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SERVO TRACK WRI TI NG The present | nﬁﬁm‘lgn relates to the field %an

storage devices. Mre parti 3& \m wl invention relates to an i mprove
apparatus and met hod for se ion 5 of a high density disc drive

during a s ck writing opec@ton. One key conponen onput er
systemis §fooﬂgwlléz to store data. Conputer systens have tﬁgﬁ{‘/"sﬁq#sgrent

pl aces where data can be stored. One comon pl ace for storing nassive
amount s of HERIZONT AL LOADEREFORMHGHNDENSITY SERVES TRACKE WRITBNGDSt basic 10
parts of a disc drive are a disc drive housing, a disc that is rotated, an
act uat orFiags b Iyvenfigd noves a transducer to various |ocations over the
disc, and electrigal circuitr hatt#1 gto wite and read data to and
fromthe disc. Thee@r&@ Gy 5%‘9 &ﬁ%ﬁ@ mass SRgS dFViE sy I\gq’i‘?:odl ng data so
that it peficulld®y, HiCinemabritelaies fo&hﬁmﬁ'dﬁdil appatate arddiréthddDfot furihigSGosishf ace. A

m crgproge@sgr cong oés gnst of the.operations of the disc drive as well as
passt ng °f AR 4TS LTS ‘frﬂléaf%rv?gﬁﬁémtl"ﬁ@pﬁrﬁmter and taking data froma
requesting conmputer for storing to the disc. To read and wite data to the
di sc dri?vgi the! ?87@ Uﬁt or.. assenbly includes one or nore arns that support
the tra sc surface. The actuator assenbly is selectively
posi ti oned by a \QxiedceycmipbnammhymiﬁmlkbrpjrsvmBatd&elcaaistt&écma assenbly about a
pi v ft secured.to the I SC i led to a

ot or i 2 S Am B HERaR EmaRLa Gy g dieiian 5 bF HEHoQ0F RUmBARg

oper at i dor,storihg nmm\rcdhmeurpsrcmdatdesa contpater RN ip onve dist drivdd erhtd In®6t bakly

contgol Lin the v0|ce th r s nd t hus .t he

tr a?lésdu@ %’Fa")f gy %%%?‘fc d”ﬁ%éo "3(5‘57 ‘gﬁsﬁartécﬁ edy %%P’l“g’ﬁ agf%‘ﬁﬁ thtage rotating
di sc sumfosesn triﬁkmxcemavmdun:lecranors otvgrpha:catd, ymdpd]evtried] mrcuarysmahsl usexpam ¢ bl ock,
also re I h ero so that it
flies o%r ﬁréag i ‘&Fﬁ Hog% elgrc ?ﬁs’e dla%se a%émc uaces f’ﬁé{"t %Eg’ic?l % t ransduci ng
rel ati odath scpthaa it @ntbh&lcghssfclly xwlnsvedsahd wsten doahaedxmua‘acre- wemrcrcrpgncsssorf ace
(755") MR mdsPEHOGR il Lo 2B, B RAY LN LELNEL e BE ool b e VNN 1 he i sC
rotates, air is d the Pia>'the sc SUPFSce causi ng
predsur eeqwmnmcmumgndttﬂenmmommeqﬁesm ctohmuutr for stofing toltke distne ti ne, the
air rushing past ’Itoh'gadcdga/%M dfth todtﬁp E%icﬁiv%”m% nct&ah'gr a@gemb?f?lglh&g oftear face
produces a negative pressure area. {7V r'e or Suction 30
count er aorsammp thapsuppaUthetrapsduder oret tlattdlscrserfam ﬂ"sc aérmorsalssed%bfy s al so attached
toalo : oward the

i so suepanony BRitkey HloRduiPRoR: WEEFAR e nitol BREME BRRLERBEI T F

sur f ace skaft seaveeddp & daive bougag. tTl‘@tsiiSars cdepled oc m¢tyn¢¢é|sglhdle whikeh if 418,0 hei ght is

t hesgli s t r which is

typlz(gal F%Hﬁmma m{thbgr(l) 3 %%O{hgﬁ‘}cgggr&%? %S‘éga?]%%gg%%qtﬂl i ckness of
t he ai r Bygpptrodliing; thtvoiqecpdl matay, shefapuptprearingand thus theheanﬁcm,cens)@mb@and resul ting
vear thabsityed GveP abyHradibllochitd aiJn@%(Z}HQﬁ%ﬁhgesﬁg‘a&nd disc were in mechani cal

contact during disc rotation._ In sone sc drives, the slider passes
t hr ough a | ayer Ofhetrasficeriptypicalirizced pmmsmallemmio black ke referFreddeas of t he

di sc. 5 akfdedthaRts dRfodARiBBEMkRhdd%s uRt u@i?és%veﬁhé&w efheQfiddr Rasitd f ace of the
storage disc. Disc drive systens read and wite information stored on

por £1 on8VGfhedis i Hﬁlaa@m(alféeflorlﬂmwle@e fisc.aMogtshigers havpag asdersi®8s, in t he

form of sireRe(“WBStpwhiepidaudt Fas Berch i trveehitthids, WaGAhedsORERet h si des of
t he stora e di Egé read and wite information on the storage discs when the

t ransducg Ssdr%f-’rg gwerndiediils apbre disprelgecrmusingpressyre Wiieh 9eses BAA%Ed tracks on

t he sur hageféh tﬂehﬁsclﬁt thé %ﬁgﬁledth gir ning P&t HeRhviffordesressiRiimhe ind t he
read/ write hea ccurate|ly positioned above a target track, the

F ead/ wr PEER EUTtRcE BrRALE %ﬁr&gwf BICEHEGTN d DE PEEARVaRrestietr SEtiPRif or nat i on
reprs@seraamdrm thé pxés'stnapmaﬁdad htfiRe B1l0 TG Blidkr &CalsoSttaiHeakd ¥load §AHE NG data on a
storagev&‘zl acco l? %g é‘%/ $03|t| oni ng the read/ wite _head above a
target tYa I?méiHEFstaé ¢ fraerdirgriedfoyard dhe dise syHagend e vaRus B f sc. To write
to or req:ﬁlxid’sarfhddlﬂ‘déﬁﬁﬁmb?ttﬁeﬁtﬁk&e ormedfsea@b/;ykam&lﬁ.rh@sadd ﬂ§héaglf§ rmygd rgd:j ally
across t S el ec et trac The ata s, often divide

bet ween fgg‘\%ﬁ%{f h‘ﬁldfsfaé?‘eé’ﬁ?"ef‘}‘ilﬁglé ge 3nd thrdrangduging blﬁ’g isyReallye o
multiplicity of concentric circular tracks, other dISCS have a conti nuous
spiral formng a single track on one or both sides of the disc. During

manuf acture, servo feedback inf me 1impmencoded on the di sk and 20
subsequently used to accurately w]ﬂﬂlmwmtransducer. The servo
information is used to |ocate the aggiator assenbly/transducer head at the

required position on the disc surface and hold it very accurately in
p05|t|on durlng a read or Mﬁlte operatlon The servo |nfornat|on IS MW|tten

. o Y v o o -




necessary to ensure that the track definition remains concentri

servo track 30 information is witten eccentrically, the posi tlﬁrﬂo.ﬂUngﬂoa
transducer head during subsequent operation will require relatively |arge,
constant radial adjustnments in order to maintain placenent over the track
center. Whawo ene17vr acks are sufficiently eccentric, a sigtiWyeYlif2 2 0 J U
N 2003 WO 001 41177 PCT/ US99/ 17582 portiaon of the disk surface nust be
allotted for track m sregistration. Accordingly, overall track density is
degr aded atdw thﬁ'clsmsmﬁ theaic pbeicatiop film. frbislfmaeblimimtes thecfriction aod sasuléngwenper
NG Of el RORITE kY s ehd 186 B PHESENRR cofihOEh 8
p03|t|on|n preC|se i 0hs ransducer head during 5
servo trac kotxﬂrdnt ilmgxmél' dhisc grdvses tthe)shdegpassps tlﬂ.'mlghommrer sfmbrcantmathexthanrfiyidger t hat
engages the aﬁt uat gﬁﬁfﬁgbly, a position indicator which indicates the
posi ti on of VEHE and a di spl aci ng mechani sm whi ch

reposi ts ons the contlaﬁinnﬁ&cmmeprebmaﬂe omatsezedtmmdbnfﬂummaofmidrdgemsc ‘

i ndi cator. To ensure accu ate positionin arious tion i ators are
uoed (e DiaERERSta Loy oo ek 21 oo St erRes B el oy
The STW f utd dz@facks0 mmﬁu@m irl the farfpfirda@ahrite hedds ttaghddXd thslillérs) chhtbd?oxs ervo

information to.the disc surface vi the ransducer heads.. As demand f or
hi gher capaethswewﬁtg%gtogﬁssagc' ﬁmﬁ Ao P SiprRe fliscsahenthrg o

i ncrease dirhiQudeANRE hdonrdidly | b&ﬁtﬁ&ﬁ& o0& ohé @@the danmbted tradkldh tHeShrfA2¥ of tRET €aSi NQ
the density or "tracks per 1nch" TPI% reater nunber of di screet tracks

can bellencgeage disc. aA3 thegtagags discSping an thwa mesiihead is acryptely pesitionrd ghowe t y
requires nRkeRthlC itead iiteHead O stHirs GarSHith %%acl@ﬁﬁ@ﬁ%é‘ﬂfo&‘matkhac k

m sregistration dué to eccentricities in track formation nust be mnimzed
in order tPHIRIaHiveof datp oplaribe sthigse diss Simbprhs reaging dewaiona sforagk disaidvant ageous
to maintai fo3p ﬁ%@ﬁ'i}%%bgﬁ&ﬁﬁgﬁe éa‘&yHe d'aﬂ%zetahﬁ‘rg&% f?aﬁc{ 125dtnghd 4érB9
process, nmany factor versely I npact t W's cabi | to wite servo 20
i nf or mat i omateoialasrthe storagk disc.Foe writestoantsad fromgliferent rtr@skﬁnthn eaad/wimitet iged STW

i tsel fyscan r

vibr at1lsg nsm?,gé/ t{}&%ﬁ%a&é%s%ﬁé tricﬁ}‘é ttoL i[a fegéréte)g’gdr d %ch{’%f%'ala%oﬁe'ﬁ‘dm#% DewEen, s
may al so psaveatdiffaent uraqkea%ldlemdst simkga/mscs ungzeetrmldnghm@tof tdncgrgdic cdmadther
problemwl h 1 ns. i n .

