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DRI VES BACKGROUND OF THE | NVENTI ON The present invention relates to Gdata e
storage devices and, in 5 particular, to a nethod of encoding servo =~ -’
i nformati onwwowogines used in a hard disc drive. A typi catT/060040d61 Ve
storage systemincludes one or nore magnetic discs which are nounted for
co-rotation on a hub or spindle. A typical disc drive also includes a
transducer supported by a hydrodynam c bearing to which flies above each
magneti c disc. The transducer and the hydrodynam c bearing are
collectively referred to as a data head. A drive controller is
conventionally used for controlling the disc drive based on comands

received froma t tem.. The drive controller controls the disc drive
to retrieve inf o‘?‘ﬁf‘i@ﬁ? EE%V%WM@WQ@%H&RQD&%P@IYESi nf or mat i on

on the magnetic discs. An el ectronmechanical actuator operates wthin a

negative feedback, closed- SEOHVRIS Qv \f?()ltxlhe data head radially
or linearly over the disc m@%w—por%ati ons and holds the
transducer directl|y Thbpveseat idesitiontelataaal data stytagodevic@nntifia di sc  surface
for track follow ng operations. 20 Ipnformation is typically stored in
concentric t¥ ac%t"cgi'ﬂa'gﬁéa Bsthacef eprodipg serva inferation aredisgusgddva di ng a
wite signal tofhgidarfehead to encode flux reversals on the surface of
the magnetic discs representing the data to be stored. In retrieving data

fromthe discs, theAdfipical disatirive bterage spsteml isclutéscorel e@ohorensagratic cal
actuator so thafL0aydela rrﬁ‘o‘?ﬁ‘lgec{ﬂﬁgéa%o%%’q‘ﬁ% S & Sphidle R diser YLl nder
gnetic discs, sensi GhePrfc discs,
and generating driveedlsh iRk abRaeduedt suppsfed bya hp¥@H$RIMiIc bearing
10 which flies above each magnetic disc. The transducer and the
hydrodynamic bearing are collectively referred to as a data head. A drive
controller is conventionally used for controlling the disc drive based on
commands received from a host system. The drive controller controls the
disc drive to retrieve information from the magnetic discs and to store
15 informationon the magnetic discs. An electromechanical actuator operates
within a negative feedback, closed-loop servo system to move the data
head radially or linearly over the disc surface for track seek operations and
holds the transducer directly above a desired track or cylinder on the disc
surface for track following operations.
20 Information is typically stored in concentric tracks on the surface of
the magnetic discs by providing a write signal to the data head to encode
flux reversals on the surface of the magnetic discs representing the data to
be stored. In retrieving data from the discs, the drive controller controls
the electromechanical actuator so that the data head flies above the desired
25 track or cylinder on the magnetic discs, sensing the flux reversals on the

magnetic discs, and generating a read signal based on those flux reversals.
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As the data head reads the servo information, the transducer

provides a position signal which is decoded by a position demodulator
and presented in digital form to a servo control processor. The servo
control processor essentially compares the relative position error to the
track center and commands the actuator to move in order to minimize
position error.

Generally, the servo information is written on the disc surfaces
during manufacture of the disc assembly. Each disc assembly is mounted
to a servo writer support assembly which precisely locates the disc surfaces
relative to a reference or origin. The servo writer support assembly
supports a position sensor, such as laser light interferometer, which detects
the position of the actuator relative to the disc surfaces. The position
sensor is electrically inserted within the disc drive's negative feedback,
closed-loop servo system for providing position information to the servo
system while the servo data is being written to the disc surfaces. The servo
writer support assembly may also support a clock writer transducer which
writes a clock pattern onto the disc surface which is used for temporally
spacing the servo data about the circumference of each track.

Using a servo writer support assembly to write servo information
typically requires many minutes for each disc assembly. Such time slows

manufacturing throughput and potentially increases the cost of the



Spaci ng the servo data about the circunference of each track. 25 Using a
servo witer support assenbly to wite servo information typlcally 0. s
requires nmany mnutes for each disc assenbly. Such tine slows VLl
manuf act ur i wg oo/smmughput and potentially increases the cesvusoéoddse Li WO

