in ag@_uni forml ptggi tau%i nal |§§ehca %gg.d{c@{égreﬁgmlﬁagneti c field 15
208 has a’| eWersiggipsurronngingsach therraallyt weitten gmghitic dandia vity of magnetic
nmedi a 204 at an e t rature. At_step 210, external magnetic field
208 is changed t%&t%bﬁ%?%%hﬁi?E(‘,eaf"?%ﬁ(f"?olé,s“%]ic’éﬁl%%‘ &is¢ educed field

strength and3ldnwithindshirerangod I8l Beym ¥efI65PE @8 bOcdr 8 in step 202.
Ext ernal mag %{ic figld 209 20 has a field streng%h tﬁjﬁgetdztlgs that is |ess

than the maghetridigtbaram 914 ip agpdiahdigension ecressiite s@ffdceatf disa81anbi ent

t enper at ur e. prAR ah ARS L . 412.1s direct to sel ected area 214
on nedi a 204C’to_apr_gl ugpékﬁr%%rg%g;eﬁ%gg{{}eﬁé%%ﬁioﬁe&i‘%s’ﬁfﬁgwFﬁF °Qrea 214. The

t enper at 4¢ e B dirsdf desed. Imoneametmdhdnt Seath 8MRLRA 304 RRNidRe, ambi ent

tenperature | evated 25 tenperature. The magnetic coercivity (Hc) of
nedi a 204 der%ir}ééa}gnetgm\?\f ‘fﬂnaivﬂ%? 'é%i@ﬂij’rf‘éﬁﬁb’ﬁé%ﬁ‘éleg\)wéﬁntfﬁb coercivity drops

bel ow t he | eweliitef310 UicZaHoahdburlobiiferi M BidehldI 4R MBSIMAN CHAVPLI N & KKLL
WO 00/ 58954 L
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




-10 PCT/ US99/ 30705 external |y applied magnetic field 209, the magndt 7 Z8EV 2603
216 in the heated area will alignitself with e applied field. At
step 218, VOogBs8Beam 212 renoved from area 214, t houPCT/EBI3G10A g

external magnetic field 209. Wien area 214 returns to room 5 tenperature,
athermally witten magnetic domain 220 defined by the boundaries of area
214 will remain. The shape of magnetic domain 220 is determ ned by the
shape of the illum nation pattern on r@g_i a 204. Light beam 212 is then
nmoved to another area on nedium 204 to thermally wite another nagnetic
domain. Steps 210 and 218 can be 10 repeated as nmany tinmes as necessary to

produce magnetatasd iy arcemensas fagllﬁlﬂiﬁim&leaﬁehd%éi}%s@atto|li%ﬁ@bé£ﬂ§1_ﬁn medi um 204
by. moving the | ocation of |ight beam 212. For exanple, steps 210 and 218
can be repeat &dth§RECHUOKH LEPPSUIR §T PBlsed gxposire) drecantedwtatedgi ons i n PES

field 172 shoyp.idfe 55&1%&%]]?&# ?nncggg U%Fg’gg‘if ggg%go%g?k{ag%nt beam i s pul sed on

for a selected perio ay¢’ t he magnetic

donai ns, in tb:@rﬁples&i@@mmouMeegtﬁl@énm%%Séhcmfa'%ﬁé@c d8%airkach of the
magneti c domains are spatially separated fromone another on the nedia by

nmovi ng thesreWaittefe positions of |ight beam 212 and the disc surface in
the radial and ci%xciuma rentital %Idl’ ecti %:ég Inffir%rati on can be magnetically
encoded on 20 the drsEETPRAc figldisraredoE sap HAES an efcredma®i’t the radi al
direction or ob@pbrmdivat hRREEN (& exabPe TRRIRAR L GvidQ R I A4 kg1 £XPOosed to
the. illumnati o% pattern gependse o?@%e t.ypg’lrof1 Ilgrght %oufclgldﬁsed and the

anount of | ochevingatdeniged vejdistrengtiSatvedediredypesntation. i Tt magnetzes can be 25
used. The choggﬁcl hg}ht] Sﬁurtce% will .depend on various f ctorf1 such as the
resol ution deSFredERIPHRE ]G aTs s YR enrBS i KngEalion di sc
coating phepesdbsemtiallj al ¥ eHedisc sigite. SIH%E%M&@YﬂnEHt @\?%ﬁ%@k wavel engt h
tJ014 17 OCT 2003 1 7° OCT 2033 WD 00/ 58954 -11 PCI/ US99/ 30 w || provide
better resol ufitldrs limitedvethe area baimgohusen, aml/mbgnefidfieldscare$08 hor t er ,

[ [ r |t. For
uni nt ended daxr'xrlaoq'eed t\Nol'Cl‘g ghse(%lh%%?rgaltljg)%spartrtaeﬁr/n ugagr %he co?xtrol of beam deflector

306, as shown by dashed line 324. For perpendicular recording,
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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exanple, while a nercury |ight source nmay provide desired resolution
properties, it can increase risk of damage to the corrosion resi s"te]a?toﬁ 2003
carbon layer that may be applied to a disc surface. In such a case ia%v

| oner enel’QPYF¥¥ht source, such as a green Argon | aserPCTHBYI®Sor e
appropriate. In one enbodinment, the light beamis incoherent. The
tenperature to which each nagnetic domain is heated is regulated by the
type of |ight source used, the duration of the nmedia exposure and the io0
power output of the light source. Th#-el ongated shaded regions in PLL field
160, sync field 164 and track ID Gray code field 168 in FIG 2 can be
formed by sc i tzhe I am.and t.he resultjng_illLum nation pattern
in the radi allii‘g,m(g{ca ?ﬂ#é&ﬁﬂsg%eecg olcg}ﬁoﬁglﬁhelsiuﬂlgﬁeeogr#é i"&bi E"Iconti nuousl| y
exposed to téraniglghklecheaptid fratlnerizng cén faRidalanefdRo-ophe sdBAka W I | cool in a
heat gradien a[ong.t@gﬁ | ength of the thermally witten nmagneti ¢ domain.

