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VRl T1 NG FOR HARD DI SC DRI VES BACKGROUND OF THE | NVE T resent
i nventi orwgmpelgto data storage devices and, in 5 parti chgg}ragmf@ﬁéeonet hod
of encodi ng servo information on discs used in a hard disc drive. A typical
disc drive storage systemincludes one or nore nmagnetic discs which are
nmounted for co-rotation on a hub or spindle. A typica \ i al so

i ncludes a transducer supported by a hydrodynam c bea”"mmmm”mmmwml i es above
each magnetic disc. The transducer and the hydrodynam c b%%a ng are
collectively referred to as a data head. A drive controlleris
conventionally used for controlling the disc drive based on commands

recei ved from@”M%@E&VQWHﬁNQMEFWIFQR(H)/r\RD)D}SQ:IHJRHIE&: drive
to retrieve information fromthe magnetic discs and to store ~ 5
information on the magnetic discs. An electronmechanical actuator operates
within a negative feedbac A nove the data head
radially or linear over the di.sc surface,for track, seek operations and
hol ds t he transducﬁllé%/e Bfersgla'i'l’veﬁbf}()ée%t%?g@q%ta storage dsVIES RNHdE on the disc
surface for Ig-aGkale! loMhoRet ehitifg sphvd HIBHBLOABH dislyldfi St Of ed
in concentric tracks on the surtace of °the magnetic discs by providing a
write signal Haedidis detya. head to encode flux reversals on the surface of
the magnetic discs representing the data to be stored. In retrieving data
fromthe discs, the typicabdisestrivsi steragesystash én¢clhdespre or anershamagoetic

actuator so that the. data head,flies above th esired 2s track or. cylinder
on the magnett lﬁdeYQ'EE,af‘égﬁ%%%d{?fec%mﬁ“%% qéo’bﬁ”f‘ﬁé i rERldigg scs,

and generating. i I | : WO
and, gener oL g SEASELIRL, WaREun BRGNS ¢ RISl Bkl YO
i nformatijgn eyhicheNés baisleS)eath hefatetied dast. datkhd riagdwiuelt Cin@l $ige cont ai n
stored data. The servo bursts are typically tenporally spaced evenly about

t he ci r cunf etgnlredphamacieatirigarercatlkctiBey aefesredetomsdedatanhadde Aadrave r acks 5

bet ween the servo bursts. In. a dedi cated serv -_typg zﬁstam al?ﬂsgati re disc
surface in ac@nECIEF is, coneryionadyusgd; for Gagtrolling fhe <lisq, drivey t9n. As

t he data hea j i ! i

bosi 11 on o1 oegnmfRal PeehRldBohll ROBRY)Hln, 111 SEADSAHEBINANIIE]E | 0 1

digital formdig dr9eriOrdfbyé shfoRiAeiessSRbm e rﬁzﬁ%ﬂé@ic%i@é&lbﬁwmpﬂ@?@ssor
essentially conpares the relative position error 1to the track center and

commands 1t he inftrostiom drotheomegneticotides. Ao eldchiomenhapisi adtoatos operates
Generally, the servo information.is witten on the disc surfaces during
Tanuf act uf e GYithIGA d1egatNE SERUPAFK, ElnSRePOR SEELR FHHFM L0 BRNR doe B ( o a

Servo writer hse‘dﬂ%aial@s&ﬁmf’é#lyé@ﬁ? '%q%g?s?és?l?ﬂa%e k&—ct%&?sete{l%ﬂ%%ét?oésﬁ{)rfasces

relative to a reference or or VO Witer suppo asse

supports a pagilds g GR/ASDIcer MinetIRabbas arddshi@dttradk & AR IR theWlik€h
detects the position of the actuator relative to the disc surfaces. The

posi ti on senswrfacs el wadtl fotlamtingiopsmticad. wi t hi n t he disc drive's negative
Feedback 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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20 cl osed-1oop servo systemfor providing position information to the servo
systemwhile the servo data is being witten to the disc sur& %E

servo wiW&004kH8ort assenbly may al so support a clock wit& ﬁﬁﬁ@%@ cer
which wites a clock pattern onto the disc surface which is used for
tenporal ly spacing the servo data about tile circunference of each track

