2 8 SEP 2005 WO 02/ 099790 PCT/ US02/ 08828 VERTI CALLY- ORI ENTED SERVO TRACK
VR TER AND METHOD Rel at ed Applications This application clains pridd SEPo2005
United States provisional application Serial 5 Nunber 60/295, 275, filed
June 1, 200YO%P¥P®H is herein incorporated by refer encePCTUSPBSS t he
I nvent| on This application relates generally to magnetic disc drives and

0 vrtlcal rrultl-lescCservo track wrlter assenbly

Backgr ound of the I nventl on D| sc drives are data stor age devi ces 't hat
store digital data in magnetic formon a rotating disc. Mddem disc drives
conprise one or nore rigid infoRslateddwpplicationgie di scs that 15 are coated
with a magneti not or for
bk Qt]amgﬂoﬁtgum g Sfbecs B MRa b fta il U :

rotation at a cons ant ormation 1s s e discs in a
pl ur al Pt yN@mbelcﬁ@ﬁ@éﬂYi ﬁtﬁddllnedull@rl Viielcik berein picowbotagedtby referemer ay of
transducers ("heads") nounted to a radial actuator for novenent of the
heads rel ative to the discs. During a wite operation sequential data is
written onto the disc track, anFieldiefthednventiomd operati on the head senses
the data 20 pr I C tran s the

i nformation to'ﬂ}Ié &BE"IE%?#C artetsgghepaqg%&%%& d?s(ééﬁr'1 EJ gsn d?n ’39' 0 hcu a;tlﬂ Hese

oper at i on3erfienl piyi-discoara trackamdterdssemblyomd rrpthsd far oacordipg sedvo paterdsead rel ati ve
t o thgoCeMsnafdn ddscdfalred track on the disc. Head positioning within a
desired track 1s deggen ent on head-positioning servo patterns, i.e., a
pattern of data bits recorded on the disc surface and used to nmaintain
opti mum track spacing and segfof 15&@ @eﬁéeﬁﬁﬁvo patterns or information
can be | ocated between the d track of a disc
("enbedded serRige Jrivepare data sintage davisesthatistaraligifal dnatinafaghétie fotirsansa Wi t hi n t he
disc driv urer uses
"errbedded?omt{n ﬂggdﬁﬂﬁ%ﬂgﬁg servoﬁ%ﬁ%ﬂégg@o d%%]ng%ns’%m y ?Sggaf |y

recor déd ewcaatcwmmmnzauhmadgmdnémwutadmmumgasmndiemmrﬁr t he disc
drive. I V. focused on
devel op| ng cost-a&%’t%t%ﬁgﬂl}%%l sC éﬁ:gt\llogé&gcgg% t‘ﬁe g%r?gre data onto
exi sting eencemug¢ ¢irsnlagiracksitypicalydy aDamay @MMQSQI(“W”mcunwdrt@amﬁiag dat a
storage o i i e nsi t he
magnet i zabhf t@a o gﬁn %‘Eﬁﬁ’gghF Zlgésdlgrélﬁg%ﬁq? rdé%:"Ee%ﬁl%%Q‘t”% gp eq'&w %‘éennuﬁ'{nber of
tracks pe riat& iswaitee 0o mcm umn@m@sd operation the head senses the data

20  previously written onto the disc track and transfers the information to an external

environment. Important to both of these operations is the accurate and efficient positioning
of the head relative to the center of the desired track on the disc. Head positioning within a
desired track is dependent on head-positioning servo patterns, i.e., a pattern of data bits
recorded on the disc surface and used to maintain optimum track spacing and sector timing.

25  Servo patterns or information can be located between the data sectors on each track of a disc
(“embedded servo™), or on only one surface of one of the discs within the disc drive
(“dedicated servo™). Regardless of whether a manufacturer uses “embedded” or “dedicated”
servos, the servo patterns are typically recorded on a target disc during the manufacturing
process of the disc drive.

30 Recent efforts within the disc drive industry have focused on developing cost-
effective disc drives capable of storing more data onto existing or smaller-sized discs. One
potential way of increasing data storage on a disc surface is to increase the recording density

of the magnetizable medium by increasing the track density (i.e., the number of tracks per
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mllimeter). Increased track density requires nore closely-spaced, .narrow
tracks and therefore enhanced accuracy in the recording of servo- yza tSEPIsZU%
onto the tar et disc surface. This increased accuracy requires that
servo-trackWP&¥¥Wng be acconplished within the increcBCEESZEASE ances,

while remaining cost effective. 5 Servo patterns are typically recorded on

t he magnetiigleled). MREHatd ALK denbifyf efhin&re cl¥ely-ghabRA NroW tBieks anfi ter (" STW)
assenbly duri ng t he nuf acture of the disc drive. One cgnventional STW

assenbl y oY Wythe Tspprdipgofsrve-pattents| ogiy %ta%gg%wwacsf t he

disc dri vqmsllﬁbréahud%c@msa%qa@@tthatkm P RERBIFIBE YedhbAGBE Fithih fiRCt | Y to a
di sc drive havi n(g a di ack where the nmounted discs on the disc pack

have not B&ERsstderpuees 8 %W%C@Ft\fege%epattern The STWessentially uses

the drisve' s owWSeridsiéis m@@yphﬂnyd@c&abdro%wﬂagh&&awl@ﬁ%ﬁmt&at&@i Yisc At tern
directly to the %183 alternative nmethod for, servo pattern

recor di ng 2§EVP1r2 teg Wa)taéseﬁﬁ?g’%’é‘% e pautargreeidhediscdiveePd® recordi ng

t r ansducercsnvehtidAGIETW adserhblly 8 6rds! kddeh fatbi @n RRldlsey RISRALE 2 RRRLIPHS tABT € di scs.
The dedic ted Servo recordlng heads can be used to record servo

i nf or mat i §KC Ve I hissabodimens be ST srsambhratigehss girechintoaflisgdave bavingidsequent | y

| oaded i ntd@c bhk whefGhdthbi@ed dies S5Re dibdpakk Bdve n@ﬁbe&%&éc@f&@d%ﬁﬂ‘@éi’% hi gher
track __densit there is a denmand f or ‘dedi cat ed assenblies that are

capabl@ ot oPhei STV esseriiglly yrss the frive's opmited Aisohpads o resord e feliditedi scs f or

hi gh densiséryo fitef dllebtas the@MRA Hish An afiadiiFe hRehoSTINeaTS pileld €S are
oriented in a_horjizontal direction with the discs nounted in a horizontal

pl ane. SudFFOTERS Wikitss & sSOPRISAPRUANS %glgt%?aéeéi spryo groprdingdranssigeesi g heads npr e

act uat or  Fsrrscobtyd 860 PR bntd Biicor infodd kY. CBRee@icat ERERD rOddrdeHeady g Whi ch,
in turn, nove in a horizontal  plane al on 8 a radjus of the magnetizable

medi um on o¢ KEsdiaregrat sery informatipnito p gumbep, § figlaneonsly, Whick@eSTW have both

di scs 13nd sassbdiRhB loMtedntd daatnsé &s@tf@r usé) ]ﬁhgﬁt‘&’fﬂ%%ﬁ@tbw&ﬂdm APRKL 2
vertical STWbearing axis so that a head at a distal end of each actuator

ar m noves Rty thess is Adpnand fsracieﬁlcgef% DEY apsqmblinsdhat arg capgble of SordiRg s¥ ¥ NI ngs of
the pri Orgat”témsﬂﬂﬁﬁl’?aﬁé&ﬁ%d’m@l RISGis&CfoﬁIéﬂ&ﬁﬁmldﬁ%s' ncl ude disc alignnent

errors and inperfections _in the recording systemresulting fromthe

hori zontal or Feweaionalfedicatedyy W apsemplies ate ozigpied e bovizquial direcliomyith o5 wel |

as the fl qxd cﬁéc@mo&&t&d)ﬂ'&fhbﬁibit Tae) el deGﬁatE@@TW%ééﬁrbﬁés‘ Lioly ig@ds to the
actuator arns. Specificall \ME| le the discs are forned froma relatively

stiff HPet Sne HPYF peipatoriapas §n%19rén%ms%wé§fs eadafnesash a8 vtk in y 30

i nduced “@ﬁrﬁ'rﬁ&ve nﬁ)ﬁhéﬂzﬁhthﬁﬂédé aﬁuh ﬂﬁadiub@ftﬁélﬁrﬁ eﬁiablé%@‘dﬁﬁr%lﬁﬁeﬁf et he discs.
Even m ni scul e anmounts, of gravi %-I nduced di sc war page can Iead to

unaccept alsise. Thatispcanveationy d@‘fﬂ? shave hodlydisgs ayd ?‘ﬁtPanT s that rotde g gher

