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EP 0 385 696 Bl Description Field of- the invention 5 This i nvention
relates to disk drives with an actuator |ocking system Background of the
invention It |Is common in magnetic B0 ER6BIes t o have a | anding region on
the disk or disks that is separate from 10 the data recording region. \Wen
power to t besdtiptléndrive is switched off, the read/ wite head is noved to
and retained In this landing area, helping to safeguard the data stored on
t he di sk. TFieldotibé nedntbon Whi ch supports the head Is then | ocked so that the
heaq ,cannot stray into the data recording area, even in the event of an
ext er nab shodlisinventipirelates tordisk diiveswithep4TI9@or letkingdystems a di sk drive accordi ng
to the preanble of Claim1, Including an actuator |ocking 15 system having
a rot at abl Baskamund ofthp invengior | nger coupl ed to the vane, and a sprl ng. The
vane is positioned so as to receive air flow caused bﬁk
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i 1st ltipeo a%?‘ Slek o "'E"ﬁ%m\?a 'F'H"“a f°P of Al
o w"*gg LR ATy
@Ji v ﬁﬁ T e e K

dlsengaged e acrda

move the héa ogéltaeh sﬁﬁr@g Ewollaﬂlg EOQEH ﬁ?&nﬂfc of B&imd iﬁéfudln R ibnidtoPberdnl OPS
rotating, tsmnﬁiam IGWtabIS va.@ oh fingét Gipled lolt R \And; BRLrAgOTHA Vi 16 Ja8iionadsd as
agai nst t Ng fakeRd air s cRusdl by 1N rotelbr & Eheiakl Wiisk the bitg DikasIthe Gariel Etion bposite

| andi ng ar @sthe foktd of b GiNfidw freiRire.AMBA BRaIrifbW is'¥ebrialenodgh Gkimdve tHelveneughind tiiaand

t he head i fordalohthe sprihg, tRe18tct fingeras disbhjaged frodt@)stphiiEthé achiatot, ki@rdbyalioRing the getuatdrr om
t he act uat ¢rmave tietheed adigss tHeliataaecbrdiag cagioh oftke disk. Whert disk stbips olatieg: theiain floibis Ao
464799 720ha ongen steony papughi to lold the vareadainst hg biesfofck of thepriag anfl Witintha headmeturned-ethe
van®~ t hi s laddiagerés thedatdhiiingad eigeges thecnotch.fieskig:the actuator ansitheieatin plsemever , t hi s
extra di sk rcloreasueamorrech disengetiempnt athelalghy tingrefeor thesactugiar Q"rP@W@”T“Eéh%ﬂFFdJaWEP@]‘FW

the di sk f isystem digclopeddnUi$-A- 414799F, has an\putra disk for prodsing yftisiapt ait flow apginabihe veye, this
provi des f disk beingjingddigien to the; %Isﬁmhﬂ's'ﬁaf‘m’l”é@fsws@% %M”ﬁ'ﬁ@d@dﬁﬁﬁ NPt ed
on a 30% sgnHasize pagwejghtobthediskfiey act uator nounted for rotation, the

actuator s orti heiad for novenent over the disk for data transfer
therewi t h, Mﬁ%’—ﬂ—@ rotating the disk, and switching and controlling

nmeans for t he
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i s adapt ed charactarisadiirethat baid switéhing jpd/ventrollimg méanseis adapted to ensure frabafiterpowerios, thi rotiation

i ncreases tspeed of the disk ingramsesito @ tirstspecifiel mtatiopspeet], such that theypressuleen theyena due tocly
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t he predet generdi@lin REjohsdto the povier-bindf thealisp tdvd ahdfongeneeating a st tihealapsédxighalc pederC e
t he power - asrminkd tinkecfickiredeipthf ihe etart-ap signelusphedrtdde switching neansforseceiingtbe sthraup signal
pr edet er ni repdisubgemeehtiythe sdb traqelapsedsignal cnd for eutputtingsmhigh-apeadanedesignsf afteerecelpt of the
been sensedtaston|signal uetihrepeipt giidel set e elansedsigngl andraipwraneed mpde siggal glerdecpipt of the
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speed node switching neans for receiving the start-up si gnal and
subsequently the set tine el apsed signal, and for outputting a high-speed
node signal after receipt of the start-up signal until receipt of the set
time el apsed si gnal, and a | ow speed node signal after receipt of the 55
set time elapsed signal; and speed control means, for receiving the

h| gh speed or Iow speed node s| gnal fromthe speed rmde sW|tch| ng neans,
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EP 0 385 696 Bl or else separate electrircal circuits may be provided. it is
preferred that the disk has a landing region separate fromthe data storage
regi on, such _that when the actuat oEPi03856p6Bie | ocked state, the head is
Iocated in the |andi ng region. This mnimses the possibility of 5

acci dent al of SR Sepafatekidchical ciriits ity bélbeWdedThe second specified rotation speed
i s the oper atii iiprefeécthataiie digkhegla Ridingiregidn segsrate faoths dats stbregevagion, $usiethatetan and
the di sk oeamuattatoridie tHeilackdd sepcthis heatids Iaqated th thednding esgjon.Jtistminimibaseite possitiliraf on
ar egset s§soaciletta lesefideie froekiealse of t he actuatorlock. Essentially, the
firstspecifi ciie sqpoestipeeifiod etatian speediis tie operativg ratation speedsal whicle datmirangferdietigprthe hat
the air f| beadandthediskoasyrs.tThe firstanecified seagd and the,eredsterminad syiterign age sefpn gsdq ensyreg
predet er i reiagsegfthe W%"’éﬁ%&ﬁ?'&“ﬂb"f'ﬂtwﬁiwpwfﬂaﬁatﬁd'*ﬁ’?“?mw Iqinngip ensure

