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TRACK M SREG STRATI ON FROM SERVO TRACK VIR TI NG Rel ated Appl i catio] § gk 200¢

application clainms the benefi S.C. 119(e) of U. S. Provisional
Application Serial Number 60/§WHW ﬁmmﬂmmmkd January 15, 1999. Field of the
| nventi on The present inventi tes to the field of mass storage

devi ces. 10 Mor vqarsedogul arly, thlgooqonventl on relates to an i RET/HHN0995
apparatus and nethod for witing servo information to the disc of a high
density disc drive. Background of the Invention One key conponent of any
conputer systemis a device to store 15 data. Conputer systens have many
different places where d b t toring
massi v dat a %ﬁ@@méﬁ%@%ﬁ?EBg{ﬁgﬂH%@&ié’sgﬁThe nost
basi ¢ MH’MHMW sc dr iMESREGISTRABION FROM SERV O TRACKIMVRITING i S

r ot at ed aneasst uat or assenbly that noves a transducer to various |ocations
over the disc, and electrical circuiry that is used to wite and read data

20 to and fromthe disc. The disc dri Vﬁ$l§4e§%d;pﬂ%t%es circuitry for

encodi ng data so that it can be successtulTy retrieved and witten to the
di sc surface. A ficroprocessdficaptisatbs clpstthofenefiendpeibdl b Shd1%4¢) athe di sc

drive as well as pags El%v§s1§xaf’ﬁéﬁlc9?o%kse§181ﬁ Jr%@H?fé’}df‘ﬁle‘&?M‘d%yelzss

taking data froma réquestin orin di'sc 0 read
and wite data to the disc drlve t he actuator asserrbly i ncl udes one or

nore arns that support the transducer ;ﬂé Lge ;dl SG surface. The actuator
assenmbly is selectively positioned by a-$&& tor which pivots the
actuator assermbly about a pi vitfe psdiaft invegdn eldict @ théfeld bf Mess Rk gvicekhe

disc is coupled to a notorized spindle which is also secured to the
housi ng. During'%0 JferaetisHarly, H@S ERERIAP £ HPU0 128 HBPTPYRIAPPEMYS 29d0Rkod o t he

di sc. By cont ol | i ngorkfing sd0o hibdli @0 n D QMARIUMRETLIA0LO09S 2 voi ce

coil notor, the actuator arns (and thus the transducers) can be positioned
over any radl al location along the rotating disc surface. The transducer is

typically placed on a small ceramc gl %5 aﬁghgﬁ;‘vgﬁtr“ﬁ]d to as a slider,
that is aerodynam cally designed so he 5 disc. The
slider is passed over the di dneikey sorhpamstchienngmpslicatystsmsihi gevitd te stone di sc.
e o e S onf® 2l LoREAL DAL 255 L MBRA oL el 0L UeIEs, S b4 s and

cavity between rarls: 27 "L ATAGTET BEfleen the
rails and the disc Sue E(amemcpluea fogstireasissioe whowts dfalandsa tdmpdmaglstawa;y from
;[ Eet ﬁlesgl r At the Sagr?a%{sc five. hﬁxeaﬁgorst braléll%:r}])laggof%adss?c dtnr\]fg ar(e::aa\égstc dnve housglr ession
disc that is rotated, an actuator assembly that moves a transducer to various
locations over the disc, and electrical circuitry that is used to write and read data

20  to and from the disc. The disc drive also includes circuitry for encoding data so
that it can be successfully retrieved and written to the disc surface. A
microprocessor controls most of the operations of the disc drive as well as
passing the data back to the requesting computer and taking data from a
requesting computer for storing to the disc.

25 To read and write data to the disc drive, the actuator assembly
includes one or more arms that support the transducer over the disc surface. The
actuator assembly is selectively positioned by a voice coil motor which pivots
the actuator assembly about a pivot shaft secured to the drive housing. The disc

is coupled to a motorized spindle which is also secured to the housing. During

30  operation, the spindle provides rotational power to the disc. By controlling the



10 bearing surface produces a negative pressure area. The negative :Ues;m‘-ezﬂnc
or suction counteracts the pressure produced at the rails. The slid I .
al so attached to a | oad spring which produces a force on the slider

directed toward the disc surface. The various forces equalize so the slider
flies over the surface of the disc at a particular desired fly height. The

fly height is tweodksbésaance between the I S disc surface and trer/ysoanesgiici ng
head, which is typically the thickness of theyair lubrication film This
filmelimnates the friction and resulting wear that would occur if the
transduci ng head and disc were in nmechani cal contact during disc rotation.

In sone disc drives, .the _slider passes through a |ayer of |ubricant rather
than flying over toicEPH Fatorothe poigateriasas (ap@ “ﬁfbﬁrtrﬁﬁ%dluﬁeﬁs)rcé’bla%g%sﬁtoéi?q ve of
data is stored on tdq,@réﬂrr;@gqo&{mgg]gngs&p;@gﬁ disSGurfdek sc drive systens read
and wite informatiqQn stored on portions of F he storage disc referred to as
tracks. Transducers, in the fTbemnsfuceniatymdatieplaecdds agmal cprenniq ogknalso
sliders, located o S f

i nformation on ther}gﬁg%gmedsg&g%és? t\l\é‘} ae? galg)cﬁ% eg%g(ra]ea?gg]é%x:ogkepf/ 2
posi ti oned over Sondlisf ’lﬁxlaehdhm;gmd eckr theaiidcsn o mansiecisgmefationshaf withehest or age
disc. As the storag i ) and the read/wi d.is. ratel

posi ti oned above a é\z tflﬁ)diﬁsa"avetﬂ'eal téeéﬂ?g/\ﬁr?tg%e @‘Z\ﬁ%gém’cﬁt‘%ﬁ% eﬁéatlléa%%to
the track by witi rhgcalvnj‘r@étweém@@mnepwa&ﬁm&aist ¥Rat@f aifl Alddagaed @ettvb@l tﬁé orage
disc. Simlarly, reading data on a storage disc. is accon‘gl i shed

posi tioning the reddisdidtthe Heayrfasepusing messirgmgich foreesctie hsed aﬁé}éﬁpﬁdhft he
stored material on gihe StRLage tﬂiest@xe aJ?usWn }p?st tHe c%ﬂyrcﬁ@gprggsmxﬁl’tﬁe aﬁi‘rr ent
tracks, the read/wite head I's noved radi alfy across the ~p ~~t200 WO
00/ 42604 PCT/ [ 400s007eadrapairface prodikes & negativegrasauresfes. aTlgetegatwa@kessurhexdat ais
often divided betwegp, ""c}éﬁﬁélactg'tr{ ?JSS{J?E ?c%lﬁt ¥k, erﬁ@%tger%& 918 cﬂédscs

utilize a nultlpI|C|t concentric CI trac r dISCS ave
conti nuous spiral ftolartc»adgspangwmglh moﬂmc&ekfowcn @ribe grdebdteates iabesd of disae di sc.

5 During manufactur] vo.information is,encoded on the disc_.and
subsequent |y used tsgr}gcc té’i"i}’sf%ﬁeétegua?ﬁ%sotmgﬁédghﬁléf fwefh’g S\'ﬂﬁ.‘f“‘teto(gﬂ’eservo
information i s usediislibgeaieitd désited flyarahe Iﬁaelyaﬁiguaxwfe mmbméraﬂhsducer
head at the required pOHJatI on on the disc surface an

[ .
accurately in prSI 1% FUEATS 490G the teasiycing beid; Waich [54YRiEa l(>5r‘|he “T*ﬁt"‘eé%?ﬁ}ge air

information is Wi tigialén BRE OREHGHDIRMhAed HE AliSCant rbdhlitheRGPIAOWGAITON] Y
referred to as a servo track witer éherel nafter STW. At the time the

servo information iscyirif thedsansdpeieg kijagd andidipa, werp & meghprigg! cgntagt dpmieg disfead di sk
assenbl y[ err] rei nafgfiodiDi)somt agedn%@%t@{ﬁe; &Qéee%a]gmﬁsyepaﬁf}bmcame&m@m cal
drive conponents but does not typically I nclude al drive el ectronics.
During the track wthani fiyingpeesethesurfachef §FWspr eci sel y 15 | ocates the
transducer headg, relative to Vv

i nformation thceizr%eon Accur até’;P%@g?E%ﬁ%g%&a?’ f&ans Ilﬁ%gﬁmﬁl%a gf%es&rtl}éecessary
to ensure that the soragadistefDis mVenystearmemmmmmnfolmmxonlstortchm pmnm track

information is wit ccent.ri cal l t he .po nof cer head
during subsequent OF@? FT8%° WP e'fr%%%‘ilafga‘i]% 3 FSfs ”éb‘@go ‘ﬁ?ter adi al
adj ustments in 20 Hed@y atfabhodBb e SiderslcrpedBNborpYess dfifte swr@gélals‘e;eﬁh@ﬁnd Wien
the tracks are sufficiently eccentric, a significant portion of the disk

surface nmust be al |'bHteayorgatiop pathe SWF%%Fé@F%‘b"Pe&tthW“Sq"r‘f@SGfef"%‘ffatﬁ]é’t ween t he
actual head posj)4 i %sﬁi@ﬁiecf&%r et ﬁxe%ﬂ%ﬁ?ed'tﬁc&%n st fige <§fftﬁ§§f0rage disc.

m sregistration. Track msregistration has two aspects, 25 referred to as
wite-to-wite trachs e storage dise spinsomd hedeadrrite head-is mdrateimltloned above
msregistration. T t t

m sregi stration be{11 \i% hga%;(étg?)ygéa/%? }{ei‘(ﬁgan@dﬁéﬁﬂi& tgcﬂee(r?l{ac r acEﬁn%\/m ch can
result in track- totmﬁ:czhatmmemwntafﬂma)f\dauatoetottmstaagb discaSkmidarhy, edading détaon i S
the m sregistration between..the center e rec tra d the actual
read head position. " ThiCe dipcp gcg??@?lt’%‘ﬁ& E%P‘?S&“’f‘wa@%“'é&adé‘ﬁ? ﬁ’ﬁacg%f’v%at rack
wWriting where a3ty rielgeftrack afmeedmgmnebleted@wfeﬂah@l the adrage dis¢TeTh @ritelto bhe
radial direction will result in U L. 200 WO 001 42604

PCT/ 11 SO0/ 00995 4 i ?'Eéfffﬁf%&%‘w}i‘ﬁe?%wm&h%d s mexpe warlly pgesdhiy it t en

can cause adj acent tracks



to position thenselves closer than intended at certain |ocations on tBe 200
medi a which gives rise to track squeeze. Al so, such relative noti on‘\o t.\lua\-
head to nmedia is not synchronous to the rotation of the disc, i.e.,

spindle. Thus, the 5 relative radial position of the head at the start of a
track wite will shift by the tinme it reaches the end of the track wite.
This leads to awdimma@meosi nuity in the radial direction of the BErY008EK.
The squeeze and discontinuity contributes to ghat is known as witten-in
repeat abl e runout (STWRRO in the servo track. In order to ensure proper
witing of servo information, STW 10 utilize an external, closed |oop
positioning systemthat precisely positions the trans er head during
servo track witing' ﬁéo‘i‘ﬁfﬁeﬁe?W%ga%s-rthﬁﬁ?télfr?ﬁ@3’&‘1%3%8%‘1‘??%&"6’ nber that

engages the actuat ogifREHEARkY  WhildPRSt sioPide UREY FilkOL miiphibity Sdbhckher t he
posi tion of the contact nmenber, and a di spl aci ng nechani sm which

reposi tions the contEedaryaekscthes disechayp 2 cersianeusEpifal fiminge pegs racken
indicator. 1 S To e r%oﬁi%%ggfttﬁemg tioning, various position indicators
are used (e.g., nechanical, capacitive, and optical transducers to nane a
few). The STWfu¥ther incl udésrinpeanefgerimmegservaipforationfipenopdédidnrie dibe servo

information to the disc,.surface via the transducer head Wii.le it is
advant ageous to nai ﬁqdzsiuﬁse%%@*' 5ﬁ¥it%?cc8r3}?§:ye]ﬁ‘fa?€i tﬁf r?/nsglffefjﬁﬁen“ém% &°8rvo
track witing procegSormizbayis hadisMssqidileoddale theattor hivembliWaasdaber iekdy t 0

wite servo information concentricall ga As penti gged previ ousl| ser.vo

track witten repeafdhf BIPFSOHUGLEUNE dighaiapeandolfdt vrzy f“ifﬁra&’&%ié}lpé’“ﬂ%'i ween

the servo writing heashgaidadd drii@etatiobNehdRHinfoMiHibh RULBMienldd chddled €l ati ve
noti on between the head and nedia is fromthe vibration of the 25 spindle

whi ch is al so khbwno¥8 thafliscriti-aresshine apM@ORIY FYEH UNRERISTY OTiFRSK NIRIED i s

non- synchr onous {0 hagiSRENSihg. LA HiaBuRULyb HIRERIAHS Grinh I dBiONve is
contributor to the NRROis the cage rotation or ball train; thus, a
periodi ¢ wavf or m i stypwalivlat theHihsaddiskeasedrhtilyan(heretyefteryHeAY siadez dde HOA he

spi ndl e but neverthel ess repeats itself., at intervals. .l.onger.thanh on
spindle rotation. | H'csuﬁgsr?]?g%a{b? rz‘a’lﬁ'fhgﬂ's?alidﬁvﬁﬁorﬁ?ger’s%;&ﬁgﬁ%&gﬁ tygf:c?l Lljya n(cjl‘r%de
conponents due to i apeaefdect elb@anics) dBurig; thaeackejriting p@ctss,the AT Pr peticing
non-repeatable track witin rrors. 10 JUL 2003 WO 00/ 42604 5

BT 1} 5001 00095 s PsHPa b RhsBiceSispereliirt Bl g i AN M6 HMBR, e
overal |l track densi inforaptibetmabbe A&ufaedbetion 6f (heBardshieechdaisis ne@sanfbudget Q
for track m sregi stratioB:a As a result, a track m'sg&gi stration budget nust

Ul
be used to account FEHHERade Brkddigitionremigrrogrentict HNe Rtk &Gueeze t o

occur. Many fact or Sipformation is written eccentrically, the position of the transducer head during
subsequent operation will require relatively large, constant radial adjustments in

20 order to maintain placement over the track center. When the tracks are
sufficiently eccentric, a significant portion of the disk surface must be allotted
for track misregistration.

