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PCT/ US99/ 31200 METHOD ANBORMATADDE G BENTI FI caTl ON

| NFORVATI ON ON A MAGNETI C DI SC BACKGROUND OF THE | NVENTI ON 5 The present

invention relates to data storage devigc E'IEB] rticular, to encoding
identification i nformtimﬁv SH-OHHE on a nmagnetic disc.
In a magnetic di drive, data. is st r disgs., Which are
coated Wth a mgﬁsﬂr%seﬁém‘{ﬁﬂ 10R, a&%%ﬁ(gg?% s?r‘é% gr%e?gegs typical ly divided
into a plur Ffﬁéﬁl%t&eﬁéﬁiﬁ%%&er&ﬁﬁ&'ﬂo@ﬂinﬁﬁfnﬁ’atidrﬁé?ﬂ@ot}vdildﬁt are arranged

y W 0

concentrica one an er perpendicular to the disc radius. The data
Is stored apgrgrﬁétre&@yﬁdrhagraeticrcﬁssducer or "head" that is positioned over
a desired track by an actuator arm The actuator arm noves the head in a
radi al directi onlmemoagnatisalisudrver dRiRdS §iodes OB ORE B MPE ‘gllscsa cl osed- | oop

servo system hased on si.t,ion_infor | OFpp. : fumWwhi ch is
stored wit hM“g}é&F%%‘?aég‘??'éh{/?).r?a}%}eglsc %‘L‘a&%' The Yibfetifiedium |
10  typically divided into a plurality of g.nerally parallel data tracks, which

are arranged concehtrically 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 afe discarded. During a disc certification process, the
recording surfaces on the magnetic discs are measured for magnetic o
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.




Puring the fabrication and assenbly process of a magnetic disc drijv§, SBP 2003
| ar ge wWindoeasosaf magnetic di scs and heads are fabricat ed miAgysobBenoet ested to
det er mne.-whet her the magnetic properties of the discs 20 and the heads '
fall within established paranmeters. If so, the discs and heads are

sel ected for assenbly  into-respective disc drives. Failing conponents are

di scarded. During a disc certification process, the recording surfaces on .
t he magnetic-di scs- are neasured for nE&gnetic coercivity, magnetic noment,
and ot her physical and nagnetic 25 properties. The discs that have the

desi red ties.: t ' whi ch b d with
corr espondi ng hauqierfy, Be LRt RS Rl Rerol bERa RleRfd one or "or e
i ndi vi dual withitfa resjrpeRehagd BRRR dsb@nbIgNBegbratheenahl hhg disc drive. "2-

5 SEP 2003 WO 00/ 58955 PCT/ US99/ 31200 Sim larly, the recording heads are
tested bef gnagneticcharacintistics avettheasuaed sapk ab readdreait thi peid stigisdnbl y.

Several structur and .. magnetjc characterjstics are neasured, such as
reader Wi dt‘ﬂ‘,‘pﬁ%’g@ 5?3&1%@%%?%5@} atongshalf gmnlitydeswritewidths one- hal f
anpl i t ude, | L di:hy. VEerwW i I LY, ross-track symetry,

of f-t ragk c%{)eg%ﬁt? %’g %br%gtybi%f Ssrs\é\%?%?s)f@?‘gg fS&"t&cg?ﬁpébﬂﬁé(&ﬂ%% g heads
havi ng the o6 raed f6PakRR mlrﬁédogair‘%r&aapua{z fHe d&sRACt i ve head stack
assenblies. These head stack assenblies are tthen nerged with a respective
di sc pack ahdrackerigivslazelmairded idirespediive bedwbsizick gssdrablies. €fimsei ng head i s

randomy 1 ired wwth a respective recording surface in-the disc pack.
Al t hough egtq%g(ﬁt%& apsempbles AR Hherestgedkithagespedfivedisapacloamd to have

ShoveCu ! 0 SRANALAS OKASEReLShice i IPam PRl bRy ™
10 paired with a respective recording surface in the disc pack.
Although each disc and recording head has been tested and found
to have structural and magnetic characteristics within a desired range,
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




parti-cul ar head-di sc coenbi nati ons can have | ess than opti nal I‘eCOI‘dIZlé §§P 2003;
per f or wGPsgof0r exanple, a particular recording. surface’dm;}s9nlam0a. . }
relatively high magnetic coercivity. If this disc is paired with a "weak" - . {
recordi ng head, the resulting head-di sc conbinati on can have | ess than S
optimal overwite capability leading to a high bit error rate. Wile this |
difficulty can be avoi ded by narrow ng3the accept abl e performance 20 ranges 3
of each disc and head, such a solution”would require higher nmanufacturing

t ol erances, reduce yi eI d and increase manufacturing costs. 25 The present

O g S Rtel i TR SRl AR AR o EnS Of fer advant ages
nosenbl y of (1 et risae Bt TR Hgrelc ?5%%38?%@‘@‘@‘56%%%*%6?"3&%” '
PCT/ US99/ 3126thiatle apgnatis disal The Thisrmatino pattenl isdesocimsed withnigrea physi cal -

characteristic of the maginet i c disc and encoding an information pattern
within the nwﬁérquplwss chrpractesissi€mat i on pattern i's associated with the

measur ed physi ca gacgggé; It%e greAg}thllﬂgg ti%ﬁpfe%te of thrrFérﬁéc?”& i nvention

relates 10 a rret ng corrponen netic disc drive. The
met hod i ncl ugs%?n Qefts 8pﬁrﬂh§ge&teagc fd}iv@mnmemdnimaa@s di sc
drive, wherein t rec rdi ng head a magnetic characteristic. An .

i nformat i onsplat:ﬁ@g a Iieeordmgd\d’adoﬁmraissémbb’tmmlehe:)ﬁlsg qive, a&herylrotherragnet ic
discs prior to assenba% of 10 the d| c wthin theg&I sc drive,
i nf or mat i onreesrdinghhead das ramagnetigi acit%n%sé& FiLeh Péﬁﬁ%fbh‘et iC

h h h nbl
Tt 2t 11 4 et ol S5eofLTIRCH Safhaf s PRUPE Behity Bpoertl

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-disccombination.

Yet another aspect of the present 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  a servo sector written on a disc surface in accordance with one

embodiment of the present invention.




on a Qg%népari son of the magnetic characteristics of the magnetic disc &AdSEP 2003

t he re¥ #/F885head. The nmagnetic disc and the recordi ng Fezadssanse2aohen 15
assenbled . in the disc drive such that the magnetic disc and the recording
head form a head-di sc conbi nati on. Yet another aspect of the present
invention relates to a magnetic disc, which includes a nagnetic recording

surface having a physical characteri'_ggi c and an information pattern - -

encoded within the magnetic 20 recording surface for association with the
physi cal characteristic. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

perspective Vi evEIg]. %sﬁ%déﬂh&ﬂhﬁ%ﬁ&ﬁg'ayt}km Winkilo pH3El the present

I nvention is useful. FIG ﬁull-g

pattern foraccoglingderone eseipadiment bf thenpresent idiventisnr f ace in accordance with
one enbodi nent of the present _jnvention. WD 00/58955 -4 .2 5 SEP 2003
PCT/-US99/ 31200 Filg- 43s pdliaggm Jlustrating s slangaigdanegietimdloprimt i ng process |

accordi ng 13208 HW‘%.%&%&S%%M@@%%%M vention. FIG 4 is a diagram

illustrating an el’onga WSHy overl appi ng i.ndi vi dual

megneti ¢ dongi NI SFiE@scﬁeﬁmﬁﬁ@dgag?&%fiacsgéitéiﬁrfamﬁg?atllgzyﬁﬁﬁmm%gr thermal l'y

printing servo patterns on magn c nedi accor one eftbodi nent of
the presergervapetieiraron frla@nefic redia, scbemding €o dhagmbvddent 8§ 8iem f or
thermally printing servo patterns on magnetic mnmedia, according to another
enbodi ment KJeEsenfgnveRtigResent invention. FIG 7 is a schematic diagramof a

systemfor t her BE. % 8% sthdRSkic diagram of a system for thermally printing
servo patterns on magnetic media, according to another embodiment of
10 the present invention.

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

I s a diagram of a pe servo nmagnetization

s e syt s




servo. patterns on nmagnetic nedia, according to yet another enbodimn EPC’[BM'
t he ‘pr ¥g@eM/58985ention. FIG 8 is a diagramillustrati ngP&TASBE egyuency '
di-bit pulse 15 train witten along a track on the disc surface in B
accordance with one enbodi nent of the present invention. FIG 9 is a

diagramillustrating a pulse train in which illumnation pattern spacing.
Is varied within the train. FIG 10 is a diagramillustrating 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 witten

el 11 ptical mgnetys. $9URIDS BANKMLIA HIDLAY SAKIcBcdHd BE Tl s OV | ack

direction. FIG I S a perspective, ntary view of a t beam 25

i 11 uni nat i ngvalappiig/itdudlallaeieén madastt dopair. di sc surface in the
presence of an external maghetic fi el’d. WD 00/ 58955 PCT/ US99/ 3120 5 . SEP

2003I FI G 13tsh0\E§C|3f11$>id §ﬁgplahwim?fag1&gn$ic,di$d%hnginq t hi {d ‘selts of
overlapping . thermally witten ny i c domains. F is a top plan view
of a magnet f Om@w%naﬂagneﬁg%fmqog’ﬁgaﬁt?@@%ﬁﬁ%ﬁ cally encoded on
t he di sc. surface: | ' | te] aratus for

5 716 B Ra é%’gjrnagpi‘ugét?a@!{r%e’gr{ L%ﬂggr%ﬁ% ng Qh&?na"’lgg

thermal 'y printing anin I on pa rn a di sc surfiace according to
an - al ternapﬂf@x%rmoﬁmaﬁ@ﬁpbh@npm_@%ruis¢maﬁela@aord*rhgto&ﬁ is a diagram
whi ch schematically illustrates a 'spindle assenbly apparatus according to
one enbodi neltermtitenempodisent of the prasentiomentidorc. 17 is a flow chart
illustrating a disc processing nmethod . accordi t o one. epbqdi mrent of the
present i m,gm i of1G. I1)6 isadiagrgm whiclgx) schemat?ca?]yqﬂusn'ates aspgr?gle 4
assembly apparatus according to one embodiment of the present
10  invention.
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