i ndependen %‘f(iuéeét |58§h\(§% tcﬁlét%gu@ SS lrgeranlaggsmﬁgltrgcre a |°\7f3°l§‘ SId?%gefﬂgTW.
The presendisc.nvention is directed 25 to redUC|ng these problens, especially

the effects of conpqguent defl.ection inder of .thj Scussi on
will focus on the s "ngl\%%qufacgrr? éﬁ‘?’@“‘Fg&a"EJﬁ}%‘SﬁF R eagrd y{hgﬂléfégl%ng a
pl uraloty Slfbsmieﬂiﬂ)&lseﬂ td Muxa»euyaroaaé the triaisd uded U Thagrvo\ilhiformitioa iHIAd fodocar

T acture BF SRESTaReRRyuARdify Yen Do Bt P Siealth e briaere F on 20

the drive ¢éyaccutfely RepdritidldusiigbieadREwitepenntdbe Bitakivolitfofiativt ©@ritten
addi ti onal g@g&dt th‘ﬁr ef 0. .However, these STW HDA configurati ons still
produce dr PV {ORq thedtse ithatpachinis sammprly refgredfa @s 4 SEVORack FEteET\Y
posi ti oni n(he?éiﬁdﬁlémwt)um n@ttmeerthbeﬁwmnaﬁucme whRe, HenaaiaRk & wErdaliget | on

and vi br ation_of 1the HDA conponent 0 J_U N 200 WO 00/ 4] 177
the “head disk assembly (heremaﬁer HDA) stage The HDA includes most of the

mechanical drive components but does not typically include all the drive electronics. During

the track writing process, the STW precisely locates the transducer heads relative to the disc
surface and writes the servo information thereon. Accurate location of the transducer heads is
necessary to ensure that the track definition remains concentric. If the servo track

30  information is written eccentrically, the position of the transducer head during subsequent
operation will require relatively large, constant radial adjustments in order to maintain

placement over the track center. When the tracks are sufficiently eccentric, a significant



4 PCTNS99/17582 Accordingly, what is needed is an apparatus and nethod for
use with an STWthat mnim zes relative defl ection between the comonents
of the HDA during the track witing process. In particular, what 29 Q)E@Meaﬂ[]a
is a way to reduce HDA conponent deflection sufficiently to al | ow greater
track deN&ev4¥7to be formed on a given disk surface. THEYPWULERH 5

i nvention addresses these needs. In dévising the nethod and apparat us of
the present invention, the inventors realized that current STWsystens were
limited portiomef thediskswniface sust breatiotted fostradkagyistegigirationc Wiceording!ovardllr ess this
probl em apparatus for 10 securing
the dri Vg&%ﬁdrelhﬁférqgE%r?c}é&%&ﬂ'%ﬁ%ﬁ%g&g%&g%gd 8’ one enbodi nent, a nethod of
restraining a headndrds taensersipropes WKz wﬁseWDmfaann,cSTtWQUMZm ting
apparatu i ncl S..a~ in n i ndl e shaft
coupl ed %tér?ﬁvmﬂéeﬁ l‘%ﬂ)ge{ dwﬁ@ﬁ‘é‘ 8 Iﬁ%“?ﬁ?} hdl Clsegﬂg Sfuol"S?‘aet%%B ‘;}&s 8%‘%0?‘5%3 a spindle
havi 8g agervcetask wmmgstTdmagstldmsg:systﬁme:oiﬂbﬂsd‘smrcbhmct mandletii@engagps ot shaft

coupl ed t he 15 SI n. t.s i vot al | r act uat or
assenbl y C?“b“& T hg t° PRl la&cé ﬁgh r{aaﬁagf %‘°?ﬁ%tﬁ?i$°§’ga "fﬂﬁbeﬁ’et hod
conpris eaadtdmaﬂaoa@necfhapismv}ngx fiepasitidné\thetbmagt h@cnﬁ;‘EWa&Ethnﬁfeédb@ckfﬂ'dﬁi has
opposi ng,.cl a th opposing contact points. HDA i s t.hen

cl anped BEPRR n@?{’ ’f’ﬁgat(?f a;#?)c%fﬁ)dg?lgatggﬁﬁﬁt‘%v é'SBB‘WE“é’d? IR & “f‘?ﬂeratl vel y
Iengage e@@h maﬁmlnéal,?aphcmt]aeawbomtalmﬁnc@md; rﬁﬁie&dk\e) stheBTw firtB@npr essi ve
oad is t applied fa the HDA, erejn the opposing contact points

I oagl 05 gatnfiluge tﬁgregwa ‘chui‘ﬁ'efz OhVIURE thp saryo wmfprmatien é]i’etfhﬁcé“"sf?fﬁﬂa % restrain
non- r ot afrarfdth@er REAdEENt Of the actuator assenbly and spindle. In yet

anot her enbodi nent, servo track writjng apparatus for securing a head
di sc assenbly (HDA)S %G?ainﬂéma{“@@? ?FB“E‘W&’E‘R’QWTPWF MAnyfasEsEsArs %0"[5‘?’68' ded. The

appar at Ugeeking k&ﬂe@a@ d@ﬂaeapaan}f byRerelifiCrkacRISRID| Yhatd 8¢ hx@n‘iastix% thoie base, and
a basket assenbly posi ng 25 the fixed bl ock assenbly. The basket assenbly

i ncl udes “d‘s‘r‘bb%falﬂaéksd’gf mcagéTPéha,sfeé&r F‘Hn‘?eée&i‘\?‘iie%‘ fracksom beﬁ’i@"dﬁ%‘két assenbl y
furtier pRed Gdesuracsli HoWakt nﬂgrféﬁtvacﬁ%emmq%ﬂesf rﬁBre’EﬁleéﬂgusE Ia@the @fsE i age toward
the fixed bl ock assenbly and | oadi ng devi ce adapted for |oading the

car ri agesuifsgs- ndecordiagly, thask nbvregzﬂraagg e peceptgickiep In tragl formptipniast Bnbodi nent |
an appar p@ﬁ&i enbly (HDA) during a servo
track W?’Erﬁﬁgegéneérgﬁ%?#?ﬂ%? Rl t.hqg it gd%aﬁ@ HDA i ncl udes a spindl e shaft
support i ng a rot atWhide 8 mmagm“&:th marmta.lu substnpgernesniopiy dmngdiesese or age

eadi ng. sk B Reld Tty ol o fRRLY PRGN, G5 KRG 175525 ana

to t20e stnﬁmrageordcqmmtn@m a’ppmstachsmqubresemcamdba/ﬂ:\é ifsdf cahoticrsely t he HDA
and a dey; I ai e I ot shaft
such tha¥ff{c§mcg‘raf1{1 ﬁ‘e‘ﬁghgérg&&nugﬁ g?é%ggbrg ﬁth%%lggls? t %ln%eog rorrﬁgﬁgtgéner ally

all but (eg. atnpolrf@dt bmiﬁgs)rma)ﬂdscanomeoorstepeatabrhetmvktwmnigamts apthyeat us of the

Phose. or PSSR picBhaP b sy R0 Eosblin ineto 208 o . BABRF LT (30 ™"

i nst ant defeetién cithgsotmatdrsandspiadis eglatbe ethe STWE). The presant mﬁre:mnbsdhieded;er VO

i nfo tion,to t ro rnal consiraint

rotatd onf Fﬁ?%tgfse%?ﬁﬁgﬂs SF‘Pef‘ﬁngﬁ %’Eﬁt fgﬂﬂ'pﬁ%et"hgef%?t °“tﬂ18ﬁh°cfﬁm?18€éat abl e
osci | | at bpthss didtussion’ wiglfdeuidtdnth©@edl during servo track WI’I ting are

m nimzed. A drive produce Cordl n to the 10 present. i nvention thus

requires |ess ni sr¥gteurERt ﬁQA P%CW%S%PPD‘“’F‘@’ |PP’é‘Ef Rtk drives

havi ng mamenﬁp&%%uﬁn T Whkn ft@m isa0 eng-ﬁﬁb@ the PR TN edtudidirdreanail
i nvention js capable prodgt%l ‘%% disc drives with greater_track densities
e

-- and tROY bm%%@?c"@é%“{*@ A G-euthedriye Repsighedtill atber EDRYSonal track

Wi tBRY ReirRe Sover tﬁhb%fvo%@t&h@%'sﬂﬂdl@fshatﬁhs p}-'av?denaemﬁoﬂan Sipfdrherbtdl S an
expl oded view of a genéric disc drive wth a nultiple disc stack.
However, these STW/HDA configurations still produce drives w1th 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.