track densiolibgta gRAPIIRG Mcﬂlwwaéan% $Gs lthaY & heAIQF 5 distaCa belidem! V.
| nprovenents in servo pattern record g accuracy are reqw red by

dedi cat ed 3SPHRPLARERAYCS ’§§h8§2%311 Paﬂé\%“r‘i’ GireEfES in the tine it takes to
manuf agt ur e di Skettcordings of the prior art horizontally-oriented STW assemblies include disc

alignment errors and imperfections in the recording system resulting from the horizontal

orientation of both the discs and the actuator arms, as well as the flexible “suspensions”
connecting the servo-writing heads to the actuator arms. Specifically, while the discs are
formed from a relatively stiff metal material, the discs are nonetheless subject to gravity-
30 induced warping, particularly along the outer circumference of the discs. Even miniscule
amounts of gravity-induced disc warpage can lead to unacceptable servo-writing errors,
particularly in light of the higher track densities demanded by current disc drive users.
Accordingly, improvements in servo pattern recording accuracy are required by

dedicated STW assemblies as well as improvements in the time it takes to manufacture discs
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2 0 SEP 2005 WD 02/ 099790 PCT/ US02/ 08828 havi ng the appropriate ser

pattern. The present invention provides a solution to this and oth SEP 2005
probl ens, and offers other advantages over the prior art. Sunmary of the

| nventi on SWPA¥PRsent invention relates to a vertical PI/EH02/e888ed servo
track witer assenbly for recording servo pattern information on a disc

for use V\h&\ﬁngﬁhéialjﬂfo@ﬁatd §éerﬁpattbrﬁi TEEHERANIERNUT foRlR aQ5e6H B8Rl aaf t he
pr esent enti ervo ack witer .assenbly has a spindle hub

assenbl y P ?h???éf rsﬁf&?b VERtAges PYRE tPEEr atly o substantially vertical

pl ane for rot ation at a predetermned rate. An actuator assenbly includes
an E-block 10 and a notor for rot ati nt% the E-bl ock about a substantially
hori zontal axis which, in tur I uator armand a flexure in
a subsganti al |Whe\p€6s§ﬂtﬁﬁr|entibh@é]§tes té\asaﬁmlyroﬁeﬁmem t8eritet Ssdiiiyfopd to a
di stal end of the flexure so that the head nopves in a substantially

verti cal reﬁf’rgﬁ'gSW%P@GQIQF?%%%Fd‘P‘h@Eﬁ"%@”&@@é’é‘Wﬁ the servo pattern

i nformation orlntalsuardih&amﬂwné eﬁ&;dlﬁ{aﬁoﬁﬁé p&esehﬁﬁvdﬁuw Itﬁe%erva&mcrmhtyr
pr ef erabl ﬁ?ﬁrts lurality of discs stacked on_the 15 spindle hub

assenbl y , w a@’é’#@&‘l& bﬁsg’@}’ mgjuging p byh syERortinghe digg n@yubstan ]tyu ator arns

and att aGélﬁéhl faia@mf @saub@atrmaaeﬁmemdet AR 8QSor 8LABH iRdudef arSEbibek Pat tern
i nforrmation, on he vert{)cal | y-oriented discs. The servo track

witerVas W?%éf/méﬂu% the Fellopkrabopt g sihstaptialy horzantal axis achyiti@ni sm

coupl i ng }dwesahﬁtamat@xrarﬁ%ﬁ@mhwué@ aletRtaBliaNly v eHiBAl bRAnd| A Qi d BiSRiRL heaTOVEMENT
of the actuator assenbly between a first position wherein the actuator

arms engalfénopted e ‘H’P‘té](%‘d phhe dpxups sedhat @F@@Pdﬁ%ﬁvﬁ%ﬁnﬁ SP‘?FF@F@Ué(t"Pﬁﬁa and a

second poOglahd Q&lg"ﬁlﬂff@de%f 18 QisP tokeddhrd thy sébo pafbrh b aticd GPthadise hudh& al |y
spaced fromthe plurality, of discs. The present invention can al so be

i npl ement ed asLhg SHEP Hadk Witerastembly ngferally %P?}ﬁtat@ifﬁﬂy pidiss ptagkicd A BE a di sc
in a vsrt igGadls MubOikdetiblye shdBd W Blobk ﬁ{%féra gﬁﬁ&&da@&ﬁlﬁﬁmy)bf aMRdrarhanet hod

i ncl udes the steps of positioning isc_on a substantially

hor i zont aPftarhesfespreste Péﬁqu?d%ﬂﬁﬂ@u%‘ﬁc%%%ﬂ%ﬁeVO Rpftrrpinforpaioneg et“ﬂ?é’fs pi ndl e

hub assenieWetitallyridhted 88@. Théservoltradk ﬁﬁﬁ?is@éi‘ﬁﬂlﬂnh;yalébqﬁélh&adplatﬁhﬁne A
further stec{) i.ncludes, pivoting an E-bl ock of an actuator assenbly about a
Y

subst ant i &4 8,slidg meshgpism|coupling G“%t’ré‘ﬁifmﬁlﬂ te the pletform 9w dateraln at t ached
flexure alQanaRoneinluts sRahbly bind:SHRS Bk LAY 86 hirél dtheagagid] acent

a surface of the disc. servo recordlgta then signaled to record

ser vo 2Bat fherdiscs for Brifiag M%? nafiere ormgliqny wcwﬁeosat&ntwb@m ¢ plpraliiofd 30

di sc. Thea&ﬁgmsﬁ@lﬁ%ﬂ]ﬂﬁmg@ﬂmﬁm@tﬂﬂﬁimyb&‘dﬁgﬂ enented as a servo track
witer assenbl havi ng neans for noving a servo recording head in a

substanti al | y TRsmresggfinvsptionsan %}sqbse@mmegtec} P& pphod Of Feeprding Bere P ™on a

surface OfnfamfliSEonddiscin a%ﬁ&auwnm& amwme%&a{ww twihete khé menyat | cal
orientation, The servqQ track witer assenbl )ﬁ al so i ncl ude nmeans for
inchudes the steps of positioning the disc on a substantially honzontally-onented spindle hub

25  assembly and activating the spindle hub assembly to rotate the disc in a substantially vertical
plane. A further step includes pivoting an E-block of an actuator assembly about a
substantially horizontal axis to rotate an actuator arm and an attached flexure along an arcuate
path in a substantially vertical plane adjacent a surface of the disc. A servo recording head is
then signaled to record servo pattern information on the surface of the vertically-oriented

30 disc.

The present invention can further be implemented as a servo track writer assembly
having means for moving a servo recording head in a substantially vertical plane to record
servo pattern information on a surface of a disc while rotating tﬁe disc in a substantially

vertical orientation. The servo track writer assembly may also include means for
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3 2 SEP 2005 WO 02/099790 PCTI US02/ 08828 si nmul t aneously recording ée%gvch_)
pattern information on a plurality of discs rotating in a substanti ISzJ’y 2003
vertical orjentation. In one preferred enbodi nent, the servo track witer
assenbly i n¥PY®™eans for selectively engagi ng and di BESHERPEP t he
plurality of servo recording heads fromthe plurality of discs while the

verti cal | yinmitirenishCrectirding sevocpatterh aifor@tiorbon  12&aliR BEJiNE két@HE iwh her features
as well as ba%\l/tgaﬂ&a%s V\h%]?tg characteri z %}g{ﬁggresent i nvention wll be
apparent f10 SHHPH GBFEtPRe OBFPTSjﬁFﬁ‘ge b dhedee P YRR and a revi ew
of the assseiblyadlvdesrméangtior sdfictiedly EXpagid HH dRengafing the phkAe 6Te&vd0 FIG 1 is
a top plan view, of ?}Epdi C ldr@//e %ssegﬁl manuf act.ured using an enbodi nent
of the pr&SS8HPEhRssfemhe PiEplty obdises v ?ﬁ’ﬁvwlgav\}yﬁpe‘ge‘%/@?‘is PreAPYRgr i ent ed

servo-track wTHesd anidlvhrithis behbr fegurdflasardllaa hdvantages SBIER oNar@iidlizehe Biedgh € not or
rotatably,su ' cally qgriented discs in

por t, a plurality of vert )
accor danc &V§HHoR Vﬁﬁmg%??a@g?tﬁ%maﬁd%%f%f@ e fetaterh desgiptiongnda reyiew j s a
per spect i Wethy bsv¢indd dripgingeertically oriented nul ti-disc servo-track witer
shown in FIG 2 illustrating the actuator assenbly and the spindle notor
in a disc load/unload position. FIG 4 is a perspective view of the

actuator assenbly of FIG 2Bf erivsli thelDiadtdeky Of vertically oriented
di scs .on a spindl e. not or, hub ass Y, ereln the spindle nptgr has 20
been rlgrmved f]g[&' ﬁﬁ?ﬁ?}%@? Y)‘FWE??%I&FCEE.W ﬁqs@lblﬁnﬁa%uf?f“*rﬁg\ﬁ% a&@?’é#@‘ﬁ‘i‘fw ng the

st eps f or oftht prel@t in@dnvion.pattern on discs in a vertically-oriented
servo-track \M]%IbeEisi n accor danc th a_preferred, enbodi ment of the
ne

