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notor, such as a spindle nDtoBAcK@RogN@r@@SQQEbXNWQgT&@NIomﬁng equati on:
5 This invention relates to a disk drive including
a spindle motor that rotates a disk and a voice coil
motor that acts as a driving source for a head
actuator. More particularly, this invéntion relates
to a method of and an apparatus for driving a spindle

10 motor and a voice coil motor in a disk drive.

.One known typical disk drive that reads the
information recdrded on a disk serving as a recording
mediﬁm by means of a head is a hard disk drivé (or
magnetic disk drive). The hard disk drive uses two

15 types of mofor: a spindle motor and a voice coil
motor. The spindle motor is a brushless direct-
current motor that rotates the disk. The voice coil
motor is a driving source for a head_actuator that
moves the head along the radius of the disk.

20 A voltage E necessary to drive a brushless
direct-current motor, such as a spindle motor, is
expressed by fhe following equation: |

E=Ee+ I X R (1)

In equation (1), Ee is a voltage - (hereinafter,

25 referred to as a back EMF voltage) that corresponds to
a back electromotive force (back EMF) generated in the

motor coil as a result of the rotation of the motor.



_E=Ee +1 XR (1) In equation (1), Ee is a voltage (hereinafter, 25
"refefred to as a back EMF voltage) that corresponds to a.back_
el ectronotive force (back EMF) generated in the notor coil as a result of

the rotation of the motor. Tt - 2 The back EMF voltage Ee is proportional

to the torque constant and the rotational speed. | is the current flow ng
through the nmotor €oil. Ris the sumof the resistance of the notor coi
and the resistancevof the 5 nmotor driver. The current | is proportional to

the driving torque of the notor. Therefore, for exanple, when the notor
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reason, the driving voltage of the notor 1s ‘designe

to allow a mar g1witrdKi e Jus & N Atd NS § Nt chfcf&“fﬁ%a% cBTPrx%%"he

however, results in power loss in the 15 notor iver t rives

motor. Thus, wherstiRgardid \WMGHoliaas: afotheimtiae i Seslesi gned. oAl {,owi ng
for a margin, this causes the problem of increasing the power

consunpti 6n. Thir tprokiremenar t iThd andyrheconess piapddd a1 i o fink d
dynam cs bearing spindle notors 20 which are becomi ng increasingly popul ar
nowadays as spidrdivé ngpttonsiuesed itheharatadt sk T fordhefdeasiple,
when the motor load changes as a result of the change
of the ambient temperature, the current I fluctuates
accordingly. The torque constant and the coil
10 resistance vary because of the characteristics of the
motor. For this reason, the driving voltage of the
motor is designed to be higher than E to allow a
margin, taking those variations into account.
The margin, however, results in power loss in the
15 motor driver that drives the motor. Thus, when the
driving voltage of the motor is designed, allowing for
a margin, this causes the problem of increasing the
power consumption. This problem particularly becomes
significant in fluid dynamics bearing spindle motors
20 which are becoming increasingly popular nowadays as
spindle motors used in hard disk motors. The reason
is that, in a fluid dynamics bearing spindle motor,
the viscosity of fluid (e.g., o0il) increases with the
ambient temperature and therefore the load on the
25 motor fluctuates significantly. Obviously, a great

change in the motor load results in a large

fluctuation in the driving voltage E. Thus, it is



s that, in a fluid dynam cs bearing spindle notor, the viscosity of fluid
"(e.g’, o0il) increases with the .anbient tenperature and therefore the | oad
on the 25 notor fluctuates significantly. Qobviously, a great change in the
notor |oad results in a large fluctuation in the driving voltage E. Thus,
it is 3 necessary to allowa large margin for the notor driving voltage
actual Iy used, taking a fluctuation in theydriving voltage E into account.
Allowing a large margin for the motor driving voltage increases the 5
power loss in the notor driver accordingly. A technique for reducing the
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supply voltage) is changed by a power upp y uni pabl'e
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driver to drive the notor. The voltage 1Is varle according to t 2] |ncrease

or decrease in tiergild £a4F remé ﬁé@@tn@rihiﬁggboihgggniﬁérégbés ethis
vari abl e control, the di fference between the term nal voltage or Coi

t er mi nal \bol tagq)ovgrfrthﬁssmimrtla@motdslﬁ @lfi\féﬁga&@biégﬁaw m ni mzed, which
reduces the Jloss in the notor driver. 20 In a hard disk drive that rotates
the spindle nothrtethmigie speedredinei fiaqsties bbeenDlOssT Ohakesotbhe

driver has been disclosed in Jpn. Pat. Appln. KOKAI

Publication No. 4-208091. 1In the technique written in

the publication (hereinafter, referred to as the prior

10 art), the driving voltage (or supply voltage) is
changed by a power supply unit capable of changing the
voltage. The driving voltage is the voltage necessary
for the.motor driver to drive the motor. The voltage
is varied according to the increase or decrease in the

15 current flowing through the motor coil. By this
variable control, the difference between the terminal
voltage (or coil terminal voltage) of the motor and
the driving voltage is minimized, which reduces the
loss in the motor driver.

20 In a hard disk drive that rotates the spindle
motor at high speed, the faster the motor rotates, the
higher the driving voltage has to be. Moreover, to
drive, for example, a fluid dynamics bearing spindle
motor in a severe low-temperature environment, a large

25 driving torque is needed. 1In this case, a high
driving voltage is necessary to drive the spindle

motor. To meet this requirement, the following can be



_higher the driving voltage has to be. Mreover, to drive, for exanple, a
"ftui d dynanmics bearing spindle nmotor in a severe | ow-tenperature
environnment, a large 25 driving torque is needed. In this case, a high
driving voltage is necessary to drive the spindle notor. To neet this
requirement, the followng can be | i 4 considered: the voltage supplied
fromthe host using the hard disk drive ig stepped up by a voltage booster
and the boosted voltage is used to drive the spindle motor. The method of
boosting the voltage has the 5 advantage of being capable of mnimzing the

loss in” the molotShdyeqThed spsamde Lhalilal g Bgosbl e Lo boost The

vol tage to a val ue at east necessary Ive

steady rotation peedy & t he t i i t he boppsted, voltage. 10
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performed at high speed. The reason 1s that i gher "t Vi ng
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current to flow through the voice coil notor. Therefore, using a single
vol tage béost er advardragee dibtdeite cepaisiiee ot amid: 14te Mok CRy 681 | not or

makes it possible to realize the following two properties: one is that the
spindl e notor cdmebaotzt rdotiateed dthehimpasspeeis arhdthe Spi HdhEsIMEDE €8N be
boost the voltage to a value at least necessary to
drive the spindle motor at a steady rotational speed
and the motor is driven by the boosted voltage.

10 Another advantage of the method of boosting the
voltage is that a seek operation of moving the head to
the target track on the disk can be performed at high
speed. The reason is that the higher the driving
voltage, the faster the seek speed can be made by

15 causing a large current to flow through the voice coil
motor. Therefore, using a single voltage booster to
drive both the spindle motor and the voice coil motor
makes it possible to realize the following two
properties: one is that the spindle motor can be

20 rotated at high speed or the spindle motor can be
driven in a low temperature environment, and the other
is that a seek operation can be made faster by the
voice coil motor.

However, when the prior art is applied to reduce

25 the loss in the motor driver, a problem arises.
Specifically, when the supply voltage is varied

according to the voltage necessary to drive the
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g the spindle notor and the voice coil notor. According to

an aspect 50f thepreesentinium ent ia,to tdise i$ R dad-Bedethods ody dri ving
20 and a voice coil motor in a disk drive. This nethod

through the voice coil motor, the following problem
arises: since the actually used driving voltage
becomes larger than the voltage at least necessary to
drive the spindle motor, the power loss in the motor
driver becomes larger.

BRIEF SUMMARY OF THE INVENTION

An embodiment of the present invention may
provide a method of and an apparatus for driving a
spindle motor and a voice coil motor in a disk drive
which enable the power loss in a motor driver to be
reduced, while keeping the seek speed fast, in driving
the spindle motor and the voice coil motor.

According to an aspect of the present invention,
there is provided a method of driving a spindle motor
and a voice coil motor in a disk drive. This method
comprises setting a driving voltage applied to a motor
driver to a first driving voltage in a first mode (or
a high-speed séek mode) and setting the driving
voltage applied to the motor driver to a second
driving voltage lower than the first driving voltage
in a second_mode (or a high—efficienc& mode) . The

first mode is a mode in which priority is given to



conprises setting a driving voltage applied to a notor driver to a first
driving voltage in a first node (or a high-speed seek nbode) and setting
the driving voltage applied to the notor driver to a second 25 driving
voltage |ower than the first driving voltage in a second node (or a

hi gh-efficiency node). The first node is a node in which priority is given
to 6 making faster a seek operation of _.noyng a head to a target track on
the di sk. The second node is a node in which priority is given to reducing
the power loss in the nmotor driver. The notor driver drives both the 5

he motor i ver = AT TG bis Set SR VAR gt R R et ACHE B w11

the notor driver. onal obj s an vant'ages o n wilil
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fromthe 10 description, or may | earned ce o i nvention

The obj ects and jadvantages iofrithe id nyad ofb "RYabS S§athZed.@0d pbLai ned

by nmeans of the instrunentaliti'es and conbinations particularly pointed

out herei naf t er .i nl & 1RBRInfft JESLRIVEH ON B T SEVERAke VI BV, & J&E, DRAW NG

The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the spécificaigionld IMotsir ard ererbagi dendsi fimdther iviventtipn, and
together with the general description given above and the detailed 20
descri ption of td:tdvemtg)d)iqien_tgse Gipreni de | tow, tisemuet do driver.
Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
10 description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.’
15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illust-
rate embodiments of the invention, and together with
the general description given above and. the detailed
20 description of the embodiments given below, serve to
explain the principles of the invention.
FIG. 1 is a block diagram showing the
configuration of a hard disk drive according to
a first embodiment of the present invention;
.25 FIG. 2 is a flowchart to help explain the

operation of driving the motor in the first

embodiment;



explain the principles of the invention. FIG 1 is a block di agram show ng
the 'configuration of a hard disk drive according to a first enbodi nent of
the present invention; 25 FIG 2 is a flowhart to help explain the
operation of driving the notor in the first enbodinment; 7 FIG 3 is a
flowchart to help explain the node setting in the first enbodi nent; FIGS.
4A and 4B are flowcharts to help explain #Aodifications of the first

enbodi ment; 5 FIG 5 is a block diagramshowing the configuration of a
hard di sk drive according to a second enbodi nrent of the present invention;

n the second 10 ertad mont B & TR (TOMTHR (S HoLRET pr Rk Pers o
nodi fication of fhe ; %pqu qgk temdd & éﬁﬁs a bl ock di agram show ng

the configuration o a har |ve according to a 15 third enbodi nent

of the present inventiw. and Fided s acflauehars £o help explain the

operation of driving the notor in the third enbodi nent
DESCRI PTI ON OF TidailtNVENTLEN o230 dHer & inafdt embd8hiddd Ng to the acconpanyi ng

5 FIG. 5 is a block diagram showing the
configuration of a hard disk drive according to a
second embodiment of the present invention;

