;| "#e3e?889<<j <n?62T?v. |||kl WAl A& | A~A~~1~~ TI TLE OF THE | NVENTI ON
NVETHOD OF AND AP | VING A SPI NDLE MOTOR AND A VO CE CO L MOTOR
IN A DI SK DRI VE W THE | NVENTION 5 This invention gmm | mn
SE)I n
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di sk drive inclu e notor that rotates a di sk and mmmm
motor that acts as a*@%%ing source for a head actuator. Mre partisubarly,
this invention relates to a nmethod of and an apparatus for driving a
spindle 10 notor and a voice coil notor ina disk drive. One known typical
di sk drive that reads the information recorded on a disk serving as a

recordi ng medi um by nmeans of a h LS d_di |.ve (or magnetic disk
F Lklggtgggslgyﬁﬁggéb:

drive). The hard disk drive uses Two a spindle notor and
a voice coil not NG ﬁﬁﬁ&? i S s, di r not or
that rotates thgﬁgﬁgqu¥ﬁe voﬁg% Coi U%D¥§$b¢§f2i§$i%i%%fg%ﬁﬁggéfﬁé a head
actuator that nougs A Roneadeionetdie HRdi UsTok bHRpysi sk. 20 A voltage E

necessary to drive a brushless direct-current notor, Such as a spindle

nmotor, is expressed by the folghewcR@dREHIF e Exviseroy X R (1) In
equation (1), Ee is a voltage (hereinafter, 25 referred to as a back EMF

vol tage) tshat corresprigs imven sk ﬁéE&téQ”@éiHedichéri@éCEng$ﬁﬁing

generated in the notor coil as a result of the rotation of the notor: r
- 2 The back EMF spdintidige reetdrs firaipardtones 4 adidle 4104 GieysoRst@dtl and the

rotational speed. |I is the current flowi ng through the notor coil. Ris the
sum of the resi ftadivde Wlat etmtay aotivn tsmuresi sdamcen@idt he 5 notor
driver. The current | is proportional to the driving torque of the notor.

Therefore, for SEMATET whélereh@atstisrulasaky cHanigesimeernt T@sutdl afed he
change of the anbient tenperature, the current | fluctuates accordingly.
The torque cons{g’nta g}‘?d:%t% ooignd BT exRatAEts VEey deicele ofspirelle

char acteri.stics_of the qﬁtor..For this reason, the_ driving voltage of the

mot or i slge_si g8 5& iagﬁ’é)rlct%éﬁ’llil LT WP 2 ks T ¥%ki ng those

15 ot or driver that s VECHREIRAT TR, d5hEn TRE e dRhGRI tage of

the motor is desingRetha tAlJOWRG A 4 on a disk serving as a recording
medium by means of a head is a hard disk drive (or
magnetic disk drive). The hard disk drive uses two

15 types of motor: 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 the 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.



a margin, this causes the problemof increasing the power consunption. This
‘probl’'em particularly becones significant in fluid dynanics bearing spindle
notors 20 which are beconing increasingly popular nowadays as spindle
notors used in hard disk notors. The reason is that, in a fluid dynanics
bearing spindle notor, the viscosity of fluid (e.g., oil) increases with
the ambient tenperature and therefore the |pad on the 25 motor fluctuates
significantly. Ooviously, a great change in the notor load results in a
llarge fluctuation in the driving voltagﬁ E. ;I'husa !t_hs vo: T é gctually
necessary to all r [ L Vi _
used, taiing a #ﬁﬁ%?ﬂ%?%gﬁﬂfﬁé?%ga ?i%%ngsC%F?%%5£EP?%?OE%CE@%SEZfﬁPEggﬁ?g
a large margin f i Vj e eases, :

t he ngtor d?iVfwé%ﬁéiﬁﬁﬁTéﬁ%xE%ét%c %¥%%%§ o?b$%%00i§gl%h€h%oaﬁfr?8 sin a
notor driver hasthgeihdli setasgd Mlefllp@t%faéojbﬁpplﬁ:igc%(ﬁé g%léfa\%hgn No.
4-208091. In the technique witten int e publication erernafter,
referred to as tisspidicdbartle ddtodlrtylntaygl tager{orseupal Yox ol age)

i s changed by a power supply unit capable of changing the voltage. The
driving vd tage netdihelwiotdmnge Tiecessaront or {Hep POpOFt hyertdorgsi ve the
nmotor. The voltage is varied according to the increase or decrease in the
15 current flowidwivingugrdure abtitie amtor By Tiése fiewré Abker cCOpdmele, t he

di fference between the termnal voltage (or coil term nal voltage) of the
mot or and the dihAmdhe el ilkoad nihmrees awihresdlicest ttige | @ssngd t he
nmotor driver. 20 Tn a hard disk drive that rotates the spindle notor at

hi gh speed, the Fadthér amRianst drenrazatarse Hehéhi ghisrenthel df iwdingatvas t age
has to be. Mreover, o drive, for exanple, a fluid dynam cs bearing

spindl e motor i FEYEVHE Y ow TEFETAR SRRAFBNMEH | the Icage 25 driging
e ve t hd Copi naIrs TR Cer PR RS s Gt H et ST ot 1 od F o e 1
1 - 4 considereg: e lJed f.r.omt he host ing th ard di sk
drive is steppeg&t}p?tljl?iy \aé(gv%lac?lggsz%%%d‘gsot%ér tglned %le‘”ﬁb%s‘ﬁlajlgt%% t%‘get S used to

drive the spindh®t#t ars JEE gAY, Ye Qﬁq%'feél{‘gcﬂﬁe Ev%ge%‘?f@t t'{f;isa the 5

. QO .
advant age of being capable of mnimzing t 0ss 1n or drive. The

reason is that idarigenpossikingy tthddROStadting (ild aged a @ ale at | east

necessary to drive the spindle notor at a steady rotational speed and the
nmotor is driven by tltheébamstcrich,valdwager,lGMaheriapamadgesf {he-wet hod

of boosting the voltage is that a seek operation of moving the head to the
target tA&ck onMOkerdidsk viean the tpeifioemed et nuitgir .spadis, Thehdreasen i s that
the higher the glrrll\\/rllrlll% \é%lltt%%% otfh(?chfeasr‘nto(?t:rort r;.es Sd(?aeski gsnpe?:le,d aclalllrzawbiilgm;:%er >
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., oil) 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



15 causing a large current to flow through the voice coil notor. Therefore,
‘'using a single voltage booster to drive both the spindle notor and the
voice coil nmotor nakes it possible to realize the followi ng two properties:
one is that the spindle notor can be 20 rotated at hi gh speed or the
spindle notor can be driven in a |low tenperature environment, and the ot her
is that a seek operation can be nade fasterszby_the voice coil notor.
However, when the prior art is applied to reduce 25 the loss in the notor
driver, a problemarises. Specifically, when the supply voltage is varied

according to thengggggggynﬁﬁgggggx_golggbgemggggntﬁ8§V§B%2%é§PnDtor, t he

foll ow ng problemari ses: riving vortage F motor al so

varies with flucsuayiggsvbicilie seEngheyaban, CanygEsel v phen.the yol tage

booster steps up the supply voltage a nmaxi mum s 0 causé a rge

current to flow theoggivihg ¥81£8960k! i%BoaccaﬁﬁttO'M;ﬁfﬁggn rgbhs?ﬂtga” ses:

since the actually used driving voltage becones |arger he vol fage at

| east necessary h@rgihVeothensphddbe HPLOingt PE1PQYRN iheSeakBst hgemotor 10
driver becones |arger. BRI EF SUMVARY OF THE | NVENTTON An e oalnent of the
present irenti gpowey Posyi the ﬂhéﬁmbﬁérOﬁr@ﬁdraac@@Eaiﬁéag.fOr driving a
spindle notor and a voice coil notor in a disk drive 15 i ch enable the
power |oss in a Aotechuiguerfon beduetlngethewhbWwerkeepsngnt semsesk speed
fast, in driving the spindle notor and the voice coil notor. According to
an aspect of thedpieeentasnveenidhsciteed in Fpovi Hed. aAppihodKoKadri vi ng a
spindle notor 20_and a voice coil notor in a disk drive. This nmethod

conpri ses settingiRlHF2biony Not t 4ue0appli edIrothenbeohniigigewribtenf inst
driving voltage jn a first npde (or a high-speed_seek node) and setting the
driving vol t age GppIPERI 102t HRA nbReFedRateer orafeBEeAdtosaar thengriert age

| th the fj t dr., vi , | t i d d hi gh-effici

odey D {17 A ERl, e LG A9 e TOR RNPTY e Eade £5- %6 il o
f 1 k i f i 1 1 I.t k the disk. Th
ooont oo i s PERBLaOd By IHIIG: S USEEy | Bnft  BLOEh) 4T OE R eiiRaohRE | o
in the motor driygrtaddle MRAOTaA[Y &L \%'}vs ebi)%) hyﬁgevg%égﬁgdﬁs Qgégglya“d

the voice coil notor wth the driving voltage applied not or ver

Addi ti onal obj ectér atik avest agesyof ‘@@%fﬂ%’@nﬁﬁé%&&f.be’I‘ﬁgtvé@%SQei n the
description which follows, and in part will be obvious fromthe 1

