n€3ee " a<c@ce6TeTeak Er TITLE OF THE | NVENTI ON DI SK DRI VE AND METHOD FOR
EONTROLLI NG DRI VI NG VOLTAGE OF SPI NDLE MOTOR APPLIED TO DI SK DRI VE
BACKGROUND OF THE I NVENTION 5 The present invention relates to a disk drive

using a disk as a recording nmedium and particularly relateﬂwmwmmWMHmmmr
for controlling the driving voltage for driving the spindle ng
the disk. In general, disk drives using dilsks as a recordi ng 10+5&gkum
utilize a nmotor, called a spindle notor, to rotate the di sks at high speed.
Spindl e notors are brushless DC notors. A voltage E necessary to drive a
brushl ess direct-current notor, rsuch as ausprNdERTMIONOr, IS expressed by
the followi ng equation: 15 E=VB + 1 x R (1) In equation (1), VBis a

vol t age (herei patkeDRIVEl ANDeMETEOAS FRD ACK TRMEIMOIG AGIV INGVAIMAGES ponds
to a back electronotive force (back EMF) generated in the notor coil as a
result of the Ot SPINDLE MOTORMMP@LIEZ0 TCh® ISHC IOREME vol tage Vg is

proportional to the torque constant and the rotational speed. | is the
current flowi ng through the BAGHGR@IND & | BIE hBVENTIGIN t he resi stance of
the nmotor coil and the resistance of the notor driver. The current | is

proportibnal to the T duaseny tigyeandish tifd akfiorto Thebeflor& ivar exanpl e,
when the notor | gad changes as a result of a change in anbient tenperature
the current | PP&@@U&t@éS as a gecordlng medium,” and particularly

relates to a method for controlling the driving voltage
for driving the spindle motor rotating the disk.
In general, disk drives using disks as a recording

10 medium utilize a motor, called a spindle motor, to
rotate the disks at high speed. Spindle motors are
brushless DC motors. A voltage E necessary to drive a
brushless direct-current motor, such as a spindle
motor, is expressed by the following equation:

15 E=VvVg + I xR (1)

In equation (1), Vg is a voltage (hereinafter,
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.

20 The back EMF voltage Vg is proportional to the torque
constant and the rotational speed. I is the current
flowing through the motor coil. R is the sum of the
resistance of the motor coil and the resistance of the
motor driver. The current I is proportional to the

25 driving torque of the motor. Therefore, for example,
when the motor load changes as a result of a change

in ambient temperature, the current I fluctuates
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accordingly. The torque constant and the coil resistance varies due to the
characteristics of the notor. For this reason, the driving voltage of the
notor is designed to be higher than Eto allow a 5 margin, taking those
variations into account. The margin, however, results in power |loss in the
nmotor driver that drives the notor. Thus, when the driving voltage of the
motor is designed, allowing for a margim, 4 his causes the probl em of

i ncreasing the 10 power consunption. This probl em becones particularly
significant in fluid dynam cs bearing spindle notors which are beconi ng

i ncreasingly papubatingwgdayshas tspiqudl eciitens wsed the hayid di sk notors.
The reason is that, in a fluid dynam cs bearing spindle notor, the 15
viscosity of flrasdstange, vairipsi doeeaseshal ichatriae tamiisaniic st erfpestat ur e and
therefore the load on the notor fluctuates significantly. Qobviously, a
great change imothe.nofor Itbad ressbns ithea drangad Medthsatd @f ithe he
driving voltage E. Thus, it is necessary to allow a 20 |arge margin for the
not or drivi ng Rotpagésadesdbngdusedbet Kioherf Itherudt itonslilew e dri vi ng
voltage E into account. Allowing a |large margin for the notor driving

vol tage PncreaBésdiRe pewdndl 659 sien Veled avioes diibper @i ngly. A

techni que for reducing the power loss 25 in a notor driver, has been

di sclosed in Jpn. P3te AFFHN/KORKCVSHy iL&H4d® N& RPRWSIBOSS |3 tHhe

t echni h i nafter,, f dt th i , -3 t dri

e e (e gL pell e, 6T RLRS L0 88 LR RELOL S e e W 01V
h i th . . I Vi | st .0) t : th

motor oriver t8TavIY PRa e PO TR WBtEa,e d SRAIHSIE SRS (he

i ncrease or degr ‘Rm%t% in 1Re CULLGRls G oMo hiough j]tz{?:\ﬂlzoﬁf%iq{g Gg{d . By this

vari abl e control, e difrerence between'the term na tage (or coi

term nahgvol t agelve®’ cbheui@itQlonand THhe HrioH e WIdAGS ighrd il zed, which
reduces the loss in the 10 notor driver. Incidentally, the term nal” voltage

of the notor | gigeli¥ilanet uat esuiduelyinanfildic et ony isp il dmiciod®ad or
abnornmalities of the notor. However, the prior art cannot quickly cope with
the | arge fl ucwhdtchomref bEnomieo dmnmreals v ivagepafl drhenowddays @t is, in
the spindle motors used in hard disk motors. The reason is
that, in a fluid dynamics bearing spindle motor, the
15 viscosity of fluid (e.g., oil) increases with the
ambient temperature and therefore the load on the motor
fluctuates significantly. Obviously, a great change in
the motor load results in a large fluctuation in the
driving voltage E. Thus, it is necessary to allow a
20 large margin for the motor driving voltage actually
used, taking fluctuations in the driving voltage E into
account. Allowing a large margin for the motor driving
voltage increases the power loss in the motor driver
accordingly. A technique for reducing the power loss
25 in a motor driver has been disclosed in Jpn. Pat.

Appln. KOKAI Publication No. 4-208091. 1In this

technique (hereinafter, referred to as the prior art),



prior art, when the control of the driving voltage of the spindle notor is
realized with hardware, there is a possibility that it takes a long tine to
return to the rated rotational speed (steady-state rotational speed) 20
when the rotational speed of the notor is largely decreased. In starting
the spindle notor, the voltage is not generated between the notor termnals
(coil terminals). Therefore, when the cont¥ol-of the driving voltage of the
spindle notor is realized with hardware, 25 a | arge anount of current
cannot flow into the notor imediately after starting the spindle notor. In

this case, thergd sirtika RO IRddd Yidhaluddl y akAx 21d)0NG clrarfyed i% do
return to the rated rotational speed. BRI EF SUVMARY OF THE | NVENTI
According to omewabedippitt wiitd heagablentd OrchdE il sheadriolecdtsd ng THe di sk
as the recording nediumis 5 provided. The disk drive includes a spindle
not or whi ch rotdaties richeraditslge a svdilteage ldetey mawddsarwifidy theCRdtar

vol tage generator, and a driver circuit. The voltage determ nation unit
dynani cal | y detderivieredca driirvst bl tegeof.or Tvd wialdg-adee ispivedt ieediot or
according 10 to a rotational state of the spindle notor. The first voltage
is a vol t%age r FOrEH D benitiisaiinquRa ot idnrieaifedd dthe Ma1sgs™dl e not or
at the rated rotational speed. The CPU determ nes a _second voltage for

driving the spifd@ve Nt BPhs FandiE 3 slsi ndY s Fa0fankf e cont r ol
node. The vol tage generator generates dL{ivin vq{t e for driving the

