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‘information on discs used in a hard disc drive. Aty

IVETHCD FO?
2003 WO 00/ 51112 PCT/ US00/ 04046 ADVANCED SERVO VRI TI NG
aAgﬁAgFSC DRI VES BACKGROUND OF THE | NVENTI ON. The present invention rel ates

to data storage devices and, in 5 partrcular_ to a neg?ga#ﬂéegzﬁﬂg:cg servo

i i di scs_whi ch are nounted for
storage system i ncl udes one or nore nagnetic
co-rotati owepo/stiizub or spindle. A typical disc drlye g#ﬁﬁ%ggéggsgsegch

-.transducer supported by a hydrodynam c bearing i o which

i i ic bearing are
magnetic disc. The transducer and the hydrodynanic _
co?lectively referred to as a data head. A drive controller is 4
conventionally used for controlling the disc drive based on comands
received froma host system The drive controller controls the disc drive

i i i i i 15 i nformation

to retrieve information fromthe magnetic discs and to store ;
| actuator operates wthin a :

on the magnetic ctronechani ca :
negati ve feedbéA§Vi§ﬁg?§gEﬁ&ﬁb“@Q?U@G§9EHHﬁﬁIEORﬂ%eRDHESdHDRHHHﬁad radrally¥

or linearly over the disc surface for track seek operations and holds the
transducerydrrectly above pa GEShEPID | Liohn | inder on the drscd sgrface
for track foll ow ng operations. 20 throrHe C’lecally stored i
concentric t racks g"hepmselsnjnfzau&)roxfelatéé’t@ dﬂ?sgéi&taggdgéﬁ ssan%yirfr ovi di ][‘9 a f
wite signal Qi ta head to encode flux r versals Oh't he _sur_acedota
the magnetic é’ réc PR enpedipgserve infobeakdrosediscd Wbetdghhi evi n? a

"fromthe d|s®5niﬂﬁedﬁbave controller control s the el ect ronechani ca
actuator so that the data head flies above the desired

A typical disc drive storage system includes one or more magnetic

=%

discs which are mounted for co-rotation on a hub or spindle. A typical disc

-drive also includes a transducer supported by a hydrodynamic 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

t5  informationon the magnetic discs. An electromechanicalactuator 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

}nagnetic discs, and generating a read signal based on those flux reversals.




‘reversals. 2 0 AUG 2003 WD 00/51112 PCT/ US00/ 04046 I n an enbedded

25 track or cylinder on the nmagnetic di scs, sensi ng the flux reversals on 4
the magnetic discs, and generating a read signal based on those flux

servo-type system servo information or (servo bursts) isAﬁ 0 aﬁg on data
tracks which also contain stored data. The servo burstgoa Eyé Ily. .

tenporal |y spaced evenly about the circunference of each data track. Data
is r-ecordé\ﬁo 1#Re data tracks 5 between the servo bur steeT/useoassdedi cat ed
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

informati on, the transducer provides a position signal which is decoded by

a position denodul ator and presented in digital formto a servo control
processor. The servo 10 control processor essentially conpares the relative
position -error to the track center and commands the actuator to nove in
order to mnimze position error. Cengrally, the servo information is
written on the disc-surfaces during manufacture of the disc assenbly. Each
di sc assenbly is nounted 15 to a servo witer support assenbly which

preci sely | ocates Ih#n gmbedded servedypebpttéme séroodnf@henpnce @Erveri gi n. The

servo witer $yURRQE : rts, .a position sensor, such as |aser

light interferone égr f&%fecﬁﬁé%g?%gt?%ist‘%@gb@gﬂ‘F‘Hﬁa‘é‘fStPWé dteudihgr rel ative

to the di sc saerbacbarstsThérepagpitalin teﬁgﬂ@sg[yi a@jagcte(,gﬁgl | boliSgLt ed within
20 ¢

the disc drive's n ?ativ f eedback, | 0sed-1 oop servo systemfor
provi di ng posFEfBHerenes Phatdhosiate dracke Batavis resgmstednomithé @ataheacdker vo data i s

