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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
benefit oWolWeo4mdsoSt at es provi sional patent applicati orcyarszeds/onember
60/ 392,787, filed on June 28, 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 for witin vo .t racks, on etic hard _disks. 2. DESCRI PTI ON OD
RELATED ART [ 0003] %%aalladém ruS/%g‘b?o%]G%tp?&Ibc ReXcki ng 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 recorded between the servo bursts. In nbst cases,

servo bursbdss akerepproxi tat kkyaTEoi abpyr@Tomesl, describing a small arc
fromthe disk's IDto its OD. This radial _alignment makes them | ook |ike
arced spolR@dl]ofhipeappbifatiqpeylai®s fegret bt fof Waheedritdeuse the servo

data is c r s it the
traversesé etme%%ggidégigng fg?t§§%ﬁg§f%%%gi E o §@ﬁ$?%§f%§tes a disk
10 havi ngf 2l adnder Johe se8 y 020 aaf awispokess lizer&iby | mctqunceraresd eéyght

|IIustrated inthe figure, a disk drive will typically have hundreds of
such ser¥® 8588 Spokes spaced it even angles around disk. In 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 OD RELATED ART

[0003] Haxrd disgk 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 approximately radially aligned, describing a
small arc from the disk’s ID to its OD. This radial
alignment makes them look like arced spokes of the wheel.
They are made to form and arc because the servo data is
read by a rotary actuator that describes the same arc as it

the traverses between a disk's ID and its OD.

[0004] Fig. 1 illustrates a disk 10 having a number of servo
data spokes 12. While there are eight illustrated in the
figure, a disk drive will typically have hundreds of such

servo data spokes spaced it even angles around disk. 1In



WO 2004/ 003895 PCT/ US2003/ 020467 many di sk drives today, the servo data
takes up approximately 3 to 11 percent of the total disk drive recording
surface. WOQ0&J003898 servo bursts may be witten onto a @CIRIS0039046ACeE
using a variety of techniques. The nost common nethod is to wite the
servo onto the disk using the disk drive's own magnetic head controll ed
typically by an externally introduced picker that grasps the drive's

rotary actUah&iy aliBkupeaveBi ebadhe theadbwrd t @atheadtdey upounted. An external
mechani smincrenentally noves the armwhile other circuits command the

di sk drive t¥FREPHI2EEHE deF9ol brascent| 806} ARStefiebnfbhSer vo-writi ng
met hod conpris&sraiMd tsurgaser vo bursts onto the disks already assenbl ed
onto the disk drive spindle but prior to the disk drive spindle/disk
conbi nation, also known as a hub/di sk assenbly ("HDA"), being assenbl ed
into the diskomdime setrsel burs@H0Ondly Aenevettappaach aupkoys a stanper to
"print" the servo patterns on the %isk gsin a hHﬁg Rerneability st anper
as illustrat®EIAFFgIng, 3t BT Hipos&ta tFattEriTon di"25t AT st rated i n
the top | ef th@siodard itonwelcé hthe fdegiibeont bet itk ski gks ubingt c R @Ersxsed. For
exanple, an _externally a ﬁlied field 13, {ﬂe Iar%gﬁgrroms Hin the
figure, causes i |s (W& Wﬁg Bt1c RATarAEtIgl 67 the ¥ PYwitch in an

uni f or m di r egti &MaA9 vi Lhusbaated.piNgxt, that hggdsmermeabicivéys st anper 16,

having a desired pattern conposed of raised bosses 17, is_pressed against
t he di sk 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
gspindle/disk combination, also known as a hub/disk
assembly ("HDA"), being assembled into the disk drive
itself.

[0007] A newer approach employs a stamper to “print” the
servo patterns on the disk using a high permeability
stamper, as illustrated in Fig. 2, to impose a pattern on
media. As illustrated in the top leftmost portion of the
figure, the disk is first DC erased. For example, an
externally applied field 13, the large arrows H in the
figure, causes all the magnetic domains 14 of the media
to switch in an uniform direction as illustrated. Next,
a high permeability stamper 16, having a desired pattern
composed of raised bosses 17, is pressed against the disk
10. An externally applied field of opposite polarity 18
, 1llustrated by the now downward arrows 18, is now