2s Using a servo witer support assenbly 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 WO
00/51112 -3 PCT/ US00/ 04046 fini shed product. Another limtation is that the
servo patterns generally consune about 5% to 10% of the usable recording
area in a given disc drive. Further, it s difficult to align the product
head skew to the orientation of the pre-witten servo patterns. Further
still, it is also difficult t,0 allq? the discs such_ that the tracks are

circular and center®daf™ def; srave B?éﬁ’?ﬁ‘?&"cwgr’nf"fé‘?at%f’ﬁe(ﬁervo
limtation i Sbg Surc%&‘c’)r&'éc% fo'ncél'é Yer &4 saWhgéH Qﬂotélﬁ-lt‘raﬁ\dét%ked) E | gz of the

product heads ace-to- sur ace o] produce yl'ir'nders "her "known
techni que for s¥hid | Barsser ¥ | E}fpiiézﬂ‘gi hepadbdC edlehe aﬁ@&l ftHeo write
the servo information in situ itu recordlng nmeans that the servo

patterns are rcicomdertnoe oh daghl gatastsarkhl doatdris vecosdecbntr thiel datg trieks
position of the actuator armusing the product actuator with feedback from
previ ous! y5 wr Peteeen theclesva Rerstec a.dﬁglqaﬁ%d SIVOOYPEBBSHEY aBrenkire Hische
product head. mtatlo limted

DT ot Voot hftAE Bla AR Sawerts UBilenPe StoaE e e R eRnalinh: o dr i ve

itself, such as di g6 haitdgh RN SBANtRe %6%@4@5‘4:&%@0%@@&1&@)
limt the radi al and circunferencial accuracy of the position sensing

pattern. As i peosidey acpaditionesgriad whizhsisddeodddi e anpositiantdanesdulator
provicie 2o disc drives with increased storage capaC|ty at | ower costs, it
i s beconing i ABepresertied inmdigitad fermotoppdiarae canswe! drrogessoni tFhenpggiot r ack
densities while

mventi on 'haareatblplaad FRRHRE) bttt e Mo FRiatet hior VAR Soce
e ey SR JAAD Omis
posi tion refepesg@®nesf@: mati on on WO 00/51112 -4
Generally, the servo information is written on the disc surfaces
during manufacture of the disc assembly. Each disc assembly is mounted
15 toa 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,
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



PCT/ USOQ/ 04046 a reference disc surface prior to nounting a disc assenbly
into a h i drive. In sone enbodi nents, the position C
infornat%%ﬁoﬁéﬁg%itten at a frequency that is |ower than a%gﬁﬁgﬁmﬁﬁg. In

ot her enbodi nents, the drive servo frequency can be used. Once the disc
assenbly is nounted in s the disc drive, servo information is witten onto
the di sc surfaces based upon the pre-recorded position reference

i nformation. Subsequently, the previously recorded position reference
information can be erased or witten over. These and ot her features and
benefits of the present invention will becone apparent upon reading the
followng detailed t o description and review of the associ ated draw ngs.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 13is a pl an view of a disc drive with
which the present invention is useful. FIG 2 is a flow chart of a nethod
in accordancg W th one t 5 enbodinent .of the present invention. F|G 3 is a
di agr ammat i cﬁoﬁﬁﬁﬁd’fﬂ’ﬁ“ﬁ%ﬂ fnofheg limgitatien s thal thersary o patiesns gengraly

enbodi nent s b | t I : | PTI. THE. PREFERRED
ENBoDI NENTS Ba BBERES0. (THBM, b the Blole yetoiding Arbd o Byeh st e udes
a ?0 housi ngduvéh Buldeg 02 amichRPocakph HRObrsd@headskbwdid e 100
further includes a disc assenbly 106, which is nounted on a spindl e notor
(not shown) bsiertatibpof theapre-diBterBieseo patemns| Futtieristill) indeasa difficukl i ty of

i ndi vidual discs, which are mounted for co-rotation about central axis 109.
Each di sc sufr aign the dacsagudithatethentragks are cianlan angd eentered atdhes disc

drive 100 for. . i i it .t he di sg._surface.,|ln, the e shown in
FI G 1, headsgpfﬁgm;}rggééﬁ%_ﬁgﬁgegd eyt o éﬁ rnéfnd‘i‘?glofllﬁ,d%foc Hweaﬁﬁﬁgﬁfty l??n
attached to élgg}ﬁlﬁ%@ﬁé?%ﬂaﬂﬁo@fﬁ&\_sJeli4h9fpr@ﬂu@tcﬁéﬁs%oﬂﬂlﬁnf&yé@torsumcgm 51112
-5 PCTNS00/ 04046 actuator shown in FIG 1 is a known voice coil nptor