Spi ndll & ot or . SRR Furer g% SR BRI SSRGS et S AT by t he
vol tage determ pationunit as the_ driving voltage i.n a ha re,caontrol
node and 20 gen(e%%atceosrht knlceersmeléloanld v\;&%a eg} det € n Odtooﬂ/ atr}ﬁc{e %rsl\ﬁ%&

driving vol tagg,dy atglee issOfdi"%?irnﬁ]zCeQ{'t Ll JPdes g e driver, &l repidp drives the
spindle notor byt dri'ving voltade gener at ed Wih the Vo t'age generator.
BRI EF DEJCRI PTh\ F & SEVERAL VIEWS OF THE DRAWNG 25 FIG 1 is a block

di agram showi ng a configuration of the hard disk drive according to an
enbodi ment of the i nuesidéita®ng the Scefthinal v&1ladd WF Chias tmShoOM ng

control procedure for starting SPM 11 to drive SPM 11 at the rated
rotational speddidgeljheflardmdittesnt .due to fluctuation in the motor
load or abnormalities of the motor. However, the prior
art cannot quickly cope with the large fluctuation of
15 the terminal voltage of the motor. That is, in the
prior art, when the control of the driving voltage of
the spindle motor is realized with hardware, there is a
possibility that it takes a long time to return to the
rated rotational speed (steady-state rotational speed)
20 when the rotational speed of the motor is largely
decreased. In starting the spindle motor, the voltage
is not generated between the motor terminals (coil
terminals). Therefore, when the control of the driving
voltage of the spindle motor is realized with hardware,
25 a large amount of current cannot flow into the motor

immediately after starting the spindle motor. In this

case, there is the possibility that it takes a long



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 An enbodi ment in which the
invention is applied to the hard disk drive will be described bel ow
referring to the acconpanying drawings. FIG 1 is the bl ock diagram show ng
the configuration of the hard disk drive according to one enbodi nent of the
invention. 10 The hard disk drive (hereinafter referred to as HDD) shown in
FIG 1 includes a spindle notor (hereimaftér referred to as SPM 11, an SPM
driver 12, a CPU 13, and a shock sensor 14. The shock sensor 14 detects an
i npact applied to the HDD fromthe outside. The shock 15 sensor 14 outputs

an effective | mae tdeteation 3 Rl =R ahenddhe dipaddpsxteeding a
predeterm ned threshold is applied to the HDD. The signal SDis supplied to

the CPU 13. The SPM 11 is usedefosurMspRrd pir ot itnyeaTTagnet i ¢ 20 di sk (not
shown) used as the recording nmediumof the HDD. The SPM 11 is, e.g. a

t hr ee- phase, twel veApoderdinti@rto ree Sbddimast tdif eehphasesmbion, cohés.
These three phases are usually indicated by U, V, and W One end of each of
t he t hree- phasaimk dgriow |ussiirgy cdrenwhisk 256 ddment@rkding ted SBM 14, t he
commonly connected termnal is referred to as termnal COM The ot her
termnal  of ea&glovoideache tTreealigtashr ifts o‘lrnQ:ldldESS & espindle neferred to as
termnals U, V, and W In FIG 1, the term nals V, and Wof the

t hr ee- phase not& Foitotadias ithe e eﬁﬁdfctlﬁiea‘?t%rdﬁ"h%ﬂmmﬁ%n oited The

SPM driver 12 drives the SPM 11 by supplyin urrent to the SP 11. The
SPM dr i ver 12 {lpdr ot a8F SRS a?déjg\?céf%]fve% TN E TheReippl y

vol tage VCC is ! lledd‘{ host ot % h,éa host i s_an

el ectroni o | nst TR r%?wgagslhoerl sty o ?-"rf“%%?% Rase, it
i's assumed thatgt te { P t he
enbodi ment, it |S%S%%é§%%%h%h0ﬁ?%ﬁ% @t%gt%e as agstor age
device g PC. The ORd st fdifed IanG % 2 GRtEeldefe GRSLSP! | e epphpor L on

in the HDD by executing a control program
voltage is a voltage required to maintain the

rotational speed of the spindle motor at the rated
rotational speed. The CPU determines a second voltage
for driving the spindle motor by software processing in

15 a software control mode. The voltage generator
generates driving voltage for driving the spindle
motor. The generator generates the first voltage
determined by the voltage determination unit as the
driving voltage in a hardware control mode and

20 generates the second voltage determined by the CPU as
the driving voltage in the software control mode. The
driver circuit drives the spindle motor by the driving
voltage generated with the voltage generator.

BRIEF DESCRIPTION QF THE SEVERAL VIEWS OF THE DRAWING

25 FIG. 1 is a block diagram showing a configuration

of the hard disk drive according to an embodiment of

the invention; and



15 (software). The control programis stored in a nonvolatile nmenory such
as a ROM The CPU 13 selects and sets either a hardware control node or a
software control node as the node of the HDD. Voltage (notor driving
voltage) VM applied to a driving circuit 121 20 described later is
controlled by setting the node. The hardware control node is the node in
which the notor driving voltage VMis autdmatically controlled with the SPM
driver 12. In the hardware control node, the notor driving voltage VMis
automatically adjusted 25 to mninum voltage (first voltage) VM N required

to rotate the SPM 1k1ai, bhe g at &d Gipldldranannerfl WddrdiherfMdiiver 12.
The m ni rum voltage VM N is 7 _variably set ‘according to SPMterm na

vol t age VSpM deser ishad thiagespmMOl it ke airiele k@nd,l1t ke sofd wartedccont rol node
is the node in which the notor driving voltage VMis controlled to

speci fied vol t agéatdenandspeead tlageheVidmiicdinemne .CPU 13. I n the enbodi nent,
the voltage VH is higher than the supply voltage VCC and the voltage VM N
Theref ore, sonetines thOBIRNLIEGe DI GRL Bl KN r@f FHEALNVENBLION gh vol t age VH.
For exangl e, the software control node is set in starting the SPM 11 10 and
in the case that thénr smpcdiments geedhdich HdeSpvMvVERtion dryearplrepi @ y)
decreased fromthe rated rotational speed. The SPM driver 12 includes a
driver circuit th21hagdciskgergeivemdtldr b2 2esenifiadhfe qat eafmrayy a 15
vol tage determ_nation unit 124, a rrar%i,n register 125, a rrultic{)l exer (MJX)

126, and a sped@ SPGnACGBRENILHT PFAVIRS dr V&G di rLitt e PE9cei ves the
t drivi |t VM d with the volt t 122 d

Suppl i €5 cur el FRETaRAr 153 eV T OCR ot o Ggbd $0 oach

phase of U, V, da"].q/'ewa(?:fcotxjaﬁnﬁp I\éloljone-”é Qil&t?eqft gﬁn%rhaet Q.rnv]e%?ti' a power

supply unit which can vary the Voltage. g volt age generator 122 gener at es
the vol hage whase Yale disiSRESVE ethdpe idalm &2 B Ahg SUPRly syt age VCC

The voltage generated with the 25 voltage generator 122 is applied to the
driver circuit shdhnasnt g aotion ndlivddig &V Fdiaea /Motbe dadreildd e & ven

fromthe CPU 13 or the voltage determ nation unit _ g _ 124 through the
mul tiplexer 12@eferred to as SPM) 11, an SPM driver 12, a CPU 13, and
a shock sensor 14. The shock sensor 14 detects an
impact applied to the HDD from the outside. The shock
15 sensor 14 outputs an effective impact detection signal
SD when the impact exceeding a predetermined threshold
is applied to the HDD. The signal SD is supplied to
the CPU 13.
The SPM 11 is used for rapidly rotating a magnetic
20 disk (not shown) used as the recording medium of the
HDD. The SPM 11 is, e.g. a three-phase, twelve-pole
motor. The SPM 11 has three-phase motor coils. These
three phases are usually indicated by U, V, and W. One
end of each of the three-phase motor coils is commonly
25 connected. In the SPM 11, the commonly connected

terminal is referred to as terminal COM. The other

terminals of each of the three-phase motor coils are



The vol tage detector 123 detects the voltage between the ground and each
termnal (coil termnal) U V, and Wof the SPM 11 as term nal vol tage (SPM
5 term nal voltage) VSpM The voltage determ nation unit 124 dynam cally
determ nes a value of the notor driving voltage VM which should be
specified to the voltage generator 122, on the basis of the value of the
SPM term nal voltage VSpM detected with tHe voltage 10 detector 123. The
vol tage determ nation unit 124 includes an A/D (Anal og/Digital) converter
(ADC) 124a and an arithnetic unit 124b. The A/ D converter 124a converts, in
synchrony withrareaiRl kG GlsO¢krnting 13PM,t &, mMapdl w0l tragernéSPM detrrct ed by
the voltage detector 15 123 into a digital value. The arithnetic unit 124b
cal cul ates theteahieadk thevyoer aricod Rgevalhirage pyds eMricatd rs il 1gs be
specified to the voltage generator 122, on the basis of the value of the
SPM term nal velkktadediSpMecdonvelr ttéd itetrmitfzd dioyi tial owdlttemdM th the A/ D 20
converter 124a. In the enbodinment, the arithnmetic unit 124b is an adder