FIG. 6 is a flowchart.to help explain the
operation of driving the motor in the second
10 embodiment;
FIG. 7 ié a flowchart to help explain a
modificat.ion- of the second embodiment;
| FIG. 8 is a block diagram showing the
configuration of a hard disk drive according to a
15 third embodiment of the present invention; and
FIG. 9 is a flowchart to help explain the
operation of driving the motor in the third
embodiment.
DETAILED DESCRIPTION OF THE INVENTION
20 Hereinafter, referring to the accompanying
drawings, embodiments of a hard disk drive to which
the present invention is applied will.be explained.
[First Embodiment])
FIG. 1 is a block diagram showing the
?5 configuration of a hard disk drive acCording to a
first embodiment of the present invention. The supply

voltage for a hard disk drive (hereinafter, referred



~drawi ngs, enbodinents of a hard disk drive to which the present invention
"i's applied will be explained. [First Enbodinment] FIG 1 is a block diagram
showi ng the 25 configuration of a hard disk drive according to a first
enbodi nent of the present invention. The supply voltage for a hard disk
drive (hereinafter, referred - 8 to as an HDD) of FIG 1 is, for exanple,
5 V. The supply voltage Vcc of a host (not ghawn) using the HDD is used as
the supply voltage for the HDD. That is, the host supplies a supply
voltage Vcc of 5 V5 to the HDD. The 5-V supply voltage Vcc is applied to

a vol tage boost gr o? 11, I tgjgeFﬂgosi el 11f'o§ ?’t‘a@éﬁ}%c ly unit capable

of varying the v tage ecei Vi ng T he sup’pl y Vo om t he host,

Vol tage. EBOCST ot BT e Mag e Lot 64 é?gﬁﬁi@&f*?eu 69 by a cru
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booster 11 to a notor driver 12. The supp y tag c is also Supplied

fromthe host taHde kb MUOMSKE VeipdRiedhe Wiy v&if&ég@ Yee beom {he

host is used as the supply vol tage for the notor driver The not or
driver 125 ncludes tare $SBW ( spitiell &-od@sp 1 @riverade lvaadi a é/@@ié‘@' €8 coil

notor) driver 122. The SPM driver 121 drives a spindle notor
(hereinafter, referalethde lapsre’SPN). 13Thdheo MCGMye booster 11 is

a power supply unit capable of varying the voltage.
Receiving the supply voltage Vcc from the host,
the voltage booster 11 steps up (or converts) the

10 voltage Vcc to a voltage Epppgr of a voltage level
specified via a signal line 182 by a CPU 18 explained
later. The voltage EpppsT 1s supplied from the
volfage booster 11 to a motor driver 12. The supply
voltage Vcc is also supplied from the host to the

15 motor driver 12. The supply voltage Vcc from the host
is used as the supply voltage for the motof driver 12.

The motor driver 12 includes an SPM (spindle

motor) driver 121 and a VCM (voice coil motor)
driver 122. The SPM driver 121 drives a spindle motor

20 (hereinafter, referred to as an SPM) 13. The VCM
driver 122 drives a voice coil motor (hereinafter,
referred to as a VCM) 14. The voltage EpppsgT supplied
from the voltage booster 11 to the motor driver 12 is
used as a driving voltage necessary for the SPM driver

?5 121 and VCM driver 122 in the motor driver 12 to drive

the SPM 13 and VCM 14, respectively.

The SPM 13, which is a three-phase brushless



driver 122 drives a voice coil nmotor (hereinafter, referred to as a VCM
"14. The voltage EBOOST supplied fromthe voltage booster 11 to the notor
driver 12 is wused as a driving voltage necessary for the SPMdriver 25
121 and VCM driver 122 in the notor driver 12 to drive the SPM 13 and VCM
14, respectively. The SPM 13, which is a three-phase brushless - 9
direct-current notor, has three phase mator cails. The three phases are
generally expressed as U, V, W One end of each of the three phase notor
coils is connected together. In the SPM 13, the termnal to 5 which one

d of h of iJ-S d i f - term na
end of each o %%Qe% Cﬁlr‘r’%r&ﬁ%ﬁs hs sotgﬁafﬁ ﬂﬁaéﬁ REESH L9i B,

COM The term s of the ot ree phase notor ~coils are

referred to as g/dTimalee Whabe ANGd-MNged i Yesdhe SPMy13;ropates a
di sk 15 serving as 10 a relécgrdei ng redi um . at %léé}ﬁé s%seed. The veM 14" for ns

a driving sour cerfdlerd ICteddiolo fl A ath SR A Se andiesd dbi1dhes VCM 14
drives the actuator 17, thereby noving the head 16 along the radius of the

di sk 15. On t he geewdtiowy tawdtana of Irhecihd SeM53,2a tHS pduhiahal yt®f servo
areas (not shown) are arranged radially along the radius of the disk 15
and di scbet el y wati aregulearerichtodt v ch iaf tiree cdoicef es esindctedrection. In
each servo area, servo data is recorded. The servo data is used to nove
the head to 20 ttegetdegetls rederyed] gosiad drenmiendledtON n dllspeci fic

terminals of the other ends of the three phase motor
coils are referred to as terminals U, V, and W,
respectively. The SPM 13 rotates a disk 15 serving as
10 a recording medium, at high speed. The VCM 14 forms
a driving source for an actuator 17 that supports
a head 16. The VCM 14 drives the actuator 17, thereby
moving the head 16 along the radius of the disk 15.
On the recording surface of the disk 15, a
15 plurality of servo areas (not shown) are arranged
radially along the radius of the disk 15 and
discretely at regular intervals in the circumferential
direction. 1In each servo area, servo data is
recorded. The servo data is used to move the head to
20 the target track and position the head in a specific
range of the target track. The servo data includes
a servo mark, a track code (or cylinder number), and
a burst signal. The servo mark in the servo data is
a unique pattern for identifying the servo data.
?5 The track code and burst signal are used as positioh
informétion for positioning the head 16 in the target

range of the target track. More specifically, the



range of the target track. The servo data includes a servo mark, a track
"code’' (or cylinder nunber), and a burst signal. The servo mark in the servo

data is a unique pattern for identifying the servo data. 25 The track
and burst signal are used as position information for positioning the
16 in the target range of the target track. Mre specifically, the 10
track code indicates a track (or cylinder);®n which the correspondi ng
servo area is located. In the HDD, seek control is perforned in which

head 16 is noved to the target track on the basis of the track 5 code.

code
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t he
The

burst signal indigages el ahie R G %aé}@f(‘?ﬂ"m&gjnlg,lrhdﬂ) RAP1 i O error)

about the head in the track on which the corresp ng servo area is

located. In thetHRID-c3fre@bos@RlCRRIrhe) dreaampliRatted ! I agki g oo ol
performed in which the head 16 i's 10 positioned in the target range of

is
t he

target track. TFhexheaatldl S saderamsaieceritised dtctrnlyeddriewdting (or

recodi ng) data onto the disk 15 but also for reading (reproducing) the

data recorded omotveel tdi shelSarblee wefarksmal It gwdid off rigedl Stgaal ) read
15 fromthe disk 15 by the head 16 is anplified by a read anplifier (not

shown). The anpkicdieed Teadbsirgrtals ligna lbiimediicedk oy ed ateiad wa 4 et idrannel

(not shown). The binarized signal is supplied to a servo controller 19.
The servo contréhnifermagigat dotrs poisd tsonvemak iabpaute 126 serad dattehd rom

the signal binarized by the read/wite '
track on which the corresponding servo area is

located. 1In the HDD, after seek control is completed,
tracking control is performed iﬁ'which the head 16 1is
10 positioned in the target range of the target track.
The head 16 is a transducer used not only for
writing (or recoding) data onto the disk 15 but also
for.reading (reproducing) the data recorded on the
disk 15. The very small signal (or read signal) read
15 from the disk 15 by the head 16 is amplified by a read
amplifier (not shown). The amplified read signal is
binarized by a read/write channel (not shown). The
binarized signal is supplied to a servo controller 19.
The servo controller 19 detects the servo mark in the
20 servo data from the signal binarized by the read/write
channel. The servo controller 19 also detects from
the binarized signal the position information (or
track code and burst signal) following the detected
servo mark. The position information detected by the
25 servo controller 19 is output to the CPU 18. The
servo controller 19 generates a pulse (hereinafter,

referred to as a servo mark detection pulse) SSP each



channel . The servo controller 19 also detects from the binarized signal
‘the position information (or track code and burst signal) follow ng the
detected servo mark. The position information detected by the 25 servo
controller 19 is output to the CPU 18. The .servo controller 19 generates.a
pul se (hereinafter, referred to as a servo mark detection pul se) SSP each
- 11 tine the servo mark is detected. The pulse SSP is wused as an
interrupt signal to the CPU 18. The CPU 18 includes a nonvolatile nenory,
such as a ROM 180. In the ROM 180, a control program 181 to 5 be executed

by the CPU 18 i gloned isd dvancs jteydddddiis g £qnirol l&p that

realizes the function described bel ow by executing the control program

181.  Speci ficallskg Bhe s.6PYLLR haptt ke Jnctionf @ajeciing the term nal
vol tage ESpM of the SPM 13. The térmnal 10 vol tage ESpM of the SPM 13 is

the voltage between eachcrof tded@nidRls déndb1lanth WNVidmd Pe, SEMHE 3, and

termnal COM The CPU 18 al so has the function of controlling the voltage
booster 11 via wheoss gal. | irfe thEBBRArA®@ Wi iy dontdRel ip¥gRage 181 desr ease
in the 15 term nal voltage ESpM of the SPM 13. By this control, the output
vol t age EBOOST bk ekecudletaty hhestCRU 1IB iis stardesd.inThedv@Red8 furt her has
the function of performng seek control to nove the head 16 to the target
track and trackiThg €&®t A6l icor lveoad neddian diialy 2k lciores dibe tuposidn on t he

head 16 in the target range .
described below by executing the control program 181.

Specifically, the CPU 18 has the function of detecting
the terminal voltage Egpy of the SPM 13. The terminal

10. voltage Egpmy of the SPM 13 is the voltage between each
of the terminals U, V, and W of the SPM 13 and
terminal COM. The CPU 18 also has the function of
controlling the voltage booster 11 via the signal line
182 according to the increase or decrease in the

15 terminal voltage Egpy of the SPM 13. By this control,
the output voltage EgppogT ©of the voltage booster 11 is
varied. The CPU 18 further has the function of
performing seek control to move the head 16 to the
target track and tracking control (or head positioning

20 control) to position the head 16 in the target range
of the target track. The CPU 18 starts a servo
interrupt process each time the servo controller 19
outputs a servo mark detection pulse SSP. 1In the
interrupt process, the CPU 18 determines a control

25 variable (or manipulated variable) necessary for seek
control or tracking control. The determined control -

variable is given to the VCM driver 122 in the motor



of the target track. The CPU 18 starts a servo interrupt process each tine
"the servo controller 19 outputs a servo nmark detection pulse SSP. In the
interrupt process, the CPU 18 determ nes a control 25 variable (or
mani pul at ed vari abl e) necessary for seek <control or tracking control. The
determ ned control variable is given to the VCMdriver 122 in the notor 12
driver 12. The supply voltage Vcc fromihehost is used as the supply
voltage for the CPU 18 and servo controller 19 as with the supply voltage
of the motor driver 12. 5 Next, the operation of driving the notor in the

HDD of FIG 1 wig,l: pl aipped r e in FIG 2. In
starting the H r(:)LfVQ I %)2'1, TIEt%o Sc%’[?slgj S{?er%&\ﬁt %—'act offllroeac hheéss elasdy

rotational speedguizgKlite RSV gﬁ§ﬁ%§q§xg i r e 10
foll ows. The CPU f8 gpeci?iesﬁg ?thage NMﬁﬁ{éﬁ%%§§?Fq'rf§%%dgvgﬁ%age) as

the vol tage | evebn@fchiheroubpuls ekt age ERGRST WA dhe signale lide 482 to
the voltage booster 11 (step S1). The voItageEENAXiigﬁhe na;?nun1 vol t age

to which the voldiragerbagster 11 can step up 15 the voltage. The voltage
booster 11 steps up the supply voltage Vcc supplied fromthe host to the
vol t age EBAX in respoiese,t ¢thehepersitriuat icoh di Memdythd heo @ 48. tHdat i s,
the voltage booster 11 sets the output voltage EBOOST of the voltage
booster 11 to t H®D 2@ V¥alGt.agewkll be explained by reference to a
flowchart in FIG. 2. 1In starting the HDD of FIG. 1,
to cause the SPM 13 to reach the steady rotational
speed quickly, the voltage booster 11 is controlled as
10 follows. The CPU 18 specifies a voltage EmMax (a first
driving voltage) as the voltage level of the output
voltage EpposT via the signal line 182 to the voltage
booéter 11 (step S1). The voltage Eypyx is the maximum
voltage to which the voltage booster 11 can step up
15 the voltage. The voltage booster 11 sfeps up the
supply voltage Vcc supplied from the host to the |
voltage Eymax in response to the instruction given by
the CPU 18. That is, the voltage booster ‘11 sets the
output voltage EgppgrT ©of the voltage booster 11 to the
20 voltage Eypx.