FIG 2 FIG 320 FIG 4 FIG 5 FIG 6 25 FIG7 FIG 8 FIG 9 30 2(‘0)@'\‘?
"a perspective view of a servo track witing apparatus according t 003
exenpl ary enbodi nent of the present invention, the apparatus shown in the

"cl osed” or operating position. is a partial perspective view of the

appar at us ofygfdofar72 shown in the "open" position. is a anpewpksaesk2vi ew of
the apparatus of FIG 2. a is an enlarged, partial perspective view of a
basket assenbly according to one enmbodi nent of the invention. is an

expl oded vi ew of the&e&hﬁglyaﬁﬁﬁmeydeetsdﬁla aratus Al AetdbADr 85 WLth Gn SERL i ON
vi ew of a vacuum bl ock asse according to one enbodi nent of the

i nventi on. that migingzes relative QFﬂE‘WOP Petereen;the somporents ofdbe BPScdurinedbatstak in

accor dance ew
¥ st a1 okl 3G RBIPE whl it Eaddly £ el fledc? HD AL SRS oD

enbodi ment syfficiendlyitmaléav grester tragk dengitiesge herframied ow i given diski surfacei Ahe presaithi ng

of the DA rdance wi th one enbodi nent of the invention.
U'5_|N 288@%%%5%%‘%% g&g%ﬂ US99/ 17582 FIG 11 is a diagrammtic view
[ I I ustrat| ng restraining the HDA within the STWin accordance with one
enbodi nent WMFI G 12 is a diagrammatic view illustrating
writing of ornfornmatron to the HDA in , accordance with one enbodi nent
of the invention. 5 K @visitp themethell agrppanats af tisgueseoninvention sthe wivegotshe
engagenent of h in . the STW rspective view of a
cerva trackoaliet rbonst S B edih ot marb AR i s
i nvention. at:ﬁlem Tdwidtash thinprolgertgheintentbraifeswsed pi & aretiofl ahdneppmmﬁefor ed

enbodi ngnts, ref ce d the acconpanying draw ngs which forma
part héPeofSee W%"h |d3ﬂngﬁ‘8%§%wmﬁyrm of illustration specific

enbodi nents in whi chmhedmwemtehommmyd bfrefifatfind £dd disk al;s‘crrﬂ)(l)y (HEDANder st ood
t hat ot her ephodi nents ma be ut||| and stru es. ma be made
wi t hout dep‘ﬁ‘{tg)t‘ﬁécrf’? Btk ”@@B%atﬂﬁ ‘s;ﬂ’%‘é‘é‘ﬁit Qﬁ}‘ﬁ&ﬁ#ﬂ‘ ﬁ‘% g3Mdenti on
descri bed idspirdléshaf Bbipleath @i HoSsingSeHekd thavkdiltilehah ratlatabmﬁ scaadpmdte
configurations of disc drives utjilizing either rotar i near actuati on.

FIG 1 is dRVBBSbakansstemeotisolde pherdnclydes.a givp aﬁGB“IHQMOHBea rotary
actuat @s. THaasidg.Sth ﬁbxv&/t%hélfpﬂvétﬁl%l gagt%asan mrragse%nybﬁﬁﬁm&ﬂa Ja t%édt@exc over

114. The housi n cover forma disc encl'osure. Rotatab a%"
attached t deahee zﬁwaéq thsdrequtﬁrm%ttpdéema@tte&%heﬁrwmf Macang the HOA intgthedMat or

assenbly 20yHetOihe Sy Hé‘st Bérs]v?i& ﬁ?%ﬁ%’%tﬁt SEHR; rhk B fuct ur e

122 having a plurality arm; Attach he separate arnms 123 on
the conb 122eta¢1@nmat&tvm@aﬁ@ ctﬁmn r@@dvessrmmg@t thezwntaatdmmbem%m@ﬂy ¢ngagF springs

are al so refaf EethrhBmafe - SYSRANE ﬁggﬁmdlé‘gﬁaﬂc he&hrreskiE 10%9% E“ LPad

spring 124 1s a slider carries a nagnetic trans uce ead 150.
The sl i28er HDS, whtrh\nﬁhfeopu)pan&mmetmomtﬂﬁldfmmmnds of the piyot shdfyandaltd ed t he

nead. 1t Shaildh i Rl AR A5 Hleh IR DR AL LARAYRRY, 150, and

that is wh |ss own 1 n ures |sequally
applicable to slider énm\anmgemmbeﬂxmh&m sorve ttaclawsting epparatusdbr sesunivig heiad

o genoral | e ATRRRE SRRl e PG b L BGobBARE g o
the end of intledaatbass, @ﬁxatlﬂecrldﬁsgembg(mtwp(bm mebasb,anﬁtaa:dslspassmgblyloz)pomm the

?2)88: 'S(igr fs| t?_is xédsbloc Va%éec the bas%(et asse ymgu eg%\ﬁ?ova gcatt)x%lagélv ac}ap?ed\{m ce coil

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



,130 ‘and a second magnet 131. As shown in FIG 1, the first magnet 130 is
associated with the cover 114 while the second nagnet is adjacegtath

housi ng 112. The first and second ~ 0 J CAN 2003 WO 00/ 41177 50 JﬁN 2003
PCTNS99/ 17582 magnets 130, 131, and the voice coil 128 are the key
conponent s Wb od4v1@f ce coil notor which applies a force topdimesoetsseat or
assenbly 120 to rotate it about the actuator pivot shaft 118. Al so nounted
to the housing 112 is a spindle notor (not shown). The spindle notor

i ncl udes a ah@tdibe @em%e dist O THeabpRstud dbenprisésHeRich @7 hbidiag tHeHID Aiatd Padvidecul ar
disc drive, the spin I% r’rcri)tﬁtre IS 5 wthin the hfql,tjb. n FIG_g%, a, nunber of
di scs 134 dperegirainipheashend phibe sppdigithattgngpryatshalf spchhatthe spingle gng aopuator 5
single di Sﬁs%@%ﬂi&icﬁsﬁﬁiﬁﬁﬁ frbxd Ehekal fal Gubfotatiohil nvdomt t ached to the hub. The
i nvention described herein is equal IP‘/ applicable to disc drives which have

a plurality of di scsAd¥aniggepuslys theimethadiand agparaiusof igpeesent EIVRRH® RIPIESS The
i nvention GeSUriveerith RigRértdrazebPRitf BiatHoYe BRRS po@REEbY &nél SC drives with
spindl e notors which are wthin the hub 133 or, alternatively, 10 under the
hub. The sphatiaeds/appasatuses. In partichlar, dhasigetprinventioncHRIEPIRiFE AONGENTICH I EEar v
spindl e sh WaLr68 irfighatitor (o't di& By (bALIRE Sxtbrilal BRI AMGuL 12 and a
second end%fzg ngcg‘r?; ot e gove?_%l%.&n%lﬁ tﬁlegdi $CS are spi r]anirl11 , the
spi ndl e shaétetiagd/piveishinationsefihs spinslieand Phiwaten thedion-rephatstile asgdlations| a
female thr t : j (03 0 ' d end
to the covar gy ShAErfeeol e B wlhineO AR prcBlhedt o BIR, 0
it is H so pstsentiinveatign Hwsirdqoisesdess misegisration butgetthat ksoosnally réquied avith a second
end (adjacent the.caover . W a fe t Qr at on 1 atter
(ee G e B aRiGHE sdchabip Vet o Boa B i oS o REAR B Bl 2 ot e
in the fol lcapabigoffredmgidise drivdsevith gréatanttaviedehified n eddutbesshighee capedtiasnt cal
conponents _di.scussed above as 2 || ,as_.various electronic conponents such
as a print évg"lcs?iull@ﬁling 0%83’?"56 c(o%etngg%%ﬁﬁﬁ‘jk‘f'ﬂ’i‘bqgéﬁ?ﬁcfﬁc%\ttached to the |l ower (as
viewed in FIG 1) side of the housing 112. Wthout the circuit board and
ot her el ecﬁi[ogi&cs% .t he giéc driive is often referred to as a head dish
assenbly o , atively, the nechanical conponents --
including FE. tri ve hauskplgddihdew 60¥ghericldisc dibie wath@mukgsedibd stack20, pi vot
shaft 118, Z{:Igf 123, . transducer, heads 150, spi.ndle hub 25 133, spindle
shaft 138, Fafid? di scs!SPIETRABIG VISHHEASCIYO Madnwrite PPRIps 4eCTHHE 'HBR 152. The
HDA is a convenient gpas embodimbmiof R FRsEt iMl@ntioAl the bisparblR Bha\et flthd10
processes including servo track witing. For instance, the HDA provides
physi cal access to t oS8 RePPEBHPE APBI%Bur i ng manufacture via apertures 136
but can theqgafter bg SRl derkfeBivilidve st thy ajparaARGEBRAD ¥howOinMEepén>t hat t he
internal conponents renain substantially contam nant-free. Near the end of
30 proffiction, the dPP¥¥Te| ectronics are assenbled to the HDA 152 to
produce thedi ¢ dri we HQpioGanaeabl e sHaAkiNEFIGhe present invention
relates to_an inproved net Rod and apparatus for loading and hol di ng an HDA
during theF€r¥o tr atsiansnlargedpapiabpasspectiveryigyaetd haghehasserallp ageardintp 8p¢e | s
directed to a nethod.apski .. restraining the pivot shaft 20J U
fil 2003 WO 00/ 41l 77?@ @é‘?’?@%@%ﬁ’@f@ﬁ”ﬁm and spindle shaft 138 between two
sets of oppgdGitg cl amanrspletded view af the basketrasdembinaf[FIG. 5.
25 FIG.7 is a diagrammatic section view of a vacuum block assembly according to one
embodiment of the invention,
FIG. 8 is an exploded view illustrating a fixed block assembly in accordance with one

embodiment of the invention.

FIG. 9 is a diagrammatic view illustrating insertion of the HDA into the STW in
30 accordance with one embodiment of the invention.
FIG. 10 is a diagrammatic view illustrating clamping of the HDA into the STW in

accordance with one embodiment of the invention.



stiff, opposing clanp nenbers. By restraining the shafts fromall but
"rotational notion, eccentric track formation resulting from mecmg g‘gﬁ\l 2003
oscillations, bearing inperfections, and overall deflection of

conponents is substantially reduced. Accordingly) the 5 percentage of the
di sc surfaggohsfir €d for track msregistration is mni mgegysoyh sl ng
greater tracﬁ densities and ultimtely, .a higher storage capacity for a

gi ven disc size. Referring nowto FIG 5 a servo track witing machi ne or
appar at us (et o naf t gla ikl vRGMHhfith 8Bz HRHAIA TRt 0k STOein
invention is shown. The STWis used to wite servo information to the

i ndi vi dual di scs 134aqcewdancewith one gmhgtimenpofhpinyemtionThe 10 STWis shown in a
cl osed or t{Ng pogi,t I reln
(oo ThetlG 120 PoRad Afptihal el i A RS ABhAEATO DA BT
shows the HDA in an aserdagse withqoké empodivednt pithe inivetianhe HDA r enoved. The STW

