. ;e3ennDF" &H6~T[ - 1- TI TLE OF THE | NVENTI ON APPARATUS AND METHOD FOR
CONTROLLI NG HEAD UNLOAD OPERATI ON I N DI SK DRI VE BACKGROUND | ON

5 The present invention relates to a disk drive having a hemmmmwm wmm

data witten on a recording surface of a disk. In particular, thg,R esent

invention relates to an apparatus and nethod for controlling a head unl oad

operation in a disk drive, 10 which apparatus and nethod arjuwwmwmmmmmmm

reduci ng power consunption when the head i's unloaded in a p

away fromthe recording surface of the disk. Recent disk drivesz<hor

exampl e, hard disk drives 15 g | ¥ CopPry . The ranp provides an
area to which a head is retracte EtJ‘I’ﬁ%a%rarrp i's t&(’)ca ed amay froma
recordi ng surf %%A%%T% d%®% M Qﬁcﬁ?%% el SHgReNsi on. The
suspension is orne F an ac uat or. e actuator noves the head

20 in a radial gi QN f The actuator includes a voice coi
OPERASTORN 1 DtI'E:% HrEKrE _
not or (VCM that d?ives tﬁ% actuator. The voice coil notor includes a

magnet (permanent nagnet) thahcpRepduResoragnet revknerds. A tab is forned at
‘atip of the suspension. Actually, 25 the tab is retracted to the ranp.

_However, sfor sinplifireatdreiserst GORIENT idasGfd Pitde ds 4 hatsk herhead 1S
retracted to the ranp. An operation of retracting - 2 the head to the
ranp i s cal |l edharihgnkoadad hbad welasad)datlan wadnttreastgn an wperatiron of
noving the head fromthe ranp onto the recording surface is called a "Il oad"
(head | oad). 5sArfecguefTe agpik-ed Iro pand iastleat.ort urmrpenthead unl oad
operation is expressed by: TU = FUL1 (1) where FU denotes a force resulting
fromthe frictilovepstinseFelifdasarky @id atRa raEBd@EThgeHeheRE unl oad 10
operation. LI denotes the di stance between the rotation center of the
actuator and tRONtEHRLAdmEt & sleat%élq]&?& IPRSFE &t o mbfa tq'ﬂes}%\d%ﬁa‘f%'r) To

enabl e a_head unl,oad operatlonqﬂﬁ essa&y t ue TV
gener at &d by t WRLGE GEPAT AL d@q Q*E§$%$1 ?% MY appl i ed
to the actuator during fhe fisag he%a%hoeoﬁ{e% Uy AL, TVEM i's

expressed by:
a particular area away from the recording surface of

the disk.
Recent disk drives, for example, hard disk drives
15 generally comprise ramps. The ramp provides an area
to which a head is retracted. The ramp is located
away from a recording surface of a disk. The head is
supported by a suspension. The suspension is formed
at a tip of an actuator. The actuator moves the head
20 in a radial direction of the disk. The actuator
includes a voice coil motor (VCM) that drives the
actuator. The voice coil motor includes a magnet
(permanent magnet) that produces magnetic fields.
A tab is formed at a tip of the suspension. Actually,
25 the tab is retracted to the ramp. However, for
simplification, a common description is that the head

is retracted to the ramp. An operation of retracting



TVCM - FVCML2 (2) where FVCM denotes a force generated by the voice coil 20
notor. L2 denotes the distance between the rotation center of the actuator
and the center of the voice coil nmotor. FVCMis expressed by: FVCM

2BNI VCML (3) 25 where B denotes the intensity of nagnetic fields generated
by the magnet of the voice coil notor. N denotes the nunber of turns in a
coil (voice coil) - 3. of the voice coil,notor. L denotes the effective

| ength of the coil. IVCM denotes a driving current (VCM current) flow ng

t hrough the voice coil notor. On the basis of equations (2) and (3), TVCM

is 5 expressed : ggg%ﬂfoF%gngaﬁbfggﬂ%g%&gg gﬁ)nﬁﬁ%ksiégggrggt from

equation (4), IS proportiona e carrent icient for

Lhe propor ] on gfy JYEM Lo NecgUEEERt LYCYL2BILLA) o sad0sal Lad @ tor aue

constant. Here, the ihtensity el ectri S IS gener

proportional tondhe fﬂ&ﬁkPﬁ§5r9$ptgﬁtgaBH§treEBrQEH?rsHQEQEe kB equation
(4), B, L, and L2 are elenents relating to the lenglh (device scale).

Accordingly, TVEMisqapsoppsisonahet@ 18akhe third power of the length
(device scale). On the other hand, if a suspension load is fixed, FU is not

dependents on the | engthordceordi Q?ineEﬂrUt@Xlﬁhésaedualtoequaﬁ:iiﬁ@ Glheasi
proportional to the first power of the device scale. In this nmanner, TVCM
is 20 proporti omalodd operdbiod pewexpoéstbhd Hevi ce scale, whereas TU is
proportional to the first power of the device scale. Thus, when an attenpt
is made to reduce thBys¥zBybl the hard disk drive (for exahple, from
2.5-inch type to 1-inch type), a decrease in TVCMis 25 |arger than that in
TU. In other woflare T{y (d¢eotes qaefappri sasvdting AepliatBe ddirkRdgod head
unl oad operationg_is relatively larger than TVCM (the torque, - 4
generated by thREVEFER tof I TP orPd BRedeaRr ABE4NPntheoPeELalpLe2dIpn. Pat .

Appin KQKAT Publcafion Noi, 2001: 199458, Lbe.Lermi 1al ol agg EVOM of the

rotation center of the actuator and the tab (that is,
the length of an arm of the actuator).
To enable a head unload operation, it is
necessary that a torque Tycym generated by the voice
15 coil motor is higher than the torque Ty, applied
to the actuator during the head unload operation.
The torque TycMm 1is expressed by:
Tvem = Fyeml2 (2)
where Fycym denotes a force generated by the voice coil
20 motor. L2 denotes the distance between the rotation
center of the actuator and the center of the voice
coil motor.
FycM 1s expressed by:
FycM = 2BNIyemL (3)
25 where B denotes the intensity of magnetic fields
generated by the magnet of the voice coil motor.

N denotes the number of turns in a coil (voice coil)



5 coil motor (that is, the term nal voltage of the voice coil notor) is
expressed by: EVCM - RIVCM + 0 E (5) where R denotes the resistance of the
voice coil. Further, O E represents a back electronotive force 10 voltage
(back- EM--vol t age) generated by the voice coil. The voice coil notor is
driven by a notor driver (voice coil notor driver). A power supply voltage
(driving voltage) for driving the notar driver is 15 indicated by Ep. The
di fference between Ep and EVCM represents a voltage drop in the notor
driver. Consequently, a power |oss FLOSS in the notor driver is expressed

by: FLOSS - (R tnEVMd: doVali(G8h QA8 IS ARRAENt: d Rsquatieon (6), the

power | oss FL t'fe Srotor driver ‘decr eases consistently with the

difference between Fp and EYOM | n generalnotds & s8ak-0ReIG@mof Movi ng
the head to al;égﬁ%t %tf?agk on tlhe di sk, thneO back- EI\/F-ngfage 0O Eis |ower

than a 25 vol tgge ¢eR RVCMIdY e WoidughTiuse ddikce/aisial eaidof the voice
coil notor is designed so that the value of RIVCM during a seek operation

nears the power -ord tIsIE 3Ly b it aggudipioddi 62 desn@n( Bnalilggy the power
loss in the notor driver to be mnimzed. As described above, a reduction
in the size ofexddiedwd Wi:sk drive increases the torque TU, applied 5 to
the actuator during a head unl oad operation, relatively to the torque TVCM
generated by the vdigey coilyamtiprs AN Epaplle t he head uffload operation, it
is necessary that TVCMis higher than TU The torque that enables the head
unl oad operation, tAmtissappdvecnd feemuedEdt ben géhbr ate@iby®the voice coil
notor so as to overcone the torque TUis called a "torgue required for a
head unl oad opEiQRIWNIONaGh thet Rt HER L Fafh, 1Y@ t of TRt hhTLENant@s a seek

ration i | | "tor ir for k rati on.
operation is call epclroapmt_toio ue re _\t/_JCMe,gIO Jgheacglereengpfvgbtq P?BNLIT?F {orque

10 called a torque constant. Here, the intensity B of
electric fields is generally proportional to the
thickness of the magnet. In other words, in equation
(4), B, L, and Ly are elements relating to the length
(device scale). Accordingly, TycM is proportional to

15 the third power of the length (device scale).

On the other hand, if a suspension load is fixed,
Fy is not dependent on the length. Accordingly, Ty
expressed by equation (1) is proportional to the first
power of the device scale. In this manner, Tycm is

20 proportional to the third power of the device scale,
whereas Ty 1s proportional to the first power of the
device scale. Thus, when an attempt is made to reduce
the size of the hard disk drive (for example, from
2.5-inch type to l-inch type), a decrease in Tycym 1is

25 larger than that in Ty. In other words, Ty (the
torque applied to the actuator during a head unload

operation) is relatively larger than Tycm (the torque



15 required for the seek operation is not significantly affected by a
reduction in the size of the hard disk drive. Thus, in a small-sized hard
di sk drive, the torque required for the head unl oad operation nay be higher
than that for the seek operation. 20 For such a hard disk drive, the voice
coil of the voice coil notor nmust be designed in accordance with the
current (VCMcurrent) IVCMrequired for_a gseek operation in order to

m nimze the power loss in the notor driver. However, such a voice coi
design may 25 prevent the required VCM current fromflow ng through the

voi ce coil durin% a hggg gnlggd ogeration I n,other words, the voice coi
not or cannot ge% Pat e -°% €t d bﬁ% FSbaiP85°F6r t he head unl oad

operation. Thus, in e o] t, th oi il th oi il notor
i s designed so as tohgngg%ggﬁﬁgat%Pdugo¥e8%§9§§efo§%§'h%§ 'u%% g )
operation. 5 Spesiitcally; egl st - he i L.L1is reduced to
al | ow nore VCNF§€$é£n?u%%l$%23P§h?gﬂggaﬁgeﬁsg?gg'cgﬁg ggfﬁgga%he head

unl oad operatip@oltg@gvgg Mao§e€ﬁ§a§8ihn(%B?cée%b§§§n%% Rnef vbhigevoi ce coi
requires the wire dianet \ of the coil to be increased 10 to reduce the

number ofsturnschnltiecepi [thhd §Bi stpaseerhhfali Okgueaganstranhe thalkd s,
the coefficient of proportion (2BNLL2) decreases. In such a state, nore VCM
current nust flowieveotduyi hg axpeeksepgebgti on. This may di sadvant ageously
result in an increase in 15 the power consunption of the notor driver
during the seek operB&{cgn= BpgcmPat ABppl n. Publication N6) 2001- 155450