The offset between the actual head position and the track center
is called the track misregistration. Track misregistration has two aspects,

25  referred to as write-to-write track misregistration and write-to-read track
misregistration. The write-to-write track misregistration is the misregistration
between a recorded track and an adjacent track, which can result in track-to-
track squeeze. The write-to-read track misregistration is the misregistration
between the centerline of recorded track and the actual read head position. The

30  misregistration is induced during servo track writing where any relative

movement between the head and media in the radial direction will result in



5 contribute to the track msregistration problem but it will be,
appreci ated that reducing servo track witten repeatabl e runout V\,i1| D e’lmevzﬂoa
the reduce the overall track msregistration budget and allow for an

increase in overall track density and an increase in disc drive capacity.

As demand for higher capacity drives grows, manufacturers are 10 constantly
seeking to i ncwexmB26li ve capacity by increasing track densi tPgI/JS6000995s, by

i ncreasing the density or Atracks per inch@ @TPl), a greater nunber of

di screet tracks can be encoded on a given disc surface. However, higher

track density requires nore efficient use of the disc surface. Accordingly,
track msreistration due to eccentricities in track formation nust be

mi ni mi zed m 15 or dERPeFIECt sy HEenTBhe (’%?Béftﬁﬁéksd?’%@“d’é’b&%’is? #?wﬂé{?ﬁﬁi ngly,
what is needed is @pRRBRIRMYSY&NbsEEhDOHhd 418 taM fobatRAs STNE nfata

mnimzes relative notion between the head of the servo witer and the

disc. This will, iWhichgives rsedoérack squeezer S50 suglefelamve mogpn pEiheheadtit e r unout

and track squeeze [P IV, i r g I ds ¢

m sregistration (T ?ﬁ%u%ge}%ncglgn%%é?ﬂ{e?g‘gﬁ@ (;r%alrﬂ;l;‘e (gée/&%%"r%lrrg:i%sfgug’q}%epaced. In
particul ar, whal i slateedda! pesittorvafyhd lwad #dicsarnofie raspeaitanilbshiftiby heat caused

> mthod and. appar B TPe e & it wB i B LORteR Byl fidingC 'S
current manufact ur t4agl dedchodst the fermifathr Thedqubdre ahdeedntadityldeatripuesent

invention is directed to reducing these proble iLally the
non-repeatable tr a&’g‘a‘vb? koS gpigp-dn Efﬂ%atf{%ef' ’i“ﬁ‘ﬁ}gﬁ'{é@%%g)géﬂ? fhegervo madker v o
track witer for witing sernygrdePfo@hiBt hepertvitdigheadvélintimagseriphg i ncl udes
30 a mounting fixture for nmounting a head di sc assenbly. The head disc
assenbly i ncludes atilifesp cxemak plesedileonpasitieaingsysieynthainresely RRsdionh§e and a
rotary actuator il 200 MROAHAZRRAPETL CHRIRLARIAE ot snLs 4 he

di sc. The actuator 1 ncludes a readwite head for 'selectrvely magneti zi ng
the di sc. The nountémast miemberrtkat ongagecibs aciuatwabsemblyak pesifierisdicgorf alich he

servo track witer. ervo i.pforgmtion IS itten to,the head.di st
assenbly. The servo' cra%s(‘: e\Rf?l{}(g}oa %%On?aﬁ{:rf’ﬁraeesr’ aggﬁlfté éarcm Inﬁegﬁlanéséps‘grfﬁ?y

nounted to the 5 npdpnsiiicig thd cohtactem@nioex bisad en fdedbagk fraattbe paitidhhisdidsead di sc

assenbly. The sher bl ock assemhl.y .mechanical.ly .positions t act uat or.
e torv trachS v b etk aspRR BPOUNRE “pous pruion Bt b S st or

control ling the pogiethaaitaldéapbdi@vel 6hdiaitiRll rahéiRc@O® HahRn EONtTHISTSY St em
further includes a_notor connected to the Fushar bl ock assenbly, and a

control ler for out BHthes ingjudes e rsnuited Gisciitey fop Wrifas fisise o jiormation to the

disc surface via the transducer heads.
While it is advantageous to maintain substantial concentricity

20  during the servo track writing process, many factors adversely impact the
STW=s ability to write servo information concentrically. As mentioned
previously, servo track written repeatable runout occurs when relative motion
occurs between the servo writing head and the media. One major contributor to
the relative motion between the head and media is from the vibration of the

25  spindle which is also known as the non-repeatable runout (NRRO). The NRRO
is non-synchronous to the spindle rotation but is periodic. The major contributor
to the NRRO is the cage rotation or ball train; thus, a periodic waveform is
found. This wave will not be synchronized to the spindle but nevertheless
repeats itself at intervals longer than one spindle rotation. In short, vibrations in

30  the spindle or actuator components due to imperfect bearings is one major factor

in producing non-repeatable track writing errors.



10 order to adjust the position of the actuator with respect to the disc.
The controller synchroni zes the notion of the actuator to a cage f{/gqgm‘:.yzoﬂa
of the spindle bearing. The position control systemnmay further ha

sensor for nonitoring the cage frequency of the spindle bearing of the head
di sc assenbly. 15 The controller selects the tinme to start servo witing in
response to thewoagaéds equency of the spindle bearing. The poB¢TUIHOWSNt r Ol
system of the servo track canter may al so i ncbude a detector for

determ ning the position of the actuator and outputting control signals to
the notor in order to adjust the position of the actuator in response to
the detected position of the actua esire %(E)sition of ..t he

d 20 d
actuator. The controller for Aé&f?fﬂttgfﬁgyoc‘ﬁﬁvmongﬂﬁﬁté S TIouL s ¥Rl ey

synchroni ze to the gpkaedshy b&ficable ik rbdiRed! SiAEY hérd nveihetal Abadidte Torerasipi ndl e
beari ng cage frequency. The servo track witer may al so have a sensor for

nonitoring the cageMfregiiiatingy Asfa resyl, aiackdnistepisiation Judget mHy beassd el sc
assenbly. The Servo,ceant Rt cMnishealsiriMinG? a0 ehS dofecROtdbebiie Mely el
rotation frequency acnd_nt he s?oi nciegsgearni I’_IS cage fStrqe%]ue_ncf rray'a?so h%ve a
sensor for noni toor i eegtribhits te thydratk miprartiptior problemsit HAB bpeppréawgeddhatt he head
eaponse To the cageiitBaeacy oy AT bRl Mok LIFAAN GE Rt B b, | "
writer further includksniaegistation budgband 00w ddreanimondamgintolveral) ekt densityof t he
actuator and outputting.control,signals to the ~ D ~11~L 2003 WD 00/ 42604
PcTn~s00i 0099s ot ofdiah M5Fess e 48 4P2¢ e position of the actuator in

response to the detected posiA_tsidema,mffoimgh@%mﬁp&magrows,dﬁﬁiufaedxr@weti on of
the actuator. Al so disclosed.is a nethod for witing servo patterns to a

di sc drive whicl i neorgaly ssekingigdncragprdrtieserarty iy Barcepratrahdmie fah a
spindl e bearing, thg WlindreARs W RnHiyDF AFRUALENER (TPBT @%r'eﬁ& iYL AN axis.
The disc drive al so includes an actuator for novi ng each of at |east one
transducer rel ati vediscseeafiacks sachesneasiedon b given donsurirs covdyer, higherduak er
reads and wites infQr. ' - ' ' Ty 0 iter

i ncludes a |inkage ‘geg%ﬂg%ﬁ?rgh%zaelbﬁ{@m%ﬁo\??eﬁ%ﬁ%‘ﬁgscgggtﬁ?ﬁf (flrl gﬁ?ﬁ% gtr%rvo
witing. The net hodmfsoagiswatidn dug teecantri@adstie track forngdtionl esistli@ neioiniesitihng
spindle run out. data, deterni.ni a spindl e bearing cage frequency fromthe
col l ected data, andor%g?Wﬁx‘fr%efgﬁﬂ’gdguso‘gsctcﬁgacggrvo witer to synchronize
movenent of the actuator to tAReorSRLIROLEat REREddAds SrogpParhiue aribietiod 9etr m ni ng
a spindle bearing cage f uency further, includes cal cu] at.i t he spindle
bearing cage frequeﬁg@an g’ﬁ@ tb‘?‘ﬁ‘?&%.‘@“ézeéfgi‘tﬁ’é maQdiop Geesn 18F bead Oﬁg\?éﬁfvf’o 15

synchroni ze novemenriRf addnBe &&d. UBEOKilL B thCreaideNEl RrReAEL ABtERG@BedtdbRIUENCY .
This includes generating run out at the spindle bearing cage frequency, and
cal cul ating the phalBoweng frcksapssen ‘éhlb'éHFIFWd“‘@dﬁfb‘C? the gtraptfackThe novenent
of the linkage gf tRRSRENDMTMEbulBY s@hdCrdcREhiAR hoE TRy Bacddik i al
movenent of the linkage of the servo witer to start the servo wite
process based on t heergshieseviROisgkedetl és apinidireduoenen-tepeatrbiteaut peigawsad Py The
timng is based on i e at t i nd f cy or
upon predicting the‘ggﬁi%;brghgﬁ%n{ﬂ%g‘eg%%?cﬁ% e@aﬁ% Sﬁﬁi‘é%ugﬁ‘éggq%ﬂé‘gfd?%%%g of the
initial novenent ofmeéthed drdrappgetuowhich earsredwe nutirdpestattioruatoar tsirighvarmser vo
write process based on.the phase ,of the spindle bearing cage is sel ected
when the spindle beBPTURIER é"e?l?"gﬁuency is at the mininmum 25 The nethod
for witing ser¥o patterns to a disc drive may further include the step of

determ ning a spindle frequency, and using the spindle frequency in
addition to the bearing cage frequenéﬂﬂm%m.&ﬁwmvenpnt of the
actuator the spindle bearingraaggsdnf BULRILEYs ARGl B SURGYARE pRLIEAKETENT tO
the spindle frequency. Determning a spindle bearing cage frequency from
the 30 col |l ected dagsaedfialiyithraronirapseigblesrackavaitingmerrargduetie inpsirfselibsatngar Ang cage
frequency.