description, or mayvdelédaaasstdingriosttice Ofictdesé WeNniéORcadbeiQbigst s
and advant ages of the invention may be realized and obtai ned by nmeans of
t he i nst rent al ¢ een tanil @oirhd nEh ramgh peine i wotar | yopbi Nty oltis
hereinafter. 15 BRI EF DESCRI PTI ON OF THE SEVERAL VI EM6 OF THE DRAW NG The
acconpanyi ng dr X#PRRlerart 2l | Heorgbffeeente hbeiweensthe utermipatt of
t he specification, iIIus{rate enbodi nents of _the invention, and together

with the generalVHERSS ptTorFYt v ereabbRal afel F2ge He? fi tel motelesardption of
t he enbodi ments gi ven bel ow, serve to explain the prjnciples of the

i nvention. FIG 1:%1? sd]%l%ﬁ%%kvéﬁag?%ﬁ%%%lﬁbl’f%@ CHF Ty U eEH SRS o8hR har d

di sk drive accorgdifg {9 giﬂ5%ofnﬁ¥§@$%nt of the present invention; 25

FIG 2 is a flowhart to help explain e operation of driving the notor in

the firspoenmbodi ment;rn £1¥ar3 d8sp 4 PVEhERL t P DBl DS xRl al g, § hg. mode
setting in the first enbodi nent;
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. In this case, a high

driving voltage is necessary to drive the spindle

motor. To meet this requirement, the following can be



-

FIGS. 4A and 4B are flowharts to help explain nodifications of the first
enbodi nent; 5 FIG 5 is a block diagram show ng the configuration of a hard
di sk drive according to a second enbodi mrent of the present invention; FIG
6 is aflowhart to help explain the operation of driving the notor in the
second 10 enbodinment FIG 7 is a flowhart to help explain a nodification
of the second enbodinent; FIG 8 is a bLoclk diagram showi ng the
configuration of a hard disk drive according to a 15 third enbodi nent of
the present invention; and FIG 9 is a flowhart to help explain the

operation of driyj r, i th } t T ;

DESCRI PTI ON OF ﬁﬂ@%ﬁ%@% lﬁ%‘l eaHJé%ﬁ;%fceﬂﬁggt}}%{ge%%clon anyi ng
drawi ngs, enbodi t rd.;disk drd i t r t A ion
is applied wll be g%g?faid%e%é #&?’Ireiisgrso%%ﬁrf%nﬁﬂ IQ—JIyGAquL\quls a I%dciy%gagr am
show ng the 25 oRf ity YJt el @il diskdid u& aaoerdivie tedid st
enbodi nent of the present invention. The supply voltage for a hard disk

drive (hereinaf iftor .ef @Heethethod of Mo iy YD wWltdde Had Sthd or _
exanple, 5 V. The supply voltage Vcc of a host (not shown) using the HDD is

used as tBe supplavardlderge f Geinke ddpRbIEha&if indlninhie itasttisipdesim supply
voltage Vcc of 5 V5 to the HDD. The 5-V supply voltage Vcc is applied to a
vol t age boost er the mbi®rvatiage bdbst erealsbn sisa tpmteri tsupplpoasildleapabl e
of varying the voltage. Receiving the supply voltage Vcc fromthe host, the
vol t age boost er bbb sdt die e lt@rgec drov ex tvs)l ueheatl Qaasitt agpecassmtY %o vol t age
EgOOST of a voltage |evel specified via a signal |line 182 by a CPU 18

expl ai ned | at er Arfye e SR rEdGOSPHoy lpd ideaFdbhatrt vsialageressbst er 11

to a notor driver 12. The supply voltage Vcc is al so supplied fromthe host
Eg t he 1;5 ot IO': adﬂl;ﬁé’l‘e tﬁf.t hf%&gﬁvfwg%lﬁgégfh%%%‘%ﬁa&?tz is :Jsgd as
e supply vo e for or_drdver : or_dr.iver i ncl udes an
ggm és_pi IJI§| izgoﬁo)th(ﬁri \?éjsf_ I ga?n(?fa t&;@wmo&g Orcho:Si oorﬁcittjﬁjr% S ver 122. The
river | a :Spi e r el re ed to an
SPM 13. The VCJ\/IOdl\rél%aaer 1%32:’% glrﬁ vagls%t e%kvgo%ce((aﬁgolﬁr{]?rooft gr;d\?%nec'{ girl%eag} earo} o

onr o110, o7, B, Biscelhean e s s lamdieudigee |
for the SPM drieed. 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 1t 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



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 brushl ess -9
direct-current notor, has three phase notor coils. 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 end
of each of the coils is connected togethercis_referred to as term nal COM
The term nals of the other ends of the three phase notor coils are referred
to as termnals U, V, and W respectively. The SPM 13 rotates a disk 15

serving as 10 a recosdi ng . nedi ym i gh, speed.. .The VCM 14 fgrns a driving
source for an adtfudtor® fg’tt%at L{g’t?pgﬁ[@r]tqsoqﬁlr}ifcf%enﬁ'ﬁe“\m '14t ives the
actuator 17, the . j t he 1 | ong. t:he ius of the disk 15. On
t he recording sdir]ﬂ‘eig%/lé{ggwotq%g i sc%e%gfe g’o%Sé)ep%uorlg i oy orTu a}::le‘r’jrovo‘b‘-’}aﬁleéags (not

shown) are arrangs rf.f\_gi da)f'ﬁ;'n%”%rgkgﬁ iasg%iqg:}lcg ddig di slt&gr%%e%gcr etely

at reqgqular intervals the circu rection. In eac ar ea,

servo data is reafede ThA S8V d AR SUSRA P 1Y &l eash £ L0 the

target track and position the "head in a specific range of t’he target track.

The servogdata idieldldRsidmSerse Mo cddack X (Qfrkad ngers reuber )
and a burst signal. The servo mark in the servo data is a unique pattern

for identifying thewgl Whdaicice2Tolille rotank cade Fld dwirsd i ¢bdm ar e used
as position information for positioning the head 16 in the target range of
the target traclariMIse spead ithal lagtudlely used) drinaicky comlecageli cates a
track (or cylinder) on which the corresponding servo area is located. In
the HDD, seek cdragames slaraemrined itheviaitade ateddass iregmssary ocq he
target track on the basis of the track 5 code. The burst signal indicates
rel ative positi GHivF dhfatsSRimdler Mot deRJrSr assift IThetRediPter t he
track on _which the corresponding servo area is |ocated. In the HDD, after
seek contifol is HofRtetEEoRSSadi@h¥fcontrol is performed in which the head

16 is 10 positioned in the t f k. The head 16 is
a transducer used not only fégfﬁéi%éﬁﬁ%%groﬁgf%ﬁfiégﬁN onto the disk 15
but also for reading e i t isk 15. The
very snal | signal (orz% e%?%%%%ﬁ% é%?ﬁf?%%ﬁﬁ ﬂ%gvdé)@f({%g ‘gé)l/ft he head 16
5 2ol [ 1120 by rdeatk ald il dindin O oo e Aid | o1 anal s

bi nari zed by a read/wite channel (not shown). The binarized signal is
supplied to a seypihdinticidrerantd.a Tel Serodi Comdtcy 8l &l U ok agt Svd he
servo mark in the 20 servo data fromthe signal binarized by the read/wite
channel . 1TBhe semin ctordrradleerthkd pmiwsar dedectin fa arotidre drinesr ztesl Isé gnal t he
position information (or track code and burst signal) follow ng the

det ect ed servo maducekhe widslie ikgepirforihe i srekietmtdddnt t hien 26 seivo
controller 19 is output to the CPU 18. The servo controller 19 generates a
pul se (hereinaf ttdte sRMGTedatenand s vHer% HRetledtterr pul se) SSP each

According to an aspect of the present invention,

there is provided a method of driving a spindle motor

20 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 seek mode) and setting the driving
voltage applied to the motor driver to a second

25 driving voltage lower than the first driving voltage
in a second mode (or a high-efficiency mode). The

first mode is a mode in which priority is given to



- 11 tine the servo mark is detected. The pulse SSP is used as an
‘“interrupt signal to the CPU 18. The CPU 18 includes a nonvol atil e nenory,
such as a ROM 180. In the ROM 180, a control program 181 to 5 be executed
by the CPU 18 is stored in advance. The CPU 18 is a controller that
realizes the function described bel ow by executing the control program]| 81.
Specifically, the CPU 18 has the function @f detecting the termnal voltage
ESpM of the SPM 13. The term nal 10 voltage ESpM of the SPM 13 is the

vol t age between each of the termnals U, V, and Wof the SPM 13 and

termnal COM The. CPU | so _has the funct.i trolli he vol t
baost 61 11 vi a ARSI ITinG T8 MARAT T &1 AP ol Tl eace i n

e 15, Sl e SR e S S S SRl TP
e juncton. o BEVEALR Msaok P (ol d DU dle fenb 0.4l i o

track and tracking contr rol )" to position the

head 16 in the tar 4ol mYF Yrihf [ argRd ddRGK. qlifife LR IR SURES @nservo

i nterrupt process each tine the servo controller 19 outputs a servo mark

det ectionspul se sp3Rd1leN rfdt@r MRS MHY W iEeSSoit it Wb etips m nes a
control 25 variable (or manipul ated vari able) necessary for seek control or

