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Retract circuit and retract nethod, and disk drive 2, Detailed D?SS!]AE)\![ 2993
of the Invention: 001] [Field of the invention] The present invention

rel ates \ﬁﬁl ve reading data fromand witing data to a disk
recordl*%wmmmmm d aretract circuit and a retract nethod for retracting
a head drisMoo?d a head actuator when a power supply is turned oft. y

- 2 JAN 2003 [0002] [ Background art] -2 A disk drive conprises a disk that
beconmes a data recording nedium a spindle notor rotating the disk, a head
assenbly, a voice coil notor (VCM, or the like in a dISk emm“mmﬂlwummmﬁ
card assenbly, in which an MPU, a spindle driver, a VCMdri

circuit, or the like are nounted, in the outside of the disk eneisasure.

head slider enbedding a head reading data fromand witing data to the dISk
is nounted in the head assenbly. The VCM driver rotates the head assenbly
by driving the VCM when a drive power supply is turned on. The head
assenbly and VCM configure a head actuator. [0003]

Specification

1. Title of the Invention:

Retract circuit and retract method, and disk drive

2. Detailed Description of the Invention:

[0001]
[Field of the invention]

The present invention relates to a disk drive reading data from
and writing data to a disk recording medium, and a retract
circuit and a retract method for retracting a head by driving a
head actuator when a power supply is turned off.



Wilp the disk drive is turned on, the disk drive drives the head aA br

‘with the VOM driver, advances the head slider over a data area Ufzaj T‘? 603
‘rotating disk surface, and reads data fromand wite data to the data area
of the disk. Hereinafter, this operation of data read and wite is called
di sk operation. [0004] The head slider floats fromthe disk surface when*
the disk is rotating, but touches the disk surface when the disk stops
rotation. If the head slider touches a data area surface that is snooth, a
probl em such as scratching of the data_ grea may happen, and hence the head
slider is retracted fromthe data area when the disk stops rotation. [0005]
As a mechagpgsy for advancing a head slider over a data area of a disk and
retracting the head slider fromover the data area a | oad/ unl oad nmechani sm
an d a CSS (contact/start/stop) nechanismare there. As a nechani smfor
advanci ng[aahbam}srld dertJover a data area of a disk and retracting the head
slider fromover the data area, a |oad/unload nmechani smand a CSS
(contact/ gt ayit /st op. S 003 - 006 e | oad
mechani smir gc{lrgakgt%p%vﬁe %"grbcft 5t %%S‘ff\g’é%r y%?(r:%{‘/{e%i %g]dr{%gr ]{e%g’qj&lig R a
ranp for SGPpBRti AgSRIRGHR BREUHDYQLHHARY JAG Y Sthe ahdBddaSSEFBPYY onat he
ranp throwuglhiceotail ngottdre (way ,assenhkylibgain & héislamndlidsusel s aodl hed

o ea o he B e e el o
the ranp tahrrc?&rﬁcr oféf'lgﬁbtt h%gh%%% g% een%lfey OOuM%reél't e gihéeko ttﬁl‘lgeir.rgfcal | ed
| oad). WhéAeusliGkdernclogerRead hsbend| ylader vergeadinhear 8pdr iredsling a

sl ope of tihtar &rpmt eand paikimg Sand ace twhd Misdk disngnamntedp isuthacéead t he
unl oad di 8§kl . | NTRE Y EN Ofr i WiieN - Jraadgdtnt hgeh@ads dsRARD I, elidipg the
par ki ng s%gac‘ﬁ:nwpesceends o} .tvhe solo e in the lsgag di rsctol on \A%flh |ela i ng,
and goes over the ﬁ?ék 8ur dt& é%éﬂ f%%ﬁﬁ%ﬁuﬂ%& P666 ] P additi 6172% he
CSS nechaAPS§ATPEY rand YPhEoREAdUES didyeadoagty@tQsact area provided on the

di sk surface. The head slider contacts a surface of the retract area when
the disk gpepsjthe rotation, and floats fromthe surface of the retract
area when the disk starts the rotation again. [0008] The head slider is
retracted by the VCM driver when the drive power suapl Jis turned on, but

t he power Wrlen&hochigki Peives 18 {3 rnghned - oftfrewddss tlﬁ’él&?i P& 188Fethsuppl v
i s turnedheffl, aatdaltenceritthe thef rect drivert rpdvances the head sllider.
goggg]gggbbéﬁtdﬂdéﬂdtékéﬁﬁbﬂ!SCHQFQ@ihQ,dﬁQk %&@m?b@, Sh§.r8aggnwaMaNo

: : r SIS c - J :
4831, 460 B SRyt ey NS oS B e R BRY ekt
this operation of data read and write is called disk operation.

[0004]

The head slider floats from the disk surface when the disk is
rotating, but touches the disk surface when the disk stops
rotation. If the head slider touches a data area surface that
is smooth, a problem such as scratching of the data area may
happen, and hence the head slider is retracted from the data
area when the disk stops rotation.

[0005]

As a mechanism for advancing a head slider over a data area of
a disk and retracting the head slider from over the data area,
a load/unload mechanism and a CSS (contact/start/stop)
mechanism are there.



'f~=~ ~ - 2 JAN 2003 -4 [0010] A retract circuit accordi ng-t@ JiteN 2003
“‘docunent 1 retracts the head slider by rectifying back-e.mf
(el ectronmotive force) of the spindle notor and supplying current, derived
fromthis rectified voltage, to a voice coil. The spindle notor continues
to rotate due to inertia of the disk for the tinme being wthout i mediately
stopping the rotation when the drive power supply is turned off, and hence
continues to generate the back-e.mf. after the drive power supply is
turned off. In this retract circuit disclosed in the docunent 1, the |arger
the back-e.mf. is, the larger retract -Aur rent supplied to the voice coi
is. As the [fayeque constant becones | arge, the back-e.mf. becones | arge.
The Iarger power supply voltage, supplied to the spindle notor, and a rotor
radius are, the larger the torque constant of the spindle motor is. [ 0011]
In additi d¥he aleadfundoadi meghanagwordbrecto e m@%gn%mdezf ctar Hexedie
condenser pidviding peaer thep@igkval trage Woen subpodtinvg Ponesd SupPtnblys
turned on, Jgd‘dlaaeém%%%et *ﬂ%aﬁeégsﬁw orPyu?éJFipaJ Q%r&ﬂ&hdkéfg'@{r%e Gy rent

of the co er tot VOl Ce_COj 0 su turned
ot T D TESHIE S Pt ey, EPVALR CERGI HGTPo (VNS (s E@Hedz ahLoddh povkt
supply voladdjeiand dapagiecpanisn hedwortsndde émeedl arigéertth‘eelr etheacdataur r ent

supplied tgrddre vainee agek! bysSé@d@&mbO%a] hédd o i 159 DBagsd Vel the t he

invention], Neye (o] h i n on of
a disk dri v%l?pandfptﬁ(l gﬁgn tﬂlﬁ‘ r}OV'\'/IcaS‘\t/tverIjvlt[qg Hga& Qsﬁ&ﬂbﬁ \lj%évg%tv\(rier
supply, ittHecdnhss dftfrfltschLF t"@l&ﬁFloaho%fi)head "gé%’bnﬂf‘}o?%eda r &6 ibeathy one
of the coravsrenldiyalarréviagtatitheuiregipdesses ben aboope of- tReJAMIROOB & 5
For exanplgariihd thsfa@l:_rl Wt%%&@.d@h%k &l aERpersdrscaeeariy Xknlenclnpdih power

supply VO'&ﬁge%ﬂl%n 1}{ ]ad%lhjcfo vajhe?'n.mltoa%lgdsull:}% yhéé’&' %@Qeﬁbfgaﬁefés‘%ﬁb' y

onto a ra any. o dnvent'i ona

back-e. m ezf Hﬂﬂléuﬁﬁﬁﬁ? desqapgs) on. Bpgks%ﬁgﬁ(%ﬂln%? dead fbeechiive is
smal |, thatitls slneianlgy an¥, gaegs joyemothpodsillsarfeceecapaet Axfo thene.retract
current. In addition, since the capacity of a condenser having such size
that the cgﬂgﬁﬁser can be mounted in the 1 "-disk disk drive mniaturized
is insufficient, it is not possible to secure the sufficient retract
current even if this type of condenser is charged with 3.3 V. The present

i nvention I pddiviored the sO$sy emedirarsimm orriiracask$hiei eadhedddeando tas

obj ect is ft@ciHVi seeand pLOVATEd Cod CUhé dAngka sgfhael nedheodhddint sTader

correspondcar&ar&% LendsYeobeay L oke é{} dote dueichhend! giakusigad o, and

| ow power s y vol t entlon er . to

ow pover SOl 805 el b oy NG Lo { FBR GBhpr T Seaagn
boost er C|?Qﬁuqlﬂﬁbﬁt9§§§tth@156Wéﬁ0§uﬁﬁ@ynvoltage when power is applied, a
condenser charged at the boosted voltage by the booster circuit at that
tinme, and gpggtrol circuit for discharging the condenser to supply

di scharge current to a coil of a head actuator by when the power is cut
of f, wherein the control circuit sets delay tinme for danpi ng nonent um

caused by Therkead o$lidRr neadFetdeeaesr PheftbPe VANs ERAVRYF nthe? the ebhtRnser
i S startedaddrrsigidypowerctwmed! pni, s butir tbed pblver of the VCM driver is

also turned off when the drive power supply is turned off, and
hence the retract circuit retracts the head slider.

[0009]

Retract circuits are disclosed in, for example, U.S. Patent No.
5,486,957 (hereinafter, this is called a document 1) and U.S.
Patent No. 4,831,469 (hereinafter, this is called a document
2).



“Prefbrred enbodi mrent Figure 1 is a structural draw ng show ng a_zbzﬁkﬁyzgﬁa
accordi ng 1 .b_- 2 JAN 2003 to an enbodi nent of the present i tlon:

The disk drive in Figure 1 conprises a disk 1 that is a data recording
medi um a spindle notor 2, a head assenbly 3 inplenmenting a head slider 4,
a voice coil nmotor (VCM 5, a ranp 6, and crash stops 7a and 7b, in a disk
encl osure not shown. In addition, the disk drive shown in Figure 1, further
conprises a card assenbly 14, where an MPU Z0, a spindle driver 11, a VCM
driver 12, and a retract circuit 13 are soounted, in the outside of the disk
encl osure. The power supply voltage of +3.3 Vis supplied to the disk drive
shown in Fi,gype 1. [0017] The disk 1 is fixed to a spindle shaft 2a of the
spindle notor 2. The dianmeter of this disk 1 is nearly 111 or 27.4 nm 1In
addition, the spindle notor 2 rotates the disk 1 by being driven by the

spi ndl e dA wetratt ¢0008]t Huedrdddgatsehbd yd@umentodpostracits darhearmad
supportingipaeli @ 3Rdtakgiall pabklbl RO W | &1 & ttionit i9e bEoRbe fOBYEXHE

provi ded Enih ¢ di encl Qs arm.3b qyd.00|l ns 3

Q %kt a re, ang anhead rent rived ro %Hand 3d
that extedd in the'drrect*0A ofpEEr¥E"fo tHe pivot desc ™ bed "dbove the
head sl i dé&ecAigiBeddiNg-agcheador eddi Hgigat £F om andhfr i PRkt At he
di sk 1 isconttihedsi not hethead drem3b. itertiddi df obhet Héskofoe ¢hel tSamel S

mount ed i BeliRg Akhof @ﬁ&afﬁ%ﬁd-stﬂypanﬁeeﬁea%@g@iah 3o M8les Afiend the
pi vot 8, and sl e | nwar. irection of th% di sk 1
[

. owegDVSSpihG.QG?d c%d%& 4 Ia é ce \COo €1nde o] ne §}e. P .
(her ei naf £t RIBPTS LAl T¥dThE D 4P edtTOn) BN he” ofitWelrth dir&ct i on
of the di ¥eck-enBrEi nafter, thei dniyecpqwed (HPrAY dis eb¥yTHY . 0D019]InThe
VCM 5 i s chriposstrattt dreaice digicllobad and thepetorament nagrdie fliaedry

provi ded idhel RRACHLEKREAC! PSUN Ene TH SgelCMet rast AbL¥E8nOYsd iR (¥aMd vy 12
or retract circuit, 13, and 2 assenhl In

W vel s - JAN 2003 .the hea 3.
S0l 51 o o o iann RS S VERFES oRPIBERE | RECRRSH ABLRR( 0t 9020]
back-e.m.f. becomes large. The larger power supply voltage,
supplied to the spindle motor, and a rotor radius are, the

larger the torque constant of the spindle motor is.
[0011]

In addition, a retract circuit according to the document 2
charges the condenser with the power supply voltage when the
drive power supply is turned on, and retracts the head slider
by supplying the discharge current of the condenser to the
voice coil when the drive power supply is turned off. 1In the
retract circuit according to this document 2, as the power
supply voltage and capacity of the condenser are large, the
retract current supplied to the voice coil is large.