€ p ]
present invent FEOIHEEY P %%Prtﬁéﬁnﬁ?li‘eﬁfep5‘?¥V‘htr%ﬁk§ﬂ'1t?frql‘%ﬁ€a%@n AetdieTact ur ed
i N accor dagedblyeiide Hihde Q6 TRAblyhppolig B HREAR of vhrli¥ARlokieted Escs AOWN i n
FIG 1. The %ISC d@l veméoqcl) I ncl. ydes a pase 102 to which various
conponent &°8F4aRq5itlan cmfBodiment of the grosent lyentign. 1 o cover 104, shown partial |y
cut away, t c ]g)omr atseaqo_emiaécgvc; View ?g%e_va;@c%]oly %Jn%ﬂ'ﬂﬂ?dis@?‘;elﬁffoﬂ@dck w&i@@lTﬁd
envi ronne ar disc.drjve in conventional manner. e
conponent ghQ“ﬁ’dP i L(g Eéﬂ‘ésmtﬁ’élﬂée RS asi@é%(l\ﬁ'ﬂ%@ﬁ spidliempntor dp a disg loadfppleadyi scs
108 at a eedigdnant high speed. Information is witten to and read from
tracks, as il s%rat ed by, br,okeP line 109, on %he di scs_ 108 through the
use of an act UtHlof SZPEBRETYE ieW of theprteafpr agsemgbly of Kl frengagingdhs pleralitar ¢

assenbly btveripany éientta disafinaCpiidletitRortiub etenlt]P . whikee thespinidd RétoAasendl y 110

i ncl udes | urali of actuyator arns 114 which extend towards the
%8 %eé% removed }3{‘ purposes o clan%y.

FIG. 5 is a flow diagram showing the steps for writing setrvo pattern on discs in a
vertically-oriented servo-track writer in accordance with a preferred embodiment of the

present invention.

25 Detailed Description
A disc drive 100 manufactured in accordance with an embodiment of the present

invention is shown in FIG. 1. The disc drive 100 includes a base 102 to which various
components of the disc drive are mounted. A top cover 104, shown partially cut away,
cooperates with the base 102 to form an internal, sealed environment for the disc drive 100 in
30  aconventional manner. The components include a spindle motor 106 which rotates one or
more discs 108 at a constant high speed. Information is written to and read from tracks, as
illustrated by broken line 109, on the discs 108 through the use of an actuator assembly 110,
which rotates about a bearing shaft assembly 112 positioned adjacent the discs 108. The

actuator assembly 110 includes a plurality of actuator arms 114 which extend towards the

4



4 2 0 SEP 2005 WO 02/099790 PCTI US02/ 08828 di scs 108, with one or nore
flexures 116 extending from each of the actuator arms 114. Munted? &t SERe)(05
distal end of the flexures 116 is ahead 118 which includes an air bearing
slider (notVeMERRT ™ enabling the head 118 to fly in cl osECTYOXIS® v above
the corresponding surface of the associated disc 108. 5 Radi al

posi ti oni digcof08] with dsmaadmlofieli&xm? rmetcd feﬁdlih@ﬂomlaidmgmeta&eatmd Qilﬁﬁ voi ce coil
notor 12 i,ch, typica inclu a Coi 22.attached to the actuator
assenbl y %’{%1}1 o4 8 tyedRulBu gte ﬁ@%ﬂfﬁﬁi@%@%ﬂé N@lﬁd@ﬁ%@%%ﬁ?ew ch

est abl i sh sidefB@Noive) dnsling thehewdi 180 B & diddk brok@aty sbove RO B RRndidE €

controll ed ? gllittagtion of ,c:ir ent to the coil 122 causes a nagnetic

i nt eract i SHEEHaE HReRoFHE il nent nagnets 124 and the coil 122 so that
thle tc_oisl 122 mam? gbditiolﬂxg&fgizbﬂﬁﬁia(lﬁs ié/itc&ﬁtrollEtBthiwt thﬁthkﬁ@’ﬁ’fabl@k@iﬁilémotpr t

rel ations .. e Ccoi S e actuator assenbly i vots
about the%@zﬁ?”ﬁi‘d’@%ﬂm ?@rﬁ?ﬂgxfi@c do ﬁé"t??é%f(?éseﬁ@g’]gaé‘s(‘f’ﬁﬁé% %o nove
acr oss t her mofefpatRerdimapheds tidsehicH &Gblidhvaapaaic RMinMShithedeilng: pf the
heads 118 .,over 32[211edi sScC s(frfﬁce reijties U‘E@n @Lﬁé recorded servo |,

i nf or mat | GAPEFed: Sop GRnteled apHoatign of rEeniicthe catl2g Gayset 4 WagReli Fragin 15

i nf or mat i Geiwebitthe fiR@Ehdnt MBgreR 24 Adithd coll Q32 td BRThe il ndeads, Which

information is the co red to the desired head pgsition, allow ng for
appr oglgi atiEeo a@‘i?d’Ylgl theyw amLofgizFeigionsiie At pul %38’30&’6% HedFHygPy. There

are two tRembR116 6o albat the behriag BRRRAk¥mbSAU2 hill (BORAEN 18QRAJause@isC drives:
dedi cated servo, i.e., a gﬁﬂiﬁat ed disc or servo disc used exclusively for
servo i nf“EPrVFrﬁ‘Er?sﬁﬁ]_?e syrfepep pfhediers 188 vo, . e. , servo information regularly
i nterspaced onVRvéhéneandQoitibrify oF thearadsla8 bRsitaEise seHiRe rdlieAdién pfe- r egul arly
readi ng servo patterp to,congrol its position.  As will be clear fromthe
di scussi ofePHist s atlon;of RETvoPgitREn N o SEAP P 9HI%e r ecor ded

ont o ast angheimatibs thatkpbdifestiitradiBtpasitisnsaNthe BEHAS A dASnBfmtoR isRhé@S ent

i nvention. The (Pr esent. i ved[mtl,o,n %{M?V,I dﬁs a dedi cated, vertical I%h

ori ent ed, “AUPEFE Fitede ad RoSItiRn, a{ipwipg for APREARRAIP StEgRls forRs sent &g mgyadhe

posi ti oni ngaddn s sBeMEIRE! Thére SRAWE tybQWTEEH I EhitBRRSBdHIy B in dénveftioal pattern
recording on a disc, ,as well as a pethod for recording seryo pattern to a

di sc. FI cdiscsyes; dedicafed sprxo.d.epp dedicatpd disc ersayve gse ppd sEelugt BSSR% h one

e anOdij e ntin@fma{tibe, aRd @fkydled s{eﬁféﬁgﬂ;z,is?ﬂo mfdiﬂaﬁbg_rr&g'u«;a@& hr%fert@;fal:&lrﬁn%is'i-rw 200d_

| NCl udes a aCt ua asse Qr proyl di ng :O atl n Servo, recordl ng
heads 204 ‘{%@@ lpﬁ%&lavyma éggg Eraffvs yegplarlyreqsing syO Q%f%wﬁa‘i"{g"é HHPOSHIOB: a
target di s wil8e clRarSinMib iseHREGH thArEBl oW SEIREH typedf Berl Opatié@iIchh Bdebdtded

positioning one or nore 30 target discs 108 onto which the servo pattern
is to be roBtodterge:disg uging meﬁ}qg‘bqugg@rqt@roftheipﬁsmtng@mri ng the actuator

assenbly 202 i phepreRft ihREAHAOSHHEQMA dedEat&iSvetically Sdatddl dbkinikc saél track

writer (“STW™) for the accurate positioning and movement of servo recording heads during

25  servo pattern recording on a disc as well as a method for recording servo pattern to a disc.
FIGS. 2-4 illustrate a multi-disc STW 200 in accordance with one embodiment of the present
invention. The vertically-oriented STW 200 includes an actuator assembly 202 for providing
rotating servo recording heads 204 (see FIG. 4) necessary for recording servo pattern onto a
target disc 108; a spindle motor hub assembly 206 for vertically positioning one or more

30  target discs 108 onto which the servo pattern is to be recorded; a vacuum chuck 208 for
rigidly securing the actuator assembly 202 in a desired position for servo track writing; and a
laser interferometer 210 for measuring the angular displacement and consequent positioning

of the servo-recording heads 204 of the actuator assembly 202 for servo pattern recording.



