‘hard disc drive. A typical disc drive storage systemi

ADVANCED SERVO‘ VRl TI NG METHOD FOR HARD DI SC DRI VES BACKGROUND OF THE - e
I NVENTI ON The present invention relates to data storage devices and, in 5

particular, to a nmethod of encoding servo information XDI m@smgri nm)?e

magnetic discs which are nounted for co-rotation on_a hub .or spindle. A

td the

rodynam c bearing are collectively referred to as a data head. A drive
Eggt?oyler s conve%tionally used for controlling the disc drive based on
comands received froma host system The drive controller controls the 15
disc drive to retrieve information fromthe magnetic discs and to store
information on the magnetic discs. An el ectronmechani cal actuator operates
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radially or |ine

hol ds the transducer directly above a desired track or cylinder on the disc%

surface for track follow g é&hﬂﬂ F H rnatiogigistﬁsigfgbydfagrgd
in concentric tracks on t

wite signal to thd&heateemtsiadettorertaea, dfakd%%ofa@!ﬁfeéi@%fsa n;the ;urfacedoI
the magnetic djscs represe tinq the data to be“stored. Th'retrieving data
fromthe di sc%,ar?‘ﬁ’éardg%%‘é‘e kP SPreding serve dhformatien eh divty sEaGhani cal

actuator so thaid tikeddata head flies above the desired 25 track or cylinder

on the magnetic discs, sensing the flux reversals on the magnetic discs,

and generating a rédipishlglist dbessdraga syhasandilges c{r%v&rns,&]esmaé;\e% <AUG 2003 V\O;

00751112 PCT/ H§Qpévﬂﬂ:9él§e 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

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




-2 1n an enbedded servo-type system servo infor mation or (servo  bursts) B
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 si { éa servo

bursts. In a dedicated servo-type system an entire di ﬁgﬁj&a ﬁan a disc
drive is dedicated to storing the servo infornmation. As the data head reads
t he servoWQPHHMAti on, the transducer provides a positiremuseopaab Which is
decoded by a position denodul ator and presented in digital formto a servo
control processor. The servo lo control processor essentially conpares the
rel ative position error to the track center and commands the actuator to

nove in order to mnimze position error. CGenerally, the servo information
is witten on the disc surfaces during manufacture of the disc assenbly.

Each disc assenbly is nounted 15 to a servo witer support assenbly which
precisely |ocates the disc surfaces rebative to a reference or origin. The
servo witer support assenbly supports a position sensor, such as |aser

light interferoneter, which detects the position of the actuator relative
to the disc surfack®san thbedded stryn-tymenstem] serebeefsrneaionyord st ed Wi thin

the disc drive, I f eedback, .20 cl psed-1 oop servo system for

provi di ng pos?’%J ?séég??ﬂ%cg}r/%gt(?no%a%ow%é Vélé‘FB@?sosWté‘ﬁl stpfededatie Ther vo data i s

bei ng wittens¢rgot berstd saesuyﬁiaa@s.temrgg}; Vback | te@érﬂ?z“%{%{é@ { ?serrbl y may
p

al so support a clock witer transducer whi'ch™ wites a’cloc attern onto
the di sc surf SCENATERRE Pk egdedatn dfacke nPataals xecoiedcomghé latasescke dat a about

the circunier gigReRfhed Kk ing a servo witer support assenbly
to wite servo informat fdg)ngl{r y’p¥“c%??‘§/%§?t8§ﬁf?’8§y%ﬁgf*?ﬁ‘nm guiredisceach di sc

assenbly. Suchurfacein sitisndriveindediasted (o sterihd HRUGRRInFGRhtRAL ent i al |y
I ncreases t h? COStASOfthet '?ﬁm 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
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




2 0 AUG 2003 WD 00/51112 PCT/ US00/ 04046 -3 finished product. - Anot her s
limtation is that the servo patterns generally consume about 5%to 10% of
the usable recording area in a given disc drive. Further, it is difficult

to align the product head skew to the orientation of_t?e U&@ nfhen servo
; patterns. Further still, it is also difficult 5to a!lgln tﬁ((a Z\ZQQS t

- that the twauésas e circular and cent e.red. at the spi ndl e Totating center.