unl ocked. m#thegia ss!jlrp op ng qulamblqut lft?lﬁ; predetermined criterion ensures

pr edet efmi HEH“??% F“’?‘Fﬂ at:red'e:"ral;::
predet er "??‘ s e o w?it‘f’%s g miiye ase
fromzero R
speed. Aft Hrﬁ/ﬁd%r&eii

sl oved }§ Géd id 38 rim% p.a rrnﬁ. nWIé Jbeut@aseoeﬁdatmnﬁammmge
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and the StetionL|505Md§%ﬁﬂe§ tefRReseloPihd bétskor oeed i s 3600 rpm The

pr edet er m nedryg ladfRnthdes 3ixR4 presbntine RioR Brd Sipplivdblelo dry@iskldrvl infwhith Eheagtudtérdock isiret
speci fi ed tdacsaty & flod| inchidmylhot énlyRagnelid Gisk drivds, Bublsd syiuh dévicesdsatagntitasdplicl and eptical
rotati om aldisddf¥es.r pm for an ad- ditional 0.5 seconds ensures rel ease of the
act uat or | ocKkrhe Fiventierdalsorpraxigessa rodthddiier upleking an actuatpein  idiskdriye includinglat leasbens dete
any\-eh sk drstorage disk mokited-prialspindigSoructation, ah antuator mounted foy rotationctheygctugior suppogiing a head
i ncl udi ng  fiesmoysmient omer thedlisk for detadianafr thetewith, Bator rqangforspfatag H\Q\#F’éé’?"%d""e further
nmagnet o- optincluging anastugpniocking system WNF'E*WWF‘%S%’““M@ i ‘h'%‘ﬁ'f ?’HPP‘&F
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in a | ocked ;uator 2 I ng system conprising a

nl
bi as means t hg % pr@daEeHﬁlu Eé?lrcrllleﬁUn‘HaJ te6n daBR 1€ theThiBiich effétivblydnaltAAtthat the
posi ti oned soacﬁ,gto;igmrtﬁé:‘ﬁ,.o%dghg | ow generated by the rotation of the disk

so that the pggsicHgindiBialidi@pesd BRhEMIK td Hsebbh spdciied foiidn'spede Such nat the detsctonsfer

i nto thes unl ogak@smdnad.€; the nmethod for unlocking the actuatorconprising
the follow ng steps: a) after power-on of the disk drive, increasing the
rotation seefbesdripiohef ttie Blawings a first specified rotation 30 speed such
that the pressure on the vane due to airflow generated by the rotation of
the di sk |'s sEig.fiisa pamtviewof § magpetichird dislcdriveiacgerding o thetinyention PM@B@P@!‘@"’GW
det erm M ng tWititthethqad locateddn the fpdingtegierer i on has been sati sfied
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of the Drawin 1F magnetrc hard

accor di ﬁ5g to \9%"ﬁt o?u showi ng the actuator | ocked 40 vmth t he
head | ocat Me | anding region; Fig. 2 is a plan view of the magnetic
hard di sk Fig. 1, but with the actuator unlocked and the head

| ocated over h&ﬁdﬁzashaﬁs% ihafdUk Give 167inGuding aibesed 2 PtaeHsd Bitidasin20d a thise-
NDt O S\8h t Cibdath.c2 B¥indfeGibitdr Q40 (nBtBhdWRAR Figs) I RAd 2, Idut ifuded seientbiticalleinlg. 3)i Amagnpticand
Fig.4 is a rgidask 16 dmen gy the epindisamiae 140 thivugh apindib 14.1Tee disk ttheoa dalpeeuiding areshe
spi ndl e nDt2betieér dxGnedpiEc citcle 08 anti. concentricdircld & antl hek a bindingereai26 Pptgeen a concentric
Descr i pt i orcirble gbandla corventdt cirklo2v located gadiatly idwanderofithel datik recordingred@. | ncl udi ng a
base 12. Att aslmaghetiohea80 foctmesfériing datacto ardifrom-thegiisk 16 ssurporieddy onpend ¢f @ asivetes
140 (noss siBaviFheiaptudior@g js altachertio fhe bpset12ithreugh d elit36 echatofatable jahout an axis §4. Agppil 38,
magnet i ¢ riigfixedd thix eriddf the adiuatercid oppositerthe hesr 30} relative fodhe axiaPas My upagy| r¥°'54% "r?dl
14. The di Jhwer golkarefixgd fothe kase 1249t sepciiipddistanses Abpyaeant below thp F?SB*’

and a conceaentimagrefs(pqt ghowp) areattachrd © the dgsof; '?fr"g%{’ % §1 éﬂ gr| c
circle 20 aheicol 3gJhe el3F aed the parmanent maopets qonsiitufe  yo Mo °8\""?"