applied to the disk through the stamper 16. This causes



10. An externally applied field of opposite polarity 18 , illustrated by

t he now downward arrows 18, is now applied to the disk through the stanper
16. Thi s wause00289%0 2004/ 003895 PCT/ US2003/ 020467 t he pdirals2amsmasie? n
contact with the stanmper 16 to switch their nagnetic direction to be
aligned with the externally applied field. The areas not in contact with
the stanper are shielded by the stanper. The shielded areas do not change
t hei r nmagnettite atisgntakbenin Tdturractauses the ghsdpetro1assun@wiazdhever sed

magnetic origntation 15 in.the pattern of.the bosses 17 of the stanper 16.
[0008] Whi | e“ 354 “?%rﬁeltﬂlgtig Foe 38y ttlc’cgﬁ?ll]cﬁl?eecgtwé%% ﬁé‘aneti ¢ domains 14
and 15 whi chesaterrdisafulbppbieperiparali cohararexonditndn tbatsafavittdchni que may
be enpl oyed using horizontal | riented magnetic fields to .encode

hori zont al | y*RFi Wﬂ?rnﬁﬁﬁeg?ﬁzﬁgﬁggﬁngf0%%@F”¥he §§§nﬁﬁ?eE%a ppear s
identical toafgs dbo WaenchihgnechdirOragnet 86 ot iRt akRoft heriswrds, the
stanper 16 would encode the images of the servo bursts radially aligned

in arced spok¥¥eR G GLFkat@PITIME §. TTVET AL CPRIRSHAE0PERTR T Fccurs in

Witing servps oif @z gaskersegarnHeLsss8bst e dR AN guempsedid s that the
disk drives can tolerate only so nuch servo error before the servo nust

be rewitten or the disk scrapped. Mst drives cannot, for exanple,
tol erat e twootmsy vaerneo Fiigr s2 siilusaratew. véDOilddlTiodayestdid sk drive

manuf act uri ng. pLQGESSER. 1nl ML QY G5 LYPLEALLY NIg5Y the quality of servo
perpendicular recording, the same technique may be
employed using horizontally oriented magnetic fields to

encode horizontally oriented magnetic domains.

[0009] The stamper 16 appears identical to Fig. 1 when
viewed from a plan view. In other words, the stamper 16
would encode the images of the servo bursts radially

aligned in arced spokes as illustrated in Fig. 1.

[0010] A problem that occurs in writing servo onto a disk
regardless of the technique used is that the disk drives
can tolerate only so much servo error before the servo
must be rewritten or the disk scrapped. Most drives
cannot, for example, tolerate two bad servo bursts in a

row.

[0011] Today’s disk drive manufacturing processes,
therefore, typically check the quality of servo data
recording immediately after data is written. This is
preferably done after the disks are mounted in the
production disk drive. However, the quality of the servo
data recording may also be tested by spinstand using

special test equipment.

[0012] When a stamper is used to print servo data onto a



recording immedi ately after data is witten. This is preferably done after
the disks are nounted in the production disk drive. However, the quality
of the sewocoosdmB®srecordi ng nmay al so be tested by spi nerans2esioage7 speci al
test equi pnent. [0012] Wien a stanper is used to print servo data onto a 3
WO 2004/ 003895 PCT/ US2003/ 020467 disk, the disk is not yet assenbled onto
the disk drives own spindle. If a servo rewite becones necessary, the

di sk nmust bedignpuwheedisn tHensd @@measa@@meﬁ usmtoFehet Bi sk r@asen, di sks
made using stanpers are t¥£|call tested a spinstand. [0013] It renains

desi rabl e hoWBVeP PG 6ot h1t Rt54He THHEITE ?ﬁomﬁ§r9808§?%? n e disk drive

itself and t@isi@vwRisd beWEbhdb ik dd1@nSeh¥Os titpert fapphekeudl € #20 many
errors. [0014]. Another problemin the manufacture of magnetic disks is

that differ e?ﬁl%lrﬁé‘sd’ﬂv%s}?’%d‘l}ﬁq’ee UG PE eF BHIP TS PG H¥PECHY erns.  When
stanpers arecdied o Ar kpindthgervo data onto the hard disk, a different
stanper is required for each different kind of servo data pattern. This is
undesirable froma cost perspective as stanpers can be very expensive.

[ 0015] SUNNHRMspEtTHEthMENHéiIiidMélﬁbwaherHﬂyemtmonesan@méses recording a

lurality of redundant sets_.of ser t netic hard disk. Each
ge? na; ¥henlﬁgJF§éP dsFﬁvgéﬁﬂghég'ﬁﬁF a Sk 4&1V%n% FLS ‘géﬁie:iine o

criteria, sughoiab rewiiBifgmigpaldriyy data if there are too many

errors.