bei ng” wri t§ enpdvebihedie age - ervo, witer support assenbly may
al so support a cleockevvr}%&ebrw%t%'a%s%%%?ae PENO-tXPE BXdem, ) tike gisEt ern ont o

the disc surf sréacen xdist drivsiededioatet! engoFiaf kbe sersPRbMgatidpe servo data
about the ci r cunf e/{set Cee nga gg'accp rtteard%Ci.!i{e 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
10 control processor essentially compares the relative position error to the
track center and commands the actuator to move in order to minimize
positionerror. |

Generally, the servo information is written on the disc surfaces
during manufacture of the disc assembly. Each disc assembly is mounted
1> toaservo writer supportassembly 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,

20 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.

25 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




25 Using a servo writer support assembly to wite servo information:
typically requires many mnutes for each disc assenbly. Such tine slows
manuf act uri ng t hroughput and potentially increases the cost of the 2 0 AUG

2003 WD 00/51112 -3 PCT/ US00/ 04046 fi ni shed product. Ar?gt}g(uel g@ﬂ tionis
; that the servo patterns generally consunme about 5%to % of ~t

- recordi ng aodssite @ given disc drive. Further, it is difficult to align
the product head skew to the orientation of -the pre-w i ¢ES0881%6

" patterns. Further still, it is also difficult 5 to align the discs such

. that the tracks are circular and centered at the spindle rotating center.
" Yet another |limtation is due to the difficulty of aligning the radial

. positions of the product heads from surface-to-surface to produce

sabl e

cylinders. Another known technique for witing servo information uses the
10 disc drive itself to wite the servo information in situ. in Situ
recording nmneans that the servo patter®s are recorded on a fully assenbl ed
drive by controlling the position of the actuator arm using the product

actuator withghiged r rexi ously written tracks and recording the
servo information aﬁ% ? ﬁc{ hg%@gﬁﬁﬁfaﬁgédﬁ thap {es, e¢rvo gragtemsigenarallyn t hat has

15 general | y ¢dnsumechbeet §%ster MosvoE Ttlh@ﬁsékf?&?é@o%ﬂg dréa {4l gl Suurbances
t Cer

n

i nherent in the dgj v% itself, such as disc flu and sﬁ)l ndf]gc
non- r epeat abl ¥'Y&undurthep Nkag)difficplito align thalipabdartcheidr skent @6 anei al

accuracy of téeenashld ensi t n. [,hdustry continues to press
) ¢ dri ot tdfg%qr%%%&é}gsgg@oé%{ea?ss;?‘ﬁh?%(gghﬂy‘tsHlsPl%frf’é'a%ed s!to orage .

di sc drive manufacturers to provi
capacity at |tevligncthbstdiscsi such shbietheniracks ér@%&ﬁﬁdr@&cén@@&ta?% to provide
di sc drives vg Wﬂhi&h.track d%psi ties while mnimzing manufacturing tinmne
and | abor cosFindlerotating center. Yet another limitation is due to the difficulty of

aligning the radial positions of the product heads from surface-to-surface

to produce cylinders.

Another known technique for writing servo information uses the
1o disc drive itself to write the servo information in sitr. 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-servowri ting 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 manufacturersto provide
20 disc drives with increased storage capacity at lower costs, it is becomin g
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




The present |nvent|on addr esses these and ot her probl ens, and offers ot her s
“advantages over the prior art. 25 SUMARY OF THE | NVENTI O\l A net hod of .
- writing servo information for hard disc drives is disclosed. The nethod

i ncludes witing position reference information on 2 0 ?\QGMQ@QQ@BOOI 51112
PCT/ USO0/ 04046 -4 a reference disc surface prior-to nmounting a disc-

assenbly into a hard disc drive. In sone enbodinents, the position :
r ef er ence WYY ('?l"r}ﬁtlon is witten at a frequency that i8ci/usmmstshan about 5:
MHz. I n other enbodi nents, the drive servo frequency can be used. Once the

