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LOADER FOR H GH DENSI TY SERVO TRACK WRI TI NG The present invention rel ates

to the field of mass storage device cularly, this invention
relates to an inproved apparatus an 'W’Hﬂmmwmsecurl ng a portion of a

hi gh density disc drive during a servo {rggk witing operatlon One key
conponent WO 0¢# omput er systemis a device to store daPEIUBYRTER er

systens have many di fferent places where data can be stored. One conmpn

blace for ghony BRRSRXBERTUICADIRITY SERVECTRICK wWhitheE | S on a di sc

drive. The noS asi c parts o Ive are a rive housing, a
di sc thﬁ#hbﬁ{&ﬂ&Qhﬁﬁm an actuator assenbly that noves a transducer to
various tocations over the disc, and electrical circuitry that is used to
write and read ddhepressntanngntfonoeiatehte thl fiedd offthess diorage devicee: Moso i ncl udes
circuit ' Leved and
i £t enP iRy CHRIRNCARPME & bRk oy T e B b

operdat i efachighf density discsitiveriuripga sesvosteack waitngepesatieg. t he data back to the 15
requesting conmputer and taking data froma requesting conputer for storing
to the disc. To read and wite data to the disc drive, the actuator

assenb| Badkgroundef theJavegtionor e arnms that support the transducer over the

di sc surface. Than@-ﬁéytt%g&ma%% éraed C.Lau@JIyetegméd agned by a voice
coil notor which pivots the act to asse bout a pivot shaft secured
to the aomwrnmmwve mgny diffesent plscewbgnée!atc@l@pw%rcmnmnmee which is
al 50 20¢c? Q6HgEHadk e biinROH el EHPUEGy ARRTA Lilsc &R, THE A Bagtt OVI dES
rotati onal power disc. By controlling the voice coil nmotor, the

act 1fat oparge dleawetaméhse HEve hoy#ingl adise Sat issofatsd PEsEPHIFEINNEAt any radi al

| ocat i ofyofds @@nddd&er Edlfaﬂ&dsr&at%ﬁ Bve? H{efd?séeand'El}’é‘mTcEIQzﬂé&iH?ﬁ{at is@sdaypi cal Iy
pl aced on a snmall ceramc ck, also referred to as slider, that is

aer ody n¥fieaad regd dugtogpd o H‘CIde&t The digc|driys alsq B\Cl“@ﬁ%"lml‘é%’ forereodinigi der i s

passed @i QMR ntcla@beisus&ssmyaethmmamm tb EleQlsc QML P AhitRplob@sddi sC.  Most
sliders have an air-bearing surface ("ABS') which includes rails and a
cavity taeirole aestafheogerptions ofpthg i fisive psswell a5tpassing thedgta packge igged bet ween t he

raifss apguditt Ginprefard il @d@t@%h&g‘ecf%ﬁﬁl 'éBﬂplW&' féhstél‘ﬂ{gqg%etd'ﬂfe‘ head away from
the disc. At the_sane tine, the air rus c\B@St the cavity or depression

in the air bearimg efadyEEe ﬁt%nd@é%scénﬁag%ﬁa 195 pEeBPldncydEnOnePRe negati ve

preSSUfﬂo@ranﬁMﬁﬁtlsQﬁboa%eQﬁhﬁab&F B¢ teldR@ sFRE STheacRfR UGBMbigls the rails. The
sl i der %??elc%go attached to a |l oad spring which produces a force on the

sl i der YeRPSTGNES LY 2vpige Eﬂ“§E°‘%‘d’V‘f’?i’c%"°‘W§ aGHUAPIATEEOSY 200Ut &RYPYI i ze so the

slider $Haft e&u@Md s the hﬁve&inisﬁ@Cﬂ‘h@fils& i3 eouPplediGo aimotori2ad kpifdit Ahickipaisbed fly
he| ht. The, fl i t he di sf‘an ce. bet en t he gl SC su%f)?ce and t he

hei

o autertie RalePouaie chiri Sponehe Jnale proyesy tatonplpderds Bofie 177
PC fl USBQboth’aBﬂg thetvioize tdnmdmeas aaiﬁatdrhﬁnsaoahd {hubthee crahddagerd)ichbe This film
elimnate fI‘ICtIdOIila @ IFRE.% \Aﬁar t at woul d* occur if the
t ransdul?® '@n‘ﬂf?e 2§ AR L‘)ﬁ n$ﬁ‘° &1 5Y" a(?f)nt act during disc rotation.
In sone disc dri Thsgmntdueersdtmmllym&smatdmanwghxracblagdealsofefémbm sant rat her
than fl r the surf .of the disc. nf or n, representative of
data i sxgpgrg‘(f‘éﬁerf’%@mgﬁ?ls' cusse S ﬁ’@t ‘Lﬁ’gf‘ %eétl}’fldé%% qbdeﬁ‘rsgefé dgyst ems read

andzswr i ber thatde nmﬂramsdusmg)remﬂomsmppmmtthMSc (Moslt hladcsstlmwagealdbaong eferred to as

tracks. r nthefor a/vvr chedtothe

o1 dor s A RES sl a0 TR Yl SR b R R e AN

i nf or masir @ldragaed&eeﬂqst: meaayemdith@&sma”anetch&smgmmuiuwmsl farces theckmad at eI y

posi tiope i he 10

O or age o 4iotPhe BRE Rnd Al (S, BOR Suld BRGR it SEaES BERURLY |

accur at bfagingpeiacg lun@ldesalbigmvapmamg@teatTm:xke,gatnmrquetadbmmcucm head can store
dat g, on fs0 Iepr t ata onto the
o Orﬁagek {eﬂ%tsg{e;&%%s‘i?{ r\éﬁdrcgdag%e A O &H@Elld‘%ﬂs aﬁB af??eﬁ!é'&% 1Xa% sBB ngorml "shed by
posi ti owhlqumoweces e&we\m|tlteeh&nedu|ecaddomatlteai:sgeurfaccaike mmus @ecds ng the stored
, materal i I . f fRent tracks,
the r eac%l \%}F#QOE e.sh%ér?lfe@% ﬁr‘g\%‘grf CJQ %C attag’ra giré:glal[e%q“%&ﬂaynigé}% oﬂg sel ected

t ar get fly height isthedigtance bﬁtye@fthfemsccﬁmﬂcd@dd the trapsdncisgheadavhich stypically t r acks.
Wil e nost storage discs utilize a multiplicity of concentric circular

tracks, other discs have a continuous spiral formng a sin one
Miminru

or both sides of the disc.
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Duri ng manufacture, servo feedback information is encoded on the i BkJubh 2003
"’'20 subsequently used to accurately locate the transducer. The servo
information is used to |locate the actuator assenbly/transducer head at the
required position on the disc surface and hold it very accurately in
position dypigg@nd read or wite operation. The servo inf eomeksamsts witten
or encoded onto the disc with a machine,commonly referred to as a servo
track witer (hereinafter STW. At the tinme the servo information is
written, tietikagssGF theair BbricaRbe lrh YTIRE fid® efithRated' @8 Friction indeSMimiwkar
(hereinafter HDAg sta%e, The HDA includes nost of the nmechanical drive
conponent sthitgvo urij the tyansdusing hepdard diss verd intpasheica) eontacb@uringdises. Duri ng
the track Welibh NG BEAHESSirived) TreIBUURREE! Bifthukh b 88! RSutlend AR 8l AGioheads
rel ative teg{a%‘he'n%isséﬁgﬁsr%f gge’gnﬁ lwrﬁ]?%s ttﬁﬁleu)éser\gllo ﬁ?or rrat%on tﬁe?{é‘gn. '
Accur at e |oenthe surfage of the discansducer heads is necessary to ensure that the
track definition repp i r L jon is
WK i tteg eccentri cal Wogﬁ%{éggi%& cﬁ{gﬁveo(#ffdf thgﬁt?rg%}érgg{gg?ﬁ%gggthé&E@%&%@Ed '
subsequentDispdritsystemsiréad ané ywite mformbtini stazred/ont portigns of thestozage disangfezried

adj ust nent.g | d i.ntai I YRR . cen en the
tracks ar etgéhp # (E:'i 2‘?\ Fé}mg%’clgﬁl I’fI%(l'-)rR og]%gl gnliﬁ‘ll%égsaatt&&%gﬁ)g ?‘%ﬁ“&%ﬁ’fo%do%}/ull??
PCTI US99| b8 ddeaf theostorage disve redid akd writefisfoanationion e stdrhgetdisesiwhenrthe r ack

m sregistration. Accordingly,.overall track density is degraded d disc
i ve capBinedhapr afeGReralt oo GpEL Vet ofe sk Bt ASRRcsracks R §9BFe IR, o
“informati atoragglolde. WS the Zterage didy bsihgvak theakab@tltelheabis pasirdtiédlpposi@naabbem t hat
precisely positiops, the ranﬁd%cer heaad durit?lg 5 iervo.tr. ck witing. The
posi ti oni yRERSTAEK, 106 A EHS hepd R gt hORRN® IRtk DY WP gdRIomIL L c t uat or
assenbly, repRasniativOf ddtloia ttRlstorheive] BRMiGRlyORadiNEdA06M 4 hiogddiscliie cont act
menber, and a dj spl.aci ngt mechani sm whi ch, repositions the contact nenber

based on faSERBRISREG PYRRSTtinRingdas tead/yritehepd ahqyp 2 targst Frack and repding thgrstored.

posi ti oni nedteNAboh tiéSstdt@Sd disOMd WRHGRbIAER] RérR difeREt &k, the RRINAR healis
capacitive, and gptical transducers to nane a he STWfurther 10