[0014] Another problem in the manufacture of magnetic disks
is that different disk drives require different servo
data patterns. When stampers are used to print the servo
data onto the hard disk, a different stamper is required
for each different kind of servo data pattern. This is
undesgsirable from a cost perspective as stampers can be

very expensive.

[0015] SUMMARY OF THE INVENTION

[0016] The invention comprises recording a plurality of
redundant sets of servo data on a magnetic hard disk.
Each set may then be tested in sequence until a set
meeting predetermine criteria, such as a minimum quality
standard, is determined. Alternatively, a predetermine
number of the sets, which may be all of them, may be
tested and the set having greatest quality, i.e., the
fewest errors is selected. The servo data set that has
been determined to meet the required criteria level is
then employed as the set of servo data when the hard disk

is assembled into a hard disk drive.

[0017] One of sets may comprise a pattern different from



standard, is determned. Alternatively, a predeterm ne nunber of the sets,
which may be all of them may be tested and the set having greatest
qual ity, woeoo4/aobs5 fewest errors is selected. The servectatsacsmeeosshat has
been determned to neet the required criteria level is then enployed as
the set of servo data when the hard disk is assenbled into a hard disk
drive. [0017] One of sets may conprise a pattern different from 4 WO
2004/ 003895 I /dd52003L£02046 thdthehet herd seéisk @yt bat usbe bhard st sk may be
used by disk, drives requiring differing sery atterps. The criteria
woul d t hen i fct{ffe rfgiuégi‘?%né]%fdedflé‘ﬁbEggv%fp?t%e&él«?rvo@gﬁt%rjsteetrslat hat match
t he request esbslRT theflat Acpadd eddlect[idQ18f dhsautsentverdaha sewvde printed
onto the hard di sk by _neans_ af st anper or mask. The servo data may then
T fhenaPaher bes

tested in t KR SEG FPRE TR Y S ERtPsPAUR B i ned, i t

used and the rest are ignored. Wien data is recorded by the disk drive,

t he redunda ryo data ets are.overwitten. 9] The.servyo data may
al so be tesﬂg%&gn%ae ssspﬁcs)t ahd A Cer paé?t—é?éﬁomtr?g%g’%slel?r%fdlsserég data to
use accordi nedres < debtaepeseir afaskri t Ehé asemi clatampay ncherde a sel ection

of pattern n(?cjls qagja it t he ]gtcger sets. of servq data g be .er.ased or the

I,
set that is l}éleéh?ra?k% ryl":tehe %P%I%t%lfc’pfprpszeﬁfﬁs.xfﬁoﬁ The set of

servo data sésetrethednyial seedembrthedrest arardymeredeadahde darat he di sk
drive or Splﬂgtfggéga%atbyegggrggg%'drive, the redundant servo data

sets are overwritten.

[0019] The servo data may also be tested on a spinstand.
After determining a set of servo data to use accoxrding to
a defined set of criteria, which may include a selection
of pattern and quality, the other sets of servo data may
be erased or the set that is to be used marked by the

tester apparatus.

[0020] The set of servo data selected may also be marked in
a manner readable by the disk drive or spinstand test

equipment.

[0021] BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 is an illustration of the arced spoke

patterns of servo data on a magnetic hard disk.

[0023] Fig. 2. illustrates a method for recording magnetic

marks onto the disk using a high permeability stamper.

[0024] Fig. 3 illustrates a stamper encoded with four of

sets of servo data.



[0021] BRI EF DESCRI PTION OF THE DRAWNGS [0022] Fig. 1 is an illustration
of the arced spoke patterns of servo data on a magnetic hard disk. [0023]
Fig. 2. iwbuwsowvas®s a net hod for recording magnetic nmark3/us003/020w67 di sk
using a high perneability stanper. [0024] Fig. 3 illustrates a stanper
encoded with four of sets of servo data. 5 WO 2004/ 003895