The output voltage EpppsT (= EMpx) of the voltage
booster 11 is supplied to the SPM driver 12 and VCM
driver 122 in the motor driver 12. The output voltage
EpoosT (= Emax) supplied from the voltage booster 11

25 is used as the driving voltage for the SPM driver 121
and VCM driver 122 to drive the SPM 13 and VCM 14,

respectively. Therefore, when the voltage EgoosT 1is



The out put vol tage EBOOST (= EMAX) of the voltage booster 11 is supplied
‘to the SPMdriver 12 and VCM driver 122 in the notor driver 12. The out put
vol tage EBOOST (= EMAX) supplied fromthe voltage booster 11 25 is used as
the driving voltage for the SPMdriver 121 and VCM driver 122 to drive the
SPM 13 and VCM 14, respectively. Therefore, when the voltage EBOOST is -
13 the maxi num vol tage EMAX (the first dnriving voltage) as in this
exanple, the notor driver 12 can swiftly drive the SPM 13 at a steady
rotational speed (step S2). 5 When the SPM 13 has reached the steady

rotational speefle hOSLORY 48 ¢ankr ol ! Nenkoldiane. baastiel, Lhiasqdjescr bed

beIOM/accordlng to, exanpl e eterm ne e |nstruct|on

given by the hogt. iBythikSeganbhal, . thiemkelt-age iFREOFD (c%rn e 4niyving 10
vol tage) supplied fromthe vol age booster 11 to the SPMdriver I21 and

VCM driver 122 gpj{Betnst gpmdniver al%tb%dwa&bQ@tlBE%ﬂes%kﬁxi“ﬂ nodes
determ ned by the instruction given by the host: a high-speed seek node

(a first node) asdep bpgh-efficiency node (a second 15 node). The

hi gh-efficiency node is a node in which priority is given to the reduction
of the power consunpheanthe SEM 16t trasdriessthel?.then dttemdy glotafifdrailency
node, the output voltage EBOOST of the voltage booster 11 is controlled so
as to reduce t hepgedpotike [8YslBncohérpdisother vpditap2 bOosttesr dtlhers hand,

described below according to, for example, the mode
determined by the instruction given by the host.
By this control, the voltage EppgpgT (or the driving
10  voltage) supplied from the voltage booster 11 to the
SPM driver 121 and VCM driver 122 in the motor driver
12 is varied. There are two modes determined by the
instruction given by the host: a high-speed seek mode
(a first mode) and a high-efficiency mode (a second
15 mode). The high-efficiency mode is a mode in which
priority is given to the reduction of the power
consumption in the motor driver 12. 1In the high-
efficiency mode, the output voltage Epppogr of the
voltage booster 11 is controlled so as to reduce the
20 power loss in the motor driver 12. On the other hand,
the high-speed seek mode is a mode in which priority
is given to making faster a seek operation in the seek
control period. In the high-speed seek mode, the
voltage EpppsT is controlled so as to increase the
25 speed 0of the VCM 14. The speed of the VCM 14
represents the moving speed (or seek speed) of the

head 16 supported by the actuator 17.



t he hi gh-speed seek node is a node in which priority is given to making
‘faster a seek operation in the seek control period. In the high-speed seek
node, the voltage EBOOST is controlled so as to increase the 25 speed of
the VCM 14. The speed of the VCM 14 represents the noving speed (or seek
speed) of the head 16 supported by the actuator 17. 14 The CPU 18

determ nes whether the HDD is set in eitheg the high-speed seek node or
the high-efficiency nobde (step S3). If the HDD is set in the high-
efficiency node, the CPU 18 first detects the termnal 5 voltage ESpM of

the SPM 13 (step S4).rpiheipy the SHL 48 cad %é‘%}?@rt@ﬁ%"%};ﬂi”}'g‘ yottage EMN

(the second driving voltage) necessary to Ive the 3 at a steady

rotational speeq;i(tHsSP t32) hil —Gseﬁééﬁ dddg ndde d4n mﬂwmf&hléﬂﬁﬁ\é%y

margin AE is used to give 10 a little margin to the voltage E

Specifically, thedol(aee BN ( HESRMe I}mm@§@@$eﬁ1ut§}a@gq£§&§- f0| | owi ng
equation: EM N = ESPM + DE (2) I nstead of detecting the term nal voltage

ESpM of 15 t he eSBMcliZndyhencelds,r ente (C3RM iurfiandt) ddowdig ¢ otgim el coi l
of the SPM 13 nay be detected. In this case, the voltage EM N can be
cal cul at ed usi ngydalhedeolHqpM o twHoguadhMn 3 EMies= &) + |19RMRSEM + AE (3) 20
where RSpMis the resistance of the coil of the SPM 13
CPU 18 calculates the minimum voltage Eyyy (the second
driving voltage) necessary to drive the SPM 13 at
a steady rotational speed (step S5). 1In calculating
the minimum voltage EymN, @ margin AE is used to give
10 a little margin to the voltage EyiN. Specifically,
the voltage EM1Ny (= EgpM) is calculated using the
following equation:
EMIN = Egpm + AE (2)
Instead of detecting the terminal voltage Egpy of
15 the SPM 13, the current (SPM current) flowing through
the coil of the SPM 13 may be detected. In this case,

the voltage Eym71y can be calculated using the following

equation:
EMIN = Ee + IgpM*RgpMm + AE . (3)
20 where Rgpm i1s the resistance of the coil of the SPM 13

and Ee is the back EMF voltage generated in the coil
as a result of the rotation of the SPM 13. The
calculation using equation (3) is affected by a
variation in the resistance Rgpm of the coil of the
25 SPM 13 and a variation in the back EMF voltage Ee.
Therefore, the voltage Eyiny calculated according to

equation (3) is inferior in accuracy to the voltage



and Ee is the back EMF voltage generated in the coil as a result of the
‘rotation of the SPM 13. The calculation using equation (3) is affected by
a variation in the resistance RSpM of the coil of the 25 SPM 13 and a
variation in the back EMF voltage Ee. Therefore, the voltage EM N

cal cul ated according to equation (3) is inferior in accuracy to the
voltage - 15 EMN cal cul ated accordi ng-to gquation (2), using the

term nal voltage ESpM of the SPM 13. Next, the CPU 18 controls the voltage
booster 11 via the signal line 182 in such a manner that the 5 voltage

| evel of the ou I, =B : Y 00sfer : qﬁﬂg_[as t he
vol tage EM N (s?&ﬁt‘\‘s&% t&%ga a resu otQletrﬂ;g t(?u'fgp t vo tagée) ’Eé%o he

vol t age boosterteqf;niinsals%ltt%g@%%% ta0e Mgy Fhen, the SPM driver 121
uses the m nimumvoltage EM N (EM™N"< EMAX) 10 necessary to drive the SPM

13 at a steady rotatinal, tsReethas d hednidi HEno!ldaoeadd Soseeond dri ving
vol tage) and drives the SPM 13 with the dri Vi ng voltage. As a result, the

power |oss in tReamhey sidhiaven ihe q@? ey vy ethnnkd lthpodHast, when
t he host specifies the high- speed seek node (step S3), the CPU 18 controls

the voltage bowstlengkl lievedudt ahmmrneputhato ityey dd@Rge, devdle of the
out put voltage EBOOST of the voltage booster 11 becones the nmaxi mum
vol t age EMAX ('t ve lftiagst b2@ sdrervilig begldmege thes twep tSih)e FAsra fgsap tS6)t.he
out put As a result, the output voltage EgppgT of the voltage
booster 11 is set to the voltage Eyrny. Then, the SPM
driver 121 uses the minimum voltage EMiN (EMIN < EMAX)

10 necessary to drive the SPM 13 at a steady rotational
speed as the driving voltage (the second driving
voltage) and drives the SPM 13 with the driving
voltage. As a result, the power loss in the motor
driver 12 can be minimized.

15 In contrast, when the host specifies the high-
speed seek mode (step S3), the CPU 18 controls the
voltage booster 11 in such a manner that the voltage
level of the output voltage EgppgT of the voltage
booster 11 becomes the maximum voltage Eypx (the first

20 driving voltage) (step S7). As a result, the output
voltage EpppogT ©f the voltage booster 11 is set to the
voltage Emax. The output voltage Egppst (= EMmMpax) of
the voltage booster 11 is applied to the SPM driver
121 and VCM driver 122 in the motor driver 12. When

25 the voltage EpppgT is the maximum voltage Eyax as in

the example, the maximum current (the maximum VCM

current) allowed to flow from the VCM driver 122 to



vol t age EBOOST of the voltage booster 11 is set to the voltage EMAX. The
"out put voltage EBOOST (= EMAX) of the voltage booster 11 is applied to the
SPM driver 121 and VCM driver 122 in the notor driver 12. Wen 25 the

vol tage EBOOST is the maxi numvoltage E1 as in the exanple, the nmaxi num
current (the maxi mum VCM current) allowed to flow fromthe VCM driver 122
to - 16 the VCM 14 increases. Therefore, thhe CPU 18 sets the control

vari abl e corresponding to the increase in the current in the VCMdriver
122, which nmakes the speed of the VCM 14 faster. This enables a seek

operation 5 to, PF Vel hgd; BHEegtselg' gh %%‘%%‘%or'ée’“thﬁt Reyrade ssee‘ttstl:I in the

HDD of FIG 1 w e exp alned by re erence to a owchart 3 In

the first efTbOdbﬁﬁrE’i:on v%@%aﬁﬁ%s%'atrre@lg%ﬁfd'ﬁ% tWeR e HECEILI %gb“i‘ﬂ o F| rst

fromthe host carries pr ocess ex ai ne

the CPU 18 det erpi-pest\Wigt hee te HeGeieved 200Mmmnd %\a@{e%e%lﬁe cyamnd (a
command needing a seek operation) (step Sll) If a command ot hér than a

seek command isofr eeei vest, 1luheacPdrl8 %@%utee@btﬂé% eGRiskedpedyrarg, 15 In
contrast, if a seek command is received, the CPU 18 sets the HDD of FIG 1

in the high-speed deekartrode ocsitteptShiapgh Eperd.the CPU 18 starts seek
control to nove the head 16 to the track specified by the received seek
command (that is, th&lexdrgehet macke ert2lndhdarditdie D (st EL&.13) .willill t he
period of seek
be explained by reference to a flowchart in FIG. 3.
In the first embodiment of the present invention, when
receiving a command from the host, the CPU 18 carries
10 - out a process explained below. First, the CPU 18
determines whether the received command is a seek
command (a command needing a seek operation) (step
S11). If a command other than a seek command is
received, the CPU 18 executes the received command.
15 In contrast, if a seek command is received, the
CPU 18 sets the HDD of FIG. 1 in the high-speed seek
" mode (step S12). Then, the CPU 18 starts seek control
to move the head 16 to the track specified by the
received seek command (that is, the target track on
20 the disk 15) (step sl13). In the period of seek
control, the HDD of FIG. 1 is set in the high-speed
seek mode. Therefore, in the period of seek control,
a seek operation can be carried out at high speed as
described above. The CPU 18 continues seek control
25 until the head 16 has reached the target track,

that is, until the seek operation is completed

(steps S13, S14).



control, the HDD of FIG 1 is set in the high-speed seek node. Therefore,
‘in the period of seek control, a seek operation can be carried out at high
speed as described above. The CPU 18 conti nues seek control 25 until the
head 16 has reached the target track, that is, until the seek operation is
conpleted (steps S13, S14) - 17 After the seek operation is conpleted
(step S14), the CPU 18 changes the node of7 the HDD fromthe high-speed
seek node to the high-efficiency node (step S15). In the high-efficiency
seek node, the SPM 5 driver 121 drives the SPM 13, using the voltage EMN

as the driving vol t ageyd;he Recong qj’#e‘@i@i&?!fé‘%mflér% valdgoes EM N 1 s

the m ni num vol tage necessary for the SPMdriver 121 to drive the SPM 13

at a steady rotall edd 130e8dngERenelorRad B he iy effdrcitgncy 10 node,
the power loss in the SPMdriveér 121 (or notor driver 12) can be

mnimzed. As desgh-kedeabevek mddehed ithsl Harod smndi Qcy itRidr esent

i nvention, the output voltage EBOOST of the voltage booster 11 is set to
t he maxi num vol t@@geplS1Enms{ (@hhehle highswAAixiwoldyaged mddee pEtd EbMf
seek control where high-speed seeking is required. As a result, a high
seek speefl can beirveal i128d drlivesa ther iSG¥ diherusiman thee vpdriagk divgeek
control (excluding the start-up tine of the HDD), the output 20 voltage
EBOCST of the velst &§e Wodstieg volitagset(the tsseond driving voltage) .