tracking controldrikhegleicaridgee hppintdd| to/atialetds gimesrf o the VCM
driver 122 in the notor - 12 driver 12. The supply voltage Vcc fromthe
host is used as the Agpltiomdl age)dors tdred GRUr Bt agnels sef voheontrol | er 19
as with the supply voltage of the notor driver 12. 5 Next, the operation of
driving the notdnvienttisn MoD lofberlset faith e theplddsrninyiorfwhisite to a
flomchart in FIG 2. In starting the HDD of FIG 1, to cause the SPM 13 to
reach the steadyfaldwats of@d dpedpiuivtidly P P Vaiadgerdbdher 11 is

controlled as 10 fol l.ows. The CPU 18 specifies a voltage E~ (a first
driving VAl t age)deEERIRF A3t Kfe nfaé(/g?e glfeatrﬁbe Lﬂibtﬂr%a%t%egeoég%T via the

signal line 182 o the vol t gge béf)oOStetholl Satf\ﬁas%# The valtage E~ is the
maxi num vol t age % S t h TR Bosster LIRS u%’elS t he vol t age.
The vol t age boos ﬁ%& t t ; Y. Vol Y/ | %fo he
host to the vol tslglglree ~O|%n%% sgjgenseeé}lts)lu%%ie a}r}fgté ucil%%?g%re}ﬁé%ggt e @{J 18.
That is, the voliage HRORLAN tiles el e AUt oo d A0e; KBQRSIT, of the
vol tage booster 11 to the 20 voltage E~. The output voltage Eg%OST (- EMAX)
of the voltage hositid bt henifdeek# 0 the SPM driver 12 and VCM dri ver
122 in the notor driver 12. The output voltage EBOOST (- EMAX) supplied
from t he ol t ageBBOBSt PESTCRIPTION 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;



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
EgO0ST is - 13 the maxi numvoltage E~ (the first driving 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 speed, the CPU 18 controls the yol tage booster 11 as descri bed
bel ow according to, for exanple, the node determ ned by the instruction
given by the host. By this control, the voltage EBOOST (or the driving 10

vol tage) supplied fr qmd he3 viog tﬁﬁ@ﬁ%ﬁﬁ%@%%gﬁﬁréﬂgrmg&d& and VCM

driver 122 in the notor ‘driver nodes deét er m ned

by the instructE%thgﬁeq6£¥%ﬁgu%ﬂy§g:gm?éﬁﬁﬂgﬁ%geed seek node (a first node)

and a high-efficiency “no a second The hi gh-efficiency node is
a mode in which priorgigs .| s0iaeN 49 dhe £ RAUGd A Of o the PoNgs1 £opsunpti on

in the notor driver 12. In the highefficiency node, the output” voltage

EBOOST of the veld@aga d26a9hef okl the GOUdOldbEimas:- 10 reduce the 20 power
loss in the notor driver 12. On the other hand, the high-speed seek node is

a node i nswhich priorBlg. i% ig e lorkrekiagyr drmsdreswing eie operation in the
seek control period. In the high-speed seek node, the voltage EgOOST is
controll ed so axdnfiiguragdes tdfe 2haapeetl sk drhiere/@dderdifie tspeed of the
VCM 14 represents the noving speed (or seek speed) of the head 16 supported
by the actuat or sktond embddiTiemtCRS thedgtrasantesinwesttiemit he HDD is set in
ei ther the high-speed seek node or the high-efficiency node (step S3). If

the HDD is set in th&@ligtf dff ixifmycharde, ta e loplexBlain sthelet ects the
termnal 5 voltage ESpM of the SPM 13 (step S4). Then, the CPU 18

cal cul ates the FRAGRAVoITaGE IBMNG (fife REIdTrGRA RPSNY age) necessary
to drive_the SPM 13 at a.steady rotational speed (step S5). In calculating
the nini mim vol t @qEWQN;’a margin ~ Eis used to give 10 a little margin

Using the f ol Fowi ng St i b BN OTELRT S A5 THETEHH 31 detecting the
term nal voltage, & 117 e MG odd entidd8nd SPM current) flow ng
t hrough the coil of the SPM 13 may be é%tected. In this case, the voltage
EM N can be cal cul at gefaisiangi d he ¥xddovWiyram 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
25 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



equation: EMN = Ee + ISPMRSPM + D E (3) 20 where RSpMis 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 cal cul ati on using
equation (3) is affected by a variation in the resistance RSpM of the coi

of the 25 SPM 13 and a variation in the back EMF voltage Ee. Therefore, the
voltage EM N cal cul ated according to equatigpn (3) is inferior in accuracy
to the voltage - 15 EMN Cal cul at ed accordlng to equation (2), using the
term nal voltage ESpM of the SPM 13. Next, the CPU 18 controls t he vol t age

booster 11 via t e. 48 u n 5 vol tage

| evel of the out%ﬁtgvo é%%bgdbﬁsﬁl EQVOFSE QQ Bg?ér 11 becones the
voltage EM N (stgp t herout S t he

vol tage booster 11 F%a%£$§tib% eg%o %%gngﬁdﬁﬁ%ﬁeﬁhB? hggﬁfdﬁﬁgég 121 uses

the m ni num vol tage b N & EM N 2 EMRQ Q-'Q@}B‘Ffe\?é?‘%é{ﬂéofgi' Lfiel ABDOPM 13 at

a steady rotational speed as the drivin age e secon dr|V|ng

vol tage) and drimest the, SEM Loyt thuphei dsi yi @@pﬂ@_{/ta@@taé\é fckesel &, yt he

power loss in the notor driver 12 can be mnimzed. 15 In"contrast, when

the host specifits tie HOIDh sneedsseekupple ¢61e8g83Vect g SF) 1i8d0€8tr0|5
the voltage booster 11 in such a manner that the voltage |evel of the

out put vol tage EgOOSItafe thwmostodt agke. boTisé evo ldabechowsteéhel raxsmum vol t age
E~ (the first 20 driving voltage) (step S7). As a result, the output

vol tage EgOOST of ROWEN cHURgey boost eraddble sBtvavyihe tbetagktége. The

out put vol tage EQOOST (- EMAX) of the voltage booster 11 is applied to the
SPM driver 121 QIPARF | e SuPln Yoktage ofcdrfyen the Mhsh, 25 the

vol t age EgOOST |%H%he maxi mym vol tage E~ as in the exanple, the maxi num
current (the maxy rNQkﬁﬂQEMWQQESG%J1%v%EFE% WP ofP¥ repmyast voMERei ver 122

to 10 voltage Vcc to a voltage EgpposT of a voltage level
specified via a signal line 182 by a CPU 18 explained
later. The voltage EgppgsT is supplied from the
voltage 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 motor 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 Egppgr supplied
from the voltage booster 11 to the motor driver 12 is
used as a driving voltage necessary for the SPM driver
25 121 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



- 16 the VCM 14 increases. Therefore, the CPU 18 sets the control variable
‘correésponding to the increase in the current in the VCMdriver 122, which
makes the speed of the VCM 14 faster. This enables a seek operation 5 to be
carried out at high speed. Next, the node setting in the HDD of FIG 1 wll
be explained by reference to a flowhart in FIG 3. In the first enbodi nent
of the present invention, when receiving agcommand fromthe host, the CPU
18 carries 10 out a process explained below First, the CPU 18 determ nes
whet her the received cormmand is a seek command (a command needi ng a seek

operation) (step;9%be-ddrafo ﬁgggtﬁg@gpngoifsrecelved

the CPU 18 executes the recel ved corma g in contrast, 1f a seek command

is received, thePYl8seimdde ﬁ@@nﬂﬁlyl d:fpt e b s speed, spek node
(step S12). Then the CPU 18 starts seek conttol to nove the head 16 to the

track specifieddne td Icaiaad Seeln s ommad dHd¥d hStof Noinsges track on
20 the disk 15) (step s13). In the period of seek control, the HDD of FIG

1 is set in the dymecReEtErshamde. InTheiefsme, 130 tihe @@fmmlapfteeek
control, a seek operation can be carried out at high speed as descri bed

above. Thé& CPU khicdntdmeuemndsesk aamit raff e wiils the deadedbedas reached
the target track, that is, until the seek operation is conpleted (steps
S13, S14). - Togeafhtesr isheresfosiraspdratd dridwmiconbl @@ed (Bhep S14), the
CPU 18 changes the node of the HDD fromthe high-speed seek npde to the

hi gh-effici ency tsaenasiepSiE)e qthamendyrfthei iege serksevaetorhe SPM
5 driver 121 drives the SPM 13, u3|ng the vol tage EM N as the driving

vol tage (the seGid<@s5A ﬁ@?ﬁ&ﬂﬁ% afth e A EM Ni s2R& i ni num

vol t age necessary for .the SPM to drive th at _a steady

rot ati onal speedﬁy eSRRGENG Y - | egpf#étj‘? elf‘tqacﬁee%c?/ (%OS%&E%% S‘F]h\élrb%v\%? I 0SS
in the SP driver m descri bed
above, i th he fi% rs&#&lﬁt ]’g‘[t ha:Cr phgl B |ér1)c\$entf|}t5érz1 (ﬁﬂe ou pultlgvol t age
EgO0ST of the vqlt ¢ﬁ¥%%f E~ (the
first supply voIOAt adékg)g’ tthOs%te rpc'jee:—lfoogE S% cont r OT n%/\iﬂae%/ -%épeed
seeking is requig etbads @ I el tucv 1 q;thsxfw e etk e be tﬁal tE&fepy N a