whi ch adds the val u€hsf SHYe SS3RMearerid mdivesd ttdge SESpMladdy ssuwep twiges mar gi n
OV set in the margin register 125. The A/D converter 124a may be al so

provi ded>i ndepehgarntoftor liliev §iFMagdd -detTévaniSTat icden vEs Jid tisimperpfedrar gi n
register 125 is used for holding the voltage margin OV. The voltage margin
OV is set by tR¥Y eBOPLY, veldaden Vacating the FDD. The SWPPRie ¥AHTIIR exer
126 is the two-jnpyt, one-output nultiplexer having t i nputs A and B. A
first data DA V66 d&t BREURE VETe & %hé MR (J‘rq%visﬁg’"‘(fgl'taﬁle\/ ost
determ ned by the CPU.13 is supplied to the input. A Qf 5 e | tiplexer
126. A second dft #7D8 SRR NG 1 e Wi L 1ot diY T bl Yage WM
det er mi ned by vgl ta t.ermnat i jt ' | 0. he, input B
of the multipl tg(igr' CliZG. gi%hfay?lrjfu trglap éng?C L15‘296 asséﬁ%ée}hce!td: %Létncﬁeerhee?hﬁeosl%\gusf F‘g\
(data DA) or t i t t 0 a .dat WoTy e

si gnal Il%/lb The %%gg%%%&nglo%t%ﬁéﬁdgs' VV?]I;H(:: tj%zei' ?L()r?ttagr:cegnéﬂodr}?lr% ﬁ'rarl'l)(rjge)éjor

the hardware caRrt @lsufede thatSehe HID @3 ighanges 1stiaf ess<d 4d1e mode
signal Maccording to the setting of the software control node or the

har dwar e contr eltorede dbvibee omtrgr, driving vol tage val ue (data D) sel ected
with the nmultiplexer 126 is given to the voltage generator 122. The speed
si gnal generator 127ThgeriRatles farsttginals (dereicaiterl Yef eroredre 1 &rsg speed
signal) SS of a frequency proportional to the rotational speed of the 20
SPM 11. The spee@dhsipprdlioss icoridistidbibn s@mdusing puadsrahigtegpear in
a period determ ned by the rotational speed of the SPM 11. The speed signal
SS genefat ed wilSR e repeed WigrantgeHeiagram 7§ Staxsst ildd @ Qe CPU 13.
volatile memory such as a ROM. The CPU 13 selects and
sets either a hardware control mode or a software
control mode as the mode of the HDD. Voltage (motor
driving voltage) Vy applied to a driving circuit 121
20 described later is controlled by setting the mode.
The hardware control mode is the mode in which the
motor driving voltage Vi is automatically controlled
with the SPM driver 12. In the hardware control mode,
the motor driving voltage Vy is automatically adjusted
25 to minimum voltage (first voltage) VyIN required to

rotate the SPM 11 at the rated rotational speed with

the SPM driver 12. The minimum voltage Vyin is



25 The control procedure, which is executed in the HDD of FIG 1 and starts
the SPM 11 to drive the SPM 11 at the rated rotational speed, wll be
described below - 10 referring to the flow chart of FIG 2. The CPU 13
sets the HDD to the software control node, for exanple, in the case that
the SPM 11 is required to start as a result of turning on power supply of
the host (PC) 5 (STEP S1). That is, the CPU 13 sets the node signal Mto
the state indicating the software control node, e.g. a low level. In the
software control node, the CPU 13 supplies the data DA specifying the

predeterm ned bhehawokt 8ge Yachbedihg it@ptstpMAt@frmtih»@lrrwlotlitﬁlg@e@ﬁ}%fi (STEP
10 S2). In other words, the CPU 13 specifies the high voltage Vg>VCO)

as the requiredesoirobedr Luiag .vobhagheVMithe rohderd,t kade tshe taiaineer circuit
121 in the 5PMdriver 12 drives the SPM 11. The nultiplexes |26 selects the
dat a DA suppl i edntsoflombbe isptheAmotiet He mhlitcdhpltévee mol2E fdramitrtee CPU 13
as the data D during the period of the low level, in which the node signha

i ndi cates the yofitagee Vgohsr sonirde 1ethé odse dd fiedDApliteigsi Vieeaand he

vol t age gener ator 122. The vol tage generator 122 corresponds 20 to the data
D gi ven Prom t Nel&ape) pVexed thodhgn§Pfeder-at €9 the \wFsdaesft + Her&/al ue
specified by the data D fromthe supply voltage VCC. In the_case of the

sof tware contr3PlY898 Viké st Righerahre thife S¥@Pd YDV e dae W

speci fying the_high ltage VH. T 25 voltage VH.,s t vol t.age haying the
SOTTTclent | oveRer HOMRPOR TG NePMEDE LaRE Yy SRR HIES DS Sk 35 aH onal
speed in starti,ng_t P r .in_the .cas - 11 .. that.t t i onal
speed of the Sﬁ% f%g:%s%e?r%ée? é)craesagleléﬁ’f S’@r%]ttal"?ée rvﬁ'ed Frooﬁzet}‘irao a é'speed.

The vol tage ge%ﬁ][e?tg%rft}c%%e?%g%%ﬂsggoﬁﬁ gjso@e“co'ig@%%a\éﬁ, dg;g’@lé/ 4 i gh

i .
vol tage VH speci W t 1 ndicated by 5 the data D (= DA) in a

manner fRat boggls i@ nIURRIE “Rlitaqe VEo RAGUHING I d R dafa dpM =1 DA) .
The hi gh voltage VH generated with the voltage generator 122 is applied to

the driver cirgi@i 1a¥3b185 (rh@itOr dddrdaied dricdge N (%P S3). The
driver circuit 121 10 accelerates the SPM 11 to the rated rotational speed

by the notor diiotiangonellt ageed\V boosted to the high voltage VH during the
software control node. As described above, in the enbodi nent, the SPM 11
The SPM driver 12 includes a driver circuit 121,
a voltage generator 122, a voltage detector 123, a
15 voltage determination unit 124, a margin register 125,
a multiplexer (MUX) 126, and a speed signal generator
127. The driver circuit 121 receives the motor driving
voltage V generated with the voltage generator 122 and
supplies current for maintaining the rated rotational
20 speed to each phase of U, V, and W of the SPM 11. The
voltage generator 122 is a power supply unit which can
vary the voltage. The voltage generator 122 generates
the voltage whose value is specified by data D from the
supply voltage Vpoe. The voltage generated with the
25 voltage generator 122 1s applied to the driver circuit