The voltage EyM1y is the minimum voltage necessary for
the SPM driver 121 to drive the SPM 13 at a steady
rotational speed. Therefore, in the_high—efficiency

iO mode, the power loss in the SPM driver 121 (or motor
driver 12) can be minimized.

As described above, in the first embodiment of
the.present invention, the output voltage Epppst of
the voltage booster 11 is set to the maximum voltage

15 Emax (the first supply voltage) in the period of seek
control where high-speed seeking is required. As
a result, a high seek speed can be realized. 1In
a period other than the period of seek control
(excluding the start-up time of the HDD), the output
20 voltage EgppsT of the voltage booster 11 is set to the
voltage EMiN (the second supply voltage) lower than
the voltage Eyayx. This enables the power loss in the
motor driver 12 to be reduced. A period other than
the period of seek control occupies almost all of the
25 period in which the HDD of FIG. 1 operates.
Accordingly, the power loss in the motor driver 12 is

reduced remarkably.



voltage EM N (the second supply voltage) Iower than the voltage Ems. This
"enabl es the power loss in the notor driver 12 to be reduced. A period

ot her than

notor driver
enbodi nent |

12 is

in

t he period of seek control occupies alnost all of the 25 period
in which the HDD of FIG 1 operates. Accordingly, the power loss in the
reduced remarkably. 18 [A nodification of the first
Referring to flowharts in FI{@. 4A and 4B, a nodification of
the first enbodi ment of the present invention will be explained using a
case where node 5 setting is done in a different procedure fromthat

the flowhart of FIG;,3 . \ k command from
(a3 moldli éﬁ¥¥éﬁ)of Hég% #1868l W Idﬁn

the host (step S21), sets t
Thus,

(step S22).

in the

differs from thgohkewehanbnobr Ehe f3rst tehdcamdint O frdle $aldddHx the
hi gh- efficiency node as descri bed bel ow. Wen having conpl eted the

execution of then¥encosmand1speei kikgdahnddadiest a desLCRUER: siaid s a
timer (not shown) (step S31). This tinmer, which is incorporated in, for

exanpl e, the CPHeit8inmedsudescainpresiatt fiarmemt Afrtoeredstray tfimgn ttheat iiner,

speed seek node

t he gendiition of quo%ﬁctﬂaam tihe Pigh- speeghsegk 10 node is

the sane as in the flowchart 'of FIG 3 (in the first enbodlnent) What

t he

CPU 18 waits for the next command to be given fromthe host 20 (step S32).
On failing to ré&tei féowicbaméxofcdi®and. First, the CPU 18, receiving

10

15

20

25

a seek command from the host (step S21), sets the HDD
of FIG. 1 in the high-speed seek mode (step S22).
Thus, the condition for setting the high-speed seek
mode is the same as in the flowchart of FIG. 3 (in the
first embodiment). What differs from the flowchart of
FIG. 3 is the condition for setting the high-
efficiency mode as described below.

When having completed the execution of the
command specified by the host, ﬁhe CPU 18 starts a
timer (not shown) {step S31). This timer, which is
incorporated in, for example, the CPU 18, measures a
preset time. After starting the timer, the CPU 18
waits for the next command to be given from the host
(step S32). On failing to receive the next command
before the timer expires (steps S32, S33), the CPU 18
determines that it was not given a command by the host
for a specific length of time. 1In this case, the
CPU 18 sets the HDD of FIG. 1 in the high-efficiency
mode (step S34). Then, the CPU 18 brings the HDD of
FIG. 1 into the idle state (step S35). The idle state

is a state where, when the host makes no request for



before the timer expires (steps S32, S33), the CPU 18
‘'was not given a command by the host for a specific len

case, the CPU 18 sets the HDD of FIG 1 in the high-efficiency 25 node

det erm nes t hat

it

gth of tinme. In this

(step S34). Then, the CPU 18 brings the HOD of FIG 1 into the idle state

(step S35). The idle state is a state where, when the
request for - 19 a specific length of 4img the SPM 13

host makes no
is allowed to

keep

rotating the disk 15 with the head 16 retracted to a specific retraction

pl ace. One known retraction place for the head 16 is,

for exanple, ar

> As described gbaygciwiih 1EB%tHDQ'ff kG all, OB nQf Stphe 13f' ilsSta 18 | ent, ¢
vol tage booster 11"is controll'ed in the high-efficiency node in a period

in which the HRBRepf rslt@tliagl ghendtiBe 16l ishat@ e Oledd
That is, the notor driver

ad da-rardpd) .

anp.
he

is operated in 10 the high-efficiency node.

Then, when the hest ispedesicarseekctasmapd aice .t hendDRndwhe raxde afi drhe HDD

is changed fromthe high-efficiency node to the high-

speed seek node.

Ceneral |y, the paaciediferpeéhieotdeadntloudisng fiolre epamipd@,o0fa segdp.control is

sufficiently 15 shorter than the idle period. Therefore,

appl ying the

node

setting abcordi ng toAshdefsicaviblear eHoofe, FWESh 4Ae anvdli4B ertablreso ff hehgower

loss in the notor driver 12 in the idle period to be r

educed, while

keepi ng the seékrspeenbpasent,t kaep¥piléadel boosk egortlr dls. donta®ldddi t i on,

when it is difficult to vary the output
in the high-efficiency mode in a period

in which the

HDD of FIG. 1 is in the idle state (or the idle

period). That is, the motor driver 12 is operated in

10 the high-efficiency mode. Then, when the host issues

a seek command to the HDD, the mode of the HDD is

changed from the high-efficiency mode to the high-

speed seek mode. Generally, the non-idle period

including the period of seek control is

sufficiently

15 shorter than the idle period. Therefore, applying the

mode setting according to the flowcharts of FIGS. 4A

and 4B enables the power loss in the motor driver 12

in the idle period to be reduced, while

keeping the

seek speed fast in the period of seek control. 1In

20 addition, when it is difficult to vary the output

voltage EpppsT ©f the voltage booster 11 at high

speed, mode changing conditions different from those

in the above example may be used. For example, the

high-efficiency mode may be set in the case of battery

25 driving where the power consumption is important and

the high-speed seek mode may be set in cases excluding

the case of battery driving. In this way, the



vol tage EBOOST of the voltage booster 11 at high speed, nobde changi ng
‘conditions different fromthose in the above exanple nmay be used. For
exanple, the high-efficiency node may be set in the case of battery 25
driving where the power consunption is inportant and the high-speed seek
node may be set in cases excluding the case of battery driving. In this
way, the - 20 operation nodes may be changed -according to use. [ Second
Enbodi mrent] FIG 5 is a block diagram showing the configuration of an HDD
(hard disk drive) according to 5 a second enbodi nent of the present

nvention. The SameaRAs Ruddass Wk dilandedidddUliGa) & tsd he - same

reference nuneral's and a detail ed expl anation of s omtied. In FIG

5, the host supplies @mdrchd S iage Vec to the HDD as in the first
10 enbodi nent. The HDD of FIG 5 incl ud]es vol tage booster 21. The voltage

booster 21 steps up tEmEs.5-3V i SUP N MOIdAger € Csisdipiid eghd rom the host to a
voltage EH of a specific voltage level. In the second enbodinent, the

voltage EH i s 12oifibuerald-ov i taageintd {EHrd ki skitquitve)ol d@ger difng he
vol tage booster 12, is applied to a VCM driver 222 as a.driving voltage
for the YCM driaverc22? iemb@mdinteort drfi \tdre 22 dserdr iiverdritei oiCM 14. On t he
ot her hand, either the 5-V supply voltage Vcc or the 12-V voltage EH is
applied to an 2GhsPMade vartz2Bs rthose vt ¢l G ilvar 22 ndixcat ek lmcttdre
same reference numerals and a detailed explanation of
them is omitted. In FIG. 5, the host supplies a 5-V
supply voltage Vcc to the HDD as in the first
10 embodiment. The HDD of FIG. 5 includes voltage
booster 21. The voltage boocster 21 steps up the 5-V
supply voltage Vcc supplied from the host to a voltage
Eyg éf a specific'voltage level. 1In the second
embodiment, the voltage Eyg is 12 V. The 12-V voltage
i5 Ey, the output voltage of the voltage booster 12, is
applied to a VCM driver 222 as a driving voltage for
the VCM driver 222 in a motor driver 22 to drive the
VCM 14.  On the other hand, either the 5-V supply
voltage Vcc or the 12-V voltage Ey is applied to an
20 SPM driver 221 in the motor driver 22 via a selector
switch 29. The voltage Vcc or voltage Ep applied to
the SPM driver 221 is used as a driving voltage for.
the SPM driver 221 to drive the SPM 13. The selector
switch 29 is switched according to a control signal
25 282 output from a CPU 28. The CPU 28 corresponds to
the CPU 18 of FIG. 1. The CPU 28 incorporates a ROM

280 in which a control program 281 is stored in



switch 29. The voltage Vcc or voltage EH applied to the SPMdriver 221 is
‘'used 'as a driving voltage for the SPMdriver 221 to drive the SPM 13. The
selector switch 29 is switched according to a control signal 25 282 out put
froma CPU 28. The CPU 28 corresponds to the CPU 18 of FIG 1. The CPU 28
i ncorporates a ROM 280 in which a control program?28l1 is stored in - 21

advance. The CPU 28 has the function of- detjecting the term nal voltage of
the SPM 13 as the CPU 18 of FIG 1 does. The CPU 28 al so has the function
of swtching the driving voltages for the SPMdriver 221 to drive 5 the

SPM 13 by contrgllipget hepgw ok 29 ﬁg@omkixepqut Qtithe Jfﬂsaeetaescﬂcig{g deer ease

in the termnal voltage of the SPM1 : e operation of Iving the
motor in the HPRRnEh GroPrhll o€ taxplseMned Ry rt%feercg'ﬂpqgt Qe g, 1

flowmchart in FIG 6. First, in starting the HDD of FlI 5, to cause the

SPM 13 to reachdgest eadye totiabigonakospeed the Euhyt ildhe FPYwAG Ay ol s the
selector switch 29 as follows. The CPU 28 controls the selector switch 29

with the controkhsi grakiA82vbntigesuchbratimenseM ididtvetrhe2dr ind rix ive t age
applied to the SPMdriver 221 in the notor driver 22 becones a voltage EH
of 12 V (Step Sthg. SPHal3i by thetCBUl28g thecishiiesht 2O B2 érdilngage EH as
the driving voltage used by the SPMdriver 221. Then, the 12-V voltage 20
EH, the output thet hecvebsagerbdesters2l ini $happleradnal voltage of
the SPM 13.
Next, the operation of driving the motor in the
HDD of FIG. 5 will be explained by reference to a
10 flowchart in FIG. 6. First, in starting the HDD of
FIG. 5, to cause the SPM 13 to reach a steady
rotational speed quickly, the CPU 28 controls the
selector switch 29 as follows. The CPU 28 controls
the selector switch 29 with the control signal 282 in
15 such a manner that the driving voltage applied to the
SPM driver 221 in the motor driver 22 becomes a
voltage Eg of 12 V (step S41). That is, the CPU 28
specifies the 12-V voltage Eg as the driving voltage
used by the SPM driver 221. Then, the 12-V voltage
20 Eyg, the output of the voltage booster 21, is applied
via the selector switch 29 to the SPM driver 221. The
SPM driver 221 uses the 12-V voltage Ey as a driving
voltage for driving the SPM 13. This enables the SPM
driver 221 to drive the SPM 13 at the steady
25 rotational speed more quickly than in the case where

the 5-V supply voltage Vcc is used as the driving

voltage (step S42).