(VCV, showntogeroeltiab tylimders1S. Actuator assenbly 116 is rotated about a
shaft 120 by voice coil notor 118, which is controlled by servo contxol
circuitry wthin pretresdinewvndashnigag for gvridng spssinformatignatseartbeat e pat h
122 between disc inn di apeter 124 and a disc. oujer diameter 126. Servo
infornat‘oon,t%gﬁé fv§slt%ez{ o vBiedhs serwe Hﬂgéﬂagani’ﬁ %"h‘é gétgiutrleé‘(}‘i{ "®n each
di sc surfacen@hngliing tAe 36AR Yattéiors drBLacdrled @05 481y GhdrhBlaIENd B 1Y 1N
the data tracks between the servo bursts. As actuator assenbly 116

posi tions beargrdllifig dvepositidasf tledadaawr armaksing Hee preabict aagtnatreeithi n head
110 reads the stored information fromthe disc surface. The servo control
circui try wiftesihagkntfzemal previously wrBteroripackss angle reeewsliag ethe esaireelded

servo information with . sired radial, ppsition for head.110,and conmands
act uat or asslé‘i%’ir?atﬂ% VYlgh ﬂrﬁ@eplioglu&ﬁiﬁﬁdt oplrsﬂ%?vrﬁr'z8“5()‘%‘?‘?*?89“&?‘?&?‘?5 FIG 2
is a flow ch f “Egéd&q_% i 4 ~ 58 i
accordan}(lzge V\ﬁrﬁ}ergﬂ eﬁe odi nent o?rr!ttﬁg%%lg@gﬁ'% > %n%‘gﬁltgiég%baﬁjﬁ%éﬁ@? #1681(5 148
begi ns at bl ectheldlvaiteel, padi i discrihittarenrad spitidde BhiePeatablyy @mbkitt t en
upon reference disc surface 130 (shown in FIG 1), before disc assenbly 106
i s nounted i AYBRE)sbimit ithe ragidal and graumferenaig acouraey oérther pesitiopon a

singl e disc, or.on reference disc surface in a disc zo assenbly. In
enbodi nent s YHEFBRHEBre-writing is performed upon a single disc, the

single disc is asﬁ@'i’f‘?«hngfl-rsyié %zﬂi&rﬁtéﬁrgésﬁﬁg?gﬁvm ‘HB&%?ers%‘gFJéJr%ggn’ di scs

prior to nmounting the asse I'sc drive. [n on odi nent ,
posi ti omg ef @isedeiw ek With iiRtépadistoraf@tHshcy a8 Wbwbredstlid iy baddmag r ef er ence

di sc surface 130. The pre-witten position 2s reference information can be
witten by nimengasingly mapditeosio 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



beari ng spindle, and causing the heads to wite information while bei,ng
exactly positioned by an actuator. Although use of an air Dearin WO

00/ 51112 WePHd®/ 04046 -6 spindle is preferred, other typEET/HfsoogoﬁPﬁdl es
such as ball bearing, or liquid bearing spindles can be used. The
pre-witten position reference information can be witten at a relatively

| oner rotational speed and frequency than are generally used during
operation of the disc drive. In sone enbodinents, the frequency is within a
range of about 50 Hz to about 5 MHz. Such | ow frequency witing 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 apprbpriate manner. For exanple, the
position reference information can be witten in accordance with known
techniques for witing servyo information. 1n sone enbodinments, the position
reference i rif BRfERence discsurface PaieTitn movRinge dscassembly intaadiardidiss pol at i on
bet ween tracks. . . The LLion. rence i.pformation. bhe. w.itten using any
appropriate ‘fﬁée'ag“p%"?‘ﬁ S}s’{b%gé’?‘%ie‘gsaﬁgﬁ ?élgo'ﬁ ﬁ?r;f:/%vresnecﬁ}ﬁ%???%?w W& an be
used. An I!Ié{twﬁayﬁcyﬁﬁém 18%el $hdh hBoWMHE NIFbBer mBAEnRAkS, ehd shown
in FIG 3 is kno as’an anplitude servo pattern. Bursts 1/2 and 174 are