121 as the motor driving voltage Vy. The data D is

given from the CPU 13 or the voltage determination unit



is driven irrespective of the SPMterm nal voltage VSpM 15 by the high
voltage VHin starting the SPM 11. Accordingly, unlike the drive of the SPM
by the voltage determ ned on the basis of the SPMterm nal voltage VSpM
the SPM 11 can quickly reach the rated rotational speed. 20 On the other
hand, when the CPU 13 sets the HDD to the software control node (STEP S1),
the CPU 13 detects (calculates) the currerft rotational speed of the SPM 11
(STEP S4). That is, the CPU 13 detects the current rotational speed of the
SPM 11 from a pul se interval of 25 the pul se series (pulse repetition

period), whichibg iheuded thr whe tSpaesey anal, SS outputted fromthe speed
signal generator 127 in the SPMdriver 22. The CPU 13 - 12 decides on

t he basis of the detmeei edirteird iddialctepead Wit d heSRM1lageaches the
rated rotational speed or not (STEP S5). The CPU 13 repeats the STEPS $4
and S5 at a pr eddtverm e igrtoemvialangnteialcht HergRdall (cai ldeame falt)hdl, t he
SPM 11 has reached the rated rotational speed. In this case, the CPU 13
deci des that tRNe 8PM ¥l dfasheeddhed 1t ke rtatrad nedt aoildagle s(Fd@d in t he case
that the rotational speed of the SPM 11 exceeds the predeterm ned
rotationdl spe&@TMéRerd tieditaded Vater r dtd iVeddladspSederpimGit ign 1BEst a
pr edet er m ned per| od. Then, when the CPU 13 can decide that the SPM 11 has
reached the ratéd Pd@éﬁql&ﬁéllysﬁ%@mtlﬁ’@scpuvﬁiuﬁe&fd@eﬁ ARt Ath &5 Emg of

the SPM 11 has e rrpl et n.,this si nce t, e 3 reduces the power
loss in 15 the" I@Ia@ﬁ Sldéﬂr' i"?l‘:tl"heS dié')ec Jeheofvot 49D from

the soft trol the .h TEP S6),, That is,
the CPU 13 set SUIRE e rgndr (4 N8 il (i a?t-%gﬁ%ﬁfhe e

trol mod h | the SPM
control noade, ‘%egmlh ah Javel e &P%%e“c‘?%gﬁﬁ‘%f yAAQLE Gl voI fits eng\/ N

driver 12 detect e termn erm na SpM of the

SPM 11, 1@. 9. ahel%%‘i%trerl%ned T Qfo\ﬂ.adagqé M dthEARRIEIPNA 1 Stile (STEP S7).
The A/ D converter 124a in the voltage termnation unit 124 converts, in

25 synchrony Wil 1tdse sSapla/mg @reGleg AD1ey %)t eigHwaltatol tags MSpM
detected by the voltage detector 123 into the digital value. The arithnetic
unit 124b in thed an B¥ithmetic unit 124b. The A/D converter 124a
converts, in synchrony with a sampling clock, the SPM
terminal voltage Vgpym detected by the voltage detector
15 123 into a digital value. The arithmetic unit 124b
calculates the value of the motor driving voltage Vy,
which should be specified to the voltage generator 122,
on the basis of the value of the SPM terminal voltage
VgpMm converted into the digital value with the A/D
20 converter 124a. In the embodiment, the arithmetic unit
124b is an adder which adds the value of the SPM
terminal voltage Vgpm and a voltage margin AV set in
the margin register 125. The A/D converter 124a may be
also provided independent of the voltage determination
25 unit 124. The margin register 125 is used for holding

the voltage margin AV. The voltage margin AV is set by

the CPU 13, e.g. in starting the HDD.



vol tage determ nation unit 124 cal cul ates the notor driving voltage VM on
the basis of the value of the SPMtermnal voltage VSpM whi ch has been
converted into the digital value with the A/D converter 124a (STEP S8). 5
At this point, the mninumnotor driving voltage VM N required to rotate
the SPM 11 at the rated rotational speed is calculated (determ ned) as the
motor driving voltage VM In the cal culati®n of the mptor driving vol t age
VM= VMN, the voltage nmargin ~V set in the 10 margin register 125 is used
in order to allow for the voltage VM = VMIN Specifically, the voltage VM =
VM N i s cal cul at ed, Teconditigp t<xkdhe folilowHg Barainms, narowdsing
operation of the adder 124b; VM= VM N = VSPM + OV (2) 15 The addi ng
operation of theladgdrexbdhatisel frwcs icgnsisa landc @ v i &d filkst rdespamX i ve
of, e.g. the node of the HDD. As can be seen fromthe equation (2), the

vol t age VM = VNinNicaltdumoattéd bya ltuee o dihey mopwyatdminviofg thel tage Hagt i ¢ uni t
124b fluctuates according to the 20 fluctuation of the SPMterm nal voltage
VSpM | nst ead deteaigededtyi dieofCRthe 5PN taih Hegd Vit e MspM Bw¥ ent
(SPM current) ISprIovm ng thro%g the coil of the SPM 11 nay, be detected.

In this Case, tll?@ FBHG RdERA™ g Afol t dgeoamans wiatie dih lZHjthea%Pél%rqfﬁ%ed by
th | | at h f t VB + | SP RSPM
P SR B L R oy i SR LR AR LSRR st vl

s the gggﬂklfwﬁgeatggﬁg&ﬁ%enefat dm'n” e c0l) £ s, M I, by e pefati on
B of the multiplexer 126. The multiplexer 126 selects
either the input A (data DA) or the input B (data DB)

10 as the data D according to a mode signal M. The mode
signal M indicates which the software control mode or
the hardware control mode is set. The CPU 13 changes
states of the mode signal M according to the setting of
the software control mode or the hardware control mode.

15 The motor driving voltage value (data D) selected with
the multiplexer 126 is given to the voltage generator
122. The speed signal generator 127 generates a signal
(hereinafter referred to as speed signal) SS of a
frequency proportional to the rotational speed of the

20 SPM 11. The speed signal SS consists of a series of
pulses which appear in a period determined by the
rotational speed of the SPM 11. The speed signal SS
generated with the speed signal generator 127 is
supplied to the CPU 13.

25 The control procedure, which 1s executed in the
HDD of FIG. 1 and starts the SPM 11 to drive the SPM 11

at the rated rotational speed, will be described below



is i hfluenced by variations of the resistance RSpMof 5 the coil of the SPM
11 and the variations of the back EMF voltage VB. For this reason, the

cal culation of the equation (3) is inferior in accuracy to the case in

whi ch the voltage VM= VM N is calculated with the equation (2) using the
SPM term nal voltage VSpM 10 Simlarly to the prior art, in accordance with
di fference between the current notor drivifAg voltage VM and the SPM

term nal voltage VSpM the new notor driving voltage VM = VM N nay be
determ ned so that the difference is always mnimzed. In this case, the 15

arithmetic uni tek24kihg thetwel fage dekermoFatiren @nit Thd gy 1cardatput a
subtraction operation which calculates the difference between the current

motor driving takt Zge Y ahe sherHBiet eohitiall woldeag&o¥SepMamplle ,valr age
determ nation unit 124 supplies the 20 data DB indicating the value of the
not or driving vbhet ageeVihat VYhkleNpPtaldulist ed gudeteer monestp iy atshex ari t hnetic
unit 124b to the input B of the nmultiplexer 126 (STEP S8). That is, the
vol t age det er mregtilgnodnittir2ags pacivbiwes ¥Mpp lyMo] £heSppst (@&G)) V as the
not or 25 drivin voltage VM The multiplexer 126 selects the data DB

suppl i ed>t o thd>ST ﬁfé’utSl% of Thaé& r#@lrtltﬁleeﬁ@ﬁ 136 sfetemtiice mpsie fg@nal M
determ nation unit_ 124 as the data D - for the periqd of the high
level in mhlchtPhéhﬁD§§a§Pgﬁ&ﬁlﬂﬁtﬁﬁﬂb§9§sSpﬁewﬁéﬁdﬁ§m§IEHﬂFW%ﬂernﬁhg The

data D (= t Th I t t

lgzagem(er at es Fhe%V\cl)leiFé(ﬁ %hﬂ?agé’l g’%{?ﬁ&%h & %\Mmtor?leet'vg: at%} L%e e:‘)?n ? Le
| | t \/CC dat f |t | 126.