| aser interferonmeter 210 for neasuring the angul ar displacenent and
consequent positioning of the servo-recording heads 204 of the gcfu8EpRr005
assenbl y 20@ fgr servo pattern recording. 5 2 0 SEP 2005 WD 02/ 099790

PCTI Us02/ 08%¥28*B¥BY 2 il lustrates that the entire nultiPCRSO2e88380 writer
200 sits upon a substantially imobile and horizontally positioned

pl atform or baBl&. 2 lpstrafesahas thetehidne multidisq ssrvebiter2A0 sitslupyn a substasttalint t o

rovertent s i 981d IR chNAC &R AR il F120TEE SARLYR LA G 20 o

other like materl aving I'clent 'size tT0°Su onents
of the STWsBEGO! toTpvergeniciron irapacttgmantisipn@d id peferebiy e granie tlab drivthepl at f or m

212 via aigLhTBEHAN IR fo! Blaulh i o coBBYSRER} ol S5yl g5l o by arrow

/ etween"a servo recordrng position 218 and a
di sc | dadiapitatenadsemnhlyl 202 di aogngstsd it theplatf® 212 giaiaslidk meahsimien 21 fogiateed er

detail b . S0 0 vacuum,.chuck 208 are
directly g‘#g%%ng@ﬁg\@ggg:bgaﬁﬁ%gy#g%ﬁ%&%g]tzfzogsvn%%ggﬁe.rgﬁ%g%%‘ﬁgrary to
prior art P 218 ped adiseigading amd veidatiing paRica20,tab & disoiissel] in greater desaenbl y

206 of | heaSTR0%: 608! Mokl 630 knd LA 8y R il Bl 11V O

di scs 108 secured'to [ assenn are vertica
posi t i onednovedbltsequeed to thetpdatiotm@ibrm 212. It is believed that the

substa@tial |y | OF | ' | ' ves the., accuracy
of LS servo SRR v, bl i flisod stk HIRICURRAARY ST 500,
as expl ai 26@ of the §iT B2 0rare] Wotivieartivally brisinted,. TiBisnthé plutality of discsal®8 wedued tassenbl y
202 inclu - e l | t s 224 (FIG
2) that o Euplichub bt BVLAM L@ chive Bl alz T *0 ahes
rel ative toliavedbthetithe fubstantialipverticabdrienttionatftire discs1 B8Athpraved thelasuracyofor nor e

fl exures ' ' ]

cort espondner/ERAREEbIOwAUA S bith o ath tyte S5k 408,94 oBlad iy Bpater

ori entlat i detaidbelowieSimiltanly thyrachintosasg2abln2@dndluves aeid-block 222 lmcing a pmyalipf t he 20
servo wit]i i [ rat.es the STW 200
in the | ogg%\%gﬁ%ﬁg?ﬁpg%& 8?%Llﬁgaef°gg%ﬁ%{rm5§%g%ﬁ% y>y °1§16§ has been
nmoved awaylahesgelativedo theiptatiorm 21 Eastsastriatoy ardR4\mciudeheneslr indee flenmed2026 sm 214.
In this pqsiti.on, f. Qi . d ont o spindl e hub
aasenbi y. Soiret e e bR ¥ sollhd B0 R ook SR BBl Bt ot mene
of the i nZéhtTherveriiedl crikmatiypiof theactnattr arss224llsp iRDBsasehe acordcydftha det achabl e

spi ndlg hlé&"ﬁg’gﬁ’% ;%%ess‘la}sdﬁ%ai%ﬂelowe hub 228 and the stack of discs 108

may be detac a spl e notor (not shown in FIG 4) to ease the
process of | 0aBliGag ilhwtdatesrtheoSIEW 260 tnthe dadiodoad PBsifion 20 wtheresip avthlalor hub 228.

of 5 det achispPiy 28 spafboled Sy BL A8 B P R Lol e HEMIEE 1 | aded
on the spinedhaisindl4abstbisipbsitich) s stadktdf dics 108 may be loaded onto spindle hub
assembly 206 to start the servo writing process. In a preferred embodiment of the invention,
25  the spindle hub assembly 206 may include a detachable spindle hub 228 (FIG. 4) so that the
hub 228 and the stack of discs 108 may be detached from a spindle motor (not shown in FIG.
4) to ease the process of loading and unloading the discs 108 from the spindle hub 228.
However, it is noted that the present invention is not limited to the use of a detachable spindle
hub 228.
30 Once the discs 108 have been loaded on the spindle hub assembly 206 with a
predetermined gap between adjacent discs, the discs 108 are secured to the spindle hub

e

assembly 206 by means of a clamp ring 230 (FIG. 3). The actuator assembly 202 is then
preferably moved laterally along the platform 212 (in the direction of arrow 216) toward the
spindle hub assembly 206. While the flexures 226 on each of the actuator arms 224 tend to
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predet erm ned gap between adjacent discs, the discs 108 are secured to the
spi ndl e hub assenbly 206 by neans of a clanmp ring 230 (FIG 3). 7hg SEP 2005
actuator assenbly 202 is then preferably noved | ateral lé’ al ong the

pl atform 21‘5%’?’@?5’% direction of arrow 216) toward thePCEESHONSB hub
assenbly 206. Wiile the flexures 226 on each of the actuator arns 224 tend
to 6 2 0 SiPth2D0brrdforditicBe5HE 204 RGF weiBehdle HBAS ap)iadmb 282 (FIGQY) LS PoNdi ng

heads 204 as i.,s we known in the art, a co 232 (FIG 4) is preferably
used to nﬁi‘eﬁet‘%?%usﬁ‘# bﬁ@?ﬂ%@@éﬁpafﬁew%ibmsw "gb?@a‘iise@é@ thalith eetatRst t he

act uat or aseEBIFR0Y andQRe @RCktdch n the SHindlE Ribkasbly 206 Sy kR vitkBuassenbl y 206
may nmerge Wt hout. uni tenti&g&dcontﬁét betvveenﬂ_éhe heads 204 and the

di scs 108 MRiFRliquglAgnise Defsreat §204 ang) the dises, 108, The campt 332irrferably yat or
ass_enbtsyt Mgsﬁ&gdﬂ?ﬁmhﬂﬁfa&hﬁor aésaﬁm@mh%shg%gim@rﬁxﬂdcﬂ?os ﬁﬁt@%@oﬁb v 202
agai ns e orce Q e flexures : ce the actuator asse

ig | ocked® dﬁ{z@“s"t stahe Rjes “%W’FP{%ﬁﬁw??qzarpl?iﬁméﬁf“%tﬁfa"@seﬂ%’%ééﬁs 204 gre
posi t i onedockéd iftionhd sefroGafihg pbelio2e8 sd st talicads@0k adipd&ifonkdFithinlike gged 232
is rotated away, fr mttbgng-&I' ck 222 to allow the heads 204 to engage

t heir resgﬁtgf’? ei‘iﬁ"é’@%t s G710 432 15 woketediaway from dhe Bsblgek Hede #llow he 10
flexures dtheadoR04RbnEabe iholQedpdiss diddd4s 8RsNIIT tREA f&laéégx?ﬁééd waRd act with

the data regions of . their respectijve disc surfaces. . her, the spindle
hub a _en@F\g“%%ﬁi OF cpurievthe Beads PPAioinAt ke physicaloontaeavitthe dyi regietseaini ned
rate pri OkheirQespbdtiof dis@iviedsNRaB & e shirdilc YD a6LHEK1206 1 28IRAA to §ptPthe
rotational, notion of the, discs 108 generates wind so that_the heads 204

ride an aili*eHt08er Hepedstermined rpicrios to disspgaging dhecamb 238y Asdeseibedabons.thece. Thi s
ai r beari ngatfRath@ios of 1he diat D8 gercfues Ml do@ieht e hbads bheridd AaitbegingZP and
protects .he%éfrgxgﬁle magne |(g coatings, on the disc surfaces. Once the conb
D35 15 1 elBYRRoRE ufrciRans Sarcrorizse. Thp Pesring cuRtgdhebiss foree enpipd

respectsi vey dieSesurdd26 af e piofeciéiticliiapill HigHR cdatdigComb liseSurfafest he heads 204
to begin the process gf 3r(acordi ng the servo pattern. During the recording

process, the EOBedhae ? & tprgpved &ythatihe fpeads2 0 ayei iyl angpecd Wit thelr & not or

and beari Rgp@aseditds 108Yistdd WritiResi@fals 4l :3plicd 36 BT REads 26420 Begih Brodlhst he heads
204 nove radial]y across the surface of their respective discs 108. The

posi ti on &frecerdias fhesero pyftery Puging Eesscarlinemyocesicthe Bbiack 223 isrqtatedshorler 210