di sposed on dyipesétve feéqiencpian detigedi r@scethetdischsehiily 19houz®éd ir204, and
206. When a transducer is directly centered over a given track, 20 the

posi ti on Ser rtbe disgraivenservohiajermaetien it writsreantp theodissungfased basethd 174.
Thus, a position error signal, based on syubtracting the anpljtudes of
bur st s 175" O 1 PROTRCRRS ROFRER, TP e G Rs Yo o Sure S bt he
transducer i [ hd " 1y a e; - rhin der to
facilitate orEf{9 ?g{sl,i}" Cb}grg%tdghlg)ggléﬁg ?%Fecl{acg g%&%ﬁg%cgrg\%a egl i graglraga I(ra a

si gnal that wsitRe euér. of Titasend NofHee featlires Hd @ehefils CHUAKY prese) W th
the 172,174 burst signal. The pattern shown in FIG 3 is exenplary only,
and a vari etipvention heill herosengppanent cuperedeadingh the follywing/detailed - 7
PCT/ USO0/ 04046 phase erjlcod.ed s&\f/}o Eatter?irs]i évwhere positioning information
is stored i feSAEPPRRLBUSEVIEREOItbRASSoRiated AgWIRgSul | pattern, time-based

net hods, and nulti-freggpep P RNQSE TS DIEA IVIRfG@NY ot her pattern
that provides infornat ivm-rrdér%éa'@rve—mg% _ , ttern can be _
written using anyFlapprioRrplan @idw o ai disedrive ik amte thé peesent hods taught in
U. S. Patent Application serial nunber 09/425,768 filed tober 22, 1999 anu

entitled, "NBYRGODOANDUSPRIARATUS FOR THERMALLY WRI TI NG SERVO PATTERNS ON
MAGNETI C MEDI A" c e used tpo wite the position reference information.
Further, known ph@&ﬁilﬁﬁéﬁmﬁﬁ% SRR REATIRNEIBIBEE 10 i mpart the
posi tion, ref i.0f qfr, i disc. Additionally, if the position
r ef erengle5 i nﬁ?ﬁ‘gﬁ‘%ﬁ égltﬁg\klsrggeép?g‘&n?r&te&}'nt erpolation, the radial intervals

bet ween the posi tFen ¥ighaligpeenhiatiorvigdi sin paednitpaideiifondationeach .
track of the disc. For exanple, the position reference informati on can be ~
5 witten atusbleawitl emhodimentsof thewreseat ksvemtiogven ten tracks. Once the

position reference informati?_; i iFtt n.to. the reference disc surface,
i sc assentl y DB ALELODRBCRIPElGrr QR rebnpkRes EVBUSuERES nown | n

the art, as indi by block..152.in FIG. 2 .At ogk,15 ervo
i ormati on 15 wiiq i BREHeEaP 8 ofs Sineilrnd 100 FRIEnTRuRE S

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



2Q 132 of the magnetic disc assenbly based upon the position reference

i nformati ile the magnetic disc assenbly is nounted w thi.p.t har d

di sc drioﬁgbqgga%ervo information is preferably of the tyggéﬂ@EW%gﬁﬁy used
i n enbedded servo systens. As discussed above, the pre-witten information
is witten outside z5 of the disc drive, and thus is recorded using a
mechani cal systemthat differs fromthe hard disc drive. Al though this
feature allows the position reference information to be witten nore
accurately, and at | ower WO 00/51112 g_ PCT/ USO0/ 04046 rotational speeds
t han operational speeds, the tracks of position reference information wll,
to sone extent, deviate froma perfectly circular shape once the assenbly
is rotating within the drive. A nunber-®»f techniques are known by which the
tracks of servo information can be nmade substantially circular despite the
fact that the positjon reference information is not perfectly circul ar.
General |y su@cHaterpheynds H dup akepmewawe&@érlagt@rt(g{%),@énw ated based

upon repeat ah) rs. e . such hnj que | eul ates ,Ci r tracks
as a functi %?ngfﬁf%%tnﬁgﬁi na‘f\%llgmr a@ﬁ?r}@ﬁ’f ﬂégﬁﬁpfazﬁg?{&o?toﬁ T‘bﬂﬁ?ﬁﬁ osition
reference i Rfprd @il @dtorNG! NBicH BEBALBHEAILY 280 EHEN diRuiy WithinPat ent
Application Serial No. 09/106,443, filed Jdne 29, 1998, enti ¥I ed