THRE Thi's examSHEDIRRS FREC X o¥% P BRI Den st e 0 i

the d?‘t a DB Spt%%'rlf’cégreg V\’;i/[g/lto \éMe J.nlp\éc?s?% S E( e'crhre) \Iﬁul-gl%lv 299 6VM§\f

t he mi ni mum no vol tage to maintain the rotationa speed

of the $FM 11 gb)rated LehRL QRAsSPeeE C'%Qﬁqrﬂ's@ﬁd&fl'é% e harginar e

control node, the ‘vol'tage generator 122 automati cally adjusts the voltage
so that the noweM tai evm@gpw & WM ehet h_eq@qtr@@t mbzoroldraga necones t he
+

m ni nrum vol tage VM N specified wth the voltage determ nation
unit 124. The rollaager Vi ig \waldeage WS tife elr iveradjiushed tI®1 in the
SPM driver 12 drives the SPM 11.
The multiplexer 126 selects the data DA supplied
15 to the input A of the multiplexer 126 from the CPU 13
as the data D during the period of the low level, in
which the mode signal indicates the software control
mode. The data D (= DA) is given to the voltage
generator 122. The voltage generator 122 corresponds
20 to the data D given from the multiplexer 126 and
generates the voltage of the value specified by the
data D from the supply voltage Vpoc. In the case of the
software control mode like this example, the data D is
the data DA specifying the high voltage Vyg. The
25 voltage Vg is the voltage having the sufficient level
in which the SPM 11 quickly reaches the rated

rotational speed in starting the SPM 11 or in the case



the mninumvoltage VM N = VSPM + (err)V with the voltage generator 122, is
applied to the driver circuit 121. 20 The driver circuit 121 drives the SPM
11 during the hardware control node by the notor driving voltage VM
automatically adjusted to the m ninumvoltage VM N = VSpM + (err)V (STEP
S9). Accordingly, the SPM 11 is driven by the mninmmvoltage VM N = VSPM +
(err)V required to 25 drive the SPM 11~at1lthe-rated rotati onal speed. As a
result, the power loss is suppressed to the m nimum anount in the 5PM
driver 12. - 16 The CPU 13 detects (calculates) the current rotational
speed of the SPiktltheomothe ipulase sipaler va tofe tsiper pul S& serrgeg ywhich is
included in the speed signal outputted fromthe speed signal generator 127
5 (STEP S10). dkercRYeli3 feompahes raltedc wortenti onetlatsperal . S aerd oAt aafe t he
SPM 11 to the target rotational speed (B) (for exanple, the rated
rotational spegdhet8TER 3$22) gehrr&TER $hE hiitgh sroddtagremiVied naretlhertiene
ratio of the difference between the target rotational speed 10 (B) and the
rotational speédgbAyoildadiee Vigasger ifdest Wil tdpeddU tI¥e riaxddeatsd dnal
speed) is greater than a predeterm ned value X (for exanple, 0.1), that is,
whet her PB- A)/ Bhs Ratghén (FBDAY/ B1> axmapme ropd et baesite S hSURRIE of t he
HDD fromthe hardware control 15 node to.the software _control mpde .in order
to quickly ret UPHtERE ¥pm PECCEHRE & &8 SBAE dhalm YPded (EFERSHED) . That

is, the CPU 13 returns_the node of the HDD to the software contr node
Shilar to theVROA%En Vi GeranG torle AR RS Tiod b dTLGHRE DD ey e 20
changed to the_sofit.ware cqntraol .nmode en. .th i fferenc et ween t.he target
rot ati onal spegﬁg(lé)‘ma%éa t%ﬁxée rdgtlé’telror?\éﬁcsuﬁéceﬁZ%A)asofta%eO%Iﬂ\ﬂ f%]ivsln eat er

than a predet e?r@l'%%%ev%lﬁ,;:e{s\ﬁml _@%t) i sgg@g}%—% ?%g%gﬁnl?llep’ in which a

rate of a decrease I'nt rotational spee during the

period fpom t hg R4S dHRCIIED 1l MR tthd N HIELSIHa ARl Idihdd My 1 S
n

conpared to a predeterm ned value (for exanple, 10% o - 17 the basis

of the current thet aiteialdripaed ard tahe " Adoyild speathathiidle previ ous
detecting tine of the SPM 11, may be adopted instead of STEP S11. Thus, the
rapi d decreasevoltilye Vot ahirdmal theeewd fafwaree GPMrhll mabn be detected. The
CPU 13 supplies the data DA specifying the high voltage VHto the input A
of the multiplexer ¥26 degsatidesbfdiware cionttled emioed (TGNEP S2)e ke 11
mul ti pl exer 126 outputs the data DA supfpl ied to the 10 input A of the
mul tipl exer 126sf davhviee icpesr@cisiiehe@f the SPM terminal voltage Vgpym
15 by the high voltage Vg in starting the SPM 11.
Accordingly, unlike the drive of the SPM by the voltage
determined on the basis of the SPM terminal voltage
VgpM, the SPM 11 can quickly reach the rated rotational
speed.
20 On the other hand, when the CPU 13 sets the HDD to
the software control mode (STEP S1), the CPU 13 detects
(calculates) the current rotational speed of the SPM 11
(STEP S4). That is, the CPU 13 detects the current
rotational speed of the SPM 11 from a pulse interval of
25 the pulse series (pulse repetition period), which is

included in the speed signal SS outputted from the speed

signal generator 127 in the SPM driver 12. The CPU 13



data'D to the voltage generator 122 during the software control node. The
vol tage generator 122 boosts the notor driving voltage VM applied to the
driver circuit 121 to the high voltage VH specified with the data 15 D (=
DA) irrespective of the SPMterm nal voltage VSPM (STEP S3). Accordingly,
simlar to the case of the software control node in starting the SPM 11,
the driver circuit 121 drives the SPM &1 B¢ the notor driving voltage VM
boosted to the high voltage VH 20 Incidentally, recent HDD spindle notors
operate at a higher speed. In the case that the rotational speed of the SPM
11 is high, thegechkiigher ofDtdle Haisvis® v HHAR WMty rl%&ﬂi@ﬁ)alc%g;%é@ri ng
the starting tinme and efficiency of the SPM 11. Wen the notor driving 25
vol tage VM hi gl thlean thize sPMplly recldhage tWeC rafifdd et datamidle dosdd isr
required, it is necessary to boost the supply voltage VCC. In the

enbodi nment, bynogi NGTERe S5)-. 18hevdMads gepeyastorthi? B TERxald £ afd Bosti ng
the supply voltage VCC, the notor driving voltage VM higher than the supply
vol t age VCC i s ateal predetienrmimedcdsdarvatl tund Mol ttheg€Rje et ataor dex2i dmapabl e
5 of boosting the supply voltage VCC is used, the control of the voltage
gener at oP 122 Whel§ tt%éE SEMidr B3y dleaade ddther matmd gip it oredd ) seredr di ng
to the SPMterm naI vol t age VSpM can reduce the power loss in the SPM

driver 12. HoweveltRigh&dstme st GF WA idss e dde tvNibr S8 cohthat 1 ed with
t he hard | t 24 di to the SPM t |
Vol tage Vephl  EF Zl%%%era&eﬁm o Aty dnal S e reth s it

carried out i nr%tt% 2‘1 f%eSI(Dj!\/IOJf:L £ I#I\'f hﬁT ceaxsceeet sattﬁe{lﬁaox{leo eatte'%gfrll%cﬁpeed

of the SPM 11 is Iarg ccreased. SThere ore

control of the Vi It it 0

processi ng of trﬁgt%%ﬁ%f‘% %&\@er \%n e con %Oorktso%%%lré}ga guéé!% t he
sof t war g opr oces$ing +0f; e q%r@eggﬁnlgpéa I3y, periodically detect the
20 term nal voltage of the SPM 11, which increases the |oad on the CPU 13.

On the contrary, in e evbedi e cranl y3 wad ddei &PMHA: i shstsened; and the
rotational speed of the SPM 11 is largely decreased, the HDD is set in the

sof tware 25 comhfarsolresmted wWher edayt ddher ataattiranla lIofsddwed nottoy @ Vig vol t age
VMis carried out by the software processing of the CPU 13. Specifically,

in the sof t war eélecdmiesolthat the stedd, ahelCPYRS (Isdfaswera)plspeed fi ebnt he
constant voltage Vg as the notor driving voltage VMirrespective of the SPM
terninal vol t agdivSsmsE otsaricendihestGE ot naisaM thy .power vispgaigin

generator 122 boosts the 5 notor drivi voltage VM applied to the driver
circuit 1921 totthr@esr%wlrmetrade?/vm@c&&&h Iy ehengrs dgeingdy of the

HDD from the software control mode to the hardware
control mode (STEP S6). That is, the CPU 13 sets the
mode signal to the state indicating the hardware
control mode, e.g. high level.