Al ternati vel §SVS9EY Py 5t D2tg Slragety siiansfuandercat SernagitMalierd as the | i ght beam

i s scanned raﬂiva}stty_ CREERSH elehB o] % %E‘?ﬁéeljsi%fﬁeﬁm@‘? osoegﬂa%%fbet ween adj acent

illumnpation patterns is set so umnatt erns at | east
partial | y5 oVt hgerdey obare degnediaront diroemsidre latprebandgas cklddge of overl appi ng

270 1 or med DoAY PR MR SRR G o by
over | appi ng adjgeentrolicir-uiftysay 'ﬂ(&?} DRHeR NI 4 Hagac?ﬁit'é\émlgksescan' FIG 5is
or thermally printrng servo patterns

a schematic Q%a%r&adm of 'a“df stem fc

on magnet i ¢ TEHG ATRERIATH Rgctrvopirescamizsdifmerkctofoptinecanpeesent i nvent i on.
System 300 igieliddes, idvaht 2,. _beam shaping. optics 304, beam
def | ect or 30% external m gggéﬁgcgggiaﬁg@Sn roigﬁ%(l}gg%ﬁgnyaﬁe@ L11. 33L.1LL1
WD 00/ 58854 antthe pafyce)8P@is@BIA0S control circuitry 311. Light source 302

generates |ight 310, whi,ch is_ passed through beam shaping optics
304 to beam defl gﬁ%@%ﬁégmﬁﬁﬂ‘??@hﬁfﬁ $1§teapiar tkergply geintnat es a | i ght beam

312 havi ng aedregiatteths pa inkinbtic ﬁg@ﬁ%ﬁﬂ%jn%ho%Boéh@%ﬂerﬂﬁfx}éi ally defines the
shape of th%mrgﬁgnetl c field 5 transition surrounding each thermally witten

magnetic do et ff Hsresertinv go®nd dhk eee réfemtdmtralsargesi red | ocat i on

on disc 3l4sedNntiiEy RERLR.AL .- Be defl ector 306 can be configured
to deflect |ight beam 312 @%@gﬁé iaa?n%ﬁoég%?wea‘?frsﬁg’gﬂt he surface of disc

314 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




or in-an angular, circunferential direction along a desired data tracz 6@‘
10 the disc, if desired- one enbodi nent, beam defl ector 306 incl udés 2003
mrror nouwbDedsgm4 a Voi C oil nmotor which is cont | ed fyYr/COBbLE704

circuitry 311. In another enbodi nent, beam defl ector 306 includes an

el ectrostatic mrror system Oher types of beam deflectors can al so be

used for deflecting light beam 312. 15 Control circuitry 311 is coupled to

| i ght source 302, beam shaping optics 304, beam defl ector 306 and spindle
motor 322 for controlling various aspéets of their operation. Control
circuitry can be configured to control the operating paraneters of |ight

source 302, s sure tine and_intensity. Control circuitry 311
can al so be cggﬁrg%r%%%}l(ﬁﬁggﬁmsrﬁgﬁ%%agﬁ? f‘EQi %@B t#‘%trmtcé?rﬁoﬂé‘laﬁiang t he shape
of the |1ght badsgrofiat magkampiton (8 b hrctlis S idiiateBT] 2680 ffIANGE the

ilTum nation pattern shape fromone wite operation to the néxt, if
desired, for effeckilsgtraietGldheuilesmaghatcatmesinbel aenandjgagent transitions

cesi e dat a” Sob s SIS P o Uh g Aleng 5 itunaanor “shape. of a
par L) cu ars e M i SO B b oo o
oper at i ons. [PEseBefeaextrznal wagnetic il dIGHiR9APolarity @DF, w2ARR iY\O 00/ 58954 0
e U e L e 57725 2
[t ter exampl o G o Sta a8 boz ot iy e e Cr R o ommi n 15 5
written. Extetlifafliunshéld end ireparticolar,che SBfbecan postistier @angligsd r o- mgnet
O (2 Lo T TRk e AP L e P S5 o megnet e Tield Baving
et ok o | SRl savelbre Anpad avi gt Al 0 L
fieldis |i nmelbpti¢ad t he area being witten, and nagnetic field source 308
IS In 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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noved wth the illum nation pattern under the control of beam deflector
306, as shown by dashed |ine 324. For perpendicul ar recording, rragnpt’i oCT. 2003
field source 308 can include an el ectronagnetic coil having a 15 coil "axis
that is p®Oyes#scul ar to the surface of disc 314, for BXBW§IH/ENT05 Li ght beam
312 is passed through the center of the coil. For |ongitudinal recording,
magnetic field source 308 can include one or nore permanent rmagnets havi ng
a gap between north and south poles, which is arranged parallel to the

di sc surface, through the illum natigp pattern. 20 Alternatively, two
spaced, parallel electromagnetic coils can be arranged wth a common axis
oriented parallel to the disc surface. Other novable or stationary
magnetic strGCTUR B Ehd: dBHtYRARIEPRONE catealsclyesied borsertingl@r 6 i s a
schematic di ﬁgfda%ﬂfin%e%)é%oﬁﬁgf{e?ﬂ thermally printing servo patterns on a
di sc surface according to an alternative enbodi nent 25 of the present

i nvention. The sahke ilafrénativneartamesizd andeshepeisetihi paftb@ sphciag were used in

FIG 5 for t r.si.mlar elenments. In FIG 6, beam deflector 306 is
repl aced wit E&anggg?eeég%n@j%%?f Xa’%%‘gﬁ’é‘?fsmtt%ﬁh%@%ﬁ%“ie 7 OCT 2003 WO
00758954 514 irPGrtddia-RO HAUiLd blach 6a0H 23 1Re borkliBoB REAIT Ocalion on the
surface of disc 310. For exanple, electro-optic scanner 340 can include an
el ect ro- opt i Heldd8R HeFIG. 2. %w%éwowaﬁmcm@ ISteoraipel Bystiems Cent er at
Carnagi e Melj LVefsSid: rrently, el ectro-optic scanners are |imted
to deflecti onge%urg%le't ﬁic;é'c?r%%ggl(%a%meus\éga?%@PF{?E Eﬁg‘ %ﬁ)ﬁﬁ’éﬁ%“&n. | npr ovenent s

in electro- Sptilemputionpetitechache@ywarRy. paBapes sobisndrtLection. As

di scussed ablov%j control .circuitry 311 may also rotate disc 314 to r
facilitate tREHLR O HRgnetifomsl YAy high arerthermadiveritdereomisr . An

el ectro- apt | theshRaMREF disPHPVLAE recise placenment of the
illum nation patf‘g_grn 10 gnkSlﬁzn?m@g\%g%?&gﬁrggor%%&?@ 7 is a schematic
di agram of a™egRttEHcmAn widimtielpyespnianfiangxtesrally apphéd fagsetkn magnet i ¢

medi a accor di . alternative .enbodi mnent of .t he present

i nventi on. T%éggég‘grr%o%\?gq‘lgqu élrcl%gs %ﬁﬁ?é?‘ﬁﬁ% direstionead P 7 as were used in
FIGS. 5 and i@dfoetesatdemsamakaﬁmeﬁml,qgaiﬁ,ﬁh@kledaeatr&iox{sfkoﬁle%oné notion stage
350 nechani ct%lrl gipt rafnsl ates light source 302 and beam shapi ng optics 304
radi al |y acr0sSEPRe ' ARRPSEemagretgipoiariy as camppared toghedbeshadtedr 322 1ot at es
di sc 31411 0 Rpynsel ect ed