whi ch uti lainé@fonta0igs 6124 A8 drid bearln GABMBIY QSthinOhd dofater SRMAVIREG2 Lithd he heads
al ong .t he di sc, radi us, the interferoneter 210 sends@_geom tion signals

back tA0 cdhfeests 204moy @%ﬁﬁy Eﬁrﬁosafheﬁw@caefith%%reweﬁygm 1080 @be pasyioppfis t he

radi al posidteais 204 istdeRrhigadisy tROBser AiterfefRidics 2TIPHIALH R1Niz& infefGomBFi¥0 Wi ting
process, thg]B,E-bI ock 222 is roéat ed back to p@sition the heads 204
adj acent d§FRiGYes fo fEacK Qypaend AHtae Brads glenedhedise radies, anghihg iterfpramelsrdl 0232 i s

rotated i Rbfas BEOSMAGIgnHL bikkid ContrbBKd IS RGP thdacRaRPRIGEIy 202N ARG ]e204 from
the discs 108.  The actuator assenbly 202 is then noved laterally away

from the S#ialapsitionof thedexds?fd 206

25 Upon completion of the servo writing process, the E-block 222 is rotated back to
position the heads 204 adjacent an outer circumference of the discs 108, while the comb 232
is rotated into contact with the flexures 226 to disengage the heads 204 from the discs 108.
The actuator assembly 202 is then moved laterally away from the spindle hub assembly 206
to the load/unload position 220 so that the discs 108 (complete with their newly written servo

30 patterns) can be removed from the spindle hub assembly 206 and ultimately installed in the
disc drive 100.

The vertical orientation of the actuator assembly 202 provides an important benefit

over prior art (horizontally-oriented) STWs since the force of gravity does not act to pull the
heads 204 downward. This is important both during the loading and unloading of the heads
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to the | oad/unl oad position 220 so that the discs 108 (conplete with their
newly witten servo 30 patterns) can be renoved fromthe spindl e hdif SEP 2005
assenbly 206 and ultimately installed in the disc drive 100. The vertical
orientati onV8PMB0act uat or assenbly 202 provides an i SHERHIBMWenef i t

over prior art (horizontally-oriented) STW since the force of gravity

does not 2¢4 ontethpdists 108e@s whik adhirifthe skyvawiwdting problassdtself Fampmstah@ntvhibot h

during thg.l i ' he .heads .. 7. 1 0 SEP 20 02/ 099790
b Usoz B8 380 5850 stbteb il e G O BB R it pRET B B o 1 11 g
Er og esz 0i4t:®e‘t_b 232 tymically nertectecths fledates 226 tather thavthe 237le hez{ds zmﬂfﬁﬁqﬂaﬂt a:ﬂg t2 2(23
eads r i process, it is n a C.

typi cal | ydig%in g@#@egﬁgm%ﬁozgxuﬁg?’ %@%ﬁofg?rﬁgiy'%?ﬁtﬁgsﬁ&sftpﬁéme ?ﬁr@ s 204
| ocat ed amaptend icsudll thehreddso¥04 tlbrenverd belove the 2R6L of Teusdivididl Bomb arm or tine,
neads. 204 sehcisibes ot Orindo)Guea el bingme e S5y 8 g L e,
t her eby cil@8griontp the dissngegemont of thecdomb 23Nfront tha flaxitres 226 \WERiS dddger ihangi ng head
204 and the.di L Or. t | sepgagenent e 2 fromthe
lexures S5useSf me bstoblobdioh Sudelbe ols2 BEBPRE BothneLlend ol ISE 20 et he
force of grthedirecticoefShadiscs.t Additidnally) dinlingtthesehveaditing Pebcess ntikizieg tlé r ect i on of
t he di;gcs i £1onal during, the servo witi rocess utilizing the 10
R e e Gt e S S R S S R
204 ei t herw#yofiem theiyrespaviee/dio sorfadedasiin the eiprentt iThet igliis £ harizohtaltyearieardi n t he
prior art i I n.a horizontal.ly-oriented S .f of. the heads are
typi cal | ysggfé]ﬁ‘lfllf%tﬁ}ée 4 Jaﬁ%tg’ﬁ]tcglg' PP %kozég ?{Jﬁcc%t ag?p %m%?’/{%t{;a%ﬁi‘f' lettﬁee ot her
hal f of t hietiaids theheads a=ipbsitiored adjshentadiotion siafice ofa diser FFacthosathealsdi sc. For
t hose headgs.... Lt 1 aboue t.heir respecti.ve di scs f e of gravity
on the fl gisﬁuroglg(g%vgﬁggf Y HeH ci’gh%ﬁ’e ?ggr%%%f]ﬂ?&ﬁem hgﬁ'}}g%efléef‘gad force
?ﬁn er db ed 2@4/is corebihédewittr ;ﬂa}e] E2ad fbt'delg?neiamm uy{tm&xtmads, while fdr{tli;]dwﬂﬂdf)el gw

eir res i v | .the force ray, ..acts agai.ns rel oa
f or ce. Tﬁ?sgéog f’@ﬁ% %ﬁn%“é?ﬂmg}'eecgfcgaﬁf%& ?fjﬂ has ??a%%éﬂ?)?rgl%cgfapc%r ce for
t he di f f eThistlichetanly cau dréntenflvctuationSTntherelohd foldeiforahedifferkitdeRls tvithin the
di screpangi . the "fly height" of t head. over...the dis urf ace.
Wi l e t he%grﬁivgg%u@gﬂg{é’ %aid%g’l %@’&?pwlef H’relﬁef H@%ﬁ%ﬁt i°£*hF35*}dc°é(P’| CHifeh greater
than the 2@faei While thé ptelved fdre>pusvided byl tHedlagure Bnypicatig mucly geatéritiedrithe
pr ocedd oMt fifueraly WS Bbnibe, G pinsE Aot L iRighertia e
above- des beadhigrngdthe efrvd writirg padoessgad lbad th errers histhasdrvoepattgryer t i cal
orientation of the.actuyator asse 202 (i. e ,.th venent of the
actuator arns li‘z“a‘%“?’hté’%ﬁ 8%‘?65%5%%3”8 ﬁreﬁqqgg Wéﬂ%@lﬁfgﬁmﬁ%v%‘? rtical
pl ane), t heersation bitht bahidter avsembly02 (i), the Rioxtment ofthe hdheata? arml 22¢sthd 08 on t he
spi ndl e hyb as |y, 206 Q. provi efits. oyer prjor art
nor | 20nt algeeap and B haeeR R keicel Hinal i iAol SenBlon b ¢ o1 e
from &5r eldiats 108loy tistspintile bl exsénatly 206 also provides benefits over prior art horizontally-

oriented STWSs, Specifically, while the discs 108 are formed from a relatively stiff material

(such as aluminum), the discs are nonetheless subject to gravity-induced warping, particularly
along the outer circumference of the discs. As described above, even miniscule amounts of
disc warpage can lead to unacceptable servo-writing errors, particularly in light of the higher
30  track densities utilized with the discs. However, by maintaining the discs 108 in a vertical
orientation during the servo writing process, the force of gravity does not act to pull the disc
surface from its nominal vertical plane. Thus, the vertical orientation of the STW 200 of the
present invention (i.e., the substantially vertical orientation of both the actuator assembly 202

and the discs 108) provides a number of benefits over prior art horizontally-oriented STWs,
8



(such as alum nun), the discs are nonethel ess subject to gravity-jnduced
war pi ng, particularly along the outer circunference of the di scd 8ASEP 2005
descri bed above, even m niscule anounts of disc warpage can lead to
unaccept abl WOV EOwriting errors, particularly in |ighPCHUSOME2i gher 30
track densities utilized with the discs. However, by maintaining the discs
| 1?8 in atveg tAﬂaWc%@Wdf?KbEsﬁphm:ﬂ?ld%HihB%Qﬂdh@ sa%?atewt?taitﬁggttars@ﬁ@againlhhe force
0 ravity. does .not ac Q. pu e dis surface fromits non na
Serti cal ' HishRE i isatitosa e prebain SiemroH Bnis SEIRIBBILA t he
Pr esent iﬂw@:laia'ti&ﬂsw} o ot niobeedisos bﬁs ﬁgloh@ddb)fg\saﬂfoﬁb&@dllg@ﬁé&é&s?lr#igféfhuﬁlf bot h
the actuator as .and the djscs rovides a_nunber o
benefits 8YEF %?&gsfbo tg?tteaf’ﬁdjﬂslcBgﬁf’ﬁ?’:ﬂdi‘/m&r*@ﬁtﬁn@%‘ly@?%fﬂ Pi"“?‘ B oppistioy o5 WD
02/ 099390 5¢%; THe\dfnl2le QBB 28erdidlf b0B/As Gdtiatdd t@fotdd Be GiARAYS Fdrsavy-aakk vmdng.cor di ng
servo pattern E.o §’({4t arget disc for use in.a di,sc drive in accor ance_vmth
one enbod fatign SQ4y,an Fmator aysembly 207 5 BIeveddnto esiken tlativedo thy spindleduRr at i on
500, one @dserfibly 206Hof Svol @tk iting, SR tAddctiatdr RREMRP DOt MR RiphmdtRg Spi ndl e
hub _assen?%@g% sg éhat each disc 108 @xten S in a substantially
vertical P tor prms 343 prentesiformaygment iy a substantig{ly vertigal planss 1B PRETSI98 | s
gg z uat ed sctys, gm@mﬁﬁg@nﬁﬁ 20330203@8 affacuisug @ﬁ&fﬁeﬁdh&ﬁ‘!ﬂ%e%ﬂuﬁtbﬂiﬂmf ztmart@pe [ ﬁt ion