via the selector switch 29 to the SPMdriver 221. The SPMdriver 221 uses
'the 12-V voltage EH as a driving voltage for driving the SPM 13. This
enabl es the SPM driver 221 to drive the SPM 13 at the steady 25 rotational
speed nore quickly than in the case where the 5-V supply voltage Vcc is
used as the driving voltage (step S42). - 22 After the SPM 13 reaches the
steady rotational speed, the CPU 28 causesp the selector switch 29 to
switch the driving voltage used by the SPMdriver 221 in the notor driver
22 to the 5-V supply voltage Vcc 5 (step S43). On the other hand, the 12-V

vol tage EH stepped ugtyt thhe Wi age Ropsiel ol i scapl) igskacomsipntly to
the VCM driver 222 in the notor driver 22. As described above, in the

second enbodi nerpe@ld, Bt ey MeertieRs WiN dheddd> (SRAMES)2d ssstart ed,
the driving voltage necessary for the SPMdriver 221 to drive the SPM 13

is switched to tshe tE®- Yheoldrage ngHvo 1 Hhige RRkRS Yyt tResHiM eidiordl ive the
SPM 13 at the steady rotational speed quickly, which shortens the 15
starting tinme ofint h&eSRMtDIE. dO1 viehre 2@t her thand-u haipgldr WolddggerddH i s

al ways used as the driving voltage necessary for the VCMdriver 221 to
drive theb5VCM 14stePh&#3i)s, WnerthechetHED (SPM,13)hd d Btvartceldageheéyd2- vV
voltage EH is used as the driving voltage for the SPM 20 driver 221 and VCM
driver 222 to deite@reReusPhlylihgnyoltage booster 21 is applied

constantly to the VCM driver 222 in the motor
‘driver 22.
As described above, in the second embodiment of
10 the invention, when the HDD (SPM 13) is started, the
driving voltage necessary for the SPM driver 221 to
drive the SPM 13 is switched to the 12-V voltage Ey.
This makes it possible to drive the SPM 13 at the
steady rotational speed quickly, which shcrtens the
15 starting time of the SPM 13. On the other hand, the
12-V voltage Eyg is always used as the driving voltage
necessary for the VCM driver 221 to drive the VCM 14,
That is, when the HDD (SPM 13) is started, the 12-V
voltage Eg is used as the driving voltage for the SPM
20 driver 221 and VCM driver 222 to drive the SPM 13 and
VCM 14, respeqtively. When the HDD (SPM 13) is
stared, the VCM driver 222 need not supply current
(VCM current) to the VCM 14. Therefore, the 12-V
voltage Eyg can be used effectively for the SPM driver
25 221 to drive the SPM 13.
Furthermore, in a state where the HDD (SPM 13) is

started and the SPM 13 is rotating at the steady



VCM 14,

vol t age Vcc.

respectively. Wen the HDD (SPM 13) is stared, the VCMdriver
‘need not supply current (VCMcurrent) to the VCM 14. Therefore, the 12-V
vol tage EH can be used effectively for the SPMdriver 25 221 to drive the
SPM 13. Furthernore, in a state where the HDD (SPM 13) is started and the
SPM 13 is rotating at the steady 23 rotational speed, the SPM 13 does not
require a larger current (SPM current)-than when it is started up.
Ther ef or e,

222

the driving voltage necessary for the SPM driver 221 to drive
the SPM 13 can be switched fromb5 the 12-V voltage EH to the 5-V supply

Thi$ 23Wohehi RYLRADIES gy Fi‘%a‘"‘%foléso%ﬁaﬂ %é&slﬁazl%p M Ay

221

to be reduced. On the other hand, the 12-V voltage EH I l'ways used as
the driving vol tageenteqessaiyirkenhthhendeMidvar: 222 i didyayd he VCM 14.
10 Therefore, when a seek operation is carried out in a state where the
SPM 13 is rotatiragrattorBe sheady iviel@kicanalges pretsdd1e, seak gpeegbean be

made faster.
enbodi nent ,

[ Modi fication of the second enbodi nent] In the second
aftarivee BRD ¢SPMri¥e the iSPMstla tceth Hheswi-térsgppinonvol t age
Vcc is always used as the driving voltage necessary for the SPMdriver
221 to drbve t heh8PWRES. vEdwewer Epywiten theorS-8k ey v ftdaged Wymam cs

bearing SPMis used as the SPM 13, there is a possibility that the
fol | owi ng phenofbasnso twhiingoenablesi tdie, Havetrthd dd=uiich dyreardR¥% beari ng

SPM

10

15

20

25

driver 221 to be reduced. On the other hand, the 12-V
voltage Eg is always used as the driving voltage
necessary for the VCM driver 222 to drive the VCM 14.
Therefore, when a seek operation is carried out in a
state where the SPM 13 is rotating at the steady
rotational speed, the seek speed can be made faster.

[Modification of the second embodiment]

In the second embodiment, after the HDD (SPM 13)
is started, the 5-V supply voltage Vcc is always used
as the driving voltage necessary for the SPM driver
221 to drive the SPM 13. However, when, for example,
a fluid dynamics bearing SPM is used as the SPM 13,
there is a possibility that the following phenomenon
will occur. First, in the fluid dynamics bearing SPM,
the motor load varies greatly with the ambient
temperature. In this case, the minimum voltage
necessary to rotate the SPM 13 steadily can vary and
exceed 5 V. 1In such a state, it is difficult for the
SPM driver 221 to drive the SPM 13 at a steady
rotational speed on the 5-V supply voltage. That is,

even after the SPM 13 is started, when the load on the



t he notor

t he m ni rum vol t age
exceed 5 V.

| oad varies greatly with the anbient tenperature. In thi
necessary to rotate the SPM 13 steadily can vary and
In such a state, it is difficult for the 25 SPMdriver

S case,

221 to

drive the SPM 13 at a steady rotational speed on the 5-V supply voltage.
That is, even after the SPM 13 is started, when the |load on the 24 SPM 13

i ncr eases,
rot ati onal

started, the SEM133i $hpRdgsakl e;t0y

it may be difficult to drive thhgg SRM 13 at the steady

speed on the 5-V supply voltage Vcc. To overcone the problem
even if the load on the 5 SPM 13 increases after the HDD (SPM 13)

is

A \(ﬁrff%tcutlhce 3 €ad% e Qlatdgpal

speed in the nodification of thé secon enbodi ment. A first characteristic

of the nodificatigr ehet BeesagoRd tafedaNeRpded hattHhe 10 JHigH gu
voltage EM N necessary to rotate the SPM 13 "steadily after the SPM 13 is

started is

cal cybatade vter, exanple, at regular intervals. A second

characteristic of the nodification of the second enbodinent is that the

driving vol t ages neca&ssawericomel & hiche XS, i rer? 21 ttheadrliosed asre tgwd t ched
according to the calculated voltage EMN. Hereinafter, the nodifi
of the setond efbMdilAenncokatke BMtemt ittve HUD |(SHM &3l disnext adntadgf er ence
to a flowhart in FIG 7. 20 First, in starting the HDD of FIG 1,

10

15

20

25

the SPM 13 is made able to be driven at the steady
rotational speed in the modification of the second
embodiment. A first characteristic of the
modification of the second embodiment is that the
minimum voltage Eypy necessary to rotate the SPM 13
steadily after the SPM 13 is started is calculated,
for example, at regular intervals. A second

characteristic of the modification of the second

cation

to cause

embodiment is that the driving voltages necessary for

the SPM driver 221 to drive are switched according to

the calculated voltage EymiyNn. Hereinafter, the

modification of the second embodiment of the invention

will be explained by reference to a flowchart in
FIG. 7.

First, in starting the HDD of FIG. 1, to cause
the SPM 13 to reach the steady rotational speed

quickly, the CPU 28 controls the selector switch 29

as

follows. The CPU 28 controls the selector switch 29

with a control signal 282 in such a manner that the

driving voltage used by the SPM driver 221 becomes a

12-V voltage Eg (step S51). Then, the 12-V voltage

Eg

is applied to the SPM driver 221. The SPM driver 221



the SPM 13 to reach the steady rotational speed quickly, the CPU 28
‘controls the selector switch 29 as follows. The CPU 28 controls the
selector switch 29 wth a control signal 282 in such a manner that the 25
driving voltage used by the SPMdriver 221 becones a 12-V voltage EH (step
S51). Then, the 12-V voltage EH is applied to the SPMdriver 221. The SPM
driver 221 - 25 wuses the voltage EH as tlps dr-4 ving voltage and drives the
SPM 13. As a result, the SPMdriver 221 can drive the SPM 13 at the steady
rotational speed nore quickly than in the case where the 5-V supply

voltage Vcc is gsdgednasvbheadel Ehnasvwea%i(v%gpv%i%)age\/\@% tde @M 13

has reached the steady rotational =~ speed, the CPU 28 detects the term nal

vol t age ESpM of ththepBPM313 Ast apr883)+, Nexte, stive deRWe28 20al admitas vd he
m ni mrum vol tage EM N necessary to drive the SPM 13 10 at the steady

rotational speedhktr gpMt he det ebkedteteymirvala tionizdgepesSpMmcstee pruSTk)ly Her e,
the CPU 28 calculates the voltage EMN in the sanme manner as in step S5
of the first enbhdnnént thet eps85d4herehdhe $-V tsluppTRUV2E tealec Mcat € t he

vol tage EM N using 15 equation (2): EMN = ESPM +0 E Next, the CPU 28
det er mi ne§ whet heedt ke tbal duliztad weAitmge Velte®g&SEM-N has exceeded 5 V
(step S55). If EMN has not exceeded 5 V, the CPU 28 causes the selector
switch 29 to change Whendithgi #§M20A 3vélasageaded hhe EesEy didtaiioml to

the 5-V voltage ,
- speed, the CPU 28 detects the terminal voltage Egpy of

the SPM 13 (step S53). Next, the CPU 28 calculates
the minimum voltage Eypny necessary to drive the SPM 13
10 at the steady rotational speed from the detected
terminal voltage EgpMm (step S54). Here, the CPU 28
calculates the voltage Eyry in the same manner as in
step S5 of the first embodiment (step S54). That is,
the CPU 28 calculates the voltage Eyin using
15 equation (2): Eyin = Egspm +AE.
Next, the CPU 28 determines whether the
calculated minimum voltage Eyiy has exceeded 5 V
(step S55). If EMiN has not exceeded 5 V, the CPU 28
causes the selector switch 29 to change the driving
20 voltage used by the SPM driver 221 to the 5-V voltage
Vcc (step §56). 1In contrast, if‘EMIN has exceeded
5 V, the CPU 28.causes the selector switch 29 to
change the driving voltage used by the SPM driver 221
to the 12-V voltage Eg (step S57). After the SPM 13
25 has reached the steady rotational speed, or after the
-. HDD (SPM 13) is started, the CPU 18 repeats the

processes, starting from step S53.



