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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
benefit oWwodWsiogexieé St at es provisional patent application srm/esosnweber

60/ 371,953, filed on April 10, 2002, which is hereby incorporated by

ref erence. BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON [ 0002]
The invention relates to field of disk drives and nore_ particularly to

met hods f aqg h@mﬂcseAﬂoigmenmnMammengc ofr dards D2 sSkBSCR PTI ON OF
THE RELATED [ 0003] Hard disk drives provide prerecorded tracking servo
information on the data recording surfaces of their magnetic hard disks.
This servo information typically conprises servo bursts spaced evenly
along tracks. Data is recor |_bet t rvo bursts. In nost cases,
servo OROSSREFERENH af' P ﬁ%ﬁ%é?%@l al alignment nmakes them | ook
like t o?ﬁ%%ss Upg NEcAREsh - c M thenseity ®of huristed aseapeer ecorded by a

| i near "actuator, the spokes are perfectly straight and follow a radius
"drawn fremi spprakipetetty apel iatkien | seieFali e ¢/ Ihkr aPdk' s
circunference. If the burs re witten r.o of,, the servo
bur st s Fid9bwh HPEt v 't%iogbt"é}?vzh act u}g%%%y[%)%%%fpﬁgéﬁgg %ger ation, the
di sk drive mmgnetic read/wite head flies over the spinning di sks and
reads information 1

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0002] The invention relates to field of disk drives and more
particularly to methods for writing servo tracks on

magnetic hard disks.

2. DESCRIPTION OF THE RELATED ART

[0003] Hard disk drives provide'prerecorded tracking servo
information on the data recording surfaces of their
magnetic hard disks. This servo information typically
comprises servo bursts spaced evenly along tracks. Data is
recorded between the servo bursts. In most cases, Servo
bursts are radially aligned. This radial alignment makes
them look like the spokes of the wheel. When the servo
pursts are prerecorded by a linear actuator, the spokes are
perfectly straight and follow a radius drawn from
approximately the disk's inner diameter to the disk's
circumference. If the bursts are written by a rotary
actuator, the ser&o bursts follow the arc of the rotary

actuator.

[0004] During operation, the disk drive magnetic read/write

head flies over the spinning disks and reads information



WO 03/088216 PCT/US03/11407 fromthe tracks as the information passes
beneath the head. This information includes both data and servo

i nf or mat i W@ 03/8g116r ded in the evenly spaced servo bursts. PUTRUSSN D7
information tells the disk drive servo systemwhere the head is in

r%ﬁﬁﬁ %é%{r&@kér agkthp onfermébabntpescéskberdearh shevbhesgst em may adj ust
t He head's radial position to keep the head on tr,a%k center. [0005] The
seris bimEosmahgobe includes bath daBprsknd S8FYAceRLGEMAGI®™Vari ety of

techni ques. . The, nost ¢ n haod. i i terhhRessekwo onto the disk
usll"eff@o%’#% dilg‘k'%ﬂ?i $¥'e§£%pa?r§énggrgghgggs‘§%nt rolTed typically by an
ex{Lf Hahhyiohnteoducedepticker dihat geaspssybeedr whers ftdieary actuator arm

upon which the read/wite head i s _mpunted. An. external., nechani sm
i rime@drei:salihyrﬁﬁ@@éoﬁlhéoartﬁﬁmﬁifﬁékotlﬁePrgierrcGihta§ %&?nﬁdﬁg?t he disk drive to

wite the servg rst Anat.her Go M3 eV esdMiididiy det hod
co¥ptTSe8SW Pt Fxg’%ez“e?“\%[ ggaglsg ggl:eoﬁteﬁg di sks al rgj;adyl assenbl ed onto t he

di skep dE h¥enepidndne dusckpientetra t he di sk drive spindl e/ di sk conbination,
al so %nown as a hub/di sk assenbly ("HDA"), being assenbled into the disk
drive itself. [0007] A newer approach nounts a |arge nunber of disks onto a
Sﬁqoﬁﬁ]a@ﬁea%@rw tRE-dthe e ve huristterondrrald afsk hensatfacde same tine.

T

s approach, also known as "nmultiple disk wite" él\%\/l saves noney due
t ous hegnentyer ist Ydick £ 9 dus%e wiltd dPsh THESRANESTRRR. *Povever, /this

o R R S e S e e Sk ar 6 spi mdl'e at the time
sepygnkitaek hearce ammttalled typically by an externally '
introduced picker that grasps the drive’s rotary actuator

arm upon which the read/write head is mounted. 'An external

mechanism incrementally moves the arm while other circuits

command the disk drive to write the servo bursts.

[0006] Another common servo-writing method comprises writing
servo bursts onto the disks already assembled onto the disk
drive spindle but prior to the disk drive spindle/disk -
combination, also known as a hub/disk assembly (“HDA“),‘
being assembled into the disk drive itself.

[0007] A newer approach mounts a large number of disks onto a
spinstand and writes the servo bursts onto all of them at
the same time. This approach, also known as “multiplg disk
write” (“MDW”) saves money due to the number of disks that
are written at the same time. However, this approach,aléo
introduces a number of problems due to the fact that the
disks themselves are not assembled onto the disk drive

spindle at the time servo tracks are written.



2 WD 03/088216 PCT/ US03/ 11407 [0008] One of the problens is that the disk
must be nounted onto the drive spindle in the sane "orientation” it was
witten. warodassaipl e, if the servo tracks were witten by pGa/usoBar47
actuator, the servo burst will be arrayed in a arc that follows the arc of
t heooserotee toAickher preblems s dehat tihe edtsk utkss e ompunted properly, the
di sk drive's ,actuator._nust be alilgne tp traa,e/ers,e t he same arc as the

sEVeP tihe kAT YE eFPIRALSr R CRRATATRI ORI THE di §k¥%5nust be nounted in

t & SATE, OF | 80 abkaRpYLS- 8 Vife! Bor ol Skradki vReBeantuaten bpey were
vis-arvis, the servo track” witer's actuator. In nost cases this is
accamtasheskcbyatassuthagsehue budsskwilitbp"asyayadeimhénake is mounted in

.the servo track, witer al be the "top 4 e en that sanme disk is
motrRedt S H PR E%“Ekaﬁ‘?i 9%. gﬁﬁoﬁ@fvﬁ—gﬁ%gﬁd%g%%%ém oCcars “When two (or
&) rSMENRER- sEcer BadsVEVhebpks1al ecneudti el dpigesisngl e disk drive. Not

~only nust the arcs of both disks be aligned, but also the tracks
t hensedves whotl debalégbstahpi rpyeabeghBe StEEt PESl IBF tigat is, the tracks

of one di sk nust.be_ substant.ial opget yue Lt h tracks.,Qf the other disks
s@%rv?h%fa?]ﬁevrf-g%”' a?flgﬁgéﬁ%cw?ﬁdgfﬂég %?Ct i'stt}rrléen?é%‘,k%t he disk drive
CaRusW b&hnbehveania heedsteadorgentatiexamilsea-vtiradkel @ikkon the top
surface of the topnost disk, tqQ a_ head readi n%track 1000 of the top

sulfice' of acheaRekt LHFYKWErR VHE -STHER W‘ten(ﬁ?tr ﬁe&gﬁarﬁj‘t_o performa seek.
| Tt Diec, T £SRECHLYE,LT AGks migke caanl thaantly JBsaldanatkd mpome  fashion,

ing between them w thout performng a see

assuring that a disk’s “top” surface when it is mounted in
- the servo track writer also be the "top" surface when that

same disk is mounted in the disk drive.