10 JULseARQBick writer for writing servo information to a head disc assembly includes
30  a mounting fixture for mounting a head disc assembly. The head disc assembly

includes a disc attached to a base with a spindle bearing, and a rotary actuator



WO 001 42604 PCT/ ~S0O0100995 8 Advant ageously, the nmethod and apparatus of
the present invention produces disc drives wth higher storage caﬁgcgtu\. 2003
than those drives produced by other servo witing nethods/apparatuses.”Tn
particular, the instant invention permts precise, concentric witing of
servo information to the disc. 5 This reduces the servo track witten
repeat abl e r unwaudo/4260@l r educes the overall TMR budget so thaPCT/Hswwke"ay be
nore cl osely spaced. Allowing tracks to be nmere closely spaced allows for
t he hi gher storage capacity of the disc drive. Advantageously, the nethod
and apparatus reduce non-repeatabl e run out using current manufacturing
apparatus and net hods. 10Brief Description of e. Drawi.ngsFl G 1~s an
expl oded vi ew of aadd‘?‘:_%t the Hive The f’%uaéorrfﬂﬂhf‘{ébia_éeag}iq“gﬁgéetagé‘?{%ﬁlleéve% s a
schemati c represenfabdeAAng the@isSeT M bnBAK fiXVitelpRSviats @ndcRankéall FefdrdiRe &R VO
information to the discs of the head disc assenbly of I5FIG 1.FIG 3is a
schematic view of Whecrpefrackrialitecasspayp dxformapden isavrpien o B headediscragssmblyack
witer.FIG 4is a ' ' FETR Y aReShiv ABEHNk N a
servotrack wi ter.g%eosﬁrdéq%?gmgergﬁgﬁcq{d?ﬁ%u@ﬁ a{BPJnga.he {ylr ac -%o-track
squeeze due to # hemoayeifeguepoyinmontho acwrtorff Be hBaddise agseamily. wHieglusher
illustrates the spgct.ra of,,the servo track iterrepeatable run.out. Fl G
7is a graph illust 8.%kl ansgsje %meﬁéan\%&%oﬁl logspte\ﬁ%?crnéat T gﬁg%%rg%gack whiter also
i nt 025r epeat abl e rngluBes a pRidioR evwtioh ysfetnfoPttintrulding €@ pasition o8 el hdmaadr.
phase. F1G 8is a graph illustrating the track-to-track sg eeﬁe agd
di sconti nui t ydue jtchh RsIOR gAY éﬁ&ghwh‘érdﬁ‘fﬁ AU SAPISH @‘O.tt gpusher
spi ndl ef requency i slo8YRSHENNT ZRAG doBird RS fo? BhIBQLINE Edirirol ibifals Bitfe Botbd iAW
di agram of the grocedure for synchronizing the servo30track wite to the
cage frequencyl®f emer 18piing|the dsiion pfthe actygorvith 1eseegos thedivo/T42604 9
Pty 115007 00995 Pl Gnubfler Sndbr i AIRMABA MO alibiRoG8Y L RYGRE ¥ DY, e
spindle cycle and various'tinmes associated wth deriving Bs. FIG 11 is a
graph il ustrati ngsmitde bgagiog-t o-track squeeze due to the cage frequency
conponent when onl ¥, the..cage frequency. | n i . q% [VO
witer. FIG 12 isahzli‘3 %or%glp‘))ﬁ%??tfodéﬂrea I|nn)é;hl?l ng }?%a%%gj ?Ag-f%rﬁg%rht%rslﬁ ﬁggagedue to
t he cage frequencyfreprepondnic sphdie Headidy dfite teaddisd aseamidyncy and t he spindl e
frequency are nchronized to the servo witer. . FIG 13 is.a flow diagram
of the pr ocedu?% for synchr fP‘Hﬁ’?IF’nS@%Qérﬂ{Fc}‘"fOto\R}afttSE“P3""15’8?ﬁ"rte?‘ﬁgn%’age
frequency and the wnhéietge flefiRGLeENe spRitYchidid. mecpbsiti&ecoﬂrrelggstéxﬁgfme

erre

Enmbodi ment In the follow ng detail ed descrjption of the gre
enbodi nent s, ref er ¥Rk %H@%Y&ISPH@%@&%%&‘HW%getmw g€ PRAT B m a 15

part hereof, and i RoMd:Ghd aﬁ@utahgmlﬂavsi%@s 18 fheinkdtsish balel @hdfleasd T i C

enbodi ments in which the invention may be practiced. |t is to be understood
that ot her enbodi npetitionadhersstuator injrespansgiielths detgetedpasition RAREsuUMERANEE nade
wi t hout departbig § ~ e present invention. The invention
described in t d|§]s a%gﬁé%ﬁo%;oqﬁgagég%ﬂl with nost all 20 nechani cal
configurations of disc driveédeubmttaller fogowpittveg contyolesignalsito thie medor nzayt uat i on.
FIG 1 is an exploded view of one,t of. a disc drj.ve 100 havi.ng.a rotary
actuator. The di scsﬁgli“\?‘é’zif?dg? ?P&rfq.]l%%’ga%gn hS%us?fm g" 8?& JALe qelipfnad\léenbﬁgrén%:over
114. The housi ng 1ldage frguenoy EThekddo hiackwriteflingealanicdve a Wemor fopinatitibing
attached to the hoysin 12 on an actyator. pivot shaft 118 {s.an actuator
assenbly 120. 25 Tﬁ’écégetfflfﬁf‘ﬁ’r"yﬁ %%P@H?@ngﬁ{‘ﬁ&aiﬁg °<?§ﬁ%’bbi' €8 ¥Uct ure
122 having a pbsir atrhdkwrter ihiBH syheid to Bbth A @ MhdleQotiatién ﬁ&ﬁé\rﬁc@ﬁaﬁd 8leRFindid3 on
the conb 122 are | pad beans or |1oad springs 124. Load beans or | oad springs
are al so referred beriag caggdisavasicnmay alsg haye B senser for menigsige dfte @& h | oad
spring 124 is a slj VA Wyi]i dl RgRst icediansiesiotead 150.
The slider 126 wt Qﬁ% tréns g@gﬁﬁé@}ﬁe@gﬁf orm gtenltlsgfrequerﬁct) P:y call ed
the head. |t shoul stldses thotimd ta stat sempnwritdigiinl exsponkatpghocage frequeschufelre 1 SO and
that is what is shown,in the tigures. ver. t.ni,s A J.U L 2003 WO
00/ 42604 PCTI t ] SOOTEBYEAEE; );r]{‘/egsﬁfvi%?%’%%%%ag“éﬁhfvn%{‘ﬁ%Siacdg e Y ¢ Caers

havi ng nore t had ode€ertrising tis@esitiorsefthe asuavdn aiid msputigatoned signalaso the MR or
magnet o resistive head in which one ' transducer 150 is generally used for
readi ng and another is generally used for




witing. 5 On the end of the actuator assenbly 120 opposite the qudquUL 2003
springs 124 and the sliders 126 is a voice coil 128. Located above‘a

bel ow the voice coil 128 is a first nmagnet 130 and a second nagnet 131. As
shown in FIG 1, the first magnet 130 is associated with the cover 114

whil e the second nmagnet is adjacent the housing 1 12. The first and second
magnets 130, 13%o @mnekot he voice 10 coil 128 are the key conpobPens0nhoon

voi ce coil nmotor which applies a force to the7actuator assenbly 120 to
rotate it about the actuator pivot shaft 118. Al so nounted to the housing
112 is a spindle motor {not shown). The spindle notor includes a rotating
portion called the spindle hu articular disc d e, the
spindle notor is w Pﬁf"ﬁ rt?fgerﬁﬁﬁgj“?tllpem"é“o’io“g W%‘g,m E?FPOEF%@éﬂeléaécéqde 15
attached to the spi paitnbfftheladfhatol Bhdof d¥8ikedFoSiGiosl b tHESctuatorsi Ngl e disc or a
di fferent nunber of .discs may be attached to the hub. The inventign
described herein is equal |y ape fisdesedisagnethadcfogyritngsemgiraiernnipe disc
plurality of discs ggya\ehitn aéluqtssaqlqut oﬁf?lséxmaﬁntmea BidlGhea Piife The

i nvention described herein 1s also equa l'icable to disc drives with
spi ndl e notors whi cheaing the atHeast thélShm@mlle;merotatm ahput@n axie.i Vied disc dmger t he
el S aa ok 0 ve AORhAE! HAERAD S, HREE G COPARNb Sk IBUIRSE AP0V
as well as various e ents 0 Cl rcul oard
(not shown) typical bgsomtbtamheaﬂt dsrxa dtsheTh@mdt(caereadsemdmennEdnﬁaubr) testhele of

the housing 112. Wt hout he circuit board t her el ect i CS d| sc
25 drive is often raPFgpaigyd SEFVRA BEHET e e%t% aBg §?r8?"trﬁg%q’l§’?vm§t‘

alternatively, the m@hmueags&mmwtme nefoll Yl wigink Rervél paréenshadledl g 112
cover 114, actuator assenbly 120, pivot shaft 118, arnms 123, transducer
heads 1 SO, spi mAl ecﬁtfst"tmmdtwﬁattélaeh%mmasazmﬂ“eoheges% opgAITeGHSAY ot her s
general l'y define theoie dorideted Bfa, B mboingine FANSR LEMRE ssVPwARS &DI Y for

conpl eting 30 various manuf act uri ng_ processes i ncl udi ng servo track
writing. For instan&&chiopiae mogeminbof ‘gesctlmwé¢ tgspindle bepsing eageHeqyasicke coi |
128 during manuf act 5 11
apertures 136 but cg{t{%t—rwggjééfsg] 1Qldletl))gm-ls ?%cﬁ/é?ﬁ ﬁtg?lg%lflﬁgg f“{Sfc glﬁgg{e'gggg?y) to
ensure that the int epindt bcmingomrftequmeym]”m Imlamtoﬁmbisatvb yfritmhstrameldamt free.
Near the end of roduc)tch t he dt el ectropi Wﬂ § fed to the HDA
152 to produce t e &S 8‘1‘7‘?{7’8"%?51 ° ?z%“f“éﬁ‘%‘%g‘ £ cﬁgf‘%cag’f "8R3\t t herein
is a schenmatic repr&artiichidedenefatifg ﬁtﬁlb\l(htlHeaﬁiﬁdebirﬁxl’g c28(0reqaa@nrsgfandct ed in
accordance with the Ar Lgf erred enbo% i ment the sent i Ig]ventl on.

di scussed bel ow, th& SRS heRidse Qi etséi“d? a%rf-‘e redgeniy; { B PARenLSYf
information to the tHeSimRade 4 tHeSBOWRritdd nfal @so Includd UmidGhd B4l metdmdngf Oof t he
HDA 152. 10 As shown in FIG_ 2, the HDA 152 is nounted over a nounting
fixture 202 which sdiikagsof theseryp dites 4 starbihe sEMR WItegFocesidagsdianshs Pl?i’é‘k
writer 200. TheZUDUBFﬂhQprnH?&tHdﬁrﬁl %Q%eﬁ‘ BhRR! Irike QrRHEHb%E’éﬁlﬁrﬁéa@«ﬂHthp' ock
(not separately designated in é aV| hg a calrbrated, level top
surface on which a mb'ﬁmltlthgsmcﬁt eage &qunqyotr usgmﬁ@tt@gyhmssegﬁ&teédmdh FI G

2) is placed. The 1 in

| ocate and secure tﬁeézﬁ%ﬁﬁéfgg ﬂeqr?tmg?r%hn ’al%’f)ag@ﬁ}éeﬂg%yﬁa%\&)mg@ nount i ng
fixtures 202 are welwritds mostat thadetvd wamairodésmsaisunohbphatd ofnieet spheiereaningled
herein except to state.that thg}ﬁH@? é hs rmunte% in such a_nanner so as
to provide access t SEAESCECHS0En BF spiRde Rearng £28e TRguearn ¢ RS H BN i n
FIG 1) by the2servo track Whetn®thod@6t wiikingl4eivd Gaterrias yetsu\ﬂmtdan@pﬁhatﬂ on.
Continuing with FIG 2, a pusher block assenbly 204 is also nounted to the
mounting fixture 2021°Ma§tcﬁeaeﬁdttﬁemma inle feqyeny and ygag thespigdlect uat or
assenbly 120 of the g&l@n H ] t or
assenbly 120 rel ative toéu}'tSihgea dci}}l?ggq%e %&nﬁaﬁ%%bﬁh%t@%ﬁ%ﬁge %’ng‘trﬁ%{égghom)
is provided in the H@ta@tghtpbﬁlesmedldb@hnepagbérseucmszawgmmupmzm@wmen) tof the

HDA 152 so that the I
envi ronment of the I—IE%EEIE@EZ: f%bge%}( Z@t‘g%‘h%ggﬁ#ﬁﬂ%ﬁﬁ%‘gﬁgﬁ %Pté [&ﬂee deck
or base 112. Onée t hellested data furfhor ineltdesnalcwating the spindle Heeringpmape frgquescy.

typically covered by an adhesive |abel or other neans to seal the internal
envi ronnent of