~disc assenbly is mounted in 5 the disc drive, servo information is witten

onto the disc surfaces based wupon the pre-recorded position reference

i nformati on. Subsequently, the previously recorded position reference

i nformati on can be erased or witten over. These and other features and
benefits of the present invention wll becone apparent upon reading the
follow ng detailed 10 description ang review of the associated draw ngs.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan view of a disc drive W th
which the present invention is useful. FIG 2 is a flow chart of a nethod
i n accor dancereffrenceiec S@SacemodtcnmnnnmﬁghH@cmsﬁﬁﬂymtaueﬁtd @3c FIG 3 is a

di agrammati c tigrn of . posi.tion information wusable with
enbodi nment s %&fwggé?ngsen IRgaKth EROS‘&FTN@FDCWWPWWGW HE PREFERRED

ENBODI NENTS atfal fGqhiensy thapileRes ta @bshest itz ancifics Hitlotfindd i ch | nol udes
a 20 housing ,with a base 102 and top cover (not s % rive 100
further drive servo frequency can be used. Once the dlSC assembly is mounted in

5 the disc drive, servo information is written onto the disc surfaces based
upon the pre-recorded position reference information. Subsequently, the
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.1is 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




~drive 100 for communication with the disc jsurface. Int exanpl
" FIG 1, hedd»o0s102are supported by suspensions 112, whi Cp‘iﬂ{’f‘\?@"g turn
e 0

"2 0 AUG 2003 PCT/ US00/ 04046 actuator shown in FIG 1 is a known voi ce coil
- motor (VCM, shown generally at 118. Actuator assenbly 116 is rotated

~control circuitry within internal circuit 128, to nove heads 110 in an

includes a disc assenbly 106, which is nmounted on a spindle motor (not

shown) by a disc clanp 108. Disc assenbly 106 includes a plurality of -

i ndi vi dual di scs, which are nounted for co-rotation about central axis _109.

Each di sc surface has an associ ated head 110, which is Pzwut@gq Q[]O 5 disc
€ shown in

attached to track accessing arnms 114 of an actuator 116. /51112 -5

about a shaft 120 by voice coil notor 118, which is controlled by servo

arcuate path 122 between a 5 disc inner dianmeter 124 and a disc outer

di agneter 126. Servo information, such as servo bursts, is enbedded in the ;
data tracks on each disc surface of dbsc assenbly 106. Data is recorded
circunferentially in the data tracks between the servo burkstsh As agt uator
assenbly 116 posdtbi siswheees;. 110, 1QYSh 3;desired datg track, the rea
transducer in head 110 reads the stec/)rég%-fﬁcf)’_rllf’bog% i ?’P Otifit he disc
surface. The &@erallyortlng) cActzuatdrlassemmhllmisy&ﬁ@ﬂag&u&lsfhgﬂ'lﬁ%ﬂ)?ls CO”P?T gf}
the recovered,.; dded vo.information wth a desire _radial positi

for head 110%6%@?%‘8&2@83& Irontrolled by sorvp tantrel cingvigryiwitlander t o

m ni ni ze posiihiesmalefrtoit 128 0o héadd 110 9%89%&&8?,&1161[23%%{‘0‘1 conparing steps
' odi nen .

148 throu%h 5 158 in accordance with one e o] fﬁ?@apresent
i nventi on> THESC IRBEHGAMElS 1 Heagiciasdia¢ otlendianishé 1261 eSeev Piasoriiaeiony ef er ence

1) “berore ora STt bRl RIS R B Fittts teahive sadwreotine.
pre-writing clgeabsembly106. Data is recorded circumferentially in the data tracks
between the servo bursts. As actuator assemnbly 116 positions heads 110
over a desired data track, the read transducer in head 110 reads the stored
10 information from the disc surface. The servs 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 posi tion reference information is

A 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 thé disc drive. In
one embodiment, position reference information is stored on
.s'fxbstantially 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

