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(57) Abstract: A vertically-oriented servo track writer assembly and method for recording servo pattern on a disc surface includes a
=~ spindle hub assembly that rotates one or more discs in a substantially vertical plane and an actuator assembly that pivots an E-block
about a substantially horizontal axis. The E-block includes one or more actuator arms and associated flexures, with each flexure
including a servo recording head. Pivoting motion of the E-block moves each servo recording head in a substantially vertical plane
adjacent a surface of an associated disc to record servo pattern information on the disc surface. The method further includes laterally
moving the actuator assembly into and out of engagement with the spindle hub assembly to simplify loading and unloading discs
from the spindle hub assembly.



about a substantially horizontal axis. The E-bl ock includes one or_nore
~actuator arns and associ ated flexures, with each flexure includi r@@aSEP 2005
servo recordi ng head. Pivoting notion of the E-block noves each servo
recordi ng h¥2d#M™4 substantially vertical plane adj acRERUH2e$% ace of an
associ at ed di sc to record servo pattern information on the disc surface.

The net hod Iudes | at er al | m)V| ng the act uator assenbly into

and out of Y& ALY QRENNTED SEX A LR ANDIBEEHOD adi ng

and unl oadi ng d| scs fromthe spindle hub asserrbly 2 8 SEP 2005 WO

02/ 099790 PCTI US02/ 08828 VERTI CALLY- ORI ENTED SERVO TRACK WRI TER AND METHOD
Rel at ed Applications This appl i Relateddpplieations pri ority of United States

provi si onal a ?ﬁlm ne 1, 2001,

whi ch is her ePﬁJlé %@%ﬁaﬂ@r} gnﬁiéibom§ er eﬁgteaﬁegrlg&%c?a&? p;gchaﬁ? ﬁg\}ﬁé ion This

appl i cati HW@I@(%@ZZ}%M&MM 2Q91nulg¢hans hereidiiorpdrateddy referencenr e

particularly to a vertical nulti-disc servo track witer assenbly and

met hod for .recording servo patterns on 10 information storage discs.
Background of the Invention Di sEeldof thednepntioniat a st or age devices that

store digital i t d| sc drives
conprise one oﬁ%nﬁph&nm%%ﬁ%gh%tl o%ngt{co({rlsgdg% :Lg%gm?e}%p% yare coat ed
with a mayertieal mabi- @Smdpmla\mtem&mbmndmethhéfdnm@oxdingaemppmbhs onot or for
rotatign ﬁkﬁaﬁ%&%&&é&é gh speed. Information is stored on the discs in a
plurality o concentric circular tracks typically by an array of
transducers ("heads") nounted to a radial actuator for novenent of the
heads relative to the discs. gd, D% fof éfn@en cﬁratl on sequential data is
witten onto the disc track, operation the head senses

the data 20 pr]éwwVemtastpaledmtcesthatetoehctgltaidmmnagdettclfmms t he

i nformati f these
operat i ong&l sgtdﬁg lgl)égﬁgl?éed%‘%gw]#pﬁgm &n %%Eﬁ%@%%ﬁ%&n%&%ﬁ& stﬂa rel ative
t 0 t hdScentespated witthemegsiizabld qumud@ndmouﬁtsdmthe;hublﬁ‘adpm&smtomﬁorng WI thin a

desired t
pattern oftie sfy ARRERARNGAE AIRH:RAS hBPbIM, SREUDBRRIEIN Ll i aln
opt i num t renskatsgritsilagtracksitypiedlydry at pmdyrod traf8ucBes (headst)t h@mird tos raidiaf or mat i on

be 1 t t Kk
(" enbedded oagh EhARERn o e RRLRAEGL flihe As B A8 o B Shlohtie 1 1y ¢ e
di sc dri véata(s'vdéunem@u d@erh‘adt )tnddﬂagwt#bdawwbntbhébddepnsasmadm acturer uses
e prMloust P G he 4BELNRSnd e B FOAADELIR Bl V0L O2) LY
recor n a targe I'sc url ng e manu process of the disc
drive. 30cRéwementeipprtag towbath thhttsa epatitions ﬂmewmamndteﬁimdnapmnbmngsed on
devel opi N f9RLa AEERS f¥ Cufh S dBdER-ERBRRL 80 Ok BLLAG R BugRt @ ONtO
exi sting or

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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potential way of increasing data storage on a disc surface is to increase
the recordi ng density of the nmagnetizable nedium by increasing th Br SR 2005
density (i.e., the nunber of tracks per 1 WD 02/099790 PCTI US02/ 08828

mi | 1i met er ) WOORIPBAsed track density requires nore cl osRCRUHPEASBA, narrow
tracks and therefore enhanced accuracy in the recording of servo-patterns

onto the hdligRter)d hfLeabddrtfadle @ensityBdured M6re CREAsRAGCIURRfoW thRkkUnAesS t hat
servo-track recordl ngébe accompl i shed within the increased tol erances,

whi | e r entlieRfoTg hgaged agoupaey jnfae reeprding of seyerpatisrpsontorthe targst disg) SP"f“Pecor ded on

the mgnemmﬁsm&meéquﬁes&m %froﬁécﬁ@ec@ﬁdmg%e%%ﬁ lidne@GAthintet er (" STW)
assenbl y dUI’I the na%acture of the disc drive conventional STW

assenbly F&E‘?ﬂ? §° TANCGY WP femefRg FoptsEedive cs f ol | owi ng assenbl y of the
di sc dsive. |ngérid ﬁaﬁ&ﬁb%kﬂ%ﬁﬂym&&@ed@ﬁﬁi@ﬁaﬁéﬁ%ﬁdeﬁk&lﬁﬁ@?ﬁtﬁﬁ%& gisdby to a

di sc drive havin wg' re the noynted di scs on the disc pack

have not B&ER HF%W blydugipg the mnpfachiee of %@s@F\KFeQ@’ent ially uses

the dri vecsnv@mmmeszdmgsbmymm§ sérd PaféiR bfl the ARcd BAGWS, %Eﬁemlﬁ?‘ﬁf’tﬁe pattern
directly tp the nounted discs. An alternative nethod for servo pattern

recor di ng 3¢ Frive, da this esmbadiments the STW assemblyalipehe digrstly to-a dit dai¥e Byingec or di ng

t r ansducerdsc phick@dftthe tholintddeHes 6H 18 diSEFXPhABhbtVebh Rk oRBE WK séiy € di scs.
The dedlcated servo recordlng heads can be used to record servo

i nf or ndt i ®A%ER Themlyhessenbipllyisetthe diivnsiowapedivaitsheadytp seorthe requidiehsequent | y

| oaded i ntsgrvé bﬂteﬂi drectblf th VIR vhddbtell 8Res. 1AM altbriitve @fettol Sorls&9B fatfegivar d hi gher
track densit there is a demand for dedi cated STW assenblies that are

capabl e offCPEEGUHIE 2sena appapRehayesedicated seas trspifing it PYPEFIITEUSscs for
hi gh dens |f$r>fed$k<§1€g @vo \pESorn 6136 ¥ YriniddiscH! eﬂnm&e&ie&woa&%&m@ HeBds ofi ©

oriented in a _horizontal direction with the discs nounted 1 n a horizontal
pl ane. Su®RUFSd g oFmaione p munker of disgs sitpulianepyslpwhishatsne or nore