00/ 51112 PCT/ USO0/ 04046 -2 In an enbedded servo-type system servo
information or (servo bursts) is recorded on data tracks which al so

contain stored data. The servo bursts are typically tenporally spaced
evenly about the <circunference of each data track. Data is recorded on the
data tracks 5 between the servo bursts. In a dedicated servo-type system

an entire disc surface in a disc drive is dedicated to storing the servo
information. As the data head reads the servo information, the transducer
provi des a position signal which is decbded by a position denodul ator and
presented in digital formto a servo control processor. The servo 10

control processifash@spituce! AoterRaiatoh RethheltRlideM p&@r&d SoheRdllyOr to the
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Another known technique for writing servo information uses the
10 disc drive itself to write the servo information in situ. In Situ recording
means that the servo patterns are recorded on a fully assembled drive by
controlling the position of the actuator arm using the product actuator with
feedback from previously written tracks and recording the servo .
information with the product head. However, one limitation that has
15 generally limited self-servowriting techniques is that disturbances inherent
in the drive itself, such as disc flutter and spindle non-repeatable runout
(NRRO), limit the radial and circumferencial accuracy of the position
sensing pattern.
As industry continues to press disc drive manufacturers to provide
20  discdrives with increased storage capacity at lower costs, it is becoming
increasingly important to provide disc drives with high track densities
while minimizing manufacturing time and labor costs.
The present invention addresses these and other problems, and
offers other advantages over the prior art.

25 SUMMARY OF THE INVENTION

A method of writing servo information for hard disc drives is

disclosed. The method includes writing position reference information on



witer support assenbly may al so support a clock witer transducer which
wites a clock pattern onto the disc surface which is used for téhﬁogaEIMm3
spaci ng the servo data about the circunference of each track. 25 Using a
servo witewoswmpmrt assenbly to wite servo infornmati orectigspeeiedsl y
requires many mnutes for. each disc assenbly. Such tinme slows :

manuf acturing throughput and potentially increases the cost of the WD
00/51112 PCT/ US00/ 04046 -4 a reference disc surface prior to nounting a

di sc assenbly into a hard disc drive. In sone enbodi nents, the position
reference information is witten at a frequency that is |ower than about 5
MHz. I n other enbodinents, the drive servo frequency can be used. Once the
disc assenbly is mounted in s the disc drive, servo information is witten
onto the disc surfaces based upon thé4bre-recorded position reference

i nformation. Subsequently, the previously recorded position reference

i nformation caieffeRledRGuifhce pdritd BbUAKAE a diftes@nddifth Beh.d Rt ures and
benefits of the present invention will becone apparent upon reading the
fol | owi ng det adnived In seme exbpdiprants thermpsitionireferepte infirmaionds wititten dr awi ngs.
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NGS Fl hS.a pI Vi ew of jsc drive
with which the preegq]g’ﬁiwﬁpﬁ\l/?g\n We(%?h?r%%t?é%? h@qullpn@%Hef q'ibog?wf’%%qhﬁart of a
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ncludes a 20 Hens o h s pags ol gseiibe FroRdlat SRR 5o arive
100 further previously recorded position reference information can be erased or
written over. These and other features and benefits of the present
invention will become apparent upon reading the following detailed
10 descriptionand review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a disc drive with which the present
invention is useful.
FIG. 2 is a flow chart of a method in accordance with one
15 embodiment of the present invention.
FIG. 3 is a diagrammatic view of a pattern of position information
usable with embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG.1isa perspective view of a disc drive 100 which includes a
20  housing with a base 102 and top cover (not shown). Disc drive 100 further
includes a disc assembly 106, which is mounted on a spindle motor (not
shown) by a disc clamp 108. Disc assembly 106 includes a plurality of
individual discs, which are mounted for co-rotation about central axis
109. Each disc surface has an associated head 110, which is mounted to
25 disc drive 100 for communication with the disc surface. In the example
shown in FIG. 1, heads 110 are supported by suspensions 112, which are

in turn attached to track accessing arms 114 of an actuator 116. The



includes a disc assenbly 106, which is nounted on a spindle notor (not
shown) by a disc clanp 108. Disc assenbly 106 includes a plurality?of 2 " 2603
i ndi vi dual discs, which are nounted for co-rotation about central axis
109. Each dweowmosimf ace has an associ ated head 110, whi chp¢susvovmied to 25
di sc drive 100 for communication with the disc surface. In the exanple
shown in FIG 1, heads 110 are supported by suspensions 112, which are in
turn attached to track accessing arnms 114 of an actuator 116. The WO
00/51112 PCT/ US00/ 04046 -5 actuator shown in FIG -1 is a known voi ce coi
notor (VCM), shown generally at 118. Actuator assenbly 116 is rotated
about a shaft 120 by voice coil notor 118, which is controlled by servo
control circuitry within internal circuit 128, to nove heads 110 in an
arcuate path 122 between a 5 disc inne®-dianeter 124 and a di sc outer