[0009] A second problem occurs when two (or more) such pre-
recorded MDW disks are mounted in a single disk drive. Not
only must the arcs of both disks be aligned, but also the
tracks themselves should be substantiélly aligned
vertically, that is, the tracks of one disk must be
substantially congruent with tracks of the other disks such
- that they form “aligned” cylinders. In this manner, the
digk drive can switch between a head reading, for example,
track 1000 on the top surface of the topmost disk, to a
head reading track 1000 of the top surface of the next disk
in the stack without needing to perform a seek. If the
respective tracks were significantly misaligned in some
fashion, switching between them without performing a seek
or some other alignment technique would not be possible.
The first thing the drive would need to do after head
switch would be to find out its location. This may even

require it to seek a track "O0" in order to recover a proper



or sone other alignnent technique would not be possible. The first thing
the drive would need to do after head switch would be to find out its

| ocati on. whhi3psssay even require it to seek a track "0" i rrcargk®s/11407r ecover
a proper 3 WD 03/088216 PCT/US03/11407 track nunber. [0010] A third

priohl am.caused. by witing servo data while the disk is nounted on a
different spindle is track eccentricity. A hard disk's inner dianeter has
a tolerance specification nuch higher than the track eccentricity,

Sﬁﬁ&i ﬁizﬁa«&dﬁ%dofgr%i%mdic%s@ai ¥6 Ger¥ensyskewd. dbt o haidieSknd s mounted on
tHe i sk drive’ spindle in a manner that is significantly off center from
t heigvayi & tmeastedi bhen difffkeensespongdet @8, tERCK | | . exceed the drive's

servo system eccentricit | er,ance. il di_s ri ervo systens
R o L g e (Ui

o %@é%%f&&ﬁibﬁ' RULARCES gHehesaaheed el emeakd ecaysitanicihgve stroke linits far
el‘ow

e highest tolerances for hard disk inner dianeters. [0011] Anot her
pr ebéeif i sat henanguimes taldighmerd vef sere s EMagems - shb f one disk to
another. |f _the ul.ar i.sal i, gn j-S. t. 'ive cannot
r e} § aBPYEGFt OF %ﬁ%agglsfkr orgrﬁ%%ﬁe%d{éﬁl%sdt}r égggtgﬁagﬁé?%g%%cla%ed on a second
di skqnf £023htAycurerieractiem frofe achi eMi nasuchi atégnomnthés to  bias
al | ?he disks in the MDWservo-witer against the -servo-witer's spindle
hubeswot Wat teaeh i1 wild @Peed iTiiferd ™ W ARt ¥ Ar&Y Vet cal Iy al igned at

thgc 859%i8§t9°%%%@fance. While most disk drive servo -
systems have eccentricity feed forward mechanisms to help
increase their eccentricity tolerances, these feed forward
systems have stroke limits far below the highesg tolerances

for hard disk inner diameters.

[0011] Another problem is the angular alignment of the servo .
spokes from one disk to another. If the angular |
misalignment is too large, the drive cannot reliably switch5
heads from one disk surface to another located on a second
disk.

[0012] A current practice for achieving such alignment is to
bias all the disks in the MDW servo-writer against the
servo-writer’s spindle hub so that each of the disks’ inne;’
diameters are vertically aligned at the point of contact
with the servo track writer's hub. Thereafter, when these
disks are assembled onto the disk drive’s spindle,

alignment of their inner diameter’s contact points that

abut against the disk drive spindle hub causes them to have

the same vertical alignment they had in the MDW servo track

writer. Depending on the precision of alignment of the



with the servo track witer's hub. Thereafter, when these disks are
assenbl ed onto the disk drive's spindle, alignnent of their inner

di amet er' wocwossaat poi nts that abut against the di sk dri versysosdi4e? hub
causes themto have the sane vertical alignnment they had in the MDW servo

track witer,. endi.ng_ on t 1St |5 gripent the 4 WO

0 S 1FdE 161 I'U%tg? m"gfe%‘f%ﬁr%}g&lﬁh@he 1'll\?lfél)\/:\L/ﬁsJervo C%ga]%:k witer and in
t R sdisk fid iepornehapered el g et drhe hatspewe: nespeetvoe servo bursts
are witten by the MDWservo track witer, the alignment of the inner
ditamettey aontwct thon by theitMht P yE @y et $Yr at*gns the tracks of

respectiv di sks_int he. yddpdes ad on the servo-track
mﬁsltleqnmefrg‘bl%ﬁ THe %:%ﬁ?/%n %ona:e]\'(/:va%/d)to a‘?i%ér}f%{%% di sks onto both the

S M e W ¥ t @6ngideflt 5% all iges sphadiesclkss ¢ohateshecsawe portion of the
di sk inner dianmeter contacts each is to.mark . the disks with a |aser prior
t olitdies rime? nghe oBded BK%W@%S.%WVS]%?@OC’%E]E? WrFY8r T Fhe& hunan oper at or
‘or rotbo]'_; that nounts the disks onto the MDWservo track witer optically
ir%rpjeﬁs'the mark and places the disks onto the hub with the mark, for
exanpl e, being at point where the disk inner diameter abuts the servo

U1 AGk VELL CEo b, . ThE8aUEy i 5o d9Ignthal BiEKdl BkecABRLEDWNERd on the di sk
driPUI hilpe C(fIE) ﬁf-lr \?\/Zverytﬁe usegof a laser marking tool presents
seyervb - probk ewsitéheahdsdl skadking spahdlare sexpérdi wée @m@dsul ky. They
requi re substantial clean rogm space. Diff%rent oal s .are rqguired to mark
gl Best Hod @f ckbp disk inner diameter contacts each 1s tO mar

the disks with a laser prior to their being loaded onto the

‘MDW servo track writer. The human operator or robot that

mounts the disks onto the MDW servo track writer optically

inspects the mark and places the disks onto the hub with

the mark, for example, being at point where the disk inner

diameter abuts the servo track writer hub. The same is

done when the disks are mounted on the disk drive hub.

[0014] However the use of a laser marking tool presents
several problems. The laser marking tools are expensive
" and bulky. They require substantial clean room space.
Different tools are required to mark glass and nickel
phosphorus/aluminum substrates. Finaily the use of a laser
marking tool adversely affects effects drive reliability in
a number of ways. The large topographic relief of the
marks at the disk inner-diameter can lead head crashes. Inq
addition, the rough topography can lead to the debris

generation which can also lead to head crashes.