)P few. T V1
i ncl udés tRevedatialvegrass thedracks toraselecipd @rashiracke Toedaid isiafep fivided BiVee t he
di sc surf ag@eryil dirR thacR) WHIEMoRQRASe dfiss S1RITR B thultlicl) OftPhcchmRafdiar drives
grows, manufacturers are constantly seeking to increase drive capacity by
i ncr easi ngracks etheridipesihaye a gominupus spisyl forpingasingle trackeondag of bojh gidesof thgcks per
inch" (TPlgie. @ greater nunber of discreet tracks can be encoded on a 15
gi ven disc surface. However, higher track density requires nore efficient
use of the disc surDaciag mywufaciransiryo feedbadiinfirmateyi is ercatédom thisdiskapd
eccenbpi Ci i : : ze
T (and thn Syl bEBER b QlTBh, e barfuch Thids 88 B OCt ol SR
subst ant i dhe sdwptarassembily/trangdugen headrat the egquived pesisionwniths disy spriase endsholdriny
factors a [ JE s ST .k W oy ation
concent 11 oy §rcunieeh/RiGhivb Qutled Radl ik $pbiidl rhE s 88 Wby PHER,
adver sel y afehexied oiite the diskwith a tmankjnogemadrily referfed td dser serwithaclawiions i n t he

spi ndl e or,act uat onepnts {e.q..,. 4 rfect .bearinas)._.nay. al roduce
T omeot CBRIHBE AT S TRORE R i soflio indp oD SRS e ARE b nBleRfy 7 O,
STW 2§ osthe I'head tisk assembiy'i€hdrtifafidr I A) s{aige.eThe HDA dypedudde niostddttieect i on of the
actuat or and,spi l.e relative,to,the ST Th resent. i nvention.is

o1 oot on TR GRe himeinsts ohf P BorbioHal dntiu ol B rive P ERE P g onent
def | ecti onthe ergak Wﬂitmgr;ﬁaedsadlﬁersvw ﬁrf)ﬂiﬁl;db@easslsd tfblﬂsdlu'béﬂhleﬁ({meﬁt;\@ﬂo thedissane. )
Most current_. ST su rt the HDA . engagi ng a urality o oints on the
external | S M0 IGTRLMe Soru mpraariphheEon oA e BERtioR 05 e andheer Beags 1

actuat or adeReds@s td &sGRAh&IhYtritk dehifitibiietiainglcosdehittE.t Inke Rfvottfaexk HDA (i . e.,

t he dr.ive ,h?usi ng).. Still other HDAs fasten 30 the drive cover to the pivot
shaf t 38nd R'EBRIRM ig WERiER ecaeptrisall; threposition of Bhtmsdurspbag detrgrubBautovever ,
these STW dfefutieR Wit f4uAL rdMifveilalgk, BhAGY £RA hijHRBe I orkidr 8 h@idainr ack

densities not ) ) L
placement over the track center. When the tracks are sufficiently eccentric, a significant

a




because of the STWs positioning accuracy but rather because of the JUN 2003
" non-repeat abl e defl ection and vibration of the HDA conponents. ~ 0 auN
2a03 WD 00/ 41177 4 PCT/ US99117582 Accordingly, what is needed is an
apparatus and nethod for use with an STWthat mnimzes relative deflection
bet ween Heooompryponents of the HDA during the track wi traTgspwoss2ss. | n
particular, what is needed is a way ta reduce HDA conponent deflection
sufficiently to allow greater track densities to be formed on a given disk
sur 1;] age. poghan sitRs disk sxﬁ‘fdcemiﬂ@it BeQﬂIoﬁdﬁbﬁﬁﬁ:RSmh’é@SﬁaﬁﬁﬁedScordlﬁlglﬁifbVéﬁ? ng g heh
met hod an pparatys of .th ent.invention, the inventors realized that
current @%Wé%@e%‘{e& ﬂ’ls‘f €iAPACHRISFEMCAIim t rack densities they coul d
achi eve. To addre&ﬁofd%ir&)msmbb&mrm@glma%ﬁrﬁnﬁaﬁsmmdmmmmt hod and
appar at us for curing, the driv&lﬁdurln the track wiiting process. In

one enbddisEAtcl °5§3 ‘%BP‘“E &xstemy that mepisehrositions U transdusephspd dWB®) within a

serve tragk thck WritigATRa aélﬁtﬁur(g%?%m'cﬁmﬁﬁﬁgh@@ﬂact%bﬁ%ﬂeﬂé‘a&éﬂﬁ@ a~housi ng
and a spindle shaft coup ed tot housi ng where the spindle shaft

r ot at abl aFtusts gesemb Yaa§B$1H€ﬂ' wdieator wglchtnd}cetfs theggeitien efthgronicigrembehe  HDA
further anat‘al diéiia%m% rRéchahismWafidn rEﬁHéRioﬁchE eoﬁtsus mkmhbBOSkSed Y feeﬁbfckmo\spt shaft

pi vot al | upports an actuator assenbly f novi ng a transducer head
relativ FBO%“F@ igdisator. T?feerrmter@e@r%mtlogw yqq@ugp@pgmgndumoatarﬁgseﬁ he HDA
into thee3T WMathahicl, dBachivg BopR Bshddtcerd BMRmlS W fRRPSI Ng contact
poi nt s. %e HDA is thgn cl a(r;rtpeélJ bet ween ct hermﬂn mﬁeﬁ%‘%z squlﬁw)e?t hat the
contllct ipelndesdheisavizad qirspifry ﬁ@‘&@@%ﬁ%ﬁmﬂfmamth therdisc gurfase vislief t and

spi ndl e shaflcer eaOMPressive load is then applied to the 20 HDA, wherein
the opposing contact points |oad against the ends of the pivot shaft and

t he spindl e shaft Asglemasd ferihighamrapaaity dtivesrgdwsrmapniactirersfard doastantlyuat or
assenbly erva track writing
appar at usgﬂg &’g‘g%g%sl%ﬁi g %D ééc}g%ss g’q%’g?w%{gﬁ%m}ﬂé by mcrgasmglé}\‘/o track
writing @nmt;ecrs‘u'a@csmeomcwéﬂPl)Thgreaqopmnaxeuef disvréet thacks aanba&aqoded on xed bl ock
ass ly .attach asse 0S] 25 the fixed
bl o?gb s%wer%cfgc S%rifﬁ b%&ﬁé'?{az’ kﬁmtr%? ugégesam%va%f epl%ar%rtﬁgaé adapted to
receive mk&cdﬂmkcofﬂhfgljaa&kbmlaegxmabbrydlfeuo tdfnentncmest indeask formdatophasi ieg devi ce

adapted for_ no e carr. rd.the fi x bl ock assenbly and a

| oadi ng ‘JEVTHE ‘Yg‘a"gﬁﬁ 28 “’f%f’nllzgggll(ﬁ%&,\@ﬂsedlﬁcaﬁap?cgé agai nst the fixed bl ock
assenmbly. In stil Wkigdit rudviaieigeaustio eafiedit substantdd pacaittistyf duking s kéras ni ng a
head di sk 30 assenbl DA). durin servo. t tin operatlon i's

provi dedT® ‘,“gtpﬁ‘é’ef\iiﬁ)%‘ )@ g‘é’b ImRAckthe ﬁgﬂgs V\{lib 9§ r ot at i ng

spi rdl e Mﬂrﬁhtldrfbohb'é’dﬂn@alllpp@’)i iBistaRe, 1ﬁdluc9@fe§or}ih&:;lﬁ% ﬂrvg&selfcmgddamyal sof has
a pl vot Vast%%tg ﬂfﬁ%‘%‘é’lﬁ? r:gl o ,dl‘tt ngﬁgtg:gg?n t¥1e s;?nrmdltl; gra ac{ugt%r cz:ior;npo\xgwenltst 'ng trom

(e.g., imperfect bearings) may also produce non-repeatable track writing errors. Still yet

another problem with current STWs is oscillations in the HDA itself (i.e., independent
deflection of the actuator and spindle relative to the STW). The present invention is directed

25  to reducing these problems, especially the effects of component deflection, and the remainder
of this discussion will focus on the same.

Most current STWSs support the HDA by engaging a plurality of points on the
external drive housing. When the HDA is so engaged, the spindle and actuator are restrained
only by the internal structure of the HDA (i.e., the drive housing). Still other HDAs fasten

30 the drive cover to the pivot shaft and a spindie shaft to provide additional support thereto.
However, these STW/HDA configurations still produce drives with limited track densities not
because of the STW’s positioning accuracy but rather because of the non-repeatable

deflection and vibration of the HDA components.



and to the storage discs. The apparatus conprises a device for hoIdZﬂbJUNeﬂm3
" HDA and a device for restraining each end of the spindle shaft and pi vot
shaft such that the spindle and actuator assenbly are restrained from
generally all but rotational notion. Advantageously, the nethod and

apparatus of t resent invention produces 5 disc drive . Laher

st or age caﬁﬁeplﬁrﬁhan t hose drives prodgced by ot her netﬁgﬁgﬁggggﬁgtuses.

In particular, the instant invention peffmts precise, concentric witing of

enbedded servo inforpation.to . the disec. By providing.external .con int to
all but rotational/ pﬁ%@f‘ﬁf‘glﬁ’o‘ﬂagﬁ nﬁcfiefﬁ@ngﬁaﬁ sea“gﬁ%ﬂé?:éttgﬁ?%rvyl Wzﬁ"@

non-r epeat alt enigifidies relitive dsflestioichetleer tieedmpyneantof thedIDA RIYriag theatrdck ack
witing are mnimzed. A drive produced.according tg the 10 present,.

vent Con SHUIEPEAT, 8 Pirbels Bl BOPERT i o Berbet ADMIRonR R
requi red Wishfficiéhily ®SalldoMdréi@er tasledeR GG 1d bé forthéddika Fi0sm @kl QuRfacd NDke prédest STW
of the present .invention is capable of producing disc drives with greater

track densitfyeauon addrgssesthesenasdyyner capacities -while utilizing ot herwise °
conventional track witing processes. Brief Description of the Draw ngs 15
FIG 1 is an exploded view of a generic disc drive with a nultiple disc
stack. FI GSummargofthelgvention 4 FIG 5 FIG 6 25 FIG7 FIG 8 FIG 9 30 FIG
10 is a perspective yi&\Ws i m@hoiQnd hpatandlor e presBRRA LSS, tREMIEHHHT tO
one exenpl ary enbodi nent of the present invention, the apparatus shown in
t he "cl osedcaliged thygengents W sxstems gisre linzited i the maximyye fragkedenbities thepgpwdd t he
appar at us_ gyl oadSRaN s RIS neiRRorioaistd Qi mbdof il AdGA Vi ew of
t he apparatus of P . a'Is an enl arged, partlaﬁn per spective view of a
basket l&iss sedvring thecloivel during the wack veitibppiiopesat of the invention. is an

expl oded vi ew of theyb . i ' ggp(tq section
vi ew of a vacuum bl oﬁﬁggggﬂﬁﬁgﬁg%%%tpﬁfonfgés%m%ﬁea }%ﬁ%glgif Qn%%‘? f Iﬁ'dé?

i nvent i on. withimhseeyoptrashl aditing epparatis (STWaisipnayidedf TheHDA mcludesshersing and
accordance w I BN f iaventd on, o | di aqr i G View
I ust rat + AcPindiedp SRR GTRE bpine M NI, el RS FRbeGisy
enbodi ment hefing hdedshorerstarage.discs The ADAduematcludesvd mivotishaftisdupddd toghec| anpi ng

of the,HDA,into the STW.i n ac dance wt ne enbodi ment. of .t he, i nventi on.
o o Mo Dot AR pREY a8 TG aRE s Al St For R ing p st vl

i Imljuzt rati rhg?dxe&tit‘reaﬂorthengsd Hehe Iidfhodicorhprived uhg stepsWiplacig el Hmmﬁhltd/\dht: BT®he
enbodi nment the_ invention, FJ]G 12 is a diagrammtic viewj strating
o ina o Yer ST RSP iE El R i CRp e e R SReRBRGES oot
of the i nveidnichitpedbEtween the clafp tnethibai§ sRRTiR: tie co@aétipamty/pRYitEBBVnBset he
engagenent goDA W thin the ST FIG 14 is aﬁgﬁggpect I ve view of a

ft
servo trac I?g%‘i“{l?’ﬁ th the pivAt shafiang srigpl Hagné cOmBEST bithenapliFd iodhs

I nvent 2®N. HDA, wherein the opposing contact points load against the ends of the pivot shaft and the

spindle shaft to restrain non-rotational movement of the actuator assédmbly and spindle.

