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which are coated with a magnetic medium. The magnetic medium is

10  typically divided into a plurality of g-nerally pérallel data tracks, which
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.

During the fabrication and assembly process of a magnetic disc
drive, a large number of magnetic discs and heads are fabricated and
then tested to determine whether the magnetic properties of the discs

20 and the heads fall within established parameters. If so, the discs and
heads are selected for assembly into respective disc drives. Failing
components are discarded. Duringa disc certification process, the .
recording surfaces on the magnetic discs are measured for magnetlc
coercivity, magnetic moment, and other physical and magnetic

25  properties. The discs that have the desired properties are assembled
onto spindles, whiéh can be merged with corresponding head stack
assemblies. Each spindle can include one or more individual discs,

depending upon the conﬁéﬁraﬁo.n of the disc drive.
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the characteristics can vary between individual discs and heads and
particular head-disc combinations can have less than optimai recording
15 performance. For example, a particular recording surface mav have a
relati\;ely high magnetic coercivity. If this disc is paired with a “weak”
recording head, the resulting head-disc combination can have less than
optimal overwrite capability leading to a high bit error rate. While this
. difficulty can be avoided by narrowing the acceptable performanée
N 20 ranges of each disc and head, such a solution would require higher
manufacturing tolerances, reduce yield and increase manufacturing
costs. | |
The present invention addresses these and other proBlems, and
offers other advantages over the prior art. |
25  SUMMARY OF THE INVENTION | :

One aspect of the present invention relates to a method of

processing a magnetic disc prior to assembly of the discina disc drive
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METHOD AND APPARATUS ‘FOR ENCODI NG | DENTI FI CATI ON | NFORVATI ON ON A MAGNETI C |
DI SC BACKGROUND OF THE I NVENTION 5 The,present invention relates to data -
storage devices and, in particular, 0 encoding identification information

and other disc paranmeters on-a nmagnetic disc. In a magnetic disc drive,
data is stored on one,or re di | ith a magnetic

medi um TheStr%%g]ee?Sls i 3%%%‘%‘@83 9%??%'?‘%%{4;‘;?%%@&? %f%yl a plurality of
g.eneral |y prialklceistidat dhd tic WhicGRd eRESdidEAIaRsnEeEERtersal |y Wi th
one anot her perpendicular tothe disc radius.” The data is stored and
retrieved bwithihtheasdigetic disc! Abadtiformation pattposistsametedwath thedesi r ed
track by an actuator arm The actuator arm noves the head in a radial

di rection amressyradyhyri¢al chareckesistifder control 15 of a cl osed-| oop servo
system based on posi,tion inf [ Lo 3 " bfdind ored

wi t hi n dedi cat ed%@b\% ?Spgﬁdgfr%r?né%t h13§%g\6?i Eeg#%ﬁoa%\\g ass%%b‘?{/ process
of a magnet Lg ' Atd &f 96mA dist dranetteCridtissd iniiddeeads are
fabricated aﬁ#ﬁ?&é@%@?ﬁgg to determ ne whether the magnetic properties of
t he di scs 26eledting herebertiagfradald for tassemblytiakd Hehdiscpduivamrsrbersin tHe so, the
discs and heads are selected for assenbly. intqQ r,esgect l.ve disc drives.
Failing congesndingshead f@ﬁsﬁ:é‘?%ﬁcﬁiﬂ‘ﬁﬁer}f“&i &0 mdprntieny PRHR IS cess, the

read from at least one of a plurality of magnetic discs prior to assembly of

10 the disc within the disc drive. The information pattern read from the disc

is associated with a magnetic characteristic of that disc. The magnetic disc

g is selected for assembly into the disc drive with the recording head based
on a comparison of the magnetic characteristics of the magnetic disc and.. .
the recording head. The magnetic disc and the recording head are then

15 assembled in the disc drive such that the magnetic disc and the recording
head form a head-disc combination.

Yet another aspect of the presént invention relates to a magnetic
disc, which includes a magnetic recording surface having a physical
characteristic and an information pattern encoded within the magnetic

20  recording surface for association with the physical characteristic.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a head disc assembly (HDA) with

which the present invention is useful.

FIG. 2 is a diagram of a null-type servo magnetization pattern for
25  aservo sector written on a disc surface in accordance with one

embodiment of the present invention.
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recordi ng heads are tested before being nounted w thin a respective head
stack assenbly. Several structural and .magnetic characteristics are

measur ed, such a@8G. Saderdineinhilluseasing! Dtk b gceiﬁo ad signal pul se

wi dth at one-hal f anpli tuﬁ%lf:!11 writer vm%ldt h, mg\gg?\lll’lwh?] c%%bi lity,

cross- t r ackacsordingtp onefémbaodicient aptis piesgnidnetehiion. error rate, for

exanpl e. Recor dilgig%heads havi ng the desired characteristics are nounted in

respective head &ids askiagism Blistrafiagean elengated qorgneticddimass are t hen
merged wt r Lye dis¢c pac nd asecg(;ole.dintoadisc drive

housi ng. Egg regcszugf(g\?énrga&?elgglri‘(@vfcglhagm%}w%ﬁ PG with a respective
recording surfacgd ® it hacHématPan aré\léfm.t}@ R36 gﬂﬁ rding head
has been tested and found to have struct rgﬁ and }%‘rag%g icnréﬁlggact eristics
within a desrvegattangeon ntagaetihatedid, eactading te ane eabpdielenesnthiadi vi dual

di scs and heads and particul ar head-di sc conbi nati ons can have | ess than
opti mal redJFCEHHJNYSNBRRf or mance. For exanple, a particular recording

rf h .el atively hiagh i ivity. If this di i
it og w th no g 636 p3ehaifode BBl R forl 8T fietimally rrindNg i nat i on

can have | i i ik j . kgh bit
, eesvd Pafterii g@@@ﬁ@m@a&é,%c@&%g% bd h¥ofheREibd diRedt nge ,

error rate. Wiile this iculty can be avoi ded by narrow ng _
accept aldl e thepresemaiireertibrr. anges of each di sc and head, such a sol ution

woul d require hiﬂher . manuf acturing tol erances, reduce yield and increase
manuf act uri ng G. 7 is a schematic diagram of a system for thermally printing

s e syt s

servo patterns on magnetic media, according to yet another embodiment
of the present invention.
FIG. 8 is a diagram illustrating a single frequency di-bit pulse =
15 train written along a track on the disc surface in accordance with one
embodiment of the present invention.
FIG. 9 is a diagram illustrating a pulse train in which illumination
pattern spacing is varied within the train.
FIG. 10 is a diagram illustrating a pulse train in which the
20  illumination pattern shape is varied within the train.
FIG. 11 illustrates a pulse train having a plurality of thermally

written elliptical magnetic domains having a major axis aligned in a

down-track direction.
FIG. 12 is a perspective, fragmentary view of a light beam
25 illuminating an individual magnetic domain on a disc surface in the

presence of an external magnetic field.
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aspect of the present invention relates to a method of processing a
magnetic disc prior to assembly of the disc in a disc drive 2 5 SEP 2003 V\D
00/ 58955 PCT/ US99/ 31200 storage assenbly. The net hod includes neasuring a
physi cal characteristic of the magnetg ¢ disc and encoding an information -
pattern wthin the nagnetic disc. The information pattern is associ ated
with the rreasured phyS| cal characteri StIC 5 Anot her aspect of the present

I nvention rel ate gg}gﬂ netic disc
drive. The net ho | nc @ﬁpgg%c’c’f?ﬁg‘% cor%?n glg%%?fg? Sgtssrsgfgnbl y into

t he di sc drbverla ﬁ{gem@rﬁ{aﬁ wm@;{maageﬂikeadn{aﬁ—g a magnetic characteristic.
An information pattern is readfromat | east one of a plurality of
magnetic discs p|F|I6r14(sa&mqvibhylewomrma@edcshsmatwmglanhe disc drive. The

I nformation pattern read fromthe @o%ated with a magnetic
characteri st @ngqa'cxlomatgﬁrggnaamgc iscsfacet ed for assenmbly

magnet | < char act &1 Cery 7 %P%f%e‘f@%%mﬁ‘ééﬁ?%ﬁﬁﬁﬁ% o Gl ng head.  The
magneti ¢ di ?hx?ﬁﬁ] ﬂamfb%aﬁsm patteeachtaalibhanfdd RecRihed ahn the disc

drive such e magnetic disc and the recording head forma head-disc
conbi nat i onalt¥enativeoernbodasgecf thed ptdﬁenmn&rs&mnl nvent ion relates to a

magnetic disc, which includes a tic recor. surface. having a
physi cal char actHdG 16 isa dirgram WhiE Is a@é{t 852585 t hi n t he

Char act or i <EPicE R 4t PERAY E‘ﬁéﬁéﬁ@‘%ﬁé\%@g‘f%ﬁ P Dot spect i ve

vi ew of i@ h@@@erq;&g assenbly (HDA) with

FIG. 17 is a flow chart illustrating a disc processing method

according to one embodiment of the present invention.

FIG. 18 is a flow chart illustrating a method of pairing a recording .
head to a recording surface, according to one embodiment of the present
15  invention.

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 représent the

20  same or similar elements. HDA 100 includes & 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 aré supported by




whi ch the present invention is useful. FIG 2 is a diagramof a nul? 5t SER 200
servo n¥9A¥E8%%ti on pattern for .25 a servo sector wittPOTWSIBKIGEC -
surface in accordance with one enbodinent of the present invention. WO "
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00/ 58955 -4 .2 5 SEP 2003 PCT/US99/31200 FIG 3 is a diagramillustrating

a thermal printing process according to one enbodi nent of the present
invention. FIG 4 is a diagramillustrating an el ongated nagnetic donain - -
formed by overl appi ng individual magnetic domains. 5 FIG 5 is a schematic
di agram of a systemfor thermally printing servo patterns on magnetic

medi a, accoqidbigsibAs PTEwWaIHPLY ¢ | nvention. Fl 6is a
schematic di agr am of a Systemepg?ﬁ{rﬁgélrl%gﬁtﬁap?sfistgg‘lgkn%meg'épg@rﬁb?t]tl rns on
magnet i ¢ neefian ackeator di GigThe actnatdrashoovid 66 FIENt isaif théQyé@ﬁnBWﬁnt '
invention. FIG 7 is _a schematic diagramof a systemfor thernally printing
servo pat t ét f{2ohmexigeqibaciaatos anddoshuiesq vaicy eoil amstoh¢VQvjodi nent  of
the present_inavention, F 81,8 diagramillustrating a single frequency’
di-bit pul ss§‘°wﬁ£%¢e§f"ﬂy#ﬁ8r eql%fgiﬁaesag{ FCHRtER cambegised, sugtfatce in

accor dance wdab a®R@tognbodi ment of the present invention. FIG 9 is a
diagrami.lustrating a pulse train in which illum nation pattern spacing
i's varied withi Vaibecoit aiotor FI8Gotds beraatet A08 WitH b HEhdrld di%spu' se train
in which the @%0 il lumnation pattern shape is varied wthin the train.

FIG 11 il148@banta pivesshat 1204 posisisms)iderpllld avet g debiretielamml |y written

elliptical i c_dommi avin j or is aligned in a down-track
dir ;2 t : on. tp?&%%r'xg a pa%ﬁ b&w\r/elenga (%sg? er c?i)élmeter']l. 4 and Ia disc outer

diameter 126. Voice coil motor 118 operates under the control of a

10 closed-loop servo controller within internal circuitry 128 based on
position information, which is stored on one or more of the disc surfaces
within dedicated servo fields. 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 Theservo 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
pres;ant invention, one or more of the discs are at least partially
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 inforration

onto the disc surfaces, one magnetic domain at a time.~This information




FIG 12 is a perspecti-ve, fragmentary view of a light beam 25 i |1 urd ﬁasEpgz'gw
an i'ndwa asapssnagnetic domain on a disc surface in the RGTEEWHBEDT .an
external magnetic field. WD 00/58955 PCT/US99/3120 5 . SEP 2003 FIG 13
shows a pulse train having first, second and third sets of overl apping
thermally witten magnetic domains. FIG' 14 is atop plan view of a

magneti c disc having an information-pattern magnetically encoded on the -
disc surface. 5 FIG 15 is a diagramillustrating an apparatus for
thermally printing an infornmation pattern-onto a disc surface according to
an alter naédnviacﬁm%rr&ahrﬂ&, thB ol tRIEoHeac R \RIM bRRagE katod Bebtr @ di agram
whi ch schematically illustrates a 'spindle assenbly apparatus according to
one enbodi newmmnbef idenéifipasr ifotfaiionetite shart oF@robp ofseatdrbmerahar t
illustrating a disc processing nethod according to one efibodi nent of the
present i nvedtsmrinfrmationgand magnesa PeaRstties of the paxtiGidarndisét hod of pairing
a recording ead. to a r?cording surface, according to one enbodi nent of
the presentSHEGe PSS ABIPIEDETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI NENTS
FIG1l is a pers [ i j ' le¥i®ati ' assenbl y

( HDA) 1850 wth m r%\itgﬁ\gl%&eaglfégt?a iq%?/ﬂe ieo%ﬁg‘i}ésﬁ‘ua?g‘eﬁl{%?h?ﬁ tggﬁgorr ef erence
nuner al s ar £ seisedetior I Be writtéwos af digusedadednraepordzane with ;2@ sane or
simlar elenments. HDA 100 includes a housing with a base 102 and a top

cover (not embadimeniA thepresent frvention. yaevalaf Belicater adgvn-tigek ch i s
ted I ndl e. not t sh b di l-anp ;10 ] k 106 .
ol udes a o1 SpafEr girBrisionob fhe At et sl Sy dtiRalelies 3 8058, r ot at i on

about centr F Padh AU eS@isS Mt aee &S 2amowssPriratied slider 110
which is rmﬁlﬁglggffan&gﬁg 1ogﬁgﬁfdmcarrsi es a read/wite head for

comuni ¢@t i eanteistiabélbe 1865616, respectively.