period other than the period of seek control (excluding the start- up tine

of the HDD), thenstifriaptti20 heald age HgSTiid td@iveldagendogsseridl is set
to the voltage EM N (the second supply voltage) |ower than the voltage E-~.
This enabl es the powedn |tdss recdihdimptour faceeof 1@hé odbskrebucad. A period
ot her than the period of seek control occupies alnost all of the 25 period
i n whi chlthe HDPlofraHidy phHhprieRrevptotththghownheapovwerringsdi n t he

nmotor driver 12 is_reduced remarkably,
radially along the radius of the disk 15 and

discretely at regular intervals in the circumferential
direction. In 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.
25 The track code and burst signal are used as position
information for positioning the head 16 in the target

range of the target track. More specifically, the



- 18 [A nodification of the first enbodinent] Referring to flowharts in
"FIGS! 4A and 4B, a nodification of the first enbodi nent of the present
invention will be explained using a case where node 5 setting is done in a
different procedure fromthat in the flowhart of FIG 3. First, the CPU
18, receiving a seek command fromthe host (step S21), sets the HDD of FIG
1 in the high-speed seek node (step S22). qldwus, the condition for setting
t he hi gh-speed seek 10 node is the sane as in the flowhart of FIG 3 (in
the first enmbodinent). What differs fromthe flowchart of FIG 3 is the

condi tion for sgtzran ctota% Qngfl%f ftleC‘Sl %n%g@ge(oqs

havi ng conpl ete e execution of the conmand eC| |ed y t e l’z\(y;st t he

CPU 18 starts attl'l'emacror(r@%tpo%m\ﬂ;? de3RP 33 1sTmo%atﬂéaer W&k 18D

incorporated in, for exanple, the CPU 18, neasures a preset tine. After

starting the tinRk e &Ry 11% YWRIAFD il e WHEh GOETB{KEd O de; gi ven from

the host 20 (step S32). On failing to receive the next command before the

timer expires (sloRRsl $32,the3Parddie tRGK Sy Haes tdmttid wascipot given
a command by the host for a specific length of tine. In this case, the CPU

18 sets tbBe HDDoeldekl GThk bursite siigylalefifidiicates 2% Iatdierd 3icei t533) . Then,
the CPU 18 brings the HDD of FIG 1 into the idle state (step S35). The
idle state is aistfatrmadtione, (oxh@esild dosirmmekeshmilr athedieddrin thd9 a
specific length of tine, the SPM 13 is allowed to keep rotating the disk 15
with the head 16restk oot stpich dhepeirriesnaadiag isar s aweea G known
retraction place for the head 16 is, for exanple, a ranp. 5 As descri bed
above, with the Lesd@iteidcat i16n tdre HRAD f iafde e mssd Mtrq]he’-ﬁ/cﬁ‘:t%]eetiﬁﬁyster

11 is controlle n_the hi effi.ciency. node i.n"a_perio whi ch_the HDD

of FIG 1is in%trﬁé’]ﬁld’lge??’gtré’l(d@ BRE S il lchrhﬂt thead b it or

driver 1 |s oper.at, d in hi,gh- ef.fici enc Then en_the host

i ssues a deek (I? r?r?d‘ 5 hle1 E%S rFDd:e T t tiasr(i‘:eh%l\,%teadc]?'romthe

hi gh-effi ci ency node 'Itlfﬂa tm%cpllgéﬂ Qieedd cHPéjeer ‘% rl% Yon ]t1 n-idle
u 5

period including the perio seek control 1s s Iciently orter than

the idle periodyrEhanef ol RRRIMIHY e SRR Saidd N Aot dhig 41054 he
flowmcharts of FIGS. 4 and 4B enabl'es the power loss in the notor driver 12

in the idle perifet treadd neduegtodilmy ket nixtddhesrpkispend flast in the
period of seek control. In 20 addition, when it is difficult to vary the

out put vol tage EGGOSTS5~f (The wartyagemaidostiemalll @dr hegdd spigpthl )mackead
changi ng conditions different fromthose in the above exanple may be used.
For exanpbe, thédenghhef fdigikeddy hbddearheast Ietld ramel Tesd kyf dateaty 25
driving where the power consunptlon is inportant and the high-speed seek
node may be set dpldddesr patudhayn) he é—‘"é’s% P Weftirad yred%ci A¥gnal nig his

way, the - 20 ,oper.ation nodes ed accordl to use. [ Second
Embodi nent] FI GP1ard 28, by i@ cﬁ aY‘f’ﬁ a}'ﬁg‘ “é& i on OF€ an HDD

hard disk d d t f th t
nvent i on: The SiEpah o ilodd MG G TR R %&ﬁer“s :

ref erence numer %eotﬂad I f FI G

5, the host supgﬂl %e??egr‘% su qge\%ﬁt%drhgé c%ot%{% g[ggﬁt]‘th%fq—h 1{l:i\rst 10
enbodi mepf. The s@?@d)‘;da@ge‘fr%ld U ASHHl tAiGe 0] &y Athe Thea Akt PGS

booster 21 steps up t
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



supply voltage Vcc supplied fromthe host to a voltage EH of a specific
‘'voltage level. In the second enbodi nent, the voltage EHis 12 V. The 12-V
vol tage 15 EH, 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 notor
driver 22 to drive the VCM 14. On the other hand, either the 5-V supply
vol tage Vcc or the 12-V voltage EH is applied to an 20 SPM driver 221 in
the notor driver 22 via a selector switch 29. The voltage Vcc or voltage EH
applied to the SPMdriver 221 is used as a driving voltage for the SPM
driver 221 to dui; RV.13 .sel it ' |

iyl the RWGL %Egag i oeé‘EéH%édM %é%%é%}%ﬁ% 08

according to a control signal 2 output froma

corresponds to thedCRY 18 ahtRhGupk SEmdPYR&Hdc@spora@t es a ROM 280 in
which a control program 281 is stored in - 21 advance. The CPU 28 has

the function of detectid@gthe d emindeyd tregievdfathre SISy Asshbe £PU 18
of FIG 1 does. The CPU 28 al so has the function of switching the driving

voltages for the &M drsover I22%kHe0 REIM VI8, the-cftiMdE dno it rodl ity the
switch 29 according to the increase or decrease in the term nal voltage of
the SPM 13. Nexbe texeoyiedatiyorthef U vding. d hetomddrin mdvendd$D of FIG 5
wll be explained by reference to a 10 flowhart in FIG 6. First, in
starting the HDDhef OPFUG1E85 is @ cawde dtlhleerSRM a3 ten Fisaoch thestBadytion
rotational speed quickly, the CPU 28 controls the selector switch 29 as
foll ows. The CPYe3gra&@c dled avhd s @¥aaudringn theh contaialh puegramt ¥l . si gnal
282 in 15 such a manner that the driving voltage applied to the SPMdriver

221 in the notoPP&GHECAT reddifeSEY V4 thige B9 diunctipn Qfefedmgtingat

is, the CPU 28 i,fi t 12-V vol t | Vi | t ag; db

the SPMI drver SBF CRIGHTAIng SAEATS, BISm 20 e SEhe but pHtS GTeRPE 4ol t agh

boost , | i jat I it 9 h P ' 21.

The SPMI 0} ver Io s B 3. VoA BH St AT Jitie repd

driving the SPMo]fS-th-Ehiﬁ%r‘?rﬂ%%H.ess Ut,he;,’SngchirVg VEF @ddd 4y drd Vg, 4 he SPM 13 at
c

the steady 25 rotational speed nore qui y than 1n the case where the 5-V

suppl y vol tage VeGmihaisebmas ti dowimng aad aoss (Bieprpfdion sf22 After
the SPM 13 reaches the steady rotational speed, the CPU 28 causes the

sel ector swit ch c3% tir® 19WirigC k Hh&rodrdagen o teagel useih hd hei pRM drinver 221
in the notor driver 22 to the 5-V supply voltage Vcc 5 (step $S43). On the
ot her hand, the 1B2- Mommirtdhgey Eid dtheppedtngadyy dihedamtdaage roogter 21 is
applied constantly to the VCM driver 222 in the notor driver 22. As

descri bed5above tarmingd Jeddeeemypyi reehtthsf SEM the i Rrerithioh, cakfercthe HDD
(SPM 13) is started, the driving voltage necessary for the SPMdriver 221

to drive the SPMPE3 JUERUE (EHEE 9% BRuosm-AF Vdit iRl tage BRastRkest 1S
possible to drive the SPY,13 At e 5183l hotetdnal, Sased, qul okly. which
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



15 starting tine of the SPM 13. On the other hand, the 12-V voltage EH is
‘al ways 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 EH is used as the driving voltage for the SPM 20 driver 221 and VCM
driver 222 to drive the SPM 13 and VCM 14, respectively. \Wien the HDD (SPM
13) is stared, the VCM driver 222 need notysupply current (VCM current) to
the VCM 14. Therefore, the 12-V voltage EH can be used effectively for the
SPM driver 25 221 to drive the SPM 13. Furthernore, in a state where the
HDD (SPM 13) i s &t nd e ' ts) t .- 23