30 the HDA. Further, it wll be recognized that, as actuator ass i
(such as shown at 120 in FIG 1} typically include a nechanical BFBSJthDDS
towards the 10 J UL 20D3 WO 00/ 42604 PCT/ ~, 1S00/ 00995 12 inner or the
outer diameter of the discs 134, the pusher pin engages the actuator

against this bias and exerts a horizontal force upon the actuator. Thus, it
IS unnecessary woodaedaani cal ly secure the pusher bl ock assenmHorModeas t he
actuator assenbly |20; instead, the existinggias of the actuator assenbly
is 5 typically used to ensure contact is maintained between the pusher

bl ock assenbly 204 and the actuator assenbly 120. Moreover, the servo track

writer 200 further conprises a conventional positioning system 206 which
rotates the pusher block assééBripeepsdy.dbpnethad andapparatuy of be prsgint shown in
FIG 2, for purpos ' ool A : itJ.on of the .
actuat or assenbly %%8&‘013 é@%dgé?%?codﬁvg%%g%gedﬁﬁé%ggﬁ%gﬁy g]glgglgnb%scg/ﬁdze& IS
controlled by the prditdddyiotigr soyet wntingOBethdrsGppgratiges e bt pagtreuiapdhsinftant
separately shown) i ts_the it . . senbl y
204 and provi des c\({)ﬁvflceh&n?p%}ﬂ&gsi p;rﬁcé scot%g&géérr‘g{}%’?g ?ftasPés?'S%r)% ai’ggg’?@%%??f shown)
of the positionbng ThigstduwresdDEsarvo teackl eritttorepedtadierunivat gdsbbiceslbe byapak
assenbly 204 accordi Inth referred enbodi nent,, ,the.pasitioning
system 206 conpr i SML%&%S}Q t{%z"@g(,s may b 89T ‘ggi?gypsgg?eldl thlg?m%?faflfsztf’ § a

| aser and appropri aiofe 86428Mpacet QlIEHRS BEthe hip@edshdd @Paddly of the dRuahes. bl ock
assenbly 204, although it wll be recogni zed that other types of

posi ti oni ng syst enéd¥aRiagsausi s methpd a§8éIPPaFaé‘éséFd%5§%r§BS‘§iﬂil? BRiMHUSREst em i s
model 137K15, nanufchggn%ﬁgufggu%a'gﬁ&%{]ﬁ}g,hagods.As wi |l be recognized, the
positioning system 206 1s nounted to the nmounting fixture 202 relative to
the HDA 152. Cdftinuing with FIG 2, the servo track witer 200 is further
shown to include a control circuit i i W th a personal
conputer (PC) 212 and controls thB'%QrQ)e il o U D AR track witer 200
and the HDA 25 152Fdurli ng a sem wxploted viewapedat idong withe mudliphgdisdseadkr ansf er
of the servo inf or:g\%gi on to the HDAE' 152r fer om t hfe SPeC ozt%azka{griungl t0|1‘))vertati on
of the servo track 'izt er 20‘5af%’e 'EPEHE Y V0™ 1Y or trat i on £ the HDA
152, a user nounts the HDA 1thsdr ihfvemaamund theglisks xf the Bead@kcamdmbhisdfr uct s
the servo track witer 200 (elgm way of the PC 212) to 30 commence witing
the servo inforfation to th PA 152. As a result, the controller circuit
210 instructs the IHRA3152 t OsGHIRAGEVIEWbAthe PBrs@al EdtBpullr 966 as part 8f theU L
2003 WO 001 42604 PCT/ ~500/ 00995 13 134 by way of the spindle notor 16
(shown in FIG 1 ) and instrgeedreehersisher bl ock assembly 204 to place the
actuator assenbly 2¢5af a stigbtdNGevPOSd fih®Bisk E&_é&hﬁ@%héﬁti&ﬁ@ﬁviﬁﬁ% QUILT

di aneter of the discs 134). The servo track witer 200 wll thereafter
instruct the HDA 152 to wri tteackmeiteser vo i nformation to each of the 5
surfaces of thegudi 134, il : ' vanci bl ock
assenbly 204 s?oas%f% 5defi néﬁgég@%ﬂﬁﬁvﬁgg@ég%?@g t?’?’%é@%%@ﬁ%?? S 1 34.
For dedi cated servo systens,frdigoencgndmpanestur f ace of one of the discs 134

will receive the s o informtio i.tten by the correspondi servo head
50 (Shoun' in PG TP ' Ror B AsEan el ilEtes b s SEbR SR fl Wighe "1 "o
inturn will wite 10 the seepatbRif@smiion to the corresponding discs at

the appropriate locations. The tinme required to wite the servo information
to a typical HDA déférds updﬁaﬁﬁ‘éhHh‘ﬁ‘(ﬁg’ﬂ’g3Pwé@r%°PW6?tf?&fz‘Pﬂﬁt°§ Blhe witten
to the discs, bBe rotationalosRask o ol M 8 rdddutdatksths AuBEpnoL di SCS
134, but for purposes of reference, it may take the servo track witer 200
as much as 30 15 nifHatles to ieasppltllistriing shertrack-ya-irack sapreparidotiscomymiitzal |y,
the servo wite operation regui r i LN | ﬁﬁﬂ t of tinme
in a large scale disc drive &rlr]gﬁ%@gg erflﬁhg&g%gérrﬁaﬁgﬁ%d%gggtﬁht o&ﬁskands of

di sc drives are manuf act ur edregaelvy thesynchirigniaed to theeerivopatdrance of correctly
witing the servo i matian to the HDA 152 will be recognized, as the
time required to rg:\ifst"i%[e 20 légﬁ]\%di’aﬂag}@g{l‘?WﬁcﬁdBTGﬁbwg‘FQﬂPB%%&seﬁPi ves can
be extensive. Abthough servardck agike tofhd AESHirtdiendy\uditieadpindlepriring m sone | evel
of testing of the servo information, frequencies in the PES may not be
detected until subsequent nmanufacturing operations when the PCB is mated
with the HDA 152 and system |l evel testing of the disc drive is perforned.
25 FIG 3 is a schematic view of a conputer system such as the personal
conputer 212 shown in FIG 2. The conputer system 2000 may al so be called
an electronic systemor an information handling systemor a controller and
includes a central processing unit, a nenory and a system bus. The

i nformation handling systemincludes a central processing unit 2004, a
random 30 access nenory 2032, and a system bus 2030 for comrunicatively

o M g, S NN A I T Y o



'~ 0J UL 203 WO 00l 42604 PCT/ US00/ 00995 14 informati on handl i ng.syst,e
2002 is attached to the HDA 152 attached to the servo witer 203. UT.HE}LFQUUS
i nformation handling system 2002 nmay al so i nclude an input/output bus 2010
and several devices peripheral devices, such as 2012, 2014, 2016, 2018,
2020, and 2022 may be attached to the input output bus 2010. 5 Peri pheral
devi ces may i novoomsdesr d di sc drives, nmagneto optical drives,pdinggopyosss sc
drives, nonitors, keyboards and other such peyipherals. The personal
conputer 212 is used as a controller for the servo witer 200. The personal
conputer 212 may receive data and output control signals for noving the
actuator 120 of th% £|DA 152. The personal conputer 212 is used to perform
10 operations on tK&Sd a i rigadiagrer deyingtherasy firquency 3y the ipdis cYslehead

di sc assenbly 152 positioned, witBin @8 85M%8ialh 35k dWid:hehs. 200. The head disc
assenbly 152 shown i.n FIG 4 1s for a disc arive 100 which is different

than the disc driv&lGridm Fl Gs algraghtiltedtmatihgithp ¢rackotodtick bauteezs due tasthe vaget er 200

can be used to wite servo track to the disc 15 Lves.. The ad di sc
assenbly 152 shown in FIG 4@%8’?%18%’3"%’%6“ Vélgesnto"gﬁééégggei'%ﬂcgﬁd an actuat or

120. The actuatér 120 i ncl udsschadrifedi@thewhivevritarry sliders 126. A

transducer head 15Q..js positioned wji.thin the slider 126. The disc 134 is
pl aced on the hub %éé 121?’he HaE ?@’hml‘éséré‘ﬂn%wega%ﬁoﬁ{ﬂcés%ﬁ?ﬁmfs§° @gﬁaegﬁti ally

a shaft about which the hub Adg@edc9lahfsnentwhddi i3t Be BABHeHENCNHId RO Shown)
is positioned between the spindle or shaft and the hub 133. The disc or
di scs are clanped to the hubsPitid{erfrequericy @reciyashperassd to theserip Y& anp 400 i s

annul ar and fits oygf {3e tOR s AhwldMerdMBr the Brocddife REEMCHBAILIE AR NCI udes
a di spl acenent sensor 410. The di splacenent "sensor 410 neasures the

di spl acement ofl0t he hub 133 wuteitmbpth the caga fieduency afhthe gpisdle icewmay. sensor
410 is 25 positioned near the hub 133 and nore specifically near the disc
cl anp 400. The di spl acenent sensor 410 can be any of a nunber of types of

di spl acenent sensors includi ng Beswaption bf/therRyblerred danbodimergnt probe or
| aser interferonmeter. The di@gﬁgﬁmnt sSenso sed.to,gat her data

410 i s
regardi ng di spl acenent of th 97438 S?ff‘ﬁl?ﬁig({ef%t’?’b?%ﬁ? BECTER "t hi s
particul ar inventi emboliifentd) reficaccitmiatie R0hs at6Mpanymguisedndsovireamuna and

extract infor mT[SI Or}‘)artt %gr%(r)tfi ‘imrgl(%n twrgls:hfalr'ees%g\?/rq %¥ w%; o} irlﬁstrati%r? spJeciEch ;m%g iglents
in which the invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be made without
departing from the scope of the present invention.
The invention described in this application is useful with most all
20 mechanical configurations of disc drives utilizing either rotary or linear
actuation. FIG. 1 is an exploded view of one type of a disc drive 100 having a
rotary actuator. The disc drive 100 includes a housing or base 112, and a cover
114. The housing 112 and cover 114 form a disc enclosure. Rotatably attached
to the housing 112 on an actuator pivot shaft 118 is an actuator assembly 120.
25  The actuator assembly 120 includes a comb-like structure 122 having a plurality
of arms 123. Attached to the separate arms 123 on the comb 122 are load beams
or load springs 124. Load beams or load springs are also referred to as
suspensions. Attached at the end of each load spring 124 is a slider 126 which
carries a magnetic transducer head 150. The slider 126 with the transducer 150
30  form what is frequently called the head. It should be noted that many sliders

have one transducer 150 and that is what is shown in the figures. However, this



WD 007 42604 PCTI USO0/ 00995 15 bearing cage associated with the sp Qd‘!a&a?ﬂoa
posi ti oned between the spindle and the hub 133. ' As mentioned preVi

one major contributor to the relative notion between the head and nedia is
fromthe vibration spindle which is also 5 known as the non-repeatabl e
runout (1VRRO . The IVRRO is non-synchronous to the spindle rotation but is
periodic. The wajsmdéentri butor to the hl RROis the cage rot BCT/Uuspomedal |
train; thus, a periodic waveformis found. Tpis wave will not be

synchroni zed to the spindle but nevertheless repeats itself at intervals

| onger than one spindle rotation. Certain phase relationship arises between
the 10 wavef orm associated with the bearing cage rotation and the spindle

rotation. The i nveRY§nGan seayallyapplicablg,te ljdsy havunemeradBe SRS HEF A makes
use of this rel at'gmt13réfehéatelamrmmté}ena%ﬁ&we&@p%a@fnJvmlas:!snesqueeze and
to renove the discontinuity. The servo witing nmethod synchronizes the
start of the tracktrwaqchmléotlbg@erpby nieddorgeadingandimmther dssgsapratewsedifarh t he
beari ng cage freq 15 such that a closure can be nmade at the end of the -
track wite. The spi ncﬁ e NRRO i s conposed of nostly |ow frequency
conponent s geneér at ed by t heOnahd eddedtieragtuabr dskentdpi 2bpposite thalloadlBingsThe

Lhe cage {1 aquency Sana AR LALEH § VB0OSU 28p R PRISTERRY PF Witoncy.