[0015] Thus there is a need to permit multiple disk writers

to write the servo bursts of a large number of disks at the



phosphorus/al um num substrates. Finally the use of a |l aser marking tool
adversely affects effects drive reliability in a nunber of ways. The | arge
t opogr aphwo o3@issmaé of the marks at the disk inner-diamet ecesvshead head
crashes. In addition, the rough topography can lead to the debris

generati on which can_ alsa |lead to head cras - Al 5] Thus there is a need
tosﬁ@?nﬁ‘mﬁul‘”b"ilglee TRt PSS grassertso%v?/r im[aé:it Egl%sg[%\%géb'ursts of a large
nunmber of disks at the 5 WO 03/088216 PCT/ US03/ 11407 sane time while not
using | asers to nmark the disks. [0016] SUMVARY OF THE | NVENTI-ON [0017] The
invention conprises magnetically recording alignnent marks on a magnetic
ha[)démji slovMERY 8 KCHE GINVHENIEDMN pattern that is not erased by the
subsequent writing of servo data. The pattern's |ocation has a defined
relationship to the location where the hard disk's inner dianmeter abutted

agajoRfl TheS ShMRIMIdEIc SR Jul enduttet (il 1g rerjoratmid t e of the surface.
Wien t'his disk is nmounted onto the spindle of a disk drive, the magnetic
al agnmenenmamarks sensediadnat i® havd deished T8 d83%0hship .of the ali gnnent

mark to.the inner di er, abut nent ty i SCLbSt caused to abut
ag&PRSE 1 ORE & ﬁ(at&relr\%geé%%ﬁ ?lldELlJ e ube%%gfﬂeﬁg}n%é ﬁ%féﬁﬁer di amet er
| 0Gati-QRdt ket seabrs tdsk AgaiTisd et sy nell Boowt tem ' sasiud. [0018] The pattern

may consist of a pattern that distipguishes a disk's.t syrface fromits
bo@@éﬁnﬂ@ﬂﬁﬁ%ﬁtlcﬂﬁﬁiﬁeﬁQﬂ?Qﬁi%ﬁﬁ?%%%nc%?%¥%tgh%fh%?ﬁlagﬁﬁiFy of narrow

anqnngkd%fgﬁgggf(ﬁﬂﬁgééﬂ against a servo-writer’s spindle hub
during servo-write of the surface. When this disk is
mounted onto the spindle of a disk drive, the magnetic
alignment mark is sensed. Due to the defined relationship
of the alignment mark to the inner diameter abutment
location, the disc is caused to abut against the disk drive
spindle hub at the same disk inner diameter location that

abutted against the spindle writer’s hub.

[0018] The pattern may consist of a pattern that-
distinguishes a disk’s top surface from its bottom surface.
The preferred pattern consists of a plurality of narrow and

wide magnetic marks.

[0019] The marks may be written and sensed by means other
than the servo-writer's head or the disk drive’s head. 1In
one form, the pattern is both written and sensed by a
nfixed" electromagnet. In another form the patterns are
"printed" onto the disk. When the patterns comprise low
frequency magnetic marks, they may also be read by “non
contact” sensors such Kerr effect sensors, or ring-typg

inductive replay heads.



[0019] The marks may be witten and sensed by neans other than the
servo-witer's head or the disk drive's head. In one form the pattern is
bot h wri t wero3amsgkisensed by a "fixed" el ectromagnet. |n arratinesosfionm t he
patterns are "printed" onto the disk. Wen the patterns conprise | ow

fr@%@”%&z%@%ﬁéc@zmﬂ@ grhewmmgaiiesbe read by "non contact" sensors
such Kerr effect sensors, or ring-type inductive replay heads. 6 WO

03/ 088216 PCT/US03/ 11407 [0020] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021]
g'g P%‘;‘t 'F?.ﬁgn 18%30981 al:ed JQR WEW S A IPDIeld Gnddfledt i dlitedeghown abutting

hub of a spimdle at the disk's inner-dianmeter. The figure also
shaws ka stagme ot talng ramnmatartdhd dodt erf en s indliaalatexdksdiing from

t he-poi nt of confact betwe t di sk inner _.di aneter_and the spindle hub.
[ 0922k B ¢ PrerSOVaSy o | E@'{er ﬁi%%aatltseor FI5S & ﬂoa%%%la%e al i gnnent

mack s FO023] (Fid 1BShaws G d [distdBtdmemaiier firah thdopdoat surface
al i gnﬁent mark. [0024] Fig. 4 is a top plan view of a pair electromagnets

t hatt et sartd bartiveen arlye, dd Hw Fnweep ekeksalm e spirdle [0025] Fig. 5
illustrates a nethod for photo printing nagnetic narks ont'o a di sk. [0026]
Fi &Pb(i illustrates a nethod for recording magnetic' narks onto the disk
using a high perneability stanper. [0027] Fig. 7 illustrates a nethod for

rocordl N ROl S, o TR kS, 20 6 sh USL PO AN ER! 23 aL9R,6Q el ectively

alignment mark.

[0023] Fig. 3 shows an illustrative pattern of a bottom

surface alignment mark.

[0024] Fig. 4 is a top plan view of a pair electromagnets

that read and write large, low frequency marks on the disk. |

[0025] Fig. 5 illustrates a method for photo printing

magnetic marks onto a disk.

[0026] Fig. 6 illustrates a method for recording magnetic’

marks onto the disk using a high permeability stamper.

[0027] Fig. 7 illustrates a method for recording magnetic
marks onto disk using ion implantation to selectively spoil
the coercivity of the magnetic disk according to an -

alignment mark pattern.

7
\ |

[0028] Fig. 8 illustrates apparatus that detects the magnetic

orientation of the disk using Kerr rotation.



the coercivity of the magnetic disk according to an alignment mark
pattern. [0028] Fig. 8 illustrates apparatus that detects the magnetic

ori ent at i wo wfosshe di sk using Kerr rotation. 7 WO 03/ 08821 TAGIAUE03/ 11407
[ 0029] DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0030] Fig. 1