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




circunferential location. Alternatively, notion stage 350 can be uigdotg 27003
Tl

nove spindle notor 322 a di sc 314, leaving |ight source 302 and

20 304 stayvboenswoy FI G s a diagramillustrati n.a Si ngteyuddbsEENCY
di-bit pulse train 400 witten along a track 401 on the disc surface in

accordance with one enbodi nent of the present invention. Arrow 402
indicates a radial or cross-track direction, and arrow 404 represents a
circunferential or 25 down track direction. Arrow 406 indicates the track
width. Prior to witing pulse train 4b0, the disc surface was conditioned
with a WO 00/58954 0 0 -15 PCT/ US99/°30705 circunferentially uniform

tizati ' . 2 0L h Kk d tizati
noadirect i on ) Rt Bared by eh i o e i B R o e rmgnet 1 .

domai ns 410, #kdlendefitied, by tMaiiltimariaRicnhRiidh kNapl. IThiFRGC. 9NfisHedBhe at a tine
by directing an 5 illum nation pattern toward each |ocation and heating the
| ocation in th¥ represeristle atsener eha mpgattiodemeiniio the bitgasttiomg a pol arity

415, which is ile. e kgr ound . etization direction 408. The
shape of theb?%g%aha%f%ﬁjoggp 92@% ggggfﬁ"ﬁ@p‘f%&@ﬁ%{ﬁ? SPresthathagnet i ¢
domain 419, éﬂc%da@diréiﬁwal@@%fi'T‘lOI@G}raEiix%lEa'ﬂkEdbgrk‘%ro%l?@m and posi tion of
transitions 10 in magnetic polarity at the boundaries of each domain. In

FIG 8, the IightFlgetisusdidgtem flbrstratingrqgtiles wanilfscdtdingit? and 414 was

elliptical. In this exanple netic domai.ns . 410, 412 and 414 are spaced

from one anot Iéortﬂgyerrgbou%% ﬁ&gﬁgﬁrﬁﬁﬁé‘rﬁ’rﬁnmaf‘yﬂ“ﬂ“@b%e @BHEP??@P“ 416. This

15.di st ance i patiRashdRdis VaABY Wighif e ﬁﬁls@traﬂQeAﬁfov\.tg@liﬁﬁ%?%s'ac domai ns to
e pu

the center of the next subsequent magnhetic donmain int se train,

al ong down- t r HORS-@rGRedirecion40y arrhive0diisdiaatee aidovdetrarkidiredtidyy. t he spaci ng
bet ween each .l un nati.0n .pattern. The spaci ng bpbetween  subsequent

transiti ozrg i#\ulﬁgglﬁlgtl Hﬁ%ﬁ‘g?sﬂ?p”éfdbtﬁgd&‘gweﬂg'ﬁf‘%ﬁ @Q?(—? V‘%Bcbflo4 i's
measur ed bet veehidenslihiRBeatetRhftae @Ahihsniel fERALY  arrows 430,
Each transition generates a pulse in the readback signal. he di-bit cell
spaci ng 416 iBolagiyavhich is oppesitelie thatad she nomshaded regitsistindiGspaci ng 430,

whi ch createspa sinal.e frequenc i-bit pulse trajn, This type of spacing
can be used f%?ar%?}gg’frilglﬁp ?‘%earﬁblg?‘ffoowr@rtﬁ%Fﬁ@?egﬁ’fé ¢ 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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25 (PES) burst fields in a servo pattern, such as field 172 of FIG 2, as
well as the phase |ocked | oop (PLL) and sync fields, such as fiel 7157 b@ﬁ 2003
and 162 1 y(,Ghdee003 1U/ 23/ 2UU1 14:2/ YA i Q 2JJ4JJi Zm}\élt}MlVlAlN

GHAI 1YL11V & AL Y WO 00/ 58954 -16 PCT/ US99/ 30705 sho SRS 2. This

type of spacing can also be used for creating other fields wthin the

servo pattern. The illum nation pattern size and shape and the pattern
spacing can also be controlled or varied while formatting the disc to
encode 5 information onto the disc sui$ace, such as the information in

track ID field 168 in FIG 2. OQher disc information can al so be encoded

onto the dis di agr illustrating a pulse train 500
in which the&\slli?ﬂl!J {Je%gﬁg‘% b%ﬁsmgfettéarnﬁ“?f}éﬁ%ﬁbgag fvaﬁaeanoqrm se train 500

includes a p[nmealsﬁg&h@&dﬁ&ﬂﬂ&ﬁhé@as@@ﬂﬁ'&351%105&9)% ,are thermally
witten on to.i,0o the magnetic disc N%/ usi ng an |Ifum natlon pattern for
13¢

heating each rﬁ‘é&??éﬂ“cfaﬂéﬂﬁﬁ‘){?ﬁ%ﬂhﬁ Iverfpree bn dbinnihation pactepsi nal | y appl i ed

magnetic fi el-,qu A&k CLOSS ack direction, and arrow 506
i ndi cates a dometragﬁbggéeﬂg{th?loﬁ% OISHnd?sﬁéte 5(5“:"% F‘B’r%‘“&%rrespond to

regi ons of 3 opPokit pattarayihet dre kpowartb tyusa sedlRRE, 8nil:R 14 haxQinshaded 15

regions. In FL. M/ill ance between transitions in nmagnetic polarity
is varied by f&eﬁ z%lﬁuvz 16 n’t’ tlé&f‘ef@ﬁﬁb bet ween magnetic domai ns