N NI G SR




p’erf{or‘rreyd ‘upon a single di sc, or on .a ref erence disc surface in a disc ’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 other, '

‘unwritten, discs prior to nounting the disc assenbly i ndéb(e]émeczﬁnave : .| n |

one enbodi ment, position reference information is store 1

substantially all of reference disc surface 130. The pre-written position
25 referent@ %A% nation can be witten by nounting the rdiTazsp&d40460 an air
beari ng spindle, and causing the heads to wite information while being
exactly positioned by an actuator. Although use of an air bearing WO

00/ 51112 PCT/ US00/ 04046 -6 spindle is preferred, other types of spindles
such as ball bearing, or 1liquid bearing spindles can be used. The

pre-written position reference information can be witten at a relatively

| ower rotational speed and frequency than are generally used during

operation of the disc drive. In s sonmg_enbodi nents, the frequency is within

a range of about 50 Hz to about 5 MHz. Such | ow frequency witing nay
facilitate subsequent reading of the position reference information in the
di sc drive de¥pPeis it Resferprce other bypss ohspitdlek such Fhisalbimsiingper r ef er ence

information, g&RARLaL : i 0 propriate manner . For exanpl e,
the position rﬁ]er e%égglg%lgggﬁ%%}? %‘Yse(g:iaﬁﬁgé’r WY LIPSO tedP9Bfce with known
techni ques f omfewnationgranée waittdnt areRtvaH lowsr SRAForRIHRLIERRL S, the

position refe{ence i Ire?f‘ormatti onis witten in a manner that facilitates
i nt er pol at i on " BEISHEE 3T 31E genergihpused shifringmperatien efithe discfbiveatihon can be

witten usi NgsomyerAPOUiRRNALH ¢ . For e I know servo track
witer can be used. AN i1TuStratTy égl?fgﬂﬁé’%t’%er?ﬁfaﬂrpugﬁ% *'n FIG 3. The

pattern showrhbort FMIIz3Such lewdvequascyawritinglnhdydeilsae ¥ebqeaubfy N. Bursts 172

and . .. .
reading of the position reference information in the disc drive despite the

presence of head skew.
The position reference information can be recorded in any
10 appropriate mar:a:. 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 facilitétes 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




174 are disposed on opposite sides of centerlines of tracks 196,198, 200,
204, and 206. \Wen a transducer is directly centered over a given track, 20
the position error signal will have equal conponents frombursts 172 and
174. Thus, a position error signal, based upon subtractPfpy ADE 2808 it udes

-of bursts 172 and 174 fromone another, will have a value of zero when the ;

transducer weogskti oned ‘directly above the track centerlife, In order to

facilitate control, bursts 176 and 178 can be 25 provi de§CVESRPWAt e o
"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 2 0 AU G 2003 WO
00/ 51112 -7 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 nulti-frequency based nethods, as well as any
ot’her pattern that provides informatiZen indicative of position. The
pattern can be witten 5 using any appropriate technique. For exanple, the

nmet hods taug n cation.serial nunber 09/425,768 filed
Cctober 22, 1 9119"'%"?‘fa“ncgdeg1 ’@{’Z’éhe‘g% PARBIRPRNRATDR FORS FIERVALLY VIRl TING.

SERVO PATTERNS HENpHMAEDETe GeMob oA err ) iR puﬁsﬂm Tni?he- WskliSndSad0S! i on
reference informati o Furt her, known 10 phot ol ithographic téchni ques can

be enpl oyed tBY; rPrﬁb'&r fe‘lul%c)b%%ﬁetjlnéﬂ'ihO‘?Seﬁ%W@H@e any btrergiattern thapn t he di sc.