PCT/ US2003/ 020467 [0025] Fig. 4 illustrates a nethod of photo-printing

servo data [pedsp E&ghaﬁdldh_ﬁgtﬁ@-jé’m aamﬁaﬁckd $ OB D EAhE By DISGR PTI ON OF
THE PREFERRED EMBODI MENTS [ 0027] g 3 illustrates a stanper 16 that has

encoded ont®§a LM &r BPF?‘ydb‘-’rk éjétlél of 8&fX0 data, 32, 34, 36 and 38.
Referring briefly to Fig. 2, servo data is encoded on the stanper in the
formof raised bosses 17, as described above. Referring back to Fig. 3,

h of th f
each o ep@égi EEEBSBE Rfé’flo‘i‘v"éﬁgrlﬁ’@ Sparﬁ%%% FRBoRHIMN Of servo

data in a term ne ern angu rom each other by a
uni f orm di stance and further aligned radially in the formof arcs
extending fromsubstantially the disk's ID to disk's OD. These radially

al i gned ar csjo6d7] &igj.venisetst fdB & Bbukper 11 AhatpBkesehbadedr e angul arly
spaced from each other as in the prior art. Servo data set 32, therefore,

conpri ses 8 YHdked AsPiLlPFastratdd. SeEécﬂfo?er‘f%éia&lahe?’zse?‘%/o ¥afR%sets 34,

36 and 38 als®. cmRHr$eg8brsPPkeTo Fagh 9f ddve,spRKES ikNedcsils ioh Of f set
fromeach other by uni ?orman | e. Each set of servo data_in turn 1is

of fset from €M IPGIREFr Bt ShpyEorm it spriFeddiesses 17, as described

above. Referring back to Fig. 3, each of the servo data
sets, for example 32, comprises bursts of servo data in a
predetermined pattern angularly spaced from each other by
a uniform distance and further aligned radially in the
form of arcs extending from substantially the disk's ID
to disk's OD. These radially aligned arcs of a given set
form a plurality of spokes that are angularly spaced from
each other as in the prior art. Servo data set 32,
therefore, comprises 8 spokes as illustrated. Each of
the other servo data sets 34, 36 and 38 also comprise 8
spokes. Each of the spokes in a set is offset from each
other by uniform angle. BEach set of servo data in turn

is offset from each other sets by a uniform angle.

[0028] While the illustrated stamper 16 comprises four sets
of servo data, each set having eight spokes for each set
32, 34, 36 and 38 of servo data, a typical stamper may
include hundreds of such spokes for each set depending on

the track density of the hard disk as described above.

[0029] All of the sets, 32, 34, 36 and 38 may comprise
identical servo data patterns. Alternatively, some of

the patterns, for example sets 34 and 38, may comprise



[0028] While the illustrated stanper 16 conprises four sets of servo data,
each set having ei ght spokes for each set 32, 34, 36 and 38 of servo data,
a typi calwetzampmssosay i ncl ude hundreds of such spokes from/sawis/ 0367
depending on the track density of the hard di sk as descri bed above.

[0029] Al of the sets, 32, 34, 36 and 38 may conprise identical servo
data patterns. Alternatively, sone of the patterns, for exanple sets 34

and 38, may €offMYese 6eWRb 2800 QR3IRASnPCT/ Hn2D A R204670f diddfLerent servo
data patterns. Thus patterns_of sets 32, aqg 36 may be enployed in a disk
drive that ¥ 3SudRY Pst eRPHYCGHN 8 PaTK ePhs/ orthaét ¥s83 24 38 may be

used in a dijfferants,t vhe1ef pshsderly bresthatzuses Bhesgypss tesdss.in [ 0030]
Note that there may be a plurality of sets of servo data for each pattern
[0031] The nurfbidifegrrset¥Pafosatiir daiye paiterties SPPPRi PRECCM-y by t he
need to provide some m ni mrum angul ar offset between each set. [0032] The
stanper 16 is used in a process as described above in connection with Fig.

1 to encode se f . servo data_o ! rd_disk at_t sanme time.
The hard di @5}0* gjottﬁetrtl%%lg)u% T omr?tyo%eei f‘h&‘?%&lggﬁ n;%tfarsl lc%rolén eorl;l'g)
producti on dista didrveachhpaeteone of the servo data sets is selected
according to a predetermned criteria and the rest of the sets are either
erased or ignored. The servo data set selected may al so be marked by

encodi ng a fla% recorded in the servo data_itself by another
distinguishimg3}nﬁh€ number of sets of servo data patterns is limited

only by the need to provide some minimum angular offset

between each set.