FIG 18 is a flow chart illustrating a method of pairing a recordifgh 9@02003
to a ré’&%l"?ﬁsﬁéﬁ surface, according to one enbodi ment of theTpsessnte 15

i nventi-on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 is a
perspective view of a nmagnetic disc drive, head disc assenbly (HDA) 100
with which the present invention is useful. The same reference nunmerals.
are used in the various figures to re_%resent the 20 sane or simlar .
el enents. HDA 100 includes a housing with a base 102 and a top cover (not
shown) . HDA 100 further includes a d| sc pack 106, which is mounted on a
spi ndl e nDtAfspeAgbns [ ack 106 includes a
plurality of I nd| Vi dggzll\wglmg%%&vﬁlt% rrrgégg’gdh% lpgtaéfr}soﬂiabout
central axi®f arcEtugior Ea¢HThie actuattfrfsEhWVﬂilﬁsFKD ﬁﬁsS&Qh@tt ge khbia{ s 10 whi ch
is mounted in, HDA 100 and carries a read/wite head f conmuni cation with
the disc stfHtaemoving endl astuator andrivahudes aFvdice toil shotde (¥CMY) ar e
supported 0/5 9 EP 2003 , PCT/ US99/ 31200 suspensi ons 112

whi ch are P%‘ f’%ﬁ) %ﬁiﬁ@% E]e@ b?%?éﬁ?esa‘eﬁ%%tgﬁﬁﬁs gamrbe 1ipad, gichaas act uat or

116. The adinetafrusigan in FIG 1 is of the type known as a rotary noving
coil actuator and includes a voice coil nmtor (VCM, shown generally at
118. Ot her typesVaite acil mator ¥18&mwiates abfiedor S1EWiRSitdatthdIRA sl?%é gat ors.

Voi ce coil t 118 rotates actuator 116 with its attached s ers- 110
about a pi a@ﬁatammstl@ftﬂaeut@ ipositivin gliders 110 oveea desitedidagdl data track

al ong a pat bet ween isc i nner diane 124 and a di sc outer
di amgt er P é%l Cg?g?%aé’& 12?0?%9”%5‘83 ﬁl‘%‘f‘%rséléﬁ'tfé?r 14fcand atdist outera 10
chosed- | 0ORisels 108N VoRlel il MbldbTlel et Al il GHL LEXAPG, based on

position information, Ich is stored®on one or ﬂfe di sc surfaces
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 dmc or discs have been
assembled within HDA 100. In accordance with one embodiment of the
present invention, one or more of the discs are at least partially
formatted with servo patterns or other disc information prior to

25  assembling the discs in HDA 100. The discs are formatted by thermally
prmtmg atleasta portwn of the servo patterns or other disc 1nfonnat10n

onto the dlSC surfaces, one magnetic domain at a time.- Thls information




wi thin dedicated servo-fields. The servo fields can be interleaved Z/vﬁtSEP Z'Uu:
dat a sweet@rs893sn. each di sc surface or can be |ocated on PEV/PYPRINAY sc
surface that is dedicated to storing servo information. As slider 110 15
passes over the servo fields, the read/ wite head generates a readback
signal that- identifies the location of the head relative to the center |ine
of the desired track. Based on this-location, actuator 116 nobves ‘ B
suspension 112 to adjust the head's position so that it noves toward the
desired position. 20 The servo field patterns are traditionally witten

onto the dic%hin%wcfe?fb%_e&aiifrﬁﬂehhtehscartﬁﬁﬁéwakh@ah@%ra & 8éctbh@edbsc or discs

have been assenbled wth HDA 100. I n accor dance th one enbodi nent of
t he presenhuinbeeidentificatioe informatienpfhet start dif agroapeofatectarsserpar ti al | y
formatted with servo patterns or other disc information prjor to 25
assenbl i ng Patera intormationmd pBgTeHE PIPRUSes o6 the padticudar 8i5Ct her nal | y
printing at_| east,.a Qortion of the servo patterns or other, disc

i nformati onSIBﬁ?CS' {cﬂ'éz W&e‘surfaces, one magnetic dormain at a'tine:.--Thi's

i nfor matd on WO OfY58993 digéxc?aﬁéofsgauf e sBf1d eBi:388n Rtk edrude, for

exanple, the location of € data storage sector, secto nunber
i dent i fi cata eervionkotorabd evrittémen stdist sunfface igrazuprddnceeeithrone servo pattern
i nformati on and magnetic properties of the particular disc surface, -for

exanpl e. 5 epbodiment of the pyesemt s1vention. | Arppel Reingdicatgg aclawnrtiagh pattern
R Y ey
oo, O Ak Ol i peoiess: sabamora el ap esbes o o5
10 centers labeled 1560-15616, 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 frequency of the readback signal. Track ID Gray code field 168



10 cen @/l abel ed 1560-15616, respectively. The shaded regions in BIY-SEP 2003
corres%@;} 5t8355r-egi ons-of opposite nmagnetic polarity as rampsmoswooo -t he :
non- shaded regi ons. For exanple, 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
woul d be left-to-right. In a perpendgcul ar recording system the regi ons -
of opposite nagnetic polarity are magneti zed perpendicular to the disc
surface, either into or out of the page in FIG 2. Servo sector 150
i ncl udes pbasteinsdaketn e ddiesyird @lethat Wil sync field
164, pad fjeld 166, track ID GrZy gcodgjf?%lgp%%glf%gggm{“%ﬁggq?ﬁand
posi tion e’fsrleﬁate@ES) field 172, which is labeled "A Burst". PLL field 160°

and sync field contaln radjally coherent magnetic transitions. Wen
the read/wite %gécﬁle?ﬁ%g?éﬁﬁﬁ%tod%ggg’ tedpcatian aktheleadamith164, t he
magneti zat 4 Pl e el ds jindu an 25 ci.llating '
r eadback sf%ﬁgﬁb#ﬁé%scgckﬁg}ll% ﬁg\atggggg’oglﬁ‘ﬁﬁfseli‘%wﬂé’éﬁéoz/ FERk the phase

and fresqueﬁelyimcbh@aiﬂb%%ﬂhg/ﬁéﬁ@ eGP att Sl 8,nand frequency of
the readback signal. Track I Gray%gode field 188%?%%@%5 2.5 SEP 2003

PCT/ US99/ 3@goetizaticn pattemt isrwiktteniin iagmetieleyinii@ed PRageareldtiat] & tHer ack over
which the head .is.located. PES field 172 is used to identify the |ocation
of the hedd&fEHzatrpakernsdnitipdds teltand &bt efs theeead/iwtitepasseodi nent  shown

in FIG 2, A 7 talns a,null-fype neti zation pattern. The
nul | -type %a%ﬁia%s:sleélﬁi OP%’ %%eﬁe%ﬁﬁa&g signat 3??'???%&‘“5@%@?@#% ned phase

relation tdembéulatedaaliErARABIHBEIE: h Hokitd) d As the
read/ wite passes over P%?fiel dﬁ172, thz)or eaé\baéﬁ?gﬁal&t&gﬁer ated in the

head i¥ track center, the position error value will have zero magnitude. If the

head is positioned to one side of the track center, the position error value

will be positive and have a magnitude indicating the amount of

displacement. If the head is displaced to the other side of the track

center, the position error value will be negative and have 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




denodul ated and integrated to produce a positionserror val ue. At t?g §gp 2003
t rack -Wen0&B89S5t he position error value will have-zero nEGATUSHRI200T 't he '
head is positioned to one side of the track center, the position error

value will be positive and have a magnitude indicating the anount of

di spl acenent.  If the head is displaced to the other side of the track .
center, the position error value wllgbe negative and have a magnitude 15

i ndi cating the amount of displacenent. Qther types of servo patterns can

al so be used, such as a split burst servo pattern. Denodul ati on of servo

patterns i flishiussatbsloshd, diBnshadettaiditibnally BeerPatritten dMplthealiscon Serial No.
09/ 268,584, filed March 15, 1999 and entitled "ASYNCHRONOUS DI Gl TAL

DEMODUL ATORuafeRe b ThHOm riterr e dacetuin, the vesd Spritechesdr TBRMyriting theseanpl e.  The
snmal | est unj.t .of the servo pattern.is one of the snmall squares in PES

il d 172 it cohBronragt c B apl g G B S EP S FELY of opposi t e
magneti c | |t L bl K..re ' 3 g%aﬁg ' . This di-bit -
(ogrJ cycl eg)%:l‘éslg\érs%eul} ?Ia?éla}péo{ilgg'k%gge:ﬁn:agp%?%gﬁgernS'v{nngilqﬁj_ servo 25 sector

150, ang i treg@RgHiRS In Bhe da{idieheRBNEe sred@titahdention, Bt delisthonal Iy, servo
patterns are witten one "servo track” at a tine. The definition of a .