recordi ng region. A magnetic head 30 fors transferring data to and fromthe
disk 16 is supported by one end of an actuator 55 32. The actuator 32 is
attached to the base 12 through a shaft 36 and is rotatable about an axis
34. A coil 38
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Is fixed to the end of the actuator 32 epposite the head 30, relative to
the axis 34. An upper yolk 40 and a | ower yolk 42 are fixed to the base 12
at specifi.ed distances above and b&PORPEPEBIoi | 38 respectively. Per-

manent rragnets (not shown) are attached to the sides of both the upper yolk
38 and’t hetHeodixss anithdmagRetk tigld of thetpbrenacemt hagd@s conibiping Diptod B8 a fornd tarhnve the Atuatas Nt
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area when b:ﬁe&git RuatbP Dby th@foﬁz&umbocﬂrQﬂhg 76,
shown) Soonﬂ&:ﬁ a?o%mrneﬁe il tHd |BKHIRg Péglon38 W th the “spi ndl e notor 140.
The spindle SratﬂaﬂQItﬁ b aduffor 1BdKing Bydtein i§%hb SuiitcRiNg dinki Bontr§lling ehearisias t@ spindle motor
count er - el gad roRNEH dp¥el sheWnGE Figuré18,whieh taiipfises@|nficPopradBssort (MBUIDIOO, \aespéetircontrobaruite s
a current 1160, hhdakrivencitclie!20.0he MPQ produc@th nidtae sterbyp signalii respgnseltrs mwenoareset (BOR)t o
the inner ighdl resiiting ram alpawer-drand Blitpus aetighespendiniode dignaldr alewpgreed ractle signal. fike spead
port i onsof tcherobirtulai O dedétsttite avtralgotationapesd of thespindlaarioter 149rand caiglate theislevigtion of
16. Howeverthe dchvel sperdritoanthereforencacaianelispesd Heermined by the higk-spepdprilen-speedimda gignal.
rotation spéedriverfcireuitd20:tartsthesunpiyiofgurrent (p thedrivigg windings pfibe spjnde ma H”QW&?‘?HP&
be made t o ofthamplonstast-upsigonl and wpRliss czeerﬁwwgir"{'rpéﬂ"tdés\qmee?"de'rtewr 6'%:{‘ \'C.
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SWi t chi ng ahéhne 8ty Nbdidal™y" éihals a higi-letdn sigraly amithelowspend mbdk(signaltise Ipgical "Oheignl
shown i e Figyulow-Iéel sifndich conprises a m croprocessor (MPU) 100, -a speed
control ci r cuie shésd corzaapbndingito thedaw-speedaeside sidr@ifromthasphgdimade oitohirgIneana 198 isthe
'start-up sirgativh speed pEbespingle motor $4Nmbwhich-data trapsfes betiwpanthe kead adand thadink{1p pesumdy om
a power - on, Thaspked aerpeapending taithsthighspead medeiaigns] fiamsthe sneed,mpde fwitching MeprsJQ6 is the
si gnal . Therotelinaepeed 5f the epindie sotor 1 Y"'!'c"ls!!@'c'ﬂéﬂﬁﬂ‘{"sﬁ P’ﬁ‘@“’%‘iyﬁ%ﬁ ‘"ﬁké‘{ 'H?VPHT‘? "§ eed
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thereby controlling the actual rotation speed of the spindle 40 notor 140
relative to that indicated by the speed reference signal. The MPU 100

i ncludes a notor start-up signal generating neans 102, a tiner neans 104
and a speed node swi tching neans 106, inplenented by a conbination of the
-hardmare and softmare of the NPU 100 The motor start-up slgnal generatlng
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start-up signal but before receipt of the set tine el apsed signal, and
outputs the |ow speed node signal after receipt. of the set time eI apsed
signal . The hi gh-speed node signal EF#%3886%&4 by t he speed npde switching
means 106 Is a logical "1" signal or a high-level signal, and the | ow speed
nmode si gnakhelspeed coreagpanding tb@tie highgspeald mioBe signal. 2 | ow- | evel signal. The speed
cor r espondi nghe spepdeonirabolrewitid@ebnsisieief a spegdimierdheegendrdtiag crpeaicial2, Besbed Gatdclingleirdi
means 106i 314 #nd aspred devintiongeneseting tircuitytd 6.9pe snebdrefomhamgedefdingirouit 11 Z as dadference
transf ef bé'?‘thé’é?\"apﬁ @ Erquegy diyider witlea fivayancy dividng maticsthat Thamgesimaatordance with the
correspondf’ tmﬁ“ﬁ?eﬂ‘f °§ E‘B‘Gﬂ'ﬁiﬂﬂ%"@rﬁﬁ&FhefwmﬁwiWEwtmmngqu
neans 106 F ;1 girated,A spegd refereace fongl is proguced comyrsinge pulse train
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woul d be neaessary to increase 4 EP 0 385 696 Bl the speed corr espondl ng
to the hi gh- Jhedrdenvivaiis 120 cgmprises aldnee ciprest derpaliig dituitd2Z dht a boskidbRdetetifyichdult 124f 2
speed r ef eFherdive cyrsentgenerating cicuit 122 startslth@currant sypply ¢ thkairidag windings 14201142V dnb442vind
a speed®d elgprzaspending agaisitaithe KoV aidW phiasesiof Bie niblocresgectively) updnaec@ipCe tigarvtr Sthrit-0g)
CI P\CUI t 11‘29'14!&%""&“‘?984"8?“%'!?@“93thev@ldbmwsauﬂnmemminmtm ofitpi oflErspyedaibwdtiore r
Wafr equm'eg thouls 115, Fp Rogitian sletesting cwmgweivos the eutnutsch the positioh serisers 144U,