: 't'[ &2}9%%5??}313%%@9%&%%&@210? ?ﬁﬁ”ﬁﬁéﬁgﬁﬁﬁﬁ EMBGHTMEy P ased such t hat

ranmeter u against t ub 22 of spindle 30 at |ocation
40. Fig. 1 further illustrates a magnetic alignment mark 50 | ocated on
top surface 12 of .the hard disk_10. This.npagnet] [ ocated in a
deflP%% F&F at oﬁi?ﬁlﬁgﬁgﬁe %U?ﬁgﬁgef%‘);ﬁ:é{;{?bng ﬁ%ggﬁgflﬁﬁgltir ated in the
fi grd, foppehsesedubacahhoni 0, inhbe angmetee abi gbuest mark 50 is near
the inner dianmeter 20 and aligned on a radial 24 that passes through both
t heagaingnnehe h’abk28005napab@gﬁeﬁ9 pbcAPFBR120. 4Pn t ALY - danner, the

det ection of-the_alignnen . 50 1.ne heql [ . Appropriate
ro ‘f'i:h‘?ﬁoﬁi}ﬁ,StIﬁ%%%gh%vfnn?gR%rg)l/ét gggﬁﬁ%et ﬁgrﬁi gﬁ gggﬁlt'%ﬁaégt he di sk

| nngsp, dibapehee 20 o@buhe hhedsptisil @0hubTR2 satabneaticomad®: i[s0031] The sane
bi as "and | ocation techni que nay be used for i as-locating .the disk 10 on
ei theraedetRoat AgERNGE FBLaE1085PAR EOoF?’ﬁ P TGRS eS8 HHl e. For this

reason, pi i Rechhownguhef ens pgerriedl hbRitikel fera servo
tra%lg' w%%e%fg!ﬁlgﬁg%gbgr Et o a di é%udri vg Spindle. [0032] A second alignnent
mar kh&3naayebicwail i bemeont matke 50bdist ovmaguthec d st dlasgenf the hard

47 oK 0nal 0083heh 9 8 2a329135l Rl $8 A PTEhRUAS A Grle For the
alignment mark 50 and abutment location 40. 1In this
manner, the detection of the alignment mark 50 determines
the location 40. Appropriate robotic tooling, not shown,
may then bias the disk such that the disk inner diameter 20
abuts the spindle hub 22 at location 40.

[0031] The same bias and location technique may be used for
bias-locating the disk 10 on either é servo track writer’s
spindle or a disk drive’'s spindle. For this reason,
spindle 30 in the figure refers generically either to a

servo track writer spindle or to a disk drive spindle.

[0032] A second alignment mark 53 may be written onto the

bottom surface (not shown) of the hard disk 10.

[0033] Fig.'s 2 and 3 illustrate a preferred pattern for the
alignment marks 50 and 53. The patterns consist of a
sequence of narrow and wide marks. The preferred patterns
consist of two narrow (52 and 54, and 55 and 57) and one
wide mark (56 and 59). Pattern 50 denotes the top surface

12 of the hard disk 10. This pattern consists of two



al i gnment marks 50 and 53. The patterns consist of a sequence of narrow
and wi de marks. The preferred patterns consist of two narrow (52 and 54,
and 55 anwooidjossmed one w de mark (56 and 59). Pattern 50 mtamcsosadi4ohe t op
surface 12 of the hard disk 10. This pattern consists of two 8 WD

03/ 088216 PCT/ USQ3/114Q7 (5 Kk n 1o a w de mark
5enapaPie R Ias ?’% pﬁn]aac%c? g%ﬁtlﬁgl\ggg?&o% g’é? aglg?g:f ggi'sk\é%g.t%ﬁi s pattern

copsi 3%5 9t 2 S eauanee Wt tomnaurdacenof §5skaldi.deThiwr k 57, fol lowed by a

second narrow nmark 59. [0034] Wien a robot or hu %operat%(not shown)
nopats etrine cotissie b0 & tth&eBIFNIFe °§er""v61‘3‘\?v7rri°t‘”’elmagga e IS the di sk

drive_ spindl ub_ 30, givish $4E-dh e hed.op surface 12 is nounted
faE‘iaﬁﬁ 'BJp. "f%( Oe""eu(% bc}{]eadown oa-fafecti on here is figurative only. The intent
is that the disk have a consistent relationship with the rotary actuators

that are_ used in either_a servo fr ' t i ive itself.)
Thédfhgery %éiﬁg%%tarv sl'fLH.‘barf noPreeItaa [ % %dett egn%cgﬁgt Pﬁm%lla?{ %(%é or 53 is to

de%ﬁ@i% ng whether 4 i1 adop wtifacesphidlorobai arhsudfske mar k.
Thereafter the disk 10 is oriented properly when in is gnUnted on spindle
30 dad vet lpsindie Juilh a@, 122 iBUF TP Hrt t HeS otk ofirEtRFEce is facing

down. [0035] Ali Sy 50 Y, {+LepigAat petbe disk 10
Shufi P TR 20800 57 SRyaben el Hhepiont Re

ei thfert Het s nounted Tn the servo witer (not shown), or
af tier #ihaiehisiod Oofing. beBne nbunéed bm thet thevdiaki have Bf the mark is
oo e TS fo5EnlS WIBHNESY R0cLDG SEENQ-UEL! BhatPldl @ 30, a robot

used in either a servo track writer or the disk drive

itself.) Therefore, a necessary step in reading the

magnetic mark 50 or 53 is to determine whether it is a top

surface mark or bottom surface mark. Thereafter the disk

10 is oriented properly when in is mounted on spindle 30 so

this top surface 12 is facing up and the bottom surface is

facing down.

[0035] Alignment marks 50 and 53 may be written onto the disk
10 either before the disk 10 is mounted in the servo wr;;er
(not shown), or after the disk 10 has been mounted on the
servo writer. If the mark is written before the disk is
mounted on the servo writer spindle 30, a robot or operator |
must first orient the disk so that is top surface is up,

and then bias the disk so that it's inner diameter abuts

against the spindle hub at location 40.

\

A
[0036] In contrast, if the disk is first mounted on the servo
writer spindle 30 before the alignment marks 50 and 53 are
written, the operator or robot would only have to bias the

disk against the spindle hub at an arbitrary inner diameter



must first orient the disk so that is top surface is up, and then bias the
disk so that it's inner dianeter abuts against the spindle hub at | ocation
40. [0036Wwdes/ossmtrast, if the disk is first nounted on tirETFESB0140M it er
spindle 30 before the alignment marks 50 and 53 are witten, the operator

or 5@9@ ooul gnanbyrhaye tBebhBsghhent dhalkagso nshdtbe spendl e hub at an
aHbl rary inner diameter 9 WO 03/088216 PCT/ USQ3/ 11407 | ocation

Ther eaf ¢ar ont hbeatiighnent anprrdebbnefdlegabielwtittten on the disk in a
predefinped |ocation,in_.relatjo Lp. e aput izon 40. As
iI#%%%?%?EﬁhanEPhghFiaﬁpgwgﬁkeﬂégégééﬁnég're gt?gggﬁ%gg?éhalong t he
radi alpthat ghwes theogghaknngeddirahet eonkhdpt ienadBngThiae nark 50 may be
wiltten anywhere along the radial so long as the mark 50 does not

t headbdl ethant euhsr shpvaht hNEEadi ARt 8hd LRFPELRE 60t héBServo or data

ei t her ring servo.wite [ real digkogrizve 1@per atd on. If the
nd??r%ogévg?g, ecgﬁlgée#aaﬁgﬁFgg%lgggggsgg, ?t st be wwﬁ{ten at- | ocation
avayef £9Pkt BO Selewo ndat ahseetifidiert Hatwrifieineg wittht bweserezalingant a does not
destroy the alggﬂnent mark. Such a | qcatio coul d be between spaced servo
buasd swERBENSh&WN FheoBerei @& It 3o Gt-si 158 S0P - t%e di sk surface
I n_which.datg . bs.r 3 vie: Bper@ittiRel. atrd hed Mgk dicwster and OD
regﬁegFF%ggy%Ofg%§7Fﬁ%?d?hé aligﬁhenﬁ mar ks 50 and 53 can be erased, they
mayahebeeaapted iaayhitye eeamed he tdimsie ts inef ats bitesy etdakecasion ecorded, the

s bra S SRS BRI et S50 e ttpod e Sl be
data does not destroy the alignment mark. Such a location
‘could be between spaced servo bursts (not shown), or inside
or outside the portions of the disk surface in which data
is recorded, i.e., either at the inner diameter and OD

respectively.