[0012]
[Problems to be solved by the invention]

Nevertheless, in connection with thinning and miniaturization
of a disk drive and the tendency toward a lower voltage of the
drive power supply, it becomes difficult to unload a head
assembly to a ramp in any one of the conventional retract
circuits described above.



The ranp 6 is fixedly provided near the circunference of the di sk(%JANJIZUUa
supports the head arm 3b of the head assenbly 3 when the head sli

unl oaded at the retract position. A convex portion 3e contacting and

sliding a surface of the ranp 6 is provided at a tip portion of the head
arm 3b. The head assenbly 3, VCM 5, and ranp 6 configure a |oad/unl oad
mechani sm | oadi ng the head slider 4 ovagr the disk 1 rotating, and unl oadi ng
the head slider 4 fromover the disk 1 to the retract position. [0021] The
crash stops b Vi ']%»H{

det erm nes azgar&wg’l ]|Zlna a{sgr?fnlé’éoﬂo\éﬁm e‘g%ﬁgtgge %ﬁydi E%hgzglglt act |r§gp@2e coi |

arms 3c andlt@g.is BBO\Z,Zl 1s'la1ﬁ'1capltmurelydniloaﬂra Hahddssemﬂﬂy bnte aspimpdd yeanyatner 2
according to an instruction fromthﬁ MPU 1g when Gf dri.ve power s%gply (_
3.3 V) isOf thshernvgntionah refipst cirgts. ¢ Rigce/Erg Bagkoem i o1 g R} etrﬂ%tovw

suppl yi ng WG\ C e: gyt t4,on from
the MPU 1 end{@{]gﬂg? td\Q/Sé;tﬂggc\ilv\eér%‘%u16p yAlll S tﬁ%ﬁggﬂ gq gtol%g?dtlrl%%%ﬁ% tgri ve

power suppésuré suffitichecttract, curfeat. l\/muduﬁhdrp%mbemetdn@adtwkf alcdmdenmthaoingi ng the
spindle driver, 11, swi vels the head assenbly np 6.in.the ID

di r ect i on SBsh Hemihabfhej spgdenser cravbeimoyaied 12 th%h’h&%éa@ dme magEredsr 4

over the Isa]gjcg edded
in the hea(gIll 5£fC]“alerlril , r?ggsg@ﬁtté %u%ﬁg%@?ﬁ%ﬁﬁ?ﬁ%ﬁ? nw?%é’ngr@szﬂ’ﬁ?ﬁr -
2 JA N 2008ndefiserdsiphpiryed with @r3éd on. Thus, the MPU 10 detects a position of
the head on the basis of servo data read froma servo area of the disk 1 by
t he head and nakes the head seek on a desired track by controlling the VCM
driver FdsBR § @3@9 riv@hforkal QRN thEdel &R HPbHedt0 @
data ar ea OEB %%lﬁgﬁn %M%He&ﬁ)ea T%OO n'Iahe MPU 10, esp| ndl eaglrl ver

11, and V@Modmbvide alketrat girtuioped arétost vxmh@dttha @nlowereﬂmmnosthqophsier(cy 3.3V

is turned d sto erat.i.on when the drive ply is turned
of 1+ "Ther &f SR S E B ARG BT Sh 3Bt o SOVET BRGNS BEE he spi nll e ar i ver
11 stops the driving of the spindle notor 2, and the disk 1 stops rotation
after the disk 1 rotates for the tinme being due to inertia. In addition, if
t he dri ve Spowearysefgpe ynventiour ned of f, the VCM driver 12 stops the driving
of the VCM 5. [0025] If the drive power supply is turned off, the retract
circuit 13 drives the VCM 5, swivels the head assenbly 3 in the OD

di recti onbefder & dthen theSboe 55]@@521 Fedtaat difvit odiisk prebapdits/chlién baagrisk ader 4
at the retract position. EOOZG Figures 2(a) and 2(b), are, explanatory

di agr ans 8POStEICIICYEPLPOASHAE ROV RRFHPOHY vefagarereppe)ver 3s aprlisg. yrendenssid
Figure 2( C 0 i e,

pr ovi ded. FRERL R BE SSuarahhagily o By A% g A BpRoINEY BREH S

swi vel i ng fdh dlmtmigbmg ile donderEr th supptyi disclmngb antapatb dicodatfiamgadacthatdre

count ercl se direction,i direct on an ti,on.. Figures

i
o ane By ARt ptehisut bl bhEri e ren oL Rt s Sy ey Gh AR IRESE oy o

unl oaded %orﬁé?ﬁnﬁ%hﬁs%ﬁ%yﬁﬁ@ﬂtﬁa'o@@he ﬁ&d%ﬁlaﬁdr%for@'alskﬁﬁgﬁ%rﬁfftﬁé )é@nd:ehgéi”e 1
shows such a state that "'the head slider 4 and head arm are - A N

2Q03 is started after the power supply is turned off.
Preferred embodiment

Figure 1 is a structural drawing showing a disk drive according



-9 |l paded over the disk 1. [0027] The ranp 6 has a parking surface 6a, a

sl ope 6b, a top surface 6¢, and a slope 6d. Wien the head slider 42&@,&%@@03
arm 3b are unl oaded at the retract position, the convex portion 3e contacts

t he parking surface 6a. In addition, coil arm 3c contacts the crash stop

7a, or is located near the position. [0028] If the drive power supply is *
turned on and the disk 1 is rotated, the VCM5 is driven by the VCMdriver

12, the head arm3b is swiveled in the load direction, and the head slider

4 is | oaded over the disk 1 being rotatigg. At this tinme, the convex -
portion 3e slides on the surface of the” arrp 6 in the load direction, and

| eaves fr e 0 f t he V. Upply is
turned of 1(‘%%] ta% e%{&\/lggmggt Lgvgﬁgbég?ﬁe re rac S rcwqﬁ{é éﬁsqhvéﬁ{le%d&glr m 3b
i s swivel E498¥Er 1t REMBFL%es 3 ritte lobhditr d6t Poda&Ad TPSOF RN dhediiiMyelded
over the iapipdbei motbe QApl aadiedidr @ssenhly ahidimpl emelst iine shdashds| s disterd at

the retragqt aosb&bencoﬂ Iﬁd’dosf tiveR) hey Cfm;% PRI e&}aéﬁ 59@5@0155 dree

sl ope 6d g;t e ragg he slgg 0{ ﬁlech un oa ‘F 5@%%21 and
slides on'thefo ?lfa%’ec csudfr?dngFoﬁ B tot dg‘:%lﬂ‘h g'ﬁr o V9 0030]
Figure 3 |S§°élnbllécIE'lGPEQr Am BArgher reompadses| ﬁcGﬁFdIQSSWbH g e Whenehe
retract ciancwipy 13,canppif@€be adpimear 1QLFasensedetivedi 12 21land 4 etetacictdel ay

circuit 22, t Rac r I St 22 ter
circuit Z%lrgﬁrlgalrge{arrg lﬂ%ﬁﬁtggnsgwI Eﬁg Bgtgi&g%l)\lf 20%3{3%jk 033?1418%5

retract ci ?‘Euﬁ? WEE CHIRRJEs YRS 3% ratt +80hdé(ns’e§ EppP

vol t age vdglt’ﬁaﬁh?‘sng@hé‘ﬂa}tue‘@ by the booster circuit 26 and is nearly three
times higher than the power supply voltage Vcc, when the power supply

vol t age Vq @047 ]3 3V) is applied. Then, if the power supply voltage Vcc is
cut off and the VCM driver 12 stops operation, the retract circuit 13
detects the power-off of the drive power supply by the power OFF sense
circuit 2Therdiskelmipefixed tetaaepindiechaft32pr ofi tbe spindle mwlay tine
Td for dampi ngridhadian@itlear oforehisu@iek thasheadragsembloy 37dueninQ in@rtia

Wi th usingglBe bRt ' agle d@ﬂ)fﬁ/dlcé rﬁHhEr 23. Iheled fehbie aigkr act pgelay; 44 me Td
el apses since thﬁ y .volta e Vcc 1s cut off, the retfact circuit
13 retracf&¥RB %a‘élheassspelr?%ﬁf §rb\}ela Ying the VOM 5 through meking the

retract driver 23 turn on the switching circuits 24 and 25, discharging the
retract cgoedeéager C charged with the boosted vol tage Vup, and supplying
di scharge current to the voice coil 5a. The povver OFF sense circuit 21,

retract de‘lhayhm rcwt ngbzl retract dri v and Svﬁ‘tcrr]% ﬁ o] rcu:ts 4 and
25 configgre A°e8ntPofaly cuit® GFNPREF |n %ea%t RO EGRARLET W 3hd
suppl yi ngrpﬁétabézhﬁ%*éﬁw Mirtthedt PL¥Ot hé Reine casiviexdy ﬁ/ﬁeﬁl‘#% Hovidre
suppl y voldtiage evctossreutamf fa HOB2rmThe podecofFFasensic canduid @t
detects tkgtpawelinOiheOtiit-Bet d6A VEpptdsREe TYPRNE, pAREtaabb¥Aiesd tawoveat ract

det ay of T ekl g2aql 99330 Ty (NRpdLLYEs PANELoRHPRIL lRoo Ul T ecbi® digf T act

del ay circult rovi e retrac npln he angular
nonent um a’FlFHEghQQHaaEEeﬁB?deS’Gue % ‘i‘“h‘é'?‘iefda inrpdie hegad r?éf“‘r -act!™el ay

time Td eldgdsdoni ntket eick iawmilpdweriss moghyedolinagkei soilramws ofd ardhe
retract delday @hhigUhéad2asdnbiat @s siieel £t 4 indiineeHiddt 8, and moves

the head slider 4 in the inward direction of the disk 1
(hereinafter, this is called the 1ID direction) or in the
outward direction of the disk 1 (hereinafter, this is called
the OD direction).