Addi tional | ¢ [ |on al |l ows effective
i nterpol ati gnprb{,ﬂgﬁ?lzfi&?%hbr%?%lrc E\E/tgjes %E)S? eh'?‘f”l?é BULTAN BWREeRr ence

i nformati én neseg mtappmprmqomaﬂnxqoe eBortexatrf Kh@ﬁ\etﬁtfas%éght jgor exanpl e,

the position f ren nforrratl n can be witten at a radial interval
e DS O L i i nepal muraber 037 475,788 fled Ortber 22, 1599

and enntled, "METHOD AND APPARATUS FOR THERMALLY
WRITING SERVO PATTERNS ON MAGNETIC MEDIA" can be used to
write the position reference information. Further, known
10 photolithographic techniq:cs van 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 informationis 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




Once the position ref erence i nf or mat ionis witten to the reference disc
surflace, disc assenbly 106 is mounted in hard di sc drive 100, in a manner.
kno in the art, as indicated by block 152 in FIG 2. At block 154, servo

information is witten on selected disc surface 20 13 etic
assenbly based upon the position reference infor ﬁZ(ﬁ Aﬂmﬁg t he -

di s «
magnetic disc assenbly i-s nounted within the hard disc drive. The servo

i m9 rmat i o % P %t er)e/lbl y of the type typically used in pavivesisieg servo
systenms. 25 As discussed above, the pre-witten information is witten
outside of the disc drive, and thus is recorded using a nechanical system
that differs fromthe hard disc drive. Although this feature allows the

posiition reference information to be witten nore accurately, and at | ower

2 0|AUG 2003, WO 00/51112 PCT/ US00/ 04046 -8 rotational speeds than

operational speeds, the tracks of position reference information will, to :
SO extent, deviate froma perfectly circular shape once the assenbly is

rotating within the drive. A nunber of8-t echni ques are known by whi ch_th°e
tracks of servo information can be made substantially 5 circular despite

the fact thatrotatienglepédds®inr $Hed tfdHabs B O HBRLI R0 o} S, a0t perfectly
circular. Generall Iguch tec(ﬁ;ni ques ?I I owﬂz;@%élcggﬁ){%?&é%?géé?c’?o be

cal cul at ed b&3'€H™® Wﬂbﬁb‘é’mﬂﬁxéernadme Boma freecaiieicilachRpgue cal cul ates
circul ar tragkse @S adseh i isirgtgtigtﬁf/&ipﬁ%me%ml coil current required to
ee i

foll'ow the position refefence | ‘.VeAr?b‘f‘HBPertcééf_ﬁhhquESﬁrs set forth
to In U.S, Phbennbyphick tttnkSof deato MomBfbd 06 Bdfaal Lisahufly 29, 1998,

entitled ! COWENSA | ON fdg REPEATABLE RUNOUT ERRCR',  assi gnedyto t he sane .
Breseie thedant

assi gnee as tAE'Pr thepositign refeserice irf6rmatien is aomi ni ng
pre-witten p@ﬂé&iy@ﬂcblﬂfpf}@ﬁéx‘aﬁ? su&n@éhniques allow a circular average to

be calculated based upon repeatable parameters. One such technique
calculates circular tracks as a function of the minimal coil current required
to follow the position reference information. Another technique is set forth

10 i u.S. Patent Application Serial 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

15 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
;:;ntraction of suspension112, or arms 114. Therefore, in some

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

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




whi ch-was not overwitten, i.s erased. Once the position information is 15
erased, the space previously consumed by the position information i's  nmade
avai l abl e for storing consuner data. Although the servo information witten
to the selected surface can theoretically indicate position of all heads

~with respect to the discs, in practice, servo inform@@nAMGI2083witten
“to each di w© ®@siftace based upon 20 the servo infornativonpeaf”:/bg

0@/ N, pon t he
sel ected disc surface. Thus, any head 110 can provi de a poOSi P8 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