out put f r ond n FPGd&'"@?/\I“P‘E‘h’ﬁ“Pr heesRecty tpgvhich winding (1621 9@ ot 942vadieoirié ng
to whet er%t' “p 'e W-S eed node signal |s I|ndicated.
Aspeed ref é;co Implamentgd, weﬁwp'wwim-atmted
frequency co rggg A7 WI m of d h??%m eed rmde srmgnal
or 3600 T pgy E"m °° “p"d

cireuit 11|4ckrnsﬁsrnr&%ars ﬁ%‘g @34& P """“ %’#ﬁﬁ h'im ﬁ?he heaﬁ%twé gg;f’f

three ppS-arkd 260WhenRhs FtQJ Q medns 1
t he V- phasfstord@et-ub Bigna maﬁerm&nstm:e tmb a E g'i en-
Posi ti on semm@eirchiffld, out puts pul ses in esponse to K e rot at | on or th
not or 140, sOpdénredeiptofititelimdior dthrd-up Sihal] tHeRpsbd MRdE SWitcHinginahd>ids SRERShS high-SRed
not or - 140. mddesigaghto eltb sexid estdrbricggenbrgiiglcirdait OIELIG REpcRYe th (B, thP4BEH revelefce lgbribthting
Ci r cui (3 1 lekcuits!1 2 oyipit=stie speed mfevdnassignbirappragiato the prgwmarSspta&m@%t 420 rgnRtrRg 1 ON
S peed of tdpeedidéterting circull 119 findslacero miation spead (bd. b etatiogary @ikl The gpeed devidiicn g&rib&ting
recei ves bRyeykt 1ﬂhm‘°®p@@df°m¢ sigralrepreseitipa thie diffeincelbetwagrctbelspeied detsciion gigssdl giddhe
and out putspeed ’9"8'!3{“&({[,8"%4 ththien ineqspenselatthin thetdriee curreny gemamatingatindult ¢22upmledmmtane e n
t hese two %‘?P&m frireat to the, driving windingste inereqse the spindiaynqieri14rgtationdpded o the desieed value
generat‘? ng E‘l*r °t"’“122 and a l|005| ti on det ect i ng Ci rcur t 124. The drive

4

curtent ger}er é s ridim gediohNy ﬁ@%l‘ﬂ"%"’hﬁaif
wi ndi ngs cﬁ% SZ[

gfn
] att ,,tm sta" Tt
phases of t t PJ'at r ea tgu er %d
51 gnal s D08 WSk s'mra uI’ ﬁi el m& i by

the out pUtmé&stoh@haﬁ%U@ 06 o .seeat:ase .t; m & % i
det ecti ng opdtihg slichit 14 %pﬁﬁ@&'lp‘!’ﬁﬁhél&ﬁ'ssﬂd |99 I ﬁfﬁg aPi £
144V and lfelidwériotition ssed (Nivor B8U0 Gim, %Qpeﬂhemcrﬁn@ﬁéaﬁﬁom g aﬂo

(142U, 1424kae, wheraid)hd spesddbtostifg Grdill 184vhea@6r0€d roation 8peell H@Y0irpr. &Rera% rtﬁéUpeédS to
be suppgt i eidviatdbgenerating Einaiit S18@eiuts HViltigalsighdl feprasdnting tils dbviatioh BRo the bM@ curfantdehl t
120 may besrdtingtigwict22.onhich Sapplies)canmgnl i thelsivimgwindiige 428X, 612V @hd t42W causiigAspestind
TA7736 r esththemplodie motortdg0 tp decrease td Nrw FGRS00 rbm. ABdimp &I thé rotation spb@i of thespindiembtbre
change wi t140 fepshes Niw, andedaladmesfer torand frsethe difk ¢ah corsmencadl e not or 140 produced by
t he notor svﬂ"’tedrﬁsﬁgt'@ﬂﬂ'thﬁﬂﬁtem?q"#rﬂ?(ﬂtah)éﬁbﬁhﬁ rgquirg] forithe spinglie mptor 0 taisetot | Ne
to, th#® pcﬂmﬂw‘gp pf 4200 rPm cplus Shedigne Tar which the spindiemetor 149kiually rotatesisb4200 Bm. The
engaged | rT'sg tﬁd?QPHP’B@e fPB‘dk‘Pﬁb°‘¥‘ﬂéab<9&t4tP&t‘ﬂ'rh thepremaieing RuFecliomd Whepqmtanauﬂ@o I'n
the Iandi "’g? Q’gﬁa‘ over |s gt%?ed'eon atést‘t‘ﬁlﬂrre err t'%f‘r?"?ﬁd

not or star PO gnal
to the ti oy ﬂﬁﬁﬁﬂe{iﬁt"ﬁgn E r"§ e2a%i3R & thrleding egign %Pny‘%sﬁ'éd'ﬂf‘?‘?fe
currentgen- erating circuit 122. Upon SBecei pt of the notor start-up signal,
t he speed nobde sw tching nmeans 106 outputs the high-speed node signal to
the speed reference generating circuit 112. In response to this, the speed
ref erence generating 35 circuit 112 outputs the speed reference signal
appropriate to the high rotation speed (err) of 4200 rpm The speed

detectr ng cr rcurt 114 f| nds a zero rotatlon speed (i.e. a stationary disk).