act uatigr iB¥BquRAN 184l@ o Mk diIP&SVelTbrARS Ciﬂﬁagmf% RPN a@higeCthcRr M Whi ch,
in turn, nmove in a horizontal plane along radi us of the magnetizable

medi um on desEysthareyis @ degpnddor degigpted §TW@ﬁ%ﬁslﬂmaﬁc&@%eﬁﬁe@¢9&wmave bot h

di scs and iR ltaBENEL y'%chﬁﬁlh?l@liﬁ&sq‘oflﬁgt?denﬁ@rdhsé(aﬂiléiﬂ pl ane about a
verti cal TWbearl ng ax] s so that a head at di stal, end of each actuator

arm noves i n aCpryeptiayakdedicgied 1T W @pssublies ges ogipfed i ghpggatal digection¥ith oni ngs of

the prior g disch Blolf@ind!Hodzddtal f1ahe Gush WARHSETPW Bembhsd i@y uikze al i gnment
errors _and inperfections i n t he recordi ng systemresulting fromthe

hor i zA%t alone B IPYIA Ae1H41Qs AR haypg ene oranqys Weansduciry of bradsayeach &M Whidhsn 55 wel |

as the f'%%@vsﬁh‘ﬁ&&ﬂ%ﬂﬂ&e aloﬁ?ﬁ‘ﬂﬁﬁﬁs bide ﬁqbgleﬁﬁblé%ea{m dnf‘lﬁe heads to the
actuator arns. Specificall discs are fornmed froma relatively

stiff net zﬂlscf@baé i @ﬂnver%tmaldptkeaéedaﬁrwwﬁ%bq%@%gnwma&s@m%sa FFe ing 30
i nduced V\%ﬂidﬁ%l plRAY dbbfttalaFtlcd SR Beirih P B PisliRd a REIGHAEISARAGS &kh t he di scs.

Even m ni scul e
actuator arm moves in a horizontal path across the disc surface.

25 Shortcomings 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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anounts of gravity-induced disc warpage can |l ead to unacceptable
servo-witing errors, particularly in light of the higher track deddt S8 2005
dermanded by current disc drive users. Accordingly, inprovenents in servo
pattern rec¥P8¥9§ccuracy are required by dedicated POWEHHHS i es as

wel |l as inprovenents in the time it takes to manufacture discs 2 2 0 SEP

2005 WO OR4vZHO&pplptiate/sidvd s 8 Thewreddst ihiatiGREABEkadbRH&EH Was 8At tern. The
[ lution tg this and other problens, and

present inyentiqgn provigdes a s
of fers ot ﬂé?rpé?ﬁﬁ?{ﬁr&é?g&f’g}“i“g(émbchBYerQPtpmr%mry of the Invention 5 The

present invention relates to a vertically-oriented servo track witer

assenbly for recording servo Eattern I nformation on a disc for use within

a disc drive. In accordance 9 of the present invention,

the sepvo tr ackneWkdsé® invefof @&ibdto lﬁ@@rti@all?@yh&ﬁé@semQra@i@ﬁﬁ!@pish’eni‘di'ffoi"di ng a

hub supporti nggtshe disc.,ipn a substantially  vertical plane for rotation at
1

a predet ef$IPLHEg sfie Rattemntornation gy 2 dis foppieyvithing diweliven E- bl ock 10 and a
notor for rot ahiaf@rdahe WEthHUne eXbeidasH: ofths presehAiltdnfbr, YheiOivb BRI vAte X1 S

whi ch, in turn, rotateipan actuator, armand a flexure in a suybstantially
vertical PRy ha aspingls bub asserahin gickiding @ hubssuppritinede dise 15 agpbsteatialing of t he
flexure sQetibdblahd1®r R MRAMBSelefinifed oS Ad RithAb a¥seMBlylihdi@les arPE-B138k al ONY @

surfagg of the disc to rtcorlg t he servo pattern information on the disc

surfa BRIpT 9T fofating ek b @ sstpntiplly herizoptal axis phichs U, pl ural ity
of discs sdiaéde@dcitod R and B 1Sk id a Buldtabtialy B Yland M sdriireberBih ORdad

preferably includes_a plurality of actuator arns and attached flexures to

provi de sisfuriea dbrdistalend pithe Jexyre sodhal Be beadmeqves ingmabstratislyyenisaleach of

the verti gRhd Moy d BARRMT the AES to Rl HEEAR Jaktdd knii¥iatié orPihe E8DRERY al SO
include a platform and a, slide_pechani sm coupli ngﬁé e actuator assenbly

. he
to the pl atforHesevarpdiiterasteply mgfrabhe siopers anhualiy pfdiscs packed apdiey

bet weas  asfihdishubesekdbly hdWEE Biobk bldRraBRLikAIRE a AR DR SAERorand i@ di scs for
witing servo pattern information, and second posjtion wherein the

a
pl ural i ty 2chedflexpras Qproyidesinaiangoys posfing oksgrye sattern farmpionopgachioft y of

di scs. ThereRefieARtorichté@MibdsO Thé fvortasiowhRr ASRhyRE A6 iasud Jppithad Of
recordi ng servo pattern information on a in a vertically-oriented

d
servo t r aéhd ilide gechgaisw,epynling mﬁé%at?msewb%m%ﬁg platermygeadloy faerali eps of

posi ti oni Rhvétiht F BE acidioR assbiRBl &b d HsthBEiliGOMAdiA e AEthAsHaREs &.%Aged! e hub
25 assenbly and act,ivating the spindle hub assenbly to rotate the disc in
a sub@fanthesiiscsfog wrtingservo natierp informations fdearsecopd positipa whetein the psrliygfan

E- bl ock ofictadiordehi/at MerASIHRBd Kod BRMurdity Stddzt. antial Iy horizontal axis to
rotate an actuator arm and an attached ft%exure al ong an arcuate path in a

subst anti al | y TRsmgsegiinvgptioncanglsoledmplepenied 3saapethod of preording servapatiem, o

recor di ng ifpeaftibiSon 4 i8S In § veSIGbriblRed RABHACISRHANLasRALLE Whert Fe Ml ON ON
the surface_ of the vertically-orjented ) ) ] .
includes the steps of positioning the disc on a substantially horizontally-oriented 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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30 disc. The present invention can further be inplenmented as a serﬁok, téi%c5
writer assenbly having neans for noving a servo recording head in EP™ 2003
substantiall& vertical plane to record servo pattern information on a
surface of WO4¥¥C™hile rotating the disc in a substantPGIPSP2/0882 ¢ i cal
orientation. The servo track witer assenbly may al so i nclude neans for 3