[0032] The stamper 16 is used in a process as described
above in connection with Fig. 1 to encode all of sets of
servo data onto the hard disk at the same time. The hard
disk is then mounted onto either a spinstand or into a
production disk drive. There, one of the servo data sets
is selected according to a predetermined criteria and the
rest of the sets are either erased or ignored. The servo
data set selected may also be marked by encoding a flag
recorded in the servo data itself by another

distinguishing mark.

[0033] The criteria may include a hard disk drive type that
would operate in conjunction with means for selecting the
appropriate servo data pattern. Primary or secondary
criteria may include determining which of the sets meet a
minimum quality requirement or which of the sets has the
greatest quality above a threshold. The most common
criteria used in testing servo data includes a test for
total number of errors on the entire disk, the number of

errors on a particular track and the number of



[0033] The criteria may include a hard disk drive type that would operate
in conjunction with neans for selecting the appropriate servo data
pattern. Woizewo3s»s secondary criteria may include detemreirnisag3wkiseh of the
sets neet a mnimumaquality requirenent or which of the sets has the
greatest quality above a threshold. The nobst common criteria used in
testing servo data includes a test for total nunber of errors on the

entire disk,céddcutiver eeforer r ore Qridepdd tvartiledy rirbaclransd ddhe nunber of
7 WD 2004/ 003895 PCT/ US2Q03/ 020467 consecutive errors,. The criteria varies
fromdrive tSFLi vEOTGoHEIHFT v CRLCERERITRES For@Tar FBRR HET ot her s.

[ 0034] In one enbodinent, the tester or disk drive would conduct tests on
respective servo data patterns until the criteriais nmet. If the first set

of servo dal fydsP e SneBRbCAME | HEE! Besl U IICTaLRS LY GO L DE

t er m nat ed. e set o Servo dat a se ected wo t hen ed ina
f ashi on r eadadidndyy tielsesdpskrespac iypdseheo résta @fatlthenss@mtml ddrea sets

| gnored.  They, i d.l; D Operwr i emqgstdgéé o8 J6carded, {0035 One method

of marking the Se ‘Sciéd 'séfvo data se owever conprise erasing all
t he ot her sen@etMmlmeuteneahoﬂmﬁhermtksngng\mmdtd)@et bewninzted flag into

the selectefselse L03EL, WMl e, L1g LoXaNLLON Nar beenydescy i hed T

connecti on AVent I on ey be Use hany net hod
of recordi ngfmmm daeadabmeabhaﬂda diisk, drired mmghecmasemfdﬂad rret hods and
i ncl udi ng Othggvo Jy%d%egs ignored. They will be overwritten when

data is recorded.

[0035] One method of marking the selected servo data set
may however comprise erasing all the other sets. Another
method of marking would be to write a flag into the

selected set.

[0036] While the invention has been described in connection
with a stamper 16, the invention may be used with any
method of recording servo data on a hard disk, including
conventional methods and including other methods of

printing servo data onto disks using masking techniques.

Fig. 4 illustrates a photo printing technique for
printing servo data onto the hard disk. A pair of
electromagnets 501 and 503, are located adjacent the
magnetic disk 10 such that when the disk is rotated
beneath the magnets the magnetic field from the magnets
causes the disk’s magnetic layer 508 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 mask (not shown, but represented by the focused



printing servo data onto di sks using masking techniques. Fig. 4
illustrates a photo printing technique for printing servo data onto the
hard di skwoAopziossssf el ectromagnets 501 and 503, are | ecatsdosdp@eent t he
magnetic di sk 10 such that when the disk is rotated beneath the magnets
the magnetic field fromthe nagnets causes the disk's magnetic |ayer 508
to magnetize the sane direction. As illustrated in box 504, the nagnets

are first utiidmedhdam LDC) efasgpitika dbskndydiausiurgattS THEAgNEti zation to
assunme uniformdirection. Next a stencil sk (not shown, but represented

by the focus¥d s IAOS26887HBIBRPIEPPORS 0B/ LerpgRRteRAGA 563) i s

applied to the hidenur f ACEi gH&ouseNGhbt Ss1apel)i RGSNCOEFEERONG tO the
pattern intended to be witten. A light source (not _shown) then irradi ates

the di sk throtRyfiste toraneh| the steegalt ke Fogt OF dAshtePod areas 503.