[0019]
The VCM 5 is composed of the voice coil 5a, and a permanent

magnet fixedly provided in the disk enclosure. This VCM 5 is
driven by the VCM driver 12 or retract circuit 13, and swivels



v

o - 2 JA N 2003 -m[0034] If the power supply voltage Vcc (= 3. 3_2] N°%@03
of f and the retract delay tinme Td el apses, the retract driver rns

the switching circuits 24 and 25, charges the retract condenser ,
supplies the discharge current to the voice coil 5a, and thereby retracts
the head assenbly 3 and head slider 4. [0035] The switching circuit 24 is
provi ded between a boosting termnal UP and a term nal VCMt+ of the voice
coil 5a, and the switching circuit 25 is provided between a term nal VCM
of the voice coil 5a and a ground Ghd. These switching circuits 24 and 25.
are controlled by the retract driver 237-are turned off when the drive
power sup u re rEPﬁiq when .t e Yad
el apses a%érhéﬁa é%lrg%‘eﬁr}'omﬁr San“ t(l%{ltﬁrﬁielcel gg?& g%r%&ﬂft%ﬁe% arge
the retract SeBhtidNethE hef‘@oé%'f the drive power supply is tur ned on,
the booster circuit 26 generates the boosted voltage Vup (= 3 x Vcc) at the
boosting teppppal UP by nearly triplicating the power supply voltage Vcc.

[ 0037] The retract condenser Cr is provided between the boosting term nal
UP and the ground Gnd, and is charged with the boosted voltage Vup ( = 3 x
Vee ) wheRNEh&a@pi e Bowbtxedishl BEqsidesy MaRTorthe fCHFISGTERRrn P ici theai t s
24 and 25dask tlyr redi oyppdiesr efheadieazDnabensgd Gf simeplheas Hssedndnlge 3

current aghbhethet hagd SPId&Nts tig td?ﬂo‘é‘&'e@leaQOltlhe5§et£99§g%o§:it9ane 44s a
schemati c _di a%r am show %‘ér etract
|

n
cirourt 15onp Sk RbELESh e Horiiillng, Ang ATiding oo Pubtdcs
condenser 6CLS( ivrevesed F‘)? ar ddipsthordipe E£ f@eksz)adar@émR?b(— 1Th@32)eadand an
npn bi pol assembhgi 3t orcMBls, Hnd eamgenseonfiguse pr AWadigdniehdereacizapmer
supply 1ingafyR4t ng‘e h@aé \Qlﬁﬂﬁ the %Qﬂn%h@ddléﬂd 1t heotgehiaher & is

ded b d { 1
Purned onfoiPading nhd &l BIRMeY 4 BRoR G W diek it co LBl Brvia &

base of tResitiPRistor Bl is connected to the power supply line through the
i nput resister R2, a collector is connected to the node A and an em tter
does to theogi9 und Ghd. [0039] The retract delay circuit 22 is a CR
integrating ci rcurt determning the retract delay tine Td, and is conposed
of a

The crash stops 7a and 7b are fixedly provided in the disk
enclosure, and determines a swiveling range of the head
assembly 3 by contacting the coil arms 3c and 3d.

[0022]

The spindle driver 11 drives the spindle motor 2 according to
an instruction from the MPU 10 when the drive power supply (=
3.3 V) is turned on. In addition, the VCM driver 12 drives the
VCM 5 by supplying VCM current to the voice coil 5a according
to an instruction from the MPU 10 when the dfive power supply
is turned on.

[0023]

If the drive power supply is turned on, the MPU 10 rotates the
disk 1 by controlling the spindle driver 11, swivels the head
assembly 3 on the ramp 6 in the ID direction by controlling the
VCM driver 12, and loads the head slider 4 over the disk 1. 1In
addition, the MPU 10 is connected to the head embedded in the
head slider 4, and controls disk operation when the drive power



.resister Rd (= 1 M62) and a condenser Cd (= 0.2 ~,F). The resis;zrr_my'fooa
\V

‘-provided between the node A and a node B. The condenser Cd is pr

bet ween the node B and ground Ghd, and is charged according to a tine
constant Rd x Cd (here, Rl is disregarded because Rl is far smaller than,
Rd) if the power supply voltage Vcc is cut off. [0040] The retract driver
23 conprises resisters R3 (= 200 k S2), R4 (_1 M2 ) , R ( =3 0 kS2 ) ,
R6 ( =3 0kS2) , and R7 ( =1 kS2 ) , and nMOS transistors ML, M, M, and
M4. [0041] The resister R3 is provided between the node B and a node C, t-he
resister R4 is between the node C and a8node E, the resister R5 is between
a node D e. bo j rm uP n he .r esi R6 1S, t he
node E an %%%’Et f%g%%}r‘é&?ngﬁ UP%ksgaftte]go?lpphgot ?%r%fgg%ora l@ﬂ?%iltsﬁéﬁﬁ%gct ed
to the nobkecread deRi hhe sPaBig nef ndeeV D Fate BEESHTRG PerSRINAl a3t Rfough
the resi stke ®bH3k andhya theurhead,s and trMakegr dhed h@ad. shAegaon o&f ddsdred
transi st o M i By COBRESS B AP e VadesRddhe Ar ai fysihddi®re, 1 the MpuJ AN
2003 -13t?] n5|§ctlé)r '\éﬂa?%f a _drai.n s tso %q:e q:%deal 5 (cghe gé)osfl  J rrélc%al uP
through the FEYSIETREINGEnE RS T-a 1S fr SRSPsTBF M (HFSu g 4°he

resi ster WRifh &l heasburce is to the ground Gnd. [0042] In addition, the
resister R7 is provided between a node F and the ground Gnd. Gates of the
transi st ofgopByand M4 are commonly connected to the node E, and sources are
commonly connected to the node F (the ground Gnhd through the resister R7).
A drain of the nMOS transistor M3 is connected to a node G and a drain of
t he nMOS ThandiRY orlOvd Epindle rdwieve [00433ndhd/Qf adsivedr slM st@nwy

swi tch al opetasicillwieneotisd yayhen g Swpplyup B.Bo)age aarned eut, of f
and the rQLHaQEOHssl%e%A{rF%nT%h@naQ %Sdr-:m@ 8§é§t§\5§p]§3.£é) tﬁﬁ:r@&jtoff

transistors M._and N Igure a Schmtt tri.gger clrcu faor swtching the
t ransi sto?éemf%ﬁﬁ! N é:t%ea ryR BPERH TR g%‘t‘%nﬁde %agtehel’ SR e node
B. [0044] drheexwill clsitegscitheuidridings afonples edpbidle pheotdy pdl agndr &hsi st or
B2 and a aesksterstddps( xote®dbn lartagdidHeondidiiel swbtabesngforr atet time s
conposed Bfeiﬁ’g 808 PLPohartisansist QraBBiand £ resd s§LlvdPpdwerl Ggp1yThe

t i stor B t d f t I.St . ML d
on A bastSof CFRES{ PRRC) Ebr VEB FE Knbiy BPeD Uit HERE O ot ke

resister B8, an emitter is to the boosting terminal UP, and a collector is
to the termnal VCM+ of the voice coil 5a. A base of the transistor B3 is
connected;pgo4 he node H through the resister R9, a collector is to the
term nal VCM of the voice coil 5a, and an emitter is to the ground Gnhd.
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If the drive power supply is turned off, the retract circuit 13

drives the VCM 5, swivels the head assembly 3 in the OD
direction before the disk 1 stops rotation, and unloads the
head slider 4 at the retract position.

[0026]

Figures 2(a) and 2(b) are explanatory diagrams of the
load/unload mechanism, Figure 2(a) is a top view, and Figure
2(b) is a cross-sectional view including the convex portion 3e,
provided in the head arm 3b, and ramp 6. In Figure 2a, the
clockwise swiveling direction is the OD direction and unload
direction, and the counterclockwise direction is the 1ID
direction and load direction. Figures 2(a) and 2(b) show such
a state that the head slider 4 and head arm 3b are unloaded at
the retract position. In addition, on the contrary, Figqure 1
shows such a state that the head slider 4 and head arm 3b are



[0045] The booster circuit 26 is a charge punp circuit, conposed
condensers C2 (= 0.033 ~.F), C3 (= 0.033 ~. F). diodes DI, D2, chéANJ@B%

transi stors Mo and M5, and nMOS transi stors M/ and MB. [0046] Gﬁtes of the
transistors Mb and M/ are commonly connected to an input termnal IN of a
charge punp pul se CPP, and drains are. commonly connected to a node |I. A*°
source of the transistor Mo is connected to the power supply line (= the
vol tage Vcc), and a source of the transistor M7 is to the ground Gnd. In
addition, gates of the transistors M6 and MB are commonly connected to the
node | (the drains of the transistors M -and M7), and drains are conmonly
connect ed té& ngg s he rce of the transistor M6 is connected to the
power supply % % t age Vcc), a source of the transistor MB is to
t he ground Ghd [0047] The condenser C3 is provided between the nodes | and
K, and the @&idenser C2 is provided between the node J and a node L. In
addi tion, an anode of the diode D3 is connected to the node J, and a

cat hode |srto %eha An an (ile o; t e, d| de D2 |secfggnect g tou%gfa
cat hode K, 'and “AFcat hode & £3-51PAeRb An 3 KoGE thg aPBdd 5%

connect ed & 3¢ Aoddope ahd dhan ﬁé’@ehl%dt Blidrr Hosnd ﬁga@eﬁm‘n%@ e
[0048] Theaimletadedt aendenserr&rrddi0 pok)itisnpr ostidleddnebweepotrbobosd i ng

term nal Q%r?c%@tgroé&@ gﬂﬁklﬁr i sul 48 gapaci ty QEdE@iéﬁthGQEd%%e@f
conposed of tvvo [ e The

tri am c_con conne I n, parall

FerFool ecti T AR ahE ThRb ISR 3¢ & Wi HERRE, BRFAGD @O Wohnd o
capacity of 30 w. The size of each ceram ¢ condenser described above is 7
nMmm ' - 2200ANM12003 -15 x 4 mmx 0.9 nmm which is snall. The two ceramnmc
condensers are nmounted in the card assenbly 14. [0049] Next, the operation
of the retract cirguit 13 shown in Figure 4 w |l descri Flrst t he
operation ltr)t? %‘ﬂ dgttlrgctp%"ferrcui;'t’mriﬁf}y \Mgfsl tﬁgn&é]sc?r} bgagvﬂ‘e‘r‘f tHE K ivelHower
suppl y voltcfgéedecthe ¥phl 5 ets dniviee byofibe VN deiver diZpctihe Readtajem
condenser JEl iss sdivejed dh the vohd agerdfidns; 3And Yhe heaaddliden, 4 the
transi st ory Bhdgs mfle@hen,dfgﬁkd f\e%enghemre%eﬂ ial of ttﬁ?sn%ﬁnep‘ i gnd V.

Furtherm)re in thetretr é{ ay, cirgl it 22 otenti al of ode B
is 0 V. THeFFS EO5EtPPer® Foese otonf |Sﬁlﬁfﬁ§er 82 5?’ r 'RYP and”heﬂlee t he
vol t age betaRde f iFBFRiARI sans Jteh‘@eéoﬁa@ﬁs*e‘?e &dope 6dv. [0050] In addition,
in the retract driver 23, the potential of the node Cis 0 V. Therefore,
the transiggor9jML i s kept being off. Since the transistor Ml is turned off,
the potential of the node Dis the boosted voltage Vup (= 9.9 V)

Therefore, the transistor M is turned on. Since the transistor IS
turned on,I%t HESteRri AF bhetdeiifoRover| Supply i ﬂé@“teﬁeq%detEel‘éC%tf’O V,
t he transiist odgivBnary Mther eré¢tmaced offcuind 1Aencehd hbepdt eartni aBbof ig he

node F is dkivella afddidiene &idsicelbase ‘lﬁié”(ﬁﬁtdﬂﬂ‘iﬁ:l%t drdowid heeuehet he

Eéagﬁhségrﬁ?”elg?ﬁl%gfi °%fbﬁﬁt§hef Y %C(I}dgl Gt W 8006, A8 bhaos or%fsors
boosti ng dp¥r dt53h "'&%ﬂé‘r‘? agty BPEAGEORLc S Elbb?l B e'c heke | s,

gener at es Qmefebfomr@donol3leag>@n‘vgptat thaesbopst btgot ethe nnampJPo bbelmlst’el ng
the power PsYoped! @genVahe( Tand.cddV)diraed i6Rar gad tdlgadest ractcongepser
G with t%r%%t %g ngtéﬂ?pev% Q:o %hé ygfﬂlng surface 6a.