Buring the 20 procesis 28fis SkiRadneeIdo ank b kéchfl mighet BN gl sRoMRIRFIGAS, the\o
aspect effects on track msregistration (TMR). The two aspect effects are

track-to-track squieZBaEaYl3Pdnessecedwitly Eﬁ"er Ns“s‘ﬁ]i‘f’reﬁbe ’Eq‘i%“drﬂ@?ﬁtlﬁlde of
NRRO at the cage fgd?&&ﬂ@%ohénglm CFHRI 3G And L4BSIRMAdAsLs 1o, amcaaa%e vfoh;%
track-to-track squeeze wl| m croi nches as shown in FIG 5. 25 FIG 5
shows the trackt o=cilrl@g lare§hmlseefzcemdmentsc>f eagiec foilegerenvlichapnligea B’meﬁdl e
bearing cage. In E t r circul ar
track. The solid It}]%l;gcstg)ast {rﬁgﬁf}gg Htgrlgglgt?v}ﬁ%a M) g%tesy]%fhtsﬁe/“gopl ndl e
bearing frequency raqtuaécsoﬂaeamdslﬁgou is espiedit mewk (not m’msvnl) eﬁb&atpa’dﬂeanotunout

that is induced by. t h spindl e ar i age uen can vary
30 considerably. THe u‘g%eaé?tla%n%?orklozﬂﬁag?q %’ﬁgpé?ﬁ?/}é“hh@3 S aﬁ?:cis%r g‘ “the servo
track witer repeadrile] e Egiidielinotod isSdiehin themut:| IGFIG. 1, ASluﬁthWﬁdlSﬁS B4Gre 6, the
solid line ~10J U VO |4260 P /USOOIOOQ95 6,.at a particular
harmonic is the na"éﬁf’lﬁgd‘é?‘ﬁﬁp‘f‘ﬂé Pléb%}a%ﬁﬂ & By ES: ﬁﬁﬁ‘éﬂé dl‘ﬁ?é”\%ﬂ&%f tase

condi tion, while thgnobt@&s hiahBe hfachitfiot R8I FHelifvenBO@scribRd ereinGs NChes
under the best condition. It can be seen fromFIG 6 that the ma%nl tude of

the repeatabl e rurfsuelly pplieable tp disgdriyes wmvélhraver%mlmtahmgﬁcwwwas #¥&r noni c.
The magnitude of {§eesBackbTLAkicWE. Y holtfok EREAAN:RIT HARYLALAFSOCT at ed
with the spindle bearing cage varies wth the starting point or jp ase of
the cage fr equencyap@bi?qbtﬁie disc dnvqsngthseemally mqtere khighiatd wighin Teihgbil 33 o
illustrated in,fl Cﬁ“e%, k %r Jhe horizontal axis is the phase of the
cage frequency 10 an |ca axi s is the magnitude of RRO, the curves
represent the different har I’I’bmdrskdnvmtﬂﬁ)emlmlesﬂihﬁreehaini;:ahcogrp@aentdi fference
bet ween wor st condi.tion d best, conditi her. har noni c

conponents. For exHrpFeEd 29vs ariyghet Yﬁf‘é’u%%ed[“ﬂ%w ?ngqncHé,SWEl,ﬁ 8%0 nent

under the worst coaﬁhttrb@ﬁd(x&tatmwnwgmnﬂnﬁcned@o thie NdGer Qasandvadd ih FE® 13 hat
under the best condition. And i_ﬁl tude of the second harponic

conponent under t hddsefiths hougingil 3. oWitheut Sheciret begrdang other elestippicsghediser t han
that under the)hesiszqnsichl:etmeddes TRON hitdgedblyFHaneesheajueen the wor st
and best condition will enlarge with the |ncrerrent of the harnonic order.
FIG 8 is a graph altemgwlmtheﬂgeqhhmcal comRonenis iinceding e deyechausias 202,

di scontinuity due {Q.i1\9 £AGR £s§ﬁﬂfjﬁ%v‘%§9¥%ﬁ% § éé‘@x@ﬁ‘z?@JaXde&?h&% ndl e
frequency is synchroni zed to t e se syncéhroni zi ng t he

spi ndl e frequency 1%, spisliskrbvid3ypirtds shiaff IBS]enqodxsséaﬁ ampmg:wmaegemraﬁgr VO
track witing. FI .S I f .when the gni tude.of the.
non- r epeat abl e ru?%eﬁe{}ﬁﬁ%qgﬁ%?ﬁéd%a LGN ?séel%lbﬂ%foﬁicgp@?%. As
illustrated i n3¢| GarBus inbtufstasingerdcestesinddiag &rideacRevritingt Foriagkselthe servo
witer 200 is attenﬁtln to formand the solid lines are the real tracks as
written. As shown FHAMreYides physicel aicetsrie heroisetribiZ8 R BEMHEHFYR as 2x of
the NRRO. Nunerous discontinuities also exist in the track. The

di scontinuities appear as abrupt junps in the solid lines in FIG 8. In
order to inprove the track registration and renove 30 discontinuities
resulting fromservo track witing, the servo track wite is started at a
sel ect ed phase of the runout of the spindle cage frequency. In other words,
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synchroni zed to the cage rotation to reduce the witten-in repeatLﬂeJ

runout. FIG 9 is a flow diagram of the procedure for synchronizing the

servo track wite to the cage frequency of the spindle bearing. The first
step in the process, depicted by reference nuneral 910, is to collect the
spindl e 5 runouiyododssdd X The spindle runout signal is coll ee¢cegsdpotne

di spl acenent sensor 410 of the servo witer. Qnce the displacenent data in
the formof a signal is obtained, the next step 912 is to wait until the

cage cycle is at 8. 8s is es -- n -C3 fcJd 2 fs predeterm ned by where fc =
cage frequency and fs = E)I ndl e frequency. Then the servo track 10 waste
starts, as depi ct ecensyureed ¥ BH e therafer bogepled Ghepmeticallbif PerepsanR 0 §ISUGr | t t en,

the servo witer N&Sthd ﬂ?en?aqt : accgnrentg RerfablEsuBR X tialy @&Kanlﬂﬁﬁit e nN@a? tﬂﬁpl cted

by reference nuneral 924 settling is conplete as indicated by
deci si on box 926, ténd qﬁemductmuclhe dgvemléctromips ars agepbled todhdliDAek@rtence

nuneral 927. If track,se t conplete, another | 5 period of
waiting is taken an%fog‘hcg& 4‘%%"‘%}5‘ Fép@n nation as to whether track settling is

conpl ete is nades once agai n. R¥férfihg iew toi F1G. 2,RRowrethereinriag kchamatitepi ct ed by
reference nuneral 927, the, servo witer determnes |f .all tracksh\zi)irlqe
tten,

written, as depict eEpreﬁe'}‘%‘fOé‘roéﬁé%“’?]H?‘Fé‘r"ﬁlter 8, copjtrugteq in qegerdancy wat

the servo writer cOpREgie8SmBbdifRAtor RS rdsaiftinvehddn. S dRbfseatRbwhyhelseiver ence
nuneral 930. If all 20 tracks are not witten, the process returns to step

912 where the spi ndfeckWisi200sersaio W@e%ﬁ?’?ﬁf@ﬁnﬁﬁ?’i o ‘I?Q‘ngcééé% BOMRE | s at

Bs. FIG 10 shows arfh a9u@MdhadubRusia Gftﬁyﬁkﬁls-ﬁhe X axis is tinme. The y
axis is the anplitude of the cage cycle. Referring nowto FIG 10, the 25

expressi on 10 As shown in FIG. 2, the HDA 152 is mounted over a mounting

fixture 202 which serves as a mechanical reference for the servo track writer
200. The mounting fixture 202 typically comprises a granite block (not
separately designated in FIG. 2) having a calibrated, level top surface on which
a mounting plate (also not separately designated in FIG. 2) is placed. The

15 mounting plate includes clamps (not shown) which locate and secure the HDA
152 to the mounting fixture 202. As such mounting fixtures 202 are well
known, additional discussion will not be provided herein except to state that the
HDA 152 is mounted in such a manner so as to provide access to the E-block of
the actuator assembly 120 (shown in FIG. 1) by the servo track writer 200

20  during a servo write operation.

Continuing with FIG. 2, a pusher block assembly 204 is also
mounted to the mounting fixture 202 underneath the HDA 152 so as to engage
the actuator assembly 120 of the HDA 152 in order to selectively position the
actuator assembly 120 relative to the discs 134. Typically an opening (not

25  shown) is provided in the bottom of the deck or base 112 (shown in FIG. 1) of
the HDA 152 so that the pusher block assembly 204 can access the internal
environment of the HDA 152 by extending up through the opening in the deck
or base 112. Once the servo information is written, the opening is typically
covered by an adhesive label or other means to seal the internal environment of

30  the HDA. Further, it will be recognized that, as actuator assemblies (such as

shown at 120 in FIG. 1) typically include a mechanical bias either towards the
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used in the nethod discussed with reference to FIG 9, will be ddrUv

Because of the nechanical interface between a spindle and a bearing set, it
is assuned that Ts > '-; (2) 5 where Ts = tine period for one spindle cycle
and Tc = time period for one cage cycle. Formula 2 above holds for a

typi cal beari ngooblamod i ne period for one spindle cycle is sePCT/AQBW0N099y t he
expression below 10tz ! t, = Ts (tinme periigad for 1 spindle cycle) (3) For
exanple, a spindle speed of 90 Hz, Ts = 0.011 seconds. Ts=~ ~c t,~+ ~C+~ ZC
t!'J For yz =y, on the cage cycle the following holds: |I r3Tc ~T,s~ tW2 °

22 Ts="ZTc2t, 15 Solvin SSi on o find Bs t he
phase when to start®%°f g’le gég‘f"\rf‘f)te‘i‘?fg%’scsdﬁﬁ’tt%%p”égﬁé’"f BRSO e 95 =
~C ~2T~r) (by def i4painbtQnis Bfas BBERIs @ﬁbﬁz&h&bﬁfbi‘deldbdnﬂme@&Dﬁt@ﬁ&h@d’llt(lﬁ) whi ch

defines t,, into expression 20 (7), it yields 1.0 J 2003 WO 00/ 42604
PCT/ US00/ 00995 19 %WS%%‘?WCWWW spsure the pysherglock ﬂSSElinh*Yr%Qﬂ ifahe) 2 Tc

actuator assembly 120, instead, the existing bias of the actuator assembly is
5 typically used to ensure contact is maintained between the pusher block
assembly 204 and the actuator assembly 120.

Moreover, the servo track writer 200 further comprises a
conventional positioning system 206 which rotates the pusher block assembly
204 about a central axis (not shown in FIG. 2, for purposes of clarity) in order to

10 advance the position of the actuator assembly 120. The position of the pusher
block assembly 204 is controlled by the positioning system 206 through
detection means (not separately shown) which detects the position of the pusher
block assembly 204 and provides correction signals to a motor (also not
separately shown) of the positioning system 206 in order to rotate the pusher

15  block assembly 204 a.ccordingly. In the preferred embodiment, the positioning
system 206 comprises a laser based, closed loop positioner utilizing a laser and
appropriate sensors to detect the position of the pusher block assembly 204,
although it will be recognized that other types of positioning systems can be
used. One such laser based positioning system is mode! 137K 15, manufactured

20 by Teletrak Inc. As will be recognized, the positioning system 206 is mounted to
the mounting fixture 202 relative to the HDA 152.

Continuing with FIG. 2, the servo track writer 200 is further
shown to include a control circuit 210 which interfaces with a personal computer
(PC) 212 and controls the operation of the servo track writer 200 and the HDA

25 152 during a servo write operation, including the transfer of the servo
information to the HDA 152 from the PC 212.

During operation of the servo track writer 200 to write the servo
information to the HDA 152, a user mounts the HDA 152 to the mounting
fixture 202 and instructs the servo track writer 200 (by way of the PC 212) to

30  commence writing the servo information to the HDA 152. As a result, the

controller circuit 210 instructs the HDA 152 to commence rotation of the discs



sinmplifying equation (8) yields As is well known, the tine period of a
cycle is equal to the inverse of the frequency for that cycle. Therefore, 5
Ts = 1 spindle cycle (sec) = fs ( 10) Tc = 1 cage cycle (sec) = ff(ﬂ JUL_ 2003
substituting ( 10) and ( 11 ) into equation (9), yields equation 1 which I's
2 f Js repeated below. The result of the procedures discussed are reflected
in the graph 10vobokdés | | . FIG 11 is a graph illustrati ngpPG@/1)S00/00995
track-to-track squeeze due to the cage frequency conponent when only the
cage frequency is synchronized to the servo witer 200. The track-to-track
squeeze generated by the cage frequency conmponent is shown in FIG 11. In
FIG 11, it is assuned that the magnitude of the_nonrepeatabl e runout at
the cage frequency [P4bYWAY ofiths spindile mprgelo ¢shewigide. Dend ipsgucts fhg pusher

track-to-track squggze Whhbly264 t%t}ﬂége the AMhG 0P hRERLIy DDA o hidriih@p&Riont hat the
cage frequency anplitude 1s"only ‘half of the currént condition.