"servo tragiortide pé i ddivivhiab nuagnetic degnains W90 58695 1308re SEP 2003- 1
di scussed apove,_ di-bits have tradition-ally been itten onto the disc
surface by tgﬁ’én@#}’ Pé‘r*ﬁciﬁg%@@r‘{l?%s‘lrlﬁ%cer 3% a\&niepg\grﬁ F‘%}?QW‘FH ng these
di -bits coRherent .rack-1 o-4r ti c domains of opposite polarity
are wi tten%eé(g&t%gtd#glglggée%\ﬁlﬁggéthn’%gﬁggi c donmmi'ns are roughly 5

rectangul ar. | n mae3sshadigrant ilRistratiagRrtheankl prineangippdcess20beast a
portion of the individual Tagnetic domains.in servo Ssector 10-0 are

t her mal 10y paccotding émboe ehdadiisens of thegeresentanvenfien.i 4t awpadl?, at a time
magnetic media 204 is magnetized in a uniform magnetization 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 longi’c_udinal direction. External magnetic field b
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 hasa field streﬁgth 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 éoercivity (Hc) of media 204 decreases with}

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

H




a thermooﬁﬁ?sﬁti ng process 200 - 10 according to one enbogti¥resisseioetch
present- i.nvention. At step 202, nmaghetic nmedia 204 is magnetized in a
uni form magneti zation direction 206 with a strong external nmagnetic (H)
field 208. For exanple, in a |ongitudinal recording system the entire
disc is circurnferentially "DC' magngfized in a uniformlongitudinal-
direction. External nmagnetic field 15208 has a level that is greater than
t he magnetic coercivity of magnetic nedia 204 at an anbi ent tenperature.
At step 216éxteexd] lidrp ' i, ' nged tQ external magnetic
field 209, - whi ch%ﬁa@a red ngc]‘:ﬂiegr{l 20%3§%nﬁg%g%&gﬁ%%8ﬁﬁﬁdﬁ§h?e polarity as
conpared t Beatediate DBt vill atign iROH . with tes hli@&%‘éf‘&.i c field 209 20 has a
field strength that is that is | ess than the magnetic coercivity of '
magnetic medi a 263teR 218, ghhbeamt21@dspemared érom afea DG ivideRGd | ght beam

212 is dirgel, ‘ sel ect ed. af. 4 medi a 204 to produce |ocal '
heating of ne aé gﬁ%rﬂ?ﬁtrﬂﬁﬁng?‘éé&gllﬁfg- f&geﬂéﬁﬁ%?h‘% teturnd tomeda 204 in  area

214 is =l epeat aﬁﬁg’rr&m@r@ﬂgj Luge to | evated 25 '
terrperaturg. I%%e magnetic c e‘?%%%\qgggﬁ%éj%?%‘aggogﬁﬁna Ydh8es with

i ncr easi ngboundanEsrat tare£214MEN réMQit OBRE sNA e/ o 0hQ : evel of e WO
00/ 58955 PCT/ US99/ 31200 -10 externally applé e% ma ng??(kzlgﬁaté'{?gzéoa t he

magnet i zat'f GiTISTYNLA byrbe shape of the darzinationpatsdrngsh irede] 5040 t h t he
applied field. ;A e . k4 ght begm 212 is renoved from area 214,

wi t hout changilhlghggﬁ%“ﬁﬁ lﬁﬁfgegbmoaeaife|aa°§mam@mraaémmm t@turns to
reom 5 t ahlpghall ; LL ' . gnetd.c doymi n 220 defined by the
boundari es of ar%e@tﬂa W i%fﬁlghéleﬁé H%’hlga%%'hng%é’sgflﬁ @ in 220 is
det er Mnedepgatetasshape tiodestdiendckisany E’@bféﬂh&aztr{a%h@tié’aﬂl}%@e?s <404

domains at different locations on medium 204 by moving the location of

before_the disc is assenbled in the drive. FIG 3+4s a diagramill ssréﬁg%a

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



Li ght.beam 212 is then.noved to another area on nedium 204 to thernzdaé 003
- write wodsggssnagneti:c domain. Steps 210 and 218 -can be pciusveprad ef Eﬁa% _
4-; e 15 20 25 s as necessary to produce magnetically reversed V donains _
at different |ocations on nmedium 204 by noving the |ocation of |ight beam
212. For exanple, steps 210 and 218 can be repeated one or nore times for

each -of the shaded regions in PES fI? d.- 172 shown in FIG 2. In one .
enbodi ment, the light beamis pul sed*on for a selected period of tine at
| east once for each of the nmagnetic domains, in the pr esence of ext er nal

regnet] C 1 il bxB0he tERRD (Ol L RS, TRANSIIGE, AORIADRL S SRRLIAA v separ ated

from one anot her on novi hg 't ns of I'i ght
beam 212 apgcdries éﬂo‘%?er%ﬁfrﬁ‘&?déd‘d&ﬁ%cé 86 e @Alnge M@}#ﬁsﬁﬁe@g

directions. Information can be magnetically encofed Isc surface in
the circunkeample, aﬂutharmetamy lightsonart mhy dirpeiid desird reboltionThe | engt h of
time magnetic domain 204 is exposed to the illumnation pattern depends on
the type oPropejHes.dbearcincrepsy riskefdagnageiouhe corrasinmtesistanti ng required.

Sever al sty t,sour an, be .used.. The, c en |ight source wll

" depend dn grrsbof}dgy?rg‘tg‘f‘&??ystifc?’? §edtW dPﬁSBF@F?oWﬁé@\?%@ €afd the need to
avoi d uni nI&O&%&%ﬁﬁ%ﬁ? durcl] sifchas E%e@ﬁ%ro“o?ﬂ'éé lk&s- 1 n general,
l'i ght sources havi orter wavel e h WS 00/ PCT/US99/ 31200 wi | |

provi de beapproprmel Ittonmerriﬂmd\ament, the;hghebedrmsemmmﬁdrangm

temperature to which each magnetic domain is heated is regulated by
the type of light source used, the duration of the media exposure and the
10  power output of the light source.

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




becones shorter, unintended danage to di sc coatings may result. Fom § SEP 2003
exanpl eYO@pB8985 a nmercury |ight source may provide desi regcﬁﬁﬁgg#]@{mon' - .
properties, it can increase risk of damage to the corrosio “Stant 5
carbon layer that may be applied to a disc surface. In such a case; a
| ower energy |ight source, such as a green Argon | aser, may be nore
appropriate. In one enbodinent, the lLight beamis incoherent. The
tenperature to which each nmagnetic dod®in is heated is regulated by the
type of |ight source used, the duration of the nmedia exposure and the 10

| ongat ed shaded regions in PLL field

power outp | saurce. The

160, sync 1&& Pglﬁfg : ;f%guiatﬁgghr ﬁgﬁgfﬁl@eé’&ﬁ(ﬁ?&@aﬁ?ﬂigbﬂe&rgﬁ 3E0Gvhzhcan be

formed by dspasseddht ' resul ting illunination pattern

in the radi aF,. of f - t@g%ﬁbé%?%ggﬁ ?{%gﬁgé&ﬁfto&ﬁé‘nhgﬁg%ct%?’g@nwalinousI y

exposed toShhplﬂg @mcsl&%rgeinéraiéﬁam@mb%ﬁﬁﬂﬁlz W%Pt({ésg%‘gdl awll cool in a
y A

heat gr adi gl?t along the 1length of 'the therna magneti ¢ domai n.

YIuRGHON pafiern shepm whictbet leastyedtially defiukbatiedsias,ddre |1 ght beam
The spaci ng between adj acent

is scanpedgradial |y cacross the media surface.

i|lum nati on@mﬁgheéf ﬁ’Sf‘{ %agﬂf‘%‘&uﬁ%lfn@lﬁs eeh thermsallyt wiritkst  partial ly

overl ap onenapiRtid@lom&nt 0 create an elongated |ine of overlapping magnetic
domai ns. For ~ exanple, FIG 4 shows an el ongated nagneti c domai n 270 fornmed
by overl appi ngBeamh défibetdr 308GTSldcEs BEIFRBNS ¢ gver| appi ng adj acent
i1 Tum nati ?}f patterns during a radial scan. %%éeglge&Zocg\{]g@h%ﬂ&ch di agram
of a syst emtd drithindrara rangsr316t iBegm 2Bfleetby B0Ha4 BE BSnEQ FRpReti ¢ medi a,

accordi ng . odi t. of the  present invention. System 300 includes
I'i ght sourggﬂ%%g%ﬁ 5%“%2&5iarfé‘dlagrﬂlﬁ,@%mmmscteﬂabeof disc326, external
magnet ic fofinthrs %éﬁﬁr,%@x%uﬁﬁgr&tia‘?ﬁfre%%gg aYd\%é) g /dggi%gg d%ta5tr§cEkPo§003

the disc, if desired. In one embodiment, beam deflector 306 includes a

Alternativ

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.




PCT/ US99/ 31200 contrQL_'ci rcuitry 311. Light source. 302 generates | QWtSEP 2003
energywabomsesBi ch 6 passed through beam shapi ng opti cecgRsodS2Lam ;

def | ect'or 306. Beam shaping optics 304 generates a |ight beam 312 having a Bl

desired i'llum nation pattern shape, which at |east partially defines the
shape of 5 the magnetic field transition surrounding each thermally
witten nmagnetic, domain. Beam deflﬁgtor 306 deflects beam 312 to a
desired |l ocation on disc 314, w thiT’beamrange 316. Beam defl ector 306
can be configured to deflect Iight beam 312 in a radial direction across

the surface of djsc 314 1 in_a ul ar, .circunferentjal,.direction

al ong a desi redé éﬁ?gﬁg}'%%y g{r}l ‘iaﬁ‘eélasggfoﬁl?leggtgiarsé’d{‘ eran*‘R%' 3ggrbodi nent ,
beam def | efef 96ta39G diSChRariAg k{6 WritiREIBH &S tBRs ADI ie motor which
is controlled l?y gonltrol ,cinr gui try BIiﬁlTF.pgllg anlot ﬁepy%%%d‘%%eﬂﬁt, beam

defl ect or RO&tedrinlaudesinaous ¢hstibnoshié beingiexposedsyslign bdnhe12t ypes of beam

deflectors, can al so be 15 used for deflecting |ight beam 312. Control
circui try (Githey contiumusexpesirg At Pediedexpaszre) be san braptated iropt i cs 304,

beam def | egt or . 306 and spi ndl tor 322 for.controllin vari ous aspects
of the!%r o%%?rgfef hAPs &W‘? lnﬁY%ﬁiaﬁwlt@é}?eﬁ%ﬁ%flf‘gh? Labtg?ro control Ito he
operating éa@‘hﬁffﬁ%‘?i@'é394“}d‘ﬂatbe%%%ﬁa‘i%;?aﬁﬁ%ﬁﬁ%gﬁrﬁ&ﬁéposur e time and

intensity. Contr circuitry 311 can eam shapi ng
opti cs 304wtitkencontrol i ng the shape  of the light beam ‘For exanple,
control circuitry 311 can change the illumnatjion pattern shape from one
write operati onBXterndgnagnatic figld sesireed)8 qaringiudean ¢lgctroranagyiedt i ve

dirst ances between adj.acent .transitions in,magnetic pol arj.ty. t he disc 25
surf ace. 1‘% PR tﬁ@%@‘#{){qrﬁﬁﬁagﬁ@ﬁtv"gm&e@%?’ S g@Sb? ﬁﬁﬁgcherre or to

si mpl yjoch | ' ; [ In area. 2 5
SEP 20183 mgggdgegigéé £Rid $hRAgHIPht & de&itdd SMbAYatIBRITHE! haGoumR!