2 SEP 2005inited2isBO8dRdingsshid fafeh @888t oAl graaiag usdives &G A Servo

attern information,.on a plurality of discs rotating in a ubstanti al |
5ert i cal 8‘?118{8?3%1?' VgHeal Pﬂe“gaﬁlﬂn'a“é’%?’iei&@&e‘i%@&%ﬁtﬂ}e e tr%@‘r‘ﬁ’/‘?)te‘t rack wri tgr
assenbl y sehbiglerludeanams oo saeliegf ingalivg HOdReigagngMe pRiSityGagdveg t he
plurality_of serv re rqi ng hg&ds.fro thegagl urality of discs while the
verticall §}q°85dfl’§rl?ﬁ@aﬁ81”§€%p%a ty opfisgswhie the verfeally-ozippied disss gtedoBiter £ eat ur es
as wel Bt afs ad\rmts@@g;vawus' ?mteﬁﬁm@@f lzlisﬁﬂ;dll?ae ac}jvlﬁttitagblﬁ e%@gtcharww?aihe?feség&tll be
apparent froma . ing o e oW n et al escription and a review
01I‘O IOt he as %@%@ﬂﬁg‘? @Rﬁrﬁ@ts&mﬁ ﬁegﬁngﬂ\g}ﬁig%qu%dﬁle@ ﬁ@cmrt@%%%remwm G 1lis
a top pl aof e essosiftedodratiiags. dri ve assenbly manufactured using an enbodi nent

of the present invention. FIG 2 is a top view of a vertically oriented
servo-track witer illustrating an actuator assenbly and a spindl e notor

rotatably supporting a pl urBliefTyeséiptioflof tHeDrawinek i ented di scs in
accordance w th_an, enbodi nent of ,tH .present 1nvention, 15 FIG, 3 is a

o Spadt ve vi B bis SRSPRALTRY cE} F5F G apany M LB eaneBoOFRO. w |t er
shown in bfe prsdnt intigkie@t i ng the actuator assenbly and the spindl e notor
in a disc |oa nl pad osiftion, FIG 4 is a perspective, view of the

act uat or asseglé)[éy£ B8 194 %"W 2%%@%553)‘1???9 S?W‘?J'P%iiwer ifgstrgtingtan ASfPF or i ent ed
di scs on assefblpdhda sPRIdRmEMIoRBEN REpYrting/a BRufilify dfverislydekRed@iR@in has 20
been renoved for @é}gosgs ,of cl%i t%/q' FIG, 5is a flow di agram showi ng the
steps for a?’/&"fdta?ct’?d‘g Ggbodiment of thg preprntfoxentign. . yertical ly-oriented -
servo-ir ack wrFIGes isi afpeﬁp‘ébﬁ?éliﬁgﬁ of fhé vétiallp bﬂnﬁgmﬁmgia@&@\ioﬂwak vs@ifter]E he g
e WA R R ety S et 4 PRGOS, n
FIG 1. Thesiiinsc drive 100 includes a base 102 to which various

conmponent s of e disc drive are_nounted. A top.cover 104, shown partially
cut away, codpCrAlsederpctve Hew phibe actesor pssembly of FIG-i2angasing the Rlualityg

envi r onnerf vériiyally eentbd Sfscsin A/PindRGndtdt hub assembly, wherein the spindle motor has

20  been removed for purposes of clarity.

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
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30 a conventional manner. The conponents include a spindle notor 106 which
rotates one or nore discs 108 at a constant high speed. Informatiochfi SEP 2005
witten to and read fromtracks, as illustrated by broken |ine 109, on

the di scs 1W8'MPBlgh the use of an actuator assenbly 1BEX/USOPRS r ot at es
about a bearing shaft assenbly 112 positioned adjacent the discs 108. The

act uat or dixseto8] with dd? or AR Sredil 18 diteddihg ftord kachQf thdtacthatar difs 144 whi ch

extend towards,t 4 0.S 005 02/ 099790 . PCTI US02/ 08828 ,di scs 108,

with one O“H%?iétqg‘? %‘ﬁ%'reé‘g 05'58 W@ﬁ?ﬁﬂ%@%ﬁ@gﬂ%ww arms 114.

Mount ed  atslideh hoflitdiva) enablehg@lie Heh®118 16 Ay irfdiosd poxinSitylBeRGhd deBreMfohdifig i NCl udes

an air beari ng ftﬁl | der, édgigt ﬁgown) enabling the head 118 to fly in close
8l (R s s d

proxi m'tys_ 696 _ ing surface of the associated disc 108. 5
Radi al 5posi t i ORad¥ p6ditidniigy oT@RMSads 188 isSomtRNEd @ldugdiht hiefdRolcboiliEconf a

voi ce coill 0 120, .whi.ch typically .includes a coi 22 atfached to the
act uat or &%@D@MM?&Y m\{;\i@d%eﬁ qoli 122 sippetedss &%9t@t$éfﬁ?ﬁh@dﬁﬂ=ﬁa&ﬁﬁe%°@z4,

whi ch lelst a&binbfb{p_eﬂndii&ﬂ m@nfas faaeweich éhtdbh%ﬂhhnéghi&ic?;izd in Whichithe coilTPEBissed. The
controlled a tion cur.rent to the coil, causes a, nagnetic

i nteracti We'gféif \?\@@ﬁm’cﬁf‘? e‘b‘ﬂ“ﬂ’h’%ﬁ’ﬂ@‘ﬁ?}%&ﬁ& e qoil122 Gapspy AsmaggFtic 15!%‘2“’%@ t hat
the coi |l 1e@esniepermanehfmageRnIanEahdoil122 Bethivehd coln@Mmolanent

rel ati gnshi coi |l 122 noves, the actuator__ assenbly 110 pivots

.. As t, \
about Pnhe pEHansegH ¥ § Yelhknogmorenizrolatignship. nas 1e sRik122 peovas dieaglyeey to  nove

across t hessublyatesivek abduethd beking #08& asMAYETED indthéhdR@S 18l ai@d &f t he
heads 118 over the disc su‘ré{l%&e relies upon pre- recorded servo

i nf or mat i GIPVEACrosSdasurtanes ¢ 584% he di sc. Servo pattern provides 15

i nformation t hRfoveRME ild REitibify sfakH RhdsND8 bbedr eRYisekurktdie rdienedn pihi ch
i nformati on I&%% then _conparegd to the desjred gead ositiaon, allow ng for
appr opr i atfgeouted;seryesnfogm ns°én5terVP(Qa‘itF6‘%/é’nt¢Fe‘ilsch &Y PAte IERASHi ngl y. There

are tws t \gfesnafibn her specifatiiearadialGREmiloy thy feds, whichGhéeidtioR Bdhen di SC drives:
dedi cated servo,,  i.e dedi cated _disc_or servo di scFﬁL@ed excl usjvely for

servo i nf8PR&Ee t8the dsﬁerﬂéﬁmcal@an@@?‘%s for appropriate,siggals 1y RS SERLEQ BAVEBYul ar | y

| nt er spacedadaN1Baddb@mgh0 THRE bR tRo Hpabikald sitkRGoRmBhlytsddindavidionggul arl y
readi ng servo _pattg?ec{jn to control jts position., As wl| _bcf clear fromthe

di scussi offiselEYest dedicsied serupqife p dedjssied disc giieryg disgppederclusiyelnior $5¢%r ded

onto a t angBtm#bS Gndl &hmdécfb@rvﬁ,ﬁtel] Q&lso ﬁ:fdim@tﬂﬂ&é@_l#@ iérspdo& dalahRNt
i nventjon. The pé(fé nt, i nvention prqvides, K a dedi cated, vertically
ori ent®d, VHhsTergticed Lllowing g disp fragkys regplaryapadingsqyp pategy tocmirol e prstiion.

posi ti oni ngs villWe BleMEFSRNhe BlscuB 86 @atiTEIWsCdither R Serddipaties canbe B60T¥A pattern
recording on a dis¢ as V\ﬁ‘g s.a nmethod faor recording, servo pattern to a
di sc. FI GSutoRtargptdisqapipg the me ud appaggtussthe PERSeRt HVEEO8r dance with one

enbodi ment of trheprbyeRiSAivihtion provides a dedicated, vertically oriented, multi-disc servo 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.