3

114. Therefore, in sone 25 enbodinents, servo infornation is witten to all

remai ning surfaces in the disc assenbly based upon the servo information
witten to selected surface 132. This assisted self-servowiting provides
all of the advantages of WD 00/51112 99 2 0 AUG 2003 PCT/ US00/ 04046

traditional enbedded servo systens while requiring relatively little tine

to  pre-witg,iRoRdLtd I rence infarmatign. In sunmary, one aspect of
the present i?\%@l’?ﬁl on l%ee gfigésr%f)gys em t}ﬁ&ﬁe‘m‘“%H’e!"itlﬁﬁl)%lé‘il‘\’/miem ormation in

wher e enbedded servo infornmation is pre-witten on each di sc surface,
enbodi nents of t HE SUBNBEYnPNe Aspent 9fdhe presert ipwsitionanlatesftenence i nf or mat i on

di . ; ] i is.required for the pre-witing
ClepthanEEHARE T S B, KRl oh B st 1S ©

step than was previous PHHATIY sel f-written

usi ng to st hetraditiendntisc drieeksembBnmethodeli whéreahell&i &bgd i n the drive,

|l ess tine is re%lj red than with pre-witten disc techni ques. However,
since a pr e_mform 10n 1s pre-written on each disc surface, embodiments of the

present invention store position reference information on one disc
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 iracks 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.

" one embodiment, a method of manufacturinga hard disc drive

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

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

~a hard di sc pire-weite tbipositiohiréfeteric@infériaflidnl onal di sc drive assembly nethods,




witten positibn reference assi-sts in the writing of servo‘ihfofnatﬂon
wi'thin the disc, the self-witing can be performed in less tinme than that
required for traditional self-servowiting techniques. For exanple, 15

where the tine required to wite servo information in traditional self-

servowiting devices is related to the nunber of tracks q@@pdug 32003

enbodi nents of the present invention can effect the assisted self*= :
servow i ti P %M mes on the order of the nunber of tracksrsepostdben track
densities are higher than 20,000 tracks per inch, the tinme savings 20
becormes 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 enbodinent, a nethod of manufacturing a
hard disc-drive 25 having a magnetic disc assembly with a plurality of

di sc surfaces is provided. The nethod 6nc|udes step (a) where position
reference information is witten on ATeference disc surface 130 of the"
magnetic disc 20 AUG 2003 WD 00/51112 PCT/ USO0/ 04046 -10 assenbly 106,

before the negrenbly 106, befas trmpnedfist SssBRBRLRA idhbRhaditin gl d di sc
drive 100. | sqne n.bog'bérents, the position“information I's witten over
subst anti al | y'4f r‘SBF’“tVﬁ -dnEpRp embadiseents theqasiti®Onfortnatives (b), t he

magneti ¢ di SCwARSEHR Y | ithinp the hard disc drive 100. 5
Onge t he disc asseén%:ryu%%gmi&azly?rggﬂ{hggeﬁetnﬁ?%sfﬁ‘gfﬁﬁﬁ%‘)’d‘éfw $0, step (c)
i s perforned thhsagneirdisc dssdroblyradd isn»dm?w Mthﬁ‘ﬂh)@ﬂax?i cﬁﬁ& @r@&eeﬂ)O?' Scdjsur face
132 (whic be, the refe .disc surface 130) of the magnetic disc
asseErbI y ?06 'écs‘?gh %‘B%ﬁ*sfﬂ‘@%g@gfstrf‘?}ﬁ‘f?%fvéﬁb@h@e hard drivetGOpstep @)nal |y, the
posi tion ref & pat@mnicavoRErRbdr0S e AARnS #5En bR aQEIAL HR-BGSQLITdat e user

132 (which may be the reference disc surface 130) of the magnetic disc
assembly 106 based upon the position reference information. Finally, the
position reference information can be erased in order to accommodate user
10 data. In one 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
IS 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.
Embodimentsof 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.
’ Itis 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




rotational speed of the disc during such witing is pre
15 operati on¥P %pEEds to reduce disc flutter and ot her Unqﬁ‘ﬁh{sﬁb' e effects.
_JJechni ques can be enployed to wite the servo information on

the present inyrianti on %}9 the ful]l_ extent indicat

~to data. In one enbodi ment, all - surfaces within the disc assenbl y 106 are

written with servo information based upon the servo information witten
upon the selected surface 132. In sone enbodi nents, the position
information is witten at a frequency between about 50 H@énd 5MHz. The
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despite deviations in the position information froma perfect circle