In yet another embodiment, a servo track writing apparatus for securing a head
disc assembly (HDA) during a servo track writix}g process is provided. The apparatus
includes a base, a fixed block assembly attached to the base, and a basket assembly opposing

25  the fixed block assembly. The basket assembly includes a movable carriage adapted to
receive the HDA. The basket assembly further includes a displacing device adapted for
moving the carriage toward the fixed block assembly and a loading device adapted for
loading the carriage against the fixed block assembly.

In still yet another embodiment, an apparatus for restraining a head disk

30  assembly (HDA) during a servo track writing operation is provided. Here, the HDA includes
a spindle shaft supporting a rotating spindle which in turn supports one or more storage discs.

The HDA also has a pivot shaft supporting an actuator assembly for reading and writing from



.10 In the followi ng detailed description of the preferred enbodi rrentZs[) JUN 2003
reference is made to the acconpanying drawi ngs which forma part hereof,

and in which are shown by way of illustration specific enbodinments in which
the invention may be practiced. It is to be understood that other

enbodi nment utilized and structural changes may bepdmgiasMsthout
departing ?‘PW/{‘E@ scope of the present [nvention. 15 Tthl nve%/ﬁsgﬁn

described in this application is useful wWith nost all nechani cal

configurations of dis LW utilizing .either. [,\: |k Jat i on.
FG e AR e oltel® o, P et ool bl hick Ry Bin hrsg R e £G4, 2T
act uat or. Térerestraiingleack end 600he spindicismft andpivst shaft arch thatsthe dpidile andtactuatoover
114. The housing 112 and ver 114 farm a, di s¢_encl osure. Rotatably

at t ached tBSsteH’é’%h?fﬁ?isﬁﬁm °’Bﬁe'§ﬁﬁlgd"ﬂ&§{r8fagﬁ?%8}°ﬂ%’haft 118 is an act uat or
assenbly 20 120. The Adeintfeouslyq famdthod ahd Bppaftislod @ preséd ifventidngradutesct ur e
122 having a pluraljty of arnms 123, Attached to the sepajate arns 123 on
the comb 12 °§P§e§%%%‘§g§r§ﬁ°r‘iﬁe°fﬁﬁ’@'g‘ﬁ?ﬁ‘ﬂ§% VQﬂP”?}t‘j&ﬁb)E@gﬁs or load springs
are al so r efetiddeppRatases S SARRGIa8 o indirt A6REGbnPerhiPritd, Rhcatichviitigd
spring 124 is Ider 126 which carries a magnetic transducer head 150.

The slider oizregeﬁsqeﬁsw&inﬁwaﬁgm&e disco Bygwon ding exteraal constaghioiall bk | ed t he

head. 1t shautishagiveal Rdtiématithdspindleland abthaler, thehdy-Repedtsbld sseilafloiEhicho0 and
that is what is shown in the figures. However, this invention is equally

) . L
appl i cabl e feguanitiyperus dHERE frgvorfeack WriHRg ats munimizeds dydeiue produce agrordipaio the
referrgg t Pré%énﬁﬁ'vel}{l%&{humﬁ‘i?és%sE RdredidtidBoRer tht WhbfhaIgEpie@@fducer 150
is generally used for reading and another is generally uSed for witing. On
the end of driMes kavinganase eepsniaptragk fopmatioppdbus; the SAW ofshecpresentiinygntiapis and t he
30 sliders | I ca. cal: . e. : vl ce coil
128 is a fic%%atglén%_f .ne@tﬁgffgglsgggl'tgjé@lc%%\ag&%gﬁ%eﬁg%sl. ﬂ&ghgﬁéﬁ %aﬁ?ﬁ( 1, the
first magnathile3lizipg atherdsextopventiipndh tradkewmtingerockdsds. whi | e t he second nagnet -
i s adjacent the housing 112. The first and second ~ D JUN ?t 03 WO
001 41177 PCTNS99/ 17582 magnets 130, 131, and the voice coil 128 are the key
conponent s Bafef Peseriptinnafithe Bravingswhi ch applies a force to the actuator
assenb 1 tp rota [ .Or . PLV shaf 8 | so mount ed
to thei%ouf %99112 ifsse'ig egs%l?%@:{'téev&rrgfao% ﬁ%r?l{:gcbscs%rg’m%a?ﬁglptslep‘?i#ditaecﬁmt or
i ncl udes aFiGt2ti ng parperspectivevieecdfhheve padkdiritingappatd3s. actardingkcsonpar t i cul ar
disc drive, the spindle tor,.is 5 wi.thin the hub. In Fl 1. a nunber of
i sos 134 are at ¢ ach@eby Revimen BL pfsnl et b ampergius ooyt H
single disc or a diffdtsed! onupefativig gisitdhscs may be attached to the hub. The
i nvention cfibed herein,is equall | icable dipsc dr.ives. whi,ch have
a plurali tg?‘tsifg di scsSEPAHA! perspec b‘iesvéé('ﬁﬁ?#)tg%@pf"i‘?ﬁ‘t‘ 0@%& shown g e "gPeay  The

i nvent2mn descri bed pesitwnd is al so equally applicable to disc drives with
spi ndl e notors, which,are within.the,hub 133 or |[terpatively, 10 under the
hub. The sﬁﬁd‘}e hub'sfﬁ,exPlﬁd@nvée‘%ﬂggﬁlF%ﬁ‘fs °rf8{c§12es about a stationary

spi ndl e sh&lG. 438 whisah ehRfged, fattiabperspectiveticn taihaikiet dsEnbipatebidghgkd anaand a
second end adj acent to the cover 114, Wen the discs are spinning, the
spindl e shaft 138 reffapoimegtof fhgimyeptionthe spindl e shaft |38 includes a
femal e thread. ©n t hejssaerpddngewbf hioibRRe TdembFVEPIG.B9 of the 15 second end
to the cover 114. The pivot shaft 118 is of a simlar construction in that
it is & soFd®ali onar if afieeraamatic seetiontvievhef A aguunhblogkpssembly aceoringdeione second
end (adj acent the coy¥@hodidhélt ofMteinvedndigal € thread | ocated on the |atter
(see FIG 13). The purpose of these stationary shafts will beconme apparent
in the fol F&di $ig di sispaskpladediiew Hiustrating i Jized block aseemblyds aedoedanescisthoneal
conponent s di scussed.dhose %f&@i%\%hdi £S various electronic conponents such
as a printed circuit board (not s ovvn% typically attached to the |lower (as
viewed in FlIG91) siibe didgrammaticodew iiystratipg ingettion of the HBPAdntodhe $TWdar d and

ot her ectronics, t i i [ r.ef. to as a head disc
assenbly or HDA 152. Q‘%’f)gdtag%‘giméeﬁr%ﬁa P‘\S/ﬁenteg{joftﬂ%elﬁ#élg ani cal conponents --

i ncl udi ng #He. i ve boudagrgmbity; viewilbstraibg clampingaf te HAS avdthg STR0in pi vot
shaft 118, arnms 123,  tr ucer heads..150 i.ndl e hub 25 133, spindle
shaft 138, and di scsa@?@%ﬁ?ﬁ@“ “IyEY dlmentboéﬁlgerlgﬁngondefi ne the HDA 152. The
HDA is a conveni ent sub-assenbly for conpleting various manufacturing
processes including servo track witing. For instance, the HDA provides
physi cal access to the voice coil 128 during nmanufacture via apertures 136
but can thereafter be sealed (hernetically if necessary) to ensure that the
i nternal conponents renmain substantially contam nant-&ee. Near the end of
30 production, the drive electronics are assenbled to the HDA 152 to
produce the disc.drive 100. :




General |y speaking, the present invention relates to an inproved nﬂt@ownarzﬂm
" apparatus far |oading and hol ding an HDA during the servo track witing
process. In particular) the invention is directed to a nethod and appar at us
of restraining the pivot shaft z 0 ~U- ~@B WO 00141177 PCTNS99I1 17582 8

118 and spindl haft 138 between two sets of opposing cll;aém:, I | ocat ed
on rel ativé’Y?/ooZ‘('ﬁFf, opposi ng clanp nenbers. By restraining Sﬁge%g 2z'sifts from
all but rotational notion) eccentric track formation resulting from

mechani cal ci,llation beari.ng. i nperfections, and rall de tion of

t he HDA coﬁg%'nlénts i'8 a?ﬁfﬁ?‘f"ﬂ#‘? g‘FW@T‘F%‘H’@éﬁ aﬂé%&ﬁfﬁ%‘&%h‘htgeg%gfeﬁncent age
of the disc surface dceerdincedith oic énibadimenit GfitBginsértidni on i s m ni m zed,

7119 RS L35 R e e et A AR

machi ne or appar at usacchrdimet With by enfbbilineaD6f thcimoértiong t 0 one enbodi ment of

t he i nvent| i, shown. The STWis used to.wite servo inforpation.to the

i ndi vi dual %gq?slés 134 pdiagrammalic secion yiey showipgaths gngagementy t@l@f‘s‘”‘ wn in'a
closed or witing pogesTen With the HDA 152 installed horizontally therein
(i.e., theﬁ%g(i ndl e shaft 138 and pivot shaft 118 are horizontal). FIG 3
shows t he 40 an 15BERSREEYEIIRY ¢ff spoeitierlonritipg systambaqoplingte®ped. The STW
200 illustrated in thenddinttdl Shd f&MdRanfisTer OUS aspects that are not -°
central to the invention. For exanple) a clocking nechanism5l10 (see FIG

3) is provided to 15 indicate the rotational position of the discs within

t he HDA d“ﬂeﬂﬁgﬂﬁzﬁ%\;ﬂﬂm&&ﬁdﬁwi s and other track-witing aspects of
the illustrated STWare not central to an understanding of the invention,

t hey alle not descri Hadhe fallepdngidetailed descriptioredf gherprefgrradombedimens, raferentee STW
200, in on j Wale : , ' .

asserbly 40073 4 iva el §8n, YRBTHdred L 08 B9RR 8 sl
witing sywagnof 8lograpioh specific embodimentbindihieinthe invetiondeay e prageed.ak saobty 600

and ot her n ocated.w t hin.the.fixed bl ock. assenbly .500.. A cover
401 for CO\%%?EP%%&QB %c?lr[ ef%’ﬁbog’fm?n dqy e I?g'{lzegsag ﬁ%?ciurﬂb%‘apéesé?%'obcgﬁagﬁn. Each
of these i withsutidspatiiixsgfrorh @ scape detheplesdneinomtioBase 25 The base 300 is, in

one e di ment, forngd .fron anite . diabase, or a.simlar dinensionally
orabl Bt oral i i veRReeRah g i Baiondt uibahbln Ao UTRREAT £ &
4, the baseordpratioss of didcdriedsiutilizing eithlar readeet Ihebrestuadon.eBlands agexdptodadunt i ng
patterns provided on the,vario ssenbl i es. Fastgpers (,not. sho coupl e
t he vari ou¥'®¥< é’%TYP%QP At “3’58,80 %‘fﬂ’gédﬁtafyoac{“ﬁ@r‘bgg‘éfhsﬁ' 'é"ﬂoh@é“%%s 8ce 301
provi des ah@usingeor davefldeeand b cokat U, fThe hbowaRt 110@nd ReverO 1aFs@bliseenclth! | ve

t o one anot her 2 0 JUN 2003 00/ 41 177 PCTNS99/ 17582 9 Coupl ed . {o one
edge of t h&OHbly afgepaddo thy 0‘5%\4\& on ALY PHEHS 'léﬁ ‘?%“?ﬁS‘?aém(%FSéH’rbfyy shown

in FIGR S1200TH0 actlBfr Baeday 126ine0dds ¥ c4@6-1ike BRichie $22hdvikSh plufdlivi 6TGned anp
nmenber Whl(ih is hereinafter referred to as the carriage 402, and a fijxed
portion or %%cﬁﬁwgedo@d@%eaﬁa? arpjid 23 o thee sgmb 4@ are dead hedws & pad sRReh I Btk 406

and a danpebadbamgBl oad Qitingd 416 also referred to as suspensions. Attached at the end of each
load spring 124 is a slider 126 which carries a magnetic transducer head 150. The slider 126

with the transducer 150 form what is frequently called the head. It should be noted that many
25  sliders have one transducer 150 and that is what is shown in the figures. However, this

invention is equally applicable to sliders having more than one transducer, such as what is

referred to as an MR or magneto resistive head in which one transducer 150 is generally used

for reading and another is generally used for writing.