field can be limited to the area being written or can extend over all or

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




=13 PCT/ US99/ 31200 Control circuitry 311 can also.he coupled to a p5q§§e 003
not or 3P 00688551 ot ati hg di sc 314 during servo witing opg&gﬁ%&ﬂﬁ géLsc 11 o
can be .rotated in a continuous fashion while being exposé o' 1P¥ht beam .
312 (either continuous exposure or pul séed exposure) or can be rotated in 5
di screte steps between individual wite operations. In-the latter exanple,
di sc ‘314, would be stationary as each pagnetic donmain is witten. External
magnetic field source 308 can incIud'Lgﬁ el ectro-magnet:- or a permanent ’

magnet, for exanple, which provides a magnetic field 10 having a desired

field strenrgteratysaddgFuce I tion. The netic field can be limted
to the area being swrilt%?jtladr%' %f&{:ﬂgfg%x CHLBYaF elenfens. In fHsttberm |y al | of

the disc suleflacter 306 iDrRplaREOL | thRM aledthS Grshghd. is limted to the.
area being and nmagnetic fiehd s8§§g§%§ri3éb?%mnw& h the

witten,
(1 Tum nat i $i8hb bearsia 2undbe cofrecidonitial onthdaafadelf fist 910. 1,306, as shown
‘¢ Tield source 308

by dashed || 24 or perpendi cul ar recording, nagnetic

can incl udgk%ﬁp& 8@%&?‘&5‘?&%@“@6340 frIvinsljde arceliectraxdrstid tahnéss
per pends culdayelb f isc, 314, for exanple. Light beam 312 is
passed thr ggig% ? ﬁ%%ﬁeﬁg 9&%? t?‘{?gg%Fﬁemﬁ'—%?ntlebﬁbgﬁmgmi\’felmordi ng,

magnet i ¢ f Uelidersiopr Crir2QBIvC alk H&p&#@@ r, e e. nent . 20 nmagnet s
havi ng a gap bet mgen nortk?cang sout h Spc% egl,% aﬁﬁ?‘é’ﬁlﬁgﬁﬁﬁ?@w parallel to
the di sc sOrfthgerdarinfongidegee irt bmmﬂhﬁéﬂ@éh.pﬁhfs%xfémelﬁlstiﬁ!éféﬁybye| y, two

spaced, pagﬁgl el el ectqli?grrﬁqgnetic coils can be arranged W ith a comon axis
ori ented parar PEMIED fehBotngycmayenhieace thindefleicabl As discusdedt | onary

ti fi ti lso b d. 25 FIG 6 i
Cehenat | c. e oReaRa 18T 19 tha} =BR3PRAF e aReds fagiise fnasat t or ne on a

di sc slr f acfen anedimdengiohsl dBciablopiRatieereOHLIBAL, . Of  Lhe present
i nventi on The same. reference nunbral s Pg?‘eé' l?gg%e?{%gﬁp&%cme‘p

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 -14 2 5 SEP 2003 PCT/ US99/ 31200 as.were used in Fl C(-)ngg S%P
ced

- same @y Bi/sosar el ements. In FIG 6, beam deflector 3018595 8P)
an el ectro-optic scaruler 340 for scanning |ight beam 312 to the correct

| ocation-on the surface of disc 310. For exanple, electro-optic scanner 340

can include an el ectro-optic.scanner 5 devel oped by the Data Storage
Systens Center at Carnagie Mellon University. Currently, electro-optic
scanners are limted to deflections-1%n the order of one degree in one
di mrension. Inprovenents in electro- optic scanner technol ogy may enhance

this defl ectj.on. As di:sc%}sgsed above, control circuitry 311 may also rotate
di sc 314 t¥pEgnulsefrain 4L, thedispswiace Wascendisionednuithel ect r o- opti ¢
scanner. Ak -obtic anner ..pr.ovi an vant a precise

o1 acement o apReterteRR R AR Ee P R e IR Ao bheda B1a” i
I's a schertkgrdindidBhefizaicty 4 Qiret i iy ervo patterns
on magnetic rr%rdi a accgrdilﬁg t“oé\g)ﬁ%ﬁ]t herreat:iﬁ{r}ﬁ%%%&\eg%'%gﬁ‘%é I'ment of the
present i nvent ifarise ftaim 40hecheles nexpretio doenahs 420,6412use0414n FIG 7 as were

used in Flv%.e S and 6 for the same or simlar elenents. In FIG 7, notion
stage 350 hare tharmpllyr wristeatons dqmasin atedime dyadizecting aream shapi ng opti cs
304 radi al; oss_the surface of, di.sc 3 A I ndl e, nptor 322

ot at os BTG pARE A Ea T o BhPE i diealinehe Biatiann the

Al ternat i \RbdencBBF hARxdrAdPmagHeffelBthaVisl a Plaz Sp mot or - 322 and
di sc 314, \pl?eavi ng |i gﬁt sourcgg?%ozland optgg?%lﬁrgygséwlgﬁggy. FIG 8 is-a
di agram i ldppssitato tig: backighgihied friagnetinatjorddirbttion 408 eThé Ekipe 00 witten
al.ong a track 401 on the -disc surface in accaordance with .'25 one enbodi nent

of the prd8ehtummation ratterndesermipes therhapees each mpgaietic domain
10 410,412 and 414, and in particular, the shape and position of transitions

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 along 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




or cress-track direction, and arrow 404 represents-a circunf erent|? %P 2
dowri- t PERS8ISecti on.” - Arrow 406 indicates the track wighfy®oheseol 0 003
00/ 58955 -15 2 5 SEP 2003 PCT/US99/31200 writing pul se tral n 400, the di sc
surface was conditioned with a circunferentially uniform nmagnetization :
field such that track 401 has a background magneti zation (M in a

direction indicated by arrow 408. Pul train 400 includes magnetic -domains
410, 412 and 414, 5 which are thermaffy witten one domain at a tinme by
directing an illum nation pattern toward each | ocation and heating the

| ocati on ishdwg in FIESENTRih tic field having a' polarity
415, which is opposite to tytli’%r%f%?% %Aaé‘r%g%ﬁﬁﬂs‘i f‘?rcﬁﬁe%ﬁm&@a‘%n 408. The
shape of ﬁlﬂéSWllthmmﬂhmtsewopafﬂgmn determ nes the shape of each magnetic
domai n 10 410, 4 ﬁﬁgnd 414, and in particular, the shape and p03|t|on of

transiti ons in iln,atmn paitexn size ahd sbapedaaltﬁg ﬁ@?}a g.gga I n Fl G
8, the &I}{alp‘?ﬁ & a form eti c domai ns 41 5

el liptical 3Hﬁ &F Vr?étf:ﬁfw eé@ﬁﬁaﬁmg@@ di&Qtoeemiodé4 ar e spaced 15
from orse anfﬁﬂﬁegh@y bit cell spacing” 416. This

di stance is masuregﬁgwmtﬁgkgfefﬁ%ggﬁg? aaﬁlée H?fof‘ﬁéh%ghéﬁﬂéﬂaorral ns to the

center of fidld 168:in FiGb2.eqiRet dRIARSrhiatRR® 1&61 bk QS%cchesfgwté,ftﬁ al ong

down-track,direction 404. This distance is erm ne gpam ng
bet ween eaﬂ:’fFW ntene FIG. 8ris p&hagram1Hmapag:alwléa&m@mogﬁv§mpﬁequent |

transitiong ﬂnﬁﬁ? etic tROl arity aI ong down-track direction 404 is
measur ed be?vveen g ipvaried; Bulgeiteain AO0 rawedbshy  arrows 430.

Eac h tr an§dlﬁt&ﬁy%ﬁ%§ﬂe@§: forltd rﬁ%dl%d’.’:hwhl glbeaﬁxiér%a )r)%ﬁ!'rittén on to

10 the magnetic disc by using an illumination pattern for heating each

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




The dis-bit cell spacipg 416 is equal to twice the-transition-to- t quis
" spaci nYuHE8shi ch creates a single frequency di “bi t puIB@r/Ug@bmooqggsqgﬁ ?@03
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' .

t he phase | ocked | oop..(PLL) and sync fields, such as fields 160 and 162 WD
00/ 58955 :-16 2 5 SEP 2003 PCT/ U899/.Ci!%'200 shown in FIG 2. This type.of - . |

spaci ng can al so be used for creating 6ther fields within the servo

pattern. The illumnation pattern size and shape and the pattern spacing

can al so bitgsuHifigh! THe I ' N tting t.he disc to encode 5
i nformation anto the diegd(izca‘sf%{ g)ggm}sll?gﬁf‘%ie , ltfcﬁfsd?ﬁ%iyoaeé%dfrack | D

field 168 by the@ludindidrepatestshde’ HEBIDY §ahed onto the
FIG 9.is apdi agr anﬁl | ustrating gﬁdﬁf&séei%t@g?%‘éggo i n which

di sc surfaﬁgei é

the illum ke ?léﬁﬁ?nsépf amagneits demiain imathedolt pBsitisa betwabéh §6Mhaimc! udes a
plurality i omai.n 01- 503, ich are thermally witten on to 10
t he magnet ?@:2 gﬁg@ﬁ%y?’b&eﬁax %q%lqaﬁ‘rﬁ%‘?é?égn%r%ﬁe@ﬁ anfeprodechbinagy each :
magnet i £ doaRieb MY G0 : externally applied magnetic
field. Arrow 504 i ndi (;3% ggdlggtgéggéﬁrrgg% direction, and arrow 506

indi cates a dowRlGrITis Lilia@eAmAllusREah.a piklSe 8ARLGTH Jc?ﬁ}cﬂﬂg (gorrespond to
en

regions of opposite magnetic polarity as conpared to n-shaded 15
regi ons. |#&0 egibadiment of Hrcpreskat insemtiondn svhitk Ese ilfumm@aghi ¢ pol arity
Is varied sel.ecti.vel y. varying.the spaci ng between nagnetic donains
501- 503 inp‘kc‘)i%ﬁﬁ{‘-?}}a&’c?lésd'ia%éét"f’ iﬁ.lrsﬁtﬁ PHise draim o Arvayv 684 irslicates hed by

paci ng canhe e o A AP R B RN B O ek iisifce, For .
10 Pulse train 600 includes a plurality of magnetic domains 602-603, which
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 réprésented