[0030]

Figure 3 is a block diagram of the retract circuit 13. In
Figure 3, the retract circuit 13 comprises a power OFF sense
circuit 21, a retract delay circuit 22, a retract driver 23,
switching circuits 24 and 25, a booster circuit 26, and a
retract condenser Cr.



- 2~ J~1 N 2003 - 16 [0052] Hereinafter, the boosting operation of the

"booster circuit 26 will be described. First, when the drive powe92$qh$®y2003
voltage Vcc is applied and the charge punp pulse CPP having a | eve

inputted, the transistor Mb is turned off, the transistor M/ is turned on,
and hence the potential of the node | beconmes 0 V. Since the node | becorfes
at OV, the transistor M6 is turned on, the transistor MB is turned off,

and hence the potential of the node J beconmes at the voltage Vcc. Since the’
node | is at 0 V and the node J becones at the voltage Vcc, the diode D3 iLs
turned on, the potential of the node k ¥econes the voltage Vcc, and hence
the vol taggobpgjween the termnals of the condenser C3 is charged up to the
power supply voltage Vcc. In addition, with assum ng that the voltage
between the termnals of the condenser C2 was 0 V before the drive power
suppl y volhagervtra¢s apptiid, 13 hehalignse e ixetnacteondespate Crhavibde K
becones abhhb@evqidn@gev&/;cag@wmlperﬂme ilshegppéeatiddl bof tihe nedetler
e o B3s¥RLL 208 Yt B0l oLORyO!hRgE RAMEBCTIdiel AR Ofpdllt

condenser IS charg e vo reover W th as ym ng t hat

t he vol taﬁéPBeYV\%%tat% Vtcérmwﬁﬁl‘st’b? RIMEL SUPRLY EBAERIR &fCar(Snds 30 W
bef ore thésdappéipdwer Theppl ¥fi she upeezr csuppllye whilddgeD¥cts isucnéd ol si nce

L he Pode 'anQeQQEFSJCgt d&ﬁeeyomﬁgeoygco éﬁa@mﬂtlm Ltéteateet Qﬁtr'lc?|1t0fl3t[‘e
oosti ng [ ne v a et ween
t he ternlnalgbgg E Pe gﬁc f%ondegéérg poﬁQP Qgﬂéf gﬁt%@ vg%1a e Vcc.
[ 0053] hbﬁFT' %eneﬁe ekt pahp puT%%?hﬁﬂmOF§'cﬁéﬁbeﬁe?FQﬁﬁ t RéTrFeilel 181 to
a | evel "lprovidestransctt delll t$meUTdmibnndampmagtthasas@u&aﬂﬁhqmennmmned
of f, and keneget hRaROtARMendl yOfs the nedeidertisesitd tdsqntjolttrﬁgefe\écrcactl n
addltlon,degg tran5|§t052N6 bgeﬁurn dtﬂ%fr {{% trégE% IW% %? %d on,

% D he ol et

and the poten{{laﬁr o1 -t he” hodé ; i nce ween

the term §dPSeofthenePUReFRIPLIICIVPLtadR VEFt dfe S P?ft hé&h ﬁot‘?éerﬁliaélt of
t he node kircsét 18 tretracts agkeVbeadt hesembly JAbN 2008ingn pbeeNCMals of

}( he nodet Knirb&gB :nﬁiktlhg Rgﬁeenké@ia&f drxveiec 23l frdihe ot @nk aéwﬁfctiﬂih%t Eode
ri ses | (0] I O rn e
Q406 POt ey %gd zgfhea/dscchg&'agae E‘furne %aUd ﬁs‘mi’éyg sertCr

di ode D2 i'§$ turned on. e pof

the node Charged WétPhehEoPQHFFQ@ yploage \iap, ¢ fd vBF?E&%&QﬁH@&ﬁﬁPQQﬂ?

t er mi nal s cofrreht tonteeseride? dosilcibar gedhep ppwer heFPosengpe @frQuix \Vde, and
the di ode dotrhstt WRY Odirduitceaphe x@medetDJdmszetrurmﬂ Qfd tmmle@tl al

of the boea&t:ngt%ew Qﬁ‘é B Eb&f&ﬁ] tahecofm%@t bgt:f?it %%‘3. fh tt

vol t age between nal s e retract condenser S up to
the vol t ag&t6fc ﬁoﬂeﬁnST@O%ﬁ]aﬂ%xﬁupP*y{m% i ﬁl§%”§ﬁﬁ réfhrns
fromthe [theevoice caik e Whesl thef powsie Sgppént Yol tasfe Wﬁé aedeut 9&f{s to O
V, and the potential of the node J rises to the voltage Vcc. \Wen the
potential @hshhe node | falls to O V and the node J rises to the voltage
Vcec, the potentlal of the node K falls and the diode D3 is turned on. Since
the diode D3 is turned on, the potential of the node Kis kept at the

vol tage VERE( tHRwero| QER)eS RIS THEE t 3F niARPSt Bf thfe P@Uﬁéeﬂgér o€3 the kept
at the voldrage poe¢r duppgdi tnanacwhertdshehpotrentaat dflayheimodét J22i ses to
the voltage Vcc, the potential of the node L rises to the potential of 3 x
Vcc since t g Yoltage between the termnals of the condenser C2 is 2 x Vcc.
When the Atial of the node L rises to the potential of 3 x ycc, the

di ode D2 |s turned off, and the diode Dl is turned, on. Since the diode D1
i S turned 1d@nthehdrpot epdwerd safpplllye iboosti off f ethd nadtrePrr deksy toitdeit

potent i al o p(m%désveﬁ)e ﬁ@wa&eeaxm agEnbORILEY: | B B Od%iwésa&&uiéle

tract i t f th
Char go. pufbTGESR BBptgarRafoaehamty 1 i (1o TR TIeimed g o1

' the pot efmtnraptoqulmr nbtiee | Tdi sdapsest HENAS t B JEdveampwere PRt | aI

of OIt he nod@ltabal lis ttarBed ofZ, ‘“Qhﬁl Z@@SagﬁSdlé’la%d\heﬁrédtﬂ:dpm eattbvatds t Ee
node | ri Mcc, the potential of the node Krises to the
vol t age 2%§éb%gt£€§eﬁg% he potentlal of the node J falls to O V and the
potential of the node Krises to the voltage 2 x Vcc, the diode D3 is
turned off, the potential of the node L falls, the diode D2 is turned on,
and the diode D1 is turned off. Since the diode D2 is turned on, the
potential of the node L is kept at the voltage 2 x Vcc (the voltage between
the termnals of the condenser C2 is kept at the voltage 2 x Vcc). [0056]



Next, if the charge punp pulse CPP again returns fromthe level "L" to the
I evel "H " the potential of the node | falls to O V, and the potential of
the node J rises to the voltage Vcc. Wen the node | falls to O-VZadANhEﬂUS
potential of the node J rises to the voltage Vcc, the diode D3 is turned
on, and the potential of the node Kis kept at the voltage Vcc. In

addi tion, when the potential of the node J rises to the voltage Vcc, the
potential of the node L rises to the voltage 3 x Vcc, and the diode D1 is
turned on. Since the diode D1 is turned on, the potential of the boosting.
termnal UP is kept at boosted voltage-Vup (= 3 x Vcc), and hence the

vol t age bellt the termnals of the retract condenser C is kept at the
boost ed voltage Vup. [0057] After this, the operation at the tinme when the
charge punmp pul se CPP again changes fromthe level "H' to the level "L" and
t he operatifbntle pdweer i suppilyervalltegehdicge (pudp 3pWl)seisCRRtageifn arat urlmes f rom

the level rderdc® tdéqa{ye%@lme" ha @napsegseatﬁé @éﬁﬁéé@t@imerTw ef oy dhe
potenti al ‘?ﬁ the boos bet %he term nal s of
c

Fired Lerm nal g 6k % e %9l té" ¢ ondéds

the retra NAEK84PIF tke t éiit e boosf% l}eta e % f Vcc)

- 2 JA N 2903 ?uPPlJQL‘-TSOGHBﬂ Né&hartgﬁe Crb‘ﬁéleaf-l &R (ﬁhet H@lrcé’t r“é’étl cﬁaf'cufl”td 13
shown i n Rilgprebyd rat rhdies tile haladnas bemlory \3e apdwieead uppidervdl.t age vece i s
cut off will be described. Wien the drive power supply is turned off,
potentials d)({]a the nodes | and J both beconme 0 V, the potential of the node
L becormes EquAl! to or lower than the vol tage 2 x Vcc, and hence the diode
Dl is turned off. The potential of the boosting termnal UP is kept at the
boost ed volhieageswiteh@ing3 ®idoc)t, @2ad Hencerohided| tlagaelat waenbbbet ing

Eg(r)?g]”a: f] 1‘_;% rifi@ 1l QJtPIr Alq Cao%\el\fgr%ﬁéﬁ%cmvgfpkhgt véf)@? g@«gﬁt ech vogﬁ@gglé/up
t ransi st or® Vﬁ%qthsl"tgu?ﬁgﬂub?f ?nlst & 6\5%\;1 &f‘:w‘geérh ﬁlrrmé'{}iaiL gji 'W]g nt4%he
transi st orvErs scaidr nzal ard | at geoped efind al E'Peﬁﬁesﬁéﬂéhmq i GEECWHAL ] ht

di schar ge and rEntade O:mriﬂiel(téﬂdbjﬂst%he Gﬂ.etﬁtﬁ: dirdvear ge, careetirhieédwstf

through thendipsisd efr Rk aﬁ&né&has! Cdafen Edlﬁ\erdewx@%h&ﬂ ay

circuit 22 Ow tQ this P, |aI of rlse 0060 t he
pot enti al otfe ere&? 3e dﬁll’aps%%me ﬁ‘é po?% r{%ée r‘il(g sl() I‘I%% in
the retracts cFrqr\P&d of L, Thith, tRAFERY ﬁés‘ﬁ’(‘ftréiﬂ |‘“1i‘|e SEtEREt rﬁﬁ@eesﬁécﬁﬁes equal
to or nore than a threshold value of the transistor ML, the transistor M
is turned 36\/jhen the transistor ML is turned on, the potential of the
node D f al to O V, and the transistor M2 is turned off. Wen the

transi stor I\/I2 is turned off, the potential of the node E rises nearly t

the vol t ag®eft B SEkVe RRYHSUPPANSiLSt FPERE SRd WeaPeoftrhed bRuLE 0061]
Wien t he tz@angenkboasedB tared B¥ostel t wolledgen,vupn $3i txhikngvex ¥ cuitt fde t he
base currepdodfingherdmaimsitstuyr B2 heawsy 8pPfplidating Jthd\ g6 - 2Qpply

voltage Vcc.
[0037]

The retract condenser Cr is provided between the boosting
terminal UP and the ground Gnd, and is charged with the boosted

voltage Vup (= 3 x Vcc) when the drive power supply is turned
on. If the switching circuits 24 and 25 are turned on, the

retract condenser Cr supplies discharge current as the retract
current to the voice coil 5a.