i nvention. The vertically-oriented STW 200 includes an actuator assenbly

202 for providing rotating servo recording heads 204 (see FIG 22)8 SEP 2[][]5
necessary f& m cording servo pattern onto a target disc 108; a spindle
mot or hub a¥28HB¥P{°206 for vertically posi tioning one oPCHEROY088% ¢ ar get

di scs 108 onto_which the servo pattern is to be recorded; a vacuum chuck
208 for ri gi dFis. 3 8batratesghat the eawlemtbdlsmyerm‘ltgrzmﬂtsmpomastésmmtmliy posi tion

e

angul ar di spl acenent an u ronin di ng
heads 204 resfstaptio nmcmaﬁ%ﬁ‘ommmmm Dﬁxoﬁmdsmmfaawawgmnne sleicarotieng. 5 2 0

SEP 2005 0 02L0A200; RETIAP02! 83280 G ohmbdbhSbf L €5y IRL rh e entire

mul ti-disc servo wit SIts onasu l'ifobi Te and
hor i zoAt alettyaterasiembly?82 igxlomndctsd in the plodism 212 Zxa aFhide rpécharhsm 214fbPlatesal

subst ant i Eﬁ{olvéfmenliﬁéhﬁ&c%‘%b&WYﬁg‘B%ﬁwﬁ) er| aFW exggerggl!_;c |r ons and is

preferably a grani or ot aV|ng su Elent si ze
t o suppor Positien 218 @Q@ﬁmﬂnmgandmnﬂdﬂémsthﬂmazo y:TH cﬁscmseiuatgmateawahbl y 202

o voonn ettt ant Sl AbGOME skanlfs uabile FEALARRINGMY {8hal 2! ©1 °!

nmovenent (as in y arrow orm PetEen a servo
r ecor di ng moyesbiytseomedto thepiptform @l c | oadi ng and un-1 oadi ng position 220, as

and Vet chuCPHEE3b Bliafi v, pthllor BRI T RYRT, M BRRRT" Y 20°
plhatfor md|ZQQ of the STHh200zrg/b d:clovqmqaﬂyomntedsm theiﬂarahtytuﬁdtswloasemrle‘dltq 202 agd
the spin gg@l y oriente
Thus, the ﬂ%lsgfﬁ e?&tﬁt? %Y% ?Lgéénsegﬂ §ﬁ€dqgla eeto 91% %ﬁégn#l assenbl y 206
are verti delidved qbaghet aubstamaﬂxevmqalmemammé thel dgsic§ m&mﬁﬂ@¢s the adcsracybf| | eved

that the suahARhd tkt ¥ Gl B eaclol BB URN WM B0, Ut SfiFurkdTh LRLOVES the

accuracy o servo pa en 10 éac 3cs by the
STW 206, dstaidk¢lowi Pigulaily ﬂgﬂearafer as§dnbiie2Qiinchisies anE-biscin232dmbing aplneahgct uat or

nbl I E t
335571 2, BB R PRGNl 22 BBl o Gl B O, 21T
pl anes r elptanéswelative to the ppitfatmh 212mEadiPactizme irmed2d idwies areror btk ﬂemmieumﬁs one or

nore fl ex t u

correspon {’lﬁ%c%%%dm?a? e se%%lgt\?? Lrﬁﬂgl‘l ﬁ'&a%f’%dmggﬁ gff‘%eS%%/Ver @5 ea%s

ori entati @4 oThet\deélcalwmtmnoéthmctﬁadraammﬂla&wmmmthmcmmufmey of the 20
sServo [ below. FIG 3 illustrates the STW 200
T Ut oahPdnRhEEsEa AR SRRRLIREY,

ére the actuator assenbly 202 has been
moved away fr ofiG B\dlusqgatwsdheSTl\M@OQwhmmeﬂ@ﬂpvmmrtm vgierediee actueohani sm 214.

e sonbry” Sohb 207 asHofiilofh 0P MG RN RS ARPREUN e SRE T © Do

assenbl y start $erfed enbodi ment
of the i nwenbanim 2125 this psmlcmdaSamdmmmaybewmt0|spmﬁbmeb a detachabl e

spindle h Lépseglgﬁl 2()%: {océtax’czﬁle ?e?votva%}ngtpt%%ess. 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

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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hub 228 and the stack of discs 108 nmay be detached froma spindle notor

(not shown in FIG 4) to ease the process of |oading and unl oadi Ad} t3f 2005
discs 108 fromthe spindle hub 228. However, it is noted that the present

i nvention i YO nited to the use of a detachabl e spi HeHES02pRg 228, 30
Once the discs 108 have been | oaded on the spindle hub assenbly 206 with a
pr edet er miae theig aprrdapindbigmeatd 201§ well B%n it 16 afliaomb 2B MG $ECUred to the
spi ndl e hub sengg%nZOG. by nmeans of a clanp ring 230 (FIG 3). The

act uator B8 y5e JURtain PEGRET SSPALFHOR RE dq 20d &9 that the s t he

Bsaebl Y 200 T et he e e s 224 end
assenbl y 20, i]e flexuyres on _each 0O e actuator, arns en
to 6 20 %Pfeﬁm{%a@%ﬁ'wg'ﬁﬁﬁéﬁ'?%g%g%% e ¢95eh P32@mferedpondi ng
hea(cjist 304 rr@(tasi t6genRt itk E\WBuktr dsébﬁlbﬁ[)ﬁo% a@sheﬂgiﬁl ﬁ§.24 gﬂal agsg l‘i&éepﬁrtﬁtﬁ tlEér tel;]er ably
used to | roper..separafion between the heads SO tha e

act uat or nﬁ&%@ 2%%5‘“%‘61? l?;i?fcfg’fcﬁ 8} tii? ﬁ?’?‘u?ﬁ 3&{ Qe the actagioragseabiA92ds senbl y 206
may ner ge lovkédiatsthe sefolvirRing ip6eitidn 218 83 BatithdIRhANDOD alcPBsiiRE itRRAdnaRgs t he

di scs 108, The ﬂ%o% 232d#prﬁ{§er ab(lr%tsz noves together with the actuator
assenbl y 2Byegheiipantdiscs-108, thy comhy232.5 rotafed awayfiem the H-plack 32 dealloyn 4

agai nst t fie Hehdd 204 @' shgaglftheiltespbdtiox HiE@Ss Zrebult SPMbidsTEre@pioviaédby RS senbl y 202
is Iq kegl i ntQ thsﬁservo W{lltlgegéigosmlon 218 so that the heads 204 are

posi t i }dnedlSHes A Pheovgspthe hesds nptaaks ghysical ponfgetath thedsta regignsnh 232
IS rotat eghepebpedtivoOdist fiefabesbRAGY taas’piﬁcnblﬁllblgswmbltfvms hesgiated dsphPmengage

their respectjve di s&s as a result of the bias rorce provjided by the 10

flexures 3588 108at apygdatamined gaiqprionto dysnsagiye tscomp Re2. i dsraibed thomedha with

the data r@gioaflSndion of b8 discy 18 RExetated Svireh 53 Gha' the hauis 304 fRR QL bedrig 115 Pi Ndl €
I scs 108 at, a predeterm ned