speed reference signal, and then in response to this, the drive current
generating circuit 122 supplies an ap- ‘propriate current to the driving
wi ndi ngs to increase the spindlelgg 6gb{otat|on speed to the desired
~value 40 of NH = 4200 rpm A tinme 4. 0s after tlne [err], the

spindl e notor 140 reaches a rotation sp eed of NH. = rpm The air flow

in the di f{"@!ilt‘?%‘ﬁs'@ﬁhﬂ*ﬁtm%d tf‘%'°'f"ﬂ‘§ "HT“E?(WQ?P?&WW“’EP “P'HF’? aﬁFﬁW“ﬂ"ﬂé‘é&'aﬁoves

t he vane ‘7@‘"‘ to di sen gq 42471

not ch 60 Ffﬂ pever "E"éeai;oé'a 'sed
ir owpressureont

time of ve rsn ihe nahén S‘ftﬁ of 5 i§|

‘a set t| :%; %‘ h rotifion erd

response y |§ ﬂg@ |ng rrean 106 changes

. cidnt t

fromthe |g 1- speed e SI gna o tEe Iowspeed rmde signal. The speed

referegce gen- erati ng circuit 112, upon receipt of the | ow speed node
signal, produces Foctpeed Abf glence Hiighal Robatiioati ngetieilower rotation

speed (err).of 3600 e he speed at the he% % sfers data to
and fromthe disk 16;%%3 t he speed ect| ng = FI:,{-@414 measures a
rotation speed of 4200 rpm Therefore, the speed 50 deviation generating
circuit 116 outputsia velhage signalssceprgsenting d.his devemadt i on of to the
drive current gen- ti circuit 1 | ch supp ises € t to the
~driving w ndings 143[? V and 142V‘\1/%(§au\g}'ng t he Eﬂeed o'fi %’ﬁfg spi ndl e not or
140 to decrease to [1e?5r]9‘m 3600 rpm#428P ¥amre [err]%-6t het-Ro¥® i on speed of
the spindle notor 14008 gaehes[err], @nd ga a transder t3agme f rom t he di sk
can_cdffmence. The 4.5s set time of the tinmer neans 104 [err]is the tine
required for the spindle notor 140 to rise to 56 a rotation speed of 4200
rpm plus the time for which the spindle notor 140 actually rotates at. 4200
rpm The rise tine to 4200 rpm (i.e.- from[err] to [err] equals about 4.0s,
with the gpigining 0.5s from[err] spent rotating at 4200 rpm After data
transferwith the di sk has been conpleted, at tinme [err], the power is
turned of §, Ab®kdrRb flo) REudigREIBasDEneldar stopigB dbie(18THhaRfitediarC dpimets (14afocirotahian, an
act uat or r et agtuator {(32pméuned fod fotaticn, sdidachatotisupgortinrgai head (32) for oeenmpl aveliseid disk for 5
EP 0 385 696ddi trdnsterthbrgwitty meter ineana (140) for rotiting isaid diske iand switehing anti goritrallirigimegns
nmenbersoengageso, tiim fonedichotoransans; d t he actuatorfirny In place with the head
qin the | andi ng r e disk drivel furthenigtiudingran attuaterdocking systam (66,62) whichj aljewstspid actuator to

hi gh- speed r ba in@ileskedqs ulocker statenispit aghenigs focking syeiem sempriging %@Wﬁab‘?ﬂ")ﬁhat“ Pt s
clearly depepritsaciatorinfa sqidlogkad giafepndp vanp 70 RopKioned 3q r?g:ﬂ F@Pgea‘rf'w" ‘g%z:’ltlt%?ev

pressure on E°F?§°Wﬁ%'d ?‘E"“%@ﬁmtheﬁ@ﬁ%"?wﬁt’ﬁ@‘e ob ?'h\‘/g?t’f"ﬂé‘f

vari at¥on wi $af '1‘s 'supee of theg rce of the air flow experienced by
the vane 70, andﬂ controh ea lsa d?oaéﬁl EHaV§ We Xl\‘of
listed Initi giskcp t e ﬁ{f clﬁeﬁr or
the coil Spr&ﬂ&;o d"¥an lb‘ﬁ r oWg% tF.e 8 of said disk(ll aH ﬂr&?@&éi’ﬁb&n
Set  Cojl el ufflclent to force sald actuator ( ﬁt@ id unlocked state ¥ 1‘3&&& d criterion
1.7 g mT‘ has been satisfied dem tJ $4¥cond specnfled rotatiéh speed sﬂthhﬁm?ﬂ datarangiéridan com-
4000 rpm mence. 0.5 - 1 gmm 1.95 gmm 4200 rpm