di ameter 126. Servo information, such as servo bursts, is enbedded in the

data tracks on,&aabr fHown RUNGAFR aQ{(no - §&c@&§ﬁ§ﬁ%¥é\}@l@f&, %g)ﬁxfg\t | s recorded

circunferentially in the data tracks et ween erv s. As actuator
assenbly 116 pgenetallyrat 1b&adsAdiuator assembly 1d6 &6 rottiediettoat 4 stladkl20ble r ead
transducer in head 110 reads the.store O information fromthe disc
surface. The s‘é?lf/eomildﬂ?t%ﬁ%cﬁ‘gﬁi'st‘ip?&\?ﬁ?%l%séq’?ﬁw FrefrEniings conpares
the recover ed, inesrhgddesht S8 Manbwd KRG ARI 100fh anirt kht@pslR3DS Bldweadh al  position
for head 110 and conmands actuator assenbly 116 ?o nove in order to

m ni m ze posi tﬁﬁéﬁil‘éﬁ?‘&ﬁmelﬁrtﬁ andiaglige qutensdiemeter 126 Servednfoonladonpari ng st eps
148 through 19,.438.d o?ﬁ%&rﬁﬁ&%&i&%&ig tﬂ@gatgggag'o%% 8 LgRLESENt
et hod a l"oc t

i nvention. The 0 begi ns where position reference
i nformation i sdispassembiytif@nDatp trrecartled einnenfdienciabyinfthedatd Backsshown in FI G
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surface in a dbvifa desired data track, the read transducer in head 110 reads the stored
10 information from the disc surface. The servo control circuitry within
internal circuit 128 compares the recovered, embedded servo information
with a desired radial position for head 110 and commands actuator
assembly 116 to move in order to minimize position error.
FIG. 2 is a flow chart of a method comparing steps 148 through
15 158 in accordance with one embodiment of the present invention. The
method 148 begins at block 150 where position reference information is
pre-written upon reference disc surface 130 (shown in FIG, 1), before
disc assembly 106 is mounted into disc drive 100. The pre-writing can be
performed upon a single disc, or on a reference disc surface in a disc
20 assembly. In embodiments where the pre-writing is performed upon a
single disc, the single disc is assembled into a disc assembly with other,
unwritten, discs prior to mounting the disc assembly in the disc drive. In
one embodiment, position reference information is stored on
substantially all of reference disc surface 130. The pre-written position
25 reference information can be written by mounting the disc(s) to an air
bearing spindle, and causing the heads to write information while being

exactly positioned by an actuator. Although use of an air bearing



20 assenbly. In enbodi ments where the pre-witing is performed upon a
single disc, the single disc is assenbled into a disc assenbly with @gr}
unwritten, discs prior to nounting the disc assenbly in the disc drive. In
one enbodi matoospesi tion reference information i s storedp@usodbdesd antial ly
all of reference disc surface 130. The pre-written position 25 reference
information can be witten by nmounting the disc(s) to an air bearing
spindl e, and causing the heads to wite information while being exactly
positioned by an actuator. Although use of an air . bearing WO 00/51112

PCT/ USO0/ 04046 -6 spindle is preferred, other types of spindles such as
ball bearing, or |Iliquid bearing spindles can be used. The pre-witten
position reference information can be witten at a relatively |ower
rotational speed and frequency than ar®& generally used during operation of
the disc drive. In 5 sone enbodi nents, the frequency is mﬁth;n alrange of
about 50 Hz tog QUL oPef 1, it By, facilitate
subsequent reaﬁ?ﬁ of??%%?%6%???%%g%g%g§gﬁggﬁ¥h J%@é%?gﬁgfﬁ the disc drive
despite the phiggisheearipg shinsdessRehe ufdte Thegireivorttanefamsitemaefdrafoer mat i on can