On the end of the actuator assembly 120 opposite the load springs 124 and the

30  sliders 126 is a voice coil 128. Located above and below the voice coil 128 is a first magnet

130 and a second magnet 131. As shown in FIG. 1, the first magnet 130 is associated with

the cover 114 while the second magnet is adjacent the housing 112. The first and second



5 vacuum bl ock 406 further conprises a |inear air bearing and vacuuth{ JUN 2003
"stiffener as further discussed bel ow. The danper assenbly 408 defines a
receptacl e or basket 410 for receiving the HDA 152 as shown in FIG 2. The
si des of the basket 410 include a primary or first guide nodule 412 and a
secondary gWhdgspdul e 414. The face of the basket 410 isp@pismgmsby the
danmper assenbly 408. The danper assenbly further includes HDA | ead-in
gui des 416 to 10 assist in |oading the HDA, and biased prel oad buttons 418
whi ch bi as i i nbl y
U111 furt AR AP0 d28 e 116, 198 ali kifeohironatt 6t 11 SR TBRGAARE
engage t he appligs RSorcotncthe achiator asserably 120 forrotatd it é‘@PUt Mcmmospwe@h@%éw p0| nt
419 cont act I I ile

Als &Jﬁguﬁgﬂlﬁ thej:l%lb u)ég;ﬁf?ségspuﬁﬂ ﬂbﬁ? g}o(? iﬁm\kher egé ﬁdlé Pﬂtt o inkRied\n

a second cont act poilnt tact e cov er coupl es
to the pivatrowting portidiscall@the spinddy hubdi38. Irdthistpagtivalar disndave, theoipindls njetertis

shown) y e I f

nousi g 12 2t BEBYE T 3 R AAGAE PRI ShAa R B e oL "B o,
one enbodi niésetdrived, e sidglepiss orastifertrt ynusi@r ofdists dwaydie attacheid tatie hidodboer, ot her
mat eri al s havi |ff. gOL: da t i r.e.als W t hin
t he scope of b ﬁe |er?%b%fll%ﬁn 1slleggali}g‘g§gcﬁégqo ?ir’?cghﬁ %}?lc%h f :%rlrlg%ﬁ ? {)(Lgcsdarrper
assenbl y casprellaedis@drives matrliae:sssxﬁgledﬂsc | T iegsntive desoribéd lpdras is aiso equdligr
material s that V|de arti.cul d i osible.
The vacuumaﬂslbcc?ﬁlre B8 %ﬁiﬁsr‘f”élé?'@%rp&ggs ‘Qﬁd}ﬁr %‘?ﬂ%hﬁﬁ 2? %e%rcg i ch

sl i des1@l ongdérhke ity f ace 301 of the base 300 (see FIG 2). The bl ock 406 is

sel ectively displace alo base 30 nder wer. of one or nopre |inear
actuators. In one 25!lj Hﬂl?lf” e s Béf‘lﬁ‘%r‘gtf‘ Sb*??é‘ﬁ?rétlafl?f‘a’éﬁﬂpﬂqge

whi ch receisusf P3seREitH ha eqirsaerrd efa6d i thE Baibg 122 And b secdad ens‘cﬁadjla%am(t@mem
diagrammatically in FlI G to exten&lﬁand retract an actuator rod. Wile

shown and &8§?ﬂ¥ﬁem%thﬁﬂ‘é?§ﬁﬁ?§p€m65gb dupdie shafb 13§ remains saHensy- i 0% devi ces -

are al so pepmbRklsRaft F¥rindedPlethale thid&Pén e kécoi@ ERIWhiTR YerdlitRoking 9ede W t hout
departing fromthe scope of the invention. 30 In_the exenp Iarg enbodi ment

shown % t 1econd gig todhe qoper 1bdsThapives skafl 13 isof simdlayensstructipn insthat s alsait i ¢
cyl i nder 4%€aus§fr‘§ afd ﬁs a fidst é}ﬁ\(inﬁﬂe ﬁouﬁfngiiiz)%a 8nRsida ch@ @Ldﬁ%&n\m c%berclu@jol aces

the carriage 402, and a second pneuma | i nder 426 having a second

ext ensi on rth ufemalghresd 1%96§§ﬂ|°e§ledat$ﬂ e BIG. flé} cEhe prpase of tiese stagienary\hi | e t he
particul ar Sﬂff&l‘gﬂ vefontel parent?mQhe]Hpot fr fdhm s/ 41177 10 PCTNS99/ 17582

pneumatic cy ers 1s centra e 1 nvention, in one enbodinent the
pneurmatic cylinder 4P disk davelWBacines ticanechaniny crmgenengsdiscnred @Pveal | e t he

preunash o Gyl Bdeod ek oFbRA AL GG RdeLy bR Clpdfiyever.

STW using ot her c ers or spl*acl ng and es are
equal |y wi tatached heths b@pe(a@flewmanWelﬁtSldenf the hﬁusmmémowshowﬁchlrgwebqard

.

t he carri addateDdteatativaly) t}ermtchanmt oomid8ertse éndhiding e dn%]howmgdslﬁ,tcevc;r base

end of the t.uat 0 e ba kln b ch is,
in turn, falggealréfgl °‘P558'%*ﬂ% szgwo%:éa%?g% af"ést LY gﬁa s (ESPIP?I \ﬁ/n% rod
ends, ohe D33 sspémditsshaft 138hmdaimtcmm4wmng2>dwrs4-2@erazrzdly;xleﬁne &iclm)mmﬁubl'ﬁd to the
backi ng bl act ators .to

404,
i rect Lo arp ied somtidbedsthel s GRatR Rt hoRimbciie RS tRNgbE Y
during ext esemmclawdm:i@%ﬁmﬁtm, thFHUOz?hﬁlbvxdgsypﬂyamm@cm toothe Pgicedoilsl 28t he
actuators experienc ittle or I de | oa ur operatiqn. 15
B baun | 3 e ITE MRS G Gy SeR O g e TR TheA U PR B
actuation figessard atltheinBRLERbbients\erh it SibstaAdly é&&mlhm:ﬁee eNBirithid dag ot he
cylind rs to (gétend and retract and npve the carrlag)re 40 Pressuri zed air

i s al s60pr RIPEHOR, therdrixe dpctrgmics yF psserabRS o the BRA he2 rg%dm fhedipedrive Lfr ce

431 as shown in FIG GZneEﬂIyEﬁaﬁhgﬂh@]bx’éseﬁﬁﬁ%rﬁﬁn4§9tesfg'h%1ﬁilpfov9@ﬂ1|éih6&prﬂ}30
conprises a plurality of ports or orifices 432 |ocated along a perineter of

the slide sW#PHa¥e fozéoaalz& awh%% PR G ApND R sTYE tragh WHLipg RO Yed air is
delivered, micdiaf, the mBnf&iSbRR%ed to a method and apparatus of restraining the pivot shaft
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bet ween the surface 422 and the base surface 301. This air filn1pergdq
relatively friction free travel of the vacuum bl ock 406, and thus the.
carnage 402, along the base 300. Wen the bl ock 406 has been repositioned,
flowto the orifices 432 is term nated and the block 406 falls into contact
once again with the base surface 301. 25 In addition to Pé@géﬁ&kégd air, a
vacuum st iYP 8} ’havi ng a vacuum source 435 is al so prov : & vacuum
source 435 is coupled to the vacuum bl o8k 406 at a vacuum port or orifice

436. The vaguum orjfic is fluidly coupled to a.recessed portion 438 of
Che bl ook 1168 Semmlc s 38 Deivieet i seisat SRR clanih inst osrece PRI {he

vacuum st istifrespbsih clampaidntbepd. Belettdinieihy shahe oA AR kdtatdniltv@cuum bl ock
406 to the base 300. Vacuum 30 cquplin when fl ow of pressurjzed air

Qceur u
i s di scontePerIEE tagk farmagen respliiag fam ‘%‘i&"&‘%“?ﬁ@ﬂﬁ?ﬁ REHIPE BURCEESRRS, 9%4 ed.