( ) éﬁﬁ%ﬁgeq2a i 4%} d&iﬁé&é*V§§Lf¥oﬁ'Eiézﬁ SBM

rotational speed, SPM 13 "does t require a ger curren

current) than whgpd lad Sr¥l sl Wio RSl Qe ctdoplf 16 Mhyaldage

necessary for the SPMdriver 1°to drive the SPM 13 can be sw

the 12-V vol t agedai roa 1idie 19 ¥sS WAy tH tags IMF Gro TG SV Hafl ngh €Nabl es
the power loss in the SPMdriver 221 to be redﬁgeéf Cﬁﬁihe J?ﬂ%r and, the

12-V vol t age EHdrsvalrways used as the driving voltage necessary for the VCM
driver 222 to drive the VCM 14. 10 Therefore, when a seek operation is
carried 06t in a statNexthertthe SR il isf rdtatimg e thet st eddythe
rotational speed, the seek speed can be made faster. [Modification of the
second enbodi ne®DP lof tFH& .sdconid lefsodixpdratinead they ndfeedddizd SRMal3) 15 is
started, the 5-V supply voltage Vcc is always used as the driving voltage
necessary for tHdosPElady var FAig 20 diinvestardispMtie HiweverEIGwen, for
exanple, a fluid dynam cs bearing SPMis used as the SPM 13, there is a
possi bility thattC K&USS ItO\G |$5Mpaé’»n&ﬁ>er¥&«?cin &9 Isteadl rotiatsionaln the

fluid dynam cs bearing SP the notor. | oad varies greatly with the amnbient
tenmperature. | nSPRes %&%&Mltyhe%ﬁieni"%a\ﬂﬂ tbé’ﬁegtr%cgésalﬁ/ Rt tae SPM

13 steadiyly can e nd : e . In such a stat it s diffigult for
the 25 SPM dri véf\réqéﬁf%t'o %%V?Pﬁé\ésﬁﬂeﬁ%ﬁesa &t &%ﬁgreotéﬂﬂ%néﬁ éﬂ%setd on

the 5-V supply ; Y af.tar. .t he 13, 4 s..st ar. when t he
| oad on the - H%Jé%tﬁ%ng-%g%ita#gﬁegge?ﬁ tvtoﬁr'écyadt;ée l?ll:)‘}fgfll c%ufl tSc hteo%d“ﬁtﬁ)\cﬁet t he SPM

13 at the steadyd1ekae @g@losﬁpezq@ @hel RE ra¥l SURR Bas\zolttoa%engebsltgqeer he

overconme the problem even If the load on the 5 SPM 13 i ncrea
HDD (SPM 13) i sbsbarteed11t Het8BVS13 .i s Mdercddeyd E\h8 did ek Madtienst eady

rotational speed in the nodification of the second enbodi ment. A first
characteristic obltthge to which the voltage booster 11 can step up
15 the voltage. The voltage booster 11 steps up the
supply voltage Vcc supplied from the host to the
voltage Eyay in response to the instruction given by
the CPU 18. That is, the voltage booster 11 sets the
output voltage EpppogT ©f the voltage booster 11 to the
20 voltage Empx-

The output voltage EpposT (= Emax) 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

?5 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 EpggogT is



nodi fication of the second enbodinent is that the 10 m ni nrum vol tage EM N
‘necessary to rotate the SPM 13 steadily after the SPM 13 is started is
cal cul ated, for exanple, at regular intervals. A second characteristic of
the nodification of the second enbodinent is that the driving voltages
necessary for 15 the SPMdriver 221 to drive are swtched according to the
cal cul ated voltage EM N Hereinafter, the npgdification of the second

enbodi ment of the invention will be explained by reference to a fl owhart
in FIG 7. 20 First, in starting the HDD of FIG 1, to cause the SPM 13 to

reach the st ead¥PE°}n§kii nal vgggggeq@% y(’thrt]eh%iQ:%Lé %ﬁlq,qu\}t% g;r?qéctgrz%)sel ect or

switch 29 as follows. The CPU 28 “con s the selector th a

control signal 282;jhntaugheaafRARET thRAnJRe 25 iGdrviing A9 tRgewsed by the
SPM driver 221 becones a 12-V voltage EH (step S51). Then, the 12-V voltage

EH is applied tgrtike SRM dpriven 22la FieadRMr@tat8on?dl speed?d Uses the
vol tage EH as the driving voltage and drives the SPM 13. As a result, the

SPM driver 221 gane@rsge¢.the SPM 13 at the steady rotational speed nore
qui ckly than in the case where the 5-V supply voltage Vcc is 5 used as the
driving vbltage (steh8h2)heWs®M tlite hSRMrER diasd ridac etk dde witeadonal
rotational speed, the CPU 28 detects the term nal voltage ESpM of the SPM
13 (step S53). Hered,thbeCRBU28 8caloauyiratlss thiee vioLtiagembrolsttage 1EMald
necessary to drive the SPM 13 10 at the steady rotational speed fromthe
det ect ed ter ni ndes¢sibagdePESEN esCOFdLnE) torefor ExanpRe 2dheamodeat es t he

voltage EM N in the sane nner as in step S5 of the first enbodi nent (step
S54). That is, gﬁéeéPBnﬁgngﬁlEhﬁaﬂ€§tFH€thQQa%i¥QEwh¥lEQqN?°f§°equation

(2): EMN - ESPBI+t~.E. Next, .t he. CPU det er m nes whet her the .cal cul ated
m ni mum vol t age "EMERIRaSCBY E8éde S VO? &5 ST {EMHN & W3R %exceeded
5V, the U 28 t l.ect qr._swi.tch C drd vi 20

vol tage led by PRSZBPM dPPBL o1 0] (hE SOy T BN (4t 45 &8 - In
contrast, if E has ; e d Vv esl l,.SW tch
29 to change tKgygr?3ﬁ§§§vg??asgdu?E%hgfgsgézéé%fg?ﬁ3£¥bgﬁﬁﬁ%§%%ﬁ§e 2-V
vol tage EH (step2S3§) vafikar thee?BMald 2@ detaciad e 8% he

rotational speed, or after the HDD (SPM 13) is started, the CPU 18 repeats
t he processes, 3shattupgibhodise®Ppb§53he hosf 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 Epgpogr 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 1s controlled so as to increase the
25 speed of 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.



In the nodification of the second enbodi nent, the SPM 13 is so desi gned
“that "'the m nimum voltage EM N necessary to drive the SPM13 is a little

|l ower than 5 V at roomtenperature. In this exanple, since the 5 SPM 13 is
normal ly driven with 5V, the power loss in the SPMdriver 221 is small.
When the | oad on the SPM 13 increases and the m ni numvoltage EM N
necessary to drive the SPM 13 has exceedettp \, 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 dynam cs bearing SPM

is used as the SPM 13["}}%%%?]?@ &ghém,?gvlvg@e%g esh g’ Iysvxééﬁ {he

anbi ent tenperature. Icatlton of the second enbodi nent, however,
can 15 drive the:$PMr i HWH-YRAAILES eBdd YV Bie WIRHE-d 1181 ¢ Qdtky S

| arge, while preventing the power consunption at roomtenperature from
increasing. In thRiseae egyodi nemttrandips si ol i igatdian, nidye- suppl y

vol tage supplied fromthe host to the HDD 20 of FIG 5 is only the 5-V
supply vol t age éfEfidiermodiniddy), gy AN eiddte dwisdcmytisaippd yminedl ki nds
of supply voltage, 5 V and 12 V, to the HDD. That is, a 5-V power supply
and a 12-9 powervcsuisdey By oef uded . SEM 1hi Stogs e84t herkhers, ntheeed to
provide the 25 voltage booster 21 in the HDD of FIG 5. Furthernore, the
host may suppl y G&¥l \i 8 cEl-oplafss yeheIntiggianumo vdiletd4rb Bynply t Hehel 2sacanppl vy
vol tage may be stepped - 27 down to 5 V. In this case, the 12-V supply
vol tage i s suppldE¥ing emlfpgalomatrs st o dhere/dNelr§RMerl 228t and t he

12-V supply voltage or_the 5-V supply vol ta%ﬁe outﬁout froma step-down
circuit is suppld eF8AY tIeEatiahidEctgread (PRS0 t net SEM @il aiekn®21.

Furth , d .of, usi t | ies. t .