200 |II str edhint r t
central F(iﬁefjjl nven{gleaodcrlld or 8%(%% ?‘%a%%%% gér%ﬁ%gﬁ?éﬁglg%‘?gﬁgg FIG '
3) is prow ded to 1 ®BeiSAW.cate the rotational position of the discs within
the HDA durdng, frack; | th| tr aspects of
the illust rFlla H£ STW &f é)c;sh{lg‘éeevn? o gﬁlgggﬁg%%?}ghe %gclérc%% Le ?nventl on,
they are not descri badbodmdeo%théprbsentenvennaeferrl ng nowto FIG 4, the STW
200, in one enbodi nent, includes a base 300, a noving bl ock or basket
assenbly 400, a flxed block assenbly 500, and a servo 20 information
Witing syQiee¢r Preferied @ i i ncludes a | aser assenbly 600

and ot her cooents - ed. th he fi X | o SS 500, A cover
201 folcovertng . o ‘3? @)ﬁi%lﬂgfiﬁ@‘ca&gﬁsaw Sl irsd SRBoRmenBIRBIAS Bach
of these i iemadd 6 tierREsrhiaging dradp@which RIr@i panzx'éresh Qnd #$ ®hi2@@rd showh By one
enbodi nent , forned fromgranite, diabase, or a simlar dinensionally stable

material whyaYef flustsasio;specificembpdiments m whiththg inventionmay e practised £l s tode ¢ he -
base 300 haad@stBbdthad dthet eRbodihéRAHBbNBIISRI MQGIEGRANEHNGes Ray BURIdNT
patterns provided on the various assenblies. Fasteners (not shown) couple
the vari oudvitheuieleparting framdhe sserg of a gres@o inventime base. The base surface 301
provi dgs a guide sur’rﬁ&ﬁv&ﬁmd@és&meé Q,rtmlsfagt;ﬁrchm it 06 30w RIS HNI R&nidlapt | Ve
to one anot her. 20J ~1 3 WO 00/ PCTNS99/ 17582 Coupl ed to one
edge of t heonfigneatignof @sqqﬁléeswézbklez cithsg oy gr lger agnagiani E1Goris 2e pepladed shown
in FIGS. 5 S i clanmp
menber whic %&Hg?—)gﬁ ta Efaﬁgqggg%ﬁaéggg %@Edéa?ﬁggle& dﬁ%% 1 wuwlaxed
portion or hbusﬂxg orcpass U@kaxw@&overw dlaxemp@am U@an{ reoiveriblg farmaeiu:g mdigsuek 406
and a danp I Y i near
S beari o BBRCARKed Wihe npiia 35 0 h Rk iR b LASE s BRRGRES R
assenb?q 4080d&hs svbmtar apsemblytl a@ ingludes atpamhdtkezsirﬁ):nﬁx@ 122 bedng 2 phraliveofdDns 152
as shown i I S i:n first
gui de nodulrigg4%a°%3d ;rh[%e %Bgrgtggﬁ’ﬁs 159%391% c%%lbllg£ %el{?gﬁegﬁ\‘sgbég&dgﬁ Ffv%(?%as ket
410 i s def |1mad|bd:aynstohdaoadammgs axasberdﬁéqum& suﬂ'pmadmm@utachsd;srﬂm gndfafieacher

or e oad but tsyEr b RO A B B e A 136 ) 137

The darrper vaﬁstbewbhmdMerlso form wha s ﬂrdqcémngieslle‘dlthcsheaandt shesldribd noted tiat tnaygoi nt s
419, 4 et HD, when,the | atter i ns | ed. . The first
cont ac?g) poi® ﬁﬁ@’g(‘:’g?\?&'&s&w ﬁgaB thatis vhot 15 fhowa ‘Pfhe ?‘f VPRI i ndl e
Ishaft 138 \Mliwdnﬁorﬁls %ﬁtmllydpﬂmﬁﬁlﬁtb;shws lglvmg%ﬁb@ﬂﬁhaﬁé &aﬁdﬂﬁc@@ﬂem asl\lilﬁhtVWer e the
atter coup the pjvot shaft, 11 e 15 or add] tional contact -
poi nts (not™ §H8 as AR YLH & masgRip beé’dt“fed‘eé‘h’é‘d’géc%‘?ﬂitf?ﬁg 40dﬁ§?’§Frﬁ518r“f? on of

t he HDA houst reedi dta@othe;tl&@Jneﬂanjdhs%&k‘dhﬂrtmgonst ral n the drive within the
basket. I n one enmbodinent, the cdqrgf)er assenmbl y is made of al um num

However, other mater P8Itk ¢adof thea q‘éfSéWPleéﬂ}?PP@“tE ke 19ed sarings 1 24and e al so

possi bhg Wistiakis 11418 aS6RES0iPf 28! hscdtea\ésmel 238 belbRthd NAEAEWIP1 28 iB a FRQHHABHet
enbodi ment, the danper assenbly nprises 20 stainless steel inpregnated

with plastil30any pescondimagnen] X e‘\ﬁalao“@rlaﬂ@el Perfirstanagaet LiprisgeiaaduBh i iti es
are also pQﬁébJ’JePl 14 TG 1 MRS RlaBRK is W G RHoRSRg 18! THIERSS andistcoh@ar | NG

surface 422




slides along the surface 301 of the base 300 (see FIG 2). The bl ock 406 is
sel ectively displaced al ong the base 300 under power of one or

actuators. In one 25 enbodi nent, the actuators are pneumatic cymgeijamm
whi ch receive pressurized air froma pressurized air source 43l (shown

di agr anmat iwabdyi1ym FIG 7) to extend and retract an act upCTwsI®/ats2 Wil e
shown and descri bed as pneumatic cylindgrs other |inear actuation devices
are al so possible. For exanple, linear ball screws nmay al so be used w t hout
departing foiagiets 120,98 Qp@md the véibecail128 ate thdkeyddmpontiite ofxwsigd wilynatervditnment
shown in the fi he basket |y 400 includes a firs matic
cylinder 4Z8PY ?gg{’ ﬁtﬁ%ﬁﬂ“ﬁ‘g{/ﬁﬁaﬂgﬁ?&&%@f&‘éﬁ%‘? H‘eraﬁ?fatz?igwﬁﬁ#’ﬁiﬁ?ﬁlspl aces
the carri agﬂﬂécﬂiﬂaunt%ldﬂﬁhsmwzmsﬁﬁ&ﬂé ﬁotb]ykndndmwxﬂwhbqnhdlgmtose%mlek ]
extension rod 427 I C p lies r orce to carria Il.e the
oar 1 cul ar AgeistigogtonaapRosnianch 1330 Bt mingantsele ciss dnes HHosaBate AR i o
pneumat § Cc Gyithinghehéb.i I FI®L], @ﬁmhtsoabf&@cstlb& at&ﬁt‘l@ﬂidd&ﬂthdsbmﬁ&ﬁlmﬁmdﬂnmi t he
pneumatic gigqlcl nder 424 i s a B] MBA Manufacturing nodel 013-DPB-CT while the

pneunat i ¢ idryes: 2 gingle disc of alitigsent \pmbenek disss wepyrhsdiached 10 thphidr They, ey er |

STV usi ng ipfehfén destdbdRéréin N eqRdilybpitdabRIt&aisd anaéscbvmaﬂalveg p@lﬁmy §Adigk €
equally within the scope of the invention. Furthernore one or,

al t er nat i vep yell gpdisc @rwaﬁth@t\b@vqmmﬁ@ éisg Thejinyratigs éasorléedala%m alsoeauabiyh

di sp! acenenpyRageh oA dies hespmﬁms@fswa@rewu@{he hgh Y94 & higrliv@ghed o
the carriage 402 at rod end pivots 428 (see F e opposite or base
end of 19 he undergkalbs 424, 426 attaches to the backl ng bl ock 404 which is,
in turn, fastened or - rod
ends, the base ends T%t Pﬁgl\é‘ggl?b%?gfin%%ﬁ%&%gt ggtg{%%?%%g% to the
backi ng bl shaft KBawhiglyhasp fihendgeteined mghehausing 112 apil g g¢cond emtndlracernd@thet he
direction c n [ ctuators
during ext g&‘gitrg%t @@E@Qgigécé%é E‘%p@‘%%‘%‘mﬁy aﬁ%ﬁsﬁgo ?%ngja}%n&% t he ’
act uat ors epipdleishaft B8lindiudesa fomaleohrsadien th@mtpm@cmﬂjwhmg papetsabupding oflthe

Pressuf zedeabl ok oRh A3 o BRI i3S TRE N A0t REANL I RS

act uation gorce pneurna t he
cylinders tsmtxenarymdi lamdﬁrseenﬂa(mtthamﬁsmp\rez)tah& aGa¢dnd @gé (adifient Iﬁree;ssurllm)ed air

3L DS 5 5y BB SO RS BRESR IR A 0 °

conpri ses ahz{ﬂswlalbb&dmeabpmtin&h@foll@«rinﬁgldﬁﬂﬁss(bﬁZ | ocated al ong a perineter of
the slide surface 20 42 B@ g‘yﬁé bIok46 V\henpess‘%lzed air is
delivered, an air flTk?ﬁ EV% Bet Ry a‘é‘ﬁﬂ FRRRONERY disrissehRPoNg a%

sur f acs% I30 1T<e113b lvaridis lélef;tir']ohmcﬁﬁbéﬂehﬁ stiédl :ﬁta'p‘!‘lﬁ{eﬁ clirbu@bbaﬁmtrroeamwnaw@ics\;n?f t hﬁ
vacuum bl oc 0 t hus .the c e al q 300 en t he
bl ock 406 H4& s‘gmﬁ? gﬁ’B"s(P%Y‘B‘H"é’dj‘% ‘f’o@%@s ? ﬁr@ hgheIRE &t?se‘xﬁowwtcgﬂm b4t%ed and
the bl ock 486cthat dictiomibHthe aidk aﬁ% i9 Bfiéh rfkared td\ds' Ahdab QisB aSBmBlyor DA BHL. 25
In addition, to, pressuri zed ajr vacuum sti ffener having a vacuum source

435 is al sowiedRlcmavelyrthe “%Fﬁh%ﬂﬁﬂ ompepetyr3 tncluding, thsdgye h@%ﬂﬁé%é&etﬁam bl ock