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 -

lﬂumlnatlon pattern shape significantly increases the code rate since data



exanpl t he presence of a magnetic domain in a particular bit |ocapi 7
can r egvr%%%#ﬁ.’g% | ogi cal "1" or "011, depending upon the peanysssiap %‘sségEP 200-3 .
and t he- absence of a magnetic domain in a particular bit position can l
represent a logical "0" or "1", respectively. The presence or absence of a’
25 magnetic domain is detected by the'read/wite head by detecting the
presence or absence of two transitiong- (the left and right transitions of a
particul ar magnetic domain in down-track direction 506) in 'a particular WO
00/58955 -17 2 5 SEP 2003 PCT/ US99/ 31200 bit position. The | ocations of

both of théseepresdrfed b9nssihsletPAitod &fthaas the illumnation pattern
shape. In FIG 9, dasﬁd | i%le 510 r%present gn??(z etraoﬂ?été?f&% of a magnetic

domai n in {Rerepsingpbecodorntbénaeasesdhedbnsity &P £Q3n;cRul se train 500
can theref Oxaf" represent an encoded binary 5 value of "1101 ", as indicated

by arrow 512 TEREONGgN;he storedon the dise sistacat iTihg iBumithstgor paiterrf00 accor ding
to anot hegp ' of the present inyentjon in. which the illumnation -
pattern s hapﬁﬁ?gﬂvﬁﬁtgg Cﬁnn%rﬁﬁﬁgtt?l AL g%cyqsgghg_pq@q Bairefraquentiient es a
Cross- ty ackr BitrRetdrAd thaAAde RAEWH t L s_a.dawn-track direction. 10
Pulse train GO.ﬁncl udes a pl ural ?gguéé]gﬁgge%‘g‘%rf'é"a‘ ARFQEEHPUED3, which
are shadedtr@ssitiodi mat ¢ TRplengtielirEigrbtyipe cdgani ns have a magnetic polarity
which is opposigf to that of the non-shaded regions in FIG 10. Beam
shapi ng opti cs - & Hsibgstrates anyexample bhp pubse ttdim 650 hawimgaai on patterns and

G e L R A
T2 o8l S5 S LRI ) Bad L0 07 2020
Thus, Yhe Pppesedriatdross-pratk axis 656 &renaC. 10). WAthdiR EIHRNESS? is
circular. Information is encoded onto the disc surface by elongating
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.12isa 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
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i'nformation onto the disc surface. If a logical "' or "0" were rqussepemus
20 by weo@sssence or absence of a single transition at ppiaeeb gy ned - b
circunferential intervals, then elongating the shape of a particular - o
magneti c domain has the effect of delaying the trailing transition of that =
domain in tine past a particular tenporal bit position. For exanple, in

FIG 10, if each transition represents a logical "1", then pulse train 600.
25 represents an encoded binary "111401", as indicated by arrow 612. In the
exanpl e shown in FIG 10, encoding information by changing the

iI1lumnatio @gttern, shape %iggni ficant|y increases the code rate since

data WD 00/ the sugfaceof diss$gZ 30 20o0dsirgmmatiarsonto thepdiss smtfack, by a si ngl e
transition n_{ transiti. | ncreasi t.he code rgte increases
the. densi 1y raasa The bR ol R BT Sl P PR T 510, MRG0 i o
surface. Thad ddowa ' ; .laed to avoid
undesirabl e pulésﬁ@%tﬁ%ﬁ%%&%%%%éﬁ%@@%@ﬁg h%%?’?%?%gf’ﬁagbgg‘% glsl?nown to

cause read 60 ihrsugls ndgretic Hommx bEYB53f ransi tion. - run (MIR) length-1imted
type codes. FIG_ 11 illustrates an exanple of a pulse train 650 having a
pluralify of thdheamallywiitingindividusd neagnetigglomaios dvasens patterand 653,

whi ch have tg{ona(i or .aﬁ(s 655 xg%%gnedhgar allel to down-track axis 654, as 10
opposed t o (TR 3 PghRsayFea VRSNARIE @PUCEd§ mggdicasatile dami n 652 i s
circul ar. Ilsgheo | ' t ' . by el ating

Gormi ne. 555 o R e P e b e B i o el |

i 11 uni nat i @rirpatilyeronstiainee By the isancshaying @{)ﬁki tqrthef an fherwakal e, pul se
train 650 can represent an encoded binary "10111101", as | abeled by 15

arrow 658 Rolegedmetyof segjprodusetheadsThedeongar radisk mdgnatimrdiraios al ong

down- thack ¥l 834G BiPrLl%iid 180 RFhe B hfand LAUTTR'A0Y 166500 °" 2

- magneti c di'sc
be formed by radially overlapping individual elliptical magnetic

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



whi ch:shows the formation of one of the el ongated magnetic domai ns-%?ls

653 of PYQ@P0/5855 A | i ght beam 672 is directed to the S“rfaFET/fJEgg?J Sg, 670 5B 2003
in the presence of an external magnetic field 674. In the éxanp 32%houn in_
FIG 12, light beam 672 has an elliptical, cross-sectional shape 676 with a-
maj or axis oriented parallel to down-track direction 654. Light beam 672
therefore forms an elliptical illumnation pattern 678 on the surface of..
disc 670, which defines the elliptical-20oundary shape of magnetic 25 donain”
651, 653. Beam shaping optics, such as that shown in FIGS. 5-7, can be

used to for I.;ed.ill.um nation pattern shape. - This shape can be

sel ecti vel yrp\?gﬂraﬁgggirl gm?aﬁl%‘a?@ﬁ&ﬁéslnmeshwmm ih@F1Ghs, ?ﬁgg WO

00/ 58955 - 19h@ réctakFuldlQ 99/31200 .al ong the surface of di'sc 672 to
encode i nformation onto ?ﬁ%%%ns?ﬁlf RAIns shorn inddGe 88 cankadf beont r ol

circuit 311 geshmated withh GhelSrdot [ 6 and 682 generate magnetic
field 674 a(yé%%%nt t he surfgace o?“%@%ﬁgﬁ%eag’? Inghen Rﬁgﬁ%ug)hanagnet I C

donmai n 651, ty; off pueriap pingvweic tangg l4ridia Eéﬁ!{%n{?ﬁ&[ﬁ'w ic.dommins in a servo
pattern sthroughya || ght pié\(gur_ce ang beam lséhapi ng op ﬁ?%g)aftgr%re versatile
than convent i onit SYSFAR AHPAg it mami&ttobhﬁnsbdﬂﬁa&ingaﬁﬁﬂbrﬁﬁgﬁﬁt ic domain
i's.  primarehtirc@ids kAl : t he beam shaping optics Tather than the wite
pol e geonetry of the&lg%%gﬁétgy %eé?éaPa%ﬁé“% %?é@ﬁheré@irahttir@ﬂrmﬂmatﬁﬁﬂai ns 10

shown in Fl@ne thagmeblt dob8h Gt HoPmeS ield;.164 and track ID field 168 can
be formed by radially overl appi ngei%Ig?}/%sgggphgﬂ?‘ﬁ'it}é%che}’?ﬁ‘g?ﬂléQnVo domai ns

or by scann ﬂﬁ}(l"’ﬁl‘:’mgpmﬂemoftirregnat;é:&riﬁvéﬁﬁéhgﬁgbghsga-%ﬁt;%}dhg%b Q\Ifs](c) byt
ur ifferen

w11 g, o rioBiE hisiBerrwiios onlo Hisclisumutateririor arasstidinghe t he 1 adi
edges ofo eadibc VRERRHERLAQMRIAD acsggmgfy. nh%el %Er%g'lly written formatting

information can then be used during subsequent assembly operation: 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 magnefic properties of the disc o the



For exanple, FIG 13 shows a pulse train 700 havisg first, second ar@is SEP 2003
thi rd ¥ en/spess- 704 of thermal ly witten nmagnetic ‘donai ns’ci"miliQDOM| ch et
are formed during individual witing operations and overlap one another in. .
radi al, cross-track direction 706. The conbi ned area 713 of 20 donmi ns .
710-712 I's substantially rectangular. The resulting servo pattern forned

by pulse train 700 is nore regul ar ang.}vresenbl es current

rectangul arl y-shaped servo pattern deStgns nore closely. In an alternatlve
enbodi ment, additional witing operations can be used to overlap

addi ti onal mgﬂ@ﬁégm%‘&&{% ﬁmi’m)w}'ugh‘{jﬁ ﬁ&%ﬁtﬁ{;ﬁﬁ di iy on 708.

another alternativ di ment ourier-type can be

used to germsrchtiscaurfact pafianrtheied@ede ddtiiZRatdom use in the
servo pattern.. An exanple of a WO 00/ 5&?935 2.5 SEP@%?%E%@SQQ/BMOO