di scl oses a technique to switch a power supply voltage for the voice coi
motor in order YeeredBcdenpbepotbr 2OSEE58NCA PHetnsi ¥eicsi coddt-or driver
This techni que switches the power supply voltage for the voice coil notor
between a seek DPEFRAET onldhdr WETIRK TP (P3FK oM gy T OPREAYF 0ROT FRe seek
operation, requires, nuch VCM current (torque), whereas the tracgki ng 25
(follomjﬂ%) opeY%fF%ﬂeréﬂééLéEMgﬁV9l ape t9§n9éﬁF§9r%¥nF%€t8P&G§). On the
ot her hand, Jpn,Pat. Appl n. KOKAI Publication No. 5-49291 discloses a
techni que to ~~" utilize a capacitor in which charges are accunul at ed

as a power supply faﬁpé ¥8E88 8§ghb§BE8& &%”B&Q%%%TPQ?B!%m&QS:Qﬁ%ﬁkn?“pp'y

is interrupted. A voltage boost a voltage boos i S used

accumul ate 5 ch@@gﬁéei@oibemgeeecakgee;Th!sAt5@Q@&qgﬁp§g@bb%§tég@ead unl oad
operation even while the power supply is interrupted. descri bed above,

the torque TU, agpivedgtoclbegast gakotrduinggtacheadounieadeaparation, is
10 proportional to the length of the armof the actuator and thus varies in
accordanc® withindiecitedtbponpr ofhehdideereacecakeweknt Be hadd Bdigk drive.
On the other hand, the torque TUCM which can be generated by the voice
coil notor, varfresréseatsoadunttaget Hrapnost ths t¢otrhidrd vieawer of the
device scale. Thus, if the
Consequently, a power loss Prpgg in the motor driver
is expressed by:
Pross = (Ep - Eyem) Ivem (6)
20 As is apparent from equation (6), the power loss
Progs in the motor driver decreases consistently with
the difference between Ep and Eycm. In general, in
a seek operation of moving the head to a target track
on the disk, the back-EMF-voltage AE is lower than a
25 voltage drop RIycm in the coil. Thus, the voice coil

of the voice coil motor is designed so that the value

of RIycM during a seek operation nears the power



.size of the hard disk drive is reduced, the torque TU increases relatively
to the torque TUCM Here, the torque required for a head unl oad operation
is assuned to be larger than that for a seek operation as in the 20 case of
a small-sized hard disk drive. In this case, the coil (voice coil notor) of
the voice coil notor nust be designed so that the voice coil notor can
generate the torque required for the head unl oad operation. However, when
the voice coil notor is 25 designed in accordance with the torque required
for the head unl oad operation, the power consunption of the notor driver

d K Furth h Kk
por 1 or med many WOHBLY | KReLRancEne Nakd aﬁﬁaﬁétsﬁé?a%ﬁﬁﬁ SERP R STRRARY OF

THE | NVENTI ON Ipnagﬁgrg S8 W ?egntgnpgdhgﬁg§h ghe present 5 invention,

there is provided a dIS drive having a he reads data witten on a
recording surface of a3 diskrifhg QbéKedrsveea§c99690§ﬁdtﬁg an-actyator, a

voice coil notor driver, and a driver driving unit. The actuator supports

the head such tgé ﬁgﬁdhgagklerisenpﬁabésséa gneadbakudi Tt hkpp19Edt he
di sk. The actuator has a voice coil notor used as a driving source for the

actuator.5The vebceheohttuBtor dikYey SURRhHEEntbadvepeea€dbh,nmtor with a
driving current for driving the voice coil notor. The driver driving 15

unit is configuretlatovdiyveo dnei bgraubeagcynl gatdeopeedt bontheheovekece coi
notor driver by a voltage higher than that required for a non-head-unl oad
operation. The dead motoad oPeratabheusks hhedavhliabdr cpereetipact ithe head
to a retract area away 20 fromthe recording surface of the disk. BRIEF
DESCRI PTI ON OF THE'SERARALY VFERE OFcHHES DRAVNRIG Thena&uvenpdhyi Agrdraw ngs,
whi ch are incorporated in and constitute a part of  the sReC|f|cat|on
illustrate enmbo %En?%ag%thEh?nU%ﬂglBﬂloéﬁdoPﬁﬁéFHQP 250¢ft RSt héh§ener al
descrlptiﬁn gi ven_above and the deéalled scrl tion o enbodi_nment s

gi ven bet ow, seFVBIFD BRpPai ACPREPFRnRY pFBE ¥P1EReCPA eWPg8ﬁ S0 2% FIG
1 is a block d'@@;@@%ﬁ%@ﬁ%”ghéh€ogaﬂé gurastign gl 8 hand sk dil veq

according to an é
for a head unload operation". On the other hand,
the torgque that enables a seek operation is called a
"torque required for a seek operation". The torque

15 required for the seek operation is not significantly
affected by a reduction in the size of the hérd disk
drive. Thus, in a small-sized hard disk drive, the
torque required for the head unload operation may be
higher than that for the seek operation.

20 For such a hard disk drive, the voice coil of the
voice coil motor must be designed in accordance with
the current (VCM current) Iycm required for a seek
operation in order to minimize the power loss in the
motor driver. However, such a voice coil design may

25 prevent the required VCM current from flowing through

the voice coil during a head unload operation.

In other words, the voice coil motor cannot generate



,of the present invention; FIG 2 is a table showi ng an exanple of the 5
structure of data in a voltage table 190 shown in FIG 1; FIG 3 is a

fl omchart showi ng a procedure of head unload control according to the
enbodiment; and FIG 4 is a flowhart showi ng a procedure of head 10 unl oad
control according to a nodification of the enbodi nent. DETAI LED DESCRI PTI ON
OF THE I NVENTION Wth reference to the_draw ngs, description wll be given
of an enbodi nent in which the present 15 invention is applied to a hard
disk drive. FIG 1 is a block diagram show ng the configuration of a hard

di sk drive accor in to an enbodi nment_.of .the, p sen |nve tion. In FIG 1,
a di sk (magnet ifc "SI HESHYWS fma S s U:{ﬁ per sur Wce and a | ower

surface. 20 At Ieas one of the sk su ce of serves as a
. t[}é :h%g nar{ta vd & 4! ﬁ

recording surface o WMﬁRﬂ%Qi i‘ca y recor e arge nunber of

concentr1'c_tracks, 110 ar . for e { Jodeaaied s faseofydhe disk 11

Further, servo information i's pre- ek edded) i n each of the

tracks 110 di Saiel elople el ted MEF VAl d'N® BOEY LpAHHE 1@ | On cont ai ns
positional information (cylinder codes) indicative of - 10 the positions

of cylinders (typaek®inithe diskdeli dthmde b dhetiserveidafesnmtion has
been witten. A head (nagnetic head) is placed in association with the
recordi ng surfaeelafed he dilsllowl lhordhevdrachidZents usefll & ttthreagh ande w i t e
data fromand to the disk 11. It is assunmed in the configuration shown in
FIG 1 that therdiared ahiisk dirdivey ithod vokssd aursl oyl eopk 5%kG 1 drowevidewevée, dri ve
may have a plurality of disks 11 that are stacked on one another. 10 The
di sk 11 is rot & ebcteddghinspdel 185 sepierllR obtore (BPMge 120iThe head is

attached to an actuat or (carrlage 14. More _ specifically, the head 12 is
attached to a sispemsoFRMWise rvefgt%o?ﬁa?h%r(ﬁﬂhot%fb%hén%%%? 140.
The head 12 npves in the 15 direction_of the radius o ihe h11 in

accor darde vmtf?qrﬁ?qQﬁ%HWQﬁ1Qﬁm??ﬁa?ﬁn?ﬁﬁ?ﬁ ﬁﬁ-tﬁﬂu§01 he %a 12 s

t d the t t kK. Th t.uat t
(VW 15 Servi 135 201 11 00 ST R 1 e e B oF | L4 S hE AL Dat OF 14 1 <

20 driven by t i nn phe d ut er
peri phery. A r;b \é%gls pI ?B@Jﬁﬁ ﬁ%ﬁ%%sto tf eg‘gf'lgkg éyaf@%r Igggﬁpl e, to

the outer peri R}wycﬁrérh? WSk Alow Therk aFPr 189 "RYsbEk PbBeedt i snpr oxi m ty
(0}

This may disadvantageously result in an increase in
15 the power consumption of the motor driver during the
seek operation.

Jpn. Pat. Appln. Publication No. 2001-155450
discloses a technique to switch a power supply voltage
for the voice coil motor in order to reduce the power

20 loss in the voice coil motor driver. This technique
switches the power supply voltage for the voice coil
motor between a seek operation and a tracking
(following) operation. The seek operation requires
much VCM current (torque), whereas the tracking

25 (following) operation requires only a little VCM
current (torgue). On the other hand, Jpn. Pat. Appln.

KOKAI Publication No. 5-49291 discloses a technique to



.25 t'he inner periphery of the disk 11. The ranp 16 is used to retract the
head 12 to an area away fromthe recording surface of the disk 11 while the
hard di sk - 11 drive is in a power save node. However, actually, a tab
144 is located on the ranp 16 instead of the head 12. Thus, the ranp 16 is
pl aced at a predeterm ned position on a path along which the tab 144 is
noved. 5 Here, the description that the head_12 is unl oaded on the ranp 16
will be used in order to avoid conplicated expressions. On the other hand,
while the hard disk drive is in a read/ wite node, the head 12 is present

on the disk 11. . The read/ wite .node | . non- 1 bywhich

dat a canI be i miEdiat®S ya rceaaéuaCi‘lrtoon]%dolrrl \%ﬁﬁ%ff%ﬁ%}%%%%ﬁﬁm%g%%ﬁ%l nlg on

the t f h ' ' I |t defi ned
€ type o aracét(hg ﬁ#ﬁfezsgfp%}pvﬁ%hét b lhe POYE] RVE: NOYeSr JBYePE define

i n accordance w e power consunption is saved. The

plural ity of pouen d% aaue,ymdes @y, i 16! 1t Pgotavhi ahyd heabead 12 i's

present on the disk 11. Thus, in‘the present enbodi nent, two nbdes are

defined as the ymaasdipy he fsatheh dosktde; isnudedi tstasddaulibe head 12
is retracted to the ranp 16, and 1n a second node, 20 the head 12 is

present @n the dlisdgell. i tHe augbadiot@r i s Tior srede éiin dqual emsibleent r al
portion of the actuator 14. A pivot 142 is fitted into the through-hole in
the actuator 14 Hewd aotlsddrodalrasicupposh edht b atladl yoweousdpphe pi vot 25
142. The actuator 14 has a support frame 143 extending in a direction
opposite to thats iimwhinlptd®. arm 141 extends. A voice coil 150 is _
integrally - 12 enbedded in the support franme 143. The voice coil 150 is
| ocated between a t opS yORECHHEA PoP¥om YdRetoTHECVEUCce2BBiLLe956° t oget her
wi th both yokes and a permanent magnet fixed. to botton1¥oke,.constitutes 5

the VCM 15. The-SpaRiahfr (Fer ik ashere drio’n BpehdbrPVerifc 17. The
dri I.C 17 is f d, of singl hj p. Th I |C 17 [ncl SPM
driver TA1, o RARRATuRTEAY oS SThE ckERtF ol 1 BjS. AbiT Cor ta5ate S35 5P Fage 10
oo i o hd gl A el oo Mo ddpaa he PEERILRUCELLE SUpBLI 82 1ho