~ Yet another limtation is due to the difficulty of allgﬁqﬂﬁs"f”ﬂ@“ga_

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

- cylinders. Another known technique for witing servo information uses the
- 10 disc drive itself to wite the servo information in sitL. in Situ

such

di al

recording neans that the servo patterns are recorded on a fully assenbl ed

drive by controlling the position of the actuator arm using the product

actua for with feedback frompreviously witten tracks and recording the
servo information with the product head. However, one limtation that has
15 generally limted self-servowiting techniques is that disturbances

i nh t ing J S such as disc flutter and spindle
Ing n-e; ggeat :atbl gﬁ?&%{)@éﬁuﬁ\l&@q ﬁ’fﬂr}‘f‘g?ﬂés 5*3& the serMe Ratterngrgenewliyi al

accuracy of t¢wsposiabbonh5%senHines Bal Leble rdSrdi opjdhyes to press
y iy S tq provide 20 di gc érﬂ g;%%\h% %q‘r'l%:nr égged st orage

di sc drive mapufacturer .0 : \ _ :
capacity at |OW& }:Fg%&f' it is jdiffisult dei align ithe: peadiiatghead sheov t@nhet 0 provi de
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and | abor costs. The present inven (
and of fers dphaignatiealis@gesh ahielr tHeh@adksi 86 cichilar and centered at the

spindle rotating 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




25 SUMVARY OF THE | NVENTI ON A nethod of writing servo information for hard -
"disc drives.is disclosed. The nethod includes witi ng position reference
information on 2 0 AUG 2003 WO 00/51112 PCT/ US00/ 04046 -4 a reference disc

surface prior to nounting a disc assenbly into a hard cf{?gcA[gﬁl QBOSI n sone
enbodi nents, the position reference information is witien .at a frequency
that is |ower than about 5 MHz. In other enbodinents, the “drive servo
frequency "MW H2used. Once the disc assenbly is nount eéiCi/ms®osdae di sc

- drive, servo information is witten onto the disc surfaces based upon the i
-pre-recorded position reference information. Subsequently, the previously

recorded position reference information can be erased or witten over. )
These and other features and benefits of the present invention will becone
apparent upon reading the follow ng detailed 10 description and review of

t he associ ated drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan
view of a disc drive with which the pgjesent invention is useful. FIG 2 is
a flow chart of a nethod in accordance with one 15 enbodi nent of the
present invention. FIG 3 is a diagrammatic view of a pattern of position

i nf or mat i on 2 RfersNee dipe $uréaeh pdiontninounfing adigeraeseritly irtv @Hat PBisc DETAI LED .

DESCRI PTI ON T E E | MENTS FIG 1 is a perspective view of a
di sc drive 1 dv%ﬂﬁéﬁﬁgﬁ%g@?egé%e REUSPREEierRe infoymagiondpwiien t op cover
(not shown) . atld fsayu@hty thal BQower HaBRboW B MIIEL Sindbt Hb bR RERE ¥nd 06. which is
nount ed on a,spindl e notor (not !

drive servo frequency can be used. Once the disc 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




-shown in FIG 1, heads 110 are supported byfsuspen5| ons
' 0 Smlllzrack accessing arns 114 of an actuator !1]]
turn att ac Mmoo g é—éﬁﬁo’-g gl 0 o

shown) by a disc clanp 108. Disc aSsean y 106 includes a plurality of "
i ndi vidual discs, which are nounted for co-rotation about central axis
109. Each disc surface has an associ ated head 110, which is nmounted to 25

di sc drive 100 for comrunication with the disc surface. Z?Ztmmﬁgﬁgglrg -

00/51112 5 2 0 AUG 2003 PCT/ US00/ 04046 actuator shown in

" voice coil rmotor (VCM, shown generally at 118. Actuator assenmbly 116 is
- rotated about a shaft 120 by voice coil nmotor 118, which is controlled by