[0037] If£ the alignﬁent marks 50 and 53 can be erased, they
may be recorded anywhere on the disk surface where data is
recorded, the marks will be erased when data is recorded
over them. This may be undesirable if for any reason the
" drive must be repaired and a disk replaced after the marks

are destroyed.

[0038] If the alignment marks 50 and 53 are recorded on the
disk 10 by the servo writer, no special recording apparatus
ig needed. The server writer itself would write the
alignment marks 50 and 53 at the predefined location. Such
marks may be detected later using conventional read/write
heads mounted on conventional actuators. Thus a robot or
operator detecting such a mark would first mount the disk .

10 on a spindle, which could be the disk drive spindle 30,
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drive nmust be repaired and a di sk replaced after the marks are destroyed.
[0038] If the alignment nmarks 50 and 53 are recorded on the disk 10 by the
servo wiwerqgs/osgeispeci al recordi ng apparatus is needed. THoa/s®saen7w iter
itself would wite the alignnent marks 50 and 53 at the predefined

| ocatiop, S rks pRY-Beidst eetadibaker vesbogtgosventiagnal read/ wite
he%ﬁjjsnngﬁﬁtégggn onve%?i gnal gct uators. Thus a robot or operator

detgst bagvenehonaimhkadomby fifdyt "mendt thee BRERCT18h6n M@%pi ndl e, which
could be the disk drive spindle 10 / 6 / /11407 spin
ﬁg B&agt %%Pec&la\ﬁ?.zgé Réﬁéﬁatn% h 23305

t hes#ngkaup COFVERELRLR i ongF velocity So t e convenéi onal . head
"fly,." ang .t lget e dmy ke hats iHagea Haddndentiicrmldr head.

%%c?%%?ied&ﬁlgagg@ngébgﬁso be used. The may include heads that have Hall

devheeavent iwmedn VBN Oro R MRTSIOWSVR sensors.) [0039] However ot her

techni ques for recording and reading the alignment marks 50 and 53 are

contenplated. A first nethod enploys a non contact ring el ectromagnetic

r epdey] apthewdrt erthes destmiigpies rfdx Seqadmo mibhereald83, B89 to  Jason

Pressesky, which is herepy incorporated efergnee o Fhgendai s taken from
Fi glignsenthdads pdt &1 % e “TH gl i,)é/trefcﬁ'g e}?ectr%%a%%%téd40 and 42 are

mount ed on J ingarcoacdatons 44 endrdfadgespietraeiyr dhé magnetic di sk 10
is unted for rotation by spinstand (not shown). As ':Tge di sk spins, one
of wire eal ect rdwmmgridiesl 401 97 - 92 PatenergrRedr 1D 2% i Y8 nkPks on the disk 10.

Th%a%torzl‘lerPrrreasysebs }}J,Sew 1th1 rfédhe}.gﬁy n?lrlgérporated by reference.

Fig. 4 is taken from Fig. 6 of the'029 patent. - In the
figure, ring electromagnets 40 and 42 are mounteé on linear
actuators 44 and 46 respectively. The magnetic disk 10 is
mounted for rotation by spinstand (not shown) . As the disk
spins, one of the electromagnets 40 or 42 is energized to
write marks on the disk 10. The other may be used to read' .

the marks.

[0040] The electromagnets 40 and 42 are mounted spaced from
the disk 10. Because the electromagnets do not float upon
the disk surface as the disk rotates, they do not requiré a
high rotational velocity in order to read or write magnetic
data from the disk. The electromagnets gap lengths are
significantly larger than those of a conventional magnetic
head. This results in very large marks being written onto
the disk surface. This, combined with a low rotational

velocity, can be used to write very large, low frequency

marks onto the disk.

[0041] A variation on this approach, calls for employing a

ring electromagnet, such as 42 or 44, to write tPe large,
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[ 0040] The el ectromagnets 40 and 42 are nounted spaced from the disk 10.
Because the el ectromagnets do not float upon the disk surface as the disk
rot at es, woegs/odgeinot require a high rotational velocity irCcToUSHeni400 read
or wite magnetic data fromthe disk. The el ectromagnets gap | engths are

significantly | arger thap those, of conv, L onah gnetic head. This

r ebow t ETEAVRBFY WéFE@'ma?lR% Barig W?Yt?gng%%o th%ydi sk ‘swltjlrface. Thi s,
conbi ned, Wi a ahbonal thuel agkt Yocaaad beitubed bo whete very | arge,
|O§\P?¥%HE§1’?§§1 ﬁégﬁ%{:gtﬂ:to the disk. [0041] A variation on this approach,
cakbsvhoranplropirngna thei mggeeséer SaEGnEEIVEUER 5§2%258F 44, to write the
Iarge, 11 WO 03/088216 PCT/ US03/11407 |ow frequency marks. The marks may
beadegrresd BF ESnventional magnetic heads that are |ocated either on the
servo witer or on the magnetic hard drive to read the alignment marks.

[0042] A second alternative approach woul f t mar ks on the

di [9042ls Pn§es R0 S EEHREING ta%%%ﬂad:&je.woﬁlg. %% tl:i%I IfSJSI{Hr z;:lt}ges t he approach. A
pai r _of eleghro 501 .a 2D riwiicly cedithikmesi nifiag. tD the

el @ﬁ%grrg)&ng:t}% %%a&ﬁhéﬁg c?egglroi be rabove, are | ocat edeﬁgaace t the
nmagnetise gitsie the spgiradwdt. whePahe ofi SdqETFRAETF D t#H¢he magnets