be recorded in. r i.ale manner.. For exanple, th sition

ref erence i nf or"?rfng{rlncg)tﬁmﬁ%g\nboegéngw&? ?ttae’ﬁpﬁ?we’é(éewﬁﬁ%ﬂﬁ%f\fe} fﬂﬁ’egﬁg.&n. t echni ques
for writing serftequenayftharmade geferallp us@IBuSHDOBUABAY 6f tht BRcRPRE! PN reference
information is witten in a manner that facilitates interpolation between
tracks. The’ p&¥mgeBvodinetedbelregieneyristwishin@aangeoiabont f;ﬁﬁm ng any )
appropriate is . gppa . .kno r tr witer can be
uggd. P An il usat r at i@?@?ﬁ%i‘ﬁﬁ@i@ﬁ@ﬁé %’afﬁacé ﬁesagseﬁ%mpatter n - shown
in FIG 3 is kmesingef tha pasifibn referenaeiniarnpsioh e the dst drive deéitan@ 174 are
di sposed on op%osite(ﬁhgggsof centerlines of tracks 196,198, 200,

2003

résence Kew.
The position reference information can be recorded in any
10 appropriate manner. For example, the position reference information
can be written in accordance with known techniques for writing servo
information. In some embodiments, the position reference information is
written in a manner that facilitates interpolation between tracks. The
position reference information can be written using any appropriate
15 apparatus. For example, a know servo track writer can be used.
An illustrative servo pattern is shown in FIG. 3. The pattern
shown in FIG. 3 is known as an amplitude servo pattern. Bursts 172 and
174 are disposed on opposite sides of centerlines of tracks 196, 198, 200,
204, and 206. When a transducer is directly centered over a given track,
20  the position error signal will have equal components from bursts 172 and
174. Thus, a position error signal, based upon subtracting the
amplitudes of bursts 172 and 174 from one another, will have a value of
zero when the transducer is positioned directly above the track
centerline. In order to facilitate control, bursts 176 and 178 can be
25 provided to create a signal that is 90° out of phase in the radial direction
(quadrature) with the 172, 174 burst signal. The pattern shown in FIG. 3

is exemplary only, and a variety of other patterns can be used, such as



204, and 206. Wen a transducer is directly centered over a given track, 20
the position error signal wll have equal conponents from bursts #%% and _
174. Thus, a position error signal, based upon subtracting the arfpli tiidedil3
of bursts 1%Poewsi11i74 from one another, will have a val uecoiusochsi4® when the
transducer is positioned directly above the track centerline. In order to
facilitate control, bursts 176 and 178 can be 25 provided to create a
signal that is 90 out of phase in the radial direction (quadrature) with
the 172,174 burst signal. The pattern shown in FIG 3 is exenplary only,
and a variety of other patterns can be used, such as 2C, 103 WO 00/51112 -7
' 2903 PCT/ US00/ 04046 phase encoded servo patterns (where positioning
information is stored in the phase of the servo pattern), a null pattern,
ti me- based nethods, and multi-frequendy based nethods, as wel| as any
other pattern that provides information indicative of position. The

b ' ' ' ' . le, th
et hods ¢ aught Ph® CCraea s R (AR hnd FORMR 108Plp05 268 111 ed

Cct ober 22, 1990 thapHasentfithd seayo pMEFHOD nANPaARARAERsEOReTHIdBVALLY  WRI TI NG
SERVO PATTERNS:%E Nﬁ ETI C VEDI A" ﬂ%ﬁdbe used to wite the position

ref erence i nf of MRETGHIRETINSPICARE ?'Gsb‘f?ﬁtaé!aPYHH&Fgﬁﬁ?r@tf‘%tchni ques can
be enpl oyed t opjdvRAkinfolRaiaisindi@nve afeﬁ&&ﬁmem%ya&@wah% Wi t he disc.
Additionally, if the position reference information allows effective

i nt er pol at i on, utingamaepricptintedechalique. Kot oxsonplebe puthadssaughefer ence
i nformation negg poL,CRLHESPIALedd nE3Hr 09,425,768 filed October 22,1999

and entitled, "METHOD AND APPARATUS FOR THERMALLY
WRITING SERVO PATTERNS ON MAGNETIC MEDIA" can be used to
write the position reference information. Further, known
10 photolithographic techniques can be employed to impart the position
reference information upon the disc. Additionally, if the position
reference information allows effective interpolation, the radial intervals
between the position reference information need not correspond to each
track of the disc. For example, the position reference information can be
15 written at a radial interval of two tracks or even ten tracks.
Once the position reference information is written to the reference
disc surface, disc assembly 106 is mounted in hard disc drive 100, in a
manner known in the art, as indicated by block 152 in FIG. 2.
At block 154, servo information is written on selected disc surface
20 132 of the magnetic disc assembly based upon the position reference
information, while the magnetic disc assembly is mounted within the hard
disc drive. The servo information is preferably of the type typically used in
embedded servo systems.
As discussed above, the pre-written information is written outside
25 of the disc drive, and thus is recorded using a mechanical system that
differs from the hard disc drive. Although this feature allows the position