The shaded regions in FIG. 2 correspond to regions of opposite
magnetic polarity as compared to tﬁe 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
perpéndicular recording system, the regions of-opposite magnetic
polarity are magnetized perpendicular to fhe disc surface, either into or
out of the page in FIG. 2.

Servo sector 150 includes phase-locked loop (PLL) field 160, 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 maghetization 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 'fxw'eqﬁ“encybof the readback signal. Track ID Gray code field 168




surfacg, @n the exanple-shown in FIG 1, sliders 110 are supported 2\5 SEp 2003
00/ 5895% ¥/389%8ep 2003 PCT/ US99/ 31200 suspensi ons 112 wraussosiioo turn :
supported. by track accessing arns 114 of an actuator 116. The actuator '

~shown in FIG1 is of the type known as a rotary noving coil actuator and
I ncl udes a voice coil notor (VCM, shown generally at 118. O her types of

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 di sc i nneontdirsrinf@maidn mtaymgsmgwrﬁéula%%@fo%r WAfch M?é'tﬁee oi | motor

118 operates under the control of a 10 cl osed-|oop servo con o1l er within
i nt er nal C}Srléﬁqtff‘ﬁy 128 based on position information, which is stored on -

wi t.hin dedicated servo fields. The servo

one or nore of di ur f aces . i C

fiel ds can be .hﬁgﬁeﬁﬁzﬁlw% toddentisethedpeation efidie hiiaslowithr f ace or can be
| ocat ed onygpgiigl ' flace i di cated tq ring servo "
i nf or mati on. DAS gltﬁgg#a%%fsﬁ% I%%ésﬂélgg% &%Q%ﬁ@%g?%"’ﬁi”éﬁé; 2S5 read/ wite
head generfitleisl7a doeastha akulbbgidnabhatizdtdeNbikdss ¢ation of the head

relative to the center line of th desi red}t)t ra@k.ﬁ%:%%lg%ét his | ocation,

act uat or 1T@gnetizaticupptiesi swrittef it a meieetmite] PRk B151 td @R SO that it
noves toward the desired position. 20 The servo field patterns are- .

tradit i onaFPPrarFatAnPaiessindields 60 ang 16k cAs thotagid /Mmte pasdésw i t e head
after the g - Ohi V. -assenbl ed wthin HDA 100. In accordance
with one eﬁvb%g?%refﬁ%dzfﬁrﬁge eﬁ?@%@ﬁ?%@%‘?ﬁ?ﬁﬁg‘&ﬁbe&eawe of the discs are
at | east pdérhbdhilated baaThideesked thihroah ery.di.sc i nformation
prior to 25 asserrb?i ng thfeerggi gcs irbn ﬁDXQ.?Lg%Eﬁ%ng@é%‘ééghg'r étgggmtted by

t her mal® y trpek eantery the ppsition earguovalienitihaveeese magrigidec TghOr ot her, disc

I nformati gn %nto t he disc surfaces, one magnetic domain at a'tine:--This
i nf or mat i ghFa< 18 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 a magnitude
15 indicating the amount of displacement. Other types of servo patterns

can also be used, such as a split burst servo pattern. Demodulation 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 DEMODULATOR AND METHOD FOR

20 A NULL-TYPE SERVO PATTERN," for example.

The smallest unit of the servo pattern is one of the small squares B
in PES field 172. When the head passes over a region bounded by afeas
of opposite magnetic polarity, a di-bit results in the readback signal.

This di-bit (or cycle) is a building block of all the patterns within servo
25 sector 150, and it consists of defined magnetic domains.-
Traditionally, servo patterné are written one "servo track” ata

time. The déf_iniﬁor_l, of a "servo "track".depéﬁdé"éh'th‘e"‘ﬁfddﬁ'é'tf"»Aé7




WO 00458955 -7 2 5 SER 7uus PCT/US99/31200 can fTicl ude, for exangl &, SEPe2003
| ocat i-Wi® @f588%8ch data storage sector, sector nunber id@GEYSIYAZ00N = '
information, the start of a group of sectors, servo pattern information

and nmagnetic properties of the particular disc surface, for exanple. 5 FIG
2 is adiagramof a null-type servo magneti zation pattern for a‘'servo
sector 150 witten on a disc surface_yn accordance w th one enbodinent of
the present invention. Arrow 152 indicates a down-track or angular

di mensi on of the disc surface, and arrow 154 indicates a cross- track or

radi al di nelisdugBedhbdwie dilibsie HaweftaghtioM1y beerswettenlontbrtheldist0 centers
| abel ed 1560- 15616, respectively. The shaded regi ons in FIG 2 correspond

t o regi ons suffagppydhe writedtprsdiuceniol theiregd /AsTitd eBy mriting thess- shaded
regions. Foy, .exanple, _in | ongi tudi nal,.recordi ng system if .the

| ongi ¢ udi ndli-HiEGRBETSEbT BACK-H-TRRE MBRICiFRRAA ST SR U MY o- 1 ef t i
figure, the ongi t udi pal | L.on-: | ed regi ons woul d
be Ieft-to?dﬁlleéﬁﬁtéq ﬁgééﬁgéeérg%%nilﬁgu a?gﬁgﬁgﬁﬁbﬂ%%?gﬁgiq%e regi ons of

opposi t ¢ MagARhGlarPPh Bhb MBYEMERAE BEHHeAREs@TiACatic 2 ledseat he di sC
surface, either into or out of the page in FIG 2. Servo sector 150

i ncl udes plEstiohad Keelirdivjul yaPiagrietic Iddma0s ipsatvozector 6@ a162, sync fi el d
164, pad field 166, track ID Grd';1 code field 168{' ad .fi%l (1_1170 and.
position erthGFnEIﬁZEBP“FEF pptorthe dijhTHEAGesONSFIABDGTIC SORMAIB@AL A TR el d 160

and sync fib%k(gre@églg?o%?gg%@%?%wegggg.r_en‘t magnetic transitions. \Wen

the read/ wi no passes over fiel'ds 160 and 164, the
magneti zati on pthG@B%aWié%fbﬁ\ nm%&atih'g&l therralpaatiag p2bca@s0l! at i ng
a

readback signal. The oscilTating readback signal is used to |ock the phase
and fr eiquereyoniing e ode smishdiment ehithegpresendlinventiornn Hhateyp 28ad frequency of
the r eadbacxﬁagrile ncaxlrlédgf&kis lrr?agcr;{e%&eg?rq% II ; olngn rlngsgnetization direction
206 with a strong external magnetic (H) field 208. For example, ina
longitudinal recording system, the entire disc is circumferentially "DC"
magnetized in a uniform longitudinal direction. External magnetic field h
15 208 has a level that is greater than the magnetic coercivity of magnetic
media 204 at an ambient temperature.
At step 210, external magnetic 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 (Fc) of media 204 decreases with}

increasing 'temperamre. ‘When the coercivity drops below the level of -




t he paWtQ%’GIB%ﬁS track over which the head is |ocated. PHgfigdide?.

to identify the location of the head with respect to the track center
line. In the enbodi ment shown in FIG 2, PES 5 field 172 contains a
nul | -type magnetization pattern. The null-type nmagnetization patternis
written in a predeterm ned phase relzg df‘on to the nagnetization patterns’in
fields 160 and 164. As the read/wite passes over PES field 172, the
readback signal generated in the head is denpdul ated and integrated to

produce a pxieitdlBna 'Iliét[m/a?ln@a £ ck. center, .the position error
val ue will_have 1zaagrl?)}‘émagni ude. {é}dtﬁﬁ% tﬂ%é’é%é‘leglzﬁﬁgﬁaléﬁ&ﬁh?o one side of
the track besfedarea Pkt wok tignntselfivoith e wSplivd kelde positive and have a

magni t ude i ndi cgtéi ng the anount of displacement. |If the head is displaced
to the other si0&SHP 2elighhbram@dRtieremoned fashtiren2Bt, ieitho@ ue wil |l be

G her t ypea neRtEeRie R inapnic Beld Ao rben aseaizl urostaraspt 1 T bur ot
servo pattebiperfaifedy Hdrhen . Ser Lt erns.i iscussed in nore detail
in US. Paégnﬁg Appl i calféi' on l}g‘fgrnlta lﬁ%ﬁ%@é%@@%’%i?&ég%g%ﬁﬁbﬁ 15, 1999 and
entitled m@wmelaam&mwgggpggg%gg%@t NULL- TYPE

SERVO PATT.EIg\I " for exanple. The snmallest unit of “the s ern is one
of the sndfl@® ped byj thephape péthe filzanindtion pdteerheatmpdss®® over a region

bounded by are 0 i.te magneti.c polarity, a di-bit results in the

r eadback si gnalal?ighg'ﬁﬁ’%%ﬁl}? ﬁ‘?’b&%@élt@)an%h% argrlogimgdhim@R4 66 al | the
patterns whehhalle e Xo| . I ., consists,..qof defined magnetic
domains. - Tr adifi oﬁnfaél y,tﬁgrgé@gn %ggﬁgﬁ{r%gn’a%"gepﬁﬁaptaé#%ﬁéa%@ vo track" at a
time. IPhe rdpeatadipisananf titdsenmeeedsadf k6 pHARERISABNEAGIRS AdUELy AS - - VO

00/ 58955 . . .
domains at different locations on medium 204 by moving the location of

WO 00/ 58955 2.5 SEP 2003 PCT/ US99/ 31200 cont ai ns-i nformation i denty s)sgé}gezgm
% .

light beam 212. For example, 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
illumination 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 umnténded chahgéé in disc

coating properties. In gené:al, light sources having a shorter wavelength




2 5. SEP 2003- 1 discussed above, di-bits have tradition-ally been %S'EEe?[m’
- onto tWwedisssss surface by the wite transducer in the readfussBpize h%

witing these di-bits coherently track-to-track, nmagnetic domains of
opposite polarity are witten on to the disc. These magneti ¢ domains are
roughly 5 rectangular. I'n one enbodi nent of the present invention, at |east
a portion of the. individual magne_tlg domains in servo sector 10-0 are
thermally printed onto the disc surf (1, one magnetic domain at a tine
before the disc is assenbled in the drive. FIG 3 is a di agramillustrating

2 ther ml Qi 8 b0h A 38 Bon  PARSM e G305 RGN Of the

present I nVén magnet T nedi tized in a

uni form ”BBQ&imé@éHd}Ebrdhﬁi%ﬁéﬁ&éH dZQBo¥kd Bik RhHARYnea RIsNf! FERgNetic (H)
field 208. For exanple, in a longittdinal recording’system the entire

di sc is ciexamplegmdiile aiﬂeyr:dr@)@?ghtrsagr@mayqarbmde diesifedr resblamignt udi nal
direction. External magnetic field 15 208 has a level that is greater than
t he magnet PEORSIEP DI FaryingTeass giskiaf dlamags to thegosrosign @Sﬁff%m t enper at ur e.