501-503 in down- t IRAGKI1diH Qe SQBmlek s.sontrol led by
spaci ng bet ween eac‘r‘;‘u)e %rﬁ%gtp%ugﬁ‘dlatvfn@ra The 20

controlling t
i'1.] um nation lgaﬁhéy R Iﬁaealh'gvvamdhpu@ématgnetmmmns ¢51QnawE3,on onto the
di sc surface_wfphhgg@gma&agg%séagese rﬂ?‘gb’?’égﬂ%’ gnetic domain in a

particular bit location can Tepr n-irackgpis§§4, asdependi ng upon

t he convemt i o?pResetito :am-ttahbaﬂbsw&enoheamﬂjﬁgﬁ%'eﬁcQ'&HBE 401 a particular
bit position can, represent a | ogi_.cal "0" or , respecglvely The 25
presence or aDSERTe ?m%?“ﬁﬁ&rFéFPéefh@maﬁhﬁ dlstwefaeebﬁelohga’:tdge read/ wite

head by det eoddmihgnstdrsa aPH @SPRER rpH-ARS YR two.trans ons (the left and
right transit ,ions of a partjcula erragneﬁ%l’p%gu) dmn%‘n@g\ﬁn track direction

tj UGU 1 7 HEY ORI SREmYfrom 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




0 -17 1 7 OCT 2003 PCT/ US99/ 30705 506) in a particular bit position.
) p P 11T s

| ocati ons of both of the transitions 1is solely defined by the :

i1l um nati »o q&s4ser n sha In FIG 9, dashed line 10 repres®nbest he
absence of a magnetic domain in the bit position between domains 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 illunination pattern shap®-is varied within the pulse train.
Arrow 604 indicates a cross-track direction, and arrow 606 indicates a

down-track dir Ty W in 600 includes a plurality of magnetic
domai ns 602- 60%{3&%\%{%05 thglér:%lé %g%éjezgoteé‘c?%ﬁfli}gfrgatﬂ%him&htg‘e%ﬁéffﬁﬁe'domai ns
have a nmagnet i undep@hedontipl whidiird] $ire@R 831 ($hokéh HAGSOE-74 he. Sidis sdtaded
regions in FIG 10. Beam shaping optics are used to vary the shape of the

i | Tunination 356488 meaaeratmegussiafirdd $R4pdjacentithe surfaievdicnagneniaginet i c

donmai ns on a %7§&‘§0‘Pﬁ>ﬁe‘§5é Q{%f#qgﬂgl%ﬁﬁg ows the distance between

transitions to be var nati on pattern shape. For exanple,

transition-sto- tramskihally SPRGNEdRISudITSHYHd ! N
transition-to-transiti onry spac?ng 610. Thus, tche I HJ%‘} %gériggﬁaggﬁ ern shape

can be used t dhedughddight sewrcmaniddeaomste pitgeopiisds swork aeesatild than | ogi cal " 1"
or "0" were re resent eﬁi 20 byt he. %_‘es nc5$l or absence of a single
transition at predetermnelVTHEIH e BishaPe Pheashvargneticfamaindngat i ng t he
shape of a pargrifatiiglconsBan&! be tEoPBIR shas: f P9 the
trailing transl? ti on§of t hat dgmai n i nst?ﬁrrlg%:)bg)g?g gﬁgéﬁﬁaggﬁ%%{tgnporal bi t
posi tion. For Roagqsinestryl of thep@dud@, heafl. SheHohganailtal amgreft degnats a | ogi cal

e B SRl ARl SRS S0, Seded Dy TI00L as
| ncreages T he cote T ate ol ace. darrr o B aeh SR PR e 17"
PCTI US99/ 30705%lompinseqnysssanriggbhe dlshigltiont paatesn i anadial fiesctiohan t wo
%?gﬁi tions. lIncrg ssoi, Q;Cf' o;[/Qr a;gpqgg at etal(sat tlw%: {h%?rsn%ﬁytvxbr?ttgf gg;ntaynsand speed at
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




informati on can be stored on the di'sc surface. The illum nation pat

shape can al so be controlled to avoid undesirable pulse train frequ {EHCDGE 2003

5 or bit tterns that are known to cause read errors, simlar to maxi num
transiti oﬁﬁorqﬂﬁ” R length-limted type codes. FIG 1ACTYY%%&M5%t es an
exanple of a puI se train 630 having a plurality of thermally witten
el liptical nmagnetic domains 651 and 653, which have a nmjor axis 655
aligned parallel to dowmn-track axis 654, as 1 o opposed to cross-track axis
656 (as in FIG 10). Magnetic domai 2852 is <circular. Information is
encoded onto the disc surface by elongating domains 651 and 653 with

respect to d i tthe .illumn attern shape from
circular to e: | B“I?‘gg MF—‘%L tg% %‘apﬁﬁﬁ S@Q“’“ﬁgi "%5% sdfiiFepr esent an
encoded bi nathg réctﬂigiﬂa]r&hapecaﬁxag@ém@d@ﬂmamé showalif PK’E §58..0engakh each magnetic

transition or lack. of transition along down-track axis 654. FIG 12 is a
per specti ve, gel’}e‘éﬁd?%mt&raf”%ﬂl%wc@ﬂg‘daﬁﬁ@m@|11b1@n9t3018§ﬂtern\mhach shows t he

formation of plaRgitPht &RL12pHARY i C.;domai ns 51, 653 of FIG 11. A
li ght beam 672 | Spdl rectag%l1 ? Tﬁ%usurggé dcln?lmémnc?né)? °3% in the presence of
an externil nagnét pemé applitabds, it baytHeeo @ XMIRbESSHAM fddhaFLG 12, |ight

beam 672 has, @I’l] ?S%EIB‘% cz%; cross-sectional shape 676 with a maj or axis
oriented paralle S Ty ssEse Rﬁ“}eéfmnéﬁﬂe%rzformafgm inferamatios72 t her ef or e

forms an el |drptrhagletic HbmBinakise, DAHSEE Bp073 of disc 670,
whi ch defines the elliptical boundary sﬁ%lge 3?& H%%%Halgﬁgaorral n 651, 653.