Vcc (step S56). In contrast, if EMN has exceeded 5 V, the CPU 28 causes
‘the selector switch 29 to change the driving voltage used by the SPM
driver 221 to the 12-V voltage EH (step S57). After the SPM 13 25 has
reached the steady rotational speed, or after the HDD (SPM 13) is started,
the CPU 18 repeats the processes, starting fromstep S53. 26 1In the
nodi fi cati on of the second enbodi nent, thee SPM 13 is so designed that the
m ni nrum vol tage EM N necessary to drive the SPM13 is a little |ower than
5 V at roomtenperature. In this exanple, since the 5 SPM 13 is normally

driven with 5V, thejpowRe heds rilkatlike SFRMild WRIcAR dnporldnt VWhat t he
| oad on the SPM 13 increases and the m ni num vol tage EM N necessary to

drive the SPM 18phas3exgeededediynedWichehi fthel midonem wo1digee SPM 13
with 12 V. This enables the 1.0 rotational speed of the SPM 13 t0 be kept

at the steady netatsangl tspeedveVae apM Qi3d idymaniics 1ebaarigig tSAM i s used
as the SPM 13, the load on the SPM 13 varies greatly wth the anbi ent
tenperature. Thé Vneti tboat tempefatheesecdnd téiisodixemptle , heviener thean 15
drive the SPMin a | owtenperature environnment where the load is |arge,
whi | e preventi ngPMhé3posenorwendynpriigenavitdom Venmpérearomwerf loms in
increasing. In the second enbodi ment and its nodification, the supply
vol t age suppl i efher SRt HE1HBSt 226 dHe SHBDL -20 WhkenFithe 3oiasl @M heh& L v
supply voltage Vcc., In .
: 13 increases and the minimum voltage EyNn nRecessary to
drive the SPM 13 has exceeded 5 V, switching is done
to drive the SPM 13 with 12 V. This enables the
10 rotational speed of the SPM 13 to be kept at the
steady rotational speed. When a fluid dynamics
bearing SPM is used as the SPM 13, the load on the SPM
13 varies greatly with the ambient temperature. The
modification of the second embodiment, however, can
15 drive the SPM in a low-temperature environment where
the load is large, while preventing the power
consumption at room temperature from increasing.
In the second embodiment and its modification,
the supply voltage supplied from the host to the HDD
20 df FIG. 5 is only the 5-V supply voltage Vecc. 1In
addition, for example, the host may supply two kinds
of supply voltage, 5 V and 12 V, to the HDD. That is,
a 5-V power supply and a 12-V power supply may be
used. In this case, there is no need to provide the
25 voltage booster 21 in the HDD of FIG. 5. Furthermore,
the host may supply only a 12-V supply voltage to

the HDD and the 12-V supply voltage may be stepped



addition, for exanple, the host may supply two kinds of supply voltage, 5
'V and 12 V, to the HDD. That is, a 5-V power supply and a 12-V power
supply may be wused. In this case, there is no need to provide the 25

vol tage booster 21 in the HDD of FIG 5. Furthernore, the host may supply
only a 12-V supply voltage to the HDD and the 12-V supply voltage may be
stepped - 27 down to 5 V. In this case, tdie 12-V supply voltage is
supplied directly fromthe host to the VCM driver 222 and the 12-V supply
voltage or the 5-V supply voltage output froma step-down circuit is

suppl i ed via thgeansekest o swit ¢ i29 1.8 d,he rePNdkj \é%fpgﬁ%;t-vqﬁyggtéﬁrmre,

i nstead of using two power supplies (voltage sources) differing 1n

vol tage, or thegslh2p¥icRowaieTWRR ¥ rnd threV Hiwe s Wi WicM Wit iRpwerz suppl i es
(current sources) differing in the maxi mum current 10 they can supply may

be used. In thigsndasee a2Hvr Suppadlyr RRIIt ssRUIGE tHhats-cans P} Wl daydger
maxi mum current may be used in place of the 12-V power supply (the first

power supply) apdtputedainth aurstem-doour ¢d rduhat icasusgpled arissredHeer

maxi mum current than the 15 first power supply may be used in place of the
5-V poweb supplbglechieorsepdndhpéwertos iy WPM [dihived B#dodi ment] FIG 8 is a
bl ock di agram showi ng the configuration of an HDD (hard di sk drive)
according to 20 a tHurdhemsdiarentndfeathe Hrissiars twwy emvien. sl szae

(voltage sources) differing in voltage, or the 12-V
power supply and 5-V power supply, two power supplies
(current sources) differing in the maximum current

10 they can supply may be used. In this case, a first
current source that can supply a larger maximum
current may be used in place of the 12-V power supply
(thé.first power supply) and a second current source
that can supply a smaller maximum current than the

15 first power supply may be used in place of the 5-V
power supply (the second power supply). |

[Third Embodiment]
FIG. 8 is a block diagram showing the

configuration of an HDD (hard disk drive) according to

20 a third embodiment of the present invention. The same
parts as those in FIG. 1 are indicated by the same
reference numerals and a detailed explanation of them
is omitted. In FIG. 8, the host supplies two kinds of
supply voltage Vcc and Vecc’, 5 V and 12 V, to the HDD.

25 Of these two kinds of supply voltage Vcc and Vcc’, the
12-V supply voltage Vcc’ is supplied to the SPM driver

321 in the motor driver 32. The 12-V supply voltage



parts as those in FIG 1 are indicated by the sane reference nunerals and a
‘detail ed explanation of them is omtted. In FIG 8, the host supplies two
ki nds of supply voltage Vcc and Vcc', 5 V and 12 V, to the HDD. 25 O
these two kinds of supply voltage Vcc and Vcc', the 12-V supply voltage
Vcc' is supplied to the SPMdriver 321 in the notor driver 32. The 12-V
supply voltage 28 Vcc' is used as a devigyy vol tage necessary for the SPM
driver 321 to drive the SPM13. On the other hand, either the 5-V supply
vol tage Vcc or the 12-V supply voltage Vcc' is applied via the selector 5

switch 39 to the-MCMidrikel 3324 Brike ndoLRN tadll W %%e%%arEhQRﬁﬁl @& or

swtch 39 is switched according to a control signal 382 output fromthe

CPU 38. The CPUsB@ hasvtkesbuneti arigk causispg the 38l @glOlhtsMitch 39 to
switch the driving voltages used 10 for the VCM driver 322 to drive the VCM

14. In the HDD gtnfl GeiBhetrhe heaXi-muRuGWILRERL 1 tEFRX VddmoYCMHaurnent ) | MAX
that the VCM driver 322 in the notor driver 32 can supply to the VCM 14
is: IMAX = (E -skppliRvbdratk Whereik appilieddwiivi ngpevelelageacapplied to the
VCM driver 322, that is, Eis the driving voltage necessary for the VCM
driver 322 to deiWi&chh89VEM the VEM dyitvkee Baék iBMEheoltodge generated in
the notor coil (VCMcoil) of the VCM 14 as a result of the rotation 20 of
the VCM 14, anddRivsrt Ré-sumhef seRecitesi shanhch P is switched

according to a control signal 382 output from the
CPU 38. The CPU 38 has the function of causing the
selector switch 39 to switch the driving voltages used

10 for the VCM driver 322 to drive the VCM 14.

In the HDD of FIG. 8, the maximum current
(maximum VCM current) Iymax that the VCM driver 322 in
the.mQtor driver 32 can supply to the VCM 14 is:

IMpx = (E - Ee)/R (4)

15 where E is the driving voltage applied to the VCM
driver 322, that is, E is the driving voltage
necessary for the VCM driver 322 to drive the VCM 14,
Ee is the back EMF voltage generated in the motor coil
(VCM coil) of the VCM 14 as a result of the rotation

20 of the VCM 14, and R is the sum of the resistance of
the coil of the VCM 14 and the resistance of the VCM
driver 322.

The acceleration produced in the VCM 14 as a
result of driving the VCM 14 is equal to the

25 acceleration of the head 16. The reason is that the
head 16 is supported by the actuator 17 driven by the

VCM 14. The acceleration of the VCM 14 (head 16) 1is



the coil of the VCM 14 and the resistance of the VCM driver 322. The
‘acceleration produced in the VCM 14 as a result of driving the VCM 14 is
equal to the 25 acceleration of the head 16. The reason is that the head
16 is supported by the actuator 17 driven by the VCM 14. The accel eration
of the VCM 14 (head 16) is - 29 proportional to the current flow ng
through the coil of the VCM 14. Thereforegthe higher the driving voltage
E applied to the VCM driver 322, the nore the current IMAX allowed to flow
t hrough the VCM 14 5 increases, which enables the seek operation to be

carried out at hj . t ot -he nd, Vo to
Grive the. vaw TioPotRistaltic RRcdit et R B R R D

current) flowi ngr theoygh tihe VEMcl4rAs,seen HigREIYald ok By decr easi ng
the current |VCM nakes the seek speed slower, which enables the power

consunption Wt eocheageduceagp VMeeaveihed vEM doGhRase N the myddnind MAX
causes the driving voltage E to be |owered according to equation (4). A

drop in the drivurgevndl Tags Eldauses tiche lpomerhrotets Wi ivam W4 o be reduced
according to equation (5). Therefore, the follow ng can be considered: the
supply 205vol t agacEcasechangedh rensbdlesa thenserck logae dathil®d to be
carried out at high speed.
On the other hand, the power W necessary to drive
the VCM 14 is:
W = IyceM*E (3)
10 where Iycm is the current (VCM current) flowing
through the VCM 14.
As seen from equation (5), decreasing the current
Iycm makes the seek speed slower, which enables the
power consumption W to be reduced. Moreover, a
15 decrease in the maximum Iyay causes the driving
voltage E to be lowered according to equation (4).
A drop in the driving voltage E causes the power
consumption W to be reduced according to equation (5).
Therefore, the following can be considered: the supply
20 voltage E is changed in such a manner that Iypy
coincides with the value obtained by adding a little
margin AI to the VCM current Iycy hecessary to
realize a desired seek speed. In this way, changing
the driving voltage E so as to satisfy equation
25 Imax = Iyem + AI (= IycM) enables the power necessary

to drive the VCM 14 to be minimized.

Next, the operation of driving the motor in the



coincides with the value obtained by adding a little margin Al to the VCM
‘current | VCM necessary to realize a desired seek speed. In this way,
changing the driving voltage E so as to satisfy equation 25 | MAX = | VCM +
Al ( IVCM enables the power necessary to drive the VCM 14 to be

m ni m zed. Next, the operation of driving the notor in the 30 HDD of FIG
8 will be explained by reference to a flowghart in FIG 9. The servo data
recorded in each servo area on the disk 15 includes a servo mark. The
servo mark in the servo data has a unique pattern 5 for identifying the

servo data. The r&%l %ad 8b¥¢11t & hee %l q_bferoo ri; |sk 15 |s anplified

by a read anpli |er then I'S |nar| €c annel The

servo controller, ¥Q&%§ﬁﬁg§ ithe-1$er v qqkkéé}@ygiag{%%égy Jrgmthe

bi nari zed S|gnal 10 Then, fhe “servo controller ects position

information (a h2ek sede andARurtle HidlalDs fiRhhQMNG thewem yark and

outputs the position information to the CPU 18. Furthernore, the servo

controll er 19 gener alesod msekvanahe GRree! IR PWHSE sl r3SRAMh ARt S it
to the CPU 38 each tine the servo mark is detected. Each tine the servo

controllef 19 dutrputdenthe ey ahmrsierdet ektdaan M e i9PR1 theyCRy 38
carries out an interrupt process (servo interrupt process) according to
the fl owchart ofthel Gead d$ Z@oolthewslisk 15 is amplified by a read

amplifier and then is binarized by a read/write

channel. The servo controller 19 detects the servo

mark in the servo data from the binarized signal.

10 Then, the servo controller 19 detects position
information (a track code and a burst signal)
following the servo mark and outputs the position
information to the CPU 18. Furthermore, the servo
controller 19 generates a servo mark detection pulse

15 SSP and outputs it to the CPU 38 each time the servo
mark is detected. Each time the servo controller 19
outputs the servo mark detection pulse SSP, the CPU 38
carries out an interrupt process (servo interrupt
process) according to the flowchart of FIG. 9 as

20 follows.