At step.2 ext ern c fiield 2 han ed external rmagnetic
" field 2{‘)9 CARop Ay ﬁpggéff}%eacpﬂlfeétg %8’[’%&& “&n ﬁ%ﬁ:?’f?e polarity as

conpar ed t gyhé ng%,% 9 20 has a
field strengt h%rﬁ:gé?@igh? éﬁ&?s&l%sass t aﬁﬁﬁﬁgﬁﬁﬁ‘fy’c@e’?‘é’%. ty of
magnet i ¢ nmeppeoptixealn bheembbidimment, eéhgplpght beam is ifdoheraritd@ihe | i ght beam

212 is directed to a selected area 214 on nedia 204 to produce | ocal ‘
heati ng of efaperatpegowkicheagh spgnetic dpmeaindpbentedis segitlatasdpa 204 in  area

B L o G A TR o SRR e S8 o 11
bgfgggg%ng b/ Uggg/e%%%fgﬁ? hghegcﬁﬁg coercivity drops below the level of e WO
- The elongated shaded regions in PLL field 160, sync field 164 and
track ID Gray code field 168 in FIG. 2 can be formed by scanning the
light beamn and the resulting illumination pattern in the radial, off-track
direction 154. If the medié 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 patterns at least partially overlap one another
20  tocreate an elongated line of overlapping magnetic domains. For
example, FIG. 4 shows an elongated magnetic domain 270 formed by B
ovériapping 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 mventlon System 300 includes light source 302, beam shaping

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




external ly applied nagnetic field 209, the nagnetization 216 in th?‘h?? 803

area 2MOWp/A89sal ign itself with the applied field. At st gp g lb(? beam .
212 is renoved fromarea 214, without changing external n‘géé‘]? PRIRE o g

209. When area 214 returns to room 5 tenperature, a thermally witten ,
magneti ¢ domain 220 defined by the boundaries of area 214 w:l} remain. The

shape of magnetic domain 220 is determ ned by the shape of the S

illumnation pattern on nedia 204. L:lght beam 212 is then noved to another’
area on nedium 204 to thernmally wite another magnetic domain. Steps 210

and 218 can ed.as man 4-- e 15 20 25 s as necessary to produce

magnet i cal | f/’h?reo\l/éggggp}ﬁﬁldg[r‘fﬁﬁ%o‘é’iceﬁoﬁfg@ﬂé?ﬁte& bghtt éremgy 80 wHichm 204 by

novi ng t he i$ pasedaRr&lich bi : r, exanpl.e, steps 210 and 218 can.

be repeat ed gng or mofe %#Hrrtgls}gﬁg{rg ééé%s %@ ?ﬁoéagﬁae%%t% P@nBeam PES field

172 shown ishaping optics 304 gener2eda dighe Beami 319 gd'nvglt% al%ﬁeg{pﬁigs pul sed on for a
ofY 't

sel ected pglii od of time at |east once for eac gnetic domains, in

the presendid'Bination pattern shaprewhich aeledstARQtiaFaclafiobs EK@S}E%Q%t i ¢ domai ns
€ di Vi

are spatia [ fraom one anot her on the nedia by ng the
rel ative pggﬁ%ﬁg%g?feﬁjgﬁ{‘s‘fﬁ‘@&rﬁuﬂ@%’i@gtﬁqé}l theyenally fvaiteeri n t he radi al and

ci rcunf er emdgdletidid@fiilons. | nformation can be magnetically encoded on the
disc surface 1n the circunferential direction, the radial direction or

both. The | engt Beatn défisetoreaPaatdieceon®in L Sy.63 ed.to the,

i || uni nat i g&gpa.tt.ern depends on the types(%?'{l?%gﬁ?éggz?cégoas%g’éﬁd t he

amount of éﬂ'lﬂhlé\d?qaﬂgram.ﬁ%etﬂea&deﬂa&tot&SO@SaxQBeEBHﬁ%quceS can be
t

%«?ed- The ghwss Ii'iglhit B Jina r\{a\lidlizl.l (ﬂ?gc%i%?i aoc?osYsat;'nie%ﬂffafcs of ggssc 3?2(: " the
10 orinan angular, circumferential direction along a desired data track on
the disc, if desired. In one embodiment, beam deflector 306 includes a
mirror mounted on a voice coil motor which is controlled by control
circuitry 311. In another embodiment, beam deflector 306 includes an
electrostatic mirror systerri. Other types of .beafn deflectors can also be
15 used for deflecting light beam 312.

Control 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 circuitfy can be configured to
control the operating parameters of light source 302, such as the

20 exposure time and intensity. Control circuitry 311 can also be coupled to
| beam shaping optics 304 for controlling the shape of the light beam. For. |
example, cént;ol circuitry 311 can change thevilluminat‘ion 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
25 surface. This can be used to implement a desired data coding scheme or
to simply change the size or shape of a particular magnetic domain area.



resol uti on desired and the need to avoi d uni ntended changes in di s9 55 Wzom
2003 owatoosgpser operties. In general, |ight sources havi pgrassdIonRbe’ = ;
wavel ength WO 00/ 58955 PCT/ US99/ 31200 wi || provide better resolution.
However, -as the chosen wavel ength beconmes shorter, unintended danmage to
disc coatings may result. For exanple, while a nercury |ight source may
provi dé desired resol ution propertigg; 't can increase risk of damage to -
the corrosion resistant 5 carbon |ayer that may be applied to a disc
surface. In such a case, a |ower energy light source, such as a green

Argon | aser, be re . apprLopri at l.n enbodi pent , , t i ght beamis
i ncoher ent . T@-"E‘%@F%W (Faﬁtlog%?aléﬁbgﬁgﬁpoﬁgdﬂ&ﬁpén%rﬂpwrggzheat ed is
regul at ed fo¥ rofatidigl hBEI L dlitiaBlsePPY MRS SFeratiBRs d i@t fpet he nedi a
exposure andrt he gt10 power olu pSut of th?l?%rﬁtl S(s)u%%m%hrbeaﬂe eE)ngat ed shaded
regi ons i neobdtedfin el abntibious YashibhedHild bdingrestposedhaklight k¥aay 3tpde fiel d 168

in FIG 2 can be formed by scanning the 1Iight beam and the resulting
i 11 uni nat i GHhgaREeRtinnqus eipesiirIPEPUlEdiepPaete) odcrrbeirotetadin | f the nedia

IS contd nu | xposed to ¢t ljght beam 15.duri.,ng, a,radi al scan, the
modi a v |1 TRcste %ﬁg%lgﬁ%?e'b‘?'%}"é#ﬂ{% é(fréﬁ?goﬁeﬁaemffse&aghe Bthe t her mal |y

Wl en TEAARAIE, GRS it AR ol bierchea 9 be pul sed of
modul at ed as t%e'l igﬁt“‘tsveam s scanner? arsadi aH\ e<:§11(c::r 0SS 1 qg medi a surface.
The spaci ngritenhween adj acent il lumnation patterns is set so that the

patterns at |east partially overlap one another 20 to create an el ongated
line of overl appftaEnalupgndtic firldwonsce Fcandpglysiean glectro-magneks an
el-ongat ed netic domain 270 forned by,.overl appi ng indj.vi.dual nmagnetic
donai s 277 SPOARST T SgRAT AP AP KR TR D 2BRE e AR dur | ng &
radi al 105 CaHviftk @ deirbd £R1§ Shenpin &t JdRBr&MAbnAHSRS TR hagnder mal |y
printing 25 servo patterns on“nagnetic nedia, according To one enbodi nent

of the prisedranibedinitedo titysteenb80f vittérudesan exthhd omer al 0302, beam

' shapi ng o%t | cs, 304, beam defl ector 306, external magnetic field source
308 and Substantially all of the disc surface. In one embodiment, the magnetic

field is limited to the area being written, and magnetic field source 308 is .
moved with the illumination pa’ctérn under the control of beam deflector |
15 306, as shown by dashed line 324. For perpendicular recording,
magnetic field source 308 can include an electromagnetic coil having a
coil axis that is perpendicular to the surface of disc 314, for example.
Light beamn 312 is passed through the center of the coil. For longitudinal
recording, magnetic field source 308 can include one or more permanent
20 magnets having a gap between north and south poles, which is arranged
parallel to the disc surface, through the illumination pattern. -
Alternatively, two spaced, parallel electromagnetic coils can be arranged
with a common axis oriented parallel to the disc surface. Other movable
or stationary magnetic structures and configurations can also be used.
25 FIG. 6 is a schematic diagram of a system for thermally printing
servo patterns on a disc surface according to an alternative embodiment

of the présenf mvenhon_The same reference numerals are used in FIG. 6




5. SEP 2003 WD 00/58955 2 5 SEP 2003 PCT/ US99/312Q0 control circuigt gy ?1 03
Li ght S¥00868%02 generates |ight energy 310, which is pgéiﬁgg lzggﬁ)ug % an%o .
shapi ng. optics 304 to beam defl ector 306. Beam shaping opticCs
generates a |ight beam 312 having a desired illum nation pattern shape, '
which at |east partially defines the shape of 5 the -magnetic field
transition surrounding each thermally witten nmagnetic, domain. Beam
defl ector 306 deflects beam 312 to a Hesired | ocation on disc 314, within
beam range 316. Beam defl ector 306 can be configured to deflect |ight beam

312 in a radividreHsb&GH s Lhe surface of disc 314 10 or in an
angul ar, circunf ersent%la d??%@?génkﬁ%frﬁd”@a S@W%Sdém’&l@r%&eamn the di sc,
i fdesi r ed deflecton806 ireplatedtwitheareleaf -8 lludes a. mirror :

nounted on.a_voice coil notor which is co%%@%?%g%rggﬁ&mmm&i"r cuitry

311. In andighéPeamizdditavhe cotrectniodatisrech elie 306adensH dig@§1b@“Fqg‘3| ectrostatic
15 used for

mrror systegggn fl hger(E tcgges of beam defl ectors can al so be .
defl ecting TRt GESHO39RYC $s3mnen P4 rarcinclude @ldlecoesptid Rdnhér | | ght source
302, beam gBaRioBEd KR def | ector 306 and spindle notor 322 for
controlling vafi oug’gg‘?gﬁéaéggé%ﬁa%?ﬁfﬁﬁ%ﬁ?%r%. amagie Mellinr cuitry can be

conf i gur edUridversiapt Ciirrdrit ,@RRERLH t . of ‘Light_ source 302, such
as the 20 exposurjea time a%ld intensé%y%éggﬁragF§lg¢%%%‘?E?ﬂ?scf?néan al so be

coupl ed t oo phaprdtrafiong degreein 8fddfmengionmt rrﬁjaféxr@néﬁtﬁ iﬁ‘laf'ﬂel@{}b(_)f the Iight
beam For o ég |l e, control circuitry 311 can change the illum nation
pattern shaﬁ S-%”(‘S‘ﬁf B?fgu'ﬂfq&)’e“@iﬂ@ﬂﬁ\@ﬂ@mﬂu@deﬁ@ﬁmtAs discdesedr ed, for
effecting abhse ' | o bet ween adj acent transitions in magnetic
pol arity on theeﬁéygglgﬁ? }Sgger.g%? ﬁﬁ'g r8§ar§e 3@6%&8@#@1%@ treemte a desired
data cidi ngf sohedemensiohsl AR RABAI: "ArPLRER Bl P REnE, 2 Part! cul ar

magnetic domain area. 2 5
provides an advantage of a precise placement of the illumination, pattern

on the surface of disc 314.

| FIG. 7 is a schematic diagram of a system for thermally printing
SErvo patterns on magnetic media according to another alternative
15 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 similar
elements. 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

20 circumferential location. Alternatively, motion stage 350 can be used to
move spindle motor 322 and disc 314, leaving light source 302 and optic's |
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

25 one embodiment of the present invention. Arrow 402 indicates a radial
or cross-track direction, and arrow 404 represents a circumferential or

down-track direction.- Arrow 406 indicates the track Width. Priorto ™
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WD 00/,58955 =13 PCT/ US99/ 31200 Control circuitry,311 can al so be guggpdzmg '
- a spi neld gorgwior 322 ‘for rotating disc 314 during ~servq>dfm,§9'b;3920g%er~ lons.
Disc 314 can be rotated in a continuous fashion while being exposed to o
| i ght beam 312 (either continuous exposure or pul sed exposure) or can be =~
rotated in 5 discrete steps between individual wite operations. In the _
latter exanple, disc 314, woul d be stationary as each nmagnetic domain is
written. External magnetic field sothdee 308 can include an el ectro-nmagnet

or a permanent magnet, for exanple, which provides a nmagnetic field 10

having a desj.red field strength at a desired orientation. The magnetic -
field can BRUNERUsrain 409 thy disc santags Was corditionedawithrt end over all or

Filera ts rrserasiorbialyiufnt e aifion Bt R TRabERT 401 bea oour ce. aos

i s noved bak@rduil inabHBlAAIOMPRLE 818 i QL 4k beam def | ector
15 306, as- sh%rwn by ggghéd Ii“ngdg%4. Eocr%gg‘?{?é% ?g(&&aq}rgé)vé’c‘fg?di ng, nmagnetic

field source 30@ilsmtraimdlidelwries elaietioniognahs ¢10,012 vimg a coil axis
that is per}gigﬂdi cular to the surface of disc 314, for exanple. Light beam
312 i s padédghere tgmallyeweisienamestoraia at @ time byrdirentigigandi nal  r ecor di ng,

raanet ¢ ek AL 6,390 VB ok MlsaRe e penTIeIL 20 rmanet s
the disc %’h‘éée@q@@ofhﬂre%&ﬂah'?l‘ighéﬂié‘fﬁlaaﬂdv%@g E?&%ﬁ@ 415%1&?&(‘? ively, two

spaced, parallel electromagnetic coils can arranged wWth a commpn axis
oriented pgpakiteto the bdukgtowmed saghatieatiéa H&éeﬂimvam.eThééh?e?éﬂ onary

magneti c SL”{ tures, and con{diazw;})rations_ can also be used. 25 FIG 6 is a
schemat i ¢, "¢} ﬁtj‘f"%t’@ln pattgradetermyines Hershapep! sachmagnetisglomaipat t erns on a

di f i . l. ' nmbogi f the,
nventPon TP IR andif peftodli e R RGP Ber b s a0ss

in magnetic polarity at the boundaries of each domain. In FIG. 8, the

light beam used to form magnetic domains 410, 412 and 414 was
elliptical.
In this example, magnetic domains 410, 412 and 414 are spaced
15 from one another by a uniform distance or "di-bit cell spacing" 416. This
distance is measured from the center of one of the magneti; 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

20  subsequent transitions in magnetic polarity aloﬁg down-track direction
404 is measured between transition edges 420-425 and is indicated by ‘
arrows 430. Each transition generates a pulse in the readback signal.

The dibit cell spacing 416 is equal to twice the transition-to-

transition spacing 430, which creates a single frequency di-bit pulse train.