0.6 - 1.2 gmm 20 208 gnm 4400 rpm

0.7 - 1.32gmAd@6dres as slaimed in dalmdj whereifysaid@regiatenmiried erfterian [aghake predeiesminestimedias o
storage di skeleg_s@ysimmwmneftbqﬂ-qlmlr“e (14) for rotation, an actuator (32)

mounted faqr -ro on sal r .Su ot n h povenent
over said3ti glng?érfv m sap tchln % d’" oon@o"i‘ﬂ ‘ng

ng
said disk, a :a:%neans Evone E{a era e afterre said- ﬁg&fx |§H?xifsela'
ot or means; é\ﬁ Jnya%s 465 cdn)ﬂﬁ sUﬂ'sﬁﬂ up 'SigAdt Tah@&ﬁéeqh&ﬂi‘éﬁgse? ¥hd €M
(60, 62§ whi CEIa o Q&ﬁl St otpiting b %h-&ﬂéa@ﬁ‘odb&g&l FRFK bt 6T Bald SMr O sRflal Gitirbedipt
sai d act uat Obs daAGKS thHd eftlsl Sighd @RPlot Sutgaliingla RvdPedd RBS sidnéilaftel rBcipt bFis@i Set Eid d
actuator int gasatdighdeked state, and a vane (70) positioned so as to

recei ve airf ks GRBOhRERM10Yfof B&iving bl highrspeéd cBlaivdpebil mide(slgadl fram sdicmbedinivde
pressuge on SaitcHing Mbdhs (e fo adjstrigdhearbtatioh s pasd uf sgid snobainekna ed haba@rsaiti disian 8dsor-
sai d unl ockedarsb aitiewhesieer saidiighispeled or eaidlew-agped nadesaidnelrs iming récpivadnat © sai d

swi tching and controlling nmeans (100, 110) is adapted to ensvr e t hat athfer
power -on df &alisk deiesr clgimeq in clajm3, wherelnspid redeiermiped imeis ppproximafely; 4.7.30890d%.2
first specifPRuereBpisaddigkdiyaed such that the pres-



sure on said vane (70) due to air flow generat ed byJMﬂI'Mﬂﬁ“anIHﬂltal d
disk (16) at said first specified 40 eed l's e said
actuator (-32), into said unl ocked stF&4385 8?? Tafter a predetérntned Criterion
has been satisfied decreases to a second specified rotation speed such that
sai d data finsipedves toadalt at tme ts, B tbelockihg meribes Briglages thienetciato hald the ackhtor firmiy implace 1,
wher ei n sawith {he bersitietharianding regiont eri on is that a predetermned tine has 45

el apsed si nceAltherigh fopthisarticuar gisk drivathehighkeperdiretation mite follawiny powercanwarsesat 42005mhe d
i n elai @ 2 thingiesrhe fieperdsiop the fareeciathvnftha gell spengiand efith ﬂﬁuawssurqﬂelﬂtrde@e 70¢ Bxpest-

means ( 104)ments by the inseniars igvestiogied;the varjgtion; haqm'g'em ag Aewexpgriepgod
power - on ofy thayane 794@“&!*‘”9%“"“3%?“]‘“2)?“%@6 "%1"% “‘Pf“ﬁﬁ‘ iifial pjghrqtatignspeed 5
predet er ni WBYSUHCIRBt ta fefegte thesiaich g th pol Bﬂ“&f°§‘i°§P Mup signal; 50 speed node

SW t chi ng means (106) for receivi ng sai d start-up signal and subsequent |y

said sel’ tine el aPsles Al pROf T g;rﬁlﬂEQP%B‘cJ’cQoﬁ‘ i 8 ggged mode signal
after receipt of s set tine

el apsed signal, and féL’iSH-ﬁbuttl ng a | onRes8ed mdmter recei pt of
said set time el apsed signal ; and speed control means (110), for recei ving
sai d high-speed or Iq %%gd nmode si gpah om sai d sgee;{
swi t chi ng neans, - and for adj usting the rotati on spee m)tor nmeans
and hence said di sk itR8ad®r - dance V%R xgret her sé’i 8 ‘hllgh %"H‘eed or said

| ow- speed node si gnal.és gaki Ng recei vizgo “m A dislo.drivez2agmcl ai med In
claim 3, wherein sai edeterm ned t | S appr oximt ely 5 seconds after
power - ow of said di s% gé fi n%%ﬁ ones toogghalltsﬂmtl me [err],

and, t he | ocki ng nmenber engages t he notch to hold the actuatorfirmy in

pl ave with the head in the |anding region. Although for this particul ardi sk
dr|ve the high-speed rotation rate follow ng power-on was set at 4200 rpm.
5 this dearly depends on the force both of the coil spring and of the air
fl ow pr&smﬁ' "'Gn the vane 70. Experl ment s by the inventors |nvestigat ed

t he variation |o ee he f
by t he vané' 7 ¢ or 2 J'qg da}as%r Qd |n ah ngdoq!asgnﬁx\’(ﬁ ﬁgf%% ,the
listed initia ﬁ &i tPH'lo @a.sltgn tm%nm i FRarksO'
the coi }w spri n.go 116)%5 s BXYQrm or Inrtial Rotation
Set Coi[" (Tor él ) sald disk drive further Includlng%%&ﬁiamr Iocking systenv{B0i8B)dvhich affdivs &8id actuator to
1.7 gmm be in a locked or afietRed $¥, sald actuator lockirig.sfstem rigiig) albiad me@RE V1) that urges
4000 rpm sald actuatoPin® said ibokbd §I68) ahd &%an@ (Y0) positioned so as to receivé aifHbwIgemerated by the
‘0.6 - 1.2 gnmyotalion of said disk (16) so that thd pfaSsutpaiisaid vane due to said air Hloh(O.iges seid actuator into
0.7 - 1s8 gmmsadunlockédstaes 1. A di sk drive (10) Including at |east one data
storage di sk (16) sakhdiskideich bping chegssleri@d intial4) for rotati on, an actuator (32)
mount ed for r ot at sakhswitshingchnd cantrollingmegna{f29 110 Phém uppthatiafipr ReWer