o 62T R A I AR Do SO C1Re T e A e it uti [ zed to
" DG &ASGed oSSk e Xausidy adfacagnetlie avdenet bcadsakellni f orm
direction. Next a stencil (not shown, but represented by tfjg focused
such that when the disk is rotated beneath theé mag
magnetic field from the magnets causes the disk to |
”magnetize the same direction. As illustrated in box 504,
the magnets are first utilized to "DC erase" the disk by
causing its magnetization to assume uniform direction.
Next a stencil (not shown, but represented by the focused
light beam 503) is applied to the disk surface. The
, stencil’s openings correspond to therpattern intended to be
written. A light source (not shown) then irradiates the
disk through the stencil to focus the light on the exposed
areas 503. This heats only the areas 506 exposed by the
stencil. Tﬁe heat causes the coercivity of the magnetic
disk to decrease. At this point, the electromagnets are
now turned on (they may have been turn on prior to the
heating step as well), but with their magnetic fields
oriented in the opposite direction from the initial DC
erase step. However this time, they are operated to
gene?ate a lower magnetic field level. This causes only
the heated areas 506, which have a lower coercivity, to
switch their magnetic directions to be aligned with the
reversed magnetic field from magnets 501 and 502. This

results in a pattern 505 of disk magnetization that copies
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light beam 503) is applied to the disk surface. The stencil's openings
correspond to the pattern intended to be witten. A light source (not
shown) t hwo dvossxdsat es the di sk through the stencil to faasudodeidorght on
t he exposed areas 503. This heats only the areas 506 exposed by the

st epgk! stZheihephreawsgs the coercivity of the magnetic disk to decrease.
At this point, the el ectromagnets are now turned on (they nmay have been
turn on prior to the heating step as well), but with their magnetic fields

0“ @BkﬁdAhBthE% appesike dbr getkangt cam sheki abtilal bBCther age step. However
ti'me hey are operated to generate a |ower nmagnetic field level.

Thla bagbepeunepbifliéyhestegear eas SQSUSﬁﬁﬁéﬁdhaUeFagloﬁert@oerC|V|ty to

switch their netic _directions e aligc rsed magnetic
oL BPPFOF RO EE 0T HRGTS53S LA  oBhl e R abktt dh BB or o ok
magpghl ZéEtﬁBsth% r&QpRnes 12 NA0FA3088216PETLWSAS ¥14Q@% Dde stenci l
pattern. [0043] Another approach to marking the disk would be the use a

hlghrpeeﬁeaﬁﬂpgt? §ﬁ§#@éguea§lnpﬂ@§1ﬁ@ﬁéddﬁﬁCFlgedeahgye1 5 S attern
flgﬁﬁgneﬁﬁé 8 %teé%all& %é%%é%gggﬁ.ﬁ%? a&QkaP&f rtlon of the

iTs usi'ng a technlque S|n1Iar t hat
desgr ybed , abaveesFanl exanplagnean ©xdcarials yLzJapqﬂ itdce fieedh @5rows Hin the

figure, causes all the magnetic dona|q§ 14 of he nmedia to %%lgn to a
uni ROABPItPedt UBA ERTT (G IFSCEARY 2 Nt Mk THi - pétsiEabi ¢ i fig t anper 16,

havg EQ&Q%V %@a M 1 hadhg RS R a0 Pdc ddwe, di gk 19. Then an
ext Brial I'y -appli
pressed agalnst the disk 10. Then an externally applied

'field of opposite polarity, illustrated by the now downward
arrows, is applied to the disk through the stamper 17.

This causes the disk areas in contact with the stamper 17
to switch their magnetic direction to be aligned with the
externally applied field. The areas not in contact with
the stamper are shielded by the stamper. This causes the
disk to assume a reversed magnetic ofientation 15 in the

pattern of the stamper 17.

[0044] Still another alternative method for applying the
alignment marks to the disk 10 is illustrated in Fig. 7.

As illustrated the figure, ion beams 76 are used to implant
non-magnetic material into selective portions of the disk
in order to spoil the magnetic properties of those
portions. The selection is caused by interposition of a
mask 70 that blocks the beam except in areas of the desired
pattern. These blocked areas are illustrated by the short
arrows 74 in the figure. The exposed areas are illustrated
by the longer arrows 76 that reach disk’s recording layer

72. Ion implantation creates regions 78 of lower coercivity
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field of opposite polarity, illustrated by the now dowmward arrows, is
applied to the disk through the stanper 17. This causes the disk areas in
cont act wwdostosgist anper 17 to switch their magnetic di r exir/usestioobe
aligned with the externally applied field. The areas' not in contact with

the APt desl Sy Ef?n@ amaiciviis causes the disk to assune a
reversed nagnetic orientation 15 in the pattern of the stanper 17. [0044]
Still another alternative nmethod for applying the alignnment ! marks to the

di i da it FLG- & 14 uStd apecht heufEgULent i O beans 76
ar Zgou%’gdi oé)%én%%%\ﬁfn%ﬁ%%%e?g nérértsaj%éerf!ilal into selective portions of the
di derdriyt des 4wl tsqioi the heagmgnit | &ipeaperns est dfothotke portions. The

selection is caused by {nterposition of. a, mask 70 that bl ocks the beam
exCepel FRBEAL’ bFY tFedyeRdr &g 2@ ‘ét’{]’é‘? H?lﬁkheeléec%?’é%k‘éakgr eas are

”'Pegfc?ﬁse%)yié %ﬂ%ﬁlié&towh% idcd hesddgur g1 1Fhaseuppeed areas are

ill'ustrated by the |onger arrows 76 that reach disk's recording |layer 72.
| orexage antexp i loecaueat &5 magnehszgs olhe | viele coererding 13y@b 03/ 088216

PCT/ US03/ 11407 fl anked by_regions, 79 of hig ivity. [0045] An
ext ¥ rial ¥y BpT i AU Raghet| 8Sf?l?’dsﬁa}'ﬁ?és%ﬁ?g{eeﬁ?ghgk’\r‘é‘gﬁgth to switch the
Wﬁgf‘@éi&g:t; diFe&hd ons ehebpblntbec Lewer uper chyi byfiegilorsepd and the higher
coercivity regions 79 is now applied, This acts essentially as a DC erase
st ephdevaarsecie Fhghét 7Z7eést REadRoRBPL 86y dPHE Fhy&r TiMe &I%M f orm

di rect Lon s Ll d BY Lheohbghtyaedgefaghag aiy ows in the magnetic
| aydP FEORE"F ??%%%?e%, © J .

sufficient only to switch the regions 78 of lower

coercivity. The regions 79 of higher coercivity remain

unchanged. This results in a magnetic pattern that may-be

used to encode an alignment mark 50 or 53.

e
|

|
[0046] Preferably, nitrogen ions, N+, or argon ions, Ar+, mayd

be implanted with an energy range between 5 and 25 keV and
a dosage range of 0.1% to 1%. Argon ions are more
efficient. As the dosage and energy level increases, the
disk coercivity level decreases. The degree of coercivity
drop depends upon the application. All that is necessary
is to encode the marks is that the coercivity be
sufficiently different such that the high coefcivity
regions do not switch during application of the second

magnetic field.