hub assenbl 06 | s actjvated to spin the d i

rate prio e%/?fzaﬂ?“%](i‘h‘"(j’&@f’tﬂf@ tﬁ‘%‘gs%&}%ez@? aipbearfag equises hebign fatce ppplied

r ot at i1@nalpy m&tﬂeﬁﬂeﬁ%tah@fnd'teﬁﬁ&em&lﬂﬁ@é@o@ﬁn‘éﬁ Bislths Qisé Ridfacdshe heads 204
ride an air bearing in leu of actually contacting the disc surface. This

air bearing cotftedhscorhe3pistemevs s thaifhi heads 204 Yraerged with&heiro26 and

protects t&Bectived@ibds 2 08RENS Whifing fdalsAapPIibdtdiBe Hiads 20445 bagGLthe pfdde® the conb
232 is rempved so that the heads 204 are fully engg)?ed wth tphe|r

respect i vO (pradiag thegerve ppttesn. ipyring Hig recpifingipeocgiscthe Bblqck 423 is retpted shotlds 204
to begin GheriRNAEBESy DhotoPERALIARG aisBEbIS RitkR tRAchuBloPassiibly 28 ol r ecor di ng

process, the E:-block 222 js rotated _about , a horizontal axis by a notor

and beXri i h&%@é%wvwﬂ%w%é%taéwaf o theiiresnseiivg disel 08 TPWM%B %fhe heads

204 nove nidieads!204 adeRifintd 18, thdiladed GiferRfonielte 210 WIRSDERzEifteHieMm8rid 08. The
position of the heads 204 is t%Ieterm ned by the laser interferoneter 210
whi ch ut i If§ehRigues i ok oy praent Y e’f@ém‘i’r&gﬁl&&%awae}é thoiisHermest 2khe heads

al ong t he selids Bosititlisiphals BAME té ERitrbIthESPeRli GBI acthbidr asS@AUIP 20208 i@ fheSi gnal s
back to control ;the operation of the actuator assenbly 202 and thus the
radial position of the heads 204.
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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radi al position of the heads 204. 25 Upon conpletion of the servo witing
process, the E-block 222 is rotated back to position the heads 2028 SEP 2005
adj acent an_oquter circunference of the discs 108, while the conb 232 is
rotated i nt BOYMPREt with the flexures 226 to di sengageP€TESONEsEBs 204 from
the discs 108. The actuator assenbly 202 is then noved laterally away
fromthe 204 onid thedists HSsewbll 3 REifg the servdneritingpudcasslitefl Fuddistash@nwRil) so t hat

Femoved T E5eorh 2578 Seplidbnd B 20 5o B B pRREY Ot G B RERBES 17T re
di sc dri veon!9Z82 typienlly gortactscthe Hexiures 224 father thdn théragile hewds 204 lacsatibhy 202
S noe. t ne CPial HYERRCBRES, Do M ey isenied SRUA it e 8 B s 0.

since the Torce of gravi
This i § i meptendint publdheheddsr20d gowivenrd baali thg levalchfitel indiditmg cahb irheoriggds 7 1

0 SEP 200 7 ! 02/ 08 204 opto the.di 1 s well as
during thghese g%ét%%?td?gﬁfg%%ggénﬁogé%fbg Negh £Ie ﬁ%ﬂ%&‘éﬁf@ai ‘ggeﬁﬁ% comb 232
acts to s&ffprior & thediséngagimedf thercomb 2320frdnn the lflenntésBI6pThie dagerist i s not ed

that the . Lcal L.y contacts the flexures 226 rather n the
fragile hgﬁoﬁi&ﬁgﬁ% Ic%%eg’k %geng%é n gmoeélﬁl esft"%‘fF Og% Vl?%?%ﬁ?f“ﬁ?tﬂ“@@é’fés%us, with
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t her eblé cP%gwﬁgéngloggﬁegé’fceé)g grmggﬂ\‘/’eesrtfoé%{ftgé’ﬁﬂéhcetheﬁcfé‘tzaé?ﬂgf Qe ng head
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fl exures i nger is. .avaoi.ded.in the current Jjnvent,. since the
force of 5%27\7 Péqgoﬁ}ééej%a%o etyglﬁﬂ%'tp(gmg%ﬂefi a‘i}ﬁcgn%et%iuréﬁ%’tj 3 °t‘?‘|‘3%3%1€r ection of
t he di scsothéduaiftof diedbidy aregasitiongd bdjacestarbotionmsirfacaof (diec Fosthodeiteadsi ng t he 10
present i i force of gravit oes, not, tend ] the heads
204 eit hew O\Ekfg&r)%jogr&g%\]f\% ecﬁﬁo‘%ﬁ"?’ﬁ@el fPrc¥8 %Vi%}%he e&‘még? ?‘@é}a%heé in the
pri or lart 204Tisavmbiged with the preload forde gEheyatairbyeing fioture 326)/wHila lfdr tinfse hdads heads are
typically |t adj acent t surface.of a dis ile.the other
hal f of tﬁgsg)tﬁoélgdd qu‘?gw% ?P?"lp%en(gﬁs g‘(%jfgﬁee ERyITR Aty Wgtﬁyﬁl\é\f@ 26P™8 disc. For
t hose headbis dizhstoiny caemteateftiecmatidue it the prejoad foroe dordhesdiffereiittheads vithin thd gravity
on the fl e, .226 .and, th ead 15 204 i s.L£aqnbine Lth th .el oad force
gener at edggy‘fvﬁéh \%F % Slryéea%g RIPTE F B’rd“i t’f@g’glghteé?gg‘%ﬁ%s‘ﬁv ﬁg‘ﬁ‘éﬁc bel ow
t hei r respefice.VWhile the preldaé forerpeevidedl by theiexute Beypicaily aucisgredtérehanrtied oad
force.,, This,di.choto o reat.e fluctuations in t.h | pad force for
the. 2Pt oV eRRE YIRS i fhof it UgF R PR PoAPen iy ey etaRor
di scr epanbeadsiuring thi eervd Witidgairapads caolead th errbre &idthe seevo galterndi sc sur f ace.
Whi l e the prelpad.f.orc ovi ded.. by, t he fl exu | s.typicall ch greater
Uhan o 20 weltgreigh & b BYecdeae B s ia el i, P Bip g vedondy
di scr epanoii@sation of the adthajorlasseghly 202 (ilel) the niveadert uf the gotidie afey224d, e i ti ng
process c %Qxdreesaz(% Iégd L h G204 % ngcsa? Ir)l\éx?e),qﬁet stugsrtyﬁtially vertical orientation of the

25  discs 108 on the spindle hub assembly 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