406 at a vagyuRuak hss@hblPI2d, hiest sﬁ§1§118TQ§nsV@(3UH£BsﬁﬁéefrhEﬁs4§@ spigidibhis dl y
coupled to a Tecessed portion 438 of the-block 406. The vacuum st| ffener

ser ves 29l t13p seindisrshefk b8, andidisss 134 among gthersr senerallyifiefing thedlyhhi% T
sel ecti vel m&wmnqaﬁﬁﬂt éuBstreHﬁlny@Féb‘rHBlQ#ngQ&&Q%Mf&%n@%?&eé@ﬁm]yﬁﬁélUm 30

coupling occurs when flow of pressurized air Is discontinued
orifices 43orvatack wating FatinstansartbeHDa nievidesnhysicaliageass tqth@vgmqoeldéfi 422 sits
flush to t uum
bl 0ok 406 Lo T apTailrE g anpibeed T bl Sad RElL RS hefRYRYBThiSEss¥
00/ al177 PCTFusSoohattsgatemndl componenissernsin eutistastially eafansinanttifisc.vbeartimepdebsur e,
provi digg ng}:odu@ﬁ‘&{ tl'E "&E {’élécir%@é‘&re YAGHHITY B 8 B A 1581 rBllR e BR'isk QAT t hat
wi || béecone apparé

Generally speaking, the present invention relates to an improved method and

apparatus for loading and holding an HDA during the servo track writing process. In

particular, the invention is directed to a method and apparatus of restraining the pivot shaft



The vacuum stiffener is also used in conjunction with, the air bearing to
stiffen the latter. Wiile air bearings are extrenely effective gtn %UN 2003
elimnating friction, they typically require an opposing air bearing or
simlar device to apply an opposing | oad or preload. Wthout the prel oad,
the air be@biogﬁ]l%s unstabl e and has an inconsistent flyi pgri§dogfs: due to
the conpressibility of the air film Sugh inconsistent flying heights
result in ms-alignment as well as random and uni nt ended contact between

t he bearin I Lkvdearing
and mai nt a?lrifsaga E@ﬁ?ﬁgéﬁ{jﬁﬁ ﬁgzﬁ%%%%é?%eégg?igéléégﬁﬁ%ﬁﬁ%g&vqg 406 and
t he base suiff oprosivg tlampmembersuy psirdiing the shafts from alhbutaetatintizlrestion, used
s1mul t aneolistatidtdch tbifidh teoBRAL KBth dictlanidfi SschIUBhE bttt Rlpdrfififis, Aha T N
vacuum provi des the preloading Force necessary to stabi 78 the &ir bearing
430. By utaveratlidefleation of thedHpA compérentsiis substentBliyrefivesl. detondmglyi the an

addi ti gnal __ai Lng: | : L : t
savi ngs. arrteaff e e by Bl HayRbEloP R R e S FREEE Al BT
opposi t e ttreek derskes and stinaka)y, 40fphes steragempaity f6n axgdenadisszenenber
herei nafter referre 0.as th ixed bl ock assenbly .500. The fixed bl ock
assenbly i s adapt ed%egené%%oﬁ?%gﬁg B/fe‘feg“\%?wg%\“%‘&l“%n°d PR cont act
poi nt's 502he533ﬁ4rmwﬂdaa ac?drdmgp@%d dmtioginidneOffthé miveraiod imOﬁmdl‘KecS’Iwaﬁt
poi nts 419, 420. .Accordi , 20 when . STW.iS C , HDA,1 IS
P andvi cndied BAIEEHYP MO aionf g Hiriduibaises 128 et 58 Tpeb BpRYS 360 *503
(1 i ge G S3DWS§_.Jshbgniltir_}_ bloRsahstsy xﬂfngtﬂr?ﬁti&piﬁﬂﬂ kiR HhAafls2 ﬂ:@ﬁuamzbiagm}llggh@éé% ; haf t |
are restrained, s, .together e .cont act ints : : , an
503 defi ndlg awgdlfagﬁi}ﬁg&a@fwg‘%é H@?‘A&a@d@nﬁvtaﬁbeﬁg‘&?w‘v hedRad g the -
enpls of tf@eﬁ@h@d@iﬁgﬁ&ﬁtﬁén&QBt}@mﬂ)Ahﬁ]d%d(Qt shaft 118. Wiile the cont act
poi nts shown herein engag&& he HDA as 25 illustrated, any other engaging
means that contacts A& THDA] Hugtratedun thediertes srelndpenugarensiagresth et arapdl pi vot
shaft is alefial thBiikvehtiéh. SERRRarfle, [ Mockiny FchAikm $10 (& 6L $ds frb@lied Be

contact points operativel y_enga%e t he sprndle shaft and pivot shaft ends

wi t hodd r dBdifate the setatienahpesifirng thy disss witljinghe HRA dysing ek wrtingo Since\tisact uat or
assenbly 128 othh@adid wiithPdspeds ARSI Y 4r2Gh U EicRiaithgler T ai |
504 whi ch exfendsaBO froén)%sgnes si de oft_tt he _ass{ee Fie“sfg‘g‘ towaredfsa thge] basket
assenbl y 4boinvagiengipyiarengt deseibediinddtaibhergind t o t he base 300 and incl udes a
series of guiding dey i i [ :

(Visible inFics 3araimiyriof Fneaen hBREbm@hfiah MRl B od o
gui de 2 390(ampring PROR oxrskel/agdetnbly 4A0TNGOA black@8seirplyt WOt 4nd aserve | age 402
and cgpst r.a ' L Ng. nt. of, & carld nt ed
oppos?@e t gﬂaﬁﬁéﬁ%ﬁ@éﬁ%og‘gmc& 1(5120?1 }’(grg ?%Egrgslggﬁ%?sé lgsﬁggg%mfbg)ﬁwosw gsed to
sel ect i velothdr oeripdéritatsdedatadagehin 2 fixgdblnekt astdntbly 500 eA colel 401sfob@®Beringtai | |

f [ . fixed hl.ock I ' i, mbodi. ,
coupt ed R beskd Bl bR o FRVET ih ol Bosk Bt PR IRANE ) e

assenbl y @ebw.ncorporate various portions of the servo track witing system
900. The system i ncludes, anong other itenms, those conponents needed to
physically and electronically interact with the HDA to wite the servo
information thereto. For exanple, the Bggtemtypically includes: a contact

menber,. (not shown) ich sically interfagces with the agtuator assenbly
120 V??sl 10 the aper%Fg?e%%’s(’gb@eﬁf’@é'ﬂwﬁ %“émf) P’E’i%ﬁ?‘tie'rfg? 3%t Yr? SPE% o not
shown) whidifiensithialtpbtable inferial @ich & MHined & pradisc tbRrOR! AGShdRITRBIG. 4and a

di spl aci nqbnﬁchg ism (alsg not shown) which npves the contact nenpper in
response t9e P48 ﬁ%&ﬁ% brajitynfdhyeasded helgs corgepondiys th wewnting pattsssproyided ga

di spl aci nghéesieanbssBhblidie FASEhdrd @Bt dhBRhLRLUPE theSvaribils RenbHeEPAD] s0BNdnd a nodel
10705A l aser interfergneter (also not shown) made by Hew ett-Packard. The -

i nt er f er orRA04p thgdase. (The basp supfaes 30) psevidss ¢ sBide surface pEdatie foyyocaingtbe. o her

convenpi ongkenfibicy R1dtiva¢Kot¥ dnbindg system conponents are al so possi bl e.
However, since the particular construction of these portions of the servo

track witing system including the hardware and el ectronics that are used
to actually wite the servo inforn&&hgﬂAhgnﬁgp discs, is not central to the
present invention, it is not further discusséd herein. 20 STWC eration
Havi ng descri bed an exenpl ary enbodi nrent of the S ~W attention is now
focused on a nethod of securing the HDA in the STWin accordance with one
enbodi mrent of the present invention. The purpose of this descriptionis to
permt soneone of skill in the art to practice the nethod. Accordingly)
steps that are not critical or those that are well known in 25 the art have

been omtted for the sake of sinplicity. The reader is also rem nded that,
whil e described in a particular order, steps nmay be rearranged to sone

o . . .




accomodat e particul ar manufacturing processes. In addition, steps may be
"nodified to accommopdate disc drives of different sizes and different
configurations. And finally, although the nmethod is described mtaw %ﬂoaa
single STW other enbodi nents are al so 30 considered in which tr-uni
arrays of wbWeuseime created to accommodate hi gh vol ume predoosasarssz2 2 0 SUN
zoo3 WO 00/41177 13 PCTNS99/ 17582 Refermng now to related FIGS. 9-12, the
nmet hod, broadly speaking, conprises inserting the HDA 152 into the STW
(FIG 9) and cl anpi nouphta tébis ciae ot RS B0PRMASHaBIE Sdséfly IBIWEESisMdr&s.  10) .
The cl anp nenbers inclfae opﬁosi ng, contact points which_engage the ends of
both the spraskIsBowAs FIGSS 288 Thebaske) desemhly00 eamprisspafins), movipgplampsi g o

| 'oadi ng depbGBerswifith BheichRftBr1efBd io%s%é!&aﬂﬁ?é 40b280d Pfiked PBIiBS 61 Begkihpad i s
applied to the contact points, restrainin he ends of the spindl e and

pi vot shaflogkQ4: Theyramipge A0%iRgudasasyaamtionki408iapde damnepassant)y 498 e
Writing progess bk Q06 fiithet ey iledNA bedRid BRAVabBmEN Mk 80fuliera S€rvo
witing system 900 as diagrammatically represented in FIG 12. By .

const r ai ni digrussed belosy ckhe dpmperagsemblied Brdefioes aeqeptacip ot baskah 4 (hier eprinag e 133
and pi vot &Peia 13Fad sholth M FIGT 90 TROsHRATJE 1 bhli: AFCARudialprinil PG RERe
resulting in nore concentric track formation and ultimately "higher track
densi ti es. myra4 B3 andrestcondanegdermmsiuiectd Ao The face ofdh basket pH] intlefined hpthe

and” pivot - SRUPFEphRoRURe! The jihnit BbA0 HiRPRLLANMIOL B0 SRR Co 22 b y

120 anl@ urasestinddadeg thfHPASTA Bie®d gesband ibbtahs #DS which ks the [HI3A againstkhe n FI GS.