reference information to be written more accurately, and at lower



track of the disc. For exanple, the position reference informtion,can.he_
15 written at a radial interval of two tracks or even ten tracks. Oice-théi?
position reference information is witten to the reference disc surface,

di sc assenblwoiddb1izs nounted in hard disc drive 100, in @cthBwREssknown in
the art, as indicated by block 152 in FIG 2. At block 154, servo
information is witten on selected disc surface 20 132 of the nmagnetic

di sc assenbly based upon the position reference information, while the
magneti c disc assenbly is nounted within the hard disc drive. The servo
information is preferably of the type typically used in enbedded servo
systens. As discussed above, the pre-witten information is witten outside
25 of the disc drive, and thus is recorded using a nechanical systemthat
differs fromthe hard disc drive. Althetigh this feature allows the position
reference information to be witten nore accurately, and at | ower WO

00/51112 PCT/ US00Q/(.04046 -.8.rotational speeds than operational speeds, the
gt agf%elegﬁg\gn Opﬁrﬁgpﬂﬁﬁp‘%ﬁlmﬁ? F?‘%SG?E%%%O%@@@?RCF devi at e

tracks of posifti onoy
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drive. A nunmber of techniques are known by which the tracks of servo
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techni ques allow a circular average h repeatabl e
par amet er s. sOneirsuletddspitdithic (acethat tequokitiba seferenedihformatiagisshons a function of

the mniml coil current requir to follow the position reference
i nf or mati on. Aﬁ’bffﬁcggy PEURR gﬁ‘éerf%g’%@ﬁ t?CBP‘t‘lHe%%IW graglarpyerage toappl i cat i on

Serial No. 09/ b06aiédidted bhde8WpdHPEpRARLIFHBametBAl Unk§ch (FRVRENSATI ON FOR
REPEATABLE RUNCUT ERRd?', aggi gﬁped tge%tgdhaemesarre assgcghntee as"t he pr esent

appl i cation. calculatescirculartracks as a function of the minimal coil current required
to follow the position reference information. Another technique is set forth
10 in U.S. Patent ApplicationSerial No. 09/106,443, filed June 29, 1998,
entitled "COMPENSATION FOR REPEATABLE RUNOUT ERROR",
assigned to the same assignee as the present application.

At block 156, the remaining pre-written position information, that
which was not overwritten, is erased. Once the position information is

IS erased, the space previously consumed by the position information is
made available for storing consumer data.

Although the servo information written to the selected surface can
theoretically indicate position of all heads with respect to the discs, in
practice, servo information will be written to each disc surface based upon

20 the servo information written upon the selected disc surface. Thus, any
head 110 can provide a position error signal indicative of the position of
the transducer with respect to a data track. Such configuration provides
enhanced positioning that is less affected by thermal expansion and
contraction of suspension 112, or arms 114. Therefore, in some

25 embodiments, servo information is written to all remaining surfacesin the
disc assembly based upon the servo information written to selected surface

132. This assisted self-servowriting provides all of the advantages of



At block 156, the remaining pre-witten position information, that which
was not overwitten, is erased. Once the position information is 15 erased,
t he space previously consuned by the position information is made £ U /o ZGij
avai |l abl e f swo@isoniz ng consuner data. Although the servo p&fosdiRicke&N Witten
to the selected surface can theoretically indicate position of all  heads
wWth respect to the discs, in practice, servo information will be witten
to each disc surface based upon 20 the servo information witten upon the
sel ected disc surface. Thus, any head 110 can provide a position error
signal indicative of the position of the transducer with respect to a data
track. Such configuration provides enhanced positioning that is |ess
affected by thermal expansion and contraction of suspension 112, or arns
114. Therefore, in some 25 enbodi ments%- servo information is witten to al
remai ning surfaces in the disc assenbly based upon the servo information

witten to sel I 32..This sisted sel f-ser.vowiting provides
all of the adv*%ﬁi%%éi‘**% e%\%/{%i6%7%%1“2“?3‘&%?%&&‘6‘56%‘8I‘Y%Y litledins nal "enbedded
servo syst ens pabtwirite togspsitioneferedbé@informayiohi ttle tine to pre-wite to