-20 rectangul ar EIIG déiinatop plaavicer of shageetis disaows lavidgd in FIG 3. Thus,
the rect angl%l Fﬂjﬁj ny&getlc donmai ns _ shown in FIG 13 can each be
generated Wt ?.rddngls age 7/ Mithana ?r@?%éﬂaﬁt?qwgaﬁhmllmmed or a
pluralitsy aof eI g il lLum nation patterns. 5 In
ltﬁﬁ‘?é!ll %p& 7‘1% 'J%fe &Jﬁl\ﬁfong egB rﬁaﬁ etrBagg?wtu an )

some applications, it may otinme entire disc

surface wi tdncsdedﬁnlaa:ﬁﬁcefr[fére?ﬂﬁl dirdetiod PI7TRLRHNY difd-BbHBAE YR in ONE Magnetic
dormai n at abtl ne. In these applications, {he thermal servo  track witing
of

process. chéinﬁﬁcélf)éﬁﬁ’l? and i tmfarana bwouhauhrismnun atiaya Seeetdion of this
informatio dj.s urface prior to assenbling the 10 disc within
the head dﬂ?gﬁ'ﬁ%é’gﬁ}'?{r‘r‘g‘ e pfermpa qp I}CW]P? pead, fSEFIWﬁﬁghm@\ermﬁﬂor mati on can
t hen be us ra ervo track witing
processes fﬁt%%oug%w%eg%?gs g%t%rag’z)gﬁ l%l E’eegﬁgk%gfcge%(é | e, the thernmal

servo_tioackAkernativelyp tReRE6rAAL M PaRERS@RAbd wyﬁﬁh'cﬁ{lthecaﬂfa{%% gised to wite
a radial ruler_on the disc surface that can be used
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 |
15 alternative embodiment of the present invention. A mask 720 bearing
the mformatlon 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-
recordmg 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



servo WWO0#§S8perations. In one enbodi nent of the presepprhRyssLeN. "
thermal -printing can be used during the disc certification process to
~magnetically encode information patterns onto the disc prior to assenbly
of the disc in a disc 20 drive. The information patterns can include a
serial nunber for the recording surface and/or disc certification data
such as a neasure of the disc's nmagn@Ric coercivity, magnetic nonment and
ot her physical and magnetic properties. For exanple, the information can

i dentify physi ' egiL ons..on the disc having nore mass than other regions,
whi ch can E%ltag%?égéfée ﬁﬁqi CEPEEBIG issegplated bysthatyee ofleghi sc and avoi d

wobbl e. Thesourb®g8&d it i nformati on cgn _be used further downstream
in the production ﬁrgﬁgg‘?@@ﬁ%{’b 17W%ﬁéﬁaéhﬁmmtquépubbfthe disc to
the 0 00/ SigtESoudde 2350 AR bPREALERN etic properties of the
head with L%thhe disc is pai refﬁ%ac ecg%g%ﬁ%ngg@sénsurface pair can -
t herefore Magpelic onil 4L appliesi cwapnbastisld 740 G, ?\ﬁl?c plan view
of a magnetj.g cgésc 714 havi{ggt ‘a recor g?ng surfaCe@rléér\ge éfr%glipnf ormation
pat t er n g et RS 0T excmPle) tosecardingsunface B whie tHhexpadedrayBs i On pattern
can be magngitegtds khoa circunferentjal direction 717, a radial
direction 718 or #Iﬁgsglg%%gz??ésc’f's stogf%egﬁ'&t terpperegrre far t wo- di mensi onal
array. Seveekctivelileodssind mMdretingl L phorpati gn can be. used, such as the
thermal printjng pr.oceslgédi sgé{tfslseo? a S%glé)\n{l?%urg’feesr‘gﬁ%‘émﬂ%‘gFl GS. 3-13. 10 -
Al t er nat i véinptteeted dis¢ sarfade. ddsipgtthisrtacledgubahelddsi e i%‘rﬁ{ﬁicﬁur face by :
reactive i %gttetchi.ﬁ%, ion mlling, electromachining, or laser ablation, for

- eI will'be written to recording surface 715. With mask 720, multiple

15 later by the read/wite head to verify radial pesition during su Nt
) y P 3 SoRF S gy

10 magnetic domains can be written at one time. In an alternative
embodiment, mask 720 is in contact with recording surface 715.

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



exanple. FIG 15 is a.diagramillustrating an apparatus for ther §ys 003
pri nt ivwo obfagessnf or matii on pattern onto disc surface 715 aeeRIs9/8God n EE_,LSZ )
al ternative enbodi nent of the present invention. A mask 720 bearing the =
informati‘on pattern is shown supported between two | enses 722 and 724. To
transfer the information pattern frommask 720.to recording surface 715,
control system 726 drives notor drive 728 to align mask 720 and disc 714 -

so that the information pattern is pRdjected onto the 20 appropriate area

of recording surface 715. Light control system 730 activates |ight source
732 to optj.call roject light throygh lens 722, nmask 720 and lens 724 to

i mge t he #WB‘?%&B?W‘H&%%%?T Exampd& dadebasa /46 can be dprmatted page 715. Lens
722 honogeni Light . distribution,over nask,720. The |ight energy

passi ng tﬁlr%gégé t%ﬁ%l%n lcggeé‘%}bF%rjl%&%b%ls&sf?%a?tgéé’? 'ng surface 715 wil |l
cause the &drkégﬁd?@qﬁgma%fﬁg§iﬁioﬁé&§spf recording surface 715 to rise from

an anbi ent tenperature to an elevated tenperature above its conpensation

t enper at ur e wheDeringf eperatibnidiss hWl B 5AA5T02efrievebtRe 20 @Re dRET/ US99/ 31200
-22 stored on the disc. The tenperature is regulated by the type of I|ight

sour ce usef fram dise lpacbmosiuledef and ppsses the disg to iafopmationqatiran of | i ght

co | “Tar JsAReE 268, Mibfteiin prliPin R0 b YRRl Biomagtrecor di ng. for
exanpl €) t Sat@e S hch\rebGietng dpradd SEHbIARPALEHTA | O recording

surface 715 is raised to the efevated tenperatur or selectively
reversi ng imigmesticn gattrerrsstorcehtroilee 77 Thednformtatioitpatgerniaaieect ed di sc
sairface. ing this technique, the desired information pattern will be
witten t ?@%@ddnﬁgvgrml Meays- Prs meghad isgeiread backtherinfpranatiommagnet i ¢

domai ng, Caﬂat?eernvg)} }etff%@ti%tg a40%rHedRi off O e ?elcto?crlﬂlagtslu\{-gce and using

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 inclu_dés slidefs 110, suspensions



embodi ment, mask 720 i's-in contact with recording.-surface 715. Fl @ §1SEP 9003
a di agMPURE%H schematically illustrates a spindle ass%@yﬁsﬁ%{? atus /60 .
according to one enbodi nent of the present invention. paratus” 760

i ncl udes disc caddy 762, disc |load nodule 15 764, information pattern
reader .766, spindle assenbly tool 768, disc handling arm 770, controll-er _
772, head stack assenbly database 774 and disc database 776. Disc caddy. .-
760 carries a plurality of magnetic eldscs 780, which are provided to disc’
| oad nmodul e 764, through port 784. Each recording surface of discs 780 has
an informa\t}'zzn @ ttern witten within 20 the surface according to the
present i nvehffGiraciacsessingriras 1 bh feshresardinghedchisl pirdged fetHmgnet i ¢
properties rdi n urface or .a serial nunber uniquely .

i denti fying tp%ﬂ?gggcrcogld &%ffafcgcf’é‘. eal"‘?‘ dt‘ﬁcetoné’@ﬂb% head-gissperti es t hensel ves
are not w coirdingtiod. Mehé 8@t % nsiuh, es operties are stored in "’
a di sc dat abase 7786, \Allrlléich itgfanaglsom fggggﬁcvxf{%e{ﬁgs gée%ﬁfreé?ﬂ‘?gof discs -
780. This headdn thé bead staclepssentiy age SupratbshRend sek Z%%mﬁ&f each of the

di scs 780, dﬁa%abagf 776 includes the serial nunbers of each recording
sur f ace® and2taPase &f4-eAp siinensisraag felericated apeistially seafabWOs@E4158955 - 23 2 5

SEP 2003 R that recordi ng surface. For exanple, database 776
can be for n%%gggﬁgaq&o‘gﬁ ntoébﬁ‘éq??f%ﬂgi(‘élgeeoééhe gliderabppositeto i s
associ at edthw teldd Y WeRPBIAEAIB o ties. ri.ng.operation, disc
handling arm 770 retri eves one eg§9’tfﬁit§ sglng{:xg& e’r?&%&&*&%&%&%aa nodul e
764 and papwepertibeofleach headiinidatatidse gr4pattern - reader 766. I nformation

pja”f*itern reader é66 decodes the information pattern from each recording
surface of the GPREONRH7Faderermings if thefresuttiriodneadadlise combiRateat r ol | er 772.

The | nfoor ngdl,e4 pp&tlﬁc%ranre%grndixblg system having desired properties based on

predetermined criteria and/or input from a user. If so, spindle controller
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 séindle 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'. |



decoded in several ways. One nethod is to read back the informatiorf $0SEP 2003
pat t'er wdyosssesd ecting a | aser beam off of the r ecor di ng peyydsassizand usi ng L
the Kerr effect to detect rotation in the polarization of the beaminduced ..
by the thermally witten magnetic domains. Another nethod is to place the "
retrieved disc on a spin stand and then read the magnetically encoded
information pattern through a magneti.c. read head as the di'sc is 15 rotated
relative to the head. In this enbodi®nt, the information pattern can be
formatted during the thermal witing process to appear as standard
magnetically wiftten information, as that shown in FIGS. 8-11, for

exanpl e. BRSERERISs eRRPINideddinestly paconsrollerd4d fogcoraparisonadth cont r ol | er

20 772 retrj eves correspondi,ng nmagnet i gpertdi es from di sc dat abase 776
and conpar éislgpﬁ(ipseégﬁ?gblgeratraldgetgaﬁﬁ%n{%%ﬁ%%ﬁgﬁ?@'pr operties of the
recording head i sthrihisoB0 R et Gelcers! e BarRaI1LL: '

properties of th éhgcorsdi ng heeads gresst(%%g(rj I n h‘glg&;gﬁggaggg%%gase 774.
Recor di ng headdclaesctodiseis mounteebon thespdndletta@khizveandiédingl i n whi ch 25 one

or nore recording heads are supported by individual suspensions. "An
exanpl e of T&cqTEing pedenmarcedaprych Beaghdish combmationt. The head st ack

W o0, shoss <o TSI 5 E i RaGhls ME WOtRshd BRlRod Mg SUSBILTTOM
arnms 114. %a@&dﬁxggr:fa %@&Pbsaﬂnéﬁt Hahk ?ges\é’hf thvantibRS %e&rgé%ob?&or di ng

surface on each sc to forma head-disc - conbination e structural

and. magnet iperfopiredasiontd aeferpblyhof the anapretic diwdd a dist kieiveeatlt stepck assenbly
are stored in head stack assenbly 5 database 774. As the heads are
f abri cat ed 804 amagaretiy chasagtepisac b thedlecorshing snrface isypeasited. Whis t en on t he

| eadi ng, edgr?agor];enicr}:?\a?allclte(zjnesrti’c ARRRALHE r}1aC)gnetic coercivity, magnetic