sai d di sk for digldriye.therptation ﬁpqeﬂefﬁmiﬁﬁﬂcﬁ?é?ﬂ?aa@%?ﬁ °’T’B?°dr85‘ihé¥ﬁ‘ P%"a'i d
di sk, and swi ®ehongaidyane F@hduedy i f by(§he rotation

means; 4%id diseged igeHiigient infarepepld ariuain (H2H 5ﬁ'f’ od 't:bg'&ﬁ %5}% "62)
whi o al | ows 438 heensatizfled decreases in.a sepond sp E‘R%'a“’ |

act uat or Iockl"T?Qc system conprising a bias neans (71) that urges sal d

actuator i ng 0 a5k trive @€ Sikledih Bhif 1, AHorbinSald praBetérifihbd Eiftstibr ib BAELbrédeteAMndd@me has

receive air flegwéeggﬁggsa;d%g;)ﬂnmﬁe({.mdm on of said disk (16) so that the
pressure on said vane due to said air flow urges said actuator Into 35

sai d unl ockaad Astishtidve as daitlediin slRimd; wheeihasidayitehing petaontrollingwednp inglides: sai d

swi t chi ng and timermeans (194)fgr resiving a staG:OP Siq'@m)enﬁ@e‘b!cl FPpROBYP 19 the poyerrpnof F#ﬁ‘d’!s" ﬁ"!"?e r
power - on of sandifotgenerating pyget time Hlapsed signal apsedsiseraigpd ime §fé"?’6°°dP*'§F< ﬂ'dr?@i’ a
first specifispeefdtode PYishiag,meaps £19€)for megiving ﬁé’d 4P s'g

due to air fl (ﬂﬁp Fl'E’l’aétP'édd“B inga pi ?‘gﬁ’d 'tét'tp
speci fied 40 aP?dgEP?"taB? h‘t %'P‘té”§§t"8"° g r'ecfgé%ll rh o o Sai d
unl ocked st at é" 3" Phs edet se'dto 5w-9 elasﬁan PlaliSble o
decreases to ﬁf)j“ iﬁd in accor-
transf eds can c mea"s;.':: aid ﬁ, i allig'be erern
sai d predeter m ne eri on at a pr'gp}et erm ned ti rre as

4. Adisk drlve as claimed in olaim 3, wherein sald predetermined time is approximately 4.5 seconds after
power-on of said disk drive.



45 el apsed since said power-on of the disk dr|ve

claimed In claim?2, wherein said switching and control mllm\mmammmurmi

ti mer neans (.104) for receivi ng a &1356% Bl gnal generatedl Ih response to
t he power-on of sad disk drive, and for generating a'set tinme el apsed
signal a psedaidex driva esicldinedin ayt ppecedingoting twherkin 8aid abtuitoblotkingystenvfodtiter cdniprises
speed node sSwahatéh (80) imedietu@tdOmY aflateh (68),meid Vatahpngeagingl sald autch-tellocksialy aethiaternand
subsequent | y bengineshenictllyceuplet tusaid dans (79)mmithat the diesaure el ginflow pmenidvair dyi todineaiialf
nodesi gal af totatiorevape fendsftadiserigage said latdpfrom aglldahtcmmqﬂby n@qyb‘nq)!aid@rcwgtm d set
time el apsed nal , and for out ti n w eed rm e sj fter
recei pt of saf‘&&@f"ﬁ'ﬁ‘f‘ﬁé’“@l'ﬁ% ?’5 ?Hg’éaﬁ"l?ﬁq?tsr%w'g@%g ¥ 110), for
receiving gai ﬁlui@*&nemﬁed%nb n admrmem%hﬂnalna;snm;mﬁoﬁwedem%m%

sWi t chi ng NMeagy.daid SeraféXegiehi D\eheiTasidbdtuater & PAgE lotifed Sidle balibad s I5GMAS
and hen® sai d.sgmgkd,hghgmpor- dance W|th whet her sai d hi gh- speed or said

| ow- speed node signal is being received. 4. A disk drive as clained In
claim3, wser Ametheddoruinpridrgan actuatanipd disk drive (10) inchudingatieast brs datastage diskd tPhoieuntedt er
power - on of san alspifidiei14)ifor rptationgan actugtor (32) ehowrited feriratetion, Said aqtyatepsuppastinghead (32)
precedi pg cl aforfovamenteyen saiddiek fordpta srangfer tharewith, Botes means(14Q) for rotating ididielises a
notch (60) In sai ﬁ'%ﬂkﬂﬁ‘feéﬁ""ﬁﬁﬂd‘&'“ﬂa’ﬂﬂ‘}‘f‘ "'“9§¥§ﬁtﬂ‘ (P%!PEW"@H actyafgr to
notch to Iockb%lﬁlad”a?f’t‘i‘j 3\7 Y’é‘ﬂe cgllv fﬁgd