Furthernore, di scoftypindlinncarsthhewer diameter o€ theésds 1 4 riherserve tragkosriigs2qiy j t t en,
when conpared to t fect. il ) : rack
is represented by ttkﬁlé%g{)eta ﬁée:rdnﬁtnﬁl?l‘(eig“{ |I1§9;{%§hl§a&%a v\l/|§l fotr%glﬁonﬁ ?giccé%ltféﬁeshom
in solid |ines. 520 shnfackd &.theldscs fl B4, twhile menjpmivaByradviascingitht peshtrtdedk- t 0- t r ack
squeeze and the elimnatian of discontinuities i.s shown., FI.G is a graph
illustrating the aﬁ?gwglté’ 2@? 5 ?‘Fé"fi?fgﬁ?lf’?‘ﬁlbqetwr%'Effsﬁﬁ%tg‘ggém&llfed‘icali}%goﬁage
frequency conponentdedicatéll strvd shstedfi) the \Rird Qhirdate B4 oRGTARSSNEHK A0HRHI REeivhen bot h
the cage frequency and the spindle frequency are_synchronized to the servo

writer 200. The tr &acereintpagationyyitien§y te coremmanding serig hepd 1ofhehPbinh t he

cage frequency and gihe) SR eb&idtPield s?ae&g,%gmwe 1RhE BNk Rdwiipwlifke servo
track witer reveals that squeeze is further | essened or al nost elim nated.

| n addition, 5 1Phe thfisstvormipmation sstheearespondingtdiscopttiaapprapaets lacees. is | ai d

out_synchronous to each ot nofye o bligkeq IPERNG R MEIGDS Wickepeat abl e

runout. |t should be noted that suc ene w I ncrease t Wwite tine
approxi mately 10 t iHS d¢pendshgbn O abloentofisereminfemaan torbaeicitian id thedists, ne. |t

shoul d be noted that if .both the.cage f uency and t-he i,ndl e rotation
frequency are sync eJo{agor{aﬁ]%oegcQ?t;}ﬁe @Fcziéég%ﬁfle\rﬁfx%rg?ertotgltscsflﬁ’éﬁfuﬁr?%ughput tinme
far witing servo tpoarpbEddsf kfetentk, il mberaky atdryo et waet. 206 hEmudiBasiz® a f 1 ow
di agram of the 1Erocedure for%lg% chroni zj ng t he servo vvr;'lte to both the cage

frequency and t'‘Re SPTYIEA 8 PP rve 3atic OpgLation. Typically, the servo write

operation requires a relatively significant amount of time in a large scale disc
drive manufacturing operation wherein thousands of disc dnves are
manufactured each day. Hence, the importance of correctly writing the servo
information to the HDA 152 will be recognized, as the time required to rewrite

20 servo information to a population of drives can be extensive. Although servo
track writers 100 typically perform some level of testing of the servo
information, frequencies in the PES may not be detected until subsequent
manufacturing operations when the PCB is mated with the HDA 152 and system
level testing of the disc drive is performed.

25 FIG. 3 is a schematic view of a computer system, such as the
personal computer 212 shown in FIG. 2. The computer system 2000 may also
be called an electronic system or an information handling system or a controller
and includes a central processing unit, a memory and a system bus. The
information handling system includes a central processing unit 2004, a random

30  access memory 2032, and a system bus 2030 for communicatively coupling the

central processing unit 2004 and the random access memory 2032. The



depicted by step | 310 the spindle runout signal is monitored until the
cage cycle 15 is at 6S, as depicted by step 1320. \Wen the cage frequency
is at 95 the servo wite of the first track is started as depi cte’@@dlsjtl_aoos
1330. The phase cD of the spindle cycle at the tinme when the first track
wite is started is also recorded as depicted by step 1322. Once the servo
write of the fwogwoM4eaeack is conpl eted, the actuator noves t hBCTEEN9MEer to
the next track, as depicted by step 1340. Thid 20 next step is to determ ne
if the track settle is conpleted after the seek to the next track, as
depicted by step 1342. If not, the track settle step 1342 is repeated. If
the track settle i i red once
again until the caé@@%k%ragﬂmgts%ggéEbd}q%jgm{cg‘%mgtﬂbe? 1%52'52 %@?gp cntllgle}?e t he
spi ndl e runout si gesado writer90i Tae indorinaticteiandlingsysterh 200(23msp|arsdlnezhmy(ahe is at

h d 360, |f th dl e i |
ot at | phase [ orr [ PatEHPRINs 0 a R B s TRt SHPo B TP cycl o i s

at phase [err] theqdsaoke,i2918 6010, aME@ZZGﬂaytbeattﬁkﬂlﬁdl(Htﬁdmbytcﬁﬁ;ﬁ@bﬂéﬂ)@ﬂ The
next portion of the process incl udes a_ determnation as to whether all

tracks are servo wf FIiHhé‘ﬁ deyiceg mgy mclide hard dise dayesrmpsgto optier! dpiyesgioppy he
tracks are wri tterﬁlsctmep%ﬁﬁ&% I?c?ﬁo%rds%ﬁd g@ps s‘ﬁEt%lari'BMerEl%f ?B@E&&nﬁlunber 30
1390. If all the tracks are not witten, the actuator is noved to the next
track as .10 J WompEG02!AiOued)ad260uroiaTouse64o0ggsT 200. dBpinetseekl by st ep

1340. Steps 1342 t e i I s as

depi cted by 1390. ﬁ%ﬁgﬁgaﬁdﬁ%gg&(eﬁ%% ?ﬂ{pﬁgéoglr%lg@ Fé&gﬁi‘? gst?)lrrponent of
servo track wri teracnmpea:t(adﬁltbe HOAOLSR. Tae péreomadonpher 2Elje ufadag pafcy
conponent. Thu it Cﬁ QE ggen tth t by synchroni zing the cage frequency
at the optimum-st PR PNAL DB PBF M servo track writing not only

i mproves the track-to- trackFqueiez&)thtwaﬁzs&admpcrmaﬁblymezwmtohw in
repeatabl e runout. Advantageously, the nethaod and ag&ar atus of the present

i nvention pr oduces™ 8 & SHYS Gk WitErE Ok ghepeadidisr aisemblydae SR iREC thidse
drives 10 producedppydigl fiffe 196MHEIE bitfeREt (BB MOEIS¢ APRAFGH BRE: I HAould
particular, the instant invention permts precise, concentric witing of
servo i nformation kegofedahaip servo Tites 20@erndsdisedie Wik P50t tFask ko e Fis¢ en
repeatabl e run outyaad T}%ql‘é&&&séﬁl n?o‘{fi Jhowmﬁﬁdgﬂcﬂﬂé’s ek Jnfe%fsks may be
nore cl osely space of OW Ng track e nore closely spaced ows for

t he hi gher storagel3dapded aoyumr 12ReThd smathrilY@includesAgua hdageouedny, t he

met hod and appar ats"lllﬁ I%@EIGUC t#&%{& ge?ﬂga% B|1 eporsHBnéa%ltH‘i'ﬁ{h@g.h elrjrlﬁ@nfhe dlSC

manuf act uri ng appara us—an hod néi Rl 1n conclusi on,

track witer 200 fmstlacteﬁmg tlssetmbd320Ti1erifubrmplh¢edmntacspmdhe~anblﬁs sc assenbl y

152 includes a nounti fi a head. di sc assenbly 152.
The head disc asse‘??fﬁ“g‘% ﬁ&?ﬂ%&ﬁwg(ﬁm‘g‘gq% %?St Aol eagn%é‘é’g 112 with
a spi ndl e bearimng, shawd) 1@p65@ﬂicﬁfe&baﬁvtaéiﬂh@§p1ﬂ<ﬂ901adﬁhta§1ﬁﬂhe el 330 sme &3dor The
actuator 120 includes a read/wite head 150 for selectively netizing the

di sc. The nount i ngl$6s geegiaspsed so }?FBW‘dé%a§15251aﬁﬁéﬂ%np&%ﬂlscr% de for the

servo track writer,30Q- 23 tﬁ@&%?tﬂe%&&ﬁﬁéﬂﬁ%b&sTH\HeNo%tEszdohﬁchF&QQ di sc
assenbly 152. The servo track witer 200 al so includes a pusher bl ock

assenbl y 204 nountdgplacemerigensouditG e lisplacamenpgpsop A bkmeases tlige act uat or of

the head di sc asseitk Ao or HiuB SRRl AEkaRRS Sl AR HESHAPLERL! Y

p05| tions the actuator e servo ack writ |nc des a
position contrfl sgcstuedefeﬁr the)hutcmtamlrriorensyemﬁeallpmsairtthaxﬁsoaﬂamm-ﬁ)oadﬂlaat or.

}h: EO;IOBEO\I’/I\DCSBT L@WX Irs%)\zgggﬁlb%rgége ﬁlo a numger o‘?typest g{dlsp?rcl:gr%gnttEd to 10

sensors including a capacity probe, eddy current probe or laser interferometer.
The displacement sensor 410 is used to gather data regarding displacement of
the hub 133 during its rotation. In this particular invention, the displacement

30  sensor is used to measure and extract information regarding the frequency of the



t he pusher bl ock assenbly 204, and a controller 212 for outputting control
signals to the notor in order to adjust the position of the actuator |20
with respect to the disc 134. The controller 212 synchronizes the ngti

the actuator 120 to a cage frequency of the spindle bearing. S Thénﬁodmaﬂna
control systemmay further have a sensor 410 for nonitoring the cage
frequency of tH¥08p26M e bearing of the head di sc assenbly. W@W%@@ﬁ | er
212 selects the tine to start servo witing ih response to the cage
frequency of the spindle bearing. The position control system of the servo
track witer may also include a detector 410 for determning 10 the
position of the actuator 1 and .ou tLi . i : tor in
order to adjust thégaﬁgigf?%cégsoﬁ?gg P?’elﬁ’g%]etst% or&%%gl%ne?ebg%lregéﬁet% B&Pﬁgﬁrp
detected position dfehbé3nctuator and a desired position of the actuator.
The controller 212 for outpufting contral signals. tonw)e tg{e gqg
synchroni ze to the spindl e rotBITERCEHEGRE cgn?lﬁajﬁﬁ%ﬂ HOSHT D e R4S ndl e 15
bearing cage frequeivn bdieenSBE Néad biBmbdivs frdh th2Qfbraviy spindle Wiasteis alss ensor

410 for nonitoring the cage frequency of the s%ndl bearing of the head
di sc assenbly 134. kv asdherenriepraeblirmnayt (MSIHRO _T}Et&%ﬁ&f?“ﬁdﬂ%ﬂ?ui he
spindl e rotation freauesisdle AfifhohBR: iS Pl HRMAIIosABE! FMIRRRY Y al SO
have a sensor 410 for nonitoring the cage frequency of the spindle bearing
of the head 20 di s¢agegstatids o baldfrainTthus, ¢ pertigdit Wevefamis undcThis tiare willre t o

start servo witingJ t h f. shindl e
bearing. The servo%? llr%csﬁc\?\’/rpoﬁ?lzégt%ﬁﬁ%’ﬁ?%ﬁ%&%é\r@?}éﬁg eg% tg{:lggttlgtghﬁﬁo for
determ ni ng t he pod$drgeradharodnetspiadiaedtatizinoICeft2i0 passd relatiquship briggs betmeerothe si gnal s

to the notor in.,order to adjust. the sition of, the uat oy 120 in
response to thgodetwé’é?ftg’a“ ﬁséé lﬁtf%‘ﬁ’ﬁ&b?’ggﬁaémgéf’@a{f’%&o ﬂ’gﬁé\e %’é’%dlr]?léc’ia?@% posi tion
of the actuator 12Qhe Avemiveis&0b askdvritthgachisdiedeccrived hettintmakes we Y hipat t er ns
to a disc drive whi (ih'i ¢l udes, at | east one d'%sc nount ed on a sgi ndl e 133
with a spindle bearf PSR Binimizebe oppvmrernes of fagh siisiHt B4 ¢ B Y6t i on
about an axis. The gdi&RinGiy. VihedbiS6 wrilifl HE®Sd 8yhcAohizad @E std Of fhelirafOVi Ng each
of at |east one transducer 30 relative to an assocjated at |east one disc
134. The transducemriing to &ppygonsefdhaWRROpssostatsd v th thhbeapng pree As9¥@rat ed di sc
134. The servo i i The SR & - 00l 42604