[ par 1 cos b2, P Rl s A5 et B 15 aRER-0 R0 o2

152 i s | ogsbéts 41, d20 dhidhaeniage tHIIDAS1 52 vbetbths ketter i Siseitd. yThé Gidst céutdcdmat ed or

manual net hods b sed tq,lnsertlrenove . .the. i t.he bhasket. In one
enbodi rrent‘?ougrf' lggélﬁtf"% t}ler?ﬁve&g\ln gergbt(fotlgootﬁntpﬁsﬁmg‘ﬁg’af{l}%% "Q{'Jﬁsﬁs%{’ém bar code
Zpanner [ d@?taicﬁi»m nbeghms_ mﬁd?@aljw«stvsgré eieeaéﬁﬂ%@ﬂéf\aqaaé ﬁnatsgfsn(sp Ioaularpt I gad,
i sc acity, etg.. rior, securin e erein. ce.inserted,
t he cgglto actr Fﬁ‘ﬁ‘g“ f’°"ﬁ%p‘8}f’ts({2‘|‘% smé}%y %EE@%@?”@?E&“B"%ﬂFﬁEW to the
second endsordn éthiRe HPAEYWRIng Nad fo bedS iAdIEhtd HLoRitkaT the MivetwithiDime BARACt | Vel y.
The carriage 402 with the ;]DA 152 therein is then noved to the closed
position as shown i A?eREEmoodingent, e dannseassepbly 40%is madeotANNUREPI ¢ cyl i nder
424 pushesHsE ef dier adiferAlhatiapaifférdnh@nigingedhariore RS 5re AR PEkhible vAGh the N

order to reduce frjction between the carriage 402 and the base 300, the air
bear i ng 43goRRCidRsIVENIY- Sgbinetancs, Bapetherep@odiment. tie dappes aeseybly CORRERS a
thin apr fidineRatdetiprbbititddavith Aac.40thePRtelidIhaHrd AgepadRilar ddh

enbodi nent lt he  ai rmf%i’rl %ﬁt‘hi clknlg%sci S gpprgxi n%attg{ry 0. 6102 iaacheﬁé’ﬂfg.3 The
vacuum st i 2peilities:ge #1eapessiBled herein is used to preload the air bearing and
TRintain a consi Stenehalthifal Mlcomblis b ShdoAs L BbSngidtie. A8l iske SO0 (see

30 FIGS. 3 and 8) are extended fromthe side rai and the side |oading
assenbl y 5Sdideg deng the surfgy 305 ofthe basd 380 (see Blon ). richetblnsk Afis seletisely i age,
aligning t j j i 2 3 located on
the fixed @fpg&é?@;@é%%@%@@ﬁgﬁg};f@fn@gr@ F%glzf 1@%%%5%\%51% _g carriage 402
t owar @8 t hemladimeentthe situaters erepngurBdE.cy Wttt stwhictadecaine piessurizedar foma2 0 JUN
2003 WO 00 P / . E i 0 gui de
Che HDA | s et trsotitdab{ Alovd o belelify o o, Ao YR hieeRln 10" 424
has conpl etcgiagoracd. eWidd sidver apd descabel a$@Reuntatie ciibmeds sther Bnchasaiatich bet ween

t he basket |.y..400 .and fixed blogck assenbl.y 500 such that the

spi ndl e sh%e?fc%% aialtsr?d)%%ll@%t F(gsrh%g flpli’ilgle%frbgﬁ §%ﬁ"&wﬂ3¥1%%0 tbee'{sﬁ‘glﬁh UL%epr rélg'%ect ive
cont act pofrorhshedstOpe dfAbe inv&ition.

30 In the exemplary embodiment shown in the figures, the basket assembly 400

——

includes a first pneumatic cylinder 424 (see FIG. 6) having a first extension rod 425 which
displaces the carriage 402, and a second pneumatic cylinder 426 having a second extension

rod 427 which applies a preload force to the carriage. While the particular design of the



5 and 503 as shown in FIG 13. In one enbodinment) the cylinder 424 is
adapted for displacenent and is capable of exerting only about 5 und
(about 22.2 Newtons) of force with a 85 pound-force per square |2&i: &2003
i nput (approxi mately 586 kil opascals (kPa)) fromthe pressuri zed al r sour ce
431. At thi@ 8(91 M the air supply to the air bearing origd

t er m nat ed, ? c}roppl ng the carriage 402 back to the base 300. The vacuum
source, which was activated in conj uncti'on with the air bearing 430 as

previ ously descr.i S a. artl acuumto t e recessed
portion 438“?“%%“’??‘?2‘*‘3%3%#‘ Cgrgr £‘° g‘%“ﬁ%’hlupmfeheg’ Sglf‘fengﬁ‘e\?ﬁﬁuma pressure is
| ess than epknderdd ioh BIEBAMynufacruring jnode] OapDRBxChathile pheinedmatid dylindérer s of
Mercury ( o\ hi artia ntain the i de .r IIers 506
And the o d6 s B MabBeBRhy ole) LA U e ST ek Spdrisom « ne
car nage 403raﬂhérdlipﬁcﬁfgfmddbaﬁiﬁgdélﬁéehQrc@qﬂalllsldﬁlhuﬁtﬁﬁsdoﬁe afmsswchfa@d appl yi ng
a prede er? d | oad ]to t he carnfg}ge 402 and thus, the s dl e sha{is_lol38 ‘
and pi RERETMIERONIY RS Ofaflieatvelh ST ARIA AR HERE DS S¥sed i HHRRBALSOf t h
carri age y@bthdidpldceriéit @hd Badihg.t 0 nove and swivel to ensure even loading is
mai nt ai ned. I n one epbodi nent | oad applied by the c nder 426 is |50
I bs (667 20 Newt ons) IheiSHateEs42 tﬂg?er?h‘ﬂ}’taé& %GngetHef‘H“Bét‘fO@ra H’&?Bﬁrmdate
the particgivats dj@fsewﬂe @ﬂfl‘ﬂe édpesde@ashse §ncf9cm?1|1d Rehatdridhd4, Y26 LR ERUT €
(approxi mately 28 in is applied to the recessed portion to

secur e t he backing blerk 404 2"}‘9‘3‘ ‘E rwemahéeéte@@r °1hﬁ“\ﬂﬁf‘e°°éﬁll§6€ﬂ the hese 308e Ligpithrder
426 el NSoddrds The Bat&ehdd b B alttdidrs MﬁcmrPPﬁét%H{' Bodpfed@B e BEkihpbRBS UT €

Ioadl ng is mai ntained. In another enbodi nen he actuator 426 Ts unl oaded

(i.e., 25 BPesBrpliowing the artypigisito pyaswl @@ugnds,ltbeddrqﬁgon ofcthe ertiagn 494upl i ng of

the bl ock NEordsl Hﬂﬁt m{s ot her
devices th :’rﬁerﬁi QIpgce o%tlh thﬂ%&ﬁ ?’ @?’?é?’g&{)gﬁ%ggﬁtew orFugglgﬁlp)?g?'ggre al so
possi bl e wpt\?mlm erids, theanheatass expheencelitteron norsideAgadingduridg operatierc ur ed, :
el ectrical interconnection to the spindle notor, actuator assenbly, and

read/wite circuitry is automatlcally or manually made. The STWcan 30 then
initiate an ot herw se convemhines is pystemc ess based on t he

particyd ar HDA nodel therel C ‘ t he shaf. 1
o nat  ohart 138 are PRtk oA TS SO A U b S
respecti vefazxew® thﬁprtehmamwlmdimsf 424, mmugpeerubﬁﬁ@thé byelinldyrsp@éyabﬂcedndtrbtraaughout

the witin roce co eat abl e uat or
56 5 N ZoeEoE Be et Ao Bt 3 it as et s gt 2R oS Il o
133 that i presaiin@iaivdouftedBd hey shoih HIG TrolTori zxeﬁrmdnhuwe'rhdznﬁwndgmm ty is
achi eved. The STW 200 into a conplete servo track

b
writing st 8?‘?8’??°i€)6’0““égya€ft?8\%hl°'in‘?% s %&ateil Alops, Rergasiey Af thes!ds SESEF ment |

the stz i 0A2260fe caxumnibiek 4061§W5en$'5b§é1|§‘rﬁedﬁgﬂ&%ﬁvdiéc§@hlsﬁ(ﬁﬁinhlevﬁbﬁs as wel | gs
a conputer 1002 nit nd control the_proc . Fyrther umatlc an
vacuum souPeté"§eft‘ﬁafuT?% §e h38e Supfeqedbq Thiseiy ma&mlﬁﬁsh{wféﬁ U8R t he

scanner 80@eé trvel 6ERE vicyutiBivek 406, afDthiehs capiade0d, tdm%&me BRY¥ 380 SWHee the
integrated intqg the station, 1000. While the statio 000 is shown a

st and- al onBlogk A6 hasibren repesiiisnpdrllaw do tip eriligen 43%is tesmipated @ﬁﬁ%ﬁ/@ﬂ%ﬁ%ﬁal& her
uni ts shar hﬂ&c&@é&ﬂ&%e@@ﬂhm@ﬁet{aﬁ‘esﬂrface%ﬁl one workstation, one pneumatic air
supply, etc. controlling multiple STW) are also possible w thout degartl ng
fromt#e scope of t H@ aifitiamionsessurived air 8 veoyymestiFfencs hRviRg @ ypaucsource 43
cComponent s s R e A o T s kil e T O SR £Vl o,
For exanpl @orteherifitgrdper Theswashisn gri 8361ndlufdlxe<dlpbﬂé@kr@sssmly%é@ﬁ ¢fay be 15
made of a At t Ig t t and
B vt _shat o dpecabe; B wRha e BREAHAH, RN, Fll S Al W e
cyl i nder 42épabieof b@eceilvelvamwnmouplmgmgdcmeplﬂudqMtometblasew tVaourar HDA. I n
oyt nasy S HE B S TSR AL § BRERFR T i oR ot | "V,

anot her enivechiumesotirce & gotieareratHete, ﬂmrsunfncvan/atslfmslumﬂe base mifarcbébhamdme appl i ed

| oad 20 f K |y, th
ot hod and SGBITEERResP A prskERbork s e horeog BLER IRl e

hi gher storage capacity than those drives produced b jlI known
met hods/ apparatuses. In particular, the instant invention permts precise)
concentric witing




of enbedded servo information to the disc. By providing external nstr ai nt
"to all but 25 rotational/pivotal notion of the spindle and act uaﬂc{ﬁ)
non-repeat abl e oscill ations which frequently occur during servo trac
witing are mnimzed. A drive produced according to the present invention
t hus requiw®gyhiPSS M Sregistration budget that is normaldarusesirsszed with
drives having nore eccentric track forfation. Thus, the STWof the present
invention is capable of producing disc drives with greater track densities
-- and t hygculindberce ﬁ%ﬁﬁ@ﬂjﬁl&tﬂﬁe vac&iQn B&kdu& fovidid 9ea8t AR rereniGaLIaNt i onal
track witing processes. N 20 3 WD 00141177 16 PCT/ US99/ 17582
I'n concl uBFesTHre settings fs geagns Fhéé‘b’#“é’F?ﬂ'?FgaPaa‘ﬁ’état&‘ﬁYsk assenbly (HDA) 152