[0038]

Figure 4 is a schematic diagram showing an example of the



+hence the transistor B2 is turned on. In addition, the potential of the
‘‘nodes F and H rises nearl y to a voltage of 3 x Vcc, the vol tage-eﬁttdAN(QU[]S
the node G Oning to this, in switching circuit 25, the base current of
transi stor B3 also flows, and hence the transistor B3 also is turned on.

[ 0062] When the transistors B2 and M3 are turned on, the retract condenser
Cr starts discharging. This discharge current is supplied to the term nal
VCM+ of the voice coil 5a as retract current Ir, and flows fromthe
termnal VCM to the ground Ghd. The VCM 5 is driven by this retract -
current Ir. Then, by the drive of the MM 5, the head arm 3b of the head

assenbly ?re%%é‘@' SipMelt the, di sk Riqghpd a&' nghgm E,&néf‘eéﬁt‘ gedde &Rt
direction, clinbs the slope 6d of t%e ra in the unload direction, and

reaches t R ﬁﬁ?‘RFh@e%tﬁf%’é‘eé?éerl—Ehce‘ ¢ W&id spsistens R (&t A8cked
(unl oadedpndt Rhe (Fetk agt2)posand omn [ DP63pipnlahi Sramsnetor wisdn t h&heri ve
power suppydenséagel e ;irs:vaﬂetti petwed® 4 giduwrat stipptyi 1ids charges the
retract cqngenper, thg&tvag koo il Lege YuRitees ¥y Vag) Ieionsl | ng

t he power su&g X v booster circ r nor e
the drivePS&WERDs Wt%ﬁ@ \ch“1“§ a0 8f POde - r eThactrasigior B3

drives t heSVGMr@eldy Odn/gtftﬁara@i nonet hdr vt rposterc ongariyerisCrtwmaeds uq:npﬂq;ﬁfng t he
di schar ge rathephot®, tﬁebagécefce;lhle S&ankheestone, iist donnpessdbke ttdesupply

the large. r a e, t smal |
and thin |°§’ £ g{‘t}@i atst%artog gl\]7 [%t% ]%%lg\ég%bg frren(?&il&eéfc%g%omer
suppl y, aﬁ’&’“?ecﬁ?‘%kﬁo H'e{be GRAe B | 3 FEMiLEEEI Jost I tadde sEnRRd §Rd s
possible to retract the head arm 3b on the ranp 6. [0064] In addition,

al t hough trhesbgoster circuit 26 is conposed of a - 2 JA N 2003 -21 charge
punp circuit in Figure 4, the booster circuit 26 can be conposed of a DC-DC
converter corrprl sing a step up, transfornmer. [0065] As the retract condenser
O, it isTHECeESEF3F 0 98dPECtCH WifdeRderls whi chRi SLRITREIRT 5| A IHE | ar ge
i n capaci tgtezpinsng othe aletwacd lKelapurttise iT,t hendnbs | compasaedsefiblay 14

and to surglysedt Py tge i SEHPT ARACY T EFRaddIR: CAd (€ISt e headiar m 3b
on ife ramdschh AHTLL! g0 vf&%ﬁtebeaﬁaé?lc{h%s'n%td%n%]e S LNGREI Be calle 5a i's

mal | , that near | i'S necessar condenser ing
smal | DC F8§F‘§Pﬁﬁ6 %slﬁ rperorvadfegcee&tsﬁaen%¥ ngde Es aé‘ csﬁa‘e&%eﬁmtruem ling
t hese requisr eianxiged takepedisgatdant alime condéastr RBesi dds (heee¢eRaNMis
condenser ddeseghbedd abevgus¢ 0866]isSi fie smd IMequetganskant ief thbe péadid is
smal |, that sy Qogpggé\lr{jd% 13 LPe disk drive of this enbodiment (3.3-V
power supply and , It 1's necessary to supply the large retract
current to the voice COI| 5a. Neverthel ess, since a torque constant of the
spi ndl e ndt®¥8#02 also is small, that is, O. 0024 N A, the back- e mf. of the
spindle notor 2 is small, that is, nearly 1 V. Onng to these,

convent i ongle EEEEQSI: %{&# t23a%oﬂ§§%£é%epe§1%tter}§ ﬁ?cﬁﬂ%o b j;”cﬁ 4 SUPPlY

the retract curren retract t on the ranp

6, to the Witk c%'rfl B30 87 R Fn?addl Ot k&, S &7t Hel d|k23< ) rdrdffe BIOF hi s
enbodi menttreéREA§ESTE H@téﬁraé’@rcéﬂﬁeﬁ%er Cr vvlth t he boosted voltage Vup by
the booster circuit 26, it is possible to reduce the capamty of the
retract cqnp@giger in conparison with a case that a conventional retract
circuit as described in the docunent 2 charges a retract condenser with

power supply voltage. The discharge current of the retract condenser Cr is
proportloﬁaﬁ register R3 is provided between the node B and a node C,

the resister R4 1is between the node C¢ and a node E, the
resister R5 is between a node D and the boosting terminal UP,
and the resister R6 is between the node E and boosting terminal
UP. A gate of the transistor Ml is connected to the node C, a
drain is to the node D (the boosting terminal UP through the
resister R5), and a source is to the ground Gnd. A gate of the
transistor M2 is connected to the node D (the drain of the



- 2 JAN 2003 -22 to its capacity, and is al so proportional to charging

‘.voltage. Therefore, so as to flow the sane discharge current as -tZaUAEj%ﬂm
‘retract circuit 13 of this enbodinment in the retract circuit as descri

in the docunent 2, it is necessary to nake the capacity of the retract
condenser three tlnes the capacity of the retract condenser Cr (= 60 wF) *
this enbodi nent. Nevertheless, it is difficult to inplenment such | arge
capacity of condenser (= 60 x 3 ~,F) in a snmall card assenbly of a 1"-disk
di sk drive. [0068] In the retract circuit 13 shown in Figure 4, the Schmitt
trigger circuit in the retract driver-23-positively feeds back the

ot ent i al +19gs paRE: af1)Lhe B0denFsL 0cs hend ot Wtﬁggﬁo&g‘fn{f%e%ﬁﬁ

When, ow n Hmitt |r uit, pot ent i the node C
55 to U2 HREQHER dths) bestHtThatr 1 <Pl JAEE (e T TAASESE o

and M2 swichcbughsthentiegisthe Rb) eranichla spurhe hode Ehgbpupung Grdes, and
the nMOS transistors MB and M4 are instantly turned on. In addition, when

t he transk§595i VB and M4 are turned on, the transistors B2 and B3 are
instantly turned o and the retract condenser Cr starts discharging (thus,
the retract is started). [ 0069] Therefore, the retract delay tinme Td that
is the time hdditide, cube ofés ftarherr is eppomigieds eplvgenokt agdevee and t he

start of dhechgfdlineg ehqt he t;atéectofcortdensefar@rlsrtarset»er mapgd Yy Lhe tine

necessary f en o] e e thres hoI 1yal ue
of the tr§ﬁ§F%§2¥ %ﬁ g?ékgé %ﬁe pgtrggﬁ del’a £éfn§o§% %% s% Wit %he tinme
constant 6PNPRAGLeEt FActhgemageciFr cidife pround ,6ngy thxswad) the izesigderbl e t o
start theRf¢trant dabihhef seine WNOR tfarisistout M3f Ls ofontertdd we powedesuppl y
wi thout p&OVhHENg dABid & @Rk nMos %r%ml%%% ne3igdalay deaerybed above. The
retract deIay descri bed above is provided so as to nore safer retract
(unload) the head arm 3b and head slider 4. [0071] If the retract delay is
not provi d88434hd the power supply voltage Vcc is cut off when the head
assenbly 3 seeks in the ID direction, nost of the discharge energy

gﬂl schar ?@neUEtsH%is@éré hﬁl rtﬁa r@@tsv@mtdxleraa%s@r tsh.ﬁtu%@:ﬂ%ﬂmtyf YheraRER! :c ng

e angu e ass c refore,
it may haEpen FEGPH& e e argfcsﬁ%on eﬁcrs%r 6% ggﬁnp Pegl}g&t hdeq%ﬁlg-tgl?‘l
monent um A EAEBPEES di r EEEi SRS 1GREEH RY ERoRghatd Eﬁ? ﬁ?ﬁéssﬂépéngfmphe
ranp 6, teonfidgghead asseiwiimit8. I|trigdeirt i enrcufitt hdogpowawisapphy vdiheage
Vee is cutrahbiybers the hgadmassentd yhidsegksed Ndddeddbgdicbect iviLtalgee

i nrush spgggegft$gqun§9qsassenbly 3 to the ranp 6 beconmes excessively | arge
due to this angular monmentumin the OD direction. Therefore, the coil arm
3c bunps the crash stop 7a and greatly rebounds, and, in the worst case,

t he head d0@438b may fall on the disk 1 fromthe ranp 6. [0072] Even if the
drive power supply voltage Vcc is cut off when the head assenbly 3 seeks in

the I D or di j a V driser S erati
TQQ b E&h?ﬂ% ng thtlt@éq, \é c%gegea operag I?&etlrrebelng

assenbly 3 smnve n see rection due to 1 nertia for

wi t hout ~ st3APPAGtoOFuPZhafore, TRALSME RBsd™ t4hé2 koi | 18r AMSHH0Rps
crash stofwibchhugrebbontls 2h ifecompese@cefoAl BPR Papakdi heFarmELomhi | e

the convesspamd @n 3% i@fceh@ohqad @iy 3b PMEPErdhE staiR B2amddr ghounds in
the ID di rteehbanont tt% %ﬂgul&tngpg@&wﬂpfaltchqtﬁvuefeelﬂmeamdnon eateeete by

[0073] 1 1ok il G (s LhoOaPRERied | £°| Eipobolie & (ghruRl e
resister R8, an emitter is to the boosting termlnal UP, and a
collector is to the terminal VCM+ of the voice coil 5a. A base
of the transistor B3 is connected to the node H through the
resister R9, a collector is to the terminal VCM- of the voice
coil 5a, and an emitter is to the ground Gnd.