20 The voltage detector 123 in the SPM driver 12
detects the terminal voltage (SPM terminal voltage
VgpM) of the SPM 11, e.g. at predetermined intervals in
the operational state (STEP S7). The A/D converter
124a in the voltage determination unit 124 converts, in

25 synchrony with the sampling clock, the SPM terminal
voltage Vgpy detected by the voltage detector 123 into

the digital value. The arithmetic unit 124b in the



tion. Accordingly, unlike the hardware control node, the SPM 11 is started
by the | arge anmount of current, so that the SPM 11 can be quickly started.
10 Further, in the enbodi ment, when the SPM 11 reaches the rated rotational
speed or returns to the rated rotational speed, the node of the HDD is
changed fromthe software control node to the hardware control node. In the
hardware control node, the hardware 15-(véBtage determ nation unit 124)
controls the notor driving voltage VM according to the SPMterm nal voltage
VSpM (rotational state of the SPM 11). It is apparent that the period when
the SPM 11 is aidlveryeMddt i RNl iwar: 124 saldnsdtdheasamas the
period of 20 the hardware control node. That is, the period of the software
control node i sinderiyhgsharlitaghconf Amdging Hadw § nef edase valudef aark adPM he
CPU 13 can be suppressed to the m ni mum anount. For the sanme reason, even

i f the notor drierimigiaiolvtcddmddMVispns ethitah thees agn wtege 25 i(nviod tidge V)
irrespective of the SPMterm nal voltage in the software control node, the
power |oss is lditiit@li walve SEMdrtihee/I2.converder AL desEGTRRE&bove, in
the enbodi ment, the HDD is set to the software control node in the case

t hat the5SPM 184 $higqiaied t ¢ha HUNFHE NP tde BESE nhatokiwge obetn onal

speed of the SPM 11 is |argely decreased. 5 The rotational speed of_ the SPM
11 may | ar gel y TEEssk the gt g B drinatt ithadiatsdviiétianete is a

time lag fromthe applicatio f the inpact to the decrease in the
rotational speéd i te %%a?t%eﬁdeeftg%)@}lqeﬁg éttbodt Tetit “Hddpt ¥ the
configuration i 0 ikeh t e of e i S t sof t war e
control node w%ljttarg\g]c\,&) 1 n(r)IEIt31 on aylc%dr;iatﬂe caosfec{}gg]at%ﬁoeror%]{]lz‘ﬁ% al speed
of the SPM 11 i.5,4 ly de e tSJq]Q ..al i ot e that

t he i npact excg('zo&it?gg%ter%{ p_rgfa/gﬁ\i'r Cr%}%egﬁeve i%%%lplfi%g ét%t t%g % 15 from
the outgigde (SHRR ] degifiedt NS rieastby tHe SARCK SeNSOIoWl4esleteed i ng the

i npact applied to the HOD fromthe outside is provided in the HDD shown in
FIG 1. Wen thelshask |ersonyhd dedmedist tdel appliieatyort e the +

exceeding a predeterm ned 20 lT'evel (threshold) to the HDD, the shock sensor
14 outputs an efdf ecdlioel d tgphctacsdmtinonsi gial £ SN owirey | eqpact isket ecyi on
signal SD is guided to the CPU 13. Wen the shock sensor 14 outputs the

ef fective i npacdn deldictd apeianian I (ISEREI4m)124he CPU 13 deci des 25
that the inpact applied to the HDD | argely decreases the rotational speed
of the SPM 11. In ths TaderNtheVamy 1A¥ets the HDD to the softwafd)

control node (STEP - 21 , ) ,
15 The adding operation of the adder 124b itself is

constantly carried out irrespective of, e.g. the mode
of the HDD. As can be seen from the equation (2), the
voltage Vy = Vyin calculated by the adding operation of
the arithmetic unit 124b fluctuates according to the

20 fluctuation of the SPM terminal voltage Vgpm.

Instead of the detection of the SPM terminal
voltage Vgpym, current (SPM current) Igpm flowing
through the coil of the SPM 11 may be detected. 1In
this case, the motor driving voltage Vi = VMIN can

25 be determined by the calculation of the following
equation (3);

VM = VMIin = VB + Igpm * Rgpum + AV (3)



S12) 'and specifies the high voltage VH as the notor driving voltage VM
(STEP S2). Accordingly, when the inpact applied to the HDD is a cause of
the decrease in the rotational speed of the SPM 11, a nore rapid 5 response
can be carried out conpared with the change into the software control node
after the detection of the actual decrease in the rotational speed of the
SPM 11 (STEP S11). In the enbodi nent, theldol tage generator 122 10
generates the voltage VH in a manner that boosts the supply voltage VCS in
the software control node. However, in the case that the supply voltage of

the sufficient ypaktage hevel A@istacOWchkine and sWelohd ebAM khean be
utilized, the voltage generator 122 15 may generate the voltage VH by

steppi ng down t/ae isuppley beelkt @y WES.tage e cadied mentshd he Moldfdgehe
generator 122 is built in the SPMdriver 12. However, the voltage generator
122 may be progibtiedli bdepérdentdat ioh tdfe tHMIBM Ver. 1ZThe2dIciletion

enbodi nent, the invention is applied to an HDD (Hard Disk Drive) in which a
magneti c di sk iis usddussdele biye vemdiatg omediafimtHdowmeeirs tarbee iRymntafon can
be al so applied to any disk drive including an SPM which rotates a di sk,

whi ch usés thetdieskodd tife thec &FM g 2Rdnddiaumasivdhicass @ frdgreeta@pt i cal

di sk drive using _a nmagneto-optical disk, or an optical disk drive using an
optical disk. EMF ypl VB5 CERMVED YsSrepsor.ditdie drd V@ kasiif £%i sk as a
recordi ng nedi conpr.i.sing:. a spindl e notor which rotates the disk; 5 a
vol t age deter m%glr?[ e Ak V\ﬁ)ck‘r%y‘ﬁ’%ﬁ%q VHASTHAES & F5H%tC3%5 tHye for

driving the spindl t or cor di tqQ a raotatianal, state of the spindle
motor, the firé$ 1\?271'[ evﬁgﬁﬁé’ea\}\;’ig)l_t 3@@1\? equi s Ut]datn%é M55t ¥ at i onal
speed of the spindl tan at.. Ors,g;de r.ot.ati-onal ed.a CPU whi ch
determ nes a s%@%&q\% t(% e%\f’a{'ltn@g t%‘oer ri Sﬁenrg‘{% ae:L g%flnﬁie gltﬁ%‘? by software

processhgg in a sof tg/ﬁ{ig'ra::@irgnggt htreﬂgszlgl)%dc?/lola{@g,e generat 04 \hd ch; ggner at es

driving 15 voltage for e notor, the voltage generator

generating the dfiiffralr HRld 2@ wWRIrE AN et et # afes FHl @18 Nadd Onpyini t
as the driving voltage in a hardware control node and generating the 'Second

vol t age det er mamed thy SP CRUmddIheradrdiadan a7t agee iewGudther sof t war e
control node; and a driver circuit which drives the spindle notor by the
driving vol t agelrgeriewmatved tadgeh jerenafqf madr b distemrined ascorldiingthie 25
CPU sets the software control node notor is required to start and the
sof twar e contr ol fifiedenae tive sharedie thicivglzeahe In this case, the
15 arithmetic unit 124b in the voltage determination unit
124 may carry out a subtraction operation which
calculates the difference between the current motor
driving voltage Vy and the SPM terminal voltage Vgpym-.
The voltage determination unit 124 supplies the
20 data DB indicating the wvalue of the motor driving
voltage Vv (= VMIN) calculated (determined) by the
arithmetic unit 124b to the input B of the multiplexer
126 (STEP S8). That is, the voltage determination unit
124 specifies Vyy = VWIiN = VgpM + AV as the motor
25 driving voltage Vyy. The multiplexer 126 selects the
data DB supplied to the input B of the multiplexer 126