25  This type of spacing can be used for creating the position error signal
(PES) burst fields in a servo pattern, such as field 172 of FIG. 2, as well as
the phasé Iockéﬂa"‘-loolg')..(l;LL) and sync fields; such as fields 160 and 162



-14 2-5 SEP 2003 PCT/US99/31200 as.were used in FEG 5 for the sageg %SEP 200
sinmi’l aVOAERBAts. In FIG 6, beam deflector 306 i s repl@eogsobisijpean J
el ectro-aptic scaruler 340 for scanning |ight beam 312 to t«%

| ocation on the surface of . .disc 310. For exanple, electro-optic scanner 340
can inelude an electro-optic scanner 5 devel oped by the Data ‘Storage
Systens Center at Carnagie Ml on Uniﬁrsi ty. Currently, electro-optic
scanners are limted to deflections "0Off the order of one degree in one

di mrension. Inprovenents in electro- optic scanner technol ogy may enhance

this def|esﬁd\,0ﬂ.inmcd25?ﬂ§$§§> . control.circyitry 311 may al so rotate
disc 314 to facilitate the g@%%\é?rngcga A5 Rﬁﬁ@?‘gﬁ%cr@@éﬁpﬂl‘%pt ic
scanner. Aﬁielélse'citthimtbqatsieﬁvcspa&@ﬁﬂ_ provi des an advantage of a precise :

pl acenent of the illumination pattern on the surface of disc 314. FIG 7
is a schematic dlayhuminstion Byenmsizerndshapakhy the ?a&gﬂgs a%gr;%o patterns
5 enbdd meht of the

on magnet i ' ccordi to another alternative .
present in%g@g%ﬁ? ?ﬂgmgsﬁg’rr@&ﬁdew edormpting thedisumathcodeFl G 7 as wer e
used i 15 FlitkrnRatdsitoft . .. simlar . elenents. In FIG 7, notion
stage 350 nechani caloﬁygﬂea&nlgﬁ?gﬁgg&f’%blﬁ asé%%fr@r@é?o%ﬁﬂﬁl@élahﬁ)shapi ng optics

304 radi alfie}d 36808 FIGh2 ©théraRcPhfortias ' i ndl e nptor 322
rotates disc 312‘%)(;[q d%aesel ect eg 2(§)rci r%lﬁagvrael%%?n&g%eéf?’btﬁ%e

Al t er nat i VBFSSUY dge disgrapaiillirtrativegla tpulsd@xia SHOIAWIGHOL O 322 and

di sc 314, ' |.i ght source 302 and optics 304 stationary. FIG 8 is a
di agrami | gg %%&9‘%2&?@ PFGRG eYajedi Pulse tyaih 580 irtchades 2000 written

e s s
i rection. o A oy 406 nd o5 ae IR AT 65D 001 56955
magnetic domain within the presence of an externally applied magnetic
field. Arrow 504 indicates a cross-track direction, and arrow 506
indicates a down-track direction. Again, the shaded regions correspond
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 pattern
20 spacing can be used to encode information onto the disc surface. For.
example, the presence of a magnetic domain in a particular bit location N
can represent a logical "1" or "0", dependiﬁg upon the convention used,
and the absence of a magnetic domain in a particular bit pbsition can
represent a logical "0" or "1", respectively. The presence or absence of
25 magnetic domain is detected by the read/write head by detécting the
presence or absence of two transitions (the left and right transitions of a

particular magnetic domain in down-track diréction 506) ina particular

-

e correct o




-15 2+5 SEP 2003 PCTAJS99/31200 writing pul se trgaTn 400, the di SC2sgir 003
‘was coMRYBA®I with'a circunferentially unifor m rrgagnetpc.;*m]s@mfongl,gg?f?d .>
that track 401 has a background magnetization (M in a di rect|(2)n |3 |4(1:2 ed
by arrow408. Pulse train 400 incl udes nagnetic donmains 410, 412 an ,
S which are thermally witten one donain at a time by directing an e
illum nation pattern toward each Ipca_(ti on and hleatl ng the |ocation |hn SRS
presence of an external magnetic fielt hav! ng a' polarity 415, whi cf Ifh
opposite to the background nmagnetization di ][ectl(r)]n 408é ;I'he zhaPﬁ 20 e
i1 1Tum nati RN IYrc] - each ma 0 ;
I410?412 ang&zfm,ﬁgﬁ'dﬁﬁq%éﬂqﬁgﬁfg@‘t 2:;%‘?35%‘;% %Sdﬁg&fe{yﬁ;f‘gh?ga”f”; ons
i n magnet i bypbe dlutnationt ett&&uﬂﬁhgjd.eﬁx . @28 He AT sehts .
i ghtgbeam’used to form nggnet i ¢ domai ns 410, 412 amfrsl}?ﬁ\%as. el :CI ptical .
In this exHf léenﬁﬁ@ﬁétm@gmmlmag;&g thieoh 1aFFs1§g§?ﬁg§@2?g§Q}rﬁss rgimsg)gﬁce
anot her b I f I st.anc r "di-bit ce 416.
is measurg 6%%@%$§M§ﬁ%?1“§0%&%‘ %‘_Ier?_ @fﬁﬁ’gﬁ@@uhrgg@??ﬁzrbbmaalr}é;ge center .
of the nex{axielse it gﬁ,gi? | e pul , _
down-t rs;ckvcaji rect ?3?484. 'ﬁél%aélg}s)%%&g’éﬁlks determ ned by the spaci tng
bet ween each i | FI@i Imisi@@ia?@éxiﬁﬂﬁstrzﬁﬁg%pﬁtﬂbé‘&aﬁﬁo(ﬁ@oﬁﬂn%qug2ugan
transitions in magnetic polarity along dovyn-trac directi o. :‘2WS 430
measur ed beRYNEER embasdimend of ﬁdgp&séﬁﬂixﬁﬁslggggg?ﬁdg?hﬁﬁﬁﬁﬁgogﬁr rovs 430.

L flon gener.ates. ulse.in the re nal . -
Egggi ;gr;a?liéét:t%r% e‘?é’af‘\%ﬁé'g‘tkﬁbt}%erﬁ%ﬁﬂa%- ferow 6@42md1ca_?ﬁgsp?m ng ;130,
whi-ch crea¢ ' fre ¢ [ A { e jrain. éﬁ is type o
spaci ng canl%gsé%tfglégﬂ #%rnfo(%lfgg(?lg%ovgt?ggﬁoggg |e§r?3ec?"}(%rtra§}< %?hPPES) bur St "
fi el dsli n Bulsetxein 00 tiedlades s plundit) iofnfiagriic fonkifs 6?2-66%, x)gﬁ‘%ch oo
phase | ocked |oop..(PLL) and sync fields,  such as fields 160 an

are shaded to indicate that the magnetic domains have a magnetic

polarity which is opposite to that of the non-shaded regions 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 elongatiny the 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 transjtion 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 -

mﬁmiﬁaﬁdnpawt_tgm, §hape :_signiﬁcantly increases the code rate since data
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spacin QUPBPS0 be used for creati ng other fields withporddessgpvo AR
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. Qher disc inforymtion can also be encoded onto the:
disc surface. FIG 9 is a diagramillustrating a pulse train 500 in which
the illum nation pattern spacing is varied. Pulse train 500 includes a

plurality df reprgsaited byQrehsle i ' thermally witten on to 10
rapag b? , Ql %x@&?ratﬂ@tﬁgn?{@rtﬁaqs&m

the magnetic disc by uSing an illumnation pa Poat i ng each

magnet i ¢ déREEASIABithe nodhmtpimweass thé demsigydil fleliatapRiched magnet i c
field. AT T O 504 .indicates a cross-track directiion, and arrow 506

i ndi cates & GOWRYORER Reistered; @ntherdiss surfacke Thialtexhinsgpropatteay r espond  to

regi ons of gg. | ticenpolarity as conpared to the non-shaded 15 -
regions. | n ﬁ%arggsgﬁgrlgpépgﬁ@& age siraBlequlsertrain frequemaies ¢ pol arity
I s vard edobpitsRiteehs MeltWrdRhYIWAG ol i et ween nagneti c donai ns
~ 501-503 in dom%ﬁrack direction 586328%‘??%?853‘3’5%&5\9@5%%%%#@@ by
control | i nfFanaisiospani AdTREleng e liededd fylpedaiiaat i on pattern. The pattern 20

spaci ng can be t 0 encode information onto the disc surface. For.

[ b gzcgd de i nf [ he di f
exanpl e, the pr rﬂ:]eﬂ]b‘ﬁffatﬂsr@@rﬁé@rfwlé@ﬁapnlsiertraén}ﬁéﬁﬂ'ialou{gﬂé bit |ocation
can repres rcal »1" or "011,. dependi ng upon the convention used,
and the abggﬁgg&ogﬂg%ﬁgaﬂgw ré{tﬁ% ﬁﬁ%%cﬁﬁ%ag%%ﬁcw%ﬁms 69ltanglth3 i on can
represent whiclth&@ a nhjor%4xis &55 ak L.ygl . s The presencg or absence of a
25 magneti ¢ domain is det act od %ﬁeﬁgﬁéﬂeaggl%ﬁo&nﬂ‘p@&gw&?éﬁti ng the
presentfe oPPRERsdrtoaross-track axiaB56 (AsAAFIG! 108, Mig-n&i&%dz#gﬂ?\t@tzrignsi tions of a

6) In"

particul A cirdtilar, tf.r&ordrgggclrp isi e?xcgggg-otnic? fhlé dc;.iscr :ui};czr;)ySe?ongating @ partiediar
domains 651 and 653 with respect to domain 652 by changing the
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.12is a perspective, fragmentary view of a magnetic disc 670,
which shows the formation of one of the elongated magnetic domains-
651, 653 of FIG. 11. A light beam 672 is directed to the surface of disc 670
20 in the presence of an external magnetic field 674. In the example shown
in FIG. 12, light beam 672 has an elliptical, cross-sectional shape 676 with
a major axis oriented parallel to down-track direction 654. Light beam
672 therefore forms an elliptical illumination 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 ‘pafterri shape. This shape’

Cal»{l__l?gsgl_gqtive‘ly varied from at least one magneﬁé domain to the next s




—

WD 00/:58955 -17 2 5 SER 2003 PCT/US99/ 31200 bit -position. The | ocg EOQEPOZUM
bot h owad tess9ss ransitions is solely defined by the il pgiragbogrepattern b
shape. In FIG 9, dashed |line 510 represents the absence of a magnetic
domain in the bit position between domains 502 and 503. Pulse train 500

can therefore represent an encoded binary 5 value of "1101 ", as indicat ed
by arrow 512. FIG 10 is a diagramillustrating a pulse train 600 according
to anot her enbodi nent of the presentl9% nvention in which the illum nation

pattern shape is varied within the pulse train. Arrow 604 indicates a
Cross-t rackldi rection, and arrow 606 indicates a down-track direction. 10
Pul se trai rRleMRtheuriareof dissI0R4p engodst infernation odtmiliedis662:f6G63, whi ch

Lralm oo b dra negnes ; ch
mhich e opRiec e EakGel don Bl AR L e TR B0 M ested moam
shapi ng optirkS6sN geniésad rﬁ%ﬂ\éﬁwiew@@mj_a@e fé%% ?ﬁg&%&nggh\ggbkﬁgdgs@a“er ns and

t hus the shape of” the indi*vidual nmagnet’ic -bit basis.
Thi s al | ows70hihrdiigh anapmetie doaein 65BESBL i ons to be varied with the

illum nation pattern shape. For_ exanple, transition-to- transition spacing
608 i s 3ignifi cdmerpalymgeting individush siagnetictdomaias én eiservo pataerirng 610.
Thus, the i,t Iémg nagi Ep qpatter(ﬂ shap%acan be. used to encode _information
onto the ditStOUaI+4 4Bt squrce,and bpamishaping opticsis fagre vessatig shand 20 by the
presence OlcoabsfisS: b b i g .

ci rcunf erent |ﬁ a1§-~i nt é(rg%%‘%s?htﬂ ggﬁng‘%ﬁggﬁ‘%& ?fiee&?ﬁggéﬁ %35@ gg%gi cul ar .
magnet i ¢ dgritharilyacortshairedd lgcthedfeadesleaping opkies t4thkt i fhealstd i on of that
domain in ti past a particular tenporal bit position. For exanple, in
FIG 10, i fpoggswmﬁwgftth@nrqdwﬁé@ém $hg lorggrgadial magnedtierdqrobiss train 600

evanp S5 cnabRelinIE 250 PEL IR akd SRE B Bt etk iRyl Tehean 12 1 1N
| 1umi nat | o fBahb& b rad BARoVeLBBP AL Mub DGR maPRe£00e Tate since

dat a

domains or by scanning the illumination pattern in a radial direction.
Also, by overlapping at least two thermally written domains
during two different writiﬁg operations, the effects of the'curved
15 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 cufrei:itl
rectangularly-shaped servo pattern designs more closely. |
In an alternative embodiment, additional wnting 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. Anexample of a
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transitiVbROVER%%r  t han two transitions. |Increasing the cpgxle %%t/ﬁéé e§§gszm)3
the density and speed at which information can be stored on

surface. The illum nation pattern shape can also be controlled to avoid
undesirabl e pulse train frequencies 5 or bit patterns-that are known to
cause read errors, simlar to maxi mum . transition. run (MIR) length-linited
type codes. FIG 11 illustrates an-exal2fd e of a pulse train 650 having a
plurality of thermally witten elliptical magnetic domains 651 and 653,

whi ch have qeg@n Plaq, us 655 .al i gned parallel to down-track axis 654, as 10
opposed to CrossS uﬁ%‘%h%%@a(tﬁ’én phap@ iSsha@n atgnathIc, 9oFRjH 652 is
circul ar. Inﬁerm&h Ehglg %r{)nto t he d| sc surface by el ongdting

domai ns 651 and 65 spec IHS 8BowByindH&n g8 nan eheh be

i | | umi nati oigepeatated mﬂhﬂ@ﬁ‘l é i cal . For exanple, pulse
train 650 ca present an %nggaég ?#gﬁl?}gedl’gﬂfﬂ% Onl%%}'fqramlﬂaed by 15 .
arrow 658 bé’ﬂ‘é@f‘ﬁY@ feverappiotg rectangnddrtshapeQtilh ll?at%n%) %nm tion al ong
down-tragk axis 894 FIG .12 is a perspective, agrren YV ew of a
magneti ¢ di sc 67 %ﬁlai’ﬁ’h§ﬁ69§5:tlh@ab'chammtnne ebnanaigf tdm‘g‘ gt gRoat ed
magneti c doaﬁﬂlf@dls@%%ya o s ﬁtg A ljght beam 672 Irected to the
surface of disc 670" PooS i 6?’8?@ ’é”stﬁndaﬂt}@xtf@rmattmga@m&m&lcfd el d 674.