- 2,JAN 2003 -24 angul ar nonmentum of the head assenbly 3 at the tine of

‘retract start always small by providing the retract delay, descpLli egé@??pﬁg
‘by the retract delay circuit 22. Oning to this, it becones possi

head arm 3b to always clinb the slope of the ranp 6 and to prevent the coi
arm 3c fromgreatly rebounding due to bunping the crash stop 7a. Therefofe,
it is possible to nore safely retract (unload) the head arm 3b and head
slider 4. [0074] Timng of starting the discharge of the retract condenser
Cr (timng of starting the retract) is set at such an interval that starts
fromthe time when the angul ar nonent unildof the head assenbly 3 due to
inertia ipoglggrped in some neasure owing to the retract delay time Td in
conparlson wth that at the tinme of power cut-off and ends at the tine when
the disk 1 stops rotation caused by inertia. An interval fromthe cut-off
of the drThe poeetesuppryuito 2heist op dfargke mwpvelineyidi chapheed afsenbly

3 ;:Iuetto b@ﬁ&éﬂ@ex_f[ss d2" QRO b@@a ?rzo aare 4'?'%5"3 ?E‘ )l n@iédéﬁs @1, he, Tﬁﬁﬁ q

act uat or e e drive
oL OBt ) Y Loy EPpEBLE i WS oRl s e BRo L YR S
rotation caused by inertia is proportional to the nDnent of inertia of the
disk 1. I noedidl] ti on, the rotational speed of the disk 1 at the tine when
the power supply is turned off is faster than the sw veling speed of the

head assegbly, AN LISSUeD ki NEAY AR TR 9B e §LOLS

usual | necessar 1on i's onger
t han the tPH%tnEEE%%%ﬂ¥ {NnPﬁ ?h@hﬁéaﬂ Q@?BNBP}SS §F8ps 2PAe IEALDE| PKE:
[ 0075] Theommomeky wainnewtetli &ooh hbdeh&ad aActoatoe af coreliruwpnsdsttbhirs M5

enbodi menisi eoAn&cddlt & KA Re pﬁﬂﬂzrﬂé gbm%etyaé thathst ddltadd AEC heatnarre

when the riye Rower . s |y nd, en mhen

swi vel i ng speedpgt ?ﬁe%%% dt5§%% ec%neggsgﬁ¥ﬁc?en§}y gFOWIIS nearly
50 ns. | n@dHEi9dn, Jakes of ptha N'—IZ’GWS-S‘ZQSSl Afeer 988 MBat 2B arOFTOERH t he
time V\hencotme@lred/etcpovm seppl I [ she udnethsofdf arite endesdistolne MBEmandhen
the di sk 75} ORRat BLai®s Akt O NcdtndiDF |dbr?@etBE. tdhar abaeeys. i naa sburdesk

di sk dri VS{' 'tbﬁ' %{gggié@)} erE Olgeéelﬁlrbgc{et%t rtaoCttJQle' achet.tJ rg%.p}q¥ tl gg 3500 trBI n

accordlng corist ant act circ

addi ti on, %ﬁ iRL&AgSI YQ%h's?aFPngFoﬂqﬂﬁP?lﬁﬁaﬂﬁ B iife FRwWEPesuppl y
is turnedgo¢¢n®naubhds at the tinme when the swiveling speed of the head
assenbly 3 becones sufficiently slow and the tinme necessary for the disk 1
to stop tEg 59Lat|on depend on the nonent of inertia of the head actuator
and di sk retract delay tine is set according to these moment of
inertia. For exanple, in a 2.5"-disk disk drive, it is desirable to set the
retract d&h@ycengensgy £3 %OPWQVl{ie@MtVﬁQjUrté§ 8edes ahRB Y, ame the
struct ur abondens exgscof is hereviaddd darmeenathndndlie i gndeaSpaglei 5.a In

per spect i ¥8q Yt £9h Of art NEnddAHE QP daeder p3DisABGnTEREL R hd Sicde g,

t | t | f wh
ﬁ%ﬁzfezecah n?tsaﬁqéﬁﬁrta d¥lgmh8§ﬂ d%lvcght 9 r%§5%%359}%$ B%Céssynbo

5b shows Gopeeggrito etatbpém Eedaltﬁtdfercaé:ﬂilodﬁpéﬁ 9@k@%d‘°d@ndﬂ -5c MBhows a
per manent anagaed £ ptioyidiedieomla isowennyoked S tﬁhenpeennnemminagnam&dﬁb and

5c and yokgs: 30 oz taagf LekhendPGMCM S with the voice coil 5a. In

addi tion, reference nunber 9 shows a di sk encl osure, and, 9a does a convex
portion prOV|ded in the disk enclosure. [0077] In Figures 5(a) and 5b, the
crash stop894&land 7b are made of fluororubber, and is nmade by perfornng
i nt egrated fornatlon of a stop cylindrical portlon 7d whose di aneter is

smaller (han Uhal- Ol ! B8yduR ett&vl aer' BAT RO ifa OBehiSefURR !
cyllndr|c§ g ﬁ %& om1por gé %ﬁpor
cyl i ndri c8P° g +??o erip f|f88 ﬂe di E%SM%?H?
addi ti on, rathact okopdensem ¢¥ #arCQEE@%Q%IﬂQ swo feprgalectayigs ceramic
condensers connected in parallel. The ferroelectric ceramic
condenser has a withstand voltage of 10 V and a capacity of 30

uF. The size of each ceramic condenser described above is 7 mm



. -26 rebound nodul us of the head assenbly 3 is provided in the stop
“ceylindrical portion 7d. Here, the rebound nodulus means a ratio 'UQ UAN 2003
swi vel ing speed of the head assenbly 3 just after being rebounded back by a
crash stop to the swiveling speed of the head assenbly 3 just before

bunmpi ng the crash stop. [0078] The crash stops 7a and 7b are fixedly
provided by fitting the hollow portion 7e, provided in the support
cylindrical portion 7c, with the convex portion 9a of the disk enclosure 9
as in Figure 5. Wen the head assenbly 3 swivels in the OD direction and .
the head arm 3b slides on the parking slﬁface 6a of the ranp 6 (see Figures
2(a) and 2b) |n the 93 directi 3£ .the ¢ &‘{)n3 wguggsal;tlhce craqs)h stop 7a,
and the heaé A8senb I e pBHE TR D di PectonT T A Hadr T O Stifen t he
head assefbFy"2 RyEd el theefFatfie W%‘?Pﬁ.’ I#hich is rotating, in the ID
direction and the head arm 3b approaches the center of the dis$ 1, the coil
arm 3d buppssdhe crash stop 7b and the head assenbly 3 rebounds in the OD
direction. [0079] In order to safely retract the head arm 3b on the ranp 6,
it is desirable for each rebound nodulus at the crash stops,  7a and 7b to be
as snal | N&Xposth®| epexrajrion ffpltbe peBragt |Pacuitod8opnew t e BAEK i ve of
thi s enbodibinbe fésoridvadhberrirsal, bhe apératgmrelcfstthe metvhdcts @indbwaes not
rai se dustsi wlihebéh@&s@miéas%en%hé Hi;?\?'e &Feﬁﬁelu ?ms,p%iwgb Kfcd Sis

provi ded in he sto inder po and enc sto

portion 78° R%ﬁe of g ?et‘?ﬁgﬁg Phhbgﬁnggn fh tﬁr} vﬁﬁe&élrﬁ% (;%I(}I

arns 3c and FhaFgep tfﬁe thepveltagrieVCPor i o3n37dV) Oni A@ tasidifiien,j tthes
possi bl e toamaketéheBT eioundneddohysand héecertdsh pettepsidh ahdihd rfueied. 8 or

| ess. Theﬁ\eflereo v NPUSEhEARDENS ixhaéhé heehe@&k ajdna3b c.fladcluqtorzzt hech@ sk 1

because the, co 0Q 27 ead "assenbl y his
retract ed®8HE heafa% §%ebﬂﬁ~8§ helscras Ebe’ﬁpaﬂed g‘%‘b%ﬁ"g? déhagu % I n
addi ti on, ftP¥t h&ncobhe ar¥asifter t Rehegld as%%‘?ﬁﬂ y the wNpdhage vlé‘?'@'qedl t he

| D direct tenmiln@ls$ cof ndred icandessenfcdrid e vdri ve power supply is turned
of f, bunps the crash stop 7b, it is possible to rapidly reduce the

swi vel i ng  § of the head assenbly 3. [0081] Ten disk drives according to
this enbocﬁl nen were prepared, and 1000 tines of retract operation by the
retract circuit 13 was perforned in each disk drive by cutting the drive
power supphy agiditdoni ngir atlanresesdcingdriveroRdeqtbrc@otentiht grfanthe ot al
of 1000 Xnéaetcrrgg of v etfpdite RRQN, AltheNt r&Ré {Hdr WAS i6ORBpEt Bé¥npeasfor med

wi thout fg gc?g%ea SEHAG AL £ TR URSo07, LA08TLudn describag pbove.

accordlng rnvént S5 1o

retract tR8IReld & nilsh RRPRYRE ( é’rﬁ}a@esﬂ’r‘l‘@e (Farye r‘@t ' acff' "C‘Eﬁf‘e‘iﬁ e be
suppl i ed tyvanhdsver cé2 cbs | tE&enel/am. n Sinnealtheartdanpiateli M2 dis vieurred ng

| ow power oaypphy potémgal f ahar gbag khes retvactsiceedensefiods miid dthe

boost ed vg| Rﬁgech\é'pt;l(ans%s)%o¥§%3g%’h%r Cﬁﬁdar Jﬁléw%ﬂer £id Mdc?Gpphen
t he drlve wel?ﬂppyvota LS gppll

arging the retract
condenser P owkpe Gggggerf'se 18 rcht 21I @P?‘&&gmam SFERr AT 22,
retract dFPVé?n'QSdoaﬂP\dn@W EboW nighrdugbuithe Maaﬁéis'%rw Qlﬁe B i e hener
suppl y i sswiitoriingf tiranttsuppl ynag 26hi chd sahasgetousr ent aasl tHe kedp act
current t@ekRg VRLRE GP#f. 5a. [0083] [Advantages of the invention] As
descri bed above, accordlng to the present invention, there is such an
effect that it is possible to securely retract a head since large retract
current cdf%Bélsupplied to a coil even

The booster circuit 26 performs boosting operation when the
power supply voltage Vecc is applied, that is, generates the
boosted voltage Vup at the boosting terminal UP by boosting the
power supply voltage Vec (= 3.3 V), and charges the retract

condenser Cr with the boosted voltage Vup (= 3 x Vcc).
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2 JAN2003 in a small and thin disk drive having | ow power

-supply vol tage, by charging a condenser with boosted voltage gengr
‘booster circuit when a power supply is turned on, discharging Fﬂz QZQQéﬂKEf

by a control

circuit when the power supply is turned off, and supplying

this discharge current to a coil of a head actuator. 3 Brief Description ‘of

t he Draw ngs:

Figure 1 is a structural drawi ng show ng a disk drive

according to an enbodi nent of the present invention; Figures 2(a) and 2(b)
are explanatory diagrans of a | oad/unload mechanismin the disk drive shown
in Figure 1; Figure 3 is a block diagraﬁfof aretract circuit in the disk

drive sho

of the

re

r@og?]Figure 1, Figure 4 is a schematic di agram showi ng an exanpl e
rac

circuit shown in Figure 3; and Figures 5(a) and 5(b) is an

expl anat ory di agram of the configuration of a crash stop in the disk drive
shown i n Fegeirafited Desios i ipbotimf spyeraalish bf .thdilsdoster. .ciSmuidl et or

3 ... "'ea\g%f‘fsﬁggﬁsﬁribed."'eaidixséﬂ,d%he% ‘the \ﬁ%éapowervgﬁ@gl %d1hge -

. 3 .. 21 ... r
Ranp 7a, Jcc is apgﬁie and t%e charge pump pulse CPP %av1ng a level "H"

circuit

t ops Retract circuit F sense

is inputted, the transistor M5 is turned off, the transistor M7
is turned on, and hence the potential of the node I becomes 0

V.

Since the node I becomes at 0 V, the transistor Mé is

turned on, the transistor M8 1is turned off, and hence the
potential of the node J becomes at the voltage Vcc. Since the
node I is at 0 V and the node J becomes at the voltage Vce, the
diode D3 is turned on, the potential of the node K becomes the
voltage Vcc, and hence the voltage between the terminals of the
condenser C3 is charged up to the power supply voltage Vec. 1In
addition, with assuming that the voltage between the terminals

of the condenser C2 was 0 V before the drive power supply
voltage Vcc is applied, the diode D2 1is turned on since the
node K becomes at the voltage Vcc. Furthermore, the potential
of the node L becomes the voltage Vcc, and the voltage between
the terminals of the condenser C2 is charged up to the voltage
vcc. Moreover, with assuming that the voltage between the
terminals of the retract condenser Cr was 0 V before the drive
power supply is turned on, the diode D1 is turned on since the
node L becomes at the voltage Vcc. In addition, the potential
of the boosting terminal UP becomes the voltage Vcc, and hence
the voltage between the terminals of the retract condenser Cr
is charged up to the voltage Vcc.