This heats ofddoddie 2368855696 expesedatrBYokNe ieeRGehs The bgRisemauses the
coercivity the nmagnetic |ayer 508 to decrease. At this point, the

el ect r omagnel®®% e SF6RC br nethoheasuranfen theiGoshsdinétyctheiel ds ori ent ed

in the oppospisdliseatiep E69md hecrklkti al ADGBIA$ 8L ePendlovever this
tinme, they are operated to generate a |ower magnetic field level. This
causes only IRCHEACEHCAFdEe FUB! tHETER PRy U VoS thedbErtddaStyC to switch

their magnet} G did @GlibARSat On Bhe App@ReHs Walfeddi@nr e¥ERSede magnetic field
from magnets 501 and 502. This results in a pattern 505 of disk

magnet i zat i ofnitHatl BSprEssehete endiovepartiehis time, they are

operated to generate 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 the stencil pattern.

[0037] Without limiting the generality thereof, the
invention encompasses any form of servo data pattern that
may be arranged in angularly spaced sets. A plurality of
such sets may then be recorded, each set angularly offset
from the others until substantially the whole disk
surface may be covered with sets of servo data. Each of
the sets may comprise identical servo data patterns.
Alternatively, subsets may comprise alternative patterns.
This enables the same disk to be employed in a number of
different disk drive types that employ difference servo

data patterns.

[0038] Those of ordinary skill in the art may vary the
features of the invention without departing from the
scope of the invention as claimed in the following

claims.



[0037] Wthout Iimting the generality thereof, the invention enconpasses
any formof servo data pattern that mnay be arranged in angularly spaced
sets. A pworabdda/aogsssf such sets may then be recorded, each/isetosapgat arly
offset fromthe others until substantially the whole disk surface nay be
covered with sets of servo data. Each of the sets may conprise identical
servo data patterns. Alternatively, subsets may conprise alternative
patterns. Tid sleriabl es the sane disk to be enployed in a nunber of
different disk drive types that enploy difference servo data patterns.

[ 0038] Those of ordinary skill in the art may vary the features of the
invention withouta depabti 6f feanding sseepeirdforiae ibAventaon as clained in
the following clainms, 9 WO 2004/ 003895 PCT/ US2003/ 020467 W claim 1. A
met hod of recor dif§PEELGoNFT SHifdti 6A™BH % “ragneti ¢ hard di sk, conprising:
recording a plurality of sets of servo patterns onto a hard disk;

determ ning one of the sets that neets predefined criteria; and based upon

such det er mi nat i GFCOHELRY # RAVSL W oPE 39S AlsIBSIVPVRALEFIRF ©BEOThe net hod
according to claim1l whgaeangssd,d recording step conprises printing the
servo patterns onto the disk. ,
determining one of the sets that meets predefined
criteria; and
based upon such determination, using that set for

the disk drive servo.

2. The method according to claim 1 wherein said
recording step comprises printing the servo patterns

onto the disk.

3. The method according to claim 2 wherein said
printing step comprises the use of a tool selected

from the group consisting of a stamper or a mask.

I 4. A method according to claim 1, wherein said
plurality of sets of servo patterns comprises at
least two of said sets having differing patterns
that may be employed by at least two different disk

drive types.

5. The method according to claim 1 wherein said
criteria comprises determining a set of servo data

that meets minimum quality criteria.
6. The method according to claim 1 wherein said

criteria comprises determining a set of servo data

that most greatly exceeds minimum quality criteria.

10



3. The method according to claim2 wherein said printing step conprises
the use of a tool selected fromthe group consisting of a stanper or a
mask. 1 4woOARoomedobgyd according to claim1l, wherein said PpoiTarsadastogose? sets
of servo patterns conprises at |east two of said sets having differing
patterns that may be enployed by at least two different disk drive types.
5. The nmethod according to claim1l wherein said criteria conprises

determ ning a, setTif meehva HaterdiMptonedssmnl NiuRtReqUahtiyatid teria. 6.
The net hod according to claim1l wherein _sai ’gY%%i teria conprises

det erni ning a set®GEiggr FBedatheT 1954 RbstE 447 -exceeds ni ni num qual ity
criteria. 10 WO 2004/003895 PCT/ US2003/ 020467 7. The nethod according to
claim1 further including erasing the other sets of servo data. 8. A disk
drive servo 8&tanpgerdiskofpivei $REvVer SHREPSF | t PR SBY ‘'of servo patterns,
each set offset fromother sets by an angle. 9. The stanper of claim$8
wherein each set is identical to the other sets. 10. The stanper of claim
8 wherein at | east RIvEadib¥ept TCSAHLSSEYO RMFIGEES §2pRt $*F n di fferent

fromthe other sets; Jwhgeei Préhedichf geeptppald ey ey be used by a
different disk drive type. 11. Apparatus for recording servo informtion on

a mgnetic hard di sk, conprising:
9. The stamper of claim 8 wherein each set is identical

to the other sets.