SPM 13 with a d?lVlng curren corresponding to a maniputated vari abl e

e O o AR A8 T U kbbb, oLl esobErCkggen o
Provi ded by the,GRY the torque Tycm, which can be generated by the
voice coil motor, varies in accordance with almost
15 the third power of the device scale. Thus, if the
size of the hard disk drive is reduced, the torque Ty
increases relatively to the torque TycM. Here, the
torque required for a head unload operation is assumed
to be larger than that for a seek operation as in the
20 case of a small-sized hard disk drive. 1In this case,
the coil (voice coil motor) of the voice coil motor
must be designed so that the voice coil motor can
generate the torque required for the head unload
operation. However, when the voice coil motor is
25 designed in accordance with the torque required for

the head unload operation, the power consumption of

the motor driver increases during a seek operation.



.18. The back- EMF-voltage nonitor 173 indirectly detects a back-EM--voltage
-D E generated by the coil 150, on the basis of the term nal voltage of the
voice coil 150 of the VCM 15 (VCMterm nal voltage) EVCM 20 The vol t age
booster 174 boosts a power supply voltage EHDD for the hard disk drive to a
vol tage Eg specified by the CPU 18. The voltage Eg is used as a power
supply voltage for the back-EM--voltage nopitor 173. The voltage Eg is al so
used as a power supply voltage 25 (driving voltage) Ep for the VCM dri ver
172 during a head unl oad operation. The voltage selector |75 sel ects one of
t he voltages E Eg % o -1 13 r rol of the
CPU 18. The CPngggﬁ?grh %§§n5§§5t§%%?g§l ort hgeﬁg?gﬁ ?s?gggi@QEECPU 18 is
connected to a ( t i e sensor 20. The flash
{1ﬂ@§a€§%$ edd 8R8-ay SREL AL LA

ROM19 is 5 arewlit nonvol atile nenory. T ash ROM 19 is used to
store a control program exeguted bymiReyCBY *8r TReskirash ROM 19 is al so
used to store a voltage table 190 referenced by the CPU 18. The voltage
table 190 retains infarastbedadbeawl@hpaneempvaphgntobtagtef prekbatVCM
driver 172 required for a head unl oad operation, in association with
tenperat se. Flixvenshoms aheexanpl profritihe st diiskudeivé Hatangnat he
voltage table 190a In FIG 2, a voltage Ei associated with a tenperature Ti
(i =1, 2, 15 ~kead)whhdhcacedsadpvaewrstpphyonobht ageotdingheuvEnrdri ver
172 required for a head unload operation if the environnental tenperature T
of the hard di skfdei@ksks Trhe digk<drive TRecpmngecdf ofeAperGEHREOT

indicated by Ti_1 < T ~ Ti_is denoted by TRi. Ti_1 where i = 1, 20 that is,
TO, indicates a®|baefe| Fait TehpérdtuVerendtifi AgthEesperalibl B8R ifme hard
di sk drive. Ti ere i =n, that is, TB, Lndicateg ag upggr hinit
tenperature enst?fnyctHRTBpePUPPBRtSf LRRe RaFdSHFEK T aRFVERS R®RRe present

enbodinﬁfﬁ, if the te rature 25, T_is lLower.than.T t U treats the
tenperature T a%QT%.vggf?hént%nﬁ%?é?%rglfefslﬁpgﬁgrQpﬁa§§?%? t%geCPU 18

treats the tempecatuserThas Inveica 1411Theuel hage BL LOR.eqenytenperature

Ti shown in the voltage ta pends on the torque TU applied to the

actuator 14 duripgr@ehead "pLogdtQRerati onheAgokecapBanepbtbrom-@gdat i on
(1), previously described, 5 the torque TU depends on a force FU resulting

fromthe fFiCtiQQ%@EiMQGﬂhéheoiab ¢4410hotbe astHakoHri4iagdcueenanp 16.
The FU varies wth the tenperature and increases consistently with

decreasi ng tenpesatdrevidfathesvotibe totgumotUrdependsdenveiredirérpeat ure
and 15 unit is configured to drive, during a head unload
operation, the voice coil motor driver by a voltage
higher than that required for a non-head-unload
operation. The head unload operation uses the
actuator to retract the head to a retract area away
20 from the recording surface of the disk.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
25 with the general description given above and the

detailed description of the embodiments given below,

serve to explain the principles of the invention.



.10 i'ncreases consistently wth decreasing tenperature. Accordingly, a
torque TUN required for a head unl oad operation increases consistently with
decreasing tenperature. Here, the torque TUN required for the head unl oad
operation at the tenperature Ti is denoted 15 by TUN The voltage Ei for
each tenperature Ti is determned by a driving current (VCMdriving
current) IVCM to be supplied to the vqic% caoil 150 of the VCM 15. The
IVCM is a driving current required for the VCM 15 to generate a torque
TVCM indicated by TUNi 20 Accordingly, with reference to the voltage table
190 in accordance w t environnmental _tenperature of,. fh L sk
drive, the CPU 18 c etern? ne %f%%ﬁe l%%5%$y5€%Y%§ e{?%rgeﬁﬁégeg%tage)

for the VCM driver |7 ich,is. sui er at TR 25
to which the técr%poer} aotfzura\éwhla%%l%ln%gé%gv%%%%éﬁé e%ﬁa ]?eésm?%%?% 15 to
generate a tor i ' : ead unl oad operation within the

' ?Hﬁgﬁﬂy ﬁée ig(ﬁﬁg E%ﬁ?

t enperat ure the tenmperature T belongs. To all ow

the reader to easilyryndesstand {he Lebabionship bghwees bhechenperature Ti
and the torque TUNi and the VCM current |W and the voltage Ei, the 5

vol tage tsabl e IR0 jdt G oR Shonsimol vbl adder vl éageo Eshbuh ahso the
torque TUNi and the VCM current IVCM for each tenperature Ti. Information
on both torque FHidNi and VCM current |VCM need not be retained in the

vol tage table 190. 10 In the exanple of the voltage table 190 shown in FIG
2, the torques TUNL EIG TUNnisawef howehatfoasbwpnFUNlpsoTemRrs FEONBead"' >
TUNn Simlarly, the VCM currents IVCML to | VCVh have a rel ationship | VCM
| VCM2 > | VCVB suriload |a@ihrFluradedrdine Vel thagesmbadisentd; EANfave a
relationship E1 > E2 > E3 > ~~~ > En. The tenperature sensor 20 _is used to
detect (measure) theFEavi4ohfrent &lovehpeEatdPEing BhBrRSPEUEPSRIdPPPE. On
the basis of the tenperature detected by the te rature sens 20 and the
vol t age %%bl e 24 TIREEPL ABCHE é?ﬁiﬁ%saamﬁgag?cgﬁbBPyo o?&ﬁge for the
driver 1C 17 which is suitable for that tenperature. The CPU 18 outputs a
vol t age controler@me% to the voltage booster 174, the signal VC

desi gnating the voltage } M@l tage. The CPU
ﬁﬁ#ﬁwﬁﬁgﬂfﬁfi% ﬂﬁé :@i%r ance with the

18 controls each section o e

control program storggjnyorardfcet B thashrRVLEY, LBsBREbkswhar, the CPU
18 controls the voltage selector 175 using a vol fage sel ection signal VS.

The vol tage selyect] ofe S§ONGh VS sReshbbesmehor 18XRARLR, thel pekkentof a
voltage Eg for logical "1" 5 and of a voltage EHDD for logical "0". In FIG

1, wel | -kgown cirneant Sor £s ogibhl ddwbbch nRaedr afskr aditve.readcand vsite
data fromand to the disk 11. As these circuits, a disk controller, a

read/ wite chamébloahnddhadheand snphifigethei coniftigpheadonCpfaprehagdl known.
10 Now, with reference to the flowhart in FIG 3, description will be

gi ven of the cohtshldeivanaheasdimyobd aperBPPEAMBBES BENEASORTERE Rard di sk
drive showmn in FIG 1. The harg disk drive is assuned t

invention. In FIG. 1, a disk (magnetic gigi) has two
disk surfaces, an upper surface and a lower surface.

20 At least one of the disk surfaces of the disk 11
serves as a recording surface on which data is
magnetically recorded. A large number of concentric
tracks 110 are formed on the recording surface of the
disk 11. Further, servo information is pre-written

25 (pre-embedded) in each of the tracks 110 discretely at
regular intervals. The servo information contains

positional information (cylinder codes) indicative of



.in the second node. In this node, the disk 11 is 15 rotated by the SPM 13
at a predetermned rotation speed. On this occasion, the head 12 floats
over the disk 11 while nmaintaining an al nost fixed di stance fromthe disk
11. In this state, the CPU 18 is assunmed to switch fromthe second node to
the first 20 node. Switching to the second node is autononously carried out
by the CPU 18 if a host has not providedjg)read or wite conmand for a
specific period in the second node, in order to save the power consunption
of the hard disk drive. Further, if the host conputer 25 has provided a

t ai d.i h d. mpde, 8 & : th
vt mole in ToepEhes o Thid comargrs Coippec Lo i FFRe o e
de, the CPU .perf tr. j t [ aCtd t d 12
The Famp 16 (coRiral “OF S and L GaT Opr a0 on) 5o Haccr bed Dal b Fi sty

the CPU 18 CO”t(Er%lg%eaci%e a%l)oﬁesr iQnd om e g diheohead 2 Ho a
n 1S

particular trac the 11 (step S1). The seek operation is controlled

on the basis ofrRQsidiirRNalu i it ik conhained itThseiem ind orgmiden read
by the head 12 fromthe disk 11. Thus, at the start of control of 10 a head

unl oad opgerati e AR Grld 18 iy emther hwadrik? o dihe gk il arlt rack.
This nmakes it possible to naintain a noving distance required to unload the

head 12 on the asagmekd iat thd otk ivpl e idm dHuwen claseE'I@ hel parat cubar track
is atrack close to the ranp 16, 15 that is, a predeterm ned track cl oser
to the outer péraghetiskofdiiee diskludes Fhesinate dRkl1g et eRts e
tenperature T of the hard disk drive on the basis of an output voltage from
the tenperat ur esisis 20 %t ep SALraHeh, o f Hel OFU 4B PRt ek