[0053]

Next, if the charge pump pulse CPP is changed from the level

"H" to a level "L," the transistor M5 is turned on, the
transistor M7 is turned off, and hence the potential of the
node I rises to the voltage Vcc. In addition, the transistor
M6 is turned off, the transistor M8 is turned on, and the
potential of the node J falls to 0 V. Since the voltage
between the terminals of the condenser C3 is the voltage Vcc if
the potential of the node I rises to the voltage Vcc, the



. - 2 JAN 2003 29 22 ... Retract delay circuit 23 ... Retract driver 24,
‘ Switching circuits 26 ... Booster circuit C ... Retract condenser

2 JAN 2003 - 30 Cainms; Aretract circuit for retracting a head-by dANi

a head actuator when a power supply is turned off, conprising: a boost
circuit for boosting power supply voltage when the power supply is turned
on; a condenser charged at the boosted voltage by the booster circuit; ,
a control circuit for discharging the condenser to supply discharge current
of the head actuator when the _power supply is turned off, wherein

to a coil

t he control

of the head actuator_ before dischar%%ng?of t he condenser.i.s started af
e

the powerPRUPHHAY £F dhifedosss k 318

etPECPOLF? A CordiVs§ 't o
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er

and

circuit sets delay tine foﬂ7danping nonent um caused by inertia

ter
aim

1, wher ei hhe hpottentiieards arf itheg nodeaki ¢igeadensthe opotentbadlalofmZ ondersser .

the diode D3 is turned off, and the diode D2 is turned on.
Since the diode D2 is turned on, the potential of the node L

rises to the potential of 2 x Vcc, the voltage between the
terminals of the condenser C2 is charged up to the voltage of 2

x Vee, and the diode D1 is turned on. Since the diode D1 is
turned on, the potential of the boosting terminal UP rises to
the potential of 2 x Vcc, and the voltage between the terminals

of the retract condenser Cr is charged up to the voltage of 2 x
vece.

[0054]

Next, if the charge pump pulse CPP returns from the level "L"
to the level "H," the potential of the node I falls to 0 V, and
the potential of the node J rises to the voltage Vecc. When the
potential of the node I falls to 0 V and the node J rises to
the voltage Vcc, the potential of the node K falls and the
diode D3 is turned on. Since the diode D3 is turned on, the
potential of the node K is kept at the voltage Vcc (the voltage
between the terminals of the condenser C3 is kept at the
voltage Vcc). In addition, when the potential of the node J
rises to the voltage Vcc, the potential of the node L rises to
the potential of 3 x Vcc since the voltage between the
terminals of the condenser C2 is 2 x Vcc. When the potential

of the node L rises to the potential of 3 x Vcc, the diode D2
is turned off, and the diode Dl is turned on. Since the diode

D1 is turned on, the potential of the boosting terminal UP
rises to the potential Vp (= 3 x Vcc), and the voltage between
the terminals of the retract condenser Cr is charged up to the
voltage Vp.

[0055]
Next, if the charge pump pulse CPP again is changed from the

level "H" to the level "L," the potential of the node I rises
to the voltage Vcc, and the potential of the node J falls to 0

2003



.3. The retract circuit according to daim1, wherein the boostg tﬁmkf
‘-a charge punp circuit or a DC-DC converter. 4. A disk drive conpz 44@@

idi sk recordi ng nedium a head assenbly having a head reading data from and
witing data to the disk recording nediunm a voice coil notor for

swivelling the head assenbly; and a retract circuit for retracting the héad
by driving the voice coil notor when a drive power supply is turned off,
wherein the retract circuit conprises: a booster circuit for boosting power"
supply vol tage when the power supply is turned on; a condenser charged at_

t he boosted voltage by the booster circlit; a control circuit for

di sch I
when the. faner i ae" 3EehEZhPR; Yurd IR 1 adstb Yol WBILERLETYEE |
det er m ni drea poliensihl nef rdryacsie ﬁ(he“lheadttas@eerbr%tamd 2wieVetn eWkéen of

t he crash thteog®tieasialr elfothd nodel asfelld. Bood Veasdathéheoteneiahewst t he
head assqukyngﬁgpﬁ Qggegftérgié”V%iQaEEOBSx Vcc, the diode D3 is turned
off, the potential of the node L falls, the diode D2 is turned
on, and the diode D1 is turned off. Since the diode D2 is
turned on, the potential of the node L is kept at the voltage 2
x Vcc (the voltage between the terminals of the condenser C2 is
kept at the voltage 2 x Vecc).

[0056]

Next, if the charge pump pulse CPP again returns from the level
"L" to the level "H," the potential of the node I falls to 0 V,
and the potential of the node J rises to the voltage Vcc. When
the node I falls to 0 V and the potential of the node J rises
to the voltage Vece, the diode D3 is turned on, and the
potential of the node K is kept at the voltage Vcc. In
addition, when the potential of the node J rises to the voltage
Vec, the potential of the node L rises to the voltage 3 x Vcc,
and the diode D1 is turned on. Since the diode D1 is turned
on, the potential of the boosting terminal UP is kept at
boosted voltage Vup (= 3 x Vcc), and hence the voltage between
the terminals of the retract condenser Cr is kept at the
boosted voltage Vup.

[0057) ,

After this, the operation at the time when the charge pump
pulse CPP again changes from the level "H" to the level "L" and
the operation at the time when the charge pump pulse CPP again
returns from the level "L" to the level "H" are repeated
alternately. Therefore, the potential of the boosting terminal
UP (the voltage between the terminals of the retract condenser

Cr) is kept at the boosted voltage Vup (= 3 x Vcc).



. 5. The disk drive according to Caim4, wherein the disk drive & Rmamlzoga
‘conprises: a ranp for supporting the head assenbly when the head Ts )
retracted, and wherein the retract circuit unloads the head assenbly on the
ranp when a drive power supply is turned off. 6. The disk drive according

to Caim4, wherein the control circuit sets delay tinme for danpi ng angul‘ar
nmonment um caused by inertia of the head assenbly before discharging of the
condenser is started after a drive power supply is turned off. 7. Aretract
met hod for retracting a head by driving a head actuator when a power supply
is turned off, conprising the steps of -19$reparing a booster circuit, a

condenserwd% ]a control circuit; boosting power supply voltage by the
booster circuit when the power supply is turned on and charging the

condenser at the boosted voltage; setting the delay tine by the control
circuit fatextanmhegopereaniemdauded rbyracerciscwift tli3e shead ant Bagoere 4and

U et L e g g o ot 1
vt s it Pe dsdudBads  nhdn S aliV poiee SHBRIRFER. Kytieq “WEEo An
A LA APPtRIALA1IA@A. Ehaodes IAFINdARD bath become 0 V, the potential
E!'$: <=psbcdsvahiih] nd ] € ap sde Rzl arl Gl Cadwid] caldi]ard Gad aaldetad crl cal ¢
a] ca] ca] crRlLalaR HAlRAlGAl £R)eAlmR] Gl eAAl L B 909K #n8 Potential of

the boosting terminal UP is kept at the boosted voltage Vup (=

3 x Vec), and hence the voltage between the terminals of the
retract condenser Cr is kept at the boosted voltage Vup.

[0059]

In addition, if the power supply voltage Vcc is cut off, the
transistor Bl is turned off in the power OFF sense circuit 21.
When the transistor Bl is turned off, the potential of the node
A rises by the discharge current from the condenser Cl. The
discharge current flows through the resister Rd and charges the
condenser Cd in the retract delay circuit 22. Owing to this,
the potential of the node B rises.

[0060]

As the potential of the node B rises, the potential of the node
C also rises 1in the retract driver 23. Then, when the
potential of the node C becomes equal to or more than a
threshold value of the transistor M1, the transistor Ml is
turned on. When the transistor Ml is turned on, the potential
of the node D falls to 0 V, and the transistor M2 is turned
off. When the transistor M2 is turned off, the potential of

the node E rises nearly to the voltage of 3 x Vcc, and the
transistors M3 and M4 are turned on.

[0061]

When the transistors M3 and M4 are turned on, in switching
circuit 24, the base current of the transistor B2 flows, and
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slider 4 is retracted (unloaded) at the retract position.

[0063]

In this manner, when the drive power supply voltage Vcc is
applied, the retract circuit 13 charges the retract condenser
Cr with the boosted voltage Vup (= 3 x Vecc) by boosting the
power supply voltage Vecc by the booster «circuit 26.
Furthermore, when the drive power supply voltage Vcc is cut
off, the retract circuit 13 drives the VCM 5 by discharging the
retract condenser Cr and supplying the discharge current to the
voice coil 5a. Therefore, it is possible to supply the large
retract current to the voice coil 5a even if a low-voltage,
small and thin disk drive such as a disk drive of this
embodiment (3.3-V power supply, and 1"-disk) has only a low
power supply voltage. Hence, it is possible to retract the
head arm 3b on the ramp 6.

[0064]

In addition, although the booster circuit 26 is composed of a
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composed of a DC-DC converter comprising a step-up transformer.
[0065]

As the retract condenser Cr, it 1is necessary to select a
condenser, which is small in size and large in capacity, so as
to be able to be mounted in the small card assembly 14 and to
surely output the discharge current that can retract the head
arm 3b on the ramp 6. In addition, since the DC resistance of
the voice coil 5a is small, that is, nearly 16Q, it is
necessary to select a condenser having small DC resistance as
the retract condenser Cr. As a condenser fulfilling these
requirements, there is a tantalum condenser besides the ceramic
condenser described above.

[0066]

Since a torque constant of the VCM 5 is small, that is, 0.002
Nm/A in the disk drive of this embodiment (3.3-V power supply
and 1"-disk), it is necessary to supply the large retract
current to the voice colil 5a. Nevertheless, since a torque
constant of the spindle motor 2 also is small, that is, 0.0024
Nm/A, the back-e.m.f. of the spindle motor 2 is small, that
is, nearly 1 V. Owing to these, a conventional retract circuit
as described in the document 1 cannot supply the retract
current, which is enough to retract the head arm 3b on the ramp
6, to the voice coil 5a.

[0067]

In addition, since the disk drive of this embodiment charges
the retract condenser Cr with the boosted voltage Vup by the
booster circuit 26, it is possible to reduce the capacity of
the retract condenser in comparison with a case that a
conventional retract circuit as described in the document 2
charges a retract condenser with power supply voltage. The
discharge current of the retract condenser Cr is proportional
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to its capacity, and is also proportional to charging voltage.
Therefore, so as to flow the same discharge current as that in
the retract circuit 13 of this embodiment in the retract
circuit as described in the document 2, it is necessary to make
the capacity of the retract condenser three times the capacity

of the retract condenser Cr (= 60 pF) in this embodiment.
Nevertheless, it is difficult to implement such large capacity

of condenser (= 60 x 3 uF) in a small card assembly of a
1"-disk disk drive.

[0068]

In the retract circuit 13 shown in Figure 4, the Schmitt
trigger circuit in the retract driver 23 positively feeds back
the potential increase of the node E to the node C through the
resister R4. When, owing to this Schmitt trigger circuit, the
potential of the node C rises to a threshold value of the
transistor M1, the nMOS transistors M1 and M2 switch instantly,
the potential of the node E abruptly rises, and the nMOS
transistors M3 and M4 are instantly turned on. In addition,
when the transistors M3 and M4 are turned on, the transistors
B2 and B3 are instantly turned on, and the retract condenser Cr
starts discharging (thus, the retract is started).

[0069]

Therefore, the retract delay time Td that is the time from the
cut-off of the drive power supply voltage Vec to the start of
discharging of the retract condenser Cr is determined by the
time necessary for the potential of the node C to rises to the
threshold value of the transistor Ml. Thus, the retract delay
time Td is set with the time constant of the retract delay

circuit 22, Rd x Cd.