First, the CPU 38 calculates the current (VCM
current) Iycm flowing through the VCM 14 from the
difference between the target position and the head
position indicated by the position information output

25 from the servo controller 19 (step S61). Obviously,

in seek control for moving the head 16 to the target

track, the VCM current Iycym becomes larger.



First, the CPU 38 cal culates the current (VCM current) |1VCM fl ow ng
‘through the VCM 14 fromthe difference between the target position and the
head position indicated by the position information output 25 fromthe
servo controller 19 (step S61). Cbviously, .in seek control for noving the
head 16 to the target track, the VCM current |VCM becones larger. - 31 1In
contrast, in tracking control for positionng the head in the target range
of the target track, the VCM current |VCM becones smaller. The tracking
control is perfornmed after the head 16 has reached the target 5 track

(that is, after hheoseekcis ampleted) ALLEr calfying qut step S81, the
age t hat WJT e C er

CPU 38 cal culates a driving vol can fFo ent

| VCM cal cul at edpiBgst gP+HE1 +6$LER $82Le o@eébgwﬁg%ggﬁut%%fﬁﬁgﬁﬁggSﬁ%%tép

whet her the calculated 10 driving voltage S “hi gheér

S63). If the cakgukahedrdr|,vbegomekt age1E¥CM dags QQ%d%g%@e%oé%£§i tihe CPU

38 switches the driving vol'tage necessary for the VCM driver to drive

the VCM 14 to tBerSo¥Yme8UpEkKrvehkageaMca o sieP r8&dbhedTheSWaGitNg is done
15 by controlling the selector switch 39 in the presence of the control

signal 382. In toatkasthakf ikheafealkcihat ededr i R@myQlet-agg EVCM i s hi gher
than 5V, the CPU 38 switches the driving voltage necessary for the VCM
driver 322 to drive BféevCiai4vtiadt batl2té2@6dypphe HU agge Vec' (step
S65). When executing step
calculates a driving voltage Eygy that can flow the
VCM current Iycym calculated in step S61 (step S62).
Next, the CPU 38 determines whether the calculated
10 driving voltage Eycy is higher than 5 V (step S63).
If the calculated driving voltage Eycy does not exceed
5 V, the CPU 38 switches the driving voltage necessary
for.the VCM driver 322 to drive the VCM 14 to the 5-V
supply voltage Vcc (step S64). The switching is done
15 by controlling the selector switch 39 in the presence
of the control signal 382. 1In contrast, if the
calculated driving voltage Eycm is higher than 5 V,
the CPU 38 switches the driving voltage necessary for
the VCM driver 322 to drive the VCM 14 to the 12-V
20 supply voltage Vcc’ (step S65). When executing step
64 or S65, the CPU 38 sets a control variable
corresponding to the VCM current Iycym calculated in
step S6l1 in the VCM driver 322. By setting the
control variable, the CPU 38 causes the VCM driver_322
25 to pass the calculated amount of VCM current Iycy
through the VCM 14 (step S66).

As described above, in the third embodiment,



64 or S65, the CPU 38 sets a control variable corresponding to the VCM
‘current IVCMcalculated in step S61 in the VCM driver 322. By setting the
control variable, the CPU 38 causes the VCM driver 322 25 to pass the

cal cul ated anmount of VCM current |1VCM through the VCM 14 (step S66). As
descri bed above, in the third enbodinent, - 32 the CPU 38 changes the
driving voltages, depending on whether_thg;VGM 14 is in a state where a

| arger VCM current has to be caused to flow through the VCM 14 (a first
state) or in a state where a smaller VCM5 current is caused to flow

through the VCMdd @Iﬁ%%ﬁrﬁ}%}e&he %Jﬂr{itv@f@é eé‘,ppc?a;gesriwﬂ%n% ihcﬁrét |O][re

of, for exanple, seek contro e second s e appear’s a

for exanple, tragkimig,camd Glow TRt d Sy 4 38 £auses, 1 dri ver
322 to use the 12-V 10 driving vol tlager% nt ea%:%Jr st sé[aat gfaan%&use he 5-V

driving vol t age dur it $RGONS Heat®usHy %Ml%iﬁhr&%?iﬂg @ '£guce the
power loss in the VCMdriver 322 in driving the VCM 14. In the prior art,

however, only t(e fdontt altatay)i aldl arsel JuntdanNGM df i 3ef1 16 Krmghanged
wi t hout changing the driving voltage applied to the VCMdriver. Therefore,

it is difficultdoranddice ddusaudver flless dhrduuh EM driwers Mhide&-diy each
enbodi nent, the present invention has been applied to an HDD (hard di sk
drive), the 20 isedst)i-on Tiney e sdpitiade: tapreeatislkatdribiee titnero f,hafor
example, seek control. The second étate appears at
the time of, for example, tracking control. That is,
the CPU 38 causes the VCM driver 322 to use the 12-V
10 driving voltage in the first state and use the 5-V
driving voltage in the second state. This makes it
possible to reduce the power loss in the VCM driver
322.in driving the VCM 14. 1In the prior art, however,
only the control variable set in the VCM driver is
15 changed without changing the driving voltage applied
to the VCM driver. Therefore, it is difficult to
reduce the power loss in the VCM driver.
While in each embodiment, the present invention
has been applied to an HDD (hard disk drive), the
20 invention may be applied to a disk drive other than
an HDD, such as a magneto-optical drive, provided that
the disk drive includes a spindle motor that rotates
a disk and a voice coil motor that acts as a driving
source for a head actuator.
25 Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to



an HDD, such as a magneto-optical drive, provided that the disk drive
‘includes a spindle notor that rotates a disk and a voice coil nptor that
acts as a driving source for a head actuator. 25 Additional advantages and
nodi fications will readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to 33 the specific
details and representative enbodi nents _shgyn and described herein.

Accordi ngly, various nodifications may be nade wi thout departing fromthe
spirit or scope of the general inventive concept as 5 defined by the
appended cl ai s dhel 1 equl Sand4rap VAT LS CLAI I.S: 1, A nmethod
of driving a spind ezggéor(?ﬁ%¥@éfg%a %@ BRI S e%%%thvgo%%%ggprnﬁﬁtor t hat
acts as a drivi nysQuUrass fars & headl actualor An.g-disk griye, . & the head
actuat or supporting a head i% such a manner tﬁ%@rg%égﬁgédv%gﬁoﬁﬁve al ong
the radius of thedliskat1dres MRiNask GRIMRE i $1 NG usest reyLpoeyol tage
applied to a notor driver that %rives bot h théusp?ﬁgggt%% otygﬁdtgge 10
voi ce coil notorsgirix fdr Heaid WNANDI SAYLrd D Anddfkielve MY8cehPe i rst
node being a node in which priority is given to making faster a seek

oper at i onSof no\defjrtdwe byhedrk tapmertdddiail 4 imekaed thei di skuieafesetting a
driving voltage applied to the notor



15 driver to a second driving voltage lower than the first driving voltage
'in a second node, the second nbde being a node in which priority is given
to reducing the power loss in the notor driver. 2. The nmethod according to
claim1l1l, wherein 20 the setting the first driving voltage includes

causing a power supply unit to output the first driving voltage to the
notor driver, the power supply wunit bein apabl e of varying the voltage

| evel of the driving voltage applied to the notor driver, and 25 the
setting the second driving voltage includes causing the power supply unit

to output the second driving volhﬂg@ Eg E?ﬁ;ggbgﬁﬁdriver. - 35 3. The

nmet hod according to claim2, wherein't ving voltage is the

maxi mum vol tage that qt he 5 @%‘ﬁ%ﬁ%wﬂw%ﬁ ?%\Pol%&ué l'ntm‘]torTh@n t hod

according to claim2,” wher secon I'ng voltage is e mni num

vol tage necessapy t@sdhi @stkh%n%apiap%qagtc%la&noaco%t% Jatatd onal

speed. 5. The nethod according to claim4, further conprising: 10
detecting the t@ririatingolsbageofeoirhe sl Ui M 4 he Secand,diode;

and determ ning the voltage | evel of the second driving voltage according
to the teem nal thel hagd aktubherspufpilod @i head in such a manner
that the head can move along the radius of the disk,
the method comprising:
setting a driving voltage applied to a motor
driver that drives both the spindle motor and the
10 voice coil motor to a first driving voltage in a first
mode, the first mode being a mode in which priority is
given to making faster a seek operation of moving the
head to a target track on the disk; and
setting a driving voltage applied to the motor
15 driver to a second driving voltage lower than the
first driving voltage in a second mode, the second
mode being a mode in which priority is given to
reducing the power loss in the motor driver.
2. The method according to claim 1, wherein
20 the setting the first driving voltage includes
causing a power supply unit to output the first
driving voltage to the motor driver, the power supply
unit being capable of varying the voltage level of the
driving voltage applied to the motor driver, and
25 the setting the second driving voltage includes
causing the power supply unit to output the second

driving voltage to the motor driver.



15 6. The method according to claim4, further conprising: detecting the
‘current flowi ng through the coil of the spindle nmotor in the second node;
and determ ning the voltage | evel of the second 20 driving voltage
according to the current flowing through the coil of the spindle notor. 7.
The nethod according to claim1l, further conprising: setting the first
node according to a seek 25 command give y a host using the disk drive;
and setting the second node when a seek operation follow ng the seek
command has been conpleted. - 36 8. The nethod according to claiml1,

further conprising: settjng t fjrst node according to a _seek, caonmand
given by a Egst. usigngas't héﬂhoeigérl?qg}qd/éc 0 |érj1]Igath?1 ’sé’gberfﬁejrfbd_ Svhen
spindl o motor thar Y otarasoh BERdnd S Ul Fednf T s e s
driving source EgheQ @%@%lgﬁhHﬂko%aE?o%ﬁﬁ drive, 10 the head actuator

supporting a head in sucC nmanner hat "t é head can nove along the radius
of the disk, the nmethod GRITRLHRY 2RI REHPE R J1d534 DOYRLe plshas a

power supply for a spindle notor driver in starting the rive,
5 second driving voltage is the minimum voltage
necessary to drive the spindle motor at a steady
rotational speed.
5. The method according to claim 4, further
comprising:
10 detecting the terminal voltage of the spindle
motor in the second mode; and
determining the voltage level of the second
driving voltage according to the terminal voltage of
the spindle motor.
15 6. The method according to claim 4, further
comprising:
detecting the current flowing through the coil of
the spindle motor in the second mode; and
determining the voltage level of the second
20 driving voltage according to the current flowing
through the coil of the spindle motor.
7. The method according to claim 1, further
comprising:
setting the first mode according to a seek
25 command given by a host using the disk drive; and
setting the second mode when a seek operation

following the seek command has been completed.



15 the power supply for the spindle notor driver being used for the spindle
‘motor driver to drive the spindle notor; and switching the power supply
for the spindle notor driver fromthe first power supply to a second power
20 supply with a | ower capacity than that of the first power supply, the
second power supply also serving as a power supply for a voice coil notor
driver, and the power supply for the voi cail notor driver being used
for the voice coil nmotor driver to drive the 25 voice coil notor. 10. A

met hod of driving a spindle notor that rotates a disk in a disk drive,

conprising: 37 settighg driving val t age,.applied to _a spindl not or
driver that drives tr?e' spa)rihr?dlmeetrrrl%tdoractcéjq:éj]frﬁ)stto Cd]'ra}]\}‘l1 n]g \,fglﬁ in
starting the di i.ye; setting a driving voltage applied to the spindle
5 notor driver ?gngééggﬁg driving voltage |ower than the first driving

voltage in an nornmal LQRenaly Q_rplea}‘fti«;rst %Qiedia%%cﬁrc{)i\ff‘g I st ardgd; detecting

a specific state where the spindle notor cannot be driven at a steady
rotational speedommbBaaili®ent bg di sk s@r sa s tHardiak BNGesWAghi ng the

driving voltage applied to the spindle notor driver to the first driving
vol tage, s5when the spegitfing shat &ctandernicdeiret athe Wl sklhe-inrt hiod
according to claim 10, wherein the
brought into an idle state.
9. A method of driving a spindle motor that
rotates a disk and a voice coil motor that acts as a
driving source for a head actuator in a disk drive,

10 the head actuator supporting a head in such a manner
that the head can move along the radius of the disk,
the method comprising:

| selecting a first power supply as a power supply
for a spindle motor driver in starting the disk drive,

15 the power supply for the spindle motor driver being
used for the spindle motor driver to drive the spindle
motor; and

switching the power supply for the spindle motor
driver from the first power supply to a second power

20 supply with a lower capacity than that of the first
power supply, the second power supply also serving as
a power supply for a voice coil motor driver, and the
power supply for the voice coil motor driver being
used for the voice coil motor driver to drive the

25 voice coil motor.