In the exanpn@mdgmwﬂcdlomﬁh@ta]t%n 672 has an elli pti cal ,
Ccross- sectlonak shape 676 with a ?ra}llgplieasglgggg é?ﬂ%&h%ﬂi&amaésewo down-t r ack

direction 68ac Wrgmg BEEm;s ﬁﬁﬂxetﬂilesﬁ{ﬂhﬁeﬁt%r{@ar?‘ﬂ Sskd B é i1l um nation
pattern 67%&@1 g,‘h ce of disc 670, which de I nes 8Ial i ptical
boundary sHape “0f° ‘?r@%méi@ﬁmﬁhe&ii&qs@me}ﬁ@@m&é‘s@ RisCS, such as

that shmwn dlﬁcﬁzlz@ént d formthe desired |l Punination
pattern shape. - Thlfséeg%adpgﬂéa ggg?@mﬁml\%w Vawlet&nffonnaﬁincl east one

magnet i ¢ ddnfirmatinr d m@ﬁtbevﬂéaodlﬁgﬁg §ubsequent assembly operations or

servo track writing processes through the product read /write head. For
example, the thermal servo track writing process of the present invention *
can be used to write a radial ruler on the disc surface that can be used

15 later bv the read/write head to verify radial position during subsequent

Servo writing operations.
In one embodiment of the present invention, thermal printing can
be used during the disc certification process to magnetically encode

information patterns onto the disc prior to assembly of the disc in a disc

20 drive. The information patterns can include a serial number for the
recording surface and/ or disc certification data such as a measure of the
disc's magnetic coercivity, magnetic moment and other physical and
magnetic properties. For example, the information can identify physical
regions on the disc having more mass than other regions, which can be

25

used in later assembly steps to balance the disc and avoid wobble. The
magnetic property information can be used further downstream in the

production process to match the magnetic propertles of the disc to the -



-19 2:5 SEP 2003 PCT/ US99/31200 al ong the surface-of disc 672 to encpgeFEP 2003
I nf or A0 es8est o t he disc surface, under the control ofrcrmusossizoei r cui i
311 (shown in FIGS. 5-7). Magnets 680 and 682 generate nagnetic field 674 .
adj acent the surface of magnetic disc 670, through nagnetic domain 651, o
653. 5 Thermally witing individual nmagnetic -domains in a servo pattern
through a light source and beam shapigp- optics is nore versatile than
conventional servo witing in that th& shape of each magnetic domain is.
primarily constrai ned by the beam shaping optics rather than the wite

pol e geonetmycAbtit Bso The | radi.al _magnetic domains 10
shown in FIG gg ilnB Pl_FEir rgiggiégﬂlmeigé,gds‘@gg ‘}’fﬁgﬁgﬂigﬁcgﬁaa{rﬁggﬁaq@\qqﬁ d 168 can
be formed band dﬁ;ica;hlrfsacepefrlc&ﬂﬂh@@féﬂédievdpmﬁizegldﬂmgrgﬁbid[pag%gggsc domai ns
or by scanning the illumnation pattern’in a radial direction. Al so, by
overiapping at |Eéstldtioe topplamviey ofd tagnedodisc734 wingig two different
writing opelreati ns, t%e ziéec s of the curved 15 transitions at the radi al
edges of eaCh iHBRSEFACH S MAthamibermptionyRatiern magnetdsalljpersodedG. 13 shows
a pul se str ayfh; ' fohr.Sd d_third sets.702-704 of ‘thermally
written matgne%l ?rggﬁg?rrég 7;:% ?fﬁef’%’i??ﬁaﬁ‘ﬁ?‘g%&p%?&a?&ﬁ@agawq i ndi vi dual
writing operabidedsnantrcaneelaRiadafec@OYIR rhAidl Atiak n%g%ﬁﬁr ack
direction 706, The conbi ned area 713 of 20 donai ns 718- I's substantially
r ect angul arbotiriiiractions Y1hgnd &8 to fqra & wn-dioremsibriay apralys Seteailn 700 is nore
regul ar and_rgs l.es.current . rectangul arl y-shaped servo pattern designs
more cl oseﬂvgg\oﬁggﬁ YWitiRg thg W@HB%%?%?% uSedispeh apshe tharmalg oper ati ons
can be usegif; L L i ¢ domaips, ( shown) in down- 25
track dir e?gt&ﬁn@é@&eﬁﬁd%ﬁ%ﬁgﬁg# g\?i %g?%fé‘%“é%gm-él ?:;"Four i er-type beam

shapi ngltoptAkternativele thsRdoifa G6N PEAER @ANRCIVARGH! i) um nati on
& e e o e e e

pattern for use in the servo pattern.. An exanple 9s5 2.5 SEP
2003 reactive ion etching, ion milling, electromachining, or laser ablation, for
' example.

FIG. 15 is a diagram illustrating an apparatus for thermally
printing the information pattern onto disc surface 715 according to an |
I5  alternative embodiment of the present invention. A mask 720 bearing
the information pattern is shown supported between two lenses 722 and
724. To transfer the information pattern from mask 720 to recording
surface 715, control system 726 drives motor drive 728 to align mask 720
and disc 714 so that the information pattern is projected onto the
20 appropriate area of recording surface 715. Light control system 730
" activates light source 732 to optically project light through lens 722, mask
- 720 and lens 724 to image the information pattern on mask 720 onto-
recording surface 715. Lens 722 homogenizes the light distribution over
'mask 720. The light energy passing through mask 720 and projected
25  onto recording surface 715 will cause the illuminated, exposed area of
recordmg sﬁgface 715 torise from an ambient temperature to an elevated

temperature above its compensation temperature where information is



in FIGWRO0HRES, - the rectangul ar-shaped magnetic domai Ngc5iusizeg
can each he generated with a single, rectangul ar-shaped illumnation
~pattern or a plurality of overlapping rectangul ar-shaped illum nation
patterns. 5 In sone applications, it may be too tinme consumng to format an
entire disc surface with servo patterns and other formatting i nformation, -
one nmagnetic domain at a tinme. In thege- applications, the thermal servo
track witing process. of the present invention can be used to wite a

portion of LSy infornati onto the disc surface prior to assenbling the
10 disc w t%]tméq h% tﬁ%giafcdiqn@@ tgrpsrLye isTrgulated byl thy tywé df Bghf or mat ti ng

I nf or mat i onsci@he §; | ng,.subsequent assenbly operations or
servo track Wmﬁﬁ‘“ﬁ?gé’l&?i@%’%mﬁ&em@%aadéhep@wmtpet bead. For

exanpl-e, t héghtrsenmed 73Riy/@itaAd MY iibi of,.t he present invention
can be used_.to wite a radi al rullgh%%%rg{cg%&%%&%?@cg“t hat can be used 15
later by t rréeqfwaﬂgrnﬁmcechm apphesra fgghatd fbldPRg) (lfbpge,g;é%‘idglcqﬂgyb_sequent
servo vvrsltlljgg operations. |n one enbodi nent of the present 1nvention,

t hermal “prin ?ﬁ?gr‘% T eKRMPRIFOderArHing surfatiest Soehile theatpasadnizesess t o

magnet i cal Igh ' Lon.patterns. onto the disc prior to assenbly
of the disc ifr?@gﬁ%?l cslug%géﬁ\%/és raﬁ%g tPﬁ?‘SF}?éiaF%ﬁ]t%’_aP@r@m foan include a
seri al nunbekecﬁoelytﬂ&eersﬁ@g{a%ﬂ%ﬁc%l‘éh(a%ﬁ?fégg(,‘g% @7' (%C}l certification data

such as a neasure of the I SC's magneti c coerCl i ¢ monent and

ot her physiB@ffesied disegmdade (singehisitechnifoe, wwearmlied ibdiS iy Mt i on can
g nore nmass than Ot her regions,

identify p%\ﬁtifcal ..«,€gi.ons on the disc havin

whi ch can B&SEN Wall beiwrittgndp recording suréace7d bt Withi rmasie720) endlitipte and- avoi d
wobbl e.jo Thepa Qﬁ% A rty. informtion can be used furthér downstream
in the proddttion pr%lt%gégg)gvﬁépﬁﬂa?ﬂﬁeh&&ne‘t"i@ﬁk@@éhﬁﬁes of the disc to
the WO 00/ 88@iliment, mask 720 is in contact with recording surface 715.

PCT/ US99/ 31200 -20 rectangular illum nation pattern shape i s shown zt %ti, |
’ |-% 32003

FIG. 16 is a diagram which schematically illustrates a spindle
assembly apparatus 760 a;cording to one embodiment of the present
invention. Apparatus 760 includes disc caddy 762, disc load module

15 764, information pattern reader 766, spindle assembly tool 768, disc
handling arm 770, controller 772, head stack assembly database 774 and
disc database 776. Disc caddy 760 carries a plurality of magnetic discs
780, which are provided to disc load module 764, through port 784. Each
recording surface of discs 780 has an information pattern written within

20 the surface according to the present invention. This information pattern
can include the magnetic properties of the recording surface or a serial '
number uniquely identifying the recording surface. If the magnetic
properties themselves are not written on the recording surfaces, these
properties are stored in a disc database 776, Whiéh is aSsociéted with the

25 plurality of discs 780. This association is répresented by dashed line 78’2.
For each of the discs 780, database 776 1ncludesthe senalnllmbers of .

each recording sufface and thecorrespondmémagnehc proper fesof



-21 2.5 SEP 2003 PCT/US99/31200 magnetic propert+es of the head Wl%g gﬁp%oa
t he diwo oossgai r ed. Each head and disc surface pair CaBcrRRHFIRHE

optim zed on an | ndi vi dual basis. FIG 14 is a top plan view of a magnetlc
disc 714 ‘having 'a recording surface 715 with an information pattern
magnetically encoded 5 within an area 716. The information pattern can be
magnetically encoded in a circunferential direction 717, a radi al :
direction 718 or in both directions2317 and 718 to forma two-di mensi onal
array. Several nmethods of witing the information can be used, such as the

thermal printing proce?s di_ scussed _above with reference to FIGS. 3-13. 10
Al ternati V@%reqq; MG FHARS | @ﬁegsawé%i%hﬁssg aean befoumattedasar f ace by

h | I hi I bl ation, f
oo PRI AR Tobh b Sl R Gfl or” po ki Py
printing tmrégy&l@m%hwﬁ?%ge%p di sc surface 715 according to.an 15

al ternative enbodi ne esent invention. A mask 720 bearing the

i nf or mati on pat Pering spexhtion, dasmhmdﬂenlg bah\F0retrivvek o8 % tH2disend 724. To
transfer the information pattern frommask 720 to recording surface 715,
control® sy&diEpmpdi sah%m%@%?@d@nd/@assza tbe)dsﬂc.tgmﬁmmnmcpatmu disc 714

h f
of 1 ocor diaoRt PhE o HRRRM Bhfetrb e 760 B2edEs It MorPelBBS Tl yht Csour ce
732 to Optpﬂ@éﬂryfr&hcaa%ﬁtreémm%&&rfﬂé@& #he s/ Ad ga?ségt 20 and lens 724 to

Il mage the information pattern on mask 720 onto recording surface 715. Lens
722 hormgemfmemathdne hitgits tdicohtrioliet V7 Thednformmation/péteritanlbeght ener gy
passing throu mask 720 and projected 25 onto recording surface 715 w ||
cause the ‘il‘Fq naﬁéueraéw%@rwl@aﬂmd isteaerdibagk therinferanatisn to rise from

Cemor & ur B GHE 1Sk e SRS o EERE RS R Spgatirig o

the Kerr effect to detect rotation in the polarization of the beam induced

by the thermally written magnetic domains. Another method is to place
the retrieved disc on a spin stand and then read the magnetically -
encoded information pattérn through a magnetic read head as the disc is
Is  rotated relative to the head. In this embodiment, the information pattern
can be formatted during the thermal writing process to appear as
standard magnetically written information, as that shown in FIGS. 8-11,
for example.
Based on the information pattern read by reader 766, controller "
20 772 retrieves corresponding magnetic properties from disc database 776
and compares these properties with the magnetic properties of the B
recording head with which the disc is to be paired. The magnetic
properties of the recording heads are stored in head stack database 774.
Recording heads are oftery mounted in head stack assemblies in which

25  one or more recording heads are supported by individual suspensions.