position reference information. In sumary, one aspect of the present
i nvention rel ates MSUNMAN ABYAspectafithe Presedinkentian selatgs fh in a hard disc

dri ve. |1 CONb@Rb bvwriink 6AYL hBRRkSH % Kk VB I5RRIH VorBElRYS, wher e

enbedded servo informationh is pre-witten on eac I'sc surface, enbodinents

of the présentaditmrahdisodrize assemplysinethods, velfiere embeddedfservmt i on on one di sc

surface. Thus, ch.less ti i S required for thg re-witing step than
was previ ous! YUPERBIOLE PrEHE “soé‘re\?gh FISF spriace: B ?@“@stqu\ﬁi“? tten using io
the ref erence préRpKinvihieh dthi@ pds$ion rafefercd Hf@inhffnidh ddagiigh i ve, less time

is required than with pre-witten disc techni ques. However, since a pre-
surface. Thus, much less time is required for the pre-writing step than
was previously required. Since servo information is self-written using

10 the reference tracks when the discs are installed in the drive, less time is
required than with pre-written disc techniques. However, since a pre-
written position reference assists in the writing of servo information
within the disc, the self-writing can be performed in less time than that
required for traditional self-servowriting techniques. For example,

15 where the time required to write servo information in traditional self-
servowriting devices is related to the number of tracks cubed (n?),
embodiments of the present invention can effect the assisted self-
servowriting in times on the order of the number of tracks (n). When
track densities are higher than 20,000 tracks per inch, the time savings

20  becomes quite significant. Additionally, because the servo information is
written based upon position reference information written outside of the
disc drive, error propagation, generally associated with self-
servowriting, is alleviated.

In one embodiment, a method of manufacturinga hard disc drive

25 having a magnetic disc assembly with a plurality of disc surfaces is
provided. The method includes step (a) where position reference

information is written on a reference disc surface 130 of the magnetic disc



written position reference assists in the witing of servo information
within the disc, the self-witing can be performed in less tinme thad 8 hat> 53
required for traditional self-servowiting techniques. For exanple, 15
where the tiweosaouired to wite servo information in tr gdriustinaésssel -
servowiting devices is related to the nunber of tracks cubed (n3),

enbodi nents of the present invention can effect the assisted self-
servowiting in tinmes on the order of the nunmber of tracks (n). Wwen track
densities are higher than 20,000 tracks per inch, -.the tine savings 20
beconmes quite significant. Additionally, because the servo information is
written based upon position reference information witten outside of the
disc drive, error propagation, generally associated with self-

servowiting, is alleviated. In one emdbdi nent, a nethod of manufacturinga
hard disc drive 25 having a magnetic disc assenbly with a plurality of

di sc surfaces | i OM hod. i ncl udes. st.e a) where position
reference inf (l‘;?sr?a il}gl\éj 6?§eq3\7re;[%erg%§'§)ertllcghsrcg?ngg’ﬁ)ég%d?'E’@gg%flf“é{ﬁ]énﬁ!go of the
magnetic di sc WardMis&drde2 0BCT dd50MmikiBents Ahap st infokRationRf ore the
magnetic disc assenbly 106 is nounted within the hard disc drive 100. In
sone enbodi men#eittenpye tanbally alke thamefesence discqpifaced A0.odvestesst ant i al | y
all of the ref g{EASEhHL Afsc SsdehBdAE106 ok e ORYpl € di sc
assenbly 106 i s nounted mfthin ﬁﬁ% %%Pﬁéﬁfégﬁ #é@%kfﬁ%&ggm%nce t he disc
assenbly 106 i ©reethetddst assenhiiln 16die mMoantbddrithvie thdlthrd sitiep 146 $tepi per f or med
where servo information i.s wittep on.a selected disc rface 132 (which
may be the ref STSACETGH ¢l egelfrefvé)c'ggf@ﬁsm%'ls“_frﬁgmr?é‘_gﬂf@ch@ﬁ "%é“rfé%es_enbl y 106
based upon t hel3m§iticiomay bé tHeqBfefencd\dioé §itdcO180) bF 1hahhapnelidWisc POSI tion
reference informati on can be erased in order t0o accomiodate user io0 data.