" COVPENSAT 1 Ghterb dricitAID8BloEmBUBeHd ERRIDR anasaige pdth 122 hetweana assi gnee

as the present application. At block 156, the remaining pre-witten
posi ti onSi nfdishignesdiametgr 134hand a wase erger disaneter 126 Serve infoamationOnce t he

iti i nf ti i,S t 5. h ' Ly,. d th
posi ti on | nGEREPPE A Eorbisals Srandast B HhBIAEE BRFRRPEEAR RS SBHPEE O%Al t nough
the servo infor i@ I}é‘[l‘qjé.thlggt% is PectoESe&@Jr@ﬁltn‘?greﬁﬁhg?ﬁftl&%tg Reetically

i ndi cate position o ads wth respect to t SCs, In practice,

servo i nf or mtwesn vhd derbe bukits.t A8 atmateCdssdmdly 518 p@igohabesdismon 20 the
servo information witten upon the selected disc surface. Thus, any head
110 can provivgeaaleszed clabmtraek, dhe maghtaangchatier i heas b0 nepds pusstorash of t he

t d M 1 h t t .data t . Such fi tior id
enhanced podMqrBIHRE P! hp i BLEIasRT LHE SR PRGN FEF BpaHEbn and
coNt 1 act i ON e SHSARAS 128 cbioar RN B0yl HIEEIS Srvbinfi0HE 2D

enbodi nents, servo information Is witten to all remaining surfaces in the

di sc assenblwithaskdirefleadiahposiabm ot Réat TEY a el cavhimidrels dceusier ect ed surface
132. This assisted self-servowiting provides all of the advantages of WO

00/ 51112 -9 aEsThbs0U/6000M6ve inaetider bmalineniredusitigeevor.syst ens whi l e
r_eqUi ring relati Vlﬁldl 2| iis E\tfloe\fvE:LzErﬁ otf% 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



pre-wite to position reference information. In summary, one aspect of the.
present invention relates to a nethod of witing servo infornmation in a
hard di scV@O8BI2| n contrast to traditional disc drive assBib§o%¥Mfods,
where enbedded servo information is pre-witten on each disc surface,

enbodi nents of the present invention store position reference information
on one c.~iisc surface. Thus, nuch less tinme is required for the
pre-witing step than was previously required. Since servo information is
self-witten using the reference tracks when the discs are installed in the
drive, less tine is required than with pre-witten disc techniques.

However, since a prewitten position reference assists in the witing of
servo information within the disc, the $elf-witing can be performed in

|l ess tine than that required for traditional self-servowiting techniques.
For exanple, ~.s ,where the ti required to wite ser information in
traditional seipdleds PBQKFTrFFln@{RETé\W Resof; Ss}”?‘glleétsléahlaﬁﬁﬁﬁieﬁﬂﬁﬁe?r of tracks
cubed (n~), i i LQD..; f si sted
cel tservon | T RRhg sBind8F o8 Bk, THEREROHERR HEslilrqd®ns ™ J)
track densitiiggyraatioN Ghethe Wiferd® DRAalivAGHSWRR olaboRal $ptedldd® Savings 20
becones quite significant. Additionally, because the servo information is
written basedrapencpoban apngemdrallgmsed idufrirgapérationdftthedissudsvaelrof t he
disc drive, error propagation, generally associated with self_ servowiting,
i s all evi at edomerphedinepidi Hedfrequeneytihydthin anamgeafabouhgd Heatad di sc

drive 25 havi etd c,disc.assenbly wth a plurality of disc surfaces
'S brovided. TR AOTHZA b s BIRERY Ly tinedrdy Redlifats b Gavkbhce ' o