An example of a head stack assembly is shown in FIG. 1. The head stack

assembly is carried by actuator 116 and mcludes shders 110 suspensions



PCT/ US99/ 31200 -22 stored on the disc. The tenperature is regul ate@ §ySEM903
type oWOPYHR9S5 source used, the duration of nediad exposq‘ﬁr,ﬁggﬁ% power _
out put of light source 732 as controlled by light contro sys{em 730. An
el ectromagnetic coil 742 applies a magnetic field 740 (for perpendicular 5
recordi.ng, for-exanple) to recording surface 715 while the exposed area on
recording surface 715 is raised to the elevated tenperature for _ Co
sel ectively reversing nmagnetic domai #&-rel ative to the surrounding )
unaffected disc surface. Using this technique, the desired information
pattern W'tlll be %ten to recordi ng:tasurface 715. Wth mask 720, nultiple
10 magnet i ¢1AGRE; essingaineg bH- diachmecardlingg head Brpatécwiala ve

surface 715. FIG 16 is.

enbodi nent Il 5.0 N contact with recordin

a di agr am wh; chﬁgéﬁgcréé f“(%ﬁ“lrgacf-quu%%ﬁ‘ Isstofogp) ?lgﬁ%d-déssferrbl y apparatus 760
accordi ng tombiga e othBRkctQfal 8 invention. paratus 760 '
i ncl udes disc_caddy 762, dicsc ?%&?%gﬁ?@épﬁ%ﬁﬁs Og‘?ﬁc&r r?ﬁ?fcgﬁgpattern
reader 766heagimthehesbstati ysseadlly 268stotbd i haliflhiAg %e%l%l;zo’ control | er
772, he@d gtg k a zfrrbly dat abase 774 and disc dat agase 6. Di sc caddy
760 cartief? %615% i fi ther headlgraseifabritated, a Visallyvhétabie gerpiiovi ded to di sc
| oad nodul ; Q art 784, Each recording surface of discs 780 has
an i nfor rraﬁlgrgo%ﬁé{ Bé}lﬁaq&\?{#tgﬁqm Wﬁﬁa gtadeei the sliderc oppdsitigtd o t he
present i nelentdadindWrite HBHYH i e o ean. i-nclude ”i% magneti c
properties of the recor%li ng s%?%%ggh%r%gqrs@?'inglerlsnw Tafkthel y

i dent i fyi nprapestiegobeativipadinidaesbaskf77ahe magnetic properties thensel ves
are not witten_on the recording surfaces, these properties are stored in
a disc dat abaseCPnollgh B dsterminasdf dreawswiting heael-aBc pbibahation of di scs
780. TRy s Lhatkon is represented by dashed |ine 782. For each of the

di scs 780,‘Qﬁg‘?‘gggéégwch@{}aggstm@g esHgfiRsPRetesdwshd oacor di ng
surface anpredeerbline8 Rt 414 /BHARGLE frolt QREES 11¢6S, s(i)finc\r{g SU{0RS - 23

772 directs arm 770 to provide the selected disc to spindle assembly tool

768. Spindle assembly too} 768 mounts the selected disc on a spindle
- such that when the spindle assembly is merged with the selected head

15 stack assembly, the recording surfaces of the selected disé are paired
with the respective heads in the selected head stack assembly. Arm 770
then retrieves another disc from port 784. If the resulting head-disc
combination would have less than a desired performance level,
controller 772 instructs arm 770 to return the selected disc to port 784.

20 Arm 770 then selects a different disc from port 784 and provides the disc
to information pattern reader 766. This process repeats until a selected B

number of discs are mounted on the spindle. The spindle can then be

merged with the head stack assembly in subsequent production steps. In

embodiments in which the magnetic properties themselves are encoded
25 on the surfaces of the discs, disc database 776 is not fequired. As the

magnetic properties are read by information pattern reader 76’6,'thé" | : 1



2 5 SEP 2003 PCT/US99/.31200 that recording surface. For exanple, ctaﬁaSEBeZUOB'
776 cawden/dsossmatted as a | ookup table in whi ch'each S@Umjsggygﬂb@r |s ‘
associated with corresponding magnetic properties. During operation, disc .
handling arm 770 retrieves one of the discs 5 780 fromdisc | oad nodul e
764 and passes the disc to information pattern reader 766. |nfornmation
pattern reader 766 decodes the information pattern from each recording
surface of the disc and passes the  +42hformation patterns to controller 772.
The information pattern can be decoded in several ways. One nethod is to
read back the information 10 pattern by reflectlng a |l aser beam off of the
recordi ng PIPPEEES arpiPTRvided dilﬁéﬂ}(é? Forlext77 ?éoﬁ%qfé@?nﬁ@ﬂa‘(lﬂbn in the

pol ari zat i b her Iy written magnetic

domai ns. Aﬁﬁ?ﬁé‘?mﬁﬁwﬁh‘?@%ﬁﬁﬁ%@@ﬁlﬁst 3§er ved disc on a spin stand and
then read the nagiehheR!7e RaeRtiRteliaheR m&maa heWale Mmagneti c
read head as the |s':fc s 15 rotatgd rsela ive to tﬁ‘é‘éﬁ 3 Bg@e

enbodi ment at widch edddr diat isanopatddeom thecsyin dle tb@thﬁklé@cﬁéhﬂfdd”lg the thermal
writing process to appear as standard magnetlcally witten information, as

that shdwn re¢prajingspergormancerfer easthhgadedispsamdinatiarhe i nf or mati on pattern
read by reader ont r 0 772 retgieves corres _magnetic
properties from s}f %\gschal}t?xéustaﬁtan%&%s&r Rgc ?ﬁ?&%"ﬁ?ﬁﬁgbpges w th the
magnet i c_pLeRsiiiet aﬂeérhsodﬁﬁ&wcsmg hesadl: HERvh) PholdR sdose 1S to be
pai red. The nmagn properties of the recording hea S are stored in head

st ack dat alpesforméd. pridiao@issimblyhefatie neagnetit idise inudise drive. heestest ack
assenblles i n mhlch 25 one or_ nore recordjng heads are supported by
i ndi vi dual 88kspenagnetiecharagtedirtiapf thegrcerding suracsis ragmdy'fi@ shown in

et 1SS 8P MR IR ol Wb ghedd® and Trcluces

moment and/or other physical parameters, for example. The measured
magnetic characteristic is then stored in an electronic database, at step

802. Within the database, the stored magnetic characteristic is associated . .
with a unique serial 'numbe'r for the recording surface, at step 803. At

15 step 804, the serial number is magnetically encoded as an information
pattern within the recording surface. At step 805, the magnetic disc and
the associated electronic database are provided to the next stage of the
disc drive production process, where the recording surface can
eventually be paired with a compatible reéording head.

20 FIG. 18 is a flow chart illustrating a method 810 of pairing a
recording head to a recording surface, according to one embodiment of
fhe present invention. At step 811, a recording head is selected for
assembly into the disc drive. The discs with which the recording head
can be paired are held in a disc caddy, at step 812. At step 813, one of the

25  magnetic discs is retrieved from the disc caddy. The information pattern
magnetically encoded 6n the recording surface or surfaces of the disc is

decoded at step 814. The measured magnetic characteristic, whichis .~



|

2 5 SEP 2003 PCTIUS99/31200 - , 112 and track accessing arnms 114. E&CREP 2003 :
recor dW0MR8% is paired with a respective recording sqéﬁﬁﬁggpzogach‘ I'Sc
to forma, head-di sc conbination. The structural and.magnetic "properties . .
of each recording head in the head stack assenbly are stored in head stack
assenbl.y 5 database 774. As the heads are fabricated, a visually readable
serial nunber is typically witten on-the |eading edge of the slider,
opposite to the read and wite tranr86ucers. This serial nunber i-s used to"
track the properties of each head in database 774. . Controller 772

determ nes_.if the resulting head-disc conbination 10 would produce a

recor di ng %Igllféetré?ﬁqﬂgﬁ Hythesfpranation petterr or btrsred inmn f2E6dstegr n- dned

criteria agldédnil user. 1f so, spindle controller 772 directs .
arm 770 to pr ovqlgggﬁggégﬁé?g Test 2 magnsticaharagtenstic of theol  768. Spindl e

assenbl y tsebdctetbiecomlnAp hehhe 166 . disc on.a spindle such that when the
s indle assenbly is me%ged vm'theﬁ%%,ggg%b%{aégaﬁéé:@%ﬁ&nigogwdassenbl y, the

recor di ng Rayer isredfretdrdingbeffbeﬁadké,cat%hﬁ» Q%,rtﬁg'rel‘i\%tv@dt he respective
heads i.n the sel egted head stack assenbly. "Arm' 77 then retrieves anot her

disc f rsomIB CUFgUSC Ismepatedcan a spinglle doasseatbly darhé Aakigeyenoul d have | ess

than a desj# rfof.nance .| evel opproller 772 instructs arn~ 770 to
return the sgﬁleeglt%géxo%gg efd, ?)tcﬁ??p%g: Pftzté?eA??hﬂmlﬂmdi&sel ects a different
di sc fromcpattinativh wodlPhEVA [ inforpmation pattern reader
766. Thi sgggocess repeat’s un?ﬁtﬁa?h(geeﬁ%ﬁrg&gpm?%ﬁ%c@5&‘?1@ nount ed on

the spi ndi®46, thaeetsigvad neagrastictdisnishie tuREGSHBIJ; - k assenbly
i‘n ‘subseq nipéﬁéegduction steps. In enbodi mntslﬁéﬁﬁﬁ?%ém‘

ghetic
propertie

f {RIRIRs to ¥ap §43 wirgeamother maphatie digefis tigedegcs, disc

dat abage i rred. As.the . netic properties- are read by
i nf or mati on pgfetagrgélcgrcg%éorr CrERPAR AR W?ﬁt Srpagnetic characteristics of

the selected recording head.

This process is repeated until all of the recording heads in the
head stack assembly is paired with a compatible recording surface and
the spindle is fully assembled and can be merged with the head stack

15 assembly. In one embodiment, the exact magnetic properties of the
recording surface are not used for pairing the surface with a suitable
head. Rather, each surface is placed in predetermined performance
categories, and a category identifier is stored on the recording surface-or
otherwise associated with a serial number written on the recording
20 surface. This category identifier is then used to match the recording
surface with a head that will perform adequately with any recording
surface in that category.
In summary, one aspect of the present invention relates to a
method 800 of processing a magnetic disc 106, 204, 670, 314, 714 and 780
25 prior to assembly of the disc in a disc drive storage aséembly 100. The
| method includes measuring a physical characteristic of the magnetic disc

106, 204, 670, 314, 714 and 780 and encoding an information pattern 220,



WO 00/ 58955 PCT/ US99/ 31200 -25 properties are prowided directly to P 7003
cont r okyfgosskdss for conmparison with the propertiéds in hqq?inﬁgggglﬁoggsén%ﬁy

dat abase 774. Apparatus 760 therefore selects the particular ‘discs and _
the-order- at which each disc is nounted on.the spindle to achieve a o
desired s recording performance for each head-di sc conbination. FIG 17 is

a flowchart illustrating a disc processing nethod 800 according to one. .
enbodi ment of the present invention.-Fkocess 800 is perforned prior to
assenbly of the magnetic disc in a disc drive. At step 801, a mmgnetic
characteristic of the recording surface is neasured. This 10 magnetic

char act er i /2410414 he1-00% Gﬁag&l& b51-6081 Tli0#7 12/ withiny ttet inagnetdndist. and/ or

th hysical. t , I le. Th d ti

char act of | SRR BASEA20 o M40 AL A S0R RGO 730 802
Wthin th : -9t [ .St 1 [ | at ed i th
2 Ui que scnra TRonpid FAH B IR b R Relifie op 803, At 15 st ep

804, the serial [hoRBRbEdiFRMEShe¢Atdhy doeaiednadndadstofhe et i on  pattern
within the recording surface. At step 805, the magnetic disc and the

associ afed m¢asuredphysidaltchbeasterist iprapvéldettoniz ddtebase 776 ahdge of the disc
drive production, process, where the recording surface can eventually be
pai red w t RSP Hgterhy sicad eharppigrisis vitb @ ynigue serial qumberdar ghear t

il lustrati 0f -RaI L cordin ad.to a recording
surf ace, a?gcod_r}g ?%Qﬁga%ﬁ%{%%\y\ Frﬂégn?[eg?rogl&(gatﬁpg%eﬁt%' &A\?éﬁfﬁa n. At step
811, a reconchba ibaagrieticalty RIS O th@Ff&RPAIng duitRe/is disc drive. The
di'scs with which the Tecording head can be paited are held in a disc

caddy, at silegrngtigelyAthesneasi8ed physizabfharhete2stiniigeléis encdidedson s retri eved

fromthe disc cad&iy. Th infgr%i op pajtern, magneti cal I7y encoded on the
recordiflg $0¢ Feroeding sugiacs /d3 vgthipyge afiorypalitRrad28t 27 4f0-814. The

measured MagRedy GBENEGALHE 451453, 71 ER The WM RBAT A28 220,
272, 410-414, 501-503, 602, 604, 651-6353, 710-712 is encoded by thermally
heating a plurality of magnetic domains 220, 272, 410-414, 501-503, 602,
604, 651-653, 710-712 on tﬁe recording .surface 715 to an elevated

IS temperature with a light beam 212, 312, 672, 732 while exposing the
recording surface 715 to a magnetic field 208, 674, 740 having a magnetic
field strength that is greater than a magnetic coercivity of the surface 715
at the elevated temperature and is less than the magnetic coercivity ata
lower, ambient temperature.