(determ nes), fromthe voltage table 190, the voltage Ei corresponding to

t he tenperat ur 43RS TR tHaAP9eT 1 < T ~Ti) to which the tenperature

T bel tep S3)._ The CPU he_vol t Ei with_the,
Supply V9t age. EHDD T8 AHEF hbf i DRt S0 bt QRSP R ARSLABRLEr not

Ei > EHDD (step $4). g%rﬁ:opﬁ EH e t}peeaégPdl:J? 3%%%%6&1?{%85&% oltage booster

| 74 to boost tHE powe y" vol tage oltage Ei (step
S5). The voltag it i gnaly, MC. i - hi s, cipo I n
LA 1 analydfe %%Jéglgﬁbéﬂw, Sné NLLHCE 3 0N

response to thi tion, the vo ooster 174 boosts the power

supply vol tage FEHDR.HQ ddhe voldgaes Bn 1The yotdRgenms EHER Heosierd by the
vol tage booster 174 to the voltage Ei, that is, the voltage Eg, is applied
to the backEMF-val tegerHONidOiatlds B0 A PIN@rheadply movéagen the
15 direction of the radius of the disk 11 in accordance
with the rotation of the actuator 14. Thus, the head
12 is positioned on the target track. The actuator 14
includes a voice coil motor (VCM) 15 serving as a
driving source of the actuator 14. The actuator 14 is
20 driven by the VCM 15.
The disk 11 has an inner periphery and an outer
periphery. A ramp 16 is placed in proximity to the
disk 11, for example, to the outer periphery of the
disk 11. The ramp 16 may be placed in proximity to
25 the inner periphery of the disk 11. The ramp 16 is
used to retract the head 12 to an area away from the

recording surface of the disk 11 while the hard disk



for the back-EMF-voltage nonitor 173. Further, the voltage Eg (EB > EHDD)
is applied to an input termnal 10 B of the voltage selector 175. The power
supply voltage EHDD is applied to an input termnal A of the voltage

sel ector 175. Wien the determnation is made in step S4, the CPU 18 has
instructed the voltage selector 175 to 15 sel ect the power supply voltage
EHDD applied to the input term nal A Theuol tage sel ection signal VS for
logical "0" is used for this instruction. Tf it is determned in step $4
that EE > EHDD as in the case of the above exanple, the CPU 18 executes

step S5 and 20 59?9 pgg_cggd?1 béw?&e%agg énio&eit e%fé%,v t he ttgaégejsi\nétches

the voltage sel ection”si gna ogic hat

i nstructs the volpaggsseleghar 125000 kel eahl e val. ;g%%]%% (FeFlpkngapp! i ed

by the voltage booster 4°to the |npu t eFmnal e voltage sel ect or

| 75 sel ects thepyol tagesFgcha égﬁgrQ%nq% PhtRehgtl Bs &%@@ey}mlhgﬁlthe crPU
18. The vol tage Eg, selecCted by the voltage sel ector

applied to the H@@&dﬂbMebnlzzpaﬁhaaQ@W%Nr§EQﬂ|Xh%ok%§QQ4@d&%Vm%9eﬂQ|tage)
Ep for the VCM driver 172. Thus, the VCM driver 172 is driven by the power
supply vobtage Epré7 Epe=dEkrriwhieh ithali gher hichan 1BHRE inlinaideids omanner ,
if EE > EHDD, the VCM driver 172 is driven by the power supply voltage Ep
(= Eg = Ei), whibé rsmhi jhewifihabeEHBBd Her erdeir denatved d hempdieratedppl vy
vcltage (driving voltage) for the VCM driver 172 which is determ ned on the
basis of the tofypees61TUN reguichedotberahhodd whlidad tdyeeha@ridolistk t he
current tenperature T. Driven by the voltage Ei, the VCM driver 172 can
output a VOM cufFéHe LYCHh Re§BRASHIBY St ROAFOMEDS heagerddr dse paeserGue
TVCM indicated by TUNi_ 15 Then, the CPU 18 outputs a predetermned initial
mani pul at ed var?abFBewﬁvéwlﬂé thsh@cmﬁaﬂMVéﬂtf7@o@§téﬁ §7W°nTﬁéweﬁ't|a

I d bl th t V t d
fo move {he aot HATD, "T4oat "a " hFher 58068 HooRdBF L6 S0 dT ¥ha 58 hoad.
If Ei > EHDD th 1 b | t Ep (=
Eg = | Ei), whi chSFs‘(';%/&g%éxe{&ﬁaﬁgEHBbngo?lgeq}éée&f@ﬁdl,g%mr n\s/é%l dl)’{—'ly 2 © %gg cg =

supplythe VCM e Vi t he i€l fr if the
VCM current | Vﬂﬁﬂgggt g%%kngg&gg 5 P\%glr(rérgrll?gulogt g%w\%ar Fs%ﬁfl egMGljeé %}és’gm t he

CPU 18 is | argepet hapihbat iHsadcd¥HbAGeawS@BK tReNAkAN 4 t! iraldhek Heor ds, in
t he present enbodi ment, for a head - 20 load operation at the

tenperature T apowbicboastimpgiien! asgeavikhian trhat pneedad thob fa peeek
operation is required, the required torque can be generated w t hout

changi ngl% he desaga nddebem¥EMihbludke oXEMiDS wiiichesh® thledadtoudtsor 14
using the VCM current 1VCM supplied by the VCMdriver 172. This starts a
head unl oad opepaesent FhethackRiEkFlvel t Ayasnoiint ¢helpIesendri ven by the

power supply voltage Eg (Eg > EHDD) boosted by 10 the voltage booster 174.
Thus, even if tﬁ@b?Q%W?ﬁar 98Pt@@@e€V€Wﬁtéﬁ§Fﬁ&ﬂ @6l tthge oEgeMefgener at ed

bet ween the ter f voi,ce cQil Q, included in the W

i ncr eases aboveg%ﬁDEa 8 gl cRIENE v ot ﬁgglﬁﬁﬁl rdel7§h€aﬁf‘ Sglctly
detects EVCM the, VCM 1 riyer 172 i drlv n.by the pply

vol t age Ep (_ g° r%t CN{CI\ﬁIgCg '\él% i gREP ﬁ‘ﬁ; "t Re S %n}% drElF vol t age

EVCM kel b | t EHDD f the hard
di sk Idfl vée eTKu{éHe ? E{:—HD?)@ tho%getsgg)tp?\s@eréé%rﬁg&&t \g%t hgggack EI\/FO\r/oI t:gear

A through-hole is formed in an almost central
portion of the actuator 14. A pivot 142 is fitted
into the through-hole in the actuator 14. The
actuator 14 is supported rotatably around the pivot

25 142. The actuator 14 has a support frame 143
extending in a direction opposite to that in which

the arm 141 extends. A voice coil 150 is integrally



20 nonitor 173 as a power supply voltage for the nonitor 173, it is
difficult for the back-EM--voltage nonitor 173 to correctly detect the VCM
term nal voltage EVCM The back- EM~-voltage D E, generated by the voice coi
150, cannot be directly detected. Thus, the back-EM- 25 voltage nonitor 173
detects the VCMterm nal voltage EVCM and cal cul ates the back- EM~voltage 0
E fromthe voltage EVCMin accordance w th,equation (5), - 21 previously
descri bed. That is, the back-EM-=-voltage nDnltor 173 indirectly detects the
back- EMF-voltage O E. The CPU 18 is notlfled of the back-EMF-voltage 0 E

detected (calcuég%ggg?gyiﬁheF?a§58§gFﬁ %réwé3vol Theong %glreads the

back- EM~-vol t agé ransm age moni tor 173 (ste

s8) . reading ofthe; bagk: EMEAvALLAgE O, Etbgsge&g'quogtb@&teﬁggb@r Sampl i ng

intervals until operation conplete I'n oth wor ds, the

10 CPU 18 det ectge hgibacko EMF ¥l 80N AL EROBbER gwgellagd'ntervals
The back-EM--voltage 0 E depends on the speed of the VCM 15. The speed of

the VOM 15 corrgspepdsntptt RggaReediQbqt Re Bekuakookd, (tcaafstll%ute@e speed
at which the head 12, supportéd by the 15 actuator 14, is noved), which is

driven bysthe VEH@lﬁcmegs, the CPU 18 detects the speed (actual speed) of
the actuator 14 on the basis of the back-EM--voltage DE (step S9) . Then,
the CPU 18 det er m neSheheprel 3o0angot heh&CRO 1Bead cunlrd&enojpgr at idari vikas been
conpleted (step S10). The hard disk drive in FIG 1 enploys a well-known
configuration i BCwhiech Bheedtheehedf 18 heafhemed prfedengdri nbédpposition on
the ranp 16, the actuator 14 is | ocked by a stopper. Wth this
configuration, EbendQSV@ththﬂhénV¢Mﬁéﬁ|@érSPMZd¢§V§§péﬂ9ung JCYCM current
to the VCM 15, the novenent of the actuator 14 is forcibly stopped once the
head 12 reaches?thger 172p appaa&ré&Miiied tpesi Frah ten ﬂﬂérrénﬁoiéag?hus in

step S10, .t he U 18 determ nes fromthe det cted a al e mhether or
ot the Head 12PRRECFEatRed FhE pr Cgetanm REd “Bosr] 1o on RRe SRl 16 Phat

EEF ??“Q§§2?&1ﬁés“?%5§9?%2§ﬁ§g Qéﬁfgsépg%gt et %ﬁgs ﬁ%e%ﬁsh'%%%%spéieéheit
I | 10
11 oronce bot veghl he CaTRUI AT ad. St ial CpEsa Snd T he Targel Sebed (step

S11). The mani pglatededapiyabhe MWYCMEI nd'rﬁét geMt Be 1VEM agbr enbph YEM
required to make the speed of the actuator 14 equal to the target speed.