Beam shapi ngirr YRN8 RF9ESsS a5the pagsertipvention @h@usé‘d—tz writean be used to form
the desired jdehisgmbnal a Thi s be sel ectively
HELOR ORBl €0 SR IR )

varied fromat |east one magnetic ngile 1 4us WO

00/ 589541¢ 1 gligeCitiug3ley ma@ﬁscaasmmy hehetiefrass, wiiteh &gt O encode
under the control of control circuit

|nformat|on EX?\ urf

311 (shown in Eg] ﬁ Pé‘“@g@ubséﬁaergggseg’éq}eepmrehmgneu c field 674

adj acent theemrtfaakazrﬁinarﬁil&@&és@ku@hél@the?rgdu&g‘é%zg\t}mgﬁg gg domain 651,
ins in

653. 5 Thermal |y weiting |ndividual “magnetic sérvo pattern
t hrough a | i%§ HPPle e darraaly Seﬁéﬁaﬁﬁ@qmptlwpmgessmth@rmelmeﬂﬁ@{l | e than

o a1y “2'8%‘??% oy Lot oh s A7 BReRe 5 G r Sefan L he wri Lo

I5 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,




pol e geonetry of the produce head. The | onger radial nagnetic domagni%a {;gm
shown in FIG 2 in PLL figld 160, sync field 164 and track ID field 168" cdn

be formed vy oé/s8854al | y ov appi ng individual elli p‘al FRgARbI/H70sdOMai ns
or by scanning the illumnation pattern in a radial direction. Al so, by

overlapping at least two thermally witten domains during two different
writing operations, the effects of the curved 15 transitions at the radial
edges of each nagnetic donmain can be r_r;lt-i gated. For exanple, FIG 13 shows
a pulse train 700 having first, secondand third sets 702-704 of thermally
witten magnetic domains 710-712, which are formed during individual

Writing oper a$74dus aanstic@VAatdmp 60NS than%ggbsitékortﬁ@lhﬁif@nﬁr 0ss-track
direction 706. The conbi ned area 713 of dormains 710-712 is substantially

rectangul ar. MAgnetEzagionidirpcten ¢ep, 4phiTherdight beare @11 P1678dotmazm . 700 i s nore
regul ar and r.gsenbles curre ct ul arl y-sh d rvo pattern designs
nore cl osel y.lﬁPﬁu%tl%x? Péﬁ’?{&%ée"r”gﬁﬁgg?Hﬁﬂu@@éﬁqﬁo@ﬁ‘wm ¢ ﬁlbapﬁper ations
can  be used dar sesd:dar@alll dinsh LBRAASL & AAMRLDR A MEmown) 10 down- 25

track direction 708. I'n another alternative enbodFnent, Fourier-type beam
shapi ng optics cammnethesaapetioofgbnpreatnt iavertidrartpiésto-ashathed ofi | | um nat i on
pattern for e in.the servo ttern. An ex le of a .1 1 OCT 1003 WO

00/ 58954 -20%&’?3}@957‘%’@%2‘?%P%mr’aﬁ’atﬁm%ﬁﬂ%géﬁﬁrﬁﬂpéPﬁashape i s shown

at 214 in Fl Guagnetltise mehhﬁnrz?&@@z{‘,%*?b.arrhé%ﬁéjd Hﬁgg%{ﬁgggs?ggi@ shown in

FIG 13 can each be . generated wi'th asi e rec aped
i |l um nat i on pagraiadier madiyhdi4Bi4,670to evergneipiield 200c6Agving a shaped

illumnation patterns. 5 |n sopme .applications, it nay be too time consunming
to format an rp’@%‘?‘?‘fcgfe&ﬁi §Ee%$f?‘ftg% Sloﬁ‘f e PESpeicOrrsyighat B€her formatting
i nformatign, meaRBeNSH4,%7H9F R AnBlerd ndrd hBGPEBPRLK ERL ! ONs, the

érhﬂ@:a I
thermal servo track witing process of the present nve%tal on can be used
to wite a poaghgir werdtitsat aif devaaed tamnmarhure he ptliralitysafirh tiprior to

i e R et TR
operatLone oimeseient le/vey hALENGSRSE LANRHR DSBS €2 v
i nvention cahe bheVésegkienrpemmrewah rdigha besml 288, 31, 6Revhilsexpisirfgace that can
be used 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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15 later by the read/ wite head to verify radial position during
subsequent servo witing operations. In sunmary, one aspect of the bﬂe%ﬁt?ﬂ%
i nvention to a nethod 200 of thermally witi tic servo
pattern 1‘&?%@%3 400, 500, 600, 650, 700 on a nagnet’i gﬁl&%%%edi um 204,

314, 670 prior to 20 assenbling the nedium 204, 314, 670 in a disc drive

100. The nethod includes magnetizing the nmedium 204, 314, 670 in a uniform
magneti zati on direction 206, 408 and then thernmally witing a plurality of
magnetic domai ns 220, 250, 252, 272:22410-414, 501-503, 602, 604, 651- 653,
710-712 on the medium 204, 314, 670. The magnetic domains are 25 witten

one nmagnetic - i i:ndi Vi y, heatin ach gnetic domain
with a Iighttb amtgﬁegt?fe%clljéz{’ﬂge‘?gm\ﬁ%& 8}/@3%2%4% THe Oﬁ%g%?lf‘@ggonai ntoa
magneti c fi ekdn@)d thépreserthef thegnadnetc field|2d9,209, WO 00/ 58954 to . -21 17
OCT 2003 PCT/ USQﬁéBQ? 5 674 haé an orientation 216, 415 that is opposite to
the uniform rmagnetir2 &t FATFTIPPE that 6YRr DB snDgmerpie chargrieritisam 212, 312, 672
fornms an il kadddiahi=@es GrRalbRGHeRBinRAR o‘?@héﬁ%s %lvléﬁ}'igzpﬁavesla“ 670 having
a shape that at |east partially defines a boundary of each magnetic

domai n. 5° AnBtRért faxthdt thedpregping sieswiptioni togethed with details eftht 0 a net hod of

thermal Iy engndi i Nt pt i on pattern 612 along a track 401 of a

magnetic di sc me |Gﬁ?%‘%&%ﬁ?ﬂﬁgﬁﬁguﬂe@?ﬁg&%H'b NAR W posi ng t he

magnet i ¢ di sdiscledireiiniPistatidd dnlybad dhanges YN ingdf e dai209, 674 having a |

magnetic field st1 enct;%‘{l that is |l ess than a magnetic coercivity of the 1o
r
|
|
|

medi um 204, %Paci2 tesg ot shiriane andiprresmentobpritsyridin ée t han t he

magneti c Coep@hdiblédlordhe BRs&li SWRALGLL LEMRELRLUL S | Lyraliddy of magnetic
domai ns 220, 250, 252, gﬂ% 602, 604d, Eﬁ;gﬁ?%’%é‘%é?é\m?tﬁ‘gr%ﬁ&{‘ﬁy witten on the