Here, the ovbafl a6fRecfidr oftht $IDA drients ReubAGRiaByFetiaced. AQdordinglytthe vacuum
pressure couples the vacuum bl ock 406 to the base 300. In one enbodi nent,

the 2 0PSURSgSTOfshe disuyriape requird NStask myisragistietion srminimised, yigding geealsn

adj ust abl gravjegdnditied LREAHMAtelyD b Riphel é?&a%%tcabfcﬁ forlaWvedlidik §fz8Nt vacuum
pressure settings for reasonis that wlT becone apparent bel ow. The vacuum
stiffener is al so uBefgrming neghiodilGt 2, @rierxp frack wating madhingior AgparaBisst i ff en t he
latter. V‘Véh.%rﬁx}ﬁ%é'r s'?‘a\@_r J00%8caMlifle ©*drleGMBbinfhf 6t ld iHFen@ibn E!srgﬂrrﬁ?gl‘ﬂe!éw {st ction,

t hey typica require an opposing air bearing or sim evice to apply
an opposi nged toaditoseryy mferaationyor thoindividyal discs|1htsee Fie 1hofthoHBA| 18 The

unst abl e . | i J: i thility
of the ai S1Y (o i FERRT ling phifithiatdain 4452 btalehoR ARG TRIA L1 2
as wel | agi.¢.ahelspindle shafini38tand givdt shefitl 4% arethetizmmtal). (6. hedwmis thy HA incres

(surfaces 2 and,-301) ... Stk T h jr bearing and nmaintain a

consi Stento%%r}?/rﬁ%gxw%smo;g\g m%’%hﬁ}héem\%‘é%tum bl ock 10 406 and the base
surface 301, the vaTheS1®200fiHustrated s the figoreeinelwbiesdiumerdus aspaesithat are not

si mul t aneousl ith the aixr bearing 430. The counteract] force,qf the
vacuum pr 8\%‘5’%?%?15“’5?%9“0;{& ﬁ’ém?p&?‘gébﬁ B%g‘é:gl?a?‘s[“og L t(§1°3itF:I$% R peari ng
430. By utindi¢ard the rdtitéond sositionf tHefdiseewithin ige IFDN/dREAEG travkiwrittigu Sinee iz
additional air bearing.or other. preload ice. Thus, space and... cost
Sovi s arad plie Tkt seporie DR AL ST Genal Bt Bhee e sy
mount ed opipiavdn€ioh,tReyEs k6t deasHvedt detadilRrdis a second, fixed clanp nenber
herei nafter referre 0.as the fix b ssenbly 500. The fixed bl ock
assenbly is adapt edﬂf’{ﬁ%ﬁ’&’emtl"lf‘é' ‘ﬁl%)i 4&%t‘ﬁ?¥qﬁ'ﬁ¥@dmt’ﬂﬁfﬂdﬁ? Nt act
poi nts 50300,308oviBEBIokR 67 baditet ARRMSIyI4D0,! Ofiked B1dck bSsemBIG080m@AGréONt act
points 419, 420. Accordi ngl 20 when the STWis cl osed, the HDA 152 is

"sanded chéﬁ@mﬁé@mﬁlwﬁ@t%a¥?998@%dpmgeramimwdnzlg@é afases asssmbly90spd 503
(see FI G ogher 8dingondhts dtated Withirtthe GR&I SIRdNLibiSd0t AldR A hiBvdding@t shaft
118 are restrained. That is, together the cont'act points 419, 420, 502, and

. t . . . . v .
503 def i n@oBIomeA e begket asserablyr490 isrisorshpwn.cBackyef thees isenfsiefsserbshingelailng t he
ends of tlgepi ndle shaft 138 and the pivot shaft 118. Wile the contact

poi nts shown herein engage the HDA as 25 illustrated, any other engagi ng
means that contacts the HDA in the vicin{ty of the spindle shaft and pivot
shaft is also within the scope of the payention. It is noted that the

contact points operatively engage the spindle shaft and pivot shaft ends

wi t ho#t restricti onThebase B6Gisoin que ewbodigenti formed Sern igriinige, i®asgroralsimikect uat or
assenbl y : ' : : f Uk L. 1 0g! O rail
504 whi ch%égfngﬁggl%%gﬁgg}r%{egrg\itwgl?gl%@#X%ng(g%é)ggcé}ﬁg@f/mh%g %{g\%gor slrg (ngbas ket .
assenbl y 4lbasd B hpsiagduralitylof Blehded hdlesstoemagdndiog tomaottiag pBtths arodidedioh udes a
series of i di devi.ces-whi ch,, in.one enhodi nent. are.r.ol)ers.50

(v s b o iSRS PR oo hnGUD SBIS e TEisaRisE g 0, 20,88, e 1o
gui de 2 6D0 td 1Hdlb2E0 Th¥\badeGurdck BD1 BeohiddS glille’ hitfacd @ datum for locating the

30 assemblies relative to one another.
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to'the carriage 402 and constrain |ateral notion during novenent oz Qhe
carriage 402. Mounted opposite the guide rail 504 is a side |oading
assenbly 508 which is used to selectively |l oad the carriage 402 agai nst the
guide rollers 506. Still referring to FIG 8, the fixed block assenbly 500
in one coupled to a |l aser assenbly 600. bl ock
assenbly éﬂg%gﬁﬂyfﬁe | aser assenbly 600 _i ncor porate varlgﬁguiortg%ns of the
servo track writing systen1900 The sys?entlncludes anong ot her itens,

HDA to wii Lo the SorvuritiParEs pdublios BEmedkilagmal ILHiGG ale " ¢

typical ly dieslysiesn iFIGH G and 6.nEhdasket axaémisii domizomptﬁsest‘a ﬁrbtymomag tiymp

terf t h t 120 0 th 3b
FG 1) T PRETBRrSr el S FEEThE L THAdHo) REFURTQE R pr eci se
posi tion qﬂodkhmmcmtaaﬁhage«tmeﬂcluc&ldvecudmsomdcambﬂgnm@h@en #sen(bly 408. Tht shown)

whi ch ves the, co nenber in response to the pos on i icator.

order fo p‘ff-“&‘t‘i‘%Bﬁfzgéﬁﬁﬁ‘&Ff SOmPrigsJingar A peannerad v gq?ﬂ““ 'Bf)%sq{"j‘iﬂbeh i ndi cat or
iscI i B oaeeuvlmstmealgelagt ,T(;ﬁ di!ﬂﬁﬁ@ass’bﬂ%?%ﬁdéﬁ&&ak&Eﬁtﬁ&@BﬂHﬁﬁ&lS F410(f6d BELiVIf | shg\gg)
made by t - Packar eroneter uses aser asse y

as its ené P@ﬁDs"btﬁ%e Sh@I’hé‘rﬁgo i?‘ﬁ%“!ﬁ%g? éiﬂﬁ%&t‘tlp dﬁfipmnﬁa%@

conmponent Syaufe Al25MdRASSdnAS gulde WRMET 4141 TreSradd YT tRAalkeC 41088 déHﬂQ&B:,V #etion of
t hese portions of the servo track witing system _including the hardware

and el ect rdspipesasseiplly 408 Thcdpmpgr assqmply Whvtrmtledes KD Asleads i guidend 1efi on to
the di§cCs,,shistiff mad&g'ﬁéé ADAL 8hd BiSePpRR2A Buttom!ﬁi‘é M?i@h bilad thk moégafnktrtwer

di scussed herein TW Qperat i on’ Havi ng descri b an exenplary enbodi nent

of the ST\guidermedvlesdil2i 4landie flmmeﬂe@hlyaulﬂrémbe@neﬂdeg@mypmdrﬁgcqnﬁeomm inthe -
STWi n acgﬁm@@e@m WRicARRe ST BRAIE 52 Rherd { ptelatttﬁ?ﬁtetauéoﬂ%@ms@&mathe purpose
of this description is to %ermt soneone 0 e art to practice

t he met hodoinddederitarss the covee pbt whese itapuplesde thespindle abafid38 whide esechet are wel'l
known in t f f I t e

r eader |52°% %%0%{%4%9%%&%%%@(@0 F‘glecsrégirilfg)agg (l'sogglgs Bélr]ets}?l% féa?% 1&%9}@ st eps
may béSr eaxrmwngaiﬂmtmak contactipgjnts (mdt sholpa) tmy bammdm)tda:hggp andthet sthtdamary

f act t di fi dat
Groe ari vasPReR e aPE Houkfls T ottt SRUmATH e M SbeRE o nal 1y
al t hough t he net hod In sndestediniat] thadahpenssanibl p468 inglade ERWmiminner

nmbodi t 3 t ST
cr oot et drourr St AR iEren unttri b syt it pRORAYRER OB 31377
13 PE_T NS9%thﬂaﬁmmnntﬁonnmﬁce ih ahmlg_eggm%me?tﬁm&?ﬁehaSMIhmpﬁegadl y
i nserti.n i nto e an
o R B et e A P e G A ey e PR | arrp

menber s |rlﬁbm&1&@m$(ﬂg)sﬁﬁlal act points which engage the ends of both the
spindl e shaft 138 a the vot shaft 118 (see FIG 1 | oadi ng
devi ce such as the Bﬁ‘é %‘i"l’t Ha@PPWZ%aglgieeéﬁlﬁP@ggé%fa%‘}fqu el hhlied to
t he cont acdlidgiietgsthe kw@fdct 30 NbfMBe bdie 360 @ée IIG. 2)nerhs Biobklhes iakdlecRielpt shaft
(FIG 11). Wth the ends so constrained, the servo track witing process

accor di ng Hi¥placeshlone thsrbase FA%underpoper of oae o merelipeas ey, IHOPEi ng syst em 900
as di agr ansxjoldfnadnl thé KRMARSHS Brle Perinibtic finddr whidh re@RR Ipfedduizail fadn hESPECt i ve
ends, relative notion between the spindle 133 and pivot shaft 118 is

ni ni ni zed PrEsSerized 3l spwee 43 hishown dipgragmaticoly yxFIG: kg exterand fetigha® concentri ¢
track fornghiap réd) dWHIE SRS d@s‘cﬂﬂﬁras bﬁ&ststtéetlﬁlute Bther ﬁttéerachtmped bet ween
the respective contact points, the conpressive |load is applied

st at i onar ydepises are also ppssitie Eqsienatnmle,dinedrball Sgevesaymlsedie usfhiavltho'ﬂl@l)@uw t hat
rotation Oé.oﬁh%s%@& dg ﬁl‘o yagt uator assenbly 120 are unrestrained. The STW
200 descri bed above an ustrated in FIGS. 2-8 is adapted to retain 15
the HBA 152 accor di dgtheccxpmelamwbodxms@pwnadthe figurps theibaskieassembilt 400t he STW

in the ] { basket
410 of thgﬁﬂ ﬁ%g‘l’fﬁ r%ttlﬁ @lr#%?&e%)gb&r&g% gﬁ% edkﬂgév#%%uﬁé ek@ﬁ&gga ?r%ﬁgw{’)gﬁ used to
insert/r end;spéacphélelelmagnﬂ@ thba fragidgineurhaticepindenti2fchamipg a secand exdemsionf yi ng
devi ce 800 ch.as _a bar n ent it es t he HDA
and adj ustsérﬁg %glr}tltp pD réz’art‘;ttéglg L t?'cfaéﬂ%ﬁel o%ﬁt]i% ﬁc?fpgag‘w(‘:%iz’i“ %%lg? of He c.) 20
prior to securing the HDA therein. Once inserted, the contact p0| nts 419,
420 of the danper assenbly 408 are adjacent to the second ends of the
spindl e shaft 138 and the pivot shift 118 respectively. The carriage 402
with the HDA 152 therein is then noved to the closed position as shown in
FIG 2. To nove the carriage, the pneumatic cylinder 424 pushes the
carriage 402 toward the fixed 25 bl ock assenbly 500. In order to reduce
fr| ctl on bet ween the carnage 402 and the base 300 the air bearing 430 as

o S N 1 —— e



~approximately 0.002 inches . The vacuum stiffener as described herei K QSJUN 2003
used to preload the air bearing and maintain a consistent flying height.
The retractable guide rollers 506 (see 30 FIGS. 3 and 8) are extended from
the side rail 504 and the side |oading assenbly 508 (see FIG 8) is
extended to confine the noving carriage, aligning the HDA 152 with the
opposi ng cHRWEhoi nts 502, 503 | ocated on the fixed bl BEKVS¥EMH v 500.
The cylinder 424 then noves the carriad@ 402 towards the fixed bl ock
assenbly 500. Additional guide nmenbers 2 0 JU ~ ~OD3 WD 00/41177
PCT/ US99/ 1megmaticicydinders isdwot ¢anizal t@the ipventipnoip;ane gmbedigantdbe praumatiay i nt o
correct posiiii 1 ] € 1 I : letely
1l Q%28 %s 4 ﬁgkgg{(\&ti@fa%ﬂﬁﬁﬂodel%?ﬁnbﬁGbﬁ%hllé‘ﬁ'n% gnéﬁﬁadéac?hﬁd%ﬁlet P

extended the carriage HDA "152 1s | ocated between the bas
assenbly 4425 iaaBIMBA Marufactiringahodeksige-MR-G T 5BlowsvarSTWansing ethepgyhiafiess shaf t -