(70) so that f 85%\} g ?‘?“?FB s° i "é 9 y the

rotation vane"’tt ' é’eg%\‘ired""lsﬁ dl"% sgl adﬂno‘fr%%ssa' erae”"msa'd

unl ocki g sai (':1" %%Qﬁddf&unlébkﬂ dfd Sibatbool M preceding claim
wherein said bi grsmm.l et disK fveﬁ 5\9152 fe ,sﬁﬂﬂsmasasmc&mmd
arfy precedi sttt That YHaBreSdufb ondhifiveib § aﬁnoag RRAS b tHe RO 6@ disk is suf-
separ ate from tdhe kﬁg&,@g@g@,ﬁ,@gg,@m kedstateand Wherei n when said actuator
is in said |loc k@detahﬁir@thawﬂeﬁﬁﬁ&abﬁmﬂoaﬁﬁbe& SafibfiSd b dridAGH offctivehinifing Bat A
met hod Por unl oglgiaBgatérts iR Sdidkalodked statep di sk drive (10) Including at |east "
one data stage dfisiliciigithy rotitionSpesd ob Saicdiskitb & Bécend spédifietl eotatiomspmbd Quch thatsaid data
actuator (32) neensféredn dommenddt ati on, said actuator supporting a head (32)
for novenent over said disk for data transfer therew th, notor:neans 41140

for rotgfig éamethodfogynlocking an actuator as claimed n piaig & wherpin sald prefleterrained;criterian gy th 2an
act uat or |ockpnget%'y!%#m'@ee'awﬂvm.*dﬁp%w*’r-mseﬁf"d‘d&&% uator to be in a
| ocked or unlocked state, said actuator, ®ocking systemconprising a bias

.means (71) Ptg 3 'gheﬁ said actuator into said | ocked state, and a vane (70)
posi ti oned s “Mcei ve a| rflow generated by the rotation of said disk

SO that si hg PERSANLE iNREnsIHE DhtEhspingr (15) uissbing SRicRtdibat adremboT
‘into said unl gﬁftfegg %«t ﬁga %Itﬂ tﬁlg&reﬂli&ln% rl 16, Wb pé‘e"lblﬁ\ﬁe%m einen Ma-
conprising th ﬁn (Q(Wt.@&,d‘e‘ iR Rir 6 DafehidRbrer UBNFRlegean b PIates baweht, Bih Mbtorittel (140)
i ncreasi ng t heyrh Blefidr daFgentimis Pkt Srdisthett! thld Regbintittd] (106 110} Rie Gdsigbriints RbRimiten
speed such t habr gehtntd PRfEhEAtRbAMREetwatsroRein AtnvbrdegdiundsbyRtsm(60)62) AeHesaigmighe
rotati o® of saiarntediaBis efnBgiichif sichf i Gihedmieriiegelfen bdee inSeinertt unvetrisgditen Zustehdzwstmficken,
unl oeked st at @obel Bas genannte Ardwerridgdlggssystenn gin MVorsganamittal (Fdaunefanti welsblesgien genannten
has been sat i #fm dien genanhten vérriegeltepZusiérd@wingtyun pinentiigeli(79y dersa positigniert iicda deror
s I n said unidecikdeDrshung der gefannteniBlatter{4f) erreugtejiufistiopypulibnrsfirffy; soda der Prusi desp o
second §lﬁeC| f jgengngten la*i‘?‘@ﬁ's 5‘56&999@8!‘1"‘ Pﬂfldeﬁ geranmeAImindap gengnnten Aichtverregelignc
9. A net

od f &Hstand an actuator In cIa|m8 V\/nereln sai d
pr edet er ni ned dE?QT%‘}"PdEF“g@ ﬁdﬁ R edhaRn LRSS
f

d \REF“
. noy 55 eopibns oy

wei che dJehba Y4

r enan chtiebe n ird, icht,
drehbar nont | de ann ﬁ? % r?ni mn%gafaeﬁ'Zu ndm Qpnd(nﬁa deinleRd!
der sich fO @Qkﬁt@rﬂﬁ'n It angﬂamb@scﬁﬁl Ao DrehSiNEdbhimmE 8o daR der
Motormttel %g{ﬁ.m;bgge gngﬁlnannten Platte und Schalt- und
Regelmttel (100, 110) fOr das genannte%tormttel der genannte

Pl at t enéht rd. elEinPidtadauheerk weh Aespeush 4 im deim dnﬁapmanetgmmmgmby&@mn'(mn begeht, dak
vel ches dem geine 4@bestimmte Zaltweit dem mnmn@nrﬁngq:haﬁqﬂtdes Ratiopjayfyerks vemanara sk i egel t en
oder In ei nem unverrie eI ten Zust ef| nd bele a nanhte .o
pvmer | coctuSfigEale gl il b i A
genannten Arm® £l %‘b%?ets 2

FI Ogel (70), der so p03|tbon| ert Ist, daB der durch die Drehung der
genannten Platte (16) erzeugte Luftstrom auf ihn auftrifft, so dae der

Druck des genannten Luftstrons auf den genannten Flfigel den genannten Arm
In den genannten nicht verriegelten



Zustand zwi ngt; das genannte Pl atteni aufwerk | st dadur
daB: die genannten Schalt- und Regel mttel (100, 110) @m‘gﬂﬂﬁ!m y E F
nach dem El nschal tn des genann- teﬁﬁﬂ%ﬁﬁ@rﬁ"aufmerks der
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