The CPU 18 out pthe vbe tal eutht eddraripyl atededd vatkiakbe ri¥eMdtiagt he VCM
driver 172 (step S12).
15 to a manipulated variable MVycym provided by the CPU
18. The back-EMF-voltage monitor 173 indirectly
detects a back-EMF-voltage AE generated by the coil
150, on the basis of the terminal voltage of the voice
coil 150 of the VCM 15 (VCM terminal voltage) EycuM-.
20 The voltage booster 174 boosts a power supply voltage
Eypp for the hard disk drive to a voltage Ep specified
by the CPU 18. The voltage Ep is used as a power
supply voltage for the back-EMF-voltage monitor 173.
The voltage Ep 1is also used as a power supply voltage
25 (driving voltage) Ep for the VCM driver 172 during

a head unload operation. The voltage selector 175

selects one of the voltages Eypp and Ep as the voltage



. The’ VCM driver 172 supplies the voice coil 150 of the VCM 150 with the VCM
current | VCM determ ned by the mani pul ated vari abl e WVCM out put by the CPU
19. This continues the head unl oad operation. 20 The CPU 18 repeats steps
S8 to S12 at regular intervals until the head 12 is retracted to the
predeterm ned position on the ranp 16. Once the head 12 is retracted to the
predet erm ned position on the ranp 16, the CPU 18 deternmines that the head
unl oad 25 operation has been conpleted (step S10). In this case, the CPU 18
instructs the voltage selector 175 to select the power supply voltage EHDD,

applied to th - 23 ipput [mn \ (s 3), to finish the control
of the head uﬁ@%a@%%%r%??oﬁ?ﬁﬁ‘ﬁgls,ggféé% {:ﬁg ead unl oad operation has
been finished, the uppl y<val 1,398 £oRLBe1YEMedEi ¥RE hZ2di 81kat Ur ned
fromthe 5 power sug%%&\% ?ggésEg ‘2“%3 > EHE)D), boosted by the vollt age

booster 174, tg@.ihe pomes $HPPLY-¥RhtageqEEDDaf elakherbmr drdok dpive. In
the present enbodi nent, 1f a head unl oad operation requires a higher torque

than a seek 10;QpesatimPerbbereeguhEed LOrquenksfobthi REM b9 $witching the
power supply voltage Ep for the VCM driver 172 from EHDD to Eg, which is

hi gher than EHPD-dhattablei Aohhelpteseninernbodi nehe, fihehhRgMed 9t dsque i s
obt ai ned wi t hout changi ng the design of the VCM 15. 15 Thus, if the
actuator 14 nusteletdrisvenet a pentopin ppogpematkenubeHebyt hap £RE head

unl oad, for exanple, a seek operation, the VCMdriver 172 has only to

provi de | ess VOBA cuFhentlaeht REMVEM 16. aThpsusaRkesoi stpssspbVeltdIpr event
an increase in the power 20 consunption of the VCMdriver 172 or heating of
the VCM dri vertap2ediPPngefrecseerk bijefhei 68V M8w, description will be

gi ven of an operation performed if Ei s nqt _establ.ished, that is,

EHDD i,

if Ei S EHDD- If Ei TheEMpbtegteassy, 1t>9r9e réﬁelli@ JRTREMS5 190 58 &5 and S6

to shiff to step S7. Th b t L i, | .

borformbdl 1t EPOYUSEHBIPRL Bt P80 “a00 RS e b orhd ol Eabe 28 ect i on

- 24 signal VS, output by the .CP .0 the V iver 172 ins in th

state of Togi cpr- b R hn 88 aCE e e Ot (Vs b oh et TR 0 11 e
vol tage) for tbsmgsgggEkger F12.i 5 $8bwedudl ch@mbie REWeheSuRRhLt\ald age 5

IS

EHDD for the :yar rive. Thus, in the present enbodinent, only a | ow

torque is requpkedatq partaemyalhead wabaad 1oper atinomIiG.AeGordingly, if E
S EHDD t he power supply voltage for the VCM driver 172 is set at EHpD. This

al so serves tovbedHge Eheapewesiatl@dcensnpt itempducituget ITg head unl dad
operation. Wen
15 -« n) indicates a power supply voltage for the VCM
driver 172 required for a head unload operation if the
environmental temperature T of the hard disk drive is
Ti.1 < T £ T;. The range of temperature indicated by
Ti{-.1 < T £ Ty is denoted by TRj. Tj-1 where i = 1,
20 that is, Tg, indicates a lower limit temperature
ensuring the operation of the hard disk drive.
Ty where i = n, that is, Tp, indicates an upper limit
temperature ensuring the operation of the hard disk
drive. 1In the present embodiment, if the temperature
25 T is lower than Tp, the CPU 18 treats the temperature
T as Tp. If the temperature T is higher than Tp,

the CPU 18 treats the temperature T as Tp.



.the head unl oad operation for Ei S EHDD is conpleted (step S10), the CPU 18
executes step S13 to finish the head unl oad control. However, since the

vol tage section signal VS maintains |ogical "0", step S13 is 15 not
necessarily required. [Mdification] Now, a nodification of the above
enbodi nent will be described. In the above enbodi nent, the CPU 18

determ nes the power supply voltage Ei_fagr, the VCM 20 driver 172 in
accordance with the tenperature range TRi (i =1, 2, ~~~n) to which the
tenperature T of the hard disk drive neasured at the start of a head unl oad

operation bel ongs. The Ei .denotes the r v e VI 4

vol tage) for the VC;\LJnh&r iv\?é‘r %%Sv%hi%‘nr %% i's tfegkg}lj%l?aetdﬂébéya%he&%&?/fg’gt o]
generate a tor . _r equi_f f t liead Qpepal | i dhidy t he
tenperature ra(ralég %%lﬂtalg% t&ﬁéﬁ etlgomér%?ﬁ\%?tde{ge Ei - Lg% ﬂrsé%hpi; gher than

the power supply valtage BHRR for de hard miak o dder &Rl causes
the voltage booster 174 to boost the voltage EHDD to the voltage Ei. During

the head unl oad soR@RAlHR firigh ak8 gausies, prhdia s hagke setasddr 175 to
sel ect the output voltage Eg (= EiI) of the voltage booster |74 as the power

supply vel tage the t@irduke TVCMefanay otV fBness Ky rdes Ithiendhefdbunt foad
control according to the present enbodi nent, the power supply voltage Ep 10
for the VCM drifrdictiad ieetswicre ede betbneedd mi tihe ectwgesr i ¥ aedr dance
with the tenperature range TR to which the tenperature T of the hard disk
drive bel ongs. tHeuganm ltthe dboy&enodigrentith itthe fRigesmieite Adiciently
prevent an increase in the 15 power consunption of the VCMdriver 172
during a head JmcEFEEE sEFe o VHTTYY MHith A IRPIHE tTRRFFEYEFred for

t he head unl oad operation. However, in the émdifi ation of the abovcg

enbodi ment, t h&hgdwerS s iR - FT4ade EFERGES H JFHR T VR UAY 22}

switched in accordance with the difference between. t he tenper e T of the
hard di sR dri ve ot G5t etierﬁttl}f ehpdt AU TR WA n%%ﬁﬁgé EHDD Her e,

th I | 1. E t : t
Spgcﬁ?;lvce:gl f;?pip%é%/%é}ﬁ%%érpaa%%ﬁ?ez%wasrée ulaﬁlé)étl ofacglre %éhv\%dt ano?%e
tenperature Tk’ogerl'galtrle rir?émE%eér’T%/cg £ teh {TRY \R@bl?efﬁe@feéé@n?o' tage El.

Q herwi se, the sup power e set at - 26 the voltage EHDD To

acconpl i sh t hi genihs-Maltage thoast ed’héwﬂofc?ué?ol“[aﬂ] ot @6l £&d afyayshboost the
voltage EHDD to the voltage E1. In this case, the CPU 18 need not control

the vol tage boosi=er uhidbdbideidei ol iBgend canteodtsign®| VE ddhosed
sinplifies the head unl oad control. However, the prevention of an increase
i n powerL5consunmt iy dur iTee avdiesyent patb opezclt | vempecatdiagl{oishe
modi fication is |less effective than that according to of the above
enbodi ment. Theletermined by a driving current (VCM driving current)
Iycmi to be supplied to the voice coil 150 of the VCM
15. The IycMmi is a driving current required for the
VCM 15 to generate a torque TycMmi indicated by Tyni -
20 Accordingly, with reference to the voltage table 190
in accordance with the environmental temperature of
the hard disk drive, the CPU 18 can determine a power
supply voltage (driving voltage) for the VCM driver
172 which is suitable for the temperature range TRj
25 to which the temperature T belongs. The voltage Ej
enables the VCM 15 to generate a torque Tyyji required

for a head unload operation within the temperature



. 10 flowchart in FIG 4 shows a procedure of controlling a head unl oad
operation according to the nodification. In this nodification, the voltage
table 190, shown in FIG 2, is not required. The CPU 18 nmay activate the
vol t age booster 174 only during a head unload 15 operation. Alternatively,
the CPU 18 may activate the voltage booster 174 only during the head unl oad
operation and if the tenperature T is_qugl to or lower than the
tenperature Tk. Alternatively, during a héad unl oad operation, 20 the
suppl i ed power Ep may al ways be set at the voltage El1 regardl ess of the
tenperature T of the_ hard disk drjve., Thi nf.Lgurati an further
sinplify the hﬁﬁﬂg%nTgédQEOﬂﬁ?Sﬁ.kpﬁméggPérgﬁ%r%ogf?é%?gggén i s not
expected to be effe@%‘!ﬁlbg EE§V§§58@9 @B.bagﬁggsﬁﬁéérgﬂgh@etmgmer

e héad unloa rthe [

consunption during operati on. r, Tk and El1 vary

with hard disk,df] 1 ¥O aphe PBYpBeadsed whi gharehai Rerfice - 27
and E1 and whi ¢ i%%??%%g%ﬁdég?gg?hegvoltagg tgble 90" In this cagg, the CPU

18 nust use the vol fagerrenyenl cakgeat Y%Eﬁ? hAst eHet vbheayel Fage theost er
174 to boost th& power supply vol tage EH o the voltage EI, shown 5 in

the vol tgge tabbetaht theibandodiskrdai.ve baswswaopowel ystpel woldlaigeges
EHDD and El, the voltage booster 174 is not required. In the description of
the above enbodi nBat, allbe phesebtquBvenki oands tappliced cua ranttarlgcgissk drive
10 (HDD) using a magnetic disk as a recording nedium However, the present
invention is appki eabhettopardiskedTive Usifrgratievordi g tiedionaud ff er ent
fromthe magnetic disk, for exanple, a magneto-optical disk drive using a
magnet o- opt i caFudiskndpVedi ¢edrenst IvaMisNeRe aPsk bgr vgd 2l Headhss
retracted (unloaded) to a_retract area away fromthe recordi ng surface of
the di sk. Addi VPéhaBcadtRAtadés -and nodifications will readily occur to

those skilled in the art. Therefore, t he .i_.nvent i inJdis..broad

aspectsiPs not Iinmi tIéldtg"@ ERETEIEC i % etvé%Htsage?n&a%relﬁr eqsde&ntsa O|"(/nedlﬁhr

enbodi nents sh and scri bed herein.  Accordi ngly, .vari JRdi;fd cations

may be nade mﬁ?ﬁ@utadeggFtFﬁ§qPF3n1PHé §8i&PNnoE%§%bﬁb S?E#ﬁé geﬁ%%al

inventive concept as 25 defined by the ndedge) ai nd},BeiEm

equi val ent s. %BNQS %HN? Fs%éﬁﬁlﬁED I%?@Q§HA d?gtg%?F%g'hgving a head

whi ch reads daggr%intttseqv ?t%e%‘%;rg?}n”%a%r face 16f i ndinsk It\}zﬁﬂdiﬁk drive
t he

conprising: 5 an actuator ich supports the head such that
Iyvem2 > IyeMz > > IycMn- Further, the voltages Ej
15 to Ep have a relationship Ej > Ep > E3z > =* > Ep.
The temperature sensor 20 is used to detect
(measure) the environmental temperature of the hard
disk drive. On the basis of the temperature detected
by the temperature sensor 20 and the voltage table
20 190, the CPU 18 determines a power supply voltage
for the driver IC 17 which is suitable for that
temperature. The CPU 18 outputs a voltage control
signal VC to the voltage booster 174, the signal
VC designating the voltage to be boosted to the
25 determined voltage.