‘centered about the spindle's axis of rotation. Enbodiments of the present

invention are particularly useful for all 20 disc drive and especially for
t hose drives, enploying track densities of 20,000 TPl or nore. However,

enbodi nents of the invention are useful for wvirtually any storage device

having nultiple storage nmedia units, such as disks, where position
information is enbedded within the nedig. It is to be understood that even
t hough nunerous characteristics 25 and advantages of various enbodi nents
of the present jin enti.oq have been set forth in the foregoing description,
together with GECKERE iBfllisHativaeniyc Chrrgesmiay beatadenn dbtayioed gigygnbodi ment s

of the inventi anmatlisor\We.094 -11 2 UG, 2003 PCT/ US00/ 04046
disclosure is illustrative onﬁsy. %ﬁ%’%rensengﬁ P#&s Yrithin the rrinciples ofespeci al | y

in matters of $hepresantévantonts thegelestenOhdRatddSyyiHN h&. ki nci pl es of
f 3’3”%@?%‘28 r?%%]ld gener al

meani ng of the T erns of SARTERHIN Which shrariendet alaims arcegrpisedsee: For 5

exanpl e, vasi oesanipiBSsarRhis He® bFRL tterns can be thermally or
otherwise witten to the dil'}{syé3 sur a%%tﬁﬁpﬁgtgﬁsﬁﬂg§ tgﬂ"hal%‘ér present

otherwise written to the disc surface in accordance 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.




invention. The disc can be a traditional magnetic disc or a nmagneto-

optical disc, for exanple. Various types of recordi ng heads can be used,
such as inductive heads and magnet o-resi stive heads. Al so, various io types
of light sources, beam deflectors or scpmners, magnetic fiel% sources. can
be used with the invention. The particul ar process steps and ﬂrcMJUcﬁU J
steps can be nodified as desired. O her nodifications can also be nade.

-12 WHAT IS CLAIMED 1'S: 20 AUG 2003 5 1. A nethod of manufacturing a disc
drive haviggigr s ¢ ARIESYY.Y, the nethod conprising steps of: (a) witing
position reference rntormation on a reference disc surface of the disc
assenbly at a radial interval greater than a nomnal radial interva

bet weery succgss dISC
nssenbly |5 moci i non AR RcGRid Eaftefin® s dit, AEealiy:

assenbly into th@ﬂukkgndpangiﬁmsoiltlng servo information on a selected
di sc surface of t ?cf'mfi‘ﬁl P ion
reference |nformat| on %ﬁgﬁ e¥#§§§g§t§§8n%?6ﬁgnpin§e£¥eggé%E%Chslqﬁjﬁ%cﬁe di sc
15 drive; and (d) er@fstihngilala$®mlyatpmdladm®fva1@eqmsthama noemeabnce
nformation, 20 25 ZadSofbAobes Bk Mebe s HAADS, GATRL 8109

step of: (e) upon the servo I nfor Wi tten upon the Sé

di sc Hurface, mmlt|MQbseﬁunhsmaemnmbmomnnnuan©Whﬁnndhschsnmmene of the

disc assenbly. 3. (e TR B dilhLehimiffothl dlefntd) 1 performed

(c) writing servo information on a selected disc surface of the disc
assembly based upon the pre-written position reference
information, while the disc assembly is mounted within the disc

15 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:
(e) upon the servo information being written upon the selected disc
20 surface, writing servo information on another disc surface of the

disc assembly. P

3. The method of claim 1, wherein step (a) is performed while the disc
assembly is coupled to an air bearing spindle.
25
4. A disc drive comprising a disc assembly having an operational rational
speed, the disc drive manufactured by the method of claim 1, wherein
step (a) is performed by rotating the disc assembly at a rotational speed
that is different than an operational rotational speed of the disc assembly

30 in the disc drive.