Gi11oring | h volrgd rEh D e by St 85 BoRBF ) 7t vo
i r.ent , di ' jnt [ 10 th

Can suppry may o ian® PRASIL rehodle ditade Efint BB Gy can

I I [ [ I f
Suppry a ' arger JRxXIJopdy :)Eﬁ{/][;N i @ggglggggl RaRlRG8 tQly L8 nl2 thePover

supply (the first power sup and a current source that can supply

a smal | er maxi mgpCEwieYy d tdye: 15 first power supply may be used in
pl ace of the 5-V power supply (the second power supply). [Third Enbodi nent]

FIG 8 is a block di @ﬂ\m:sm%h@gauth@ configuration of an HDD (hprd disk
drive) according to 20 a third enbodi nent of the present invention. The
sane parts as those iImfidad lofradefiech tag ethdytereisahevo bt agentgpmuner al s

and a detailed explanation of themis omtted. In FIG 8, the host supplies
two ki ndsSof supple SR tlaye e cihtrandte’ (SBI \cupeen) \flewinkhetHpmiglps Of
these two kinds of supply voltage Vcc and Vcc' he 12-V supply vol tage

t
Vee' is suppliedto e S Tde vEM 323 TaY thRe RIS veln 3hisreaser v
supply vol tage - 28 . \Vcc' s used as a i VJ ol t age necess for the
SPM i i ver 351 (GUNIAEITR A 170 &F (L DM A ) Per LG LOiR
supply vol tage Vccﬁlfgtr-éﬁle 12-V supply voltage VCC is applied via the
sel ector 5 switch 13'the VeM driver 322 in the notor driver 32. The

rom the OPU 36. The BB 36 Tas' (RPRUNRon of causing the (9P

20 where Rgpym 1s 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 Rgpy of the coil of the

25 SPM 13 and a variation in the back EMF voltage Ee.
Therefore, the voltage Eyiy calculated according to

equation (3) is inferior in accuracy to the voltage



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 maxi mum current
(maxi mum VCM current) |~ that the VCM driver 322 in the notor driver 32 can
supply to the VCM 14 is: I~ _ (E - Ee) /R (9) 15 where Eis the driving

vol tage applied to the VCM driver 322, that is, Eis the driving voltage
necessary for the VCMdriver 322 to drive {he VCM 14, Ee is the back EM-
vol tage generated in the nmotor coil (VCMcoil) of the VCM 14 as a result of
the rotation 20 of the VCM 14, and R is the sumof the resistance of the

coil of the VCM_ 14 and si st anc f the VCMdriver,322. .The

accel eration prcSEl&{Fé%d%ﬁln&ﬁh%@ %Ig%ﬁag rgosuer(ﬁ\él‘otfl%}i {/%)n’g 3RS i s
equal to the 25 gccel erati tthe h The reason is that the head 16
is supported by ﬁe ﬁlua‘{é(;lrrt%f rﬁ%ﬁda%yé’?%es%ﬁﬁu. The accel eration of
the VCM 14 (head 16) - r 19{% t L gq £ hrough
the coil of the VCM 1%&%’%?%?0?%,5 Oﬁie&%}l g ejfégﬁ%ggxg(?ﬁéggv%%%%\%PEl%ppl i ed

to the VCM drivefi 322 e tdiegrddr e ffie 18y rantsd D 2lhomedy ton 4 owd hrough the
VCM 14 5 increases, which enables the seek operation to be carried out at

hi gh speed. On thetdderl diadld, of hthd EIp I RRCESSHS VEd O F | ve the VCM 14
is: = 1VCOME (5 10 where IVCMis the current (VCM current) flow ng through

the VCM 14. As sedntdgomempadl dil (Mdcomec raeasingl tdge @i fgntst M apkes
t he seek speed sl ower, which enables the power consunption Wto be reduced.

Moreover, a 15 decraeassult,t hthereditun Wikt apaSasodde of | thewgrabtd@ge E to
be | owered according to equation (4). A drop in the driving voltage E
causes the poweaafigiptl drf Watb e thelmtetaas diMing themuathorSs) .
Therefore, the fol ] ow ngz can be considered: the supply 20 voltage E is
changed in such 3 i#her2t Hates N & R HETHES VR LR dhENmY uEni

adding a_little margin Ol to the VCM cu t_ I VCM necessary to realjze a
desired gdek spé'é?fegﬁ‘sf?lfmifso vﬁi&l,vec |5¥1§d‘?ﬁ% élﬁiax/i%’be"i‘fg\ft%/@@@%r@las to
satisfy equation 25 = IVCM A =l (7" . 1V enabl es, t he, power
necessary to dris\Peee[%el\éb%/é\}lﬁzfﬂtlowﬁ‘eg rﬁo(nlitfﬁgzeed(.t%ﬂ?c‘?rhcg EpetHt on of
driving the not i e : %gx%ﬁg i e i ned by
reference to a ﬁ{oolv%}%éryt a}nnd v e és:ﬂebfvlfdytﬂaﬂ r%g%r%lg%ﬁﬁngeeach servo
area on the di usoll&a'g;acJ udes A SEVo: Mite pifeSeryds Mat keld A servo data

has a uni que pattern for identifying the servo data. The signal read by
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 Epppgr of the voltage
booster 11 becomes the maximum voltage Eypyx (the first

20 driving voltage) (step S7). As a result, the output
voltage Egppgr of the voltage booster 11 is set to the
voltage Empx- The output voltage Eppgpogt (= EMax) 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 Egppgr is the maximum voltage Eymayx as in

the example, the maximum current (the maximum VCM

current) allowed to flow from the VCM driver 122 to



the head 16 fromthe disk 15 is anplified by a read anplifier and then is
‘binarized by a read/ wite channel. The servo controller 19 detects the
servo mark in the servo data fromthe binarized signal. 10 Then, the servo
controller 19 detects position information (a track code and a burst
signal) followi ng the servo mark and outputs the position information to
the CPU 18. Furthernore, the servo controljlger 19 generates a servo mark
detection pulse 15 SSP and outputs it to the CPU 38 each tinme the servo
mark is detected. Each tinme the servo controller 19 outputs the servo mark
detection pul se P,,~the ,CP rrie t i nterr rL0Cess ervo

i nterrupt proce%g gggorﬁéi r%gc?r%at%%g fl 3\:;\1%%aerft%r}§f’ %‘I%& lé%%agszéef 0 I(t?)lv?/s.
First, the CPU u t-he rr reent )| f1 Qui t hr ough
he VCM 14 11 omeCRE ot o SRbd S MEen e PRI 6o Chas ok et The itbad
posi tion indi cated Ryt he RAY HicH drifRIMELLON AR f M SRR c3eT VO
controller 19 (step S61). obviously, in seek control for noving'the head 16
to the target tepacknet ReMVely eusient, | YeVsbesemed & GRlek operdkidm
contrast, in tracking control for positioning the head in the target range
of the tapget tracke therVeM ewrr ert hiyEMsheeees snall er. The tracking
control is perforned after the head 16 has reached the target 5 track (that
is, after the seek i NexaypltdicedjodeAfdedtrt icay riyi MheoHDIStoep FSREL, 1 el 1QPU 38
calculates a driving voltage EVCM that can flow the VCM current |VCM

cal cul ated i n sbepel3plafisedpbS62eickexice ttive aCRIB&Idatterim S . WIet her t he
cal cul ated 10 driving voltage EVCMis higher than 5 V (step S63). If the
cal cul ated dri viling thel fage tEeDloddaenior fetbee presentt Havemy izg,swheghes
the driving voltage necessary for the VCM driver 322 to drive the VCM 14 to
the 5-V supply ¥6C€iyengcé COMBENSsAyrorTiéeswosthi fds SE¥ortd Lauies

trollj th | ect itch 39.in ¢ f th | si I
362, In A8t r asPUG B PRECERC CREREd B VG ol FagE EVem S dier 1 han 5
V, the CPU 38 sw t A4 I ; for, t VCM dri 322
to dri6ve t he V?:ﬁetf?}&gnte%gw%ﬂ)lenot %p%%%%vl&%t%gzc%%f%sst 2“3 %565 . r{/\ﬂ

executing step gﬁ’{‘ﬂﬁ%\r}%&?ﬁ’a 'i:'&%[m%l& %%e%qtngpgs(g%r%]g gpﬁ%ryé%mae_(s@rerpespondi ng

to the VCM curr calculated In st n e river "322. By

setting the coninal) varirall @onkl@dCRYNE GaseS IR VEMriianeri 322 25 to
pass the cal cul ated anount of VCM current |IVCMthrough the VCM 14 (step

S66). As descri hededbed, the O 118 keited MY receiv®d ddinadidl) 38
changes the driving voltages, depending on whether the VCM 14 is in a state
where a [L&rger VCM cuir eminthasstt,0 e acanesdd coonfdrgiy tshrmaapl wdvh G 14 (a
first state) or in a state where a smaller VCM5 current is caused to flow

t hrough the VCMCEY (18 setendhst #DD) ofTHE & Astinsttitee hdigihedreast saek tine

of, for exanple, seek control. The second stat eé%pears at the time of, for

exanpl e, tracki RPSCorStEP Stfdt- | SRathe UGV ddusES LT Seel GM©1322 to
use the 12-V 10 driving,kyol tage, i.n the first state and..use.the.5-V driving
voltage in the ét@cg}‘?a'estti’[ee&’e%rﬂ g oG c?scéﬁ HiRES 1@@&%@% power

|l oss in the VCM. drj v [ ri Vi VGV 1 Int ri Qr..ar

however, only tﬁ%é@ S{erdglé%veéé:i an\mean;lgt(ﬁﬁatt %g’véﬂed;]clav%%tf)sﬂrﬁkgﬁginged

wi t hout ?pangi NG ey vigig (\éoge\tkﬁ%q]ﬁppl id t;]h% @%%i Mk iy Ther ef or e,

it is.di icult tore uce the po oss in the river. 1le in_each
enbodi nent, the RrAsNt, v Masdean @appldiedd aran HR(dped di sk

drive), the
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).