10. The stamper of claim 8 wherein at least one subset
of said set comprises a pattern different from the
other sets; wherein the different pattern may be

used by a different disk drive type.

11. Apparatus for recording servo information on a

magnetic hard disk, comprising:

means for recording a plurality of sets of servo
patterns onto a hard disk drive;

means for determining one of the sets that meets
predefined criteria; and

based upon such determination, means for using that

set for the disk drive servo.

12. Apparatus according to claim 11 wherein said
recording means comprises means for printing the

servo patterns onto the disk.
13. Apparatus according to claim 12 wherein said

printing means comprises tool means selected from

the group consisting of a stamper or a mask.
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means for recording a plurality of sets of servo patterns onto a hard disk
drive; nmeans for determ ning one of the sets that neets predefined
criteria;wendimswd upon such determ nation, neans for esrngelatos6set for
the disk drive servo. 12. Apparatus according to claim 11l wherein said
recordi ng neans conprises neans for printing the servo patterns onto the
di sk. 13. Apparatus according to claim12 wherein said printing neans

conprises topl. negpsrselisciecbFdiog tbhelgimup Canshrst hNgand nasisanper or a
mask. 11 WO 2004/ 003895 PCT/ US2003/ 020467 _14. Apparatus according to claim
11, wherein sai d ifFanscPBRIREREUFGLALYI oF aG%S OFf S8EYS RALI&HFo patterns

conpri ses neans fQmph@eRkLthdshRtrdredstotdbnPlatsaicdstsels o tdnidi ffering
patterns that may be er_‘re}lﬁ_loged by at least two different disk drive types.
gtto

15. Apparat us acE&di M e ThnEl PRREPERT Thah&apoPe R ¥Ry

predefined criteria16Q0pr t 56Sa IEBANent OhisKedervd niyhgsa set of servo data
that neets mnimum quality criteria. 16. Apparatus according to claiml1l

wherein nmeans for determning predefined criteria conprises neans for

deter m ni ng g5 sety 0f, 861402 888 ARk MR 84 1 B LALINE re§ X CRELSs MY Mum qual ity
criteria. 17. Apparatus according to claim21l further including neans for
erasing the ot hedesergipingepipiafdngd criteria comprises means for

determining a set of servo data that meets minimum

quality criteria.

16. Apparatus according to claim 11 wherein means for
determining predefined criteria comprises means for
determining a set of servo data that most greatly

exceeds minimum quality criteria.

17. Apparatus according to claim 11 further including

means for erasing the other sets of servo data.

18. A method of recording servo information on a
magnetic hard disc comprising recording a plurality
of sets of servo data only one of which is used by a

hard disk drive.

19. The method of claim 18 wherein some of the sets
comprige patterns different from other sets in order
that the same hard disk may be used in more than one
disk drive type.

20. A disk drive servo photo printing mask, comprising:

a plurality of sets of servo patterns, each set

offset from other sets by an angle.
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18. A nethod of recording servo information on a magnetic hard disc
conprising recording a plurality of sets of servo data only one of which
i s used hbyoaoodmmssdsdi sk drive. 19. The method of clai m P8Txisesosiomssone of
the sets conprise patterns different fromother sets in order that the
sanme hard disk may be used in nore than one disk drive type. 20. A disk
drive servo photo printing mask, conprising: a plurality of sets of servg
patterns, eagh sethe %%gstpﬂm@ heskset schyimit ARGl Ghe22i @204/ 003895
PCT/ US2003/ 020467 21. The photo printing mask of claimto 20 wherein each
set is identical %& tRelf8thetcHlett® the TR pito printing mask of claim 20
wherein at | east one subset of said set conprises a pattern different
fromthe other sets; wherein the different pattern nay be used by a

di fferent di%&.(“qh@eppyﬁg_pg;pting mask of claim 20 wherein at least

one subset of said set comprises a pattern different
from the other sets; wherein the different pattern

may be used by a different disk drive type.
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