medi um 20%, Bread ggrealpyeaning of it taithy inhekith rige agehdabggiaisi=ze domain to the

el evated te r L |.ight beam 213, 312, 672 il e exposing 15 the
magnetic di rsg(%% Erré%gddlﬂi U%O%’Ef?npii’iagg‘)ﬁg?Ss? gr\%@;@mscorﬁxg?x&am, 674. A
cross- sect i omalbe sieamellp k6iteh té e dilcghibeamcekdand dbim 862 at | east
partially defines a boundary of each nmagnetic domain. The cross-sectional

shape 676 JT*{RETVFYHIN be@zvES pes ghlight 6q@rces beash deflécvarb yr vari ed from at

|6825t 6226‘ Aardraes, Plaphelciflefd YurBINCHL G JQNR, A% ﬂﬁtgezﬂtiog.5¥,’150§53 to the next

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

- desired. Other modifications can also be made.




20 while thermally witing the plurality of nagnetic donmins. Yet oﬂgfr 03
aspect of the present invention relates to a servo track witer z J@‘
300 for witing a plurality of nagnet|% domai ns 220, 250, 252, 272,

410- 414, 501-503, 602, 604, 651-653, 7 § 712, which forma servo pattern
150, 270, c4%m$00, 600, 650, 700, on a rigi d magnetic disc 25 204, 314,
670. The apparatus 300 includes a source 300, 680, 682 of a nagnetic field
208, 209, 674 adjacent to the magnetic disc 204, 314, 670 and a structure

302, 304, 3Og Arethdd of tﬁéﬁnaﬁé%ﬁﬁg gl ﬁl‘é@hbtﬁkgsérv% pateth 303 358954
PCT/ US99130705 tenperature of each the plurality of magnetic domai ns

one domain at disq mlummnﬁéomgmb@egdhetm@lﬁﬁgﬂb%désq ﬂ’éY‘%I thggnetiod

is to e under ‘6 %t even t hough nunerous characteristics and

advant ages of varl ous enbodi ments of the present invention have 5 been set
forth in the fore@dimagnisizing she onedivaydnhar unjiferm daegnetizagion; AFegkoRict ur e
and function of varl grs enbodi nents of the invention, this disclosure is
illustrative only, changes may be made in detail, especially in
matters of structumehanuauymmnvﬂummspafmgmumdﬁmms oprthganpdlizdn.of t he
present invention t e iadj c r I
nmeani ng of the terrrcxs)o I n?nvé#lh ﬁ&eﬁghpeajri:d%dﬁ% %%@@&%& rgggtédgr%%ﬁ
exanplie, various typnagrm‘tlcséomanpa&tltfearlglﬁrbwmovm ﬁﬁpps%ﬁhbén@ml ly
uitten to the disc RULLACE | RECUAANGR HEib bty BhCoRGatBHCRIAOR
Various types of Ilg sources ea ectors or~ scanners, magnetic
field sources can bepmesile wb tthe timiformmagnetizatinnsdireat®n, veherain theylight

process steps and order

nodi fi cations can al‘%egr%? %%efgéllﬁglﬂfg%%ggtg%ﬁcgil k%e%&ﬁAmrrgﬁ?gﬂcF of

E her mal |n1>:/)| wr i t|t Rg a slmnethac at deasd pratinBy deﬁneaa{iugn’eiarz of ¢ash magnalin §)r| or
o assenbling the iumin rive f

magnetzi ng t he rredl g é‘r@nfff‘ lﬁgn%ﬁnlegklggg %%nmd"q}é@ f%hﬁ%rﬁa&({r@

thermally witing a ptsral B]ha/pe)fanlﬂla@meﬂdoundaria'smf e phealitydiofimagnetic

magnetic dormain at a, ting, i ndi.vi qual Iy heating each
domams 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.




10 magnetic domain with a |ight beam whil e exposing the magnetic &Id{nﬂm &3
a first magnetic field having an orientation that is opposite to the

uni form magneti zati on direction, vvhere{zat the light beamforns an
illumnation pattern on the nmedi um havfig a shape that at |east partially

defines a bogingReYnRkh6RCHT BRUMEBI WhbPeidOWRE Nscanfthds Me)(Lheohifgisesbeam

such that the illumnation pattern shape and theéﬁoﬁ%%es of th?ﬁl
plurality of mRyeRAPRINGdbedsass tap aagnelic dampigs inghe Fadiah QEREORPONG m 1
wherein step (PladfaRrdis€nedin BhéH kn2C A cHRbIARI hieahdf fiRast ldasa two
generally radial direction across the surface of the nediu and (b)(2)

rotating the mseadneticelomains is glopgated in thefadiad digsgtieRr ARAFEE@NEURT f or i ng
step (B) (1) and then repeating the scanning step (b)(1). 25 3. The method
of clarm2 wherein the |light beamis generated by a light source and
wherei n t he €cdinei methodpof( slaim) 2 svhsreise $hescanning #cp | GHY cORPTEESon and

of f to selecti \éﬁégsiﬁg.p e e!?ﬁuﬁ‘?% Uiet ﬁl&rﬁﬁlaltiioﬁhFaﬁ@ﬁ'{ncoWﬁhhﬁu§§raW1‘iﬂ@9 t he
t radl a e

| i ght beamin Irection to create at lTeast two of t $etic
domains in a radaahing the Pnminatipe dattern 30 the radial disertian de fermiahleasther ei n
the scanning st ARTRE RS RAC B dGeaiba BREhsibion
magneti ¢ domai r?glgféf?ﬁqgﬁlélt%{nt%?ﬁé} n %r@ ralgi al di re(?:htggl on. 1 7 OCT 2003 24
5. Théomet hod dhechdiahdBeolien.ei n t he scanning step (b) (1) conprises
over |l apping the | east two nmagnetic domains in the radial direction on the
magnetic di sc medi um such that the conbined area of the at |east two
nmagneti ¢ don@i rhe methoshofatlaign il rwhéreinr ti theraally sriting siep (PbeemRHStSr. 5 6.
The method of claim?2 wherein t Wig Sii ) whOB HSEfsheXPosi ng
the nediumto the il eﬁﬁ{aﬁlﬁé tglr?l tt%(eéraﬁpcontiﬂr% oués(fq%/r%h‘fvﬁe s.canngn t he