N

—

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



In addition to the above-described benefits rel ating to t he substantiall
vertical orientation of the actuator assenbly 202 (i.e., the ﬁD\ZEH‘BSEPO%U&
the actuator arns 224, the flexures 226 and the heads 204 in a vertical
plane), theVQUHMMAtially vertical orientation of the 2BCHVS¥e8208 on t he
spi ndl e hub assenbly 206 al so provi des benefits over prior art
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fromarelatlvel stiff maerlal such s al um nu t he dlgf:&dsare
|

nonet hel e$¥° %‘5’1 °]id8n°§r’”é Nakas & BIPSTEE IMYsARer i shogmyy ong the
outer ci r]g:mp‘eﬁnanm ode dr AiRdreldiss 308 &1&&@@htohaﬁg?&mngonwm piAdRikes Ul e
amounts o e.c t 0, unacce e, servo-witing errors,
parti cul aﬁﬁs?g‘!?lﬁg?él\%ﬁg%gfcht‘ﬁs@ ?@ﬁ a]?séaélﬁalg' gc?llpé@euﬁ{qpfﬂ?@ﬂ‘ with the
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pul | the Qperatign, ﬁsf DI 20 15 movesdptopest °ndP1&H\?t°Ti}?&Emd]FI1?E verti cal
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flow art of ste i nv ﬁsln re ordi ng servo pattern to a target

i sc flr & eﬁwtﬁtheal BociiVT Gacsiiie. et BRHE Vel ota eiah AFEURALIES of t ho
present l@memaslpﬁbeﬂ&@b@mmameﬁlsm fom bile DBMEATH Sbriof) 508) AR aBfuathPr € di sCs
108 are | oade 2%“ gﬁ” zontally ori entpgﬁ}cxlql3 |n l e hub _assenbly 206 so
t hat each28P8eY gy&s tupigr ams ipcYertice 9V dhersufages pf thg,discs 1fi8.oper at i on
]{3 502, theuchpi ﬂyhlo&uhglhl m&?mﬂaua&t@d toa p’%g)gﬁlalteﬁd of ?c]i E@Etﬁé &ntatwnba{lmss gg , 108

or servo n_o era on an actyat or,_assenbly S
moved i nt 85{)%’8Ptﬁv¥{9ﬂz?r§‘g§?qe ahgn 2, ﬁlﬁﬂ"%adﬁa%‘ agy. by knepn gego-

ser vo-i5r agkolWiritbd drguitrWew e @eﬁ@ﬁat@ﬁtdd%ﬁdhrofﬁﬁmﬁ%ﬁc&ﬁﬂ alRehdddRsisa
plurality f actu%tor g?ms 224 oriented for rTE,erren |n a ubstantially

vertical  plehkeewn if prsFrtion B, the aptpaion gesembly 20 aoyes thebe Wét ed at a
di stal endw@ffr&@qﬁ disks ZUZQS@EEAJW@{anﬁg’t%E-%%kQ P? upéh eBiEREa Wrdalithhthei 1
|

respectlve scs 108, such t he renpval a conb 232 mhlch was

pr evi ousl| %e&@aerpetmléﬁam%@??rﬁ@ frondis%0 A5 PR RRtiemi2n e comb2per at i on

508, the afayYeineiged RRE SRRLMatGEmOPMES fbNLes226 bAhOSctikdFBssembly 20810t | Ccal
pl anetzgver the surfaces of the discs 108, such as béprot ating an E-bl ock

222 atlacResyent theheads 304 fom coniprting oneupthest In epsration Sidy the acfpaier asmblyanout a

hori zont ahopgeRY&d awasv ffbﬁﬁth@&ﬂni&l'e %steﬁbg 206 &08ow ¥k syenb @Gt BSldiRg known
servo 15 track witer cuitry Ite servqg pattern on each of the disc

surfaces P8 °’Pr§WﬁB‘Pd]Fﬁ‘Ilgaﬁs§nbl¥\é?q I'P(PR‘?W‘FWﬁIG(’WédeF%losII?rV‘B%)%‘W&Yl on 512, the

act uat or agsRBDievodfiRerBMGEMEVRE FORARSspRATR huB Wa¥mblYy 206 dnd@péraly 204 (such
as by rotating, the E-hl ock 222) upon receiving a signal that the

ser vo- pat thsaHed 8 adadrgd W0 or the disc or discs. As part of operation 512,
the cagb 232 mmﬁarynmma&mtek BSerfsly (48dhs 200)T8r récidifY seioPstidres 226 of

the act uat‘.m(%cr’nn%agne&b al Xxsc (such as 108) in accordance with an exe;

mplary 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



20 prevent the heads 204 from contacting one another. In operation 514,
the actuator assenbly 202 is noved away fromthe spindle hub asser%ﬂySEi%Zﬂ[]S
to allow for easy renoval of the discs 108 fromthe spindle hub assenbly
206. 1 n opeMR81"M16, the discs 108 having newy recoPEBESI3EI® pattern
are renoved fromthe spindle hub assenbly 206 and optionally installed in
a disc driveicdl@Bme 2bng &h BeuADa adjdcetd stefadel X eHe V¥ i(SuBl as VBRI RS YrdBICh as
200) for recordjng servp pattern inforpation on a disc (such as 108) in
accor danc &P PH*HH “té’k‘é‘?ﬁﬂné’Péh%ﬁsé Fufacee tg?ﬁ?&’d‘il‘#é‘g sseigbly(fieh #5208k nt

i nvent i on rétaiss the 8i9é (30dlrash08) 288 SR Blthator(a84emBlyds1cR 85102) Redtdsdhd WoRchub (such
as 228) %upﬁ%{@??g the disc (such as 108) in a substantially verti cal

pl ane and e ‘for rotating the hub and the attached disc at a

B Bl ok (S By e Gk an

- bl oc s nd a mofor for rotatin e E- bl ock about a
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subs i al. . vertical plane
al onga@n 8?8%??‘85%311 aaaf"g'cgﬂﬁm@émnﬁa fhe $5Fvortek writsE asserpbly (Such 28389) ¢ o
record t halso &eludes Niitfcemsuch bOTINPAdHaIMg @ Bubshttidlly herisoutl AeRcAmdkBdespi ndl e
hub assenbl lgﬁ?-[siuc S %&S) r.ot at es tﬁe di sc (such as 108) and the
act uat or é‘é‘% Hiqs?cgl?é §°%E§%F6?t%ﬁt‘€§ss?ﬁgly|§uﬁm #1302) todhpatlatipgmanoh 5 |
preferred aepipye dmRatIseRl mbvtenehiBf Gtakt@stor dserbBAENA ab 20 kioWg nber assenmbly

di scs (such as 108) stacked on the

(such as 00) .i.pclydes a plurality of di (

spi ndl e h§ S&%@%&&’PQZ@%EWP%@GWQF figsh position whewsinghgactuatns gmedsush 29 | nc| udes
a plural i Re4)ehgae theatieh (sasH e 20HUsH witihg 340 paAB8Al inBihaAieh 68lthk WRXYLES (such as
226), where e(?ch,fle ure incl u?es a servo recordlzrr)f? head (such _as 204) to

provi de siStROPY BAFEBT S esidheip g liof actiatns amas(Bush As 42490 o dtetpllyrspensd Bamn
vertical | yhelfurglity 8 diSsd (Shck fs 209} CAvartun Bthkk (shéh BE0Qh4ayRtlsflin bie Servo

track wite ssenbly (such as 200).. also includes a platform (such as

212) defiff el iy sefouns thepeiugtorassembbiisuah 28 202) ithe Hishpositiop fgerverechani sm
(such as 2iddm Gt 1A fclRr @RBodRLR! of USRS Ynveftitna émbX@ich of 232)he pl atform