i nformation 'r@adﬂhgt_éﬁﬂe sRidrEicBERACE itfoPmatiBhiiAGRe 432 Afivd H@s;ﬂ_’f?@t@\%t' ¢ disc
WO 001 51112 -10 PCT/ USO0/ 04046 assenbly 106, before the nmagnetic disc
assenbl y 106 preseroantf deadiskbwn the hard di sc drive 100. In sone

enbodi nents, the position information is witten over substantially all of
the reference di sdhaupgsiden refgrenge infaxpatipn carmbe reegrded én an¥c assenbly 106
is mounted wi thin the hard diﬁg_d%ivq 18%. Cncg t@g di sc 6§sgg§%y 106 is
mount ed \ thiaﬂ?plr?l%“ﬁté’rrﬁaﬂw’ile R0 0 "%Ifgfp cBos’llté ’bé‘? Bﬁ»r}?&d“. & ervo

i nformation i.gnWeiviii@Bn9A adcsiBlafbd %ﬂtl@kﬁ&wﬁ%éﬁ’ﬁ@lu@?or(mtﬁl Jepyo be the
reference disc surface 130) of the magnetic disc ‘assenbly 106 based upon

t he positioninefaratiose InsbataanbodimEntsatieypoditien peferéne@rinfaheatencis
information can be _erased in order_ to accommpdate user | o dat?. I n one
enbodi ment, aymttenin adranngrthahiacitatpsdntespelation betwsen teacksi d9en wit h
servo information based u the.servo . information witten t he

sel ected sur F2eE"ARZ e’ieﬁcgg’?rfémé‘r%% icr?éntfes‘fv ltt%gi ‘f)scl)rs‘ ks ﬁ?gﬁfgr%ti on is .
*n*r'ttensataﬁ\BhﬂﬁH?FBYeQﬁh_ 2R 18RV e tiRcleNditeMn bd iged Ot at i onal speed
of the disc dUIPI ng such witing is preferably Iower than | 5 operational
speeds to reduce disdlddtrativerseand patteen isshdeen iaBI@. 2f The pstterffechni ques can .

be enployed to wite the servo information on the discs despite deviations
in the positisBAWMINGF It is knovahasap aprritudeiseryepatdene rBirsepbidiandhe

i ndl e’ [ f i @n. Enmbodi f th ' i
o t1 cul ar 1y dereANEREed N PeC oS Vg ent 1Bep oL rarks Yoot 908 ari ves.
enpl oyi ng trapl %ﬂgg@h?ﬁ}&{ a PxQnQ&’chlTﬁ’!; dﬂrecg?rc@ntem‘l‘%vgf a gREROEhEENT S Of

the invention are u or virtually any orage device“having nul tiple

st orage medi ahepobitionsetedr signdl wilbhawheqealposhpoments fifown iakston72 andnbedded
within the nedia. It is to be understood that even though numerous
charact eri st ild4. JEhuma pasition eyges signal drased ¢ pomraditrashing the t he present

et on have, BEe 22 bh2li 7 Tnb 19 S99l RS U, SR ther W e

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



structure and function of various enbodi ments of the invention, this WO
00/51112 w&lholtalh USO0/ 04046 di sclosure is illustrative onl ¥,CT%&?&§? may be
made in detail, especially in matters of structure and arrangenen parts
within the principles of the present invention to the full extent indicated
by the broad general neaning of the terns in which the appended clains are
expressed. For 5 exanple, various types of information patterns can be
thermally or otherwise witten to the disc surface in accordance with the
present invention. The disc can be a traditional nagnetic disc or a

magnet oopti cal disc, for exanple. Various types of recordi ng heads can be
used, such as inductive heads and nagnet o-resistive heads. Al so, various io
types of |ight sources, beam defl ect or ¥-or scanners, magnetic field sources
can be used with the invention. The particul ar process steps and oruer of

steps can be ,nodified as desired. her nodificatjigns can al so be nade.
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steps of: ting position‘referénce Information on a referénce disc 5
surface of tdigl ﬂi@ﬁ-fﬁ@gﬁmwas@@hﬁﬁtaoaﬂa\s@én 28989 thyr h&tt@iﬁumaed wi thin