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

~an arcuate path 122 between a s disc inner dianeter 124 and a di sc outer

di aneter 126. Servo information, such as servo bursts, is enbedded in the
data tracks on each disc surface of disc assenbly 106. Data is recorded
circunferentially in.the data tracks -BPetween the servo bursts. As actuator
assenbly 116 positions heads 110 over a desired data t][ack,t':]hedread
transducer i mdaeaer HAvE 8RES. § forma romthe disc
surface. The ser control ¢i rcuﬁ?sﬁ%ﬁﬁloﬁlcem f’éoﬁ?\rawcgﬂ} ¢bP¥n128 conpares

t he recoverecgenéf?db/cﬁiédi?serﬁduatdrassmmblp%?Mfrélt?tgaagte&lars@gﬂﬁwb)g p?i' tion
for head 110 rmalnd uat.or se to nove in order

mini mi ze posit |%n erro r?ﬁﬁt}" 15 %orli“ﬁleé\méﬁ%i’lotcomole‘?lm'emodlt}morrpar| ng steps

148 through ihferAd@irkait 285 @ 1HEACKeaWs i o QHE %g‘gg}%lﬁ,nﬁ,nfp%f the present

I nvent-i on. Th nmet hod 148 begi ns at bl oc ere po £1Y58R r ef er ence
i nformati n iHsC ipper dipmetes h24 angia die entendiantitad26 Betasmidatitioahown in FI G

P 1 The
;I)’ o \?vre T ?Ir ﬁg gg?‘ga g@bﬁétsjig gm'bgdcqo i t?xg dlatrglth(')ac slosznC eaccitlr'l Id\IIS?'.' suggce of

disc assembly 106. 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
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p’erfor‘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 Indébﬁ@ﬁ?ﬁﬂ ve. In

one enbodi nent, position reference information is store ) ially
all of reference disc surface 130. The pre-witten position 25 reference
i nformati oNC8YR e witten by nounting the disc(s) to amrcaisoodmess i ng
spindl e, and causing the heads to wite information while being exactly
positioned by an actuator. Although use of an air bearing 2 0 AUG 2003 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 5 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 Reeferprck sther bypss ohepindlek such Fhisalbimsiingper r ef er ence

i nformation cgh,;;R% i 1 ropriate mar For exanple, the
position refer n]cee?ﬁ’?g%ﬁgglle%)gana%%‘ﬁsegéqﬁﬁiplr%)'é‘ﬂ’tffﬁ‘ RRSEEATHERRENGH t h known
techni ques f omfewnationgrasée waittdnt arreRtvaH lowsr SRAForRIHRLIHRRL 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

uri TLEn Ui NGsoMYerBOMIARAIANE HBRAAL itk o F9hgSAMRLEso kIO Servo track

writer can be used.
about 5 MHz. Such low frequency writing may facilitate subsequent

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




An illustrative servo pyattern is shown in FIG 3. The pattern shown in FIG

3°is known as an anplitude servo pattern. Bursts 172 and 174 are di sposed |

on opposite sides of centerlines of tracks 196, 198, 200, 204, and 206.
Wien a transducer is directly centered over a given tragh) R0G R08osition

~error signal will have equal conponents frombursts 172 and. 174. Thus, a

. posi tion ewmswsiignal , based upon subtracting the anplitudes 0/0fo bursts 172
and 174 fromone another, will have a value of zero wheh“VH¥*P#%hsducer 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

o
il
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burst-signal. The pattern shown in FIG 3 is exenplary only, and a vari etyf

of other patterns can be used, such as 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 p&tern, time-based nmethods, and .
mul ti-frequency based nethods, as well as any other pattern that provides

i nformation indi i Ltion.  The pattern can be witten 5 using any
appropri ate tech%%éaégd E%y%%g%gpnf Z‘?’h?rﬁep {andRss informagtion is stogpds,  Pat ent