The CPU 18 controls each section of the hard disk

drive in accordance with the control program stored in



.head is novable in a radial direction of the disk, the actuator having a
voi ce coil notor used as a driving source for the actuator; a voice coi
not or driver which supplies the 10 voice coil notor with a driving current
for driving the voice coil nmotor; and a driver driving unit configured to
drive, during a head unl oad operation, the voice coil notor driver by a
vol tage higher than that required for a ngp-head 15 unl oad operation, the
head unl oad operation using the actuator to retract the head to a retract
area away fromthe recording surface of the disk. 2. The disk drive

according 1o oLaLml . EUELes (COML 300 29 .2 Dredl g ginid,cond gur ed

to predict a tf . d f'or the“hea unlpéq operation; and a vol tage
determining uni conhiguced o datenmisnga (dr iving fuld aga dar drhe voi ce

coil notor mhichels rqulreg to allowthe vg{ce coil notor to 25 generate

the torque predighed By thenRr ¢dii¢liqeg snidcrand, wheRin udiesglid Maregdri vi ng
unit drives the voice coil notor dri'ver by a voltage higher than - 29

that required for 2xRaplkeadeuric@adrops at vl weijey BRIrioYY Idwg dedad' Whl oad
operation and if the voltage determ ned by the voltage determining unit is
hi gher than thengower asuwppltygeoltigge foar lided cdilsK'adYi veln FIG. 1,
well-known circuits are omitted which are required to
read and write data from and to the disk 11. As these
circuits, a disk controller, a read/write channel, and
a head amplifier circuit (head IC) are well known.

10 Now, with reference to the flowchart in FIG. 3,
description will be given of the control of an head
unload operation performed on the hard disk drive
shown in FIG. 1. The hard disk drive is assumed to be
in the second mode. In this mode, the disk 11 is

15 rotated by the SPM 13 at a predetermined rotation
speed. On this occasion, the head 12 floats over the
disk 11 while maintaining an almost fixed distance
from the disk 11. 1In this state, the CPU 18 is
assumed to switch from the second mode to the first

20 mode. Switching to the second mode is autonomously
carried out by the CPU 18 if a host has not provided
a read or write command for a specific period in the
second mode, in order to save the power consumption of
the hard disk drive. Further, if the host computer

25 has provided a certain power save command in the

second mode, the CPU 18 switches to the first mode in

response to this command.



5 3. The disk drive according to claim1, further conprising: a voltage
booster which boosts the power supply voltage for the disk drive; and a
vol t age sel ector which selects one of the power 10 supply voltage for the
di sk drive and the voltage boosted by the voltage booster as a power supply
voltage for the voice coil notor driver; and wherein the driver driving
unit includes a selector control unit whigh controls the voltage 15
selector, and the selector control unit controls the voltage selector so as
to select the voltage boosted by the voltage booster for the head unl oad

operation and to sehfcysﬁi(agqﬁsrﬁigpgigiggﬁéggg b glol %?ﬁggézgggg%%ﬁifor t he

non- head- unl oad oper-ation. ivé' accor

further conprising,a it %Hﬁcf%‘l'ﬁia(lgé;{gt%f? t@“éj-erﬁgg‘a P2 b&gg a speed

el ectronotive force voltage generat the voice coil notor _
detecting unit ygonfigy ad tQARLECT S DML SRt Of o dbea head) dysi ng tgg

head unl oad operation on the basis of the back el ectronptive force -

vol tage det ect et diritihal Wi tage noNHd©) Yo py did Vesn€pet § 04 yakk which
controls the voice coil nmotor driver such that the voice coil nobtor driver

suppl i es 5t he vamsamidn MuOmont iy attek ivéag B2 cts renparetehl£d toagrke the
novi ng speed of the head detected by the speed detecting unit equal to a
target speed. mn Te disk drli vestaage 31 ng Thee cdedindpefawiderisonpri si ng:
10 a predicting unit configured to predict a torque required for the head
unl oad oper at i srentard led/oint dgee detsrsi of nee wi tonohf igivedat bodet er mi ne a
driving voltage for the voice coil notor which is required to allow the
voi ce coil not Giont@ B deiersr®’q e fortpiel P etrad oy byhe heepded? cti ng
unit; from the disk 11. Thus, at the start of control of
10 a head unload operation, the CPU 18 moves the head 12
to the particular track. This makes it possible to
maintain a moving distance required to unload the head
12 on the ramp 16 at a fixed value. In this case,
the particular track is a track close to the ramp 16,
15 that is, a predetermined track closer to the outer
periphery of the disk 11.
Then, the CPU 18 detects the temperature T of the
hard disk drive on the basis of an output voltage from
the témperature sensor 20 (step S2). Then, the CPU 18
20 reads (determines), from the voltage table 190, the
voltage Ei corresponding to the temperature range TRj
(that is, Ti-17 < T £Tj) to which the temperature T
belongs (step S3). The CPU 18 compares the voltage Ej
with the power supply voltage Eypp for the hard disk
25 drive to determine whether or not Ei > Eypp (step S4).
If E{ > Eypp, the CPU 18 instructs the voltage booster

174 to boost the power supply voltage Eypp to the



and wherein the driver driving unit drives the voice coil notor driver by a
vol tage higher than that required for a non-head-unl oad operation only
during the head unl oad operation and if the voltage 20 determ ned by the
vol tage determ ning unit is higher than the power supply voltage for the

di sk drive. 6. The disk drive according to claim5, wherein: only during
the head unl oad operation and if the vol{age_determ ned by the voltage
determning unit is 25 higher than the power supply voltage for the disk
drive, the driver driving unit drives the voice coil notor driver by a high

voltage not |ower than_ th - d 1 I ) i he head
ynloadtoEerﬁti% ht?$eg%% @%??%gggbétgiﬁ%gggfgﬁgghégggf?géggﬁggél2?n?ng uﬁ?t
is'" no i gher, t han Lsk kve, th

voi ce co | “notbt S SeroT o Ry Rt et TR Bl F2ge ot ¢ he di sk

drive; and durjng fhecpon; h@gg?b'ain?ﬁgeoﬂ%é%é?”mahﬁoggwefhérbw@g uni t

drives the voice coll notor driver the power supply voltage for the disk
drive. 10 7. T@§p§1§kv91t¥§eaEﬁBPdtBQtﬁ@ ¢batgyb, Eyhereha tberugkt age

nmonitor is driven by the high vol'tage. 8. The disk drive according to claim
4, further Eypp boosted by the voltage booster 174 to the voltage
E;, that is, the voltage Ep, is applied to the back-
EMF-voltage monitor 173 as a power supply voltage
for the back-EMF-voltage monitor 173. Further, the
voltage Eg (Eg > Egpp) 1is applied to an input terminal
10 B of the voltage selector 175. The power supply
voltage Eypp is applied to an input terminal A of the
voltage selector 175.
When the determination is made in step S4, the
CPU 18 has instructed the voltage selector 175 to
15 select the power supply voltage Eypp, applied to the
input terminal A. The voltage selection signal VS for
logical "0" is used for this instruction. If it is
determined in step S4 that E; > Egpp as in the case of
the above example, the CPU 18 executes step S5 and
20 then proceeds to step S6. In step S6, the CPU 18
switches the voltage selection signal VS to logical
"1". That is, the CPU 18 instructs the voltage
selector 175 to select the voltage Eg (= Ej), applied
by the voltage booster 174 to the input terminal B.
25 The voltage selector 175 selects the voltage Ep
in accordance with the instruction from the CPU 18.

The voltage Ep, selected by the voltage selector 175,



conprising: a voltage booster which boosts the power supply 15 voltage for
the disk drive; and a voltage sel ector which selects one of the power
supply voltage for the disk drive and the voltage boosted by the voltage
booster as a power supply voltage for the voice coil notor driver; 20 and
wherein the driver driving unit includes a selector control unit which
controls the voltage selector, and the_selgctor control unit controls the
vol tage selector so as to select the voltage boosted by the voltage booster
for the head unl oad operation 25 and to select the power supply voltage for

the disk drive for thf.n n-hegg-ugé ag 0 eraﬁ' n. 9. The disk d&ive
according to clafnfi? hﬁgrg?n €. g Fﬁ§e§o ?ggésnﬁnPPHFriquPiyén by the
hi gh | t .10, di . dr ] i t | aj f . i sing:
e et og unl e eair (FSBLRYSBLEREE R Pahe BhY, o HERVRE, SPZR Loug®

unl oad operati0@¢u§pdﬁﬁevg&&aggiQEEEEHEHEQQdEEEEnCBSfkﬁ%rggwbg @%%%ﬁ hge a

driving voltage for the vorce coil notor which s required to al

voi ce coil nptogoigaggnggaQQ_Ege=tgggyeWQEQQiggeqiexegh@hghe@h%g_ng unit;
10 and wherein the drfiver driving uhit includes a boost control “unit