20 Another aspect of the present invention relates to a method 810 of
assembling components of a magnetic disc drive 100. The method -
includes selecting a recording head 110 for assembly into the disc drive
100, wherein the recording head 110 has a magnetic characteristic. An
information pattern 220, 272, 410-414, 501-503, 602, 604, 651-653, 710-712

25  isread from at least one of a plurality of magnetic discs 106, 204, 670,
314, 714 and 780 prior to assembly of the disc within the disc drive 100.

 The information pattern 220, 272, 410-414, 501-503, 602, 604, 651-653, 710-




2 SEP 2003 PCT/US99/31200 , , either included in_the information xgt Sg? 2003
gnehy T

or st oVeP0/589%n associ ated el ectronic database, is co :
"RERliob it

characteristic of the selected recording head. If the

theretrieved 5 magnetic disc is nounted on a spindle for assenbly in the
disc drive with the recording head, .at step 818.- If the resulting- .
head-di sc conbi nati on woul d not have?®he desired recordi ng performance, at
step 816, the retrieved nmagnetic disc is returned to the disc caddy, at

step 817. 76 retu ep. 813 where another magnetic disc is
retrieved 10 f? (?a]{(%fmf}t((3 ﬁzﬁ%ﬁ (gl Ci@%@;ﬁf @ro g%ﬂéﬁf@@dﬁsﬂiis assohiatethgng! i C

char act er i stdgeetiolchatie t ing head. This process is repeated .
until all of g{eﬁe fecor d?r?iégicﬁgéggt &ﬁg'?ﬁ—ge n‘%@ﬁﬂ“‘é@ﬁ%@@sﬁ’éﬂﬂ@ﬁé paired wth

a conpat i b/¥ ard FBAissplecied fsrensab@bly e $Id S fdl | ) senbl ed and can
be nerged with ,the head stack 15 ass"enbo' %ggkﬁﬁlv%r}gﬁevﬁ%hgﬁ?mnt t he exact.
magnet i ¢ p?‘?fﬁéﬁllfiggl%ea@rlmsed@cmmmgaﬁmﬁasme&ﬁsgrmic used for pairing the
surface W ¢, gcﬂg_ﬂi éi?b'ﬁ head. Rather, each surface is placed in

predet ermi ned- pertorhg the magp iFeand shriresordingdeay. THe fidghieti i s st ored
on the recdisdil0g] 24! AT 81" ';Pief i se, associaged with a serial nunber
witten on them?ec_ordi ﬁg’l%lé%r acgga% TECPTEIRE headid 1R ard theni s t hen used

to match t3ssemblal i thy discudifiae 200khiéh thdi¢Rd gt or m adequat el y
w th any recg‘{rqcy n surface in that cat egorgj.ia tﬁuémﬁl'ﬁﬁ&ﬁne aspect of the

present i MvEN4BE headdowy athead-dise tombiibrof processing a magnetic disc
106, 204, 670, Y3e1t4 z 4 and 780 25 prior to assenbly of the disc in a disc
drive storage assamfitherasgectpidhgprassat invanivesrehestora nggaellysi cal

char adoericﬁ&d1:059@04}@;_0;1‘3‘194)954g'ngi@glow%%gf, 70, 314, 714 and 780 and

encoding an inforination pattern ggnagrpetic recording
surface 715 having a physical characteristic and an information pattern

220, 272, 410-414, 501-503, 602, 604, 651-653, 710-712 encoded within the

magnetic recording surface for association with the physical

characteristic.

15 }’et another aspect of the present invention relates to a magnetic

disc assembly kit, which includes a plurality of magnetic discs 106, 204,
670, 314, 714 and 780, a plurality of unique sérial numbers, a disc caddy
762 and an electronic database 766. Each magnetic disc 106, 204, 670, 314,
714 and 780 has a magnetic recording surface 715, which has a measurable
20 magnetic characteristic. Each serial number is magnetically encoded on
the recording surface 715 of a respective one of the magnetic discs 106, 204; |
670, 314, 714 and 780 and uniquely identifies the recording surface. The
disc caddy 762 carries the plurality of magnetic discs 106, 204, 670, 314, 714
and 780. The electronic database 776 associates the plurality of unique
25  serial numbers with the magnetic Chgracteristics of the respective recording
surfaces715. '

. _ ead-di sc .
conbi nati on woul d have a desired recordi ng performnce, at step 816, o



2 5 SEP 2003 PCT/US99,31200 272, 410-414, 501-503+~ 602, 604, 651-65%,§5 SEP 2003
© 71071 0Md/asbss t he magnetic disc. The informati bn patt @crnRR6312872, o
410- 414, 501-503, 602, 604, 651-653, 710- 712 is associated with the
measur ed physi cal characteristic. In one enbodinment, the nmethod further

i ncludes storing the 5 neasured physical characteristic in an-electronic
dat abase 776 and associ ating the physical characteristic with a unique
serial nunmber for the recording surf2e 715, within the electronic

dat abase 776. The serial nunber is magnetically encoded on the recording
surface 715. Alternatively, the measured physical characteristic itself is
encoded on 10 t Heisrtedwerutidaystoodithaevendhaiigh numereous charavi¢risticspat t ern 220,
272, 410- 414, 501-503, 602, 604, 651- 653, 710-.712. The. .i nfor ion pattern
220, 272, a&‘f’oﬁ‘g’f&‘ﬁa%@t?ﬂ g@ﬁl,ouéﬁf‘?b%gﬂten%of-t %Bfesf-’i‘élf?‘iezltlgnﬁéﬁ%%ded by

thermal Iy i : rality. i.c i.ns: -

272, 410- 414%%‘1: Egtfle g%§%g§}l‘eqé%e%m8é?-g%g@ﬁol}i@%g@rgﬁltﬁ%fe%t?l(lasc%frt |eng surface
715 to an eterairGntbfuneHBR bAkEfiBuYeinbodirhétbbof BRaAvhtion3 Hris 672, 732
whi | e exposing the recording surface 715 to a magnetic field 208, 674, 740
havi ng & nelisdosure i ilhistrasive omiy, andrdianges mep beenadéamdataibgnet i ¢
coercivity of t'gﬁ surface 715 at the, el evated tenperature and is |less than
t he magnet i<SPEGRYYE

i majters obstryciiies and apRgameny a&'lt%Wét.hIEGR%\n ot her aspect
of the preﬁﬁ.m - 1o I ol t OF: - [ Nng conponents
of a magneti c C&# lg Lé %gﬁe_v@ef%ﬁﬁﬁ’é&ﬁ%ﬁﬁ% fﬁ?%é?ekgégé%g?%gﬁ%é a recording
head 110 f Broad zeAblaY mdanng HEtHE tefmslir whichBe apaated klding 4@cor di ng head
110 has a magnetic characteristic. An information pattern 220,272, 410-414,
501- 503, 60XpéessedsFosemmple)varioustypes of dormation patteemascarobe of a
plurality OLFrragﬂ;t ic. disgs 106, 204, 8.70, 314,714 and 780 prior to
assenmbl Y oftherBally oF otherwise Wrstente theyfise surfaee In agcerdancs Withithe pattern
220, 272, 4 Qs nvatior Ofhe 83¢ cafBé a tFrilabRE mdd QR0 8955 - 28

magneto-optical disc, for example. Various types of recording heads can

be used, such as inducti\{e heads and magneto—resistive heads. Also, -

various types of light sources, beam deflectors or scanners, magnetic

15 field sources can be used with the invention. The particular process steps
and order of steps can be modified as desired. Other modifications can

also be made.



2 5 P 2003  PCT/US99/31200 712 read fromthe disc 106, 204, 670,9 §1$%P7HN3
and 780 is associated with a magnetic characteristic of that disc. e
magnetic disc 106, 204, 670, 314, 714_and 780 is selected for assenbly
into the disc drive 100 with the record ng head 110 based on a conparison
of the magnetic 5 characteristics of the magnetic disc and the recording
head. TheWOG, 204, 670, 314, 714 and 780 and the recording
head 110 are then assenbled in the disc drive 100 such that the magnetic
disc and the recording head form a head-di sc conbinati on. Yet another
aspect of the present invention relates to a magnetic 10 disc 106, 204,
670, 314, 714 Arfuethed ofinpeessinga mergnesicismptiprta assemblygf theidfsadn a715
havi ng a physical characteristic and an information pattern

990, 272, 410- 41dissgriveodorageassembly, db5¢ ng3Bod tomprisngsiepded wi t hin t he
magnetic recording surface for association wth the physical

characteristic. (abmeasuringtaphysica)cbaragitertistic of # sevrdinganficerorr theat es t o
a magnetic disc assenbly kit, which includes a plurality of magnetic discs
106, 204, 670, 314magngtiadisc7@dd a plurality of unique serial nunbers, a
di sc caddy 762 and an el ectroni c database 766. Each nmagnetic disc 106,

204, 670, 314, Tbhstemchgnbe plysical charaetdristicaneasiired inwté@med iddm, whi ch has
a measurabl e 20 nagnetic characteristic. Each serial nunmber is magnetically
encoded on the receedirngicsdathbase; 715 of a respective one of the nagnetic
di scs 106, 204, 670, 314, 714 and 780 and uniquely identifies the

recordi ng surfacdc) @hepding an infuthatidhZpatterniveishinhhepleosmling yurfhcepgoet i C

di scs 106, 204, 670, 314, 714 and 780. The el ectronic database 776
associ@Gt es the pl urtd assemifly ofitlipidise in ske didc drivdh)angl Wi th t he magnetic
characteristics of the respective recording surfaces 715. WD 00/ 58955 -29 2
5 SEP 2003 (d) associating the physical characteristic with the information

pattern within the electronic database.

2. The method of claim 1 wherein:
15 step (d) comprises associating the physical characteristic with a unique
serial number for the recording surface, within the electronic database,
wherein the encoding step (c) comprises magnetically encoding the serial

number on the recoding surface.
20 3. The method of claim 1 wherein the encoding step (c) comprises:
(c)(1) magnetically encoding the information pattern on the

recording surface.

4. The method of claim 1 wherein the encoding step (c) comprises:



PCT/ US99/ 31200 It is to be understood that even though nurmerous 2 5 SEP 2003
characteristics and advantages of various enbodi nents of the present
i nventi on have been set forth in the éﬁregoi ng description, together with
details of the structure and function?of” various enbodi ments of the
invention, this 5 disclosure is illustrative only, and changes may be nade
in detail, esfséditherpally hgating ppluralify of magnetig slomaina egairerecadingr t s
within the principles of the present invention to the full extent
i ndi cated by the bpedacytnan glevatesniempesaturpavitheadightt veaimi while he appended
clainms are expressed. For exanple, various types of information patterns
can be 10 thernal | yexposingtheveserding susface do almagneatic fieldflaying a accor dance
with the present invention. The disc can be a traditional nagnetic disc or
a magnet o-optical #lagoeti¢ dieldestzendth. thehis gnestarythen aomagnetic doergivittyads can
be used, such as inductive heads and magneto-resistive heads. Al so,
vari ous types of |ighthessunfanesat theziavdtdd temtprrature axhisiessthamteet i ¢ 15
field sources can be used with the invention. The particul ar process steps
and order of steps brgnbtic coekcivitycataslotes| ambhien@ithepenatdiré.i cat i ons can
al so be made. 2 5 SEP 2003 -30 WHAT IS CLAIMED I S: 1. A nethod of
processing a nmagnetic disc prior to assenbly of the disc in a disc drive
storage assenbly, the method conprising steps of 5 (a) measuring a physical
char act eri sti.cThé¢ nzethed of dlaim kwheragin the méesuringgstep (@ cdbngmrisesnd ( b)
storing the physical characteristic neasured in step (a) in an electronic
dat abase; (c) encodmegsaringafmagattiochyrattezisticwiftthe reddrdinigenafabengndur f ace
prior 10 to assenbly of the disc in the disc drive; and (d) associating
the physical -ctisr axdoeingsiep (o) ¢dmpiises ericodding a0 infopation paticirhiwithihe
el ectroni ¢ dat abase.

the recording surface, which is associated with the magnetic

characteristic.