20 invention may be applied to a disk drive other than an HDD, such as a
‘magnet o-optical drive, provided that the disk drive includes a spindle
notor that rotates a disk and a voice coil notor that acts as a driving
source for a head actuator. 25 Additional advantages and nodifications wll
readily occur to those skilled in the art. Therefore, the invention inits
broader aspects is not limted to - 33 the specific details and
representative enbodi nents shown and descri bed herein. Accordingly, various
nodi fications may be nmade wi thout departing fromthe spirit or scope of the

general inventive CO% ahe defy npd by fde larréé @ Scandiheir

equi val ent s. - 34 IS CLAIMED'IS: 1. A nethod of driving a spindle

motor that rotatgs & 38 AMERAOIHER Ride MR Und NAID aGich ah@ driving
source for a head actuator in a disk drive, 5 the head actuator supporting

a head in such @ inAnRgledddleditdiRad £ ahdMie R ¥ digrdyadidee Of the
di sk, the nmethod conprising: setting a driving voltage applied to a notor

driver that drivesdpotdid)he Ipi ntlee Hirftele it idincyl ok e di [tHOIIEM tO a
first driving voltage in a first node, the first node being a node in which
priority i5s gi velritvendkilngifiastserthe SEK Idhenstinan tife nditegpd yhead to a
target track on the disk; and setting a driving voltage applied to the
notor 15 driver aso tdesebmind ndr ividlig ool (tdre Semesrd tdvav itrkee arttgedrd vi ng
voltage in a second node, the second node being a node in which priority is
given to reduci fda e lfase Bvras disn thite Hgtigrum (Voldrage negRs sasthokPr
according to claim1l, wherein 20 the setting the first driving voltage

i ncl udes causi nd-be rﬁ?\%rd@d’i?&l W 4dnito tdd”d{ﬁ e 3! i3 &t cPris&ﬁer?de/ol tage to
Vol tage | evel o MY ORIt 2GSRI (5 (I AT Shy R 25
mlet Sff)t '&EB? the nﬁoecfeondchder N MUSLYS, I WiBE GAU NG Fhe ORI WPl Y
put the decond
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 EgpogT ©f the voltage booster 11 is set to the
voltage EyMrNn (the second supply voltage) lower than
the voltage EMpx. 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.



driving voltage to the notor driver. - 35 3. The nethod according to
‘claim2, wherein the first driving voltage is the nmaxi numvoltage that the
power supply unit can output. 4. The method according to claim2, wherein
the 5 second driving voltage is the m nimum vol tage necessary to drive the
spindle notor at a steady rotational speed. 5. The nmethod according to
claim4, further conprising: 10 detecting tde term nal voltage of the
spindle notor in the second nodel and determ ning the voltage | evel of the
second driving voltage according to the term nal voltage of the spindle

nmotor. 15 6. The net hﬁ? n?occgioj{iﬂgaraooogﬂr q{r@e%ig%té}%o@q@{gfi ng: detecting

the current flow ng throug e col spi ndl e notor in the second

nmodel and deter m ni ng,\égber]?/ig{vat age tlhleo\@%mé)}{%g hg, W'dtﬁg Hd v4'd}5|,g yol tage

according to the current f ng throug e co spindle notor. 7.

The method accor@ifig itQ 8l Bl tHdiriiheit CBYdisidit et G Adedt rst node
according to a seek 25 command given by a host using the disk drivel and

setting the secqnRfemdenian 1a reeelkmRamd as iy |DWaE Wit seakod®mmand
has been conpl et ed. - 36 8. The nethod according to claim1, further

conprising: settdaigie ifd rddineade aacidflreht P rocRikr e drmncigitvein by a
host using the disk drivel and 5 setting the second node when the disk
drive is broughtthentfd carchalite csft &tles. B. A Fietdind tdie dIBWilty aresqeindingg not or
that rotates a disk and a voice coil notor that acts as a driving source
for a head actua eredin comtiagid dirome 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
10 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
15 command specified by the host, the CPU 18 starts a
timer (not shown) (step S$31). 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
20 (step S32). On failing to receive the next command
before the timer expires (steps S$32, S$33), 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
25 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



10 the head actuator supporting a head in such a manner that the head can
‘nove ‘al ong the radius of the disk, the nmethod conprising: selecting a first
power supply as a power supply for a spindle notor driver in starting the
di sk drive, 15 the power supply for the spindle notor driver being used for
the spindle notor driver to drive the spindle notor; and switching the
power supply for the spindle notor driwver fgomthe 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

coi | motor driver gand sike 1RoWeh S¥PRIi, Ot HNG PrOI1CE 1GOId1 1Rl 1 i ver
being used for the“voice coil "notor driver to drive the 25 voice coi

notor. 10. A nethed ebtdiiivigngna Wiskdl1e Mty thkathdLf atesadidied N a
di sk drive, conprisSing: - 37 setting a driving voltage applied to a

spindl e notor driover sihati fdid ves rike ispl idlae 10t @nd krdwh NSt rid tidiy
voltage in starting the disk drive setting a driving voltage applied to the
spindl e 5 not or pdriceerforo thes deadd 1dr i, N orolexaygp legwer rtawgn the first
driving voltage in an normal operation after the disk drive is started

det ectingba specifi c Zst ates antidres] taipovapi ndiltth ndteomadinfiota thieordré  etheat a
steady rotational speed, 10 after the disk drive is started; and sw tching
the driving vol tfdgs tagpilbosd mes tv h&hepiviedtageotmoshan drl tis tqpntfyalsied
driving vol tage, when the specific state has been detected. 11. The net hod
accordi ng to cl difmthe biwdrafificienty godectimg ARt donprdiQesshe

cal cul ating the nininun1vo|taﬁ§ necessary, to drive theJ@ﬁind e notor at a

steady rotati on&P%Pded I%n %t A B&sitS oAt ST&HR nQr ©f the

spi ndl e mot or; %nedri%%)qet %‘rhrgtmirég V‘\c’rﬁeet rI1n%rtotrheclr(\ia%rlecrul1azt elds rgpnelrn&néd 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 EgpogT ©of 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 t age has exceeded the second driving voltage and, if it is determ ned
‘that 'the cal cul ated m ni nrum vol t age has exceeded the second driving

vol tage, regarding the specific state as having been detected. 25 12. The
met hod according to claim 10, wherein the detecting further conprises:

cal cul ating the m ni mum vol tage necessary to - 38 drive the spindle
notor at a steady rotational speed, on thedasis of the current flow ng
through the coil of the spindle notor; and determ ning whether the
calculated mnimum5 vol tage has exceeded the second driving voltage and,

if it is determ eedratﬂ% %%eg’?lﬁrg%i’t E%e%gg%{y'féglrg&qut@i% I‘s@&_@geeded t he

second driving vdltage, regar ic state as havi ng been
detected. 13. A methods i, iRtk @ntpice coil motor acting 10 as a driving
source for a head actuator 1n a disk drive, the head actuator supporting a

head in such a mannerpidats tie haead cam imyearl gttt fi3di us of the disk,
the method conprising: calculating the anount of current caused to flow 15

through the voi eere@idurition Jf &R HID Pesidd Aigl dhierdieat@liing arget
position on the disk, the anount of current being necessary for the voice

coil motors to drd weddirl keddbdetand @f ttheosdddenrt tiherdraaibrat the target
position within a desired tined and 20 setting the driving voltage applied
to a voice coil|l T crandy ipsert < feet thrdseesint I Goilceamoidndintatred dowitther a
first driving voltage or a second driving voltage according to the

cal cul at ed anpurgansg rafrarence trivaeswdeh gl iavidaf aldlahrxenafr Iowerf t han
the first 25 driving voltage. 14. The nmethod according to claim 13, wherein
the setting furtHEm écﬁn?r“ﬂgets@d' I IGalul e MPtthesWrRRtiREe 3 & of the

driving voltage appl.ied tq the _voice cqil tor driver to cause the
cal cul at ed a_rmurﬁ‘ﬁg?lycﬁ’rorlg:rﬁ?et %9 W ftg’tﬁn% roi'ce tg%ﬁ Iflrﬁﬁa%r driver to
t he voi c§roc0| | %o{gi-itnﬁeell etti Hﬂfb dorf vg. v§litna Zunfﬁoﬁql‘l’ e& to the voice

coil motor drive Trstdrivi ng voltage, e O_ca i at ed vol tage
vol tage: appli od TR ATE v co T8 ol iEaiey SRARiE A SR B P Y g°
vol tage, when thggal sttty atdagtdpvala isrdipteid ghede than the sagond
driving vol tage. . "An apparatus for ‘driving a spindle notor that
Ey of a specific voltage level. In the second
embodiment, the voltage Ey is 12 V. The 12-V voltage
15 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 Eyg 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



rotates a disk and a voice coil notor 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 nove al ong the radius of the disk, the
apparatus conprising: a notor driver which drives the spindle notor and 20
the voice coil notor; a power supply unit which supplies to the notor
driver a driving voltage necessary for _thejdriver to drive the spindle
notor and the voice coil nmotor and which is capable of changing the driving
vol tage 25 supplied to the notor driver; and a controller which controls

the power suppl yguhtel N SHENCAUTBANGL ot BAL LERINET oFUBBIEMNLL SyRDl i es

- 40 a first driving voltage to the notor driver in a first

second driving %@Eh@ﬂﬁl'QWQEa?Qant@ﬁefb@ﬁFlér%%iQﬂeV%bUaQQ L% e, mytor
driver in a second node, the first node being a node in which priority is