configuresl to conttpisthennel]age ngst EEDDQI’\@hbhechoairtiv@intlﬂ@ igni t
controls the voltage booster such that the voltage booster boosts the power
supply vol tage &oivehebdi skedpowert suppey voltage Ep (= Eg = E4),
which is higher than Eypp. Here, E; denotes the power
supply vcltage (driving voltage) for the VCM driver
172 which is determined on the basis of the torque
10 TUNi required for a head unload operation at the
current temperature T. Driven by the voltage Ej,
the VCM driver 172 can output a VCM current Iycmi
required by the VCM 15 to generate a torque TycMmi
indicated by Tyni
15 Then, the CPU 18 outputs a predetermined initial
manipulated variable MVycgym to the VCM driver 172 (step
S7). The initial manipulated variable MVycym indicates
the initial VCM current Iycym required to move the
actuator 14 at a target speed in order to unload the
20 head. If Ei > Eypp, the VCM driver 172 is driven by
the power supply voltage Ep (= Eg = Ej), Which is
higher than Eygpp. Consequently, the VCM driver 172
can supply the VCM current Iycym to the voice coil 150
of the VCM 15 even if the VCM current Iycy determined
25 by the manipulated variable MVycy from the CPU 18 is

larger than that used during a seek operation. 1In

other words, in the present embodiment, for a head



15 vol tage determned by the voltage determining unit. 11. The disk drive
according to claim 10, wherein: only during the head unl oad operation and
if the voltage determ ned by the voltage determning unit is 20 higher than
t he power supply voltage for the disk drive, the driver driving unit drives
the voice coil notor driver by a high voltage not | ower than the determ ned
vol tage; even during the head unload opepkatian, if the 25 voltage

determ ned by the voltage determning unit is not higher than the power
supply voltage for the disk drive, the voice coil notor driver is driven by

the - 33 po%édfﬁgggﬁﬁﬂ%t §9etf18rtgmﬁeg%§hrgr&‘v%£ ad cdur E%r%l% head

unl oad operati on, river driving un rives the voice coil tor

driver by the powet SHRRhY:Matt AageqbAr rhkeadiskidbpueatldn The disk drive
according to claim8, further conprising: a tenperature sensor which

detects an enviegumeatal thenperatves ebrhlie dhskpdr g@eranddawa@mati ng
unit which conpares a tenperature 10 detected by the tenperature sensor

when the head UHhﬁ?ﬂnQDEh@t Hepibys srachedycw 1B.a makevence 5t erpeeat ur e,
and wherein: only for the head unl oad operation and if the 15 tenperature
detect ed5by t hehteapenatureldensdngdobs NOM exceedtt N§cief euppdaed
tenperature, the selector control unit controls the voltage sel ector so as
to select the byl thgeVBHodravebylVRe vBhtigagetbosdst er headennfloac he head
unl oad operation, if the 20 tenperature detected by the tenperature sensor
exceeds the rePBPEAEeORenperature, the selector control unit controls the
vol tage selector so _as to select the power supply_voltage for the disk

drive; and for the RBR- RE&HENFGYGLEFELaMOSA FOthe 'Seisc Cdivas ohtrol unit
control s the volLLage, sel 8h01, 90032249 BS' 8, L8, BRICLAWRRLY pio! tage for
10 the voltage booster 174. Thus, even if the terminal
voltage (VCM terminal voltage) EycMm, generated between
the terminals of the voice coil 150, included in the
VCM 15, increases above Eypp, the back-EMF-voltage
monitor 173 can correctly detects Eycm. If the VCM
15 driver 172 is driven by the power supply voltage Ep (=
Eg = E{), which is higher than Eypp, the VCM terminal
voltage Eycym 1s likely to be higher than the power
supply voltage Epypp for the hard disk drive. Thus, if
Eypp (Eygpp < Eg) is applied to the back-EMF-voltage
20 monitor 173 as a power supply voltage for the monitor
173, it is difficult for the back-EMF-voltage monitor
173 to correctly detect the VCM terminal voltage Eycpym-.
The back-EMF-voltage AE, generated by the voice coil
150, cannot be directly detected. Thus, the back-EMF-
25 voltage monitor 173 detects the VCM terminal voltage

EycM and calculates the back-EMF-voltage AE from

the voltage Eycym in accordance with equation (95),



.13. The disk drive according to claim8, further - 34 conprising: a

t enperature sensor which detects an environnental tenperature of the disk
drive; a voltage table which associates the environs nental tenperature of
the disk drive with a driving voltage for the voice coil nmotor which is
required to allow the voice coil notor to generate a torque required for

t he head unl oad operation at the envirgnn?gtaL tenperature; and 10 a
voltage determ ning unit configured to deferm ne, using the voltage table,
a driving voltage associated with the tenperature detected by the

t t when the h I ti [ t d; 15 and

wher o1 n the. dr IR B Ung AT L 19101 UgR B Bobsth 8oty brE ik 1o EB P gur ed to
trol th | t age. b - b I It It h

Vol 1age boost of ALRISh Rt VA1t ROckter baest e bhaToorer &bpl y

vol tage for theyg! skrdi Vet ot e 20, ol tage daires Hned diye 198 weld age

determning unit. 14. e disk drive according to claim 13, wherein: only

during the headagnljead QRer atd,arand dd) e vl tage-detremubned by 1he
voltage determning unit is 25 higher than the power supply voltage for the

di sk driwe, the boosthgamty ol g unkidsopheobsckheMyolbagaegbodst er such that

t he vol tage booster boosts the power - 35 supply voltage for the disk
drive to the deiefménmectamlbagehe andykfoMFthel begd mohbadropesaf svapand i f
the voltage determi ned by the voltage determning unit is 5 higher than the
power supply vdglage ferdime alf skhelrbaek-EHE-gel tegeor Adbnits ctawmigd control s
the voltage selector so as to select the voltage boosted by the voltage
booster:; even fquttaﬁa¢ﬁﬁmﬂaﬁﬂ%ﬁmpbb@@ainbﬁ¥vﬁgstﬁ@tib Goet Ageddet er m ned
by the voltage determning unit is not higher than the power supply voltage
for the disk drqﬂkﬁaqr@P%%ﬁ%%@%rl%oﬁ?mBlegﬁﬁt cBﬁtPBh%rtH%rgértggé sel ect or

S0 as i Olosel eCtCEELPelE?OcX\ee{ecsggptlzge VgéélgggM{“(—){/oipgggi 3‘% dall’t'i VFégL?féjr

sampling intervals. The back-EMF-voltage AE depends.
on the speed of the VCM 15. The speed of the VCM 15
corresponds to the speed of the actuator 14 (that is,
the speed at which the head 12, supported by the

15 actuator 14, is moved), which is driven by the VCM 15.
Thus, the CPU 18 detects the speed (actual speed) of
the actuator 14 on the basis of the back—EMF—voltage
AE (step S9).

Then, the CPU 18 determines whether or not the

20 head unload operation has been completed (step S10).
The hard disk drive in FIG. 1 employs a well-known
configuration in which once the head 16 reaches a
predetermined position on the ramp 16, the actuator 14
is locked by a stopper. With this configuration, even

25 though the VCM driver 172 is supplying a VCM current
to the VCM 15, the movement of the actuator 14 is

forcibly stopped once the head 12 reaches the



.15 t'he selector control unit controls the voltage selector so as to sel ect
t he power supply voltage for the disk drive, for the non-head-unl oad
operation. 15. A nethod for controlling a head unl oad operation, the nethod
being applied to a disk drive 20 having a head which reads data witten on
a recording surface of a disk, the head unl oad operation retracting the
head to a retract area away fromthe recoggling surface of the disk, the

met hod conprising: detecting a back el ectronotive force voltage at 25
predeterm ned sanpling intervals during the head unload operation, the back

el ectronotive f g; CE VOt a{%qj élQ-_ g&pe&@t@rge by, &, VP4 ce Hphd ntogteIghe

voi ce coil not or I’I Vi ng source Tor an act uat or, the

act uat or supporéﬂmg ddelftgdlés%éﬂﬁnéé‘efmdttﬁé ADYEDL &1 BBy adi al

direction of the dls cting a noving speed of the head on the basis 5

of the detectedhack Vﬁleea%rxor&tw@; foicenvohtagenasondd@hddingné he voice
coil notor driver such that the voice coil notor driver supplies a driving

current to the praide GOlInd®tESs it hen diih Vg €atip €né, Stippti ed, to the voice

coil notor being required to make the 10 detected novi ng speed of the head

equal to% targetether or not the head unload operation has been
completed.

If the CPU 18 determines that the head unload
operation has not been completed, it calcﬁlates the
manipulated variable MVycm in accordance with the

10 difference between the calculated actual speed and the
target speed (step S11). The manipulated variable
MVycM indicates the VCM current Iycy required to make
the speed of the actuator 14 equal to the target
speed. The CPU 18 outputs the calculated manipulated

15 variable MVycMm to the VCM driver 172 (step S12).

The VCM driver 172 supplies the voice coil 150 of the
VCM 150 with the VCM current Iycy determined by the
manipulated variable MVycym output by the CPU 19.

This continues the head unload operation.

20 The CPU 18 repeats steps S8 to S12 at regular
intervals until the head 12 is retracted to the
predetermined position on the ramp 16. Once the head
12 is retracted to the predetermined position on the
ramp 16, the CPU 18 determines that the head unload

25 operation has been completed (step S10). In this

case, the CPU 18 instructs the voltage selector 175 to

select the power supply voltage Eypp, applied to the



. speed; and driving the voice coil notor driver by a voltage higher during

t he head unl oad operation than during a non-head-unl oad operati on.
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driver 172 from Eypp to Eg, which is higher than Eypp.