6. A method of assembling components of a magnetic disc drive, the
15 method comprising steps of:
(a) selecting a recording head for assembly into the disc drive,
wherein the recording head comprises a magnetic characteristic;
(b) reading an information pattern from at least one of a plurality of
magnetic discs prior to assembly of the disc within the disc drive,
20 wherein the information pattern read from the disc is associated
with a magnetic characteristic of that disc;
(c) selecting the magnetic disc for assembly into the disc drive with
the recording head based on a comparison of the magnetic

characteristics of the magnetic disc and the recording head; and



2. The nethod of claiml1 wherein: 15 step (d) conprises associating the
physi cal characteristic with a unique serial nunber for the recor i5n§EP 2003
surface, within the el ectronic dat abas§ wherein the encoding step (c)
conprises magnetically encoding the se 251 nunber on the recodi ng surface.
20 3. The nethod of claim 1 wherein the encoding step (c) conprises:

(c) (1) magnet i callf)assesfdlingthenmagnetic disciand thetrecording head in tlee disti ng
surface. 4. The nethod of claim 1l wherein the encoding step (c) conprises:
2 5 SEP 2003 5 - 31-dri¥¢ purh eatidiel mageetid digc and| theakecerding head) fiem a donai ns
on the recording surface to an el evated tenperature with a |light beamwhile
exposi ng t he recor dherd-dligc epsmbingtianmagnetic field having a magnetic field
strength that is greater than a magnetic coercivity of the surface at the
el evated tenperature and is less than the nagnetic coercivity at a |ower,
anbi ent tenperature. 5. The nethod of claim 1l wherein the neasuring step
(a) conpriseés Theasthpdgf alaimghwhieteinthe dnfoemation patferh he magnetidalig
surface, and 10 the encoding step (c) conprises encodi ng an information
pattern wit hi neneddedrast thedinagnetic fiiscanddheateadingastep ¢b)adosprsdsh t he
magnetic characteristic. 6. A nethod of assenbling conponents of a

magneti c di sc i1y ereflehting A5patetipastlightriprans offef she dtscadnd dedecingect i ng a
recordi ng head for assenbly into the disc drive, wherein the recording
head conprises a namptation of bize polaeized light be4rh)indaeet by the maghetioally on
pattern fromat |east one of a plurality of magnetic discs prior to
assenbly of the di sensddediinfarimtibnsgattbrnve, 20 wherein the information
pattern read fromthe disc is associated wth a nagnetic characteristic of
t hat t sc;

8. The method of claim 6 wherein the information pattern is magnetically
encoded on the magnetic disc and the reading step (b) comprises:
(b)(1) mounting the magnetic disc on a spin stand, which includes a
magnetic read head and is adapted to rotate the magnetic disc
16 relative to the magnetic read head; and
(b)(2) reading the magnetically encoded information pattern through the

magnetic read head.

9. The method of claim 6 wherein the information pattern is magnetically
20 encoded on the magnetic disc and represents a measure of the magnetic
characteristic of the magnetic disc and wherein the reading step (b)
comprises:
(b)(1) decoding the measure of the; magnetic characteristic from the

magnetically encoded information pattern; and



(c) selecting the magnetic disc for assenbly into the disc drive with the
recordi ng head based on a conparison of the magnetic characterist@cs SEP 2003
t he magnetic disc and the recording head; and 2 5 SEP 2003 -32- (d)
assenbling the magnetic disc and the 133ording head in the disc drive such
that the magnetic disc and the recording head forma head-disc

conbi nati on. 5(bJ(2) Themperihg dhedecédddnmeéasvrerafithe tnhagrietfcahmmadterispat t ern i s
magnetically encoded on the nmagnetic disc and the reading step (b)
conprises: (b)(1) with thetmagnetipchamncteedticioflthe bammlingfhezid. t he di sc and
detecting rotation of the polarized |ight beaminduced by the nmagnetically
encoded information pattern. 10 15 8. The nethod of claim®6 wherein the
information pattern is magnetically encoded on the magnetic disc and the
readi ng st epl(.Bhe cmethod of slaifit§ whiyeinhe tinfogmation ReReh i nilighetieallg Spi n
stand, which includes a nmagnetic read head and is adapted to rotate the

nmagnetd ¢ di sc eneddetli aretheomgnetimdisetaml repaesenead urdgde 6Bidaumbedidiy t he
magneti cal ly encoded i nformati on pattern through the magnetic read head.

9. The met hod tie mlagheti6 digeetrrl wheten ithé e¢athihg efepP@®) temprisss:magnet i cal |y
20 encoded on the nmagnetic disc and represents a neasure of the nmagnetic

characteri sti c()fl) t Hecodmgy tid anitfuetseiali nvhehieeifforh RBe heatictidaBy Acdded

conprises: (b) (1) decoding the neasure of the nmagnetic characteristic from
the nmagnetically enidodastiompatteni;izand pattern; and 2 5 SEP 2003 -33- (b)(2)
conparing the decoded neasure of the magnetic characteristic
(b)(2) retrieving the magnetic characteristic of the magnetic disc from an
10 electronic database based on the serial number; and
(b)(3) comparing the decoded magnetic characteristic of the magnetic
disc retrieved from the electronic database with the magnetic

characteristic of the recording head.

15 11.The method of claim 6 wherein:
step (b) of reading an information pattern from at least one of a plurality of
magnetic discs comprises:
(b)(1) holding the plurality of magnetic discs in a disc caddy;
(b)(2) retrieving a first of the plurality of magnetic discs from the
20 disc caddy;
(b)(3) reading the information pattern from the first magnetic
disc; and
(b)(4) comparing the magnetic characteristic of the first magnetic
~ disc that is associated with the information pattern to the

25 magnetic characteristic of the recording head; and



wi th the magnetic characteristic of the recording head. 10. The net hod of
claim6 wherein the information pattern is magnetically 5 encoded 20§ SEp 2003
magneti c disc and represents a uni que serial nunber for 10 the magnetic ‘
di sc and wherein the reading step (b)- 8mprises: (b) (1) decoding the

uni que serial nunber fromthe magnetically encoded information pattern;

and (b) (2) retsiepMeNer deltiaane irhEgrfetRr @S¢ gélinﬁﬁ'sg: of the magnetic disc from
an electronic database based on the serial nunber; and (b)(3) conparing

the decoded magneti g)@haprelds inetfist fiadhRa i | ' from
the el ectronic data %1(52 5’“ t L1r%he rragneatgjlhc Cc ar acthgsﬂngql?go%gés{ehygg%or di ng

head. 15 11. The nethod gfe gkaigmve a%rfbpfhezﬂeﬁfﬁ%§%§p{%a bn beadi ng an

information pattern fromat |east on a plur magneti ¢ di scs

conpri ses: (b)(1) hol di n&,tamngltne%&gﬁ%agée@agegb%gh “cddy?pdbef, caday,

(b)(2) retrieving a first of the plurali magnetrc discs"fromthe disc

caddy;s (b) (3) reading th&%g&ﬁgﬁhﬂg_s@‘gﬁ F}tﬁ(éﬂ)‘ﬁ dgpmthe first nmagnetic
e g i ccha

disc; and (b)(4) conparing ne racteristic of the first
e di Chat (i . . . . : th

magneti ¢ charact ori b SPorhae e Mddink Uy @) S00ThS SBBRSIL IS cp
f | ti th | i I : Pl I t i t

(c) of selecting the nag%lfecfobgrd}iesd\f tﬁg@ﬁﬁaﬁﬁy ?ﬁgx)ag&tup g?s 'sqpther&?rs Irs

magnetic disc on a spind asse I'sc drive as part of the
head- di sc conbination Ormagnetic disc is returned to the disc caddy in step (c)(1).

=

10 12. The method of claim 6 and further comprising:
(e) magnetically encoding the information pattern within a
recording surface of the magnetic disc, prior to reading the

information pattern in step (b).

15 13.The method of claim 12 wherein the magnetically encoding step (e)
comprises:

(e)(1) exposing the recording surface to a magnetic field having a
magnetic field strength that is less than a magnetic
coercivity of the surface at an ambient temperature and

20 greater than the magnetic coercivity at an elevated
temperature; and

(e)(2) thermally writing a plurality of magnetic domains on the
recording surface by individually heating each magnetic
domain to the elevated temperature with a light beam while

25 exposing the recording surface to the magnetic field.




returning the first magnetic disc to the disc caddy, based on the
conparing step (b)(4); and (c)(2) repeating the reading step (b) a%%g,h?
selecting step (c) for a second one of _the plurality of magnetig i*STs 9&3
the first magnetic disc is returned t9“the disc caddy in step (c)(1). 10
12. The method of claim6 and further conprising: (e) magnetically encoding
the information pattern within a recording surface of the nagnetic disc,
prior to reading the information pattern in step (b). 15 13. The met hod of
cl ai m 12 whdeThe meihad gf elaiwal 3 wherein dhe gnagnetically ereodibg stapplel ses:

(e)(1) exposing the recording surface to a magnetic field having a magnetic
field strengthCemRIis¢ss | ess than a magnetic coercivity of the surface at
an anbient tenperature and greater than the nagnetic coercivity at an

el evated tenper at utel) agxpasid the regerding syrface té agnagnmtierfidld thavofg aragnet i ¢
domai ns on the recording surface by individually heating each magnetic
domai P to the el evat ed teagaetic field strength thayistlesethmmainhagneticposi ng t he
recording surface to the magnetic field. 2 5 SEP 2003 - 35 5 10 15 20

14. The net hod of cl ai m 1¢oerbizitgiofi thdsurfagmat ax ambierthtenpargtiatemd e)
conprises: (e)(1) exposing the recording surface to a magnetic field having
a greater than the magnetic coercivity at an elevated

temperature;
(e)(2) exposing areas of the recording surface to a light beam
10 through a pattern mask, wherein the exposed areas are
heated to the elevated temperature while the recording
surface is exposed to the magnetic field; and
(€)(3) removing the light beam from the exposed areas after the

exposed areas are heated to the elevated temperature.

16
15.A magnetic disc comprising:

a first magnetic recording surface, which comprises a physical
characteristic and a first information pattern, encoded within the first
magnetic recording surface; and

20 means for associating the physical characteristic with the first

information pattern in an electronic database.

16.The magnetic disc of claim 15 wherein the first information pattern
comprises a serial number, which uniquely identifies the first magnetic

25 recording surface.



magnetic field strength that is |less than a nagnetic coercivity of the
surface at an anbient tenperature and greater than the nagnetic c egﬁﬁu 2003
at an elevated tenperature; (e)(2) exgosi ng areas of the recordi ng S ace
to a light beam through a pattern nds 6 wherein the exposed areas are
heated to the elevated tenperature while the recording surface is exposed
to the magnetic field; and (e)(3) renoving the Iight beam fromthe exposed
areas after the exposed areas are heated to the el evated tenperature. 15. A
magnet i ¢ di Sl-Eoerpragietig.disc 6f ¢laim tdgrlatien fiest anfbirmationr pattean mband
conprises a physical characteristic and a first information pattern,
encoded wi t hi ncemmprifés 8 mumeriged representativonnf thephysieal elnaractatstict or
associ ating the physical characteristic with the first information pattern
in an el ectroni c database. 16. The magnetic disc of claim 15 wherein the
first information pattern conprises a serial nunber, which uniquely
i dentidies tlgeThe magnetigrisc of clain dScordifurtherwrohamesing: 5 SEP 2003 - 36 17.
The magnetic disc of claim 15 wherein first information pattern nmeans
conpri ses a numneri calsecapl smgnetit recording hefyley sindel ischppoattieadithé fiest 5
18. The magnetic disc of claim 15 and further conprising: a second nagnetic
recordi ng surf eagnetibiredordingoppfeietand corhprisés a physicabnrighetic ecor di ng
surface and conprises a physical magnetic characteristic and a second
i nf or mati on pathamanteristicded aisttomd ifermstiao pdttergardddedrweithindilieg sur f ace;
and 10 nmeans for associating the physical characteristic of the second
magneti ¢ r ecor secopdsnagactic wcbidihfeuseenahd nf ormati on pattern within the
el ectroni ¢ dat abase.

10 means for associating the physical characteristic of the second

magnetic recording surface with the second information pattern within

the electronic database.

19.The magnetic disc of claim 15 wherein the physical characteristic

15 comprises a magnetic characteristic of the first recording surface.

20.A magnetic disc assembly kit comprising:
a plurality of magnetic discs, wherein each magnetic disc
comprises a magnetic recording surface, which has a measurable
20 magnetic characteristic;
a plurality of unique serial numbers, wherein each serial number
is magnetically encoded on the recording surface of a respective one of
the magnetic discs and uniquely identifies the recording surface;

a disc caddy, which carries the plurality of magnetic discs; and



19. The magnetic disc of claim15 wherein the physical characteristif lg
conprises a magnetic characteristic of the first recording surface. 50.5? 2003
magneti c disc assenbly kit conprising: _a plurality of magnetic discs,

wherein each nmagnetic disc conpriseS'%7nngnetic recordi ng surface, which

has a nmeasurable 20 nmagnetic characteristic; a plurality of unique serial
nunbers, wherein ea@n elegtraiic datahase whichragsnstiateaithg phuratited§ uniquke

recordi ng surface of a respective one of the nagnetic discs and uniquely

i dentifies thes¢rdgremhersswithibe magntiticchaaactyristits ofthearspetivehe plural ity
of magnetic discs; and 2 5 SEP 2003 -37- an el ectroni c database which
associ at es t hergsiondingisuyfages.uni que serial nunbers with the nagnetic
characteristics of the respective recording surfaces.