: act uator, asse . 202 i.s_noyed into posjition relatjve to the
api htl pasPEeL B iy ptsbvE s Bf7eies B RRORTRL Y = SR8 WP EShc1 Ut or
assenbly 3RZcudlg hsed esseparfite tHedkids Y04 HEm 064 dothey. b Bratidn 408) te@biuger f Or
novenent in absg&sjélant Lally vertical pl ar}%ﬂ In operation__ 506,
servo-wr i PFAGYH OvRg AheaglualpEyms {1 avegicakplane oy thersugagen ofghe difgs 198t yat or
ar ns 2|24 ?Eoﬁai@yﬁ&gig%daﬂébldﬁkhiﬁt&ﬁe@m &)%iﬁ‘l@l eﬂﬂﬁﬂ?cﬂ@ﬁhe wafatbrt&msbh K tge 204
renoval o co ich was preyjous used tqg separate the heads
from one &ﬁ‘g{“%‘i&’i?horlﬁ°f{§%ﬁg?“§fsr dmonsgagion ?%H’ﬁ@%{%?% are ﬂé@iﬁ%ﬂﬁyxlmmse%\?es t he
act tﬁatwrbaﬁmt 't?oﬁctiﬁ'ﬂd\ﬁrg‘ties&t@gtﬁétgﬂ\b?{eadhhfwgﬁ;ﬁsfzaﬁ'%eﬂfx arnhﬂnl dﬂ&lﬁﬁ% 108h f
such as ating an E-bl oc] attache a proxi end. of each o
the act uatsh K b, TheRrrian R Moo SeerBb20s movees MroH95 10t he
heads 204 aghefréih ﬂﬁ@isem(m(sdéﬁﬁy\ﬁy@ﬁﬁﬂ@h&@-bldc;ﬂﬂi@)%&ﬂ@éeixﬁh%&éiérﬂa[ that 0 Write
servo pattern on each of thgordl s¢ surfaces in manner_ t ha

] t is well known
in the arthe SPRO-BRisFLIscomPISte for thefilsc.ox digey &y pat elperafiondi?, e 6eb 23 heads

204 avay niay 68inkied FHtE &% adfistor(SHEM4DE f1MirdsQREbS thTadhbor BssehBy202®2) upon

receiving a si at  the servo-pattern is conplete for the disc or

nal th
di scs.20as Pysysat g&sﬁﬁ%ﬁa &P4 frpg sonfaching pnsanetisr, Ipepsratipg, 514y the aetpalar AstpmblY t he
act uat or a0 nmdeéd SvayitoBre SiindeAibQbsemb 206 to kbR Tordasiaehbal sBe difes20

prevent the heads 204 from contacting one another. In operation 514, the

act uat or 29Hem thp spingls hpl assepuily 208,48 Oneratinn s Hs the st 08 havise 8d¥nbl y 206 to

al | ow f or rRafl¥d § férn Qfe rbiév el iFdMmShe %ﬁﬁhﬁﬁz@ Bséisly 206 £l oBtidhdlly assenbl y
206. In opegaﬁtl,on 16, the discs 108 having newly recorded servo pattern

are removel pimadise 48R Mt e hub assenbly 206 and optionally installed in
a di s@sdrive 18Qummary, aservo track writer assembly (such as 200) for recording servo pattern

information on a disc (such as 108) in accordance with an exemplary preferred embodiment
of the present invention has a spindle hub assembly (such as 206) including a hub (such as
228) supporting the disc (such as 108) in a substantially vertical plane and a motor for
rotating the hub and the attached disc at a predetermined rate. An actuator assembly (such as

30  202) includes an E-block (such as 222) and a motor for rotating the E-block about a
substantially horizontal axis. The E-block (such as 222) supports an actuator arm (such as
224) and a flexure (such as 226) extending from a distal end of the actuator arm (such as 224)
in a substantially vertical plane. A servo recording head (such as 204) is mounted to a distal
end of the flexure (such as 226) so that the head (such as 204) moves in a substantially

9



25 In summary, a servo track witer assenbly (such as 200) for recording
servo pattern information on a disc (such as 108) in accordance wiz 8 8§hP 200%
exenpl ary preferred enbodi ment of the present invention has a spindle hub
assenbly” (sWO24¥706) including a hub (such as 228) sBEFBSRNMEP the disc
(such as 108) in a substantially vertical plane and a notor for rotating
the hub arerticdl @lant blasd@taréliapatitadidcddt LACHE TRk (Akbias 1DB) @ FScWALBS

assenbly such s .30 202 cl ydes _an E-bl ock uch as 222) and a notor
for rotati*Hg m?? é’Bgt?tdlsﬁ surfage as thtpimgls ﬁﬁﬁfP‘i‘@Hrﬁ%“ﬁlP as2005. The

E- bl ock (smdas 186 did@ @pictsds PO ahd tha Actaftbrisde@blyqEuth 65202 rodes teBibloand a
fl exure (zuc{? %;26) extending froma distal end of the actuator arm
(such as a substantially vertical plane. A servo recording head

gﬁufht ﬁs 204) In@rmwarmga@eﬁtsdme mkrent@ﬂdh@;tewb{ﬂ@clfw{vﬁ@éﬂés@exﬁtﬁy%%hgag()gZG) SO
a e ve S antially

02/ 099790%@*1‘%‘% é‘érssﬁ (such abl%{‘géta%Fi%thaﬁP%& 1. b assepbbHsulieacent a
surface ofR202)rad deBeblosUEithas 222) Bhlutie A fREMtH of ddfiatod Bnd GsubRhd 24 Yarignf or mat i on
on the di S¢ ucrl%%(ce z%‘ t he i ndl e hub assenmbly (such as 206) rotates the
disc (such %le Jires (el w@%ﬁw&w h Hlexgsigriydss @ geo é@goréez}mddetabe% t he

E- bl ock (zzmbrpmlde Zﬁ)ultal‘éohdleéb&(ﬁ{llgedﬂs&@o dﬁ%ﬁﬁo h:!"o”ﬁﬂatl éﬁn@ﬁ eatclh%ﬂnﬁéi[{@nt i ?nd t he
servo track wjter, a y as ncuesapurar yo i scs
(such @ fB%‘j‘e‘L‘il%Fc(&‘@ aﬁfﬁ% ég %&P@tﬂé %?&@é%lfvﬂ gropmblg (Sugps20Qnd ¢ he
E- bl ock (3146 Ehcaﬂes?&ﬁb.tfdnﬁl%ddﬂ%zm) aﬂﬁuﬁlglalsﬁaétaﬁﬁau%bﬂibhm sulfafPan(i 2 Wkdy as 224)
and attache er Q{‘SUCh as 226 where each fl exure includes a servo

recor di ng "1f& soppjing the B?Wr Gesembhn(fuch pAfa ot latiorndsugh servo

pattern img mmrvd AlRW meramsrbmeﬁrdmeabﬁmcrl&seﬁibrﬂmcﬁds 21629 ﬁloﬁ%ﬂi@h as 204). An
enbodi nent _of Lﬂg servo._tr ck witer, asse (such as 20 al so i ncl udes

a platfor rRstantigily horizopsal sy ?]Pﬁt‘ﬁ"gfn& ﬁéﬁﬁb%sité’ﬁ't"‘f%ﬁ‘le’rlvh%ﬁ‘}a% ﬂ‘tﬂ&I(S‘@E Bf ace and a
slide 15rreczb49rvn§er§e fieusds @ﬁch?al‘QM)Q’@Mﬂitin@@eﬁ&ﬁhﬂ@ﬁﬁbﬁﬁﬂiﬁoﬁﬁﬁ fidlalsys, Qxﬁﬂaph as