from the voltage determination unit 124 as the data D



claim1l1, wherein the when the spindle CPU changes the are control node when
- 23 the start of the spindle notor is conpleted. 3. A disk drive
according to claim2, wherein the CPU changes the hardware control node to
the software control node in accordance with a decrease in the 5 rotationa
speed of the spindle notor during a period of the hardware control node. 4.
A disk drive according to claim3, wherei 5t he CPU changes t he hardware
control node to the software control node when a ratio of a decrease in the
10 rotational speed of the spindle notor to a target rotational speed

exceeds a predeber fheegerhoase dhedhifndilskedr iive WG dihrg ridiec! ai m 3,
wherein the CPU changes the hardware control node to the software contro
node when a ratkeégohlaMdeckiedase eisn thise hbr dweirat icomadrcdpeedieaf (e st e
not or exceeds a predeterm ned threshold. 6. A disk drive according to claim
3, wherein theDCRE ®Banges gtilvenhdiodwiree vodritfaroe gepcker attort HE S.0f t war e
control node when a decrease in the rotational speed of 20 the spindle
not or exceeds a predéecermailiedd lpashithr 122 generates the voltage of
5 the value specified with the data D from the supply
voltage Vg according to the data D given from the
multiplexer 126. Like this example, in the case of the
hardware control mode, the data D is the data DB
specifying Viy = VWwIN = Vspm + AV. The voltage Vyy is

10 the minimum motor driving voltage required to maintain
the rotational speed of the SPM 11 at rated rotational
speed. Accordingly, in the hardware control mode, the
voltage generator 122 automatically adjusts the voltage
so that the motor driving voltage Vi of the output

15 voltage becomes the minimum voltage Vyiy = Vgpm + AV
specified with the voltage determination unit 124.

The motor driving voltage VM, which is adjusted to
the minimum voltage VymiNy = Vspm + AV with the voltage
generator 122, is applied to the driver circuit 121.

20 The driver circuit 121 drives the SPM 11 during the
hardware control mode by the motor driving voltage Vy
automatically adjusted to the minimum voltage VN =
VgpM + AV (STEP S9). Accordingly, the SPM 11 is driven
by the minimum voltage Vyry = VgpM + AV required to

25 drive the SPM 11 at the rated rotational speed. As a

result, the power loss is suppressed to the minimum

amount in the SPM driver 12.



7. A'disk drive according to claim2, wherein the CPU changes the hardware
control node to the software control node when an inpact exceeding a
predeterm ned threshold is applied to the disk drive during a period 25 of
t he hardware control node. 8. A disk drive according to claim1, further
conprising a voltage detector which detects a term nal - 24 vol tage of
the spindle notor; wherein the voltage-delérnination unit deternines the
first voltage value according to a value of the term nal voltage detected
with the voltage detector. 5 9. A disk drive according to claim38, wherein

the vol tage determ mald @pwnid datddtdes an Aniddymst ithdndrdych cal cul ates
the first voltage value fromthe value of the termnal voltage detected

with the vol t agetdeteatar spk@dlo.f Ahdi skMInilve raacahd ngilise dredanvl
wherein the arithnetic unit is an adder which adds the value of the
term nal voltagé déeepuddeniselritse whdlchade detcdetded amd taheprsgabetcer m ned
vol tage margin, the adding result of the adder being used as the first
vol tage val ue. si§nal. oAtgusitedr ifroradder ¢ipega ¢ idralmmnassdicd i3 he

vol tage determ nation unit includes an arithmetic unit which cal cul ates
di ff erenée bet B8RPt B OWal u&hef Chl¥e 1dr iopmpg el ttdge qxgéifrftorr%am%alt he

spindle notor with the driver circuit and the value of the term nal

vol tage det ect 88S&Ct HAY hé’fV(’}Ihtea&é’Mdétleé'-toorthet Wénfqertstrq}:(ﬂttléﬁ@lvaﬂﬁﬁee%el ng
determ ned acc to the di ence cul at ed vvlth t he, ar tic unit.
15 CATdi sk ari B addgrashgTEd e & FAE Do S B HUAHE ) exer
whi ch sel ects grﬁ of g, f| Sip dath: s_L%ecae 3@ ebfvj t%[ rvq{ﬁeaq:eata#
determ ned by thé voltage eternlnatlon un$i 44 decond a specitying

the second vol F%g‘%h\éald‘i‘?:‘f%‘iie%rc@ Iﬂ,%ct,,}g\r%e ][tlﬁf,resttav t %Léatltlf}ﬁ'xa{wlstﬂhe%cﬁxer

selecting the first data specifying t tage value 1n t ar dwar e

control jgode ang)seahectinrg rtotteats_%qgrld Sl specidyitie the-gacond vol tage
value in the softmare control node;

rotational speed (the rated rational speed) is greater
than a predetermined value X (for example, 0.1), that
is, whether (B-A)/B > X. When (B-A)/B > X, the CPU 13
changes the mode of the HDD from the hardware control

15 mode to the software control mode in order to quickly
return the SPM 11 to the rated rotational speed (STEP
S12). That is, the CPU 13 returns the mode of the HDD
to the software control mode similar to the mode in
starting the SPM 11. The mode of the HDD may be

20 changed to the software control mode when the
difference between the target rotational speed (B) and
the rotational speed (A) of the SPM 11 is greater than
a predetermined value Y, that is, when B-A > Y. The
step, in which a rate of a decrease in the rotational

25 speed of the SPM 11 during the period from the previous
detecting time to the present detecting time is

compared to a predetermined value (for example, 10%) on



5 wherein the voltage generator generates the driving voltage of the val ue
i ndicated by the data selected with the nultiplexer. 13. A nethod for
controlling driving voltage applied to a driver circuit driving a spindle
motor in 10 a disk drive using a disk as a recording nmedium the spindle
notor rotating the disk, the nmethod conprising: determning dynamcally a
first voltage for driving the spindl e motér according to a rotational state
of the spindle notor by hardware processing, the 15 first voltage being a
voltage required to maintain rotational speed of the spindle notor at the

rated rotati onahespeaed sdetfe tHaNiG rerte eIt tMidagededa driy itk t he spindle
not or by software processing in a software 20 control nbde generating the

first voltage detettioned pecie dtardhware priecas satgasiddet idid Whohol t age
in a hardware control node; and generating the second voltage determ ned by
t he 25 softwar €Ppr ddes siayy bes adogp tard Vimafesdl tageSTHEP t3el sofTives e ot r ol
node. 14. The nmethod according to claim 13, further
rapid decrease in the rotational speed of the SPM 11
5 can be detected.
The CPU 13 supplies the data DA specifying the
high voltage Vg to the input A of the multiplexer 126
in the software control mode (STEP S2). The
multiplexer 126 outputs the data DA supplied to the
10 input A of the multiplexer 126 from the CPU 13 as the
data D to the voltage generator 122 during the software
control mode. The voltage generator 122 boosts the
motor driving voltage Vi applied to the driver circuit
121 to the high voltage Vg specified with the data
15 D (= DA) irrespective of the SPM terminal voltage Vgpym
(STEP S3). Accordingly, similar to the case of the
software control mode in starting the SPM 11, the
driver circuit 121 drives the SPM 11 by the motor
driving voltage Vy boosted to the high voltage Vy.
20 Incidentally, recent HDD spindle motors operate at
a higher speed. 1In the case that the rotational speed
of the SPM 11 is high, the higher motor driving voltage
VM 1s required, considering the starting time and
efficiency of the SPM 11. When the motor driving
25 voltage Vy higher than the supply voltage Vo applied

from the host is required, it is necessary to boost the

supply voltage Vgoe. In the embodiment, by using the



= 26 " conprising: setting the software control node when the spindl e notor
is required to start; and changing the software control node to the
hardware 5 control node when the start of the spindle notor is conpleted.
15. The method according to claim 14, further conprising changing the

har dware control node to the software control node in accordance with a
decrease in 10 the rotational speed of -t hd8pindl e notor during a period of
t he hardware control node. 16. The nethod according to claim 13, further
conprising detecting a term nal voltage of the spindle notor; wherein the

first voltage ivoldeiqs rgdias sibomocy didghdie tde sielected tes dugblyol t age
of the spindle notor.
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310% 15 decreased. Therefore, it is thought that the control

of the motor driving voltage Vy is carried out by the
software processing of the CPU 13. However, when the
control is carried out by the software processing of
the CPU 13, the CPU 13 must periodically detect the
20 terminal voltage of the SPM 11, which increases the
load on the CPU 13.
On the contrary, in the embodiment, only when the
SPM 11 is started and the rotational speed of the SPM
11 is largely decreased, the HDD is set in the software
25 control mode, whereby the control of the motor driving
voltage Viy is carried out by the software processing of

the CPU 13. Specifically, in the software control
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voltage Vg as the motor driving voltage Vi irrespective
of the SPM terminal voltage Vgpy (rotational state of
the SPM 11). The voltage generator 122 boosts the

5 motor driving voltage Viy applied to the driver circuit
121 to the high voltage Vi according to the specifica-
tion. Accordingly, unlike the hardware control mode,
the SPM 11 is started by the large amount of current,
so that the SPM 11 can be quickly started.