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 .~



the read and wite transducers. This serial nunber.is used to track215h§E”[’> 2003 :
pr oper WQQ/58955each head in database 774. . Controller 7 Tee968 683 Meg €S 1 he "
resul ting. head-di sc conbination 10 would produce a recordi hg sysStem having .
desired properties based on predetern-dned criteria and/or input froma -
user. I.f so, spindle controller 772 directs arm 770 to provide the

selected disc to spindle assenbly tool - 768. Spindl e assenbly tool 768
mounts the sel ected disc on a spindl-86- such that when the s indle assenbly -
is merged with the selected head p 15 stack assenbly, the recording
surfaces Oéitﬂhe Cjel ecgte disc are paired wth the respective heads in the
sel ected head dpdidedin TR HOIT pettermen steebdiinvesasab@idagr di sc from

port 784. dibcih | R ead-di sc__conbi pati on woul d have less than a .
desired perf%r&ngﬁggél%é%ééllgcgrggﬁf?%% dmagneticdaraetesiste afthe70 to return the

sel ect ed diedertddorepording $dad2Pr ¥ : sgkects a different disc from
port 784 and provides %he di sc eﬁgzggﬁg]%éfgﬁcﬁﬂ?@ﬁn%mldm& Thi s
process reﬁ?é’@tasdﬂm‘edlreeozsl@gpéﬁfdmﬂhﬁéﬁftsfgp Qiéctﬁe%&icf%gnt ed on the
spindl ¢ The spindle can then be nerged wi'th the head stack assenbly in

subsequent™ PFEU |1$Co‘ﬁ rgownted qma ;pimﬁdifmemsh smm¥rmith@d¥sb@ﬁng6tiC y
properti esyf e_gncode , the surfaces of the discs, disc
dat abase 7761??293%8%{&8%31@@6#32@ §ﬁg ?%ﬁﬁéwlélrﬁgr}@??ei-dises- are read by

i nf or mat i @ombatdtRITWwosRIRGt K 2 P,.2003 WD 00/ 58955

PCT/ US99/ 31200 - 25 pr oper ive%ﬁeatrﬁeeh&;;efscl)l\%dgrgggﬁﬁilf‘gcmr§°rtr’631%,‘8n%tr%ﬁl’ er 772 for

conpar i so¥16i tha retrieved mupsrdticetisd 13 reaathed!Bake? ' 774.
Appar at uslﬂgo t herefore selects the particul a?ﬁ?ﬁ%@%ﬁg?%%g%éfder at

whi ch each §iRSESSS retyams ustep 8l Aevharemaiotheranaghictiv dis i6 eskieped
10 from the disc caddy for comparison with the magnetic 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,



s recordi ng performance for each head-di sc conbination. FIG 17 |52a5f$§yv2003
chart iyd stadsbat i ng a di sc processing nethod 800 (accordllqgr{,

enbodi ment of the present invention. Process 800 is performaa pr| or to
assenbly of the magnetic disc in a disc drive. At step 801, a nagnetic
characteristic of the recording surface is neasured. This 10 .magnetic .
characteristic can include magnetic coercivity, magnetic nonent and/or

ot her physical paraneters, for exanpt®- The neasured magnetic
characteristic is then stored in an el ectroni c database, at step 802.

Wthin the database, the stored magnetlc characteristic is associated wth
a uni que s&72410ridh501-563, 60E6604e601-@0&@71@;171Zamtlumthahagnsmdlsét 15 step

W thi n t he TSGR S D20 264 430 408, STma0tg Aot 655, 28 {ne
Gesoct at ed b SEALANLR AR TR BY B IRd Lintlipnpxt stege of the di sc

drive production process can eventually be

paired with a corpakicbhiodinwer thendead. fu%hé%-llﬁelua%s ét%nﬁ fihgw char t
illustrating a nmethod 810 of pairing a recording head § a recording

surface?’ asuesstreryphysioalehardvoetistienin aof electronjir datelbdse |7lmentii on. At step
811, a recording, head i s selected for., assenbly into the disc drive. The
di scs wi t h 3peeFingihe physical charpetgaistic artha wﬂpéaeraalém@b%r for the di sc

caddy, at $LER4 Suffgﬁc]esfl%pﬁ&&nﬂ?@gle&rgb %gtg% gi‘l discs is retrieved

fromthe d| SCc ca or mat’i on els)? Bhcoded on the

recording Wﬁ%ﬁs%ag&i&&é‘ﬁfén@&déd&ﬁhéfecb@d %@7 g step 814. The
neasured nagnetic characteristic, which is WO 00/ 58955 -26 2 SEP 2003

PCT/ US99/ BJA&Iwnatxyely; tl‘maneamledcpé'drsmal ¢heeattekistidtselbis qmbtled nor stored in

an associ at ctrom c d7 r‘forrpared to a magneti
char act8ri & ?EeCGF g\gesurface 1 w1t n'the rmation pattern 220,272, 410-

414, 501-503, 602, 604, 651-653, 710-712. The information pattern 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-




sel ected recording head. If the resulting head-disc conbination wo Ve "
3 gehn

a desi WEP0/s88%r di ng perfornmance, at step 816, theretrie .
¥R El

is mounted on a spindle for assenbly in the disc drive ecordi ng

head, at step 818.- If the resulting head-disc conbination would not have:

the desired recordi ng performance, at step 816, the retrieved nagnetic
disc is returned to the disc caddy, at -step 817. The process returns to. .
step 813 where another magnetic disc-3% retrieved 10 fromthe disc caddy
for conparison with the magnetic characteristics of the selected recording

head. Thi sypp ' epea t] ||l of the recording heads in the
head stack asgﬁ f/)h?g{epgﬁs? i@gﬁ%@h&g S%]Zéﬁiabdgsﬂé&msdtiagecsmﬂﬁ&e and the
spi ndl e i sniagrieyicabhaeAHpd e . rged with the head stack 15 assenb.
"ly. In oneag:rrbodi nent ,ﬁ%ﬁgd}gilg%?ls%ﬁqﬁggnﬁ?% i6f {P@ 2081 6402814, ecor di ng

surface ar Zlﬁwdﬁgﬁﬁﬁégct@@fdﬂMeMbgfﬁ#éftﬁégisw&negdﬁmItggée. head. Rather,
each surface |$ pl.aced in predeterm’™ned perfornmanc c it fies, and a .

category i ofehf W‘gé?e%dsll&h%édoma¢mnpaﬁmdfmrﬁggﬁépce-or ot her wi se
itten on the recording 20 surface. This

. o = b
cateqory | dretesBEl Ot dhagraatic Qe fad e revordiogdeddnhe surd g i th 4
head that aist0®e040870 ‘?’g?%ﬁta‘?{&?%@th n recraordi ng surface in that
category. In sunmary, 6ne aspéct o Efr}%&ﬁrég%" Ing RoathdiGare Bleat es to a

met hod BO@SéeHlbi&nhHsmertgs@dﬁﬁell@Dbﬁcldt}%t@&agg\géc 670, 314, 714 and 780
25 prior toﬁg&genbly of the disc in a disc drive sgg‘r’: senbly 100. The

met hod i nci® ngdeadfprm achealdydisc abmbivarthot, er i stic of the magnetic' disc
106, 204, 670, 314,414 %gd 780 anfd encodi ng an inforination pattern 220, WO
00/ 58955 -27 2 SEOVBFFSPERRILIBE Presepdnvention relates to a magnetic

10 disc 106, 204, 670, 314, 714 and 780, which includes a magnetic 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. '



272, '410-414, 501-503,..602, 604, 651-653, 710-712-within the rragnet'cy%qt.zgug
© The' i n{ya goxsbssn pattérn 220, 272, 410-414, 501-503, 602 pcGfiskessizbe 653, 0-
712 is associated with the neasured physical characteristic. In one
enbodi nent, the nmethod further includes storing the 5 neasured physi cal
characteristic in an electronic database 776 and associ ating the physi cal
characteristic with a unique serial nunmber for the recording surface 715,
within the el ectronic database 776. e serial nunber is magnetically
encoded on the recording surface 715. Alternatively, the neasured physical
characteristic itself is encoded on 10 the recording surface 715 within the
i nfor mati on pat titisrtodeoinderstood that even thougls 0860216 0haBEter68R;s710- 712.

The. informatjon pattern 220, 272,.410-414, 501-503, 602, 604, 651-653,
710- 712 15 R HER RS arate £ SRS Of (Bt BFIePE JFEAmUARABYS o domi ns
220, 272, 410 }- . 51-.65 . recordin

surf ace 71?%teéJsé%é’g?}‘e@‘gt?‘gggg?o%‘%gsfa%r"g tv%v’ﬁeﬁaeg ‘ﬁ%r#@%g%ﬁ% > 310 672,

732 whil e expesiRGrHdRINCHEA Of $afigus Unbaainddts of Sh&ifReRRIH, ¢hisi el d 208, 674,
740 having a magnetic field strength that is greater than a nmagnetic

coer ci vist y disclohimessiilhstrative Snlptandhasgesmap detraageimtletal,and is | ess t han
the magnetic cqercivity at- | ower, anbi ent tenperature. 20 Anot her aspect
of the pr eseéH?Cl?{Wé‘hm%Wr? %?%f‘é%mf%a'ﬁﬂ%’?%%ﬁin@l@f(ﬂaﬂ%@@%lthﬁg conponent s
of a magnet/.¢. di Y . : i 5 ' a recording

head 110 f rrg%cgg%%g%ﬁ% ﬁrieégx?i%q;gﬁ%é@%]ﬁ%éull%S%Q\?ﬁ%ftg#egf%kgﬂ ¥ ecor di ng head

110 has a r5ighe 'ﬁeﬁm&{e&%%bﬁtt}i&enﬁ@‘_in WA AR LbippenAal (Pdith 4@ 272, 410- 414,
501- 503, 602, 604, 651- 653, 0-712 25 is read fromat | east one of a

plurality cxpuesgadi For exauplel 9arior9types pbinfosnatidn pattedny&h bei or to

assenbly of  the disc within the disc drjve 100., The informa{ion pattern
220, 279, zfiler-rm@y ox gthespyise Whbendg dhe gisq Syace inisonrsarmesngBghe o5

present invention. The disc can be a traditional magnetic disc or a
magneto-optical disc, for example. Various types of recording heads can
be used, such as inductive 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. WO 00/ 58955