i 11umination pateaet hasa ltdhe beath pathdiromcthiedight sofiorentoathe| rmadipm; of the

plurality of magnetic¢ domai ks w I tioR patferhhe radial
directon. 7. The mﬁﬁé’@“féf&&lghtﬁ%%gég?%%get ée?ﬂng&ﬁ% vvri%a}]tng step (b)
conpri ses: gerfesmatdregpfithe rhagrvtichioanainsitth the neghen shemsadiumher ei n t he

| i ght beam has a |ight beam path fromthe |ight source to the nmedium and

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




15 changing the |ight beampath to nove the illunination pattern % roBCONE)()
of the magnetic domains to the next on the nedium 8. The nethod of claim1l
wherein the thermally witing step (b),conprises: deflecting the |ight
beamw th a |ight beam deflector to rm% the 20 illum nation pattern from o
one of the magneti c gAARI AfrebGoh,NowARH - is9. gdtiealipt pethaidiahiat md wher ei n |
the medium has a generally circunferential track, which has a

| ongi t udi nal , dom-iQ%WdéﬁlﬁﬂéEqu@ﬁP- and wherein step (b) conprises: 25 (b)

(1) thermally witing the plurality of magnetic domains within the track;
and (b)(2) selectively varying the illum nation pattern shape from at

| east one oflk.Abephethgdiafglaim hadeseinestep fliaesnpréseshe next. 30 10. The

met hodz of claim?9 i rd hadidticZa : j y
Varying the. (11 umi nag) SR aRbER PRSI R rnatrtlc doRhnP ik ¥R

| ongi t udi nal , down- splgbkwithrthetillemination pattermslyapecT 2003 25 radi al
direction, which is generally perpendicular to the |ongitudinal direction.
5 10 15 20 25 30 11. The nmethod of claim 1l wherein step (b) conprises:

(b) (1) defi nl2aghehmetmehdbiclpins 1 edwreimadreemagnadersiise medivml gorppdsessal el y
with the illum i e nethod of claim1l wherein the
magneti c di sc%&ku%mc%}%%eﬁégg%&ﬁ??#%%d wherein step (b) conprises: (b) |
(1) thermally witifig(X)heheinalyt wrigingf theapleality efomagnetigdomains githinr ack; |
and (b)92) encoding inf oLgR .a%ﬂ' 81?&0 t he nmedi um by changi ng t he :
illumnation pattern shape troniat | east one of the nmagnetic donmains to
t he next subsequent I(y)92) ienteding nbgomhatiord emdo nthei tediumh byt ekanging IhThe

method of claim1 wherein,the nagnetic di g MRAIUM, COMPILEESofe 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




track and wherein step (b) conprises: (b)(1) thermally witing the1
plurality of magnetic domains within the track, during step (b); an& 0cT 2003
(b)(2) encoding information onto the medi um by changing spacing along the
medi um bet ween sel ected ones of the p?ﬁr ality of magnetic domains within

the track, during step oy valﬁclgl}ﬁ\snf efikc f?él&is@}e%ﬁgﬁ“%ﬁgﬂ & lteééﬁ‘.ﬁaﬁa)

conpri ses exposing the magnétic di sC nediumto a Seco nmagneti1c Treld,
whi ch has a nagnetic fi ekhe snagmefich cohrtivitys afr 8t enediuanata thegamabient

coercivity of the nmediu | ent erature:and s (.

conprises: (b)(1) exposﬂ\eghggjéﬁgfc?é‘?ﬂgre@gg}r@ﬁ%%o% nggfc():%g Cé‘gﬁ%a%tn%?i cl7
OCT 2003 26 field, whichklehagdaemggnature; fi el d strength that is | ess than

t he magneti c coerci Vi f _the nediu t the anbient .tenperature an

gr eat e? than the magthgi gle%%%gcﬁ??’t fwa?]eaﬁna%}e&‘/‘a 88@%?73?@6 r eV e‘?b)(Z)
heati ng each of the nmagnétmpemhburs withtthetlight deauntviadle expogiapatachefwheh t he
| i ght beam whil e exposing each of the ngtic d i o the first
magnetic field; and (b)( agilgglﬁ(i?&maégﬁﬁo ﬁ?é‘ﬂ%%‘h%ﬁqielé’o% ns fromthe

el evated tenper at u(®(3)ocddiimganidteni thenpeigaetic edohaing &opothageleddte@ach of
t he magnetic domains to the first netic.field 15 20 25 .30 15. The net hod
of claim1 wherein step %q}?pgrm;q g‘g: b P thg?)rp%rat%ﬂge IWIBEF[ BRI Euch
that tde illum nation pathet of tisdmagnetic doimaikotonidier fires nefgrictie fieldiral ity of
magneti ¢ domains are rectangular. 16. The nethod of claiml1 wherein step
(b) conprise: (b)(1) overlapping at |least two of the plurality of domains
in a radial15TheGhét®idddT cldith IegitetinCstdp §i5) doatiprigd: such that the

(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




conbi ned area of the at |east two domains is rectangular. 1A A nethod of

thermal |y encoding an information pattern along a track of a rragnl-t'ﬁ Ordi 2003

medi um the nmethod conprising: (a) exp§§i ng the magnetic disc nmediumto a -
magnetic field having a magnetic fielé@‘strength that is |less than a

magneti c coercivi i i . hE Rt ter
than the magnet |(gy§g%?té?é\3|§tv )H/F}gitlg'%@g{%aﬁgbﬁg%%@gﬁ%%qﬁtﬁ%%g?gﬁ y
witing a pluralitydifferaagertend igeniengiudinal isérestigh alongthe trackitdamliny
heati ng each nagneti,C i yitghe gl.evat e er YY) li.ght beam
whi | e exposing the ﬁag%gt@crhdfésbgbhrre |agm%t og?%%ﬁgggﬁ%ﬁ%ﬁl?%%g, ac\c/’\hetggi n a
cross-sectional shapngitudingle diteghonbdromatat| least org téfalthg ghiraligs of

boundagy of each [ LR; X .
sel ect?vel y varying the g?o@%@ggg?gﬁg&gﬁg@&ﬁgﬁaeﬁf?Vg'ht%l%b%%ﬁl%galgy
di fferent extend i nohmagngtic doimsdns.di rection along the track than in a
radial direction that is generally perpendicular to the | ongitudinal