I n one enmbodi nffembhy 106 dasedanon the positiprymatererics infarsaativnl Finabp the e

position reference information can be erased in order to accommodate user

10 data. Inone embodiment, all surfaces within the disc assembly 106 are
written with servo information based upon the servo information written
upon the selected surface 132. In some embodiments, the position
information is written at a frequency between about 50 Hz and 5MHz. The
rotational speed of the disc during such writing is preferably lower than

15 operational speeds to reduce disc flutter and other undesirable effects.
Techniques can be employed to write the servo information on the discs
despite deviations in the position information from a perfect circle centered
about the spindle's axis of rotation.

Embodiments of the present invention are particularly useful for all

20 discdrive and especially for those drives, employing track densities of
20,000 TPI or more. However, embodiments of the invention are useful for
virtually any storage device having multiple storage media units, such as
disks, where position information is embedded within the media.

It is to be understood that even though numerous characteristics
25 and advantages of various embodiments of the present invention have
been set forth in the foregoing description, together with details of the

structure and function of various embodiments of the invention, this



witten with servo informati on based upon the servo information witten
upon the selected surface 132. In sone enbodinents, the position 9 4 4.
information is witten at a frequency between about 50 Hz and 5NHz .4 “Ph‘e 2503
rotational sweeslsiofz the di sc during such witing is pref acallsyodsgéer than
15 operational speeds to reduce disc flutter and other undesirable effects.
Techni ques can be enployed to wite the servo information on the discs
despite deviations in the position information froma perfect circle
centered about the spindle's axis of rotation. Enbodinents of the present
invention are particularly useful for all 20 disc drive and especially for
those drives, enploying track densities of 20,000 TPI or nore. However,
enbodi ments of the invention are useful for virtually any storage device
having nultiple storage nedia units, sugb as disks, where position
information is enbedded within the nedia. It is to be understood that even
t hough nunerous characteristics 25 and advantages of various enbodi nents
of the present displastre isillusnptive palyn Ghangdsanathbé madhén detidgspeviplifescri pti on,

together with ol cture and.function of various.enbodi nents
of the inventi gﬁﬁt{??ss&fﬂﬁgﬁlrﬁ\%%g?gﬂwnﬁeﬁ' Pﬂﬁ)wtgﬁbtﬁ% Prlfilpgqsg& osure is
illustrative onhypreshatrigestivhyo bt fitldRtenbindedatdd by @eRR6dPgdnérali N matters of

structure and arrangen&nt of parts within the &Ei nci pl es of the present
i nvention to tHeeanig ofdhe fgymsiin whicky thg appended claima arapxpeesaed. Fazani ng of the

T L e SO SRR SIS B IS 5 05 e
di sc surface i rtharpivedariten ti thh discsugfaesratcordance with the 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
10 types of light sources, beam deflectors or scanners, magnetic 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.



i nvention. The disc can be a traditional magnetic disc or a nagnetoz %.foqﬂ
optical . disc, for exanple. Various types of recording heads can be tis dyo 603
such as inductive heads and magneto-resistive heads. Also, various 10 types
of |ight sowaessiiibeam defl ectors or scanners, nagnetic fpiceisoonsnasr ces can
be used with the invention. The particul ar process steps and order of

steps can be nodified as desired. O her nodifications can also be nmade. WO
00/ 51112 PCT/ USO0/ 04046 -12 WHAT IS CLAIMED IS: 1. A nethod of o
manufacturing a disc drive having a disc assenbly,  the nethod conprising
steps of: (a) witing position reference information on a reference disc s
surface of the disc assenbly, before the disc assenbly is nmounted within
the disc drive; (b) assenbling the disc assenbly into the disc drive; (c)
witing servo information on a selectedjgisc surface of the disc assenmbly
based upon the pre-witten position reference 10 infornation, while the
disc assenbly is mounted within the disc drive; and (d) erasing at |least a
portion of the 1L ce information. 2h The net hod of f!alnklz
and further conprisi ; . on the servo inforpation being
written upon t[\rg se|’§%%éé‘ﬂ§d‘§f‘§%“§%ﬁt?%§%§§%ﬁ&% VeARE Y lsf?ﬁs‘c’)‘F‘I’fg’ﬁ Bn on

anot her disc suwetlackoofprishg stipsef.assenbly. 3. The nethod of claim1,
wherein step (a) is perforped while the

(g) writing position reference information on a reference disc
5 surface of the disc assembly, before the disc assembly is
mounted within the disc drive;
(b)  assembling the disc assembly into the disc drive;
(c)  writing servo information on a selected disc surface of the
disc assembly based upon the pre-written position reference
10 information, while the disc assembly is mounted within the

disc drive; and

(d) erasing at least a portion of the position reference

information.
2. The method of claim 1, and further comprising the step of:
15 (¢)  upon the servo information being written upon the selected

disc surface, writing servo information on another disc
surface of the disc assembly.
3. The method of claim 1, wherein step (a) is performed while the
magnetic disc assembly is coupled to an air bearing spindle.