the disc drive; (b) assenbling the disc assenbly into the disc drive; (c)
writing servgovivesrinkerneatiomiralisatierofpositisn. Jheffatterofcantbe wiistenassenbl y
based upon the pre-witten {)ositi,on reference o inforpation, while the disc
assenbl y3i s HolhPBY ARPFAPHAHecknigueq Hoy examyple,(thy naethorlagaughtiast a
portion of t i ti I [e)a Jh t,hod -0 aim1,
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bei ng wri tt emd@aniddeMETEOBANDSAPPUR ATES MORITTHIBRREALLYI nf or mation on
anot her disc surface of the disc assenbly. 3. The nethod of claim1,

wher ei n st egVRATING SIRYOr Pdd THRN 2 ONh M ABGHET 1C MEBEA dsaebbluged $o coupl ed
toan air bevsrriitent%esygci)sri]gcl)r? 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 informationis preferably of the type typically used in
embedded servo systems.

As discussed above, the pre-written information is written outside

of the disc drive, and thus is recorded using a mechanical system that

1S
W

differs from the hard disc drive. Although this feature allows the position

reference information to be written more accurately, and at lower



20 4. A disc drive conprising a disc assenbly having an operational . .
rotational speed, the disc drive manufactured by the netho laim 1,
wherein sf‘\é(b&t/?i)‘i% s perfornmed by rotating the magnetic di s%&@ﬂ@f@kat a
rotational speed that is different than the operational rotational speed of
the disc assenbly in the disc drive. 25 5. The nmethod of claim7, wherein
upon conpletion of step (a), the position reference information covers
substantially all of the reference disc surface. WO 00/51112 -13

PCT/ USO0/ 04046 6. The method of claim 1, wherein the reference disc surface
and the selected disc surface are the sane disc surface. 7. The nethod of
claim6, wherein the servo information is witten s over at |east a portion
of the position reference information. 8. The nethod of claim1, wherein
step (c) further includes characterizing non-repeatable runout of the
magneti c di sc assenbly and reducing the effects of runout on the servo

i nformati on. r8tatibhel spelelis thaaf opdrationdl,spebas, ehatrhbles Pasisiti@nrafefepeence
information | o is a phase pattern. 10. The nmethod of claim1l, wherein the

posi ti on ref énfonmationvoitlnte Saane pxtent, deviate fronea perfectly Theulapshape of cl ai m
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inch (7874 tracks per centineter rive manufracture ccordi ng
to the meshodirefilagdabpitetheldct thamelpaditedin Afevehaginfoimatidnimst drive having

a disc assenbly 20 with a plurality of disc surfaces, the nethod
conpri sing: (ayfeatlgtiopnlpor Generalhsysbsiechiquesiline aciccukfraveragedn on a
reference di S Spr E acg of 1he disc aﬁerrbl y, bef g@%ﬁbt he di ﬁg’ assenbly is
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into the dis | Eq : FBing: i pf i n a
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reference  YEXAvb iHelpodnidn LEFORYE Db rmAafiohnfAGiotRér technighk isset P tili sc
assenbly is nounted within the
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 informationis
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
contraction of suspension 112, 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
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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
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assembly 106, before the magnetic disc assembly 106 is mounted within the
hard disc drive 100. In some embodiments, the position information s
written over substantially all of the reference disc surface 130. At step (b),
the magnetic disc assembly 106 is mounted within the hard disc drive 100.
5  Once the disc assembly 106 is mounted within the hard drive 100, step (c)
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 5SMHz. 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  disc drive 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
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disclosure is illustrative only. Changes may be made in detail, especially
in matters of structure and arrangement of parts within the principles of
the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For
5 example, various types of information patterns can be thermally or

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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WHAT IS CLAIMED IS:

1. A method of manufacturing a disc drive having a disc assembly, the
method comprising steps of:
(a)  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 (e)  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.
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6. The method of claim 1, wherein the reference disc surface and the

selected disc surface are the same disc surface.

7. The method of claim 6, wherein the servo information is written

over at least a portion of the position reference information.

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.

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.

11.  The method of claim 1, wherein the magnetic disc assembly

includes a plurality of discs.

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

with a plurality of disc surfaces, the method comprising:

(a) 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;

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

of the disc assembly based upon the position reference
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(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.