Within a servo trackeWabdullMffeRPALAbYUSediP ux?é@i@n'“ﬁthlﬁth@)ﬁ'r geing IOiflaA 152
i ncludes a housing 112 and a spindle shaft 138 coupled to the housing 112

wher e t he thedaties| Whilp air beariggsargextromely sHestive abelwnﬁmgefnfs@, hevityRically | east
one stsora B f coupled to
t he h0535| %S;u{%b %Op%géehn%?\eg? af S%HE ﬁla?aéwfé\}gt gkﬂ? %Bsié%lg%ﬁr ﬂé%lfa%dgt or

assenbl y Withofighe mlnad»gh@antbearmdmwtab dha_m meqrﬁtsreméﬂmg heightdiugty 134. The
met hod cogpr p F dhere
'he. STw i comBetfliy e aiciim s ok ottt Al i 12
419) 420, wsl2s rapdaim EﬂBumrTh@ed-mtam@emn ithe betwing sirfacgsdsurfreesd22rand Bl )cl amp
menbers 402, t he cont | 4. 3

oper at | ve% sgﬁ&&héﬁ?@ea&nggﬁndi it lgfa ﬁgﬁ%&g?%? hg%gﬁe%%%é' tﬁeog c%%ﬁ%}f ?g shaft
138. 1@ coxps asislhc/lmsd: aathce 3011 the macaypistiffchet B, inloae eidBodibiznt, mkndr ein the

opposi ng cont.act i 1 42 2, and 503 nst the..ends of the
Dot ehab ot bith hebhtsarite 30, e ool PR G AR bigFIOETIAF ~
novenent  pfeldaiing fsrtessdcessar ssseabilizy tht 26 baméhgs3on Blyeantilidihg tHbvacnury stiffeamot her '
enbodi nent rvo track wi ar.atus 200 for ecur a head disc
el y. e fess gt ey 1 ird SRR gy B IR Bl “rhe
apparalusc¢m§aﬂ@§swaanaaﬁ 300, a fixed block assenbly 500 attached to the
base 300, and a basket assenbly 400 opposing the fixed bl ock assenbly 500.
The basket assenbly 400 includes a novable carriage 402 adapted to receive
the HBA 152. The basket assenbl yixd®B1odR Akssiiniier incl udes a di splacing

devi ce 424 adapted faor noving the carriage 402 toward the fixed bl ock

assembly 500 and a R%aavww‘eﬂ%é K‘?B“%%I%RW%‘EF the paskgasssioply ARO€&r r i age 402

agai nst t bohd, %Rel Qhrﬁﬁhei?@%@mn)ﬁié@&enédlo%& inklfix¥@ birRaisemblymoogharent , an
apparatus for restraining a head disk assenbly (HDA) 152 during a servo

track wri fixegpleskeassomblyis adappsd ¢ ngegs theldPA, 152 1ydthHbisd 2 fongthcaptpdi geigtsg
spi ndl e skgf 50338 ﬁf@@%ﬁpbag t@themsmdr@c&alce%a pbis MY, qbo | Rcéon Ipports

at | east one storage disc . al so has "a pi vot shaft

suppdd® i nyhemthg T 16@}05%sheﬂrml’ylme“sramwxp@édbﬁ@/eamalewpmaptm}m%% 4¥d to the
storage d¥s§§FIj€)?"3? mﬂ%zam%e@ﬁ 39&@5& Lﬁé‘éndéof’ \é'sﬁ"%ﬂfe%aﬂ@iéj ghéﬁl%tHDA and

a device tor restralining eac e spin pi vot shaft
118 such shedit118aze reghiaingtl e Thag B, famheadtewanteﬂ paintehitd, §20. 302,:and SPedefinaianed from

30 gener al ¥, &l len Q%{%m% fk @IthAO bg'ggérhl I Extal:t?né/tﬂe Qx?dsWJ s%ﬁr%?&h&ﬁ'% t he

above descri pt1on nt ende restrictive. Mny
ot her enbaui thepivet shaft I11%HeWhibythe emtact momthsjwwndfermkeﬂgagﬁ thetH2Aast upon

revi ng i i e he.lL nvent. S d,

t her efore, il %gat%gt% e)$a %g%e géagpn% ridts thaq °‘§6°8§‘%9\g%}’ﬂ i ?"fllﬁ{%ﬂc\@be#wlf& 17 with
reference shaﬁ anid @iwpﬂmﬂdwsoohanmthga smbom@hwnvénttohe Ifisihbted ttaptheedbnteui val ent s
to which SB'%E; o%er%hmy c?nrg%geetﬂe splnch shaft and pivot shaft ends without restriction rotation or

D

pivoting of the spindle 133 or the actuator assembly 120.
The fixed block assembly 500 further includes a guide rail 504 which extends
30 from one side of the assembly 500 towards the basket assembly 400. The guide rail 504 is
fastened to the base 300 and includes a series of guiding devices which, in one embodiment,

are rollers 506 (visible in FIGS. 3 and 8) that are selectively extended and retracted to guide



2 00J UN 2003 What is clainmed is: 1. A nmethod of restraining a head disk

assenbly (HDA) within a servo track witing apparatus (STW, whergi 1
HAD conprises: a housing; a spindle shaft coupled to the housi n; ﬁrrgUtNezoos

rotatably supporting a spindle having at | east one storage disc; and a

pi vot shaf{ouedphed to the housing, the pivot shaft pivotmdruysosiggorting an
actuator assenbly for noving a transduc head relative to the at | east one

di sc, the nethod conprising steps of: (a) placing the HDA into the STW the

STW havi ng;QRPesHislk 40haRd BEHIRER Jatkaf xﬂo@&ﬁ&ﬁh@%&&ﬂ&ﬁ%hh@@&%gé 40gb) noving
at | east one of the opposing cl a(gP_ rre&ers oh an air bearing having at
1528

| east one Mounted pppasitethe guise seil $ donding aesgmblyr S08 ochichds useddo ai r beari ng
permtting ati a%’ el he novi ng cl anp nmenber
relative t%eﬁ{éhgélgg%g% éer el nqpﬁggﬁn%\aﬂﬁéggég%gnsedgber further includes a
vacuum st i f fener; (Stitloketemingrig RGeS, MpXited thiusk asseinbly 08 igp imenstsmbedimenth t hat

th t ' | f ' ft d
spi nd & oncpieald S BRRaN P, SR BAELERRTLO Bk ISl T0E, | P
opposi ng cimaorpotateparinespaplicnsef thel servedrack wetingsyaiemsi00t Mbe eystbmn influddse pi vot
haf t d | t trai - ' ; ot h
et uat o - aLBEt e Hefhs e coBobiileBhdd RRAI G b o MY et "
opposi ng cthadDAemeteshd sectalidformationdtbetenl Fopexampizethe aystena typivallypclodeaanp
mber . 2 0.J UN 2003 19 Th t hod. of .cl ai. i I ' t
R s R IR R R

t owar ?13; hethé :apgdxrésl 136se8THEY); afbpsiﬁ&@inﬁﬁhhﬁ(ils@fnoﬂihlabvﬂ)dahl‘ﬁhﬁfdﬁ:iaf&s ﬂxﬁp: ying
step I ncl.udes, activating a |1 near acfuator to | oa e ving ¢l anp
menber agaPREEe RITHIO;of fif cop ﬁdn%%andm%ﬂ‘ewg BT A8 SELDEHT) et Ser vo

track w i tmBgesaRpenaictimehbér if eaPonst b Be PoAGbridhdicatas I8 BRleyto(pridfklydbitiong a
servo track witing process, the apparatus conprising: a base;, a fixed

1 nm I
bl ock assethsiFPRENE prehanisn. thapqsition ndigater s, Friesmbadimenbh p nodpll049Hy t he
fixed bl ocigser mmeridbiieteVAR6 BoNsHollR) RASISS HASRRPRLRArE OTHRHhtS8&ometer uses the

15 laser assembly 600 as its energy source.
Other conventional servo track writing system components are also possible.
However, since the particular construction of these portions of the servo track writing system,
including the hardware and electronics that are used to actually write the servo information to

the discs, is not central to the present invention, it is not further discussed herein.

20 STW Operation
Having described an exemplary embodiment of the STW, attention is now

focused on a method 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.



.a novable carriage, the carriage having a basket adapted to receive the
"HDA: a di spl aci ng devi ce adapted for noving the carriage toward the fixed
bl ock assenbly; and a | oadi ng devi ce adapted for | oading the ca%r@ﬁ&gggra
agai nst the fixed bl ock assenbly; wherein the carriage further

ai r bearingydgyifd at |east one port fluidly coupled to aequsssusszed air
source, the air bearing permtting relatygvely friction-free novenent of the
carriage relative to the base, and wherein the carriage further conprises a

vacuum stiffener. 6.RrdbeingRBR S el kIGS! @Jwﬂtﬁe &uﬂhw%&odd@csbmn@gzoﬁ@ﬁgeact abl e
gui di ng devices to selectively constrain |ateral novenent of the carriage.