20 4. A disc drive comprising a disc assembly having an operational
rotational speed, the disc drive manufactured by the method of claim 1,
wherein step (a) is performed by rotating the magnetic disc assembly at a
rotational speed that is different than the operational rotational speed of
the disc assembly in the disc drive.

25 5. The method of claim 1, wherein upon completion of step (a), the
position reference information covers substantially all of the reference disc

surface,



hmagnetic disc assenbly is coupled to an air bearing spindle. 20 4. A disc
drive conprising a disc assenbly having an operati onal rotational Qp@qgi??ﬁﬁ
the disc drive manufactured by the method of claim1, wherein step (a) is™”
performed bywoatstiing the magnetic disc assenbly at a roi@jusen@bssspeed

that is different than the operational rotational speed of the disc
assenbly in the disc drive. 25 5. The nethod of claim1, wherein upon
conpletion of step (a), the position reference information covers
substantially all of the reference disc surface. 20 WO 00/51112 _

PCT/ US00/ 04046 -13 6. The nethod of claim11, wherein the reference disc
surface and the selected disc surface are the sane disc surface. 7. The

met hod of claim6, wherein the servo information is witten 5 over at

|l east a portion of the position referent® information. 8. The method of
claim1l, wherein step (c) further includes characterizing non-repeatable
runout of the magnetic disc assembly and reducing the effects of runout on
the servo information. 9. The nethod of claim1, wherein the position

reference inforémti dhe Methb® ofcIRAS SwRREIEME refbfncd BRe @Eif&k‘?e%‘aftﬁ' aim 1,
wherein the position reference information is a null pattern. . The

met hod of cl ai nfelecteghshiscaprfagepae ﬂ’@g‘f\@@idéscdué@eassenbl y includes a plurality
o see 15 12, Thogehinio o B € HE oSS LB T
20,000 tracks @er atleasha p3Rbh df EIROKSitRRITeforitte MBdratation.

8. The method of claim 1, wherein step (c) further includes

characterizing non-repeatable runout of the magnetic disc assembly and

reducing the effects of runout on the servo information.

g, The method of claim 1, wherein the position reference information

10 isa phase pattern.

10.  The method of claim 1, wherein the position reference information
is a null pattern.

11.  The method of claim 1, wherein the magnetic disc assembly
includes a plurality of discs.

15 12.  The method of claim 1, wherein the servo information written
during step (a) is written at a track density in excess of about 20,000 tracks
per inch (7874 tracks per centimeter).

13. A disc drive manufactured according to the method of claim 1.
14 A method of manufacturing a disc drive having a disc assembly

20 witha plurality of disc surfaces, the method comprising:

(@) a step for writing position reference information on a
reference disc surface of the disc assembly, before the disc
assembly is mounted within the disc drive;

(b)  astep for assembling the disc assembly into the disc drive;

25 (c)  astep for writing servo information on a selected disc surface

of the disc assembly based upon the position reference



13. A disc drive manufactured according to the nethod of claim 1. 12.@Agw?qﬁﬂ
met hod of manufacturing a disc drive having a disc assenbly 20 with a ‘- /4y
plurality of disc surfaces, the nmethod conprising: (a) a step for witing
position reM®®Ed2i nformati on on a reference di sc surfacpusioidae di sc
assenbly, before the disc. assenbly is mounted within the disc drive; (b) a
step for assenbling the disc assenbly into the disc drive; 25 (c) a step
for witing servo information on a selected disc surface of the disc
assenbly based upon the position reference WD 00/51112 PCT/ US00/ 04046 - 14
information, while the disc assenbly is nounted within the disc drive; and
(d) a step for erasing at |least a portion of the position reference
information. 5 15. A disc drive manufagtured according to the nethod of
claim 14, wherein the reference disc sdrface is substantially free of
position reference information. 10

information, while the disc assembly is mounted within the

3

disc drive; and
(d)  a step for erasing at least a portion of the position reference
information.
5 15, A disc drive manufactured according to the method of claim 14,
wherein the reference disc surface is substantially free of position reference

information.