»k}assenb| y is coupled to an air bearing spindle. 4. A disc dri vedﬁwbﬁi %[%
i

di sc assenbly having an operational rational speed, the disc

manuf actured by the nethod of claim1, wherein step (a) is perforned by
rotating the disc assenbly at a rotati-op@l speed that is different than an
operational rotational speed of the disc assenbly 30 in the disc drive. 2

0 AUG 2003 - 5l3The nldtBod®¥ BREMOL, whétin ﬂtpor‘{"{eang)iléshiJ st 2@' fild P?si%i%nSt ep

(a), the position reference informtion cover st ant [y a t he
ref erence di sc referenge infogmgtiorrigeverstsybhgtasitially=dlhofitheieéarence dise r ef er ence
di sc surface ang,tfh&. sel ected disc surface are the sane disc surface. 7.
The nethod of claim®6, wherein the servo information is witten over at

| east a portion of the position reference information. 10 8. The mnethod of

claim whergi LW&Rn [k [ r epeat abl e
runout jﬁof thge'd’lﬁé;é: asséﬁi)())Féﬁgﬂr}zﬁr“édé&g{lnﬁgﬁtsrﬁg&g’?%é%g &&%F&%gu on the
servo i nfor mat i sglected disc Sirdagesaredtic shmel disostirfaskier ei n t he positi on
reference information is a phase pattern. 10. The nmethod of claiml,
wherein the position reference information is a null pattern. 20 11. The
met hod of cl &i-n"The mwitbe@ phclahm Glivdereisstheideyvo infbrdatiom ipivaithni dver at

di scs. 12. The g . *p 'E{‘@? in.th ervo information witten
during step 25@%{@' e 1a{V\}/{r‘gl N &%%%n Fgrclzf%glrnla\?“emhanuf actured according
to thelGret hod of claim1.
8. The method of claim 1, wherein step (c) further includes characterizing
non- repeatable runout of the disc assembly and reducing the effects of

runout on the servo information.

156 9. The method of claim 1, wherein the position reference information is a

phase pattern.

10.The method of claim 1, wherein the position reference information is a
null pattern.
20
11.The method of claim 1, wherein the disc assembly includes a plurality of

discs.

12.The method of claim 1, wherein the servo information written during step

25 (c) is self-written.
13.A disc drive manufactured according to the method of claim 1.

14.A method of manufacturing a disc drive having a disc assembly with a
30 plurality of disc surfaces, the method comprising:
(a) a step for writing position reference information on a reference

disc surface of the disc assembly at a radial interval greater than a




14. A net hod of manufacturing a disc drive having a disc assenbly with a 30
plurality of disc surfaces, the nethod conprising: (a) a ste fmeﬁzgggg
position reference information on a reference disc surface ﬁﬂ d
assenbly at a radial interval greater -thpn a 20 AUG 2003 - 14 5 nomi nal

radi al interval between successive data tracks on the disc surface, before

he di moly i i e ' bYSh i
the disc assenbly i spomuihedam irkteral Bgtvgéeic WHck¥&ve 515%9 tsr‘?%lgg §H the Eill c

assenbling the disc assenbly into the disc drive; (c or wr ng
servo information onSwfacs befose thg discassembly isfmouhteddivithirtteedist yirivas ed
upon the position el ei&Nes as5iAi [ ; [ [ sembly is
nmounted w thin thgg)di scé?gri \?e; aﬁﬁﬁ%‘%@#‘?‘%@?ﬁgﬁﬁgﬁa east a
portion of the poédtd sten for avdtingsernvea imfommation onld sdlbeteddiisc sdrfaseof
manuf agt ured accordi ; tm 14... wherein substantially
all the position refﬂglrge&r%cg:)%glggﬁe or g&i%g%%hpghgbg éoamfornolrgﬁfffrﬁgce Fﬁ?@%ﬁ%’é’ di sc
surface during the ewvhide¢ the dise@séethbly is mounted within the disc drive; and

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

information.

10 15.A disc drive manufactured according to the method of claim 14, wherein
substantially all the position reference information is erased from the

reference disc surface during the erasing step (d).