138 and piyo . . | LYe: cont act

poi nt 5. 4160t Osd dipfyghe InPlefuaPINEFRE ubhy WRAR B b STRRERVRIGRTT T2
cyl i ndér 4PRutthiesnare,aqmiyeehefopraltaingtplebrcmorethanawd attuatorsmedyl be uséd waseampighonl y
about 5 p . (;ahQ 12.aew ons) of force with a 85 pound-force per
square i ng‘%@%‘&glﬁ“. oh%%(léﬁob oxi mately 586 kil opascals (kPa)) fromthe
pressurized air sourlhe ad8dtors AR4,4R6 are pivdtiatly attdeheddio thesaapydge 402 at tod end r

bearing orific 324 m nat ed, ,10 dr.oppi ng the rd 40 ck to
Che bage. oS TR CREIE o SR oBSsRE pr v ISP ORVAPE A MHReriete BR W 1 1
the air beacking blb3k 464 which v, ditainyfasted bt dthelwise@otipledeshd basappl.yLike feer t i al
- vacuum.to the recessed portjon 438 ee FIG, 7 | n e odi.nent ,. the
bar i a0 v aotnis e Sat ol of heduaird?l s s nirc iy P fy FERRCHES bk
appr oxi mat 404y Blidwing the f6ehatirs to@ivobitibetreydd, e dilggtionWthe ddnisge@ds s al vacuum
mai nt ai ned, thﬁ gui de rollers 506 and.the si,deaéqSI | oadi ng; aﬁsegg%. 508 are
di sengagedBGFralY BUGRNSHARFIoY thh A HaOB PTREREnsien aadiFuptions SUBRe: Wi C
cylinder 4gGotirE cRAE HfeltichuaReh expiiehod 1k o nBsRIdEamEIdaASy beastidn0 the carriage
402 and thus, the spindle shart 138 and pivot shaft 118. The partial vacuum
mai nt ai ns general alignnent of the carriage yet still permts it to nove
and sw vel to ensure even | pagi-AG Brifed edoudiiyone enbodi nent, the
| oad applied by the cylinder 426 is 150 Ibs (667 20 Newtons). However, this
may bd3adjusted to t?éQStslmze@@ct;mrﬁyu&ti@tbhbasb@traﬁqemlyaﬂmn@m%%zth@ré@mﬁe | oad
I's appl i edgde4l, the'pit cQ&mw@%(@@,nﬁﬂ}bﬂﬁEﬁlnghg@_lih@erbg) Shenflahd RBLEQ) 1S

applied to the recessed portion to secure the carrlage 402 to the base 300.
I n one enbindimeMetthe carrzage ¢02. nRressudped air israso provided 4 theisiidaisuaface 22 o theacuum
pressure i J i i j nt.ai tk i ment,
t he act uat %‘? %?%e’dlﬁg Sh%lc%g%g%%?é‘ﬁgg ﬁggl tgrf%@s%‘r% B}ggn oi%bbﬁggr?“g{egﬁgd)% :

| eavi ng t heompriserApleralifyl af portodr orifiees B blokatehaong apraimeter fof thetslide surace he

restranin A, LeVi G A can.,.: e HDA
(el ecfklr0 iC ‘gzai | scrag\gva}?glroaigg%d;pl e%n%g{sse“qlg%/ds%ﬁ%gé@% tﬁdéﬁ{\;\zlfﬁlﬁlrllag‘ﬁ%é scope of the
i nvent i on. betwednithe $ubface 422samd thedbdse setfase 80 1. cHiis ainfilm pommts aelatively fictibe spi ndl e

not or, actpuat | i circui i i r
ool 13- o8 SR ot B B2 e Gt Ubd MicnB oD B0R0 "M 0"
witing prolods40otiasbetnaepdsiiengiafiew eithaori{fldE3P0d erminated edd thedrledkrtO6 Bdlsause

t he pivot l'.%pafot ta1t108 and.s itggllgg) shaf.t }Gﬁoare restrai ned between two stiff
struct ures™ HEAFETRERTR A" a5 FUAGE shafts remain substantially

paral 28] throughout Ik héditién tbipR@sufit€iCRSS vacharm Qfi flerRghavingwacuepaatrabi®s

novenent of the actuyator 2 0 JUN_ 7003 WO 00{ 41l 77 9117582 15
assenbl y l'fdisﬁﬁﬁovfc{?g' iﬁ? Hﬁf“%mf%‘gcet'\%étls ﬁ°§P18%m+€3ﬁV%ﬁP‘E’H€g°#e‘J‘§8é‘ﬁ/\%“f“ém
m ni m zed péttlotyrifide B34, r Relvaci@msorifice 436 ig AidBV&Apled to a recessed portion 438 of

the block 406. The vacuum stiffener serves multiple purposes. First, the vacuum stiffener is

D)

>

capable of selectively vacuum coupling the vacuum block 406 to the base 300. Vacuum
30  coupling occurs when flow of pressurized air is discontinued to the orifices 432 and the
vacuum source is activated. Here, the surface 422 sits flush to the base surface 301 and the

vacuum pressure couples the vacuum block 406 to the base 300. In one embodiment, the
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The STW 200 can be incorporated into a conplete servo track witing stalion
1000 as shown in FIG 14. In this particular enbodi nent, the station 1000
conprises the STWconponents di scussed herein as well as a conputer 1002 to
nonitor and control the process. Further, pneumatic and vacuum sources (not
shown) may be included. O her equi pnment such as the sca to
identify ﬁ@@"‘f'&? correct STWsetti ngsi may al so be int gg‘?@tsggglgf#]to t he
station 1000. Wile the station 1000 i'd shown as a stand-al one unit, other
enbodi nents wherein the STW.is arrayed with ather units arin nmon
e prront Ve S0 s iR s SR bheioul Bt Bl o4l 0 RGFY il

contr ol | i p@ssitd seitipgefobiedohs thatwitl becomeappartitdelowt hout departing fromthe
scope of the inventjon. To dress. parti.cul ar nam ¢, characteri stics of
ThertDA and STW - velte asuimetifmes apb areiE tomineih i e AER AR e e
\évi t hout dﬂiéan:zgfei‘. M@hilé ﬁiﬁgéa]lfiﬁgsfaﬁd)did b]&erﬁilyteffa:ti-r\;% Ftrbliﬂﬂhitﬁl@.ﬁiaﬁﬁn, mgmygﬁall¥t he
anper. asse 408 ,an i xe qQck .asse 500 may he 15 of a

mat er Pal TequKe %’r‘l??f’ﬂ’é%a‘f‘?f‘ﬁ?’éﬁ/‘gd‘“ﬂ]&ﬁﬂ?vhﬁ ' PRy a0 8@°ﬁé‘ﬂ3°%drﬁ1pfn§ d pivot

shaft. Al tgihbatthe/stioad, tifvRariR idiislabRAnd RastaAGnddnéisfiit flyify REIGMAGE ioC
cylinder 426 may he el evated or reduced depending on the partjcular HDA. In

anot her efssampressibility of fie aig hlrpaSyshincgnsistem ornedieishis reput in sugraljgnment ase

cylinder ¢2fad@ndBH SndUnffind&d donBetdlediveeh fhe GOATRIpRBEMAER (duRfales 420 afd 301). Yot
anot her enbodi ment, a pneunatic servo valve is used to naintain the applied

| oad 20 vTastffandheninbeeriag yumaintsinprensistnblying beight befwesnttbay@sugr hlock he

met hog angopa S aifacd 108, RE FREG sHAENL! iRBnDEARMARERCLSA drives wi th

hi gher storage capacity than those drives produced by known _

met hods/ appattancousdswith thegixbedring 13- Theiseunteractingtfoncn o& theivaenusepmvides the eci se,
concentri Jist ] 14 . [ 0 ' ovi di ng
ext er nal @8%@%?og%&{egé‘s%%%gaﬁugg{h}ég%rgt@{rgxgg? ?'p?gtl)l%lgf&?r@%eﬁlgg&o ﬁ%fﬂeg&’s pi ndl e
and act uatheiSTW dees motrequirsan additimaladrdichiing drother prelaad devieeuEhus| spacecapdr: dur i ng
servo tra ! e mnimzed. A drive produced according to the

pr esent i%é\%te%!ng%\&tgﬁ%@g?déqui res less msregistration budget that is
normally required with drives having nore eccentric track formation. Thus,

t he % W of the present inventiog..i bl e, of producing disc drives with
greatér track densities -- and E‘ﬁﬁiﬂﬁﬁgﬁ@sﬁn@g’paciti es - 30 while utilizing
ot herw se convent i Refdrring wvekto BEG. 18] mgumpedappssiesthe basRetthssdditl P @QBis WO 00/ 41177
16 PCT1US991 17582 I .n concl usion,,a t hod of restrainin d..di sk
assenbly (FFHY TresAipy menbathudenr roated e be S Be abfuBy 380y 00 <

provi ded. fiXddeblddRAsstmBly i8adapide ® edgipeuiid HDANLS2 wathdhiad agd failitk coliadk Hoi38
coupled to t ous| 112 where_the spindle shaff rota |y supports a

spi ndl e 1%%2' E&/@ﬁ%ﬁg{' 9] wRasite fhe fspindsacqpfl gentes poinig; 9F4E)%)l?f%‘f°f’?£‘l‘g?¥’ncl udes
a pi vzolt | sthéd the STW is elopddethe HDA 172 i&l&uﬁdnbl 'm%lfgigemxaﬁhp icumac@ba:ftsmc}m,l&o end

pi votal |y supports an_actuator asse r moyi ng a _transducer hea
150 1 ol ai {565 1o 51 #d W2ei03 fopa FlGribsa Beiibrerds pisbe swad bl A Hiedci ng t he
HDA 152 i sHa@ 11D @re2dst¥ariel). TRANR! tBgciif the LYt poRRIAS] 4D, SOARRAC B8 @Ie 2402, 500
wi t h opposi ng cont act 'SOI nts 419, 420, 502, and 503. The HDA 10 152 is then

cl anped bEEHEPr eReing GrPDAeHRbY spagdielysoniactingthe erds of e spidtesbt bt nt s
419, 420, api8e pRbickhal) 310 PRhiR the/ QntactdiAOHoRABBrefChetbe RRHDA Be pi vot shaft
118 and spindle shaft 138. A conpressive |load is then applied to the HDA

| 52, dfher Blustratets amsbericngpeing mearstthas spntects the HD Aringhe wiginitypf hespiadieoad

agai nst t hpaend ?iv@f shafl & a@do‘(ﬂﬁﬁrﬁh@;cbpét oflife RPChtiRC 1IPhAEYH hrabihRlbnthcB8 €O

restrain non-ro i he actuator assenbly 120 and spindle

) ational novenent of ) S 1 C
133. 15 | poipisoperatéetieengagetibripindlstshafizandanixoy shafianks withegtaestagiionretation 0200 f or
securing g6 | S&: %1% [aNg a servo track witing
process i vgr%?‘g}é%&@ﬁigggtéregtus ria%% B%gbé base 300, a fixed bl ock
assenbly 500 att acHée fixed blhek dssesbly300, furthed ingludesk guidasaleid whichGBtengposi ng
t he fjxed ack I The { ) I . vabl e
carri e 40575 587 SERP skemly sod OFdf SRy EDRSEY 400, ThOBNERR T 00 ™20
further i festenetts tize hssil0and ingludesai serbesd? 4uidihg dieides olticiyiy ongertbrddirgent,r i age