Appl i cation Serthaphasenbie seQiARbehB8a hidll 9diteh! BRRLbRR and enti tl ed,
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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 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




track of the disc. For exarrpl e, the position reference information can be

1.5 witten at a radial interval of two tracks or even ten tracks. Once the
posiition reference information is witten to the reference di sc surface,

di s¢ assenbly 106 is nounted in hard disc drive 100, nza“&r@gzggﬁnom in |

the lart, as indicated by block 152 in FIG 2. At bl ock

information is witten on selected disc surface 20 132 of the magneti c
di s¢ assengpf"/ﬁﬁé’ed upon the position reference informatdruspoesisl e t he
magnetic 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 nmechanical system that
difflers fromthe hard disc drive. Although this feature allows the position
reference information to be witten nore accurately, and at lower 2 0 AUG
zoos, WD 00/51112 PCT/US00/ 04046 -8 rotational speeds than operational
speeds, the tracks of position refererte infornation will, to sone extent,
devijate froma perfectly circul ar shape once the assenbly is rotating

W thin the drbtaeondspeddsefard etrﬁ%}r&'l cjftggym which the tracks of
servo mformatfgoon caﬁ be made subst ant T%e‘? Ci r CUT AT HESSTE t he fact

t hat the posi"th Hﬁa‘i‘%‘?‘@flb%@mefﬁx@nmﬂevmte frsmmperfqaﬂytﬂéﬂlbﬁéhﬁpg cul ar.

| u ul average to be cal cul ated based
$2 r(raep)eats a%lheétglgrg Eagﬁeﬂ%b‘? lS%téﬁngW@H ﬁ éﬁWe denurpberaf teghuiquesareul ar t r acks

as a functi ohnofvntbyevmmmmacmwseewlmﬁﬁ,aﬁeﬁum%aﬂgi%b% a!n% { he position
reference i nfor on ther technique is set fort . S. Pat ent

Appl i cation §é“r“f N "1%8’“* 6§ A% 81at Ahe positiantefpoense dfotBSnis actt i t | ed
" COVPENSATI %E@yBﬁPﬁéIA@EEeW tme’s 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
e;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




~traditional e

assigned to the sane assignee as the present application. At block 156, the
remai ning pre-witten position information, that = which was not -
overwitten, is erased. Once the position information is 15 erased, the
space previously consunmed by the position information is nade avail able

~for storing consumer data. Although the servo informatizof Adj@t?ﬁOQC{the
“ sel ected swofaserlzan theoretically indicate positionvoffé§4?d} ads with
e

respect to the discs, in. practice, servo informtion w % ten to

“each disc surface based upon 20 the servo information witten upon the é

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 datag

track. Such configuration provides enhanced positioning that is |ess
affected by thermal expansion and contraction of suspensionll2, or arns
114. Therefore, in sone 25 enbodi nents, servo information is witten to al
remai ning surfaces in the disc assemdy based upon the servo information
witten to selected surface 132. This assisted self-servowiting provides
all of the : f /51112 -9.2 0 M1 G 2003 PCTI USOO' 04046
aﬁﬁﬁﬁ’%ﬁ%ﬁ%&%ﬁﬁ\é\%‘%@?é@e%#‘éeF%‘ljﬂ’u"?g wiptivelydrtietdngte i ttle tine
to pre-witprewripasipositionirefefine@ifornitftpnMat i on. In summary, one aspect of
the present invention relates to a nethod of witing servo information in
a hard disc dri VQF‘SPH“E?JWI! PR 2spegt ofshe prasent iomertiogirslateditbwe assenbl y

_ nmet hods, MhQﬁ@ﬂﬁmQﬁqgﬁgn€%%¥8h“gLﬂE@B?Lﬂghh% reswitten on each disc

surface, embodi ments of presen nven?idﬂ“grﬁﬁb DOSHHASHEP r ef er ence

i nf or mat ison tomdinealdliscdriseiadsanbly hbiheds Whérelegbedbdd R, required for the

pre-witing i?\l‘oerpnatti%%% 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
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densities are higher than 20,000 tracks per inch, the tinme savings 20
becomes quite significant. Additionally, because the servo information is
witten based upon position reference information witten outside of the

di sc drive, error propagation, generally associated with self- .
servowiting, is alleviated. In one enbodi ment, a nethod of manuf acturing a
hard disc drive 25 having a magnetic disc assenbly with a plurallty of
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is performed where servo information is written on a selected disc surface
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
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information is witten at a frequency between about 50 Hz and 5MHz. The