PCT/ US00/ 00995 '33 F?{%‘k‘ﬁ%g*’?}% g%ﬁ%roqegmﬁfl e’r‘r%?/fut%“iz‘%g% O ator 320 duri ng
servo witing. The nethod f dFhewpintie™NRR2iscompatedef nostiynlewtbasenspni t ori ng
spindl e run out dat n Vi t i i to
synchroni ze m)vemsr?{§¥n g‘gn%{"ﬁgen%{:att%a%ygge ?aglehte%%’%%?ﬁedﬁgend %grh?ﬁgy%ag% lérggesauency.
The step of noDvi ng single chinpiiggeofSpinfile NRRG ssrthocage fit@ren@0 X vpwaky tietmagni ze

novenment of the actuator 120 tao t i ndl e .beari.n age freguen may
still further incl Lfﬁguefjfsfﬁsﬁgpr?ﬂg’a[éﬁ?@&? Sﬁﬁ\?gﬁ{g{%bo 51 ﬁf & 1 nkagy (E%ef t he
servo writer 200 t@rabaiof sdritetrdeR Wlingfthé HilNONRRS thasesaspect effectpthrasekof the
spi ndl e bearing cage fr,equen(éf/. The timng step may be based on neasuring
the phase at the spPHEREaR quﬂ@ﬁtwa@’fg.ef&ﬁéa@tt@ﬁk‘ﬁ’r“ SEYSTFHAdt he
initial novement ofedehignit MB&Q%sQJmiB?&e%@Jgﬁ@udefmdQtﬁ%c’%@& fit\RnS§AE YO
wite process based on the phase of The spindle bearing c.a%g may be

sel ected so that tmeEcroprhandertiesarirpigatsatie teeletpdieask paeszearillt _

met hod for witi ngnﬁ%ﬁghegg%gﬁqu%mg.dl sc drive may further conprise the
step of determ ning a spindle frequency, and using the spindle | 5
frequency in addition to theFloeashiong theatgpekto-tgckequsez0 A to sagsyfraghersiiof e

novenent of the actuator, 120.the spi eari,ng,cage fre n and to
synchroni ze m)vemeﬁl?e %Ogld{e?}bémgfﬁcﬁ%ﬁ'gn? fé’?fﬂgﬁ%shegﬁge gstéepp b &r?%l\%%(ﬁrga t he

| i nkage 200 of the ciamataradk.i TiRrsoli®liseé RESW Migirg tragkieiinke hasd dfahaginddd or | 20
t he spindl e beari n% cage frequenc]y may al so include tim nq the initial
movement of 20 t he PF¥BAIGEuHEY eqvals e preb! 8 irewectvly: (The spsteble FRowdhdo write
process based on tRenpassy ik sﬁiH@le%pdfrﬂglcggeba@ﬁ{e'cQ& fFdench CamuppCY . Most
general ly, a servo track writer 200 for witing Servo information to a head
di sc assenbly B84 icensiflerablyoJdd shdsire pr Yamelieroks ¥agoys haimaniss oE BaSeHP tragkst em f or
controlling the posjti ; r. h i liy..152

i ncludes a disc at t%\" argﬁg%et%b% QE‘@E ﬁo%%vhntlz E@SG s%lasﬂgl?{éﬁﬁlggf ?ﬁgé%ﬁ% rotary
actuator 120 adjacent the disc 134. The actuator 120 includes a read/wite
head 120 for selectively magnetizing the disc 134. The servo track witer
200 includes a notor connected to a pusher block assenbly 204, and a device
for noving the pusher block 204 in synch with the notion of the spindle 30
beari ng. 10 J U L 2003 WO 00/ 42604 PCT/ US00/ 00995 24

€ m ni num The



It is to be understood that the above description is intended to be

illustrative, and not restrictive. Many ot her enbodi nents will be apparent
to those of skill in the art upon review ng the above description h
scope of the invention should, therefore, be determned with refggég‘u'ozoua

t he appended clains, along with the full scope of equivalents to which such
clains are ent MQ®@#2604 | 0 J U L 2003 WD 00/ 42604 25 What i $CEVAPHRPS; s:
PCT/ US00/ 00995 1. 4 A servo track witer forléwiting servo information to a
head di sc assenbly, the head disc assenbly including a disc attached to a
base with a S spindle bearing, and a rotary actuator adjacent the disc, the

actuator including r ite he far . | 7] t he di sc,
the servo track writ é’raﬁgcg%\%nsﬁoﬂlﬁ:]salgeIr’r]%%'ﬁﬁll%%lgﬁ?’% %ﬁ ll:f}r{ae %o?gntouélrjl{}?}}leg t he head
di sc assenbly, thewomudtsé canditionfwhile thy dotiedilingisaherepdatableaahout &f er ence f or :

the servo track witer, as serv O information, is witt t he head disc
assenbly; a pushermtﬂrﬂﬁ‘%‘eégg‘%ﬁgﬁ%?“ AR E%“Pﬁ%eeﬁéﬁmﬁﬁg%%a%?’ﬁre
proxi mate the act uab@iitugé of herdpeadhihufisut 3&eRalgs in fhefirdtBabwdh fral | Y

positioning the actuator; and a position control systemfor controlling the
position of the ackdmesie, Thamagmudtesthe seciewn ol the vairys epeatahle Raputs

conprising: a not 0555&9&15@@&#ﬁletsﬁlnél%eé?}ﬁ?*g@%e \QH%C%H}@% SHRMY poRDEt fase

controller for outputting control signa o the notor in order to adjust

the position of thefthecagatfisquancy tompespne duringservidragh weting. hEhigisallustatedr
synchroni zi ng the H{%&}Of‘ of the actuator to a cage frequency of the spindle
20 bearing. 2. The servo track witer of claim1 wherein the position
control system In FIG. 7, the horizontal axis is the phase of the cage frequency

10 and the vertical axis is the magnitude of RRO, the curves represent the different
harmonic components. There is a great difference between worst condition and
best condition, especially the higher harmonic components. For example, the
magnitude of the first harmonic component under the worst condition is
approximately two times greater than that under the best condition. And the

15 magnitude of the second harmonic component under the worst condition is
approximately 3.5 times greater than that under the best condition. The
magnitude difference between the worst and best condition will enlarge with the
increment of the harmonic order.

FIG. 8 is a graph illustrating the track-to-track squeeze and

20  discontinuity due to the cage frequency component when only the spindle
frequency is synchronized to the servo writer, Only synchronizing the spindle
frequency to the servo writer is the present practice in servo track writing. FIG.
8 is an example of when the magnitude of the non-repeatable runout (NRRO) at
the cage frequency is one microinch. As illustrated in FIG. 8, the dashed lines

25  are the perfect tracks the servo writer 200 is attempting to form and the solid
lines are the real tracks as written. As shown in FIG. 8, the amount of squeeze
can be as high as 2x of the NRRO. Numerous discontinuities also exist in the
track. The discontinuities appear as abrupt jumps in the solid lines in FIG. 8.

In order to improve the track registration and remove
30  discontinuities resulting from servo track writing, the servo track write is started

at a selected phase of the runout of the spindle cage frequency. In other words,



further conprises a sensor for nonitoring the cage frequency of the spindle
bearing of the head disc assenbly. 25 3. The servo track witer zfocjﬁ mzh
wherein the position control systemfurther conprises a sensor for L 03
nonitoring the cage frequency of the spindle bearing of the head disc
assenbly, said controller selecting the time to start servo witi ncD; in
response to thewe#9d26p¢ equency of the spindl e bearing. 30  1RCTfUS00/809%903

WO 001 42604 26 PCT/ US00/ 00995 4. The servo tRack witer of claim3 wherein
the position control systemfurther conprises a detector for determning

the position of the actuator and outputting control signals to the notor in

order 10 adj ust t NnAOTEANL 9 ubABaES HANOLel Ruli BT RORSE:RLA: bt oot o

position of the actuator sftion o e actuator. 5. The
servo track witer rgfeatablairumoit. \Mi@r%®isn flolvediagrah pthe procédmre ousypolroninigg cont r ol

signals to the notoqr, al sQ synchronizes to the i ndl otati requency.
10 6. The servo tr&&"kse S‘Eaé%lwl?)‘*et%f iAP% fwgl}céPE&F%“@8@?%"%9@%{\&3}%‘?’ system
further conprises an gensRessf ddpictddblylréfeiend fubRrat ageisito eslieidy spihdié he spindl e
bearing of the head disc assenbly. 7. The servo track witer of claim~
wherein the posPti GPPoubTignabK. dhetringle rugont sanplds coliseipd Py e displagsmedt £ or

noni toring the cagefsbeMoesret seivo WiRers BInBEIne aRFIaEchTed dita thike BRALSF £l SC
assenbly, said controller selecting the time to start servo witing in

response to the cagnilieepiaingly themextistepHR irdb evabhaalilithrycagg cycinie atfisr ¥oist r ack
witer of claim7 wherein the position control system 20 further conprises
a detector for determning the position of the actuator and outputting
control signals to the notor in order to adjust\the position of the
actuator in response to the detected po$sti gr‘l\;s)f *fhe actuator and a desired
position of the actuator. 25 9. A nethod fof fting servo patterns to a
di sc drive which includes at
predetermined by
where fc = cage frequency and fs = spindle frequency. Then the servo track
10 wnte starts, as depicted by reference number 922.
Once a servo track is written, the servo writer moves the actuator
to the next track position as depicted by reference numeral 924. If track settling
is complete as indicated by decision box 926, the next track is written as
depicted by reference numeral 927. If track settling is not complete, another
15 period of waiting is taken and then the determination as to whether track settling
is complete is made once again. After writing the next track as depicted by
reference numeral 927, the servo writer determines if all tracks are written, as
depicted by reference numeral 928. If all tracks are written, the servo writer
completes or ends the task that is affected by reference numeral 930. If al}
20 tracks are not written, the process returns to step 912 where the spindle runout

signal is monitored until the cage cycle 1s at Os.

FIG. 10 shows a diagram of the cage cycle. The x axis is time.
The y axis is the amplitude of the cage cycle. Referring now to FIG. 10, the

25  expression



| east one disc nmounted on a spindle with a spindle bearing, the at | east
one disc nounted for rotation about an axis, the disc drive al so |15(Q:51U|':_Q2003
an actuator for noving each of at |east one transducer relative to a

associ ated at | east one disc, the at |east one transducer for readi ng and
witing information to the associated 30 disc, the servo witer including a
| i nkage for coWPO##268b|y noving the actuator  ~ouunp~ WO 00FFABE04975
PGTNS00I 00995 AMENDED CLAI M5 [received by tHe International Bureau on 24
August 2000 (24.08.00); original clains 9-12 and 14-18 anended; origi nai
claim 19 cancel l ed; remaining clains unchanged (2 pages)) y during servo
writing, said nmethod conprising steps of )fc |l ecting spindle run out
data; (b) determning a spindle beari ng;:eége_i eguency fromthe collected 5
data; and (c) noving the |inkage of the se?vdSywiter to synchronize
novenent of the actyator to the spindle bearing cage frequency. 10. The

met hod for witi nghivkmas ugdtii tiemsetliod discabsaiowith icfegeras t¢ BI. Dewlilite cl aim 9 10
wherein the deternnining step (b} further conprises a step (b)(i) of

cal cul ating the sg‘?rﬁ’aﬂ‘e bearing cage frequency. 11. The method for witing
servo patterns to a disc drieégisasf themediRfichlNntelfaicPedienaepidl ahdie NMOVi Ng
step (c) further conprises; 15 (c)(i} generating tun out at the spindlt
bearing cage freqb®Hag seteifis apgief jhatBs T ati ng t he phase of the spindPe
beari ng sage frequency, 12. The thod for witing servo patterns to a disc
drive as recit@d 1" erEIE?ﬁ’Tipm%TWCFWQ&HﬁW%ﬂ’dStep (c) further conprises:
20 (c)(iii) timng therdAtiepbridgesRRbgedycithe | i nkage of the servo witer
to start the servo wite process based on the phase of the spindle bearing
cage frequency. 1Bormpiae2 ahovpbelds for afipicel bsariger vo patterns to a disc drive
as recited in claim25 12 wighgldhelilterot bid HehalPe(Edek Frhbyli based on
measuring the phase at the spindl'e cage frequenCy. 14. The method for
writing servo pat edressionbelawdi sc drive as recited in claim 11 wherein the

nmoving step (g) further corg)!rti] §e{§:(tirﬁ‘eb/1'§e%%r§"§%§x&e(@&5 CLE 19) 3)
For example, a spindle speed of 90 Hz, Ts = 0.011 seconds.