402 t owar gretrcr;'l?eréc g&ﬁgisiblc in FIGS. 3 and 8) that are selectively extended and retracted to guide



bl ock assenbly 500 and a | oadi ng device 426 adapted for |oading the 2 0 JUN 2003
" carriage 402 against the fixed block assenbly 500. In still yet another

enbodi ment) an apparatus for restraining a head di sk assenbly (HDA) 152
during a servo track witing operation is provided. Here, the HDA | 52 25

i ncl udes shaft 138 supporting a rotating spindly mihch in
turn suppf}yég&lﬂqjlfeast one storage disc #34 The HDA al so%héjg;bz/a pi vot shaft

118 supporting an actuator assenbly 120! reading and witing fromand to
t he storage,disc. rises a device for _.holding the HDA
and o cev B i 02 colBRRR PR iR i ufy iRl e Fm AR 40T i Vo
shaf t 118dMumhed dpplosite the gjmdemuuesozgea addloadmgl astsfmblgseewhich islidad ar eb
restraine r 1 but rot tion is to be

under stoooFe{eﬁ'é ﬁ@gﬁ’ﬁ& aﬁ%@@"l’l %l’\sbtheﬁ‘é‘ l@‘ﬁéggvto be illustrative, and
not L estrictive. NBBﬁll@éfBﬁihﬁwEIGiISUﬁﬁﬁﬁc&\blbbkikecrﬂprj;amﬁi@lmfoﬁe?rh&&ﬁn@‘i ski | |
int eart u revi ewin ahov e ,scope of the jnvention
Shoul a5 § (ROPERD I 1a5E SRsBEbrORad e TaehoGUssesy 95 ey sspgmy obd" " '
PCTNS991 1 3héntpothte Rafi®ifs oRIDAE of e kétoo &memﬂ@ s9éterth 1990, Bhedystetid ihdludekle ful |

scope of equivalents to which such clainms are enti UN. 2003 is A
met hod of aﬂ&eroa}emtﬁgs Ahase sempeneRts gexded e}welﬁmanweleﬁﬁweﬂgémeractt%ck

Writing apREHBALS wrid We seMBShBhRatlonehdried FAMREMSIEShe &sRANGHRANy iAcIfdl:ndl e
shaft coupled to the housing and rotatably supporting a spindl’e having at

| east one asoBtegigaerabasénot shavn) hictophysialt intecfages aithitke achistanasssmbly)1 24 vie pi vot
shaf t |pi V%é‘éédei‘tm%k'@ﬁ’@(ské ?1 QE&HﬁJn%dlééﬁre@i’s’n% %f%t §5c iQPindicheagsducer

head relative to the at e disc nprising steps of (a)
pl aci ng t inseipmokifionof thecsrrwt membes A} hd\splngng)pp@emg (alsangs shewevhichwi t h

opposi ng GREVeR e B a&trﬁeml(eﬁ nggtoqﬁe ]go%ﬂﬁﬁl G rf ca'qg B&EfsQ? e(%l r@lrrp

menbers on an air ear|ng |'east one port cou
pressuri zdhe @Lspla@nmmedyamsmethamosmeramdwgtopm mion¢ pmgochmblat i meﬂgl lﬁ?QSAt i on f ree

novenent e novi ng
ol ap. meniese ARerERhet ek FHR HEUR RSy bk THE B Sl o

bet wedh t Haserhsaemblyoides its angrgdy sohmt. the contact points operati veI y engage
each end of both th% |\éot gthafLeandt ) gl e sktlaf td andt d% ?ﬁ Y P
conpressive | oad to PHYRIHHRLIRY 4K & THITE L Y CHMPLLT 268N P Pi%ce a

| i near | o&mbveayar Rifte nhlapamaﬁlsr c:n‘nsm«kceopbf/mseqiaafohs afitte tdiveo &wknditagsys&im to
restrain no‘gé gﬁe N% nov.e F’ t he acauatorllassenB g and indle. 2.
The met hod GPYiEs Hie R ¥rrangdie ﬂ'élc%‘Bﬁ‘c%‘?‘r‘Fﬁ 8 SRR ST S e

cl anp ~w nesdieds, Bmdt Gntriivo g prAlinvenlibe it is dot fillfiieer dRtURes Heteig| ai m 2 wherein
cl anping step (c) includes activating a |inear actuator to nove the noving
clanp nenber toward the fixed clanp nenber. 4. The nethod of claim?2

wherei2o applying step (d) includes SEWiOmtdieg a | inear actuator to |oad the
fixed cl a menbey

her ebet vieen. A Ser HaVE AcErhPd 11 HSmalSLFARGIST oS BB STV, AGTLOR B9 s
assenbly (fbt¥ddd i'4 inthod of securing the HDA in the STW in accordance with one embodiment of
the present invention. The purpose of this description is to permit someone of skill in the art
to practice the method. Accordingly, steps that are not critical or those that are well known in
25  the art have been omitted for the sake of simplicity. The reader is also reminded that, while
described in a particular order, steps may be rearranged to some degree to better
accommodate particular manufacturing processes. In addition, steps may be modified to
accommodate disc drives of different sizes and different configurations. And finally,
although the method is described in terms of a single STW, other embodiments are also
30  considered in which multi-unit arrays of STWs are created to accommodate high volume

production.
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_ servo track writing process, the apparatus conprising: a base;, a fixed

bl ock assenbly attached to the base; and AMENDED SHEET z a ~u~u 2003 19 a
basket assenbly opposing the fixed bl ock assenbly, wherein the basket
assenbly conprises: a novable carriage, the carriage having a basket
adapted to_re i the HDA;, a displacing device adapted t he
carri age tS{Ha‘f@ igﬁe fi xed bl ock assenbl ty5 and a | oadi ng dﬂ{/l ce a%gpt ed for
| oadi ng the carriage agai nst the fixed fock assenbl y; wherein the carriage
further conprises a | [ had ast pl ed
to a pressurized air rhgbﬂpggg\vt gelaé?d #Igigag? %Tgtﬁ %&{' F‘%@f rsB‘TaL"'tjﬂF %ﬁgﬁsoek'
friction- &meerrmg/&mm,msz irtethe STW GJ6. 9)dnablan$1ﬂgohdHBAblase¢twambppdmargel n the
carriage further uumst ffen . _6.. The apparatus., of claimb5
Further i iR FIRgHRB I Db DR mamhs FEGYe ppPosiog SSrRIBrpe eBRL:  ai n
| at er al nOwaRdthe @hdstdTdothahé spigkite shaft ﬁbe:xcatnaprvatshsmis (sbarmi 53)y\/nlemgzhn one

or nore of the fixed b)J ock assenbly e basket. a ri se
danpi ng melPBding devicesueh s the BE‘F%“W’FPYIH@%{}B&? %QI’EE“FWF (‘iﬁp 1[‘&51 %"fead disc

assenbly (dafyct poihis/v@steaisifs ihe ehdsAsTithd/dpindiet@id Pivecass (FIA) & 1)2 WIiEH tBé &8s so
conprising: a hase; a fixed block assenbly attached to the ({s)ase; gagva

basket as s%‘??ﬁﬁrﬁin?ﬁip Bt SETYG tarle WHfRg Prog§ss ageo AEPRYFRRaL methods iReX ey

assenbl y cogad wffing S/stRvotd 8 deafdmmdRally :Iasreseafealuagm hav By gordtrimaK ik
adapted to receive the HDA' a displacing device adapted for nmoving

t he
carriage tEHRECHVE Pds.relplve Mplirndbettea tig spindlerid3 ang B‘é{ﬂﬁ shaft 4 E’@“‘&Hﬁdpt ed for

| oadi ng t h@urﬁ%rtﬁé@&ﬁvﬂﬂﬁig'b?&ce&é‘?esﬁl‘txﬁgﬂl rl?&r@@&c@ﬁtﬁ@&?él&’fonﬁ%ﬁ ﬁr\(ﬂllt‘irﬁ'ﬁcl?ar ri age
further conprises an air bearing having at |east one port fluidly coupled
to a presshigharducladensisigr When elaaped behb@aﬁhqusm@rwcpnmﬁ@om& the papesirgpsive
friction-f e iBKedRD aflbod) BorfiBhd drifipliRloAhhi P3¢ Sd'pioe BARY 1YARR Bl 1 he
carriage further conprises a vacuum st ener having a recessed portion

adj acent t wtatien obthsspindleand actuaterassqybly 1 20varé irpstiaipeéoupl ed to a vacuum -
source, wherein the G |

pressure and a seco#vacuu?nygésg&égfag@wﬂkl rd‘%‘E@lfieg%g fdéq?%dl%%g 3‘83 20
9. Thd3appthe #D4s 19 acspuding 18 thef methérbdes¢ribed.ubh pagicular, vath tho S EWgnithd i‘opgn'devi ces
to selecti ak\n r

appar at us. B IRIRIEeYPuedlisk B BIARE, & latd 4B0E k8 RcoRentiBop, o
t he basket Anwgriedloy maowg) miesteods anap ba gsodeorineersrembie thé HkA into the basketwini dneng

appar at us rin hea senml H during a, servao track
witing pr%’gbeogg © Lg’na‘en lgf{ﬁ;?(lg% g%“%es@f}ﬁ? ¥I§S ng:%mh 352]‘?338?]‘1 °5708K assenbl y
at t ached t dentifees ed@D Aand adjuita sdiaiantBISke ph’ameﬁpmasmﬁ (pati ndiscfcapeeity, lbicQck
assemyoy’ %o%&gsecunggemgﬁ(fghe?e?r?enbl y . conprises:

Once inserted, the contact points 419, 420 of the damper assembly 408 are

K/

adjacent to the second ends of the spindle shaft 138 and the pivot shift 118 respectively. The
carriage 402 with the HDA 152 therein is then moved to the closed position as shown in FIG.
2. To move the carriage, the pneumatic cylinder 424 pushes the carriage 402 toward the fixed