(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:



-29 2 5 SEP 2003 PCT/US99/31200 It is to be understood that even thbu§EP 2003
numer ous characteristics and advantages of various enbodi nents of the
present invention have been set forth 'in t he foregoing description,
together with details of the struct ureland function of various enbodi ments
of the invention, this 5 disclosure is illustrative only, and changes may
be nade in det &(1)thepagly hsating p plugalits of magnstic domains andhgreeorgimgnt  of
parts 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; measuring a magnetic characteristic of the recording surface, and

10 the encoding step (c) comprises encoding an information pattern within
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



(c) encoding an information pattern within the recording surface prior 10
to assenbly of the disc in the disc drive; and (d) associating th FShSEPczom
characteristic with the information pgétern within the electronic

dat abase. 2. The nethod of claim1 whePein: 15 step (d) conprises

associ ating the physical characteristic wwth a unique serial nunber for
the recording sur(ﬂgé‘%?emhﬂmﬁ the mageetic disgring thetrgbersiing head imitine tise
encodi ng step (c) conprises magnetically encoding the serial nunber on the
recodi ng surface. 20rive suple that thedmagneticdisc andhdearecording bead myast ep (c)
conprises: (c)(1) magnetically encoding the information pattern on the
recordi ng surface. headrdisogomhbigiatibnc| ai m 1 wherein the encoding step (c)
conprises: 2 5 SEP 2003 5 -31- (c)(1)thermally heating a plurality of
magneti c domains on the recording surface to an elevated tenperature with a
| ight beamwhile exposing the recording surface to a magnetic field having
a magnheti c #i €hel mathed gf hlaim wherejndhe énforimation paitpmatis magmetically ty  of
the surface at the elevated tenperature and is |l ess than the nmagnetic
coercivity at entasiedron tirbinagnetiediseraatdithe. readirphste ph)hminmfisest ai m 1
wherein the measuring step (a) conprises neasuring a magnetic

characteri sti c(bifl) t teflectingadpolgrized Hglocheaan dff f thé disenmatide@cthgp (c)
conprises encoding an information pattern within the recording surface,

whi ch is associ at edratatibn tofi¢cherpglaeized lighhbeamntindiuséd by the niagnetibaity of
assenbl i ng conponents of a magnetic disc drive, the 15 nethod conprising
steps of. encoded information pattern.

10
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



(a) selecting a recording head for assenbly into the disc drive, wherein
the recordi ng head conprises a magnetic characteristic; (b) readi 8ch SEP 2003
information pattern fromat |east one of a plurality of magnetic discs
prior to assenbly of the disc within t83-disc drive, 20 wherein the
information pattern read fromthe disc is associated wth a magnetic

char act eri st i c(i2)t bempdiing th¢ dpcatddemeasuyret dfahempagtetic diasacteastiassenbl y
into the disc drive with the recording head based on a conparison of the
magnetic char act er withi the magndtie chegneteristidiof thanetortimgrieser di ng head; and
2 5 SEP 2003 -32- (d) assenbling the magnetic disc and the recordi ng head
in the disc drive such that the magnetic disc and the recording head form a
head- di sc conbination. 5 7. The nethod of claim6 wherein the information

pattern is niyfbe imethbg of eltmdRdrhereiti lthe iRyRBLEION Patterans nidpetioglty ng st ep
(b) conprises: (b)(1l) reflecting a polarized Iight beamoff of the disc

and dei ecting entatedam tie miagneiit disczedl tepgésente amriiqde sedalyuinber for
magnetically encoded information pattern. 10 15 8. The nmethod of claim®6

wher ei n t he i nflor maghetic ﬂfﬁcta&f&wh&rdmgﬂ@i‘éaiﬁh%ﬁepe(meéﬂl@rﬁes:t he magnetic
disc and the reading step (b) conprises: (b) (1) nmounting the magnetic disc

on a spin stan)()hdedoding theatique sEpRAD GLUNheresin RBa thadtéticallp AR t O
rotate the nmagnetic disc relative to the nagnetic read head; and (b)(2)

readi ng the magnet i tdbhatidie paedm;fr mat i on pattern through the nagnetic
read head. 9. The nethod of claim6 wherein the information pattern is
magnetically (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



e

20 encoded on the nmagnetic disc and represents a neasure of the nmagnetic
characteristic of the magnetic disc and wherein the reading step @b} SEP 2003
conprises: (b) (1) decoding the neasure of the nmagnetic characteristic from
the magnetically encoded information ®attern; and 2 5 SEP 2003 -33- (b)(2)
conparing the decoded neasure of the magnetic characteristic with the

magnet i ¢ char agfepr(tpséf sele@tinghfie iBagHelicisb 8aGhpris@: The method of claim6
wherein the information pattern i s magneti cal Py 5 encoded on the magnetic

di sc and represent s(ci1}NpRABTHSEIE ikt Hlﬁﬁﬁ%ﬁcfd?éc)érgat%gnlnclf}gqgﬁﬁés%rﬁﬂl Gpand

wherein the reading step (b) conprises:” (b) (1 ec e uni que seri al

nunber from the magneti cgld aisglamg%g_pgrp?pﬁ@géﬂldgﬁ&ﬁ{l 'S%ﬁ&(r;l ot b) (2)

retrieving the nagnetic characteristic o magneti Cc om an

el ectroni c dat abase bas e%tﬁ&ﬁl@%l&? gﬁignﬁggg@@afscnghg Q%s(g?%%dgggggégdw t he

decoded magnetic characteri sti netic isc romthe

el ectrgpni c dat abase wit hyt bg il teristic of the recording
head. 15 11. The met hod %l? c?gla%%gh\&/-\lges}ﬁlﬂﬂa%oﬁédj step (b) of reading an

hes . . . eadi !
corpr (s (b3 NSRRI URRH O P B 8 2o,
s gec%g die J}!tueq% ax{a%figtﬁf g;&gﬁg@% gisglsrﬁg@e 30

caddy; (b)(3) reading the intormation nmagneti c
| magnetic 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.



di sc; and (b)(4) conparing the magnetic characteristic of the first
magnetic disc that is associated with the information pattern tgggp
magneti c characteristic of the recordi head; and 2 5 SEP 2003 - 3 pr
(c) of selecting the magnetic disc co'n;ggi‘se: (c)(1) placing the first
magnetic disc on a spindle for assenbly in the disc drive as part of the
head- di sc conbination or returning the first magnetic disc to the disc
caddy, based on the conparing step (b)(4); and (c)(2) repeating the

readi ng st e blire mathed of slaimctd wherain gh¢ magnstically encastiug step @ t he
plurality of magnetic discs if the first magnetic disc is returned to the
di sc caddy in eempriges:(1). 10 12. The nethod of claim6 and further
conprising: (e) magnetically encoding the information pattern within a
recordi ng surface ofe)dheexpoging the rgcording siivface to aenagneyict firdd hamfrgg arat i on
pattern in step (b). 15 13. The nethod of claim 12 wherein the magnetically
encodithg step (e) 20 25 wwogpeticésld stength)thakisdessithdarha magrmtiti ng sur f ace
to a magnetic field having a magnetic field strength that is |less than a
magneti c coercivity of c¢dercivityfofitlee arface ahdm eambieetieanzdratuereandl gr eat er
than the nmagnetic coercivity at an elevated tenperature; and (e)(2)
thermally witing a pl urgieater thAnrthgmeagretidooercisitpat ahelevated

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.



recordi ng surface by individually heating each magnetic domain to the

el evated tenperature with a |light beam while exposing the recordi gm 5003
surface to the magnetic field. 2 5 SEP_2003 - 35 5 10 15 20 14.Th o]
of claim 12 wherein the magnetically e odi ng step (e) conprises: (e)(1)
exposing the recording surface to a magnetic field having a nmagnetic field
strength that is less than a magnetic coercivity of the surface at an

anbi ent tenperature and greater than the magnetic coercivity at an

el evated t dipEhamagneticaliseyf dsim dbngherepufirsdfinfommationgpatiorg meahsice to a
i ght beam through a pattern mask, wherein the exposed areas are heated
to the el evat egompnipes amwmengdl reprelsentadionrafithg physichhckanasterigtiecsed t o t he
magnetic field; and (e)(3) renoving the |light beamfromthe exposed areas
after the exposed areas are heated to the el evated tenperature. 15.A
magnetic disc conprising: a first magnetic recording surface, which
conpri&es a 1#h¥ke megnetihaliscofelabn ild ambifiatiércmpmrdingnati on pattern,
encoded within the first magnetic recording surface; and neans for

associ ati ng t he physiseedndimgaetie resirding/durfadehehiich & oppozitertorhe dinstpat t er n
in an el ectroni c database. 16. The magnetic disc of claim15 wherein the
first informat magnptic rerarding surface and comprises a physical magnetic

characteristic and a second information pattern encoded within the
second magnetic recording surface; and

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



conprises a serial nunber, which uniquely identifies the first nmag ié Zih
recording surface. 2 5 SEP 2003 - 36 17. The nagnetic disc of claifmvl EP 2003
wherein first information pattern means_ conprises a nunerica
representation of the physical charactéfistic. 5 18. The magneti c di sc of
claim15 and further conprising: a second magnetic recording surface, which
is opposite to the anelectrondgdatabase sddehiasspaiates doe phmdligoopunises a

physi cal nmagnetic characteristic and a second information pattern encoded
within the se8uirl mughers withdbe magngticnhanaceriatics dDtheaespedtive associ at i ng
t he physical characteristic of the second nmagnetic recording surface with
t he second i nf ogoerdingsusacesern within the el ectroni ¢ database. 19. The
magneti c disc of claim 15 wherein the physical characteristic 15 conprises
a magnetic characteristic of the first recording surface. 20. A magnetic

di sc assenbly kit conmprising: a plurality of magnetic discs, wherein each
magnetic disc conprises a nagnetic recordi ng surface, which has a
measurabl e 20 nagnetic characteristic; a plurality of unique serial
nunbers, wherein each serial nunber is nagnetically 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 2 5 SEP 2003 -37- an el ectroni c database which
associates the plurality of unique serial nunbers with the magnetic
characteristics of the respective recording surfaces.