given 5 to neki pgekast gheacpeekgongEatl has eheMevingg ibhe oFeaditend nigar get
track on the disk, and the second node being a node in which priority is

given to reduci pget Heipongr vbosages Fhe WBEOSPH drékerlB21ARcagRakat us for
driving a spindle notor that 10 rotates a disk and a voice coil notor that
acts as ab5drivi hgesebBMcé3f by aohtadladhgathe swidcti 2 dricoedinike thead
actuator supporting a head in such a manner that the head can nove al ong

t he radi us of thbediskreahe appdeatresseonpr itbengeriinalspioidlagenotfor driver
whi ch drives the spindle notor a voice coil notor driver which drives the
voi ce coil notokhan8PMolwhich a first driving voltage necessary to drive
the voice coil notor is applied: 20 a switch which switches a driving

vol t age, necessary t §e¥tivéhehorsgiatdrd Rt 6F Fiddashe aPtos tife Wi ndl e

tor driver, tg eit he fir i vi | t dri vi
Vol tage | ower AR PROTEPY <P HELY: G FOPUASOScaRY 26<2E5R GFI &r uhi ch
trol s;the sw ' hat..the fi qri vi tage i
ppl i o0 1B the ERPRGRATTotfr TAPTvBr | KLEEkr 1 tho “EAE APGk i VP 08 41° ang,
after the spindggsmotorfeacligs gngt %@g;?/é@mt%t 'r%%%!h %p%‘%%?d e second

driving voltage is applied to the spin notor driver. The appar at us
according to cl abRht@onWhekpeBd 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 Ey of 12 V (step S41). That is, the CPU 28
specifies the 12~V voltage Ey as the driving voltage
used by the SPM driver 221. Then, the 12-V voltage
20 Ey, 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 Eg 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).



5 the controller, after the spindle notor has reached the steady rotational
‘'speed, detects a specific state where the spindle notor 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 notor driver. 18. An apparatus for driving a spindle
notor that rotates a disk and a voice coil2amtor 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 nove al ong the radius of the

di sk, the apparatus eaHYy HHY S S LD Ahdrd @y St gidyes the
spindle notor and to which a first driving voltage necessary 20 to drive

the spindl e not gpdedl, apble EPU 28V HaifEOithd e dlidv &lwidicp diriges the
voice coil nmotor; a switch which switches a driving voltage, necessary to

drive the voi ce stdidchmaher candiagphicdtdge Usdd@wane I ldmbier i ver,
to either the first driving voltage or a second driving voltage | ower than
the first drivirdg whlet ageoranttiver £2 tao dord rfoiy eruppiiychvadadaopd atees, from
the position of the head and a target position on the disk, the anmount of
current caused t(etpowiir.ou@gn tithe vdilee: dwinld,mother to-\pomilitiage the head in
the target position 5 wthin a desired tinme by driving the head actuator
with the voi ce &HepPpest ¢ &Yd the oo ldaae dopatar R tich arldrating to the
cal cul ated anmount of current. .AY; , i

. AYh, . AYA@ AY{ @RS FARAGYAGS. ARAYCMAIE 1P A42 1&s thgy Mmoo A AhL. AUs. AhL
.A{" . Ass. AhL. Ah" _ A ‘.A&%.As9.A{L.AsL.AU‘.A.A‘.A{s.A;

s/ . Ar.Ah_. Ar. Ar CASSCAU4A{". Ah. A+/ c=nBKk, O

HT] (val gb] X cal cal calcalcalcalenl caloal al cal ool sab.os) Splsatal e £ oal ca
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 shortens the
15 starting time of the SPM 13. On the other hand, the
12-V voltage Ey 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 Ey is used as the driving voltage for the SPM
20 driver 221 and VCM driver 222 to drive the SPM 13 and
VCM 14, respectively. 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 Ey 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
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a fluid dynamics bearing SPM is used as the SPM 13,
there is a possibility that the following phenomenon
20 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. In such a state, it is difficult for the
25 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
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SPM 13 increases, it may be difficult to drive the SPM
13 at the steady rotational speed on the 5-V supply
voltage Vcc.
To overcome the problem, even if the load on the
5 SPM 13 increases after the HDD (SPM 13) is started,
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

10 minimum voltage Eyyy hecessary 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
embodiment is that the driving voltages necessary for

15 the SPM driver 221 to drive are switched according to
the calculated voltage EymN. Hereinafter, the
modification of the second embodiment of the invention
will be explained by reference to a flowchart in
FIG. 7.

20 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

25 driving voltage used by the SPM driver 221 becomes a
12-V voltage Ey (step S51). Then, the 12-V voltage Eg

is applied to the SPM driver 221. The SPM driver 221
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the SPM 13. As a result, the SPM driver 221 can drive
the SPM 13 at the steady rotational speed more quickly
than in the case where the 5-V supply voltage Vcc is

5 used as the driving voltage (step S$52).

When the SPM 13 has reached the steady rotational
speed, the CPU 28 detects the terminal voltage Egpy of
the SPM 13 (step S53). Next, the CPU 28 calculates
the minimum voltage Eyiy necessary to drive the SPM 13

10 at the steady rotational speed from the detected
terminal voltage Egpym (step S54). Here, the CPU 28
calculates the voltage Eymiy in the same manner as in
step S5 of the first embodiment (step S$54). That is,
the CPU 28 calculates the voltage Eyin using

15 equation (2): Emrny = Egpm +AE.

Next, the CPU 28 determines whether the
calculated minimum voltage Eyin has exceeded 5 V
(step S55). If EMrny 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 556). 1In contrast, if Emyny 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 857). 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.
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In the modification of the second embodiment, the

SPM 13 is so designed that the minimum voltage EyM1y
necessary to drive the SPM 13 is a little lower than
5 V at room temperature. In this example, since the

5 SPM 13 is normally driven with 5 V, the power loss in
the SPM driver 221 is small. When the load on the SPM
13 increases and the minimum voltage EyN necessary 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 of FIG. 5 is only the 5-V supply voltage Vcc. In
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 HDPD 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
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and the 12-V supply voltage or the 5-V supply voltage
output from a step-down circuit is supplied via the
5 selector switch 29 to the SPM driver 221.
Furthermore, instead of using two power supplies
(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
(the 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. 1In FIG. 8, the host supplies two kinds of
supply voltage Vcc and Vec’, 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
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hand, either the 5-V supply voltage Vcc or the 12-V
supply voltage Vcc’ is applied via the selector

5 switch 39 to the VCM driver 322 in the motor
driver 32. The selector switch 39 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 motor 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) is
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proportional to the current flowing through the coil
of the VCM 14. Therefore, the higher the driving
voltage E applied to the VCM driver 322, the more the
current Iyax allowed to flow through the VCM 14
5 increases, which enables the seek operation to be
carried out at high speed.
On the other hand, the power W necessary to drive
the VCM 14 is:
W = IycM*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 IMay 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 Iyax
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
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HDD of FIG. 8 will be explained by reference to
a flowchart 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 signal read by
the head 16 from the disk 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 S6l1). Obviously,
in seek control for moving the head 16 to the target

track, the VCM current IycM becomes larger.
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head in the target range of the target track, the VCM
current Iycy becomes smaller. The tracking control is
performed after the head 16 has reached the target
5 track (that is, after the seek is completed).
After carrying out step S61, the CPU 38
calculates a driving voltage Eycy that can flow the
VCM current Iycym calculated in step S61 (step $62).
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. In contrast, if the
calculated driving voltage Eycy 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 Iycy calculated 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 calculated amount of VCM current Iycy
through the VCM 14 (step S66).

As described above, in the third embodiment,
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whether the VCM 14 is in a state where a larger VCM
current has to be caused to flow through the VCM 14
(a first state) or in a state where a smaller VCM

5 current is caused to flow through the VCM 14 (a second
state). The first state appears at the time of, for
example, seek control. The second state 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
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shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

5 defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. 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,
5 the head actuator supporting a 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 modg 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.
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3. The method according to claim 2, wherein the
first driving voltage is the maximum voltage that the
power supply unit can output.

4, The method according to claim 2, wherein the
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:

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.

6. The method according to claim 4, further

comprising:
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detecting the current flowing through the coil of

the spindle motor in the second mode; and
determining the voltage level of the second
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
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.
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setting the first mode according to a seek
command given by a host using the disk drive; and
5 setting the second mode when the disk drive is

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:
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motor driver that drives the spindle motor to a first
driving voltage in starting the disk drive;

setting a driving voltage applied to the spindle
5 motor driver to a second driving voltage lower than
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
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on the basis of the current flowing through the coil
of the spindle motor; and

determining whether the calculated minimum
5 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.
13. A method of driving 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:
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calculating the voltage level of the driving
voltage applied to the voice coil motor driver to
cause the calculated amount of current to flow from
the voice coil motor driver to the voice coil motor:;

5 setting the driving voltage applied to the voice
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 motor 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 mannher
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 supplied to the motor driver; and

a controller which controls the power supply unit

in such a manner that the power supply unit supplies
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mode and a second driving voltage lower than the first

driving voltage to the motor driver in a second mode,

the first mode being a mode in which priority is given
5 to making faster a seek operation of moving the head

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
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and, after the spindle motor reaches a steady
rotational speed, the second driving voltage is
applied to the spindle motor driver.

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
rotates 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
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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

5 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.