7. The appinserting thefHIdA d52into thisSTAY (FIGn® asd cmgagdhe HR& ¥2betes)) pessingssenbl y

and the baggg mkn?e?xﬁﬁf@{h?mcl Théamﬂﬁlmeineas m%iﬂaeeﬁposmg%o&a& pinfwdRf3 20 8. A
servo track itin %%gra us for securing a head disc assenbly (HDA)

during a semgﬁsethﬁ&eq?@ ththgsmn@ee@ﬁwﬁ @pp&’ﬁh&*’ﬂglé%(ﬁﬁﬂ“ﬁ h@ Usingase; a
fixed chaﬁﬁ BAtys fl Qelﬁﬁlatlkgglexp%? 6, Q@&nﬁe ?a?;?ﬁéa‘%}heopp%' ng

t he fixed asse ereln t et asse I ses: a novabl e
carri age, cméac&mmisagetrmm thg endsofshespindircand pivot shaﬂéEI&' \lé) tWigh thipmds so

di spl aci ng, Rl ock
assenbl y; an§¥§8§%gg%ﬁéggg%?ggﬁg Rgcgggbﬁﬁg &%mk %gjggégﬁéggé§§§|kst t he
fixed bl ocksarsswnbhg systdned e} as d;atwnnaatrcalé»gepn‘emeldén FKorigr Byegnsammag thebeari ng
havi ng at Rh&E e, the
air beari nre%%eﬁxvé) {l}%s R@fa 1v% Jth&H et\(ﬂ? Lt slgbnrc]l? 33 3915(?}%1%8{ §h.7i$ (iilifl's mne %écl? (i age

rel atiMe t duringahdtacdk wmmlgsprqcetsd) eesumng iragere comdehtaic tracknformaios aad wamateimn

stiffener ess ortio di acent to.the
Sor i onct 1 BB abREERT HheR alnBl b A ATE eogeBle SR pue BE S BEERE, ¢
adj ust abl eldagisupphiedtofstatiohary portions qst‘rtbesspmd& shiafl 138 a”qivyd shaftduB sachiassure. 9.

The appar at us. of further in ng retract bI e guiding devices to
sel ecti vel Vtﬁﬁ’ﬁé’tf%&sﬂmfigtagfi&?mﬁﬁw ly g#O ﬂ&ﬁ&“’&%\?m 10. The apparatus ’

of clngi m 8, wherei n THESTW 200ngescﬁ$edtld£eva‘AAnuemsbh@@kx HI;SSEZIB!is)/adQMH tb P@albasllfet
asse y c S anp menber S o.track witin paratus for
secur i qﬁ%ﬁ? E"c&‘;‘@g‘ﬁﬁl%‘? gy d"dﬁl‘?‘?eﬁg agtiquipg ‘Y‘F}h@REV\Wquﬁ g°WPocess,

t he appar apabstidhQERIFIGL BYtheHIDAIS? is loalle® indo tHe DaskO0A O%hh% bhdlcsedseblbBCA00.
assenbly attached to the base; and a basket asserrbl p05| ngﬁﬁ(he fixed

bl ock asseftBlopatedine manhal {methadls smay e Jseddainssrt/rmaye Fh§ é.m?r% g 07 age,
the carri a&ﬁbcﬁlﬁr‘ﬁbtﬂ%ﬁd@ﬁﬁ%ﬁ% deHaPdoRdstomif ERE, WQ%MEE oHDRYr cadeiaibaci ng

devi ce adapted for novin e carrlggqlie t oward fi xed bl ock assenbly; and

a | oadi ng Hevifiss heddBhand pdiusts seienantS T W eawmeiersdglempdeadndisc @pasitTicledd bi ock

assenblyy; whH&EtLuliRSHeABA AQEif Ur t her conprises an air bearing having at
| east one port fluidly coupled to a pressurized air source, the air bearing

pernmitting relativel Gaceinserted thefqopact posnEld 4%¥oftheedamper seggbly 48484 ve to
the base Wagkehitolhitsetald dngd5 ie/GHRlAL sBAITBE biPhe BivUATMNT SlelcbRRgT THAVI ng 2
recessed portion adjacent ase, the recesSed ‘gortl on flui %/ coupl ed
to a vacuuparseserdde Wlm‘tb@mftlﬁefhvamuwﬂmmpwdetnéhe clasedpresitioplagshowmin klsneous| y
with the apr claim
11, futher b| ngﬁﬁﬁ%ﬁ%cﬁde E%é)%fjeu&gﬁc |IIEI18Q es %%c%%%@?\%{a?tg%%stdr ain

| at er a5 roblonk assemblytSHe. bawrdtratgeaduaeamctrmebeawmmwtqama@e 4Q2 anid thetbase 3@her ei n
one or e ssenbl d rise
danpi ng maﬁ%%rbtegifuﬁ séirQJ\/cg8 dr%lc?ﬁe Wt Va%la gﬁw gfa%gﬁg%gﬁﬁ%g%ﬂyﬁpﬁgph ad

di sc assenbétyeér-the 4grriager 402gnd tlseesnurzfmcetaoackm melcmbuaynmnt)mesas filrh Hackap;pasr at us
conpri si ng;

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 carriage, 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 base; a fixed block assenbly attached to the base; and a basket assenbl

" opposing the fixed block assenbly, wherein the basket assenbly;ggygﬂg 6§
2 0,! UN 2003 22 a novable carriage, the carriage having a b dapte
to receive the HDA; a displacing device adapted for noving the carriage
toward the WhHygs1pl ock assenbly; and a | oadi ng devi ce adaetraged/onssd oadi ng
the carriage against the fixed block asggnbly; wherein the carriage further
conprises an air bearing having at |east one port fluidly coupled to a

pressuri Ze%l@'(&eemm%e pro@dei th ghida e FIID AR Botrbét PBsifien & thy STW #slcldekd.on- f r ee
novenent of the carriage rel atlve to the base wherein the carrlage further

conpri ses avbercherylindey ‘1‘2ér|i‘é$ completely exendad g sarragsA02; ba HRY) hX%isdoqatedt he

base, the neesaed vaskd hadnily Yoo hnd (ROMRE Bk &sélnM?%G‘Eﬂcﬁ%hﬁ%sp%ferﬁhﬁ the
vacuum stiffener is operabl e independent of the air bearing to

sel ective Vid8andpieisbrft Al be sandwiched hervage thegesppriive gemtact painistHg, é%t us of
claim i TunhiBes o MowH P, 191 Tfk %&Lcﬁuﬂéﬂt%é‘%hﬁ&ﬁ'&@% dadptsftspct i vel y

constrain lateral novenent of carriage aratus of claim 14
wher ei n onedisplacament and istcapablei of exeriingnnky ahoutchriongdsdabbut B2 bigwiasts) ekforsh| y
conpri se dapgj uring
a head disc assen’ggﬁ1 m?ﬂ%ﬁ&g?ﬁafénﬁag&&%é&?& k,},aa?tsggms o%zss@(%)l) Z,%{}]
appar at us dbﬂmsssnzuyauaotnase?gl a flxed bl ock assenbl y attached to the base;
and a basket assenbl 28 e S |.n.the basket
assenbly conpri ses: )é“t 8rr'gé\?"“aobr}tqge %‘F ﬁupgaé &i‘f: Aé %%‘Pgl%ag‘g% 4§\%|lsn nm t:?fé’ket

adapt et t 0 dreppéugtbe tdmdagdi462back 4 tHe baseaO(N 'Elwaclﬁ:&x mucheswhxah wagademtedm
adapted for_novi ny

oani g devoRuni siling BF biehfe b A Rbfrdoity ol b R AP Fpalh 5ok
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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 then initiate 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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methods/apparatuses. In particular, the instant invention permits precise, concentric writing

of embedded servo information to the disc. By providing external constraint to all but

25  rotational/pivotal motion of the spindle and actuator, the non-repeatable oscillations which
frequently occur during servo track writing are minimized. A drive produced according to the
present invention thus requires less misregistration budget that is normally required with
drives having more eccentric track formation. Thus, the STW of the present invention is
capable of producing disc drives with greater track densities -- and thus higher capacities --

30  while utilizing otherwise conventional track writing processes.
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comprises the steps of placing the HDA 152 into the STW 200, where the STW has opposing
clamp members 402, 500 with opposing contact points 419, 420, 502, and 503. The HDA
10 152 is then clamped between the clamp members 402, 500 such that the contact points 419,

420, 502, and 503 operatively engage each end of both the pivot shaft 118 and spindle shaft
138. A compressive load is then applied to the HDA 152, wherein the opposing contact
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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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 member and a moving clamp member.
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(O)-dp ) _gtuator 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
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, 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.
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10 U5 10% U&' §) -A k&d&trad® 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 recessed
portion fluidly coupled to a vacuum source, wherein the vacuum source is

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

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

12. The apparatus of claim 11, futher 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
a basket assembly opposing the fixed block assembly, wherein the basket

assembly comprises:
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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;
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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.

18. The apparatus of claim 17, further including retractable guiding devices to

selectively constrain lateral movement of the carriage.

19. The apparatus of claim 17, wherein one or more of the fixed block assembly and

the basket assembly comprise damping members.

20. The apparatus of claim 17, wherein the displacing device comprises a pneumatic

cylinder.

21. 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



"109&' () - 9O0%&' ()-!qgl YI0%+& ()-!]109%&&& ()-oDaVK@ 10! 1 10 1
' 10#1 4- 10%&’ () - $210%&’ ()-Y 2109%& ()-Y 31109 ()-! *109%& ()-/YaVK %ﬂJUUN 2003
10 10#1 4-109%&' ()- 10% & ()-3 3 10% & ()-,10% & ()-Y¥B1L0% & ()-2Z Nornmal "
"Headi ng 13]c" "Heading 23]c" "Headi ng 33] c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading &3] c" "Heading 93]c"A "Default
Par agraph Font +4=m R] hFsV}cv&f Y" (. T?nLYi t vYRYY;

@) ! #3&) +. 7/ 235779m< af@BRIvGH iHaNRRLMIA Beapindfeam@eciator dSEhBHEASYR@NBTI Mes
New RomanAri al Courier New'h Root EntryWrdDocunent

HSUR () *+, - ./ 01234 %wyBgenerally all but rotational motion.

<:>’?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] *_" abcdef ghi j kI mopgr st uvwxyz{| } ~