202) to t atform (such as_212) to allow |ateral novepent of the

act uat or ﬁ%“é’g siion shersingtae plysslity of 6‘1‘\‘5"‘(’5 AreosdH5a psRA) ate Laferpllyrspacsfram surf ace
bet ween a tﬁ:éfh&hhtp 0fditds QuchAEI0R). NA YA Burd 6RudR Is0Eh B208B) hfibeiisediSn odd 224)

engage t he such as 204) for wjting servo attern i nformati on on

the discs %?@B‘ﬁé‘“’ﬂﬁ%‘? Yﬁﬁ%ﬁ%ﬁhﬁsg%%ﬁ 1f pasifiop for & Riat or ar ms

(such as 2addm aieing. qharfu&tﬂeyen%mﬁedtéf&mes&hmehmaﬂdmb ®@dchds 395 (such as
204) . ef vacuum be . used in one enbodinent to
t

h
secur et h&EnEet 8¢ @Pra&@sog ﬁ’@f‘?es((%’& B 2§§th ARIRigin seppration hebyeep adjpeentsBvP or ser vo

pattern Wrédoidivgs hehds (Such d§ zdwrm@nta@wmhsssmmy REcH4:208NS in tAYRBddgon, a conb
(such as 232) 20 en %FS the plurality of flexures (such as 226) to

mai nt ai n  PEPE pihonehBe GrRraln (Sud 28 234 s r§’@P‘(F8 ﬁ'°P’eR98’iaﬁF|Vﬁ61 thelprali ‘Q’§ﬁch as 204)
when the agkwed @rchag 324)lohe theatahtoRSssetbldy (slich ds203)REmERAW e RPFdsttioRAN.

al t hough the c]% such als 232) is renoved fromcontact with the plurality
of another exemplary preferred embodiment of the present invention, a method of
25 recording servo pattern information on a disc (such as 108) in a vertically-oriented servo
track writer assembly (such as 200) includes the step (such as 500) of positioning the disc
(such as 108) on a substantially horizontally-oriented spindle hub assembly (such as 206).
The method further includes the step (such as 502) of activating the spindle hub assembly
(such as 206) to rotate the disc (such as 108) in a substantially vertical plane. A further step
30  (such as 508) includes pivoting an E-block (such as 222) of an actuator assembly (such as
202) about a substantially horizontal axis to rotate an actuator arm (such as 224) and an
attached flexure (such as 226) extending from the E-block (such as 222) along an arcuate
path in a substantially vertical plane adjacent a surface of the disc (such as 108). A further

step (such as 510) includes signaling a servo recording head (such as 204) attached to a distal
10



fl exures (such as 226) once the actuator assenbly (such as 202) is mg%
to the first position. In another exenplary preferred enbodi mnent of“t P 2005
present invention, a nmethod of 25 recording servo pattern information on

a disc (sucOR¥MPH¥8) in a vertically-oriented servo trBEKUSR/N8W assenbly
(such-as 200) includes the step (such as 500) of positioning the disc

(such as #ABYf tiefleaws\(fish ard2epiolrstoRinweive @attenl infor@stioadh ek ssFhde@dr@ehub

assenbly &srﬁec@yas %O(ﬁ% The hod further includes the step (such as
502) of ac¥f PRGUFHESEINA L9 b assembly (such as 206) to rotate the
((Jli sch( such as m@ral)a ﬂéﬂh@ emm&ﬁmfeﬁwEa%ﬁoeﬁiethﬁraeﬁg%ﬁdﬁgmﬁo step 30
such as 50 L.ncl u i yot] an E-bl oc uc S of . an actuator
assenbl y g@‘g%vﬁltﬁrsassefgféﬁ@%%#%gf%%g’idﬁ‘ﬁls%? Igajteﬂ’dﬁ%%ﬂoﬁlonaﬂsg(s?@ ot ate an
act ua'(tj or a?s)m(@m?]m &svoﬁ'%}du@glﬁ' a@(!uchaistzzgﬂfa@&iml 4 ¥R vingUGE sedvo 2ﬁ6_)
extending _framthe E-blo such as, ) ng an arcuate path in a
subst ant i gqcp%&qqé%gaﬁﬁﬁﬂﬁ %@&ﬁ‘fﬂf@@ﬁ?@g@fﬁm{lwwg (such as 108).
‘ fuLt herizngfhaﬁﬁ hed, t cﬁﬂﬁ)dishmizm&ﬂ%)&iélﬁlggéghtz ﬂgeﬁw%g/s 9979%{5,ng head
I(D?J'IIJ'/C USSZ/ 5%%3 ?\"g“%Bg {“H’ge gﬁ‘*ﬁ%‘?‘gﬁs %m(ég’éql?t’g%es?%}ra‘i 1%%&6?6&1 5548 apat t er n
i nf or mat i 200)@iehideemsdns for@Rnulthneblily redRdihg Sl patth ifSHRBorirSpHinakiy Bf as 108) .
In yet a further exenpl ar referred enpodi ment of the present invention,
a servd {PEIR! 5?@%&1&‘@“‘6@88@%@“2 %P’F@Erﬁil gnprslimentfbe pat t ern
i( nf or mat i eegzmm &ndita@sseﬁl?pmsuaﬁas_ 2001108 )dek ﬂﬁhrléd&%el@ctﬁ@fy\éﬁ%argﬁxg%&“ ng heagm)
such as and, means, nmovi ng, t he seryo recordi ng head (such as
in a subsﬁ’iﬁ‘%@%ﬁ?‘svgﬁlﬂc"g{“"ﬁ? %?ﬁ‘&gll“%ﬂ?aé% p @3&‘5@0%@?@Pﬁhtyi°%fll§?%ati on on
a surf ace (suth 408 thesdisd raste AR suphinkiglly htathl dHntaliér. di sc in a
RS e et L
servo track w a
si mul tianeadwahiigds ateaticled @s Well %Ahdaainhere e I Whild DpfeRtiPproferél i ty of 10
discs rotatjng in a substagtially vertjcal qrientation. In a further
preferred® hostptbat beey fpscitted oy Btmpose this disglpsuzps BERHPYF cpaigetmarbe200)
I ncl udes gRANE m‘uﬁmm@h@%ﬁ Atmegiga?@}t@mo@?ﬁiuediﬂnwl z tqioﬂg%ahmgg, Whi ?I | tK of
servo recordin s (suc S romthe plurality of discs such as
108) whi | g“’eSYFe‘g%?F i@@fﬁ? Fpdn ﬁﬁ"st %‘g’ %%MW&?SP@W@P? mayhold fweretat i on. |1t
Wi :j | bedcg@wla ﬂgmetvbaisasr, ety koxﬁwmd amlﬁtlshﬁyﬁgﬁhusaﬂ_ 1@@3&{08?}] tain ths\h .
ends vani ages . nentioned as as ose i.nheren erein. ile
a pre Qnt ﬁgm}?fal@’ftg?$ﬁ%2%gﬁ’% ?PFEEP‘T‘FH%%@WW@@MG@@W%WHWposes of this
di scl oSUr enforfH4HBY Siithe Gi8AN08.SAdBNonRRY, WS Bie PloFeridd Whbddih &R 6F thy SBWROESt
t hensel ves to those skill eg in the art. For exanple, while twelve discs
108 are sﬂﬁéﬁﬁsf‘ﬁatﬂn@.sl’@dl&, uly ?’Fém%ng 391204 mEgveskls astor asesEbliEA02448¢ d f ewer or
greater t baSent WobntRn Shodfipass@dvd JstHRNRy SHeR L iBIbI§ aRBY mbRlable kpifidle @ Single
disc 108. .20 Sim larly, the STW?200Q nay. be used to wite both enbedded and
dedi cat edMugs§gubly, or even baving both assemblies being moveable relative to the stationary

25  platform 212. Furthermore, while specific embodiments of the comb 232 and the

interferometer 210 were described above, the present invention encompasses alternative
means known to those skilled in the art for both separating the heads 204 on the actuator
assembly 202 and for determining the position of the heads 204 during the servo-writing
process. Accordingly, all such modifications, changes and alternatives are encompassed in

30 the spirit of the invention disclosed and as defined in the appended claims.
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information on the discs 108. Additionally, while the preferred egb di ment
of the STW200 defines a stationary spindl e hub assenbly 206 andZa8 SEP 2005
noveabl e actuator assenbly 202, the present invention enconpasses have a
stationary actuator assenbly and a noveabl e spindle hub assenbly, or even

havi ng bot i i.qg noveable relative to the stationary 25

pl atform ZWES}%WIEM| | e specific enbodi nents of the conb 232 and
the interferomeieyoihbk Weks 14@amiy REJeRAN | SRt
enconpasses alternative Means kno%vn {o ?Lﬁoggergﬁﬁ?t%rﬁﬁﬁﬁﬁ?%%ﬁg@tacﬁ%r bot h
separ at icegprismgheads 204 on the actuator assenbly 202 and for determ ning
the position of.the heads 204 duri the servo-wjtin I Qcess.