[0070]

It is possible to start the retract at the same time of the
cut~off of the drive power supply without providing the retract
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delay described above. The retract delay described above is
provided so as to more safely retract (unload) the head arm 3b
and head slider 4.

[0071)]

If the retract delay is not provided and the power supply
voltage Vcc is cut off when the head assembly 3 seeks in the ID
direction, most of the discharge energy (discharge current) of
the retract condenser Cr is consumed for canceling the angular
momentum of the head assembly 3 in the ID direction.
Therefore, it may happen that the retract condenser Cr cannot
supply the angular momentum in the OD direction, which is
enough to climb the slope of the ramp 6, to the head assembly
3. In addition, if the power supply voltage Vcc is cut off
when the head assembly 3 seeks in the OD direction, the inrush
speed of the head assembly 3 to the ramp 6 becomes excessively
large due to this angular momentum in the OD direction.
Therefore, the coil arm 3c bumps the crash stop 7a and greatly
rebounds, and, in the worst case, the head arm 3b may fall on
the disk 1 from the ramp 6.

[0072]

Even if the drive power supply voltage Vcc is cut off when the
head assembly 3 seeks in the ID or OD direction and the VCM
driver 12 stops operation, the head assemblg 3 swivels in a
seek direction due to inertia for the time being without
stopping. Furthermore, in some case, the coil arm 3d bumps the
crash stop 7b and rebounds in the OD direction, or, in another
case, while the convex portion 3e of the head arm 3b bumps the
ramp 6 and rebounds in the ID direction, the angular momentum
of the swiveling motion caused by the inertia is gradually
damped, and the head assembly 3 stops swiveling.

[0073]

In a disk drive of this embodiment, it is possible to make the
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angular momentum of the head assembly 3 at the time of retract
start always small by providing the retract delay, described
above, by the retract delay circuit 22. Owing to this, it
becomes possible for the head arm 3b to always climb the slope
of the ramp 6 and to prevent the coil arm 3c from greatly
rebounding due to bumping the crash stop 7a. Therefore, it is
possible to more safely retract (unload) the head arm 3b and
head slider 4.

[0074]

Timing of starting the discharge of the retract condenser Cr
(timing of starting the retract) is set at such an interval
that starts from the time when the angular momentum of the head
assembly 3 due to inertia is damped in some measure owing to
the retract delay time Td in comparison with that at the time
of power cut-off and ends at the time when the disk 1 stops
rotation caused by inertia. An interval from the cut-off of
the drive power supply to the stop of the swiveling of the head
assembly 3 due to inertia is proportional to the moment of
inertia of the head actuator. In addition, an interval that
starts from the time when the drive power supply is turned off
and ends at the time when the disk 1 stops rotation caused by
inertia is proportional to the moment of inertia of the disk 1.
In addition, the rotational speed of the disk 1 at the time
when the power supply is turned off is faster than the
swiveling speed of the head assembly 3 at tpe time when the
head assembly 3 seeks. Therefore, usually, the time necessary
until the disk 1 stops the rotation is longer than the time
necessary until the head assembly 3 stops the swiveling.

[0075]

The moment of inertia of the head actuator according to this
embodiment is 1 x 10-®* kgm?, and the interval that starts from
the time when the drive power supply is turned off and ends at
the time when the swiveling speed of the head assembly 3
becomes sufficiently slow is nearly 50 ms. In addition, the
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interval that starts from the time when the drive power supply
is turned off and ends at the time when the disk 1 stops the
rotation is nearly 500 ms. Therefore, in a 1"-disk disk drive,
it is desirable to set the retract delay time Td at 50-100 ms
according to the time constant of the retract delay circuit 22,
Rd x Cd. In addition, An interval that starts from the time
when the drive power supply is turned off and ends at the time
when the swiveling speed of the head assembly 3 becomes
sufficiently slow and the time necessary for the disk 1 to stop
the rotation depend on the moment of inertia of the head
actuator and disk 1. Hence, retract delay time is set
according to these moment of inertia. For example, in a
2.5"-disk disk drive, it is desirable to set the retract delay
time Td at 500 ms.

[0076]

Figures 5(a) and 5(b) are structural drawings of the crash
stops 7a and 7b. Figure 5(a) is a perspective view of the
crash stop 7a or 7b, and Figure 5(b) is a cross-sectional
structural view of a place, where the crash stop 7a is mounted,
and its vicinity of a disk drive. In Figure 5(b), reference
symbol 5b shows a permanent magnet provided under an upper yoke
5d, and 5c shows a permanent magnet provided on a lower yoke
5e. The permanent magnets 5b and 5c¢ and yokes 5d and 5e
confiqure the VCM 5 with the voice c¢oil 5a. In addition,
reference number 9 shows a disk enclosure, and 9a does a convex
portion provided in the disk enclosure.

[0077]

In Figures 5(a) and 5b, the crash stops 7a and 7b are made of
fluororubber, and is made by performing integrated formation of
a stop cylindrical portion 7d, whose diameter is smaller than
that of the support cylindrical portion 7c, on the support
cylindrical portion 7c. A hollow portion 7e is provided in the
support cylindrical portion 7c¢ for being fixed to the disk
enclosure 9. In addition, a hollow portion 7f for decreasing a
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rebound modulus of the head assembly 3 is provided in the stop
cylindrical portion 7d. Here, the rebound modulus means a

ratio of the swiveling speed of the head assembly 3 just after
being rebounded back by a crash stop to the swiveling speed of
the head assembly 3 just before bumping the crash stop.

[0078]

The crash stops 7a and 7b are fixedly provided by fitting the
hollow portion 7e, provided in the support cylindrical portion
7c, with the convex portion 9a of the disk enclosure 9 as in
Fiqure 5. When the head assembly 3 swivels in the OD direction
and the head arm 3b slides on the parking surface 6a of the
ramp 6 (see Figures 2(a) and 2b) in the OD direction, the coil
arm 3c bumps the crash stop 7a, and the head assembly 3
rebounds in the ID direction. In addition, when the head
assembly 3 swivels over the disk 1, which 1is rotating, in the
ID direction and the head arm 3b approaches the center of the
disk 1, the coil arm 3d bumps the crash stop 7b and the head
assembly 3 rebounds in the OD direction.

[0079]

In order to safely retract the head arm 3b on the ramp 6, it is
desirable for each rebound modulus at the crash stops 7a and 7b
to be as small as possible, for example, 0.8 or less.

[0080]

In the disk drive of this embodiment, fluororubber that has a
large elastic modulus and does not raise dust in the disk
enclosure 9 is used, the hollow portion 7f is provided in the
stop cylinder portion 7d, and hence the stop cylinder portion
7d made of polyurethane rubber can greatly deform when the coil
arms 3c and 3d bump the stop cylinder portion 7d. Owing to
this, it is possible to make the rebound modulus at the crash
stops 7a and 7b be 0.8 or less. Therefore, it never happens
that the head arm 3b falls on the disk 1 because the coil arm
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3c of the head assembly 3, which is retracted on the ramp 6,
bumps the crash stop 7a and greatly rebounds. In addition, if
the coil arm 3d of the head assembly 3, which swivels in the ID
direction due to inertia just after the drive power supply is
turned off, bumps the crash stop 7b, it is possible to rapidly
reduce the swiveling speed of the head assembly 3.

[0081]

Ten disk drives according to this embodiment were prepared, and
1000 times of retract operation by the retract circuit 13 was
performed in each disk drive by cutting the drive power supply
off during randam-seeking. In consequence, in the grand total

of 1000 x 10 times of retract operation, retract was completely
performed without fail, and a retract failure rate was 0%.

[0082]

As described above, according to this embodiment of the present
invention, it is possible to retract the head arm 3b on the
ramp 6 since large retract current can be supplied to the voice
coil 5a even in a small and thin disk drive having low power
supply voltage, by charging the retract condenser Cr with the
boosted voltage Vup (= 3 x Vec) dgenerated by the booster
circuit 26 when the drive power supply voltage Vcc is applied,
discharging the retract condenser Cr by the power OFF sense
circuit 21, retract delay circuit 22, retract driver 23, and
switching circuits 24 and 25 when the drive power supply is
turned off, and supplying this discharge current as the retract
current to the voice coil 5a.

[0083]
[Advantages of the invention]
As described above, according to the present invention, there

is such an effect that it is possible to securely retract a
head since large retract current can be supplied to a coil even
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in a small and thin disk drive having low power supply voltage,
by charging a condenser with boosted voltage generated by a
booster circuit when a power supply is turned on, discharging
the condenser by a control circuit when the power supply is
turned off, and supplying this discharge current to a coil of a
head actuator.

3 Brief Description of the Drawings:

Figure 1 is a structural drawing showing a disk drive according
to an embodiment of the present invention;

Figures 2(a) and 2(b) are explanatory diagrams of a load/unload
mechanism in the disk drive shown in Figure 1;

Figure 3 is a block diagram of a retract circuit in the disk
drive shown in Figure 1;

Figure 4 is a schematic diagram showing an example of the
retract circuit shown in Figure 3; and

Figures 5(a) and 5(b) 1is an explanatory diagram of the
configuration of a crash stop in the disk drive shown in Figure
1.

[Description of symbols]

... Disk

... Spindle motoxr

Head assembly
... Head slider
«o. VCM

5a ... Voice coil

U o W N =
.
.
.

6 ... Ramp

7a, 7b ... Crash stops

13 ... Retract circuit

21 ... Power OFF sense circuit
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24, 25 ... Switching circuits

26 ... Booster circuit

Cr ... Retract condenser
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supply is turned off, comprising:

a booster circuit for boosting power supply voltage when the power supply is
turned on;

a condenser charged at the boosted voltage by the booster circuit; and

a control circuit for discharging the condenser to supply discharge current to a
coil of the head actuator when the power supply is turned off,

wherein the control circuit sets delay time for damping momentum caused by
inertia of the head actuator before discharging of the condenser is started after the

power supply is turned off.

2. The retract circuit according to Claim 1, wherein the condenser is a ceramic

condenser or a tantalum condenser.

3. The retract circuit according to Claim 1, wherein the booster circuit is a charge

pump circuit or a DC-DC converter.

4. A disk drive comprising:

a disk recording medium,;

a head assembly having a head reading data from and writing data to the disk
recording medium,;

a voice coil motor for swivelling the head assembly; and

a retract circuit for retracting the head by driving the voice coil motor when a
drive power supply is turned off,

wherein the retract circuit comprises:

a booster circuit for boosting power supply voltage when the power supply is
turned on;

a condenser charged at the boosted voltage by the booster circuit;

a control circuit for discharging the condenser to supply discharge current to

the voice coil when the power supply is turned off;
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crash stops for determining a swivelling range of the head assembly, and
wherein each of the crash stops has a rebound modulus of 0.8 or less at the time

when the head assembly bumps one of the crash stops.

5. The disk drive according to Claim 4, wherein the disk drive further comprises:
a ramp for supporting the head assembly when the head is retracted, and
wherein the retract circuit unloads the head assembly on the ramp when a drive

power supply is turned off.

6. The disk drive according to Claim 4, wherein the control circuit sets delay time
for damping angular momentum caused by inertia of the head assembly before

discharging of the condenser is started after a drive power supply is turned off.

7. A retract method for retracting a head by driving a head actuator when a power
supply is turned off, comprising the steps of:

preparing a booster circuit, a condenser, and a control circuit;

boosting power supply voltage by the booster circuit when the power supply is
turned on and charging the condenser at the boosted voltage;

setting the delay time by the control circuit for damping momentum caused by
inertia of the head actuator; and then

discharging the condenser by the control circuit to supply discharge current to a

coil of the head actuator when the power supply is turned off.