For y; =y, on the cage cycle the following holds:

t/:i :g.zc.'.Tsj
2\ 2

TS=§TC.21,

15  Solving expression (5) for t; yields:
To find Bs (the phase when to start writing servo track), on the cage
frequency cycle
bstituting expression (6),
fs =1L (2T7r) ( by definition of phase) now st ing expression (6)
Tc which defines t,, into expression

20  (7), it yields



10 J U L 2003 WO 001 42604 2g PCTI | JS00/ 00995 (c)(iii} timng the'1' ﬂeUtﬂ. 2003
novenment of the |linkage of the servo witer to start the servo w

process based on the phase of the spindle bearing cage frequency being at
the mninum 5 15. The nmethod for witing servo patterns to a disc drive as
recited in claim9 further conprising the step of (d) determning a spindle
frequency , aadvoWwei@n the noving step (c) further conpri seSCRBPPHEI®he

| i nkage of the servo witer to synchronize rdvenent of the actuator the

spi ndl e bearing cage frequency and to synchroni ze novenent to the spindle
frequency. 10 16. The nethod for witing servo patterns to a disc drive as
recited in claim15 wherein the determ égﬁiSt p,(b) further conprises a
step (b)(i) of calculating the spind%enéx 'dygj of requency. 15 17. The
met hod for witing servo patterns to a st drivie as recited in claiml16
wherein the noving step (c) further conprises: {c)(i) generating run out at
the spindl e bearing cage frequency; and (c)(ii) calculating the phase of

t he spindle bearing cage frequency. 20 18. The nmethod for witing servo
patterns tv a disc drive as recited in claimI|7 wherein the noving step (c)
further conprises: (c)(iii) timng the snigyal novenent of the |inkage of
the servo witer to start the servoewwh%eEf Bcéswdisased on the phase of the
spi ndl e bearing cage frequency. 25 A HEET ( ARTI CLE 19)
.A;.A.AB.A55F.A&.A59N§“ . ,

FL. A% Ah. A 3. Al . ALYRliIxXng equalion(®) Xieldsy ask A9, AU As. A' 9. A{.. A . AGnf 9. Al

| . A3 9SEn(!) , 7 Rdlis well kkbwn, the time period of a cycle is equal to the inverse of the
frequency for that cycle. Therefore,

5 Ts = 1 spindle cycle (sec) = + (10)
Tc = 1 cage cycle (sec) = £ (1D

or substituting (10) and (11) into equation (9), yields equation 1 which is

9s=(§-~f£J 7
2 f

The result of the procedures discussed are reflected in the graph

repeated below.

10 of FIG. 11. FIG. 11 is a graph illustrating a track-to-track squeeze due to the
cage frequency component when only the cage frequency is synchronized to the
servo writer 200. The track-to-track squeeze generated by the cage frequency
component is shown in FIG. 11. In FIG. 11, it is assumed that the magnitude of
the nonrepeatable runout at the cage frequency is 1 microinch. Under the worst

15  case, the track-to-track squeeze will be about 1 microinch, that is to say that the
cage frequency amplitude is only half of the current condition. Furthermore,
discontinuities have been removed from the tracks as written, when compared to
the perfect track. As you will recall, the perfect track is represented by the
dotted lines while the actual written track is shown in solid lines.

20 In FIG. 12, further improvements in the track-to-track squeeze
and the elimination of discontinuities is shown. FIG. 12 is a graph illustrating

the absence of the track-to-track squeeze due to the cage frequency component
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' spindle cycle at the tlme when the first track write is started is also recorded as
depicted by step 1322. Once the servo write of the first track is completed, the
actuator moves the transducer to the next track, as depicted by step 1340. The
20  next step is to determine if the track settle is completed after the seek to the next
track, as depicted by step 1342. If not, the track settle step 1342 is repeated. If
the track settle is completed, the spindle runout signal is monitored once again
until the cage cycle is at 6;, as depicted by step 1350. Next, the spindle runout
signal is monitored to determine if the spindle cycle is at phase @, as depicted
25 by decision box 1360. If the spindle cycle is not at phase @, step 1350 and 1360
are repeated. If the spindle cycle is at phase @, the track is servo written, as
depicted by step 1370. The next portion of the process includes a determination
as to whether all tracks are servo written, as depicted in decision box 1380. If

all the tracks are written, the process ends, as depicted by reference number

30  1390. If all the tracks are not written, the actuator is moved to the next track as
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depicted by step 1340. Steps 1342 to 1380 are then repeated until the process
ends as depicted by 1390.
: It should be noted that the single largest component of servo track
writer repeatable runout is the spindle cage frequency component. Thus, it can
5  be seen that by synchronizing the cage frequency at the optimum starting phase
to perform servo track writing not only improves the track-to-track squeeze but
also improves the written-in repeatable runout.
Advantageously, the method and apparatus of the present
invention produces disc drives with higher storage capacity than those drives
10 produced by other servo writing methods/apparatuses. In particular, the instant
invention permits precise, concentric writing of servo information to the disc.
This reduces the servo track written repeatable run out and reduces the overall
TMR budget so that tracks may be more closely spaced. Allowing tracks to be
more closely spaced allows for the higher storage capacity of the disc dnive.
15 Advantageously, the method and apparatus reduce non-repeatable run out using

current manufacturing apparatus and methods.

Conclusion
In conclusion, a servo track writer 200 for writing servo

20  information to a head disc assembly 152 includes a mounting fixture 202 for
mounting a head disc assembly 152. The head disc assembly 152 includes a disc
134 attached to a base 112 with a spindle bearing, and a rotary actuator 120
adjacent the disc 134. The actuator 120 includes a read/write head 150 for
selectively magnetizing the disc. The mounting fixture 202 provides a

25  mechanical reference for the servo track writer 200 as servo information is
written to the head disc assembly 152. The servo track writer 200- also includes
a pusher block assembly 204 mounted to the mounting fixture 202 proximate the
actuator of the head disc assembly 152. The pusher block assembly 204
mechanically positions the actuator 120. The servo track writer 200 also

30 includes a position control system 206 for controlling the position of the

actuator. The position control system 206 further includes a motor connected to
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response to the cage frequency of the spindle bearing. The position control

system of the servo track writer may also include a detector 410 for determining

10 the position of the actuator 120 and outputting control signals to the motor in
order to adjust the position of the actuator 120 in response to the detected
position of the actuator and a desired position of the actuator.

The controller 212 for outputting control signals to the motor
may synchronize to the spindle rotation frequency in addition to the spindle

15 bearing cage frequency. The servo track writer 200 may also have a sensor 410
for monitoring the cage frequency of the spindle bearing of the head disc
assembly 134. The servo track writer 200 which synchs to both the spindle
rotation frequency and the spindle bearing cage frequency may also have a
sensor 410 for monitoring the cage frequency of the spindle bearing of the head

20  disc assembly 134. The controller 212 selects the time to start servo writing in
response to the cage frequency of the spindle bearing. The servo track writer
200 further includes a detector 410 for determining the position of the actuator
120 and outputting control signals to the motor in order to adjust the position of
the actuator 120 in response to the detected position of the actuator and a desired

25  position of the actuator 120.

Also disclosed is a method for writing servo patterns to a disc
drive which includes at least one disc mounted on a spindle 133 with a spindle
bearing, the at least one disc 134 mounted for rotation about an axis. The disc
drive also includes an actuator 120 for moving each of at least one transducer

30  relative to an associated at least one disc 134. The transducer 126 reads and

writes information to the associated disc 134. The servo writer 200 includes a
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actuator to the spindle bearing cage frequency. The step of moving the linkage

5  of the servo writer 200 to synchronize movement of the actuator 120 to the
spindle bearing cage frequency may still further include timing the initial
movement of the linkage of the servo writer 200 to start the servo write process
based on the phase of the spindle bearing cage frequency. The timing step may
be based on measuring the phase at the spindle cage frequency 918. The step of
10 timing the initial movement of the linkage of the servo writer to start the servo

write process based on the phase of the spindle bearing cage may be selected so
that the spindle bearing cage frequency is at the minimum.

The method for writing servo patterns to a disc drive may further
comprise the step of determining a spindle frequency, and using the spindle

15 frequency in addition to the bearing cage frequency 912 to synchronize
movement of the actuator 120 the spindle bearing cage frequency and to
synchronize movement to the spindle frequency. The step of moving the
linkage 200 of the servo writer to synchronize movement of the actuator 120 the
spindle bearing cage frequency may also include timing the initial movement of

20  the linkage of the servo writer 200 to start the servo write process based on the
phase of the spindle bearing cage frequency.

Most generally, a servo track writer 200 for writing servo
information to a head disc assembly 134 is disclosed which includes a position
control system for controlling the position of the actuator. The head disc

25  assembly 152 includes a disc attached to a base 112 with a spindle bearing, and
arotary actuator 120 adjacent the disc 134. The actuator 120 includes a
read/write head 120 for selectively magnetizing the disc 134. The servo track
writer 200 includes a motor connected to a pusher block assembly 204, and a
device for moving the pusher block 204 in synch with the motion of the spindle

30  bearing.
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It is to be understood that the above description is intended to be
illustrative, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to the appended

5 claims, along with the full scope of equivalents to which such claims are

entitled.
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and

a position control system for controlling the position of the actuator, the
15  position control system further comprising:
a motor connected to the pusher block assembly; and
a controller for outputting control signals to the motor in order to
adjust the position of the actuator with respect to the disc, the controller
synchronizing the motion of the actuator to a cage frequency of the spindle

20 bearing.

2. The servo track writer of claim 1 wherein the position control system
further comprises a sensor for monitoring the cage frequency of the spindle
bearing of the head disc assembly.

25
3. The servo track writer of claim 1 wherein the position control system
further comprises a sensor for monitoring the cage frequency of the spindle
bearing of the head disc assembly, said controller selecting the time to start

servo writing in response to the cage frequency of the spindle bearing.
30
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10 6. The servo track writer of claim 5 wherein the position control system
further comprises a sensor for monitoring the cage frequency of the spindle

bearing of the head disc assembly.

7. The servo track writer of claim 5 wherein the position control system
15 further comprises a sensor for monitoring the cage frequency of the spindle
bearing of the head disc assembly, said controller selecting the time to start

servo writing in response to the cage frequency of the spindle bearing.

8. The servo track writer of claim 7 wherein the position control system
20  further comprises a detector for determining the position of the actuator and

outputting control signals to the motor in order to adjust the position of the

actuator in response to the detected position of the actuator and a desired

position of the actuator.

25 9. A method for writing servo pattems to a disc drive which includes at
least one disc mounted on a spindle with a spindle bearing, the at least one disc
mounted for rotation about an axis, the disc drive also including an actuator for
moving each of at least one transducer relative to an associated at least one disc,
the at least one transducer for reading and writing information to the associated

30  disc, the servo writer including a linkage for controllably moving the actuator
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10.  The method for writing servo patterns to a disc drive as recited in claim 9
10  wherein the determining step (b) further comprises a step (b)(i) of calculating
the spindle bearing cage frequency.

11.  The method for writing servo patterns to a disc drive as recited in ciaim
10 wherein the moving step (c) further comprises:
15 (c)(i) generating run out at the spindle bearing cage frequency; and
{c)(ii) calculating the phase of the spindle bearing cage frequency.

12.  The method for writing servo patterns to a disc drive as recited in claim
11 wherein the moving step (c) further comprises:
20 (c)(iii) timing the initial movement of the linkage of the servo writer to

start the servo write process based on the phase of the spindle bearing cage

frequency.

13.  The method for writing servo pattems to a disc drive as recited in claim
25 12 wherein the timing step (c)(iii) is based on measuring the phase at the spindle
cage frequency. )

14.  The method for writing servo patterns to a disc drive as recited in claim
11 wherein the moving step (c) further comprises:
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further comprising the step of (d) determining a spindle frequency , and

wherein the moving step (c) further comprises moving the linkage of the
servo writer to synchronize movement of the actuator the spindle bearing cage
frequency and to synchronize movement to the spindle frequency.

10

16.  The method for writing servo patterns to a disc drive as recited in claim
15 wherein the determining step (b) further comprises a step (b)(i) of calculating
the spindle bearing cage frequency.

15 17.  The method for writing servo patterns to a disc drive as recited in claim
16 wherein the moving step (¢) further comprises:
{c)(i) generating run out at the spindle bearing cage frequency; and
(c)(ii) calculating the phase of the spindie bearing cage frequency.

20 18. The method for writing servo patterns to a disc drive as recited in claim
17 wherein the moving step (c) further comprises:

(c)(iii) timing the initial movement of the linkage of the servo writer to
start the servo write process based on the phase of the spindle bearing cage
frequency.

25
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