(such _as 212 o allow_|atergl npovenent of the actuator assenbly (such as
202) nﬁnﬁaﬁ%ﬁ depirlies SPTgesiBER SAOLP AR BB REBYPOR adifqert sefiBsi t i on

wher ei Nt heofigtRhd (sih 852045 Whéh tBSactubfr 234b1P RUSDR 208)8s B thescdmUch as 204)
for witing . servg iElattern information on the discs, .and a second position

wher ei n t PEsifon, plthopgh the corgb ¢spchyas 232) isrgmpeed diomgontact Withtheplprglityiof| | y spaced

from the flkutd(shdhis 236)dh&abe {cfiidfoP asBémbAPGhoh a8 20HGHHBVRMDK fifSpsstiodS 208)

may be used in_one X ) )
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
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enbodi nent to secure the actuator assenbly (such as 202) in the fi r?t8
position for servo pattern witing. In a further enbodi nent of the SEP 2005
present invention, a conb (such as 232) 20 engages the plurality of

flexures (sWOHY¥479926) to maintain separation between aB§HEBH882ervo

recordi ng heads (such as 204) when the actuator assenbly (such as 202) is

in the seemhsf theftexiei(swoh asd26)1d ueord s86v0 GatRn infomitiodn 2Rhrfhc of @8DVed from

contact wit he .pl.urali of | exures (such as 226) once the actuator
assenbl y (?ﬁ%@yﬁg&fﬁé&ﬁ 'ch&?g'to the first position. In another
exerrplj_ary pr ef ryetecfushd ext flﬂm@ﬁpl@l_ferrfhﬁ mwdm- ftﬁd‘pt@ﬁﬁtimri%%)’ﬁ% awd of 25
recording,servg pattern info ion gn a disc (such as .in a
vertical l a‘g(r‘?'létﬁtfaé%?mg’ r(@lgﬂafé(g’gtor\mcp{%gﬁg S%%E%}“}m%%%ﬁnaga%ﬁssu?brﬁ?l udes
t hg step. alezf)mtc#msg Do rledormjeh& @m&m zp@g?dinﬁaag f&mhnlg?&e oD hon a206)
substantial ly. horizontal Ly-oriente i ndl e _hub ass such as :
The met hoﬁecf’é'}"tg%&?dzé)% Iaﬁé[é’% ‘ﬁarfélgﬁ‘i‘né‘ﬁﬁf‘éeﬂlfﬁl p&?"i‘ﬂf?ﬁ“@? %8t i ng t he
spL ndl e hiﬁ'fomﬁami_ a’sulrt(lé‘eluﬂ‘me@i’sz\??a) asEOSYvﬂiiﬁﬁﬁgiioﬂthéﬁiéﬁ:ﬁnﬁﬁﬁlgfgx)l@ﬂylfmé ina
substantial L.y vertical . pl ane; rther step such as' i ncl udes
pi vot i ng X?A‘é-l BReRatiops e B@f%‘é?nu%’ﬂ%@a'@tsﬁ%{? Hﬁé‘%%éfrﬁﬁw bEch ags  202)
about a spb0yisMidesinbans FulsinalBdeahslpreldidib©scvipatién ﬁﬁorﬁﬁﬁbl?&r&fpl@ﬁﬁ%@ﬁ uch as
224) 3 d gn_attached flex e@rgtis ch as, 226) extending fromthe E-block
(such gs %ﬁ"?)m"éf‘?ﬁf@ aéﬁ"%ﬁ%&t" °%8f‘?f‘t?tﬁn'ah’saufﬂ’§lﬁeéﬁ¥ef%qe1i gobedimeng.dhe | ane
gil {) ;Jtc_ent | azrw&io_a@@it?}fassbﬁﬁly(@éusﬁas(ﬂ)ﬂﬁihclg@s ixﬁ&is-fop%el@&fvﬁﬂ%ﬁgafgx )Qﬂd ( sucE 35

i ncl ydes sigpal jng a servo recording head (such as 204) attached to a
di stal 10952 @B‘Sa%@@f(ﬁ?)’?)??@"f g %ﬁ?ﬁg%‘ézﬁ@%ﬁﬂpwmyﬂédﬁsf%xure
(such alsI (200} gstmsyxgm_rtnb &(ﬁsﬁv&aﬁ@ﬁtthﬁdggstiﬂﬁfdwwtom ‘fe@taticthﬂne surfaf:e of the
vertically-orignt i S uch as .. In yet a further exenplary
preferred enbo]gl“ﬂgl?‘ﬁ‘g‘??f ﬁlﬁ"rfge HF@E@HYW‘%W%WF]# B‘ﬁ‘}’teﬁtos%‘ia’yﬁhe dged writer
?sseHhBy é?d%ﬂa%@meﬁﬁ&iedl dameu ﬁQﬂfsé’hﬂ&eﬁ@éieYéh Mﬂh éai%}eéeﬁt?]}oﬁr%%%dz ;1 onda di sc
such as ncl udes rvo recoy.di ead (such ‘as and neans
for movi nﬁ?ﬁgm%%ﬁﬂwe%&%?%eagor n@aefetg{}@ﬁgg%bsmm?w cBgerasenl | y
‘é.e”i E:al nih aamm"glgwnmmlns} sﬁ@?&t?}eﬁﬁél?éﬁﬁ@%xpée%méd@ttﬁ@dgt. f['-F%r ?gzﬁl;ﬂlfef whif OI-_ t hf‘
isc (such as ilerq n e disc in a substantjally vertica
orientati Sﬁé"q cﬁs%?‘u@%? %W%ﬁldéng-édpm@e%@%@wm PR FEMEEST assenbl y
(s ]thch as g%@@bmhﬂmeweefsp?mmfﬁ sélxﬂéeé@ioaweh@?ﬁ?mhyqsf @ﬁ@gléi%ie?mier V|O| pattern
infornatign .on a | iscs rotating in a substantially
verti ¢l gf‘?’gﬂﬁtyép‘?%ﬁ&’%ﬂ“éygwﬁe oy wrdgp ?%P@E@d@ﬁWS&FWW{VHe servo track
writer assfoilabiod siteddiads 1880 ddifsialiy 04l B8 PRfdhed efbddRdtt ¥ethy SEWRRgI ng and
di sengaglg t he gl uralit gf serv? recordi hg heads (such_as 204) fromthe

pl ural i tydefinegp gatonapyspingle hub aspambly)2162ad ¢ maveabls actugten agsembly202,he

subst ant i glekant Qértiof ShcoRiphsBesthad Odfatiohdry ¥dthabor RembI§Ahd 4 MBYeabld SpiMIe S ENt
invention,is well ada tﬁd to attain_the ends and =15 advantages nenti oned

as wel | abvh $sgably. QReYes ReviRgRotiuasiemblipy heipeamaypableaslative tp thersiationagy

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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enbodi mrent has been described for purposes of this disclosure, nugeéous
changes may be made which will readily suggest thenselves to thodet SEP 2005
skilled in the art. For exanple, while twelve discs 108 are shown in

FIGS. 2-4, the spindle hub assenbly 206 nay hold fewer or greater than

twelve dis i.n nbodi ments may hold just a single disc 108. 20
Simlarl y,m%g$M)}§be used to wite both enbedded and dedi cated

servo i nfor nat A Q&veRrabid Gritlr 6@ mbiPror Al dih [ &ﬁﬁ f fi5d ed
enbodi nrent of the STW 200 éefi nes aorstat(lilo%g?y) %tltéggfr{ef u%ﬁgg)ég‘n(g%{/ 206

and a neeewbisimgact uat or assenmbly 202, the present invention enconpasses

have a statignary,actuator, assenbly and a noveabl e spindl e hub assenbly,
or even havi r"flgSpBTvﬂl% UhassrRbly sEmpvably, suppoEing the diss mya stlagthllryevegtgcﬁ i onary