[0047] It is important to note here that these techniques,
except for the use of electromagnet as described in
connection with Fig. 4, can be used to write either low-
frequency or high frequency patterns. The high frequency

patterns can preferably be detected by conventional
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the magnetic field 77 is again applied, but this time with an opposite
polarity and a lower strength that is sufficient only to switch the

regi ons 7®0od3/osgaer coercivity. The regions 79 of hi gher rOOeUSHBAIi40y remai n
unchanged. This results in a nagnetic pattern that nay be used to encode

an ﬁé@gg@f@thggag S0rQE é3he59946$o&2@€§raﬁ&y1aﬁéérea ﬂo%0ﬁ§1 or argon

i ons , hays be.lnp anted W th an energy range be and 25 keV and
a doStget raegeons, OoiwgpeciQ&cAM@oor|GMR seesPos espetiftcebly As the dosage

and energy | evel |ncr ases, the i sk co ity_l evel decreases. The
Gogr G cber SrUPEy tidy BROBEPLHAE Thon T Jpb FEGHRBRCY A | that 15

NeCessSal¥nsi Snt8oRPeQde Lhe BBrkScksrdbay E@edégéEEbH'b¥ Bgn sufficiently
di fferent such that the high coercivity “regions do not swtch durlng

apptoczdcomedns heisetvddngnayeetrombgrets @eear}be@ pboveport ant to note

her e t hat the e _techni X t for the use of el ectromagnet as
desic?s RRETR® c%ﬁﬁ@ﬁt?% ﬁﬁpﬁgFﬁ E A: can be used to wite either |ow

frequency or high frequency patterns The hi gh frequency patterns can
preferably ﬁ det ected hy conyentional 14 WO O§i088216 PCT/ US03/ 11407
nagH%$ﬂcA%e% KeTRREL¥ChESHECtABReFRPIOAGY aFsdtdMEItd A 1M ef fect sensors,

iﬂ?c'é'c %ﬁagragyBogénsgh 18pecithecabky radaptied ¥ sense the magnetic
rks? The | ow frequency patterns in contrast can be preferably be detected

by homeaxbyt petanbans, Ligdtudi Aglebbtt sonagreBy .dessti Ived aabme or the

Opticserpﬁgﬁstdesc ég%do?enght 84 that passes through a

linear polarizer 82. When this light impinges on the

" 'magnetic disk 10, its polarization rotates a small aﬁount
according to the magnetization of disk. This rotation is
caused by what is known as the Kerr effect. The return
beam 88 passes through a polarization analyzer 86. THe
intensity of the return beam 88 passing through the
analyzer 86 is detected by a device such as a CCD detector
89. The analyzer 86 may be rotated. The degree of
transmission it permits depends upon the polarization of
the incident beam. This is used to detect the amount of

" Kerr rotation caused by the magnetized regions of the disk
10. This, in turn, is determined by the magnetization
direction. Thus the magnetic pattern is detected either by
passing the disk 10 under the beam or by scanning the beam

across the disk.

[0049] The above examples of methods of both recording
alignment marks onto the disk and detecting are only by way
of example. Any technique may be used including techniques

that are not vet known.
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[0048] An alternative detection approach is illustrated in Fig. 8. This

approach enploys the Kerr rotation of |linearly polarized |ight. A |light
source 80wosusmssAas a red |aser, emts a beam of |ight 84 RdTawsopas®es
through a linear polarizer 82. Wen this |light inpinges on the nagnetic

disk 10, its polarization rotates a snalLl_anoun ding to the
nelgne i Zat W@ﬂrgl)of agids OtTHYs 1hBE-&EFoR" g£ E§ sﬁﬁ}lﬁ;r/g%gﬁ’ is known as the

Kerr effect.,The retyrn JeamB8tPassrs khyobehwaipekar bagbion anal yzer 86.
The"eF P nsitp} 0 %tﬁgl%etatt}r beam 88 passing, through the_ analyzer 86 is
det get gelshy ed tthexd e fRumh s whe@Cbhgetldskois BOUNTRE QRaltyfer 86 may be

rotated. The degree of _ transm ssion i Lt negs- upon t he
pobarvearkafedt (e i3di TR S &gt %h?lgalgé’%sglgg‘?%%dg%ect t he anount of

Kerr.rotati v, dregnre! iveeedviedgifads ahd kexdicck 10. This, in
tu?’ﬁ}‘t‘?ggdgggre%aneg tﬁilﬁgﬁmgneti zation direction. Thus the magnetic
patt-eeBri.s detected either by passing the disk 10 under the beam or by
scanni ng the beam across the disk. [0049] The above exanples of nethods of
both recording alignment marks onto the disk and detecting are only by way
of t[@g@]ngh@.seqr@f tachimane skl banays ethivndhalimrihedhnk@fies that are not

yet known. 15 WO 03/088216 PCT/ US03/.114Q7% , sand not by

| i nirtatingn 2610 IR GRRrS H%}T‘qrh%rr%%lf]fs‘tﬁcehen%]gggg%%égﬁ{g#ﬁe%t mar ks may be

Wi LeNn Q0 ce t Nendli Sike BF t B8 t DB O1@i tHiowhevatindi Skomstheunt ed on the

servo witer. The alignnent marks, however cannot bg .
scope of the invention as defined in the appended claims.
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witten after the disk has been renoved fromthe servo witer. [0051]
Those of ordinary skill may vary the nethods for witing and reading

al i gnment woanslosg21ithei r | ocation on a' disk surface, and tHra/wsopaidoer ns

wi t hout varying fromthe scope of the invention as defined in the appended
claims.. 16 WO 03/088216 PCT/US03/11407 W claim 1. A nethod of recording
al iwgfnﬁéﬁl%r ks on a magnetic hard disk, conprising: magnetically
recording an identifiable pattern on at least a first surface of a
magnetic hard disk, the |ocation of the pattern corresponding to the inner
di dnet er® |ToeRRP@nObf reReTdERG i KmeiHe Ml kielerd WFaRStEHbut s agai nst a
servo-w.iter' s.spin ._during servo-wite of the surface. 2. The

met hod 612 a(|§lm ’V\gl@%%?%g%n%attern different from the pattern witten on
the first surface is witten on the second surface of the magnetic hard

di sk, the location of the_second pattern corresponding to the inner

di amet emma3 ekl oRl + HeX AEPEAHRS AT niee el iRl Ef P3Hr ©F° 2Pt &t agai nst a

Servo- Wy . S_ Spi e £ O W iher§falibe supface. 3. The
met hod ojfé%%%i?n%ilgtr% iejfa?%;kffug?nrg%ﬁ{muntl?ng t%egl}gnag%%%i c hard-disk on a
spi ndl e;1 @l idmh asf nghé hpatiaeth diskrespend thhanet ethagannst sai d spindl e

such that. the i nner dj anmete buts the..spindle at.said i nner dianeter
r@iameter ocat?on ') ghe harg dlsﬁ Pnner élameter

| ocati o
which abuts against a servo-writer’s spindle hub

during servo-write of the surface.