direction, fromat |east one of the plurality of magnetic domains to the
next while tHbThalthgthadiaficlajmt h2 wileneial stey (c) ebmpaipeet i ¢ donmmi ns. 18. The

met hod of claim17 el . ( i : ) ectively varying a
wi dth of the |ight E@Qﬁn ?gl"'?'{%‘geqﬁg%r&ﬁf% n‘z’F&Bi ﬁ)&?ﬁ%nﬁ tgi’eﬁ‘ﬁ‘e léettﬁgd of

cl ai mi@Q7 wherein the |ighindheslimdladinsctian. i | | um nation pattern shape on the
magneti c di sc nedi um and wherein step (b) conprises: (b)(1) defining the
boundary of each magnetic domain entirely wth the illum nation pattern
shape. 20. A E®The metwid of clatin &P peliatirs tholight ibeang fame anailluiyination
magneti c domali ns whi.ch forma servo tE)at ern, .Qn a ri gi d, magnet. c fgsc
external |y 20 PSS WERE 0P NGHERENFHS (S ediyd an eWBF’éﬁ%?yStep )

ci rcunferenti acotnpaisks: whi ch has a I|ongitudinal, down-track direction, the
appar % us —conprisi I(1%(1) defining the boundary of each magnetic domain 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




a source of a magnetic field adjacent the magnetic disc; and mneans for
magneti zing the disc in a uniformmagnetization 25 direction; neahsy QT mn
thermally witing a plurality of magneéi c domains wthin the track, one '
magneti c donmain at a tinme, by individu Bi y heating each magnetic domain
with a |ight beam whi ' ’ [ I [ netic
field having an orrgﬂrl]%agatsspgg%ﬂ]ég? viélg%g%%gﬁ%gq%l gﬂ@ggélﬁ%tp%ﬁfl% orslr%l?be Tt
magnet i zati on di r ec@t éfast gpeoéithe phwalitygeftmbgretid domeirsto thielnexit mathinn

pattern on the disc i ; t r.iiall def.i nes a
boundary of each méﬁgﬁd@ﬂdﬁﬁ?%ﬁ%ﬁ&e g*aéh‘gr&a&@g‘?’ﬂ%ﬁ&%%#m € servo
sel ectively varyi ngpateri| | um nation pattern shape from at |east one of
the plgrality of magnetic domains to the next within the track while
witing the nagnetic domains that formthe servo pattern. 5 21. The servo
track witer2hpparsgue whck|wiitarlappaatus dfhelaimeahswherein sthkeenieane! for
varyi ng conpri - : ively varying a wwdth of the |ight beam

} in the 1ongi tégﬁ%ﬁ%fg,i?g%{/%ﬁéfa%kﬁgﬁ'ecti on. 10 22.The servo track witer

| appar atus of cl ai m mesmsrfer pelettivelpvmyangy a ofidtieatthengitdicae dothi n i S

| defined entire SOl | he illum nation pattern shape. 15 23. The
servo track wrlh(%heg?ﬁg%%%r‘ g%@%{*‘a&?g&ﬁl?'mgei n the neans for selectively
varyi ng conprises: neans for encoding informati on onto the nedi um by
changing th W lLum nation pattern shape framat. |east one qf the magnetic
domains to e‘%%ig‘hﬁe? Y SR RHEY fpﬁﬁfeﬁggno n&@ﬁgt}c"%&gﬁﬁi Qi AOIFAR Lt 1 ack.
20 24. The ser each nagneticidoatainpp defihed enfirety ahthsbleM @i thel il@niansn f or
thermally witing conprises neans for form ng the boundary of each
magneti ¢ donai RAWth >3 Rubst ant i al | y rectangul ar shape. 25 25. The servo
track witer apparatus of claim5 wherein the neans for thermally witing

furth co | ses neans,_far shaping the |ight beam such that the
il um$ ati g%piﬁ? etHve h%gk é’ﬁ‘a&? h%gwaﬁb%r‘@ G gt 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.




magneti c domain are substantially rectangular. 30 26. The servo track witer
apparatus of claim5 wherein the neans for thermally witing furtﬂle} ocT 2003
conpri ses nmeans for shaping the |ight heam such that the illum nation '
pattern shape and t he boundary of each29rragneti c domain are substantially
square. 1 7 OCT 2003 29 27. The servo track witer apparatus of claim5
wherein the neans for thermally witing conprises neans for overl appi ng at
| east two i27-dRenseventrpek twriter apparatusafhclefmt hewhéneim| thiey nefaindofori ns i n

aradial 5 dir iof . 'Hg; t di uch_t hat .t he _conbi ned, area of
the patterns ?@éféﬁé}ls’fg‘?{%‘?g‘ﬁr%gr C s;éﬁgtﬂqgarrfs Ztg.rAOg%r}%%plpgagE \}\?a}sttertwo
appar at us for Wuminsgion phtiemisi withof eaclynéthe plutatiti of domhirehid armdalser vo

patterg, on a pidj i.c..di xt.er nal 0 to a disc dgrive, rein
the disc has aagglr:l{ei?al y%rggﬁigggnélséls%cgéé?t i%q{nliigg aaTeé‘nB}A{lE‘Gi nal ,
down-track dir petteons istshebstqppidalht restargguidgor. i si ng: a source of a nagnetic
field adjacent the magnetic disc; and neans for magnetizing the disc in a
uni form magneti zation 15 direction; means for thernmally witing a
plurality of28gsetioc torkaiwriter napamtudefot rarkingone piagliet iof doigaeticat a
time, by indivi | | At i each nmagnetic donai,n with. a_ |ight beamwhile
exposi ng t he nﬁlgﬁ%tlrilc ‘%Swﬂnt%s%{v?iﬂag{é%%&’fl@dfrflégﬂgﬁq}sﬁge’%‘ﬁnaﬁy
orienf@tion that a disopjxt, tvehdreir2€hd kdescuhad o gereage tdikaiererdial ag4dkon,
wherein the |ight .beamfor an J.llumpnation patfern on the disc having a
shape that at Ig'élé%lf %&Pti%ﬁ%}]ﬁ%@?ﬂes dgw%ﬁ'ﬁﬁlgr ﬁE?FUQBCh gABPREAHS mai n:
and neans for somapristhg:he |ight beam such that the illumnation pattern

Spapeand the Doundgig,ole SRS hagRtle Hefa SGTRLA Bl nagiede G864 'Y

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.