25 plat form 212plahsid RRREER G mtdr Buplee fd fhi SpiRRRAbIERIbIPhithe conb 232
and the interferoneter 210 were descri bed a%ove, t he present 1 nvention

enconpasses al t &4bstentisley horizanilly disppsedaxishysetatén fdr ectatimg thesuppdrtetior bot h
separating the Q%ﬁds 204 on the actuator assenbly 202 and for determ ning
the position of PHe heads 204 duri ng the servo-writing process.
Accordingly, aldctuatesassehbly meadblPAsppofipnaRsvAREalneeAdtd ¥es are
enconpassed in 30 the spirit of the invention disclosed and as defined in
t he appended cl sbsiantially verticabplang tomcqudalre sesvapaiemEDfomation oA thediso t r ack
witer assenbl yaJt‘i’lgdfs@(f ggng servo pattern information on a disc
conprising: a spindle hub assenbly renovably supporting the disc in a
substantially vertical plane in relation to a notor coupled to the

spindl e hub gssenbly with a, substantiall ylhori zontally di sposed axis or

rotation for 4 okth&tSCRE trask vaiiginssenally ofirlaim lavhesiniuat or assenbl y novabl y
supporting a I 1 . i yert] ) eto
record the sgﬁggﬁgg{wﬁg:afr%?sct)ér&%g??%n&eéﬁl@%?dééén%égWlﬁlegéfféeg&rng{'a es. 2.
The servo trackspacingeroddakidolvyenoddjackent disch; mfderein: a plurality of discs

are stacked op the slp,i dl.e hub assenbly with a predeterm ned spacing
provi ded bet \REee‘f‘Ft‘éad? a‘B&Hflesoar éE?i%?fePcf%@ra"Ef%%‘E‘?“aqu fieresesaanst eachl i ty of
actuator arns afgaat i Qafsér@fs %c%?dirllgﬂéjadQB?B)lvri%el sgl?ﬁuftﬁaebﬂﬂeﬂgrt%@gofer Vo

recordi ng head to provide sinultaneo reco Servo p

i nformati on on saehpatteswinf@mafior opeashodisa.ack writer assenbly of claim2
further conprising: a slide nechani smcoupling the actuator assenbly to a
platformto allow | ateral

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
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novenent of the actuator assenbly between a first position whereat the
plurality of actuator arns engage the plurality of discs for witi ng Besgﬁg 2005
pattern information on the discs, and a second position whereat the™ °
plurality of actuator arnms are laterally spaced fromthe plurality of
discs. 4. The servo itrack witer assenbly of claim3 further conprising a
vacuum crﬁﬁ?falngj‘gﬁﬁ_yfr %@antge : T’f_Batm ays¢rgP v 1$ B the seroad posdenihegein Hhe costtuat or
assenbl Vis irdinéVd ffdnh SéntBQWith A8 pluPdlity SEMMAUrEASHE ik MatdMsembly 1€ Servo
track witer assenbly of claim3 fu?ther conprising a Conb e¥1gag| ng the
pl ur al i tpoysd tp|thedigsepositionmai nt ai n separati on between adj acent servo 12 2 8
SEP 2005 recordi ng heads when the actuator assenbly is in the second
position, wherein the conb is renoved fromcontact with the plurality of
f1exures onces Uik eeiordcRiwres abhblylof clalfRsherdin kiescbbiShosRER delf- ©-
The servo track witer assenbly of Claim5 wherein the second position of
the actagtair agsebiy pipvisies vuffisientipbm toileast the phamnality of diack drhandpinloaal i ty of
discs o the ural )ty .,of discs fromthe spindle hub assenbly.
7. A ne?ﬁ%gﬁf%{r&@g%gcrs Ay e %dli)ﬁ‘fl%%sls?fn formation on a disc in a servo
track witer assenbly, the nmethod conprising: renovably positioning the
disc on a spinhdle hub assenbly in a substantially vertically-oriented

di sposi tion in 4 &ehedder fesorditgiesyo pasien! mformatiomen e disadn e setvaltragks senbl y

havi ng aysidPsdanbi ’{hlteﬁ%élg‘gd @o‘?ﬁﬁr?sﬁd%éori ented axis of rotation; activating

the notor to rotate I'SC; Mnovi an actuator assenbly supporting a

servo recor diremohatdgl positienipg teeliscan Ppaifle Rutsatkéablg iRh sibitariaBg: and
signaling the servo ecordid(r:lg head to record servo pattern information on
1

the disc. 8. Th¥ctHedhoergnted dispasitipn ip gslatian: to preotpreaypledity thepspindleoni ng st ep
further conpris : It LN . I discs on the

spi ndl e hub assgﬁ%@gﬁﬁ@%@g@f@%&%@g hg’nf)ﬁ}%i&? #%%/M%cféxslgei%’(sfga}n@%r di ng
heads i n pl arstvaiigdbemotdrherotgk tireadisd;y of di scs; and the signaling step

further conprises si gnal i n%éthlgl plurality of servo recordi nig heads to
record servo PRAR&AHIGHFET FSFPYN sBPPoriRg desiyarecesding hegddea plage The met hod

of claim8 furth@hcenPiRikRERIHR fl{cChnPf |aterally noving the actuator
assenbly on a support platformbetween a first position whereat the

plurality of 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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servo recordi ng heads engage the plurality of discs for witing servo
pattern information on the discs, and a second position whereat t?% SEP 2005
plurality of servo recording heads are l|aterally spaced fromthe =~
plurality of discs. 13 2 .8 SEP 2005 10. The nmethod of claim9 further
conprising a step of securing the actuator assenbly in the first position
for servo pattern witing. 11. The nethod of claim9 further conprising a
step of renovigIgTHehBetRbdibPlaiy9 Birthedlboapridin @Rk hof ;&Qhﬂﬁ%ﬁae%-tt\aﬁﬁse”b' y
following the signaling step. 12. A servo ttack witer assenmply for

recor di riysaeblyén Pgtfirstnesition derasrvoopattem writing.sc conpri sing: a servo
recordi ng head; and neans for supporting the servo recordi ng head adj acent
the disc supported by a renovable spindle hub to record servo pattern

i nformation ol tTe methed vhilhith 9 gtk taibiplidifs SbS6 of fenfovildH gl

verti calcg -oriented plane in alignnment I\amgtiﬁg ea?t hfégﬁ)gr avi %gﬁr%lﬁ onf orce.
13. The éqs\f{prﬂhgcsgn\mth@rasggg@ Howing diesignaling stap.t her conpri si ng neans
for sinmultaneously recording servo pattern information on a plurality of
discs. 14. The servo track witer assenbly of claim 13 wherein the neans
for simultankouskerve eack diity assembly foakdcdiding Sre6 PRicr@ Mo dtdR olaur al i ty
of discs, conprises: nmeans for rotating the plurality of discs in -a

subst ant4i$0 YAMRISME cal |y oriented planes; and means for rotating a
plurality of pYeloltel ads, each adjacent one of the plurality of
di scs. 15. Thazﬁs%fr\?g trgg‘lsg‘\%’/r%ﬂtaer assenbly of claim 14 further conprising

neans for seheus forsuppatigg diengrandcaiing headadigehh e @isdsappdred By aser vo

recordi ng heads fror‘q)lt he, Pl urality of discs while the discs rotate. 14
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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