2. The method of claim 1 wherein a pattern different from
the pattern written on the first surface is written on
the second surface of the magnetic hard disk, the
location of the second pattern corresponding to the
inner diameter location the hard disk inner diameter
which abuts against a servo-writer’s spindle hub

during servo-write of the surface.
3. The method of claim 1, further including:
mounting the magnetic hard disk on a spindle; and
biasing the hard disk inner diameter against said
spindle such that the inner diameter abuts the
spindle at said inner diameter location.
4. The method of claim 3 wherein said spindle is a servo-

writer spindle.

5. The method of claim 1, further including:

17



4. The nmethod of claim3 wherein said spindle is a servo- witer spindle.
5. The nmethod of claim1, further including: 17 WO 03/088216

PCT/ USO3/ wha3ssaount i ng t he magnetic hard di sk on a har d riTsksodnisee
spindle; and biasing the hard disk inner diameter against said hard disk
drive spindle such that the inner diameter abuts the spindle at said inner

di aneter 6. A nethod of assenbling .a hard disk_dri,ve nprising: nounting
a magnefPEANg FEk "RIRERG Ca ﬁﬁgngﬂﬁg Oﬁlﬁg%ﬁﬁﬂtdﬁﬁkk%ﬁﬁéﬁided t her eon on
a hard disk 18 SPiRgl e; and biasing the hard disk inner dianeter

agai nst said hard disk drive spindle such that the inner di ameter ; abuts

t he spi bdbsiag ame feed dilshetiondroddeinetren Rarinss saprkduwdrded

rel ati onship tic ali%glt nt_.mark. 7. The thod according to
|

with said nma
claim6, whefei id € ﬁpé% en&d el gﬁo&ﬁ%[§n<ﬁﬁmq%§ﬂ? $e magnetic nark

bei ng on a ragials GoRNeslindd <t Be igaieT idiretErandteaat i on of abutment with
the magnetic mark. 8. A nethod of witing servo patterns on a nagnetic hard
di sc, conprising: nounting one or nore nmagnetic hard discs on a servo

15 IR U aShA0,5010 180 O SIS RNl L gl ks such that
)

mounting a magnetic hard disk having a magnetic
alignment mark recorded thereon on a hard disk
drive spindle; and

biasing the hard disk inner diameter against said hard
disk drive spindle such that the innef diameter
abuts the spindle at an inner diameter location

that has a predefined relationship with said

magnetic alignment mark.

7. The method according to claim 6, wherein said
predefined relationship comprises the magnetic mark
being on a radial connecting the inner diameter

location of abutment with the magnetic mark.

8. A method of writing servo patterns on a magnetic hard

disc, comprising:

writer spindle hub;
biasing said one or more magnetic hard disks such that

their inner diameter abuts the hub at an inner = |

diameter abutment location;
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di anmeter abutnent |ocation; 18 WO 03/088216 PCT/ US03/ 11407 magnetically
mar ki ng at | east one surface of each of said nagnetic hard disks with an

i denti fi abloeo3pasdiern at a |location on said surface that aI/B803/11407
predeterm ned” relationship with said abutnment |ocation. 9. The nethod of
claim8 further including marking the top and bottom surfaces with
different magnetic marks. 10. The nethod of claim8 further including

Wi ting nerynet pesdtler nsarirad dtedstasoneorsa rduadim o CsﬁilehclfmgdﬂEtI c hard di sk.
11. The method of claim 1 wherein the pattern. co |ses mar ks recorded on

the di siEah MAEREEHC e & shrsted WJé%‘}éc%ff*o‘rFE‘dﬁe‘t 2 Pet @8 hod of claim 1
wh t f phot
erein tihe Qaéér%fbﬂfﬁ’j'ﬁféﬁa, e Vﬁfgred&ds% SR SKmPYed®ans of photo

prlntlng in the pattern conprises., narks
recor dedredrattmnshigk voythresansd efbwecrdwmgh leeatieabi ity stanper. 14. The

met hod of claim1 wherein the pattern conprises marks recorded on

sel ective areas of the disk by neans of inplanting ions. that reduce the

di gks ceg{Linddhod k9 JNei e had-les! 8ha Jdi Mherebpi hhechgns are i npl ant ed
by a beam that passes through a stencil having openings corresponding to

the pat tteym.arid WO 031 08826 RCTY US03¢ 11 4e7ent eragneagnenarkhar d di sk,
conpri si ng: ‘

10. The method of claim 8 further includiﬁg writing servo
patterns on at least one surface of said magnetic hard

disk.

11. The method of claim 1 wherein the pattern .comprises
marks recorded on the disk by means of non contact

electromagnets.

12. The method of claim 1 wherein the pattern comprises

marks recorded on the disk by means of photo printing.

13. The method of claim 1 wherein the pattern comprises,
marks recorded on the disk by means of a high

permeability stamper.

14. The method of claim 1 wherein the pattern comprises
marks recorded on selective areas of the disk by means -

of implanting ions that reduce the disks coercivity.
15. The method of claim 14 wherein the ions are implanted

by a beam that passes through a stencil having

openings corresponding to the pattern.
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a magnetic hard di sk having an inner dianmeter location that is the point

on the inner dianeter that was abutting a servo-witer spindle hub when a
servo pawoessss|as Wwitten on to the di sk; and magneti cal Ipcesndabloe neans
for marking the location of said abutnent |ocation. 17. The magnetic hard

di sl of £l Al dhdbic \Mersi i sal dc-orfy’?fgﬂé:’ hard. di sk has two recording

surfaces, wherein said magnetic y readabl e neans conprises two
different patterns, a first pattern on one recording surface and a second

pattern on the other recordi surface, of sajd netjc hard disk. 18. The
agnet | & HEFERER L6 BTESI IR TR cih R GHATErTE GUsRE 588 a sequence
of markscavi N8 @ne rsdAtt Veh Ve hOWM AR SAUSNGN e 1eOMDREEd tO a servo
pattern. 19. The magnetic hard disk of claim 17 wherein each pattern

conpri sexsbut ping ez reofvorsrkstenbspandlal hyb wkemes $ervoze than servo data.
20. The netic hard disk of claim1l7 erein.the pattern has a size and

frequendy Such t 3T T ey & reRdt By IhoH c¥itact magnetic sensors. 20

magnetically readable means for marking the location

of said abutment location.

17. The magnetic hard disk of claim 16,~wherein said
magnetic hard disk has two recording surfaces, wherein
said magnetically readable means comprises two
different patterns, a first pattern on one recording
surface and a second pattern on the other recording

surface of said magnetic hard disk.

18. The magnetic hard disk of claim 17 wherein each
pattern comprises a sequence of marks having a
relatively low frequency when compared to a servo

pattern.

19. The magnetic hard disk of claim 17 wherein each
pattern comprises a pattern of marks substantially

larger in size than servo data.
20. The magnetic hard disk of claim 17 wherein the pattern

has a size and frequency such that it may be read by

non contact magnetic sensors.
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