That is, in the present embodiment, the higher torque
is obtained without changing the design of the VCM 15.
15 Thus, 1f the actuator 14 must be driven to perform
an operation other than the head unload, for example,
a seek operation, the VCM driver 172 has only to
provide less VCM current to the VCM 15. This makes
it possible to prevent an increase in the power
20 consumption of the VCM driver 172 or heating of the
VCM driver 172 during the seek operation.
Now, description will be given of an operation
performed if E{ > Egpp is not established, that is, if
Ei < Eypp- If E{ < Eygpp (step S4), the CPU 18 skips
25 steps S5 and S6 to shift to step S7. The subsequent
operations are similar to those performed if Eji > Eypp

as described above. However, the voltage selection
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" 10%& () - signal VS, output by the CPU 18 to the VCM driver 172,
remains in the state of logical "0". 1In this case,
the power supply voltage (driving voltage) for the VCM
driver 172 is set equal to the power supply voltage

5 Egpp for the hard disk drive. Thus, in the present

embodiment, only a low torque is required to perform
a head unload operation. Accordingly, if E;i £ Epypp,
the power supply voltage for the VCM driver 172 is
set at Eypp. This also serves to reduce the power

10 consumption during the head unload operation. When
the head unload operation for Ei £ Eypp is completed
(step S10), the CPU 18 executes step S13 to finish
the head unload control. However, since the voltage
section signal VS maintains logical "0", step S13 is

15 not necessarily required.
[Modification]

Now, a modification of the above embodiment will

be described. In the above embodiment, the CPU 18
determines the power supply voltage Ej for the VCM

20 driver 172 in accordance with the temperature range
TR;y (i =1, 2, -~ n) to which the temperature T of the
hard disk drive measured at the start of a head unload
operation belongs. The E; denotes the power supply
voltage (driving voltage) for the VCM driver 172 which

25 is réquired by the VCM 15 to generate a torque TUN;
required for the head unload operation within the

temperature range TRy. If the determined voltage Ej
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174 to boost the voltage Eypp to the voltage E;j.
During the head unload operation, the CPU 18 causes
5 the voltage selector 175 to select the output voltage
Eg (= Ei) of the voltage booster 174 as the power
supply voltage Ep for the VCM driver 172.
Thus, during the head unload control according to
the present embodiment, the power supply voltage Ep
10 for the VCM driver 172 is switched between multiple
stages in accordance with the temperature range TRj
to which the temperature T of the hard disk drive
belongs. Thus, in the above embodiment, it is
possible to efficiently prevent an increase in the
15 power consumption of the VCM driver 172 during a head
unload operation while maintaining the torque required
for the head unload operation.
However, in the modification of the above
embodiment, the power supply voltage Ep for the VCM
20 driver 172 is switched in accordance with the
difference between the temperature T of the hard disk
drive and the upper limit temperature Ty at which Ej >
Eypp. Here, the power supply voltage Ep may be set at
the voltage Eq or Eypp. Specifically, if the tempera-
25 ture T is equal to or lower than the temperature Ty,

the power supply voltage Ep may be set at the voltage

E1. Otherwise, the supplied power Ep may be set at
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the voltage Egpp. To accomplish this, the voltage
booster 174 is configured to always boost the voltage
Eypp to the voltage E1. In this case, the CPU 18 need
not control the voltage booster 174 using the voltage

5 control signal VC. This simplifies the head unload
control. However, the prevention of an increase in
power consumption during a head unload operation
according to the modification is less effective than
that according to of the above embodiment. The

10 flowchart in FIG. 4 shows a procedure of controlling
a head unload operation according to the modification.
In this modification, the voltage table 190, shown
in FIG. 2, is not required. The CPU 18 may activate
the voltage booster 174 only during a head unload

15 operation. Alternatively, the CPU 18 may activate
the voltage booster 174 only during the head unload
operation and if the temperature T is equal to or
lower than the temperature Tk.

Alternatively, during a head unload operation,

20 the supplied power Ep may always be set at the voltage
Eq1 regardless of the temperature T of the hard disk
drive. This configuration can further simplify the
head unload control. However, the configuration is
not expected to be effective in preventing an increase

25 in the power consumption during the head unload
operation. Further, if Ty and Eq vary with hard disk

drives, a voltage table may be used which retains Ty
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In this case, the CPU 18 must use the voltage control
signal VC to instruct the voltage booster 174 to boost
the power supply voltage Eypp to the voltage Ej, shown
5 in the voltage table. If the hard disk drive has two
power supply voltages Eypp and Ej, the voltage booster
174 is not required.
In the description of the above embodiment, the
present invention is applied to a hard disk drive
10 (HDD) using a magnetic disk as a recording medium.
However, the present invention is applicable to a disk
drive using a recording medium different from the
magnetic disk, for example, a magneto-optical disk
drive using a magneto-optical disk, provided that in
15 the disk drive, the head is retracted (unloaded) to
a retract area away from the recording surface of the
disk.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
20 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

25 defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk drive having a head which reads data
written on a recording surface of a disk, the disk
drive comprising:

5 an actuator which supports the head such that the
head is movable in a radial direction of the disk, the
actuator having a voice coil motor used as a driving
source for the actuator;

a voice coil motor driver which supplies the

10 - voice coil motor with a driving current for driving
the voice coil motor; and

a driver driving unit configured to drive, during
a head unload operation, the voice coil motor driver
by a voltage higher than that required for a non-head-

15 unload operation, the head unload operation using the
actuator to retract the head to a retract area away
from the recording surface of the disk.

2. The disk drive according to claim 1, further
comprising:

20 a predicting unit configured to predict a torque
required for the head unload operation; and

a voltage determining unit configured to
determine a driving voltage for the voice coil motor
which is required to allow the voice coil motor to

25 generate the torgue predicted by the predicting unit;
and wherein the driver driving unit drives

the voice coil motor driver by a voltage higher than
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a voltage booster which boosts the power supply
voltage for the disk drive; and

a voltage selector which selects one of the power

10 supply voltage for the disk drive and the voltage
boosted by the voltage booster as a power supply
voltage for the voice coil motor driver;

and wherein the driver driving unit includes
a selector control unit which controls the voltage

15 selector, and the selector control unit controls the
voltage selector so as to select the voltage boosted
by the voltage booster for the head unload operation
and to select the power supply voltage for the disk
drive for the non-head-unload operation.

20 4. The disk drive according to claim 1, further
comprising:

a voltage monitor configured to detect a back
electromotive force voltage generated by the voice
coil motor;

25 a speed detecting unit configured to detect

a moving speed of the head during the head unload

operation on the basis of the back electromotive force
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driver supplies the voice coil motor with a driving
5 current required to make the moving speed of the head
detected by the speed detecting unit equal to a target
speed.
5. The disk drive according to claim 4, further
comprising:
10 a predicting unit configured to predict a torque
required for the head unload operation; and
a voltage determining unit configured to
determine a driving voltage for the voice coil motor
which is required to allow the voice coil motor to
15 generate the torque -predicted by the predicting unit;
and wherein the driver driving unit drives
the voice coil motor driver by a voltage higher than
that required for a non-head-unload operation only
during the head unload operation and if the voltage
20 determined by the voltage determining unit is higher
than the power supply voltage for the disk drive.
6. The disk drive according to claim 5, wherein:
only during the head unload operation and if the
voltage determined by the voltage determining unit is
25 higher than the power supply voltage for the disk
drive, the driver driving unit drives the voice coil

motor driver by a high voltage not lower than the
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during the non-head-unload operation, the driver
driving unit drives the voice coil motor driver by the
power supply voltage for the disk drive.
10 7. The disk drive according to claim 6, wherein
the voltage monitor is driven by the high voltage.
8. The disk drive according to claim 4, further
comprising:
a voltage booster which boosts the power supply
15 voltage for the disk drive; and
a voltage selector which selects one of the power
supply voltage for the disk drive and the voltage
boosted by the voltage booster as a power supply
voltage for the voice coil motor driver;
20 and wherein the driver driving unit includes
a selector control unit which controls the voltage
selector, and the selector control unit controls the
voltage selector so as to select the voltage boosted
by the voltage booster for the head unload operation
25 and to select the power supply voltage for the disk
drive for the non-head-unload operation.

9. The disk drive according to claim 8, wherein
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comprising:
a predicting unit configured to predict a torque
5 required for the head unload operation; and
a voltage determining unit configured to
determine a driving voltage for the voice coil motor
which is required to allow the voice coil motor to
generate the torque predicted by the predicting unit;
10 and wherein the driver driving unit includes
a boost control unit configured to control the voltage
booster, and the boost control unit controls the
voltage booster such that the voltage booster boosts
the power supply voltage for the disk drive to the
15 voltage determined by the voltage determining unit.
11. The disk drive according to claim 10,
wherein:
only during the head unload operation and if the
voltage determined by the voltage determining unit is
20 higher than the power supply voltage for the disk
| drive, the driver driving unit drives the voice coil
motor driver by a high voltage not lower than the
determined voltage;
even during the head unload operation, if the
25 voltage determined by the voltage determining unit is
not higher than the power supply voltage for the disk

drive, the voice coil motor driver is driven by the
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power supply voltage for the disk drive; and
during the head unload operation, the driver
driving unit drives the voice coil motor driver by the
power supply voltage for the disk drive.
5 12. The disk drive according to claim 8, further
comprising:
a temperature sensor which detects an
environmental temperature of the disk drive; and
a comparing unit which compares a temperature
10 detected by the temperature sensor when the head
unload operation is started, with a reference
temperature;
and wherein:
only for the head unload operation and if the
15 temperature detected by the temperature sensor does
not exceed the reference temperature, the selector
control unit controls the voltage selector so as to
select the voltage boosted by the voltage booster;
even for the head unload operation, if the
20 temperature detected by the temperature sensor exceeds
the reference temperature, the selector control unit
controls the voltage selector so as to select the
power supply voltage for the disk drive; and
for the non-head-unload operation, the selector
25 control unit controls the voltage selector so as to

select the power supply voltage for the disk drive.

13. The disk drive according to claim 8, further
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environmental temperature of the disk drive;
a voltage table which associates the environ-
5 mental temperature of the disk drive with a driving
voltage for the voice coil motor whiéh is required
to allow the voice coil motor to generate a torque
required for the head unload operation at the
environmental temperature; and

10 a voltage determining unit configured to
determine, using the voltage table, a driving voltage
associated with the temperature detected by the
temperature sensor when the head unload operation is
started;

15 and wherein the driver driving unit includes a
boost control unit configured to control the voltage
booster, and the boost control unit controls the
voltage booster such that the voltage booster boosts
the power supply voltage for the disk drive to the

20 voltage determined by the voltage determining unit.

14. The disk drive according to claim 13,
wherein:

only during the head unload operation and if the
voltage determined by the voltage determining unit is

25 higher than the power supply voltage for the disk
drive, the boost control unit controls the voltage

booster such that the voltage booster boosts the power
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only for the head unload operation and if the
voltage determined by the voltage determining unit is
higher than the power supply voltage for the disk
drive, the selector control unit controls the voltage
selector so as to select the voltage boosted by the
voltage booster;

even for the head unload operation, if the
voltage determined by the voltage determining unit is
not higher than the power supply voltage for the disk
drive, the selector control unit controls the voltage
selector so as to select the power supply voltage for
the disk drive; and

the selector control unit controls the voltage
selector so as to select the power supply voltage for
the disk drive, for the non-head-unload operation.

15. A method for contrclling a head unload
operation, the method being applied to a disk drive
having a head which reads data written on a recording
surface of a disk, the head unload operation
retracting the head to a retract area away from the
recording surface of the disk, the method comprising:

detecting a back electromotive force voltage at
predetermined sampling intervals during the head
unload operation, the back electromotive force voltage

being generated by a voice coil motor, the voice coil
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motor being a driving source for an actuator, the
actuator supporting the head such that the head is
movable in a radial direction of the disk;

detecting a moving speed of the head on the basis
of the detected back electromotive force voltage;

controlling the voice coil motor driver such that
the voice coil motor driver supplies a driving current
to the voice coil motor, the driving current supplied
to the voice coil motor being required to make the
detected moving speed of the head equal to a target
speed; and

driving the voice coil motor driver by a voltage
higher during the head unload operation than during a

non-head-unload operation.