10. A method of driving a spindle motor that

rotates a disk in a disk drive, comprising:



15 detecting further conprises: calculating the m nimum voltage necessary
to drive the spindle notor at a steady rotational speed, on the basis of
the term nal voltage of the spindle notor; and 20 determ ni ng whet her the
cal cul ated mi ninum voltage has exceeded the second driving voltage and,

if it is determned that the cal culated m ni num voltage has exceeded the
second driving voltage, regarding the spegific state as having been
detected. 25 12. The nethod according to claim 10, wherein the detecting
further conprises: calculating the m ninumvoltage necessary to 38 drive
t he spindle notor at .eady rgot.at.i onal eed, basi s of ,the

current flow ng throﬁgeliucﬁit]‘r?g o4t oG fe R %edlagq(jgjt%r?toarfad T ni ng
uhether 't he cal quigled Tl mma Wlage fas gueeaded dhs. secand didyving

vol tage and, i erm ned that the calc mni mum~ vol'tage has

exceeded the seeond gl YolgatRl ia0eeariagel Al 4l spaqidi c state as

havi ng been detected. "13. net hod o riving a voice coil notor acting 10

as a driving source fxttdrhead c&(itxﬂifi‘ltgﬁrvcjlpca%;éji 1iHd U& e digathact uat or
supporting a head in such a manner that the head can nove al ong the radius

of the dsk, thetaet dedveenpbl Si Becosadl eHiatindg Md1e ROUweaf Gy ent
caused to flow
the first driving voltage in an normal operation after
the disk drive is started;
detecting a specific state where the spindle
motor cannot be driven at a steady rotational speed,
10 after the disk drive is started; and
switching the driving voltage applied to the
spindle motor driver to the first driving voltage,
when the specific state has been detected.
11. The method according to claim 10, wherein the
15 detecting further comprises:
calculating the minimum voltage necessary to
drive the spindle motor at a steady rotational speed,
on the basis of the terminal voltage of the spindle
motor; and
20 determining whether the calculated minimum
voltage has exceeded the second driving voltage and,
if it is determined that the calculated minimum
voltage has exceeded the second driving voltage,
regarding the specific state as having been detected.
25 12. The method according to claim 10, wherein the
detecting further comprises:

calculating the minimum voltage necessary to



15 through the voice coil notor, fromthe position of the head and a
‘target position on the disk, the amount of current being necessary for the
voice coil nmotor to drive the head actuator to position the head at the
target position within a desired tinme; and 20 setting the driving voltage
applied to a voice coil notor driver that drives the voice coil notor to
either a first driving voltage or a second;gdriving voltage according to

t he cal cul ated amount of current, the second driving voltage being | ower
than the first 25 driving voltage. 14. The nethod according to claim13,

wherein the setti. further. conprises: 39 _ cal cul ati t.he vol t age, | eve
of the driving d&&&fqﬂa&éea% Illnélget 8‘°ts°r?§ \?% e S(%(ﬁ dym)rtoor tdlroln\iﬂ’lelr ﬁpoe%%ause

t he cal cul at ed f. GUrren o fl f.r - ' oi ro driver
to the voice co?ﬁoﬁg%ogfsggsg?f%ﬁg Fﬁéggﬁﬁﬁﬁﬂfﬁﬁﬁ%gggﬁﬁﬁgh%§f1§§3%e voi ce
coil motor driver t@et heihianst ndtor; gl tage, when the calculated

vol tage | evel is higher than the second driving voltage; and setting the

driving vol tage appl i dréitie oV dined hek 14 |cdmidlatHd Wein i he second
driving voltage, when the calculated voltage |evel is not higher than the

second drgving velltage. hi5. ecAreaplear ahs sk@ond idHing iy SRR ipr that -
rotates a disk and a voice coil notor that acts as a
if it is determined that the calculated minimum
voltage has exceeded the second driving voltage,
regarding the specific state as having been detected.
13. A method of drivihg a voice coil motor acting
10 as a driving source for a head actuator in a disk
drive, the head actuator supporting a head in such a
manner that the head can move along the radius of the
disk,_the method comprising:
calculating the amount of current caused to flow
15 through the voice coil motor, from the position of the
head and a target position on the disk, the amount of
current being necessary for the voice coil motor to
drive the head actuator to position the head at the
target position within a desired time; and
20 setting the driving voltage applied to a voice
coil motor driver that drives the voice coil motor to
either a first driving voltage or a second driving
voltage according to the calculated amount of current,
the second driving voltage being lower than the first
25 driving voltage.
14, The method according to claim 13, wherein the

setting further comprises:



15 driving source for a head actuator in a disk drive, the head actuator
‘'supporting a head in such a manner that the head can nove al ong the radius
of the disk, the apparatus conprising: a notor driver which drives the
spindle nmotor and 20 the voice coil notor; a power supply unit which
supplies to the notor driver a driving voltage necessary for the driver to
drive the spindle notor and the voice coil tor and which is capabl e of
changing the driving voltage 25 supplied to the notor driver; and a
controller which controls the pomer supply unit in such a manner that the

power supply unit suppl,e f|r drivy voI e to the notor
driver in a first m)cp lcu tal%% #Vi‘%eg i/%‘?? a’%‘i}\% &fjhwhn? he first

driving voltage f@ | ar; 4y iver }{en "5 sceeco&?lln%eto t Jéf Sto node bei ng
a node in which prior ty |s glven 0 nmeking taster a seek oOperation of
moving the head oo dily geh dfiafle Lhrdity ok cdtbdhe seeand bei ng
a node in which priority is given to reducing the power loss in the notor

driver. 16. An apparafitse fQi1dmotidig & SRindE R ofo tdatcoil0 kit es a
di sk and a voice coil notor that acts as a driving source for a head

actuator isn a di sk drdetesing hehdendl wotdiakOr t Sap pOsp 1 16 ar etk | Yo Beeh a
manner that the head can nove along the radius of the disk, the apparatus
conpri si ng: coil motor driver to the first driving voltage, when
the calculated voltage level is higher than the second
driving voltage; and

setting the driving voltage applied to the voice

10 coil motof driver to the second driving voltage, when
the calculated voltage level is not higher than the
second driving voltage.

.15. An apparatus for driving a spindle motor that
rotates a disk and a voice coil motor that acts as a

15 driving source for a head actuator in a disk drive,
the head actuator supporting a head in such a manner
that the head can move along the radius of the disk,
the apparatus comprising:

a motor driver which drives the spindle motor and

20 the voice coil motor;

a power supply unit which supplies to the motor
driver a driving voltage necessary for the driver to
drive the spindle motor and the voice coil motor and
which is capable of changing the driving voltage

25 supp;ied to the motor driver; and

a controller which contrbls the power supply unit

in such a manner that the power supply unit supplies



15 a spindle notor driver which drives the spindle notor; a voice coi
‘notor driver which drives the voice coil notor and to which a first
driving voltage necessary to drive the voice coil notor is applied; 20 a
switch which switches a driving voltage, necessary to drive the spindle
notor and applied to the spindle notor driver, to either the first driving
vol tage or a second driving voltage | ower an_the first driving voltage;
and 25 a controller which controls the switch in such a manner that the
first driving voltage is applied to the spindle notor driver in starting

the disk drive 41 _.and, after the.spindle tor_reaches a steady ..
rot ati onal speec‘]'l, ftlﬁéc’%séj%&r‘{ & iV\ﬂlﬁﬁg\?olttoa 9 §n0té)prpl ed 5% Jtrhe"ysfp]ilﬁoq e

motor driver. 1f,4fhe apparatis Accqrding Joclpl mlf, Whereiie 5
% d%e as e t é§ ro

controller, after the spin not or eac e stea at’i‘ona

speed. det ects 3, SRACI Lo 13LALE cIBICE SRl T O SAmRE e ven

at the steady rotationa when havi ng detecte speci'fic

state, controls thhe FSWishChode DGR MRS 10 Whath the diinst i ighivigh
voltage is applied to the spindle™notor driver. 18. "An apparatus for

driving asspindite mRikdhgt Fals t drotaates ka ofieda tarth & vV HidRA rikPidhd g t hat
acts as a driving source for a head actuator in a disk drive,
to a target track on the disk, and the second mode
being a mode in which priority is given to reducing
the power loss in the motor driver.
16. An apparatus for driving a spindle motor that
10 rotates a disk and a voice coil motor that acts as a
driving source for a head actuator in a disk drive,
the head actuator supporting a head in such a manner
that the head can move along the radius of the disk,
the apparatus comprising:
15 a spindle motor driver which drives the spindle
motor;

a voice coil motor driver which drives the voice
coil motor and to which a first driving voltage
necessary to drive the voice coil motor is applied;

20 a switch which switches a driving voltage,
necessary to drive the spindle motor and applied to
the spindle motor driver, to either the first driving
voltage or a second driving voltage lower than the
first driving voltage; and

25 a controller which controls the switch in such
a manner that the first driving voltage is applied to

the spindle motor driver in starting the disk drive



15 the head actuator supporting a head in such a manner that the head can
nmove ‘al ong the radius of the disk, the apparatus conprising: a spindle
not or driver which drives the spindle notor and to which a first driving
vol tage necessary 20 to drive the spindle notor is applied; a voice coi
nmotor driver which drives the voice coil notor; a switch which switches a
driving voltage, necessary to drive the vgice coil notor and applied to
25 the voice coil notor driver, to either the first driving voltage or a
second driving voltage lower than the first driving voltage; and 42 a

controller mhicggﬁaIQQ%%%e§g%L%§gh§p% %%%%&i%%ac%%&tgegﬁgaéfumla.target

position on the disk, current caused tof t hrough the

voice coll mtopcheiBAshi Qacthe gadddrha,lidige Kagddons within a

desired tinme by driving the head actuator Wt vol ce coil notor and
which controls the1igw tehtRecapdinpd ot aokths e@licated amount of current.

17. The apparatus according to claim 16, wherein
5 the controller, after the spindle motor has reached
the steady rotational speed, detects a specific state
where the spindle motor cannot be driven at the steady
rotational speed and, when having detected the
specific state, controls the switch in such a manner

10 that the first driving voltage is applied to the
spindle motor driver.

18. An apparatus for driving a spindle motor that
rotétes a disk and a voice coil motor that acts as a
driving source for a head actuator in a disk drive,

15 the head actuator supporting a head in such a manner
that the head can move along the radius of the disk,
the apparatus comprising:

a spindle motor driver which drives the spindle
motor and to which a first driving voltage necessary

20 to drive the spindle motor is applied;

a voice coil motor driver which drives the voice
coil motor;

a switch which switches a driving voltage,
necessary to drive the voice coil motor and applied to

25 the voice coil motor driver, to either the first
driving voltage or a second driving voltage lower than

the first driving voltage; and



a controller which calculates, from the position
of the head and a target position on the disk, the
amount of current caused to flow through the voice
coil motor to position the head in the target position
within a desired time by driving the head actuator
with the voice coil motor and which controls the

switch according to the calculated amount of current.