Accor di ngly, aaﬁpfndi%l& oY SERPYARLY supRarge dhedise Q%%‘%ﬁ%ﬁ‘i@?@&%ﬁl@l

enconpassed i n Blné ffereRfioh td a & j [ i : defined in
t he appended cl gi 1rlns fl 2 8 %Elguszrgggﬂw}i%ﬁ&g_],gﬁ%g%%&%@g%tﬁ%ser vo track

writer assenbl ysubstantigbohatizegtallp disposedtaxisrar rotafion forrotetingthe aupposied
conprising: a SHfs idl e hub assenbly renovably supporting the disc in a
substantially vertical plane in relation to a notor coupled to the

spi ndl e hub assefiatoy aveinblypmosablp bwppottilg Aseh leé@aind!Hedd fli posed axi s or
rotation for rotating the supporte di sc; an actuator assenbly novably
supporting a sefubstapdelby vartigpl plaae te recerd the ssvaipattesh information oalthediane t o
record the servg patgern information on the disc as the disc rotates. 2.
The servo track witer assenbly of claim1l wherein: a plurality of discs
are stacked on the spindle hub assenbly with a predeterm ned spacing
provi ded bep&egﬂgadj acent discs; and the actuator includes a plurality of
actuat or ar e art§ Setvo4Eack v riteicasserahly ob plgina d wherdiiiexur e i ncl udes a servo

recording he%&)]ﬁﬂliﬁf cg:’déé(i}g a% ﬂ&ﬁ}(&@&? ﬁ{é%p[n% e%( L\e/{rg?etn%ly with a’ r@&%r%ﬁlé?dai m 2

i nformation on eac e servo trac er’asse
further conpri sspaginggprevidetebetwedieatjentcdisig] andg t he actuator assenbly to a
platformto | ow | ateral novement of the actuator assenbly between a

first positi i fwateripclpdes a pipality ofiastugtor spms adhattaghorsllangugend ensh
plurality of di fefid fclades b 5o $&o¥fng RALE bbvi ! I scs,
and a second position whereat S[) e pc?%% alit ybg%ﬁdi%g}(ﬁﬂm&g?%gofg;@ (ﬁ‘at erally
spaced from t hesguvapaticin infarinatios o8 cach disthe servo track witer assenbly of
claim3 further conprising a vacuum chuck
3. The servo track writer assembly of claim 2 further comprising:
a slide mechanism coupling the actuator assembly to a platform to allow lateral
movement of the actuator assembly between a first position whereat the
plurality of actuator arms engage the plurality of discs for writing servo
pattern information on the discs, and a second position whereat the plurality of

actuator arms are laterally spaced from the plurality of discs.
4. The servo track writer assembly of claim 3 further comprising a vacuum chuck
secured to the platform for rigidly securing the actuator assembly in the first position for

servo pattern writing.

5. The servo track writer assembly of claim 3 further comprising a comb

engaging the plurality of flexures to maintain separation between adjacent servo

12



secured to the platformfor rigidly securing the actuator assenbly in the
first position for servo pattern witing. 5. The servo track write{za $EP 2005
assenbly of claim3 further conprising a conb engaging the plurality o
flexures to maintain separation between adjacent servo 12 2 8 SEP 2005

is in the second position,

di hgad th t uat npl 1€
uhr oi n EACRERSSR Enirfe GEHIF BB R R SR RS DY T TSrcomox ur s

once t hes asthevdldFronReSad with ' dd sThe servo
track vvrister asseorrbl y of cl ati %pgiﬁé\}ﬁgp };?%)wt}ﬁseéﬂscég%en%ﬂ%gésﬂia?%]%rhbq%%s t he

act uat ormexesdaithe figst pasitites sufficient roomto load the plurality of discs
on and unload the plurality of discs fromthe spindle hub assenbly. 7. A
met hod for recording servo pattern information on a disc in a servo track

wri ter assemty.yThd RevdwdoRakitePamBEnSly el claiRBOVRBLN IRABLbARIitby' diendll s¢ On

a spindle hub assenbly in a substanfially vertically-oriente i sposition
i n rel atdcBratar@ssemply piovidss puféigientroometodpiditie plurdlith ofidisendn andhaNoady a

subst antj k ZoNt - or . ent axis of rotation; activating the
not or toth‘?1 {ua%lig?%é@%@%%%w%%eEﬂ) BEYAWor assembly supporting a servo
recording head in a plane adjacent a surface of the disc; and signaling

the servo recording head to record servo pattern information on the disc.
8. The net hod-doh n&q%mdrﬁovrqﬁﬁ@% §6TVQ PRstereimiratation poeidiscomaservetiapk f ur t her
conpri ses L iRYAbI yt&?ﬁétﬁ&@éﬂn‘ﬂ&?sﬁl .plurality of discs on the spindle hub
assenbl y; novi ng gf ep noves a plurdlity of servo recordi ng heads in planes
adj acent t he repbuatdy positi@fingliealisc cancspirite BUlOABEMBY 1§ b 8ibstaniiallgr conpri ses

signaling the plural lty,of servo _recording heads to record servo pattern
i nformation on VEECHhPEgNted disposifioads relafiontna metenesuplsd te the spirllé ur t her

conprising a stgp ey Y I . ) N _a support
pl at f or m bet ween a fS frgréﬁ%giﬁgtai ggﬁ%\%\ﬂ%rugglt%n% ﬂ@hﬁéﬁﬁtﬁé’gg& %gaglrogb

recor di ng headtvamgdbenbtoe tptatatalhetdisocpf di scs for witing servo pattern
information on.the di scs,asgezrpd@a second position whereat the plurality of

servo recor diiy/ Regyactugier ¥ SPPRPTURS G &0V9 Fespidingehesdin aplang of di scs.
13 2 .8 SEP 2005’djacent a surface of the disc; and

signaling the servo recording head to record servo pattern information on the disc.

8. The method of claim 7 wherein:

the removably positioning step further comprises removably positioning a
plurality of discs on the spindle hub assembly;

moving step moves a plurality of servo recording heads in planes adjacent the
plurality of discs; and

the signaling step further comprises signaling the plurality of servo recording

heads to record servo pattern information on the plurality of discs.

9. The method of claim 8 further comprising a step of laterally moving the
actuator assembly on a support platform between a first position whereat the plurality of
servo recording heads engage the plurality of discs for writing servo pattern information
on the discs, and a second position whereat the plurality of servo recording heads are

laterally spaced from the plurality of discs.
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10. The nmethod of claim9 further conprising a step of securing the

actuator assenbly in the first position for servo pattern “”iting%{ﬂ%EP 2005
The nethod of claim9 further conprising a step of renoving the plural*ty

of discs fromthe spindle hub assenbly follow ng the signaling step. 12.

A servo track witer assenbly for recording servo pattern information on a
di sc conprising: a servo recording head; and neans for supporting the

ser vo recor di Y Tieadetndd apain o haudh S6mBHARPE L8 oPYectiing HERKARLE 5P ndl e

hub to record servo pattern information on isc e rotating the
di sc i n sy imtheifis posifionforsgrvo patiemewtigng. pl ane in al i gnnent with
earth's gravitational force. 13. The servo track witer assenbly of claim
12 further conprising neans for sinultaneously recording servo pattern

i nf ormati on oll. kel iethdd bf/cleifn 9 EGaer cén{ﬁ?ris R€a §t€i5 Bf)retrﬁ% the ipiu?élitg%? embly

of claim.13 wherein the neans for si t aneously rec I ng servd pattern
i nf or matdigss feam theespindle hnb asgerafily folloygng thepsigneling stapans for rotating the
plurality of discs in -a substantially vertically oriented planes; and
means for rotating a plurality of servo recordi ng heads, each adjacent one

of the plurall tAsefo dasicwritet asseiibly fof Facordif@sdtvaVbittedh idem@MBhYnGf clai m
14 further conprising neans for selectively engagi ng and di sengagi ng the

pl ural i t§5df° 8 recordi ng heads fromthe plurality of discs while the
di scs rotate., dgho recording head; and

means for supporting the servo recording head adjacent the disc supported by a
removable spindle hub to record servo pattern information on the disc while

rotating the disc in a substantially vertically-oriented plane in alignment with

earth’s gravitational force.

13. The servo track writer assembly of claim 12 further comprising means for

simultaneously recording servo pattern information on a plurality of discs.

14. The servo track writer assembly of claim 13 wherein the means for
simultaneously recording servo pattern information on the plurality of discs comprises:
means for rotating the plurality of discs in & substantially vertically oriented
planes; and
means for rotating a plurality of servo recording heads, each adjacent one of the

plurality of discs.
15. The servo track writer assembly of claim 14 further comprising means for

selectively engaging and disengaging the plurality of servo recording heads from the

plurality of discs while the discs rotate.
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