25  block assembly 500. In order to reduce friction between the carriage 402 and the base 300,
the air bearing 430 as described above is activated. The air bearing produces a thin air film
between the carriage 402 and the surface 301. In one embodiment, the air film thickness is
approximately 0.002 inches . The vacuum stiffener as described herein is used to preload the
air bearing and maintain a consistent flying height. The retractable guide rollers 506 (see

30  FIGS. 3 and 8) are extended from the side rail 504 and the side loading assembly 508 (see
FIG. 8) is extended to confine the moving cariage, aligning the HDA 152 with the opposing
contact points 502, 503 located on the fixed block assembly 500. The cylinder 424 then

moves the carriage 402 towards the fixed block assembly 500. Additional guide members



a novabl e carriage, the carnage having a basket adapted to receive ZrﬂeJUNAZUM
a di splacing device adapted for noving the carriage toward the fixed bl ock
assenbly; and a | oadi ng devi ce adapted for |oading the carriage against the
fixed bl ock assenbly; wherein the carriage further conprises an air bearing
havi ng at | e port fluidly coupled to a pressurize osPHELe, the

air beari ng£§§§/%9?t| ng relatively friction-free novenent ql(? the carri age
relative to the base wherein the carriage further conprises a vacuum
stiffener in r rtian gﬂ]ﬁc t he,.

portion fl Blﬁ él ye%é’?fﬁ f)cagps I%s' o\q%&\(}a h@?nthgour c%ﬂ) (if\),hgaé St'&ﬁ%set\t}%éﬂﬁ,n{ss oesgfener S
oper abl e siWheén maeyiurdbryummmﬂqﬂetdy exténded thﬂgammgepGOQJ thaHDAldaS:hnsﬂoda@rl ng

devi cos 1 o bpsh etend BsHue 4h b Shney Sk el PO Pt e an

appar at us df3gah@pivotishaft M@are sahdoivhedbietwszh the@éspédiive bontad pbincsc4<19a¢2{)eﬁm y and

apparathe. R SARAPHE EEIELh B S SHaEng ”berﬁménsler?aire%fégqt 8o track

writing pr Qﬁ@‘iﬁ:eméﬂlandlﬁrbﬁ;ﬁablctbi‘ eREHIHY dnB) dbGut SFPpoladFabout B2, zmwm:ﬁpkf tas@errbl y

attached to the_ base; and A

assenbl y oﬁ’b‘&? FPund-feres ey SW%WC%@%WB‘W@PW%’P@FW Slsgui ?@gﬁ&g gﬁﬁ‘l y
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actuators. efiiffcliiateht, Hidylinder 426 remains pressurized after full vacuum pressure is applied to

ensure loading is maintained. In another embodiment, the actuator 426 is unloaded (i.e.,

()
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25 pressure is no longer provided), leaving the vacuum coupling of the block 406 alone to
function as the restraining means. Once again, other devices that can preload the HDA
(electric ball screw for example) are also possible within the scope of the invention.

As the HDA is secured, electrical interconnection to the spindle motor,
actuator assembly, and read/write circuitry is automatically or manually made. The STW can

30 theninitiate an otherwise conventional servo writing process based on the particular HDA
model loaded therein. Because the pivot shaft 118 and spindle shaft 138 are restrained
between two stiff structures, the respective axes of the two shafts remain substantially parallel

throughout the writing process. Accordingly, non-repeatable movement of the actuator
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points 419, 420, 502, and 503 load against the ends of the pivot shaft 118 and the spindle
shaft 138 to restrain non-rotational movement of the actuator assembly 120 and spindle 133.

15 In yet another embodiment, a servo track writing apparatus 200 for securing a
head disc assembly (HDA) 152 during a servo track writing process is provided. The
apparatus includes a base 300, a fixed block assembly 500 attached to the base 300, and a
basket assembly 400 opposing the fixed block assembly 500. The basket assembly 400
includes a movable carriage 402 adapted to receive the HDA 152. The basket assembly 400

20 further includes a displacing device 424 adapted for moving the carriage 402 toward the fixed
block assembly 500 and a loading device 426 adapted for loading the carriage 402 against the
fixed block assembly 500. ’

In still yet another embodiment, an apparatus for restraining a head disk

assembly (HDA) 152 during a servo track writing operation is provided. Here, the HDA 152

25  includes a spindle shaft 138 supporting a rotating spindle 133 which in turn supports at least
one storage disc 134. The HDA also has a pivot shaft 118 supporting an actuator assembly
120 for reading and writing from and to the storage disc 134. The apparatus comprises a
device for holding the HDA and a device for restraining each end of the spindle shaft 138 and
pivot shaft 118 such that the spindle 133 and actuator assembly 120 are restrained from

30  generally all but rotational motion.

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

and not restrictive. Many other embodiments will be apparent to those of skill in the art upon

reviewing the above description. The scope of the invention should, therefore, be determined
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10% | & () - 10" 10Aehjesiof Jof resipaidiflg 4 Bead disk assembly (HDA) within a servo track writing

1 oo & (FEPR S WSS Clonphictls Sk s indli B cppen G < O
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(a) placing the HDA into the STW, the STW having opposing clamp members
with opposing contact points;
(b)  moving at least one of the opposing clamp members on an air bearing having
Q at least one port fluidly coupled to a pressurized air source, the air bearing permitting
relatively friction-free movement of the moving clamp member relative to the base wherein
the moving clamp member further includes a vacuum stiffener;
(c) clamping the HDA between the clamp members such that the contact points
operatively engage each end of both the pivot shaft and spindle shaft; and
(d) applying a compressive load to the HDA, wherein the opposing contact points
place a linear load against the ends of the pivot shaft and the spindle shaft to restrain non-

rotational movement of the actuator assembly and spindle.

2. The method of claim 1 wherein the opposing clamp members include a fixed clamp

O

member and a moving clamp member.

3. The method of claim 2 wherein clamping step (c) includes activating a linear actuator

to move the moving clamp member toward the fixed clamp member.

4. The method of claim 2 wherein applying step (d) includes activating a linear actuator
to load the moving clamp member against the fixed clamp member with the HDA

therebetween.

5. A servo track writing apparatus for securing a head disc assembly (HDA) during a
servo track writing process, the apparatus comprising:
a base;

a fixed block assembly attached to the base; and

AMENDED SHEET
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U& ()-zY 10% port fluidly coupled to a pressurized air source, the air bearing permitting relatively
friction-free movement of the carriage relative to the base, and wherein the carriage
further comprises a vacuum stiffener.

6. The apparatus of claim 5 further including retractable guiding devices to selectively

constrain lateral movement of the carriage.

7. The apparatus of claim 5 wherein one or more of the fixed block assembly and the

basket assembly comprise damping members.

8. A servo track writing apparatus for securing a head disc assembly (HDA) during a
servo track writing process, the apparatus comprising:

a base;

O

a fixed block assembly attached to the base; and
a basket assembly opposing the fixed block assembly, wherein the basket assembly
comprises:

a movable carriage, the carriage having a basket adapted to receive the HDA;

a displacing device adapted for moving the carriage toward the fixed block
assembly; and

a loading device adapted for loading the carriage against the fixed block
assembly; wherein the carriage further comprises an air bearing having at least one
port fluidly coupled to a pressurized air source, the air bearing permitting relatively
friction-free movement of the carriage relative to the base wherein the carriage further
comprises a vacuum stiffener having a recessed portion adjacent to the base, the
recessed portion fluidly coupled to a vacuum source, wherein the vacuum source is

adjustable between a first vacuum pressure and a second vacuum pressure.

AMENDED SHEET
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9. The apparatus of claim 8, further including retractable guiding devices to selectively

constrain lateral movement of the carriage.

10.  The apparatus of claim 8, wherein one or more of the fixed block assembly and the

basket assembly comprise damping members.

11. A servo track writing apparatus for securing a head disc assembly (HDA) during a
servo track writing process, the apparatus comprising:
a base;
a fixed block assembly attached to the base; and
a basket assembly opposing the fixed block assembly, wherein the basket assembly
comprises:
a movable carriage, the carriage having a basket adapted to receive the HDA;
a displacing device adapted for moving the carriage toward the fixed block
assembly; and
a loading device adapted for loading the carriage against the fixed block
assembly; wherein the carriage further comprises an air bearing having at least one
port fluidly coupled to a pressurized air source, the air bearing permitting relatively
friction-free movement of the carriage relative to the base wherein the carriage further
comprises a vacuum stiffener having a recessed portion adjacent to the base, the
N, recessed portion fluidly coupled to a vacuum source, wherein the vacuum stiffener is

operable simultaneously with the air bearing to preload the air bearing.

12.  The apparatus of claim 11, further including retractable guiding devices to selectively

constrain lateral movement of the carriage.

13.  The apparatus of claim 11, wherein one or more of the fixed block assembly and the

basket assembly comprise damping members.

14. A servo track writing apparatus for securing a head disc assembly (HDA) during a
servo track writing process, the apparatus comprising:
a base;

a fixed block assembly attached to the base; and
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a loading device adapted for loading the carriage against the fixed block
assembly; wherein the carriage further comprises an air bearing having at least one
port fluidly coupled to a pressurized air source, the air bearing permitting relatively
friction-free movement of the carriage relative to the base wherein the carriage further
comprises a vacuum stiffener having a recessed portion adjacent to the base, the

recessed portion fluidly coupled to a vacuum source, wherein the vacuum stiffener is
operable independent of the air bearing to permit selective vacuum coupling of the

carriage to the base.

15.  The apparatus of claim 14 further including retractable guiding devices to selectively

constrain lateral movement of the carriage.

16.  The apparatus of claim 14 wherein one or more of the fixed block assembly and the

basket assembly comprise damping members.

)

17. A servo track writing apparatus for securing a head disc assembly (HDA) during a
servo track writing process, the apparatus comprising:
a base;
a fixed block assembly attached to the base; and
a basket assembly opposing the fixed block assembly, wherein the basket assembly
comprises:
a movable carriage, the carriage having a basket adapted to receive the HDA,
a displacing device adapted for moving the carriage toward the fixed block
assembly; and
a loading device adapted for loading the carriage against the fixed block
assembly; wherein the displacing device and the loading device comprise one or more

linear actuators.
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basket assembly comprise damping members.

20.  An apparatus for restraining a head disk assembly (HDA) during a servo track writing
operation, wherein the HDA comprises a spindle shaft supporting a rotating spindle which in
turn supports at least one storage disc, a pivot shaft supporting an actuator assembly for
reading and writing from and to the storage disc, and a housing that substantially encloses the
storage disc, the housing having a base and a cover, wherein the base is attached to one end of

both the pivot shaft and spindle shaft, and the cover is attached to an opposing end of both the
pivot shaft and spindle shaft, the apparatus comprising: ‘

a device for holding the HDA; and

constraining means, having a first contact point that contacts the cover where the
cover attaches to the spindle shaft and a second contact point that contacts the cover where
the cover attaches to the pivot shaft and one or more additional contact points provided to
engage the base portion of the HDA housing, for restraining each end of the spindle shaft and
pivot shaft such that the spindle and actuator assembly are restrained from generally all but

rotational motion.
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