rTotational speed of the disc during such witing is preferably |ower than

15 operational speeds to reduce disc flutter and ot her undesirable effects.
Techni ques can be enployed to wite the servo information on the discs

despite deviations in the position information froma perfect circle

centfered about the spindle's axis of rotation. Enbodi nents of the present
invention are particularly useful for g4 20 disc drive and especially for
t hose drives, enploying track densities of 20,000 TPl or nore. However,
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havi ng nul tipl & $tBFER "HEHPAV PRl s Changds rasy belivakis in WoeiiCeRRSial) ON

information isieraedaest il dia. |t is to be understood that even
t hough numerous char acter i st?%‘égas&%é}%egleé’&?gﬂ?rébgghm”\?d?rmﬂlﬁe&mﬁ)odi ment s

of the present thepresant gvehtive tdwbetul extefintiitatdd ﬁ)f‘ﬁ‘-uefb‘???@géﬁ%ﬂdes%i 8_“ on,
vari1ous enpodl nents

of the invention, I eH07 Bnwhish the appegded cROOS aRGHHISR04 0166
di sclosure 5s exdnisie/vailriows bk ¥f infSIany oCamade, L, getall, especially
in matters of structure angﬁgr r angemn@gﬁgﬁ%ﬁ?ﬁ?meﬁh?’ﬁ“ﬂl%orm i nci ples of
, 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.
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(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
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:
(e) upon the servo information being written upon the selected disc
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.

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

in the disc drive.




1(d) erasing at |least a portion of the position reference infor ?BL%]U&‘??O
' 03

The nmethod of claim1, and further conprising the step of: (e)

servo information being witten upon the selected disc surface, witing
servo information on another disc surfarg-of the disc assenbly. 3. The
met hod of claim1, wherein step (a) is perfornmed while the disc assenbly

is coupled tg. amy # V, | i

assenbly havi ng aﬁh(ﬁ)e&iél?gtorg%g?plr gﬁ%ﬁﬁu ﬁ%gg‘gﬁ)l&wn% I‘)I \;il‘eé1 Q‘gct ured
by the nethod of€ ‘élleélicmformﬁ@%|CﬁVel‘§tSe1@S(%Qtlally gbof thf:rm&rblycer disatl ng the

di sc assenbly a§,@aéotational speed that is different than an operational
rotational speed of the disc assenbly 30 in the disc drive. 2 0 AUG 2003 -
13 5. The method of claim1l, wherein upon conpletion of step (a), the

ositi r efeer f reference
gi sc grfacge @H&ﬁlé B&)B %ﬁ;ﬁ%?ﬂi&% ﬁ%%\%ﬁ%@ﬁé?ﬁstxﬁéﬁﬁag earntg%(g di sc
surface and theselg@bédammifw ayerthasemer disc karfeeere di sc surface. 7. The
met hod of claim®6, wherein the servo information is witten over at | east
a portion of the position reference information. 10 8. The nethod of claim
1, wherein st7epTiie method héclaimd, wdeseinhideseres 1n7fongat1mtsmqmam\&blae runout

of t he di sc ass i . nout on the servo
i nf ormati on. ﬁg@ﬂ ¥H§ rgﬁggl%oé&éﬁg ‘%%[lte%v\ﬁz?@l i e position reference
i nforndtion |s a phase pattern. 10. The met hod of claim 11, wherein the

position ref pg E’Pl?ee rﬁe%(% g?%l'a?rpl 1, wherem 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




nul |l pattern. 20 11. The nethod of claim 1, wherein the disc assenbly
includes a plurality of discs. 12. The nethod of claiml, e eipgéchzo@grvo
information witten during step 25 (c) is self-witten. di d

manuf act ured according to the nmethod ofjglaim 1. 14. A nmet hod of

manuf acturing a disc drive having a disc assenbly with a 30 plurality of
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information is erasdufdmutionhe reference disc surface during the erasing
step (d).

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).