10 Further, in the embodiment, when the SPM 11
reaches the rated rotational speed or returns to the
rated rotational speed, the mode of the HDD is changed
from the software control mode to the hardware control
mode. In the hardware control mode, the hardware

15 (voltage determination unit 124) controls the motor
driving voltage Vy according to the SPM terminal
voltage Vgpm (rotational state of the SPM 11). It is
apparent that the period when the SPM 11 is driven with
the SPM driver 12 is almost the same as the period of

20 the hardware control mode. That is, the period of the
software control mode is very short. Accordingly, the
increase in the load of the CPU 13 can be suppressed to
the minimum amount. For the same reason, even if the
motor driving voltage Vy is set to the high voltage

25 (voltage V) irrespective of the SPM terminal voltage
in the software control mode, the power loss is little

in the SPM driver 12.
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()- 10'0 10' o X¥t@tional speed of the SPM 11 is largely decreased.
5 The rotational speed of the SPM 11 may largely decrease
the due to an external impact. However, there is a
time lag from the application of the impact to the
decrease in the rotational speed of the SPM 11.
Therefore, the embodiment adopts the configuration in
10 which the mode of the HDD is changed to the software
control mode with the CPU 13 not only in the case that
the rotational speed of the SPM 11 is largely decreased
(STEP S11), but alsc in the case that the impact
exceeding the predetermined level is applied to the HDD
15 from the ocutside (STEP Slla). For this reason, the
shock sensor 14 detecting the impact applied to the HDD
from the outside is provided in the HDD shown in
FIG. 1. When the shock sensor 14 detects the
application of the impact exceeding a predetermined
20 level (threshold) to the HDD, the shock sensor 14
outputs an effective impact detection signal SD. The
impact detection signal SD is guided to the CPU 13.
When the shock sensor 14 outputs the effective impact
detection signal SD (STEP Slla), the CPU 13 decides
25 that the impact applied to the HDD largely decreases
the rotational speed of the SPM 11. In this case, the

CPU 13 sets the HDD to the software control mode (STEP
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ly#!110%\ & () - impact applied to the HDD is a cause of the decrease in
the rotational speed of the SPM 11, a more rapid
5 response can be carried out compared with the change
into the software control mode after the detection of
the actual decrease in the rotational speed of the SPM
11 (STEP S11).
In the embocdiment, the voltage generator 122
10 generates the voltage Vg in a manner that boosts the
supply voltage Vge in the software control mode.
However, in the case that the supply voltage of the
sufficient voltage level to start quickly and surely
the SPM 11 can be utilized, the voltage generator 122
15 may generate the voltage Vy by stepping down the supply
voltage Vee. In the embodiment, the voltage generator
122 is built in the SPM driver 12. However, the
voltage generator 122 may be provided independently of
the SPM driver 12.
20 In the embodiment, the invention is applied to an
HDD (Hard Disk Drive) in which a magnetic disk is used
as the recording medium. However, the invention can be
also applied to any disk drive including an SPM which
rotates a disk, which uses the disk as the recording
25 medium, such as a magneto-optical disk drive using a

magneto-optical disk, or an optical disk drive using an

optical disk.
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a spindle motor which rotates the disk;

5 a voltage determination unit which dynamically
determines a first voltage for driving the spindle
motor according to a rotational state of the spindle
motor, the first voltage being a voltage required to
maintain rotational speed of the spindle motor at the

10 rated rotational speed;
a CPU which determines a second voltage value for
driving the spindle motor by software processing in a
software control mode;
a voltage generator which generates driving
15 voltage for driving the spindle motor, the voltage
generator generating the first voltage determined by
the voltage determination unit as the driving voltage
in a hardware control mode and generating the second
voltage determined by the CPU as the driving voltage in
20 the software control mode; and
a driver circuit which drives the spindle motor by
the driving voltage generated with the voltage
denerator.
2. A disk drive according to claim 1, wherein the
25 CPU sets the software control mode when the spindle

motor is required to start and the CPU changes the

software control mode to the hardware control mode when
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5 rotational speed of the spindle motor during a period
of the hardware control mode.
4., A disk drive according to claim 3, wherein the
CPU changes the hardware control mode to the software
control mode when a ratio of a decrease in the
10 rotational speed of the spindle motor to a target
rotational speed exceeds a predetermined threshold.
5. A disk drive according to claim 3, wherein the
CPU changes the hardware control mode to the software
control mode when a rate of a decrease in the
15 rotational speed of the spindle motor exceeds a
predetermined threshold.
6. A disk drive according to claim 3, wherein the
CPU changes the hardware control mode to the software
control mode when a decrease in the rotational speed of
20 the spindle motor exceeds a predetermined threshold.
7. A disk drive according to claim 2, wherein the
CPU changes the hardware control mode to the software
control mode when an impact exceeding a predetermined
threshold is applied to the disk drive during a period
25 of the hardware control mode.

8. A disk drive according to claim 1, further

comprising a voltage detector which detects a terminal
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5 . A disk drive according to claim 8, wherein the
voltage determination unit includes an arithmetic unit
which calculates the first voltage value from the value
of the terminal voltage detected with the voltage
detector.

10 10. A disk drive according to claim 9, wherein the
arithmetic unit is an adder which adds the value of the
terminal voltage detected with the voltage detector and
a predetermined voltage margin, the adding result of
the adder being used as the first voltage value.

15 11. A disk drive according to claim 8, wherein the
voltage determination unit includes an arithmetic unit
which calculates difference between the value of the
driving voltage used for driving the spindle motor with
the driver circuit and the value of the terminal

20 voltage detected with the voltage detector, the first
voltage value being determined according to the
difference calculated with the arithmetic unit.

12. A disk drive according to claim 1, further
comprising a multiplexer which selects one of a first

25 data specifying the first voltage value determined by

the voltage determination unit and a second data

specifying the second voltage value determined by the
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the second voltage value in the software control mode;
‘5 wherein the voltage generator generates the driving
voltage of the value indicated by the data selected
with the multiplexer.
13. A method for controlling driving voltage
applied to a driver circuit driving a spindle motor in
10 a disk drive using a disk as a recording medium, the
spindle motor rotating the disk, the method comprising:
determining dynamically a first voltage for
driving the spindle motor according to a rotational
state of the spindle motor by hardware processing, the
15 first voltage being a voltage required to maintain
rotational speed of the spindle motor at the rated
rotational speed;
determining a second voltage for driving the
spindle motor by software processing in a software
20 control mode;
generating the first voltage determined by the
hardware processing as the driving voltage in a
hardware control mode; and
generating the second voltage determined by the
25 software processing as the driving voltage in the

software control mode.

14. The method according to claim 13, further



10! y10% & ()-10% & ()-@10% & ()-9 10% & ()-Snl0% & ()- 10HH 10HH

10HHR' dEXY:

10110 & ()-MLO% & ()-10% & ()-"110% & ()-910% & ()-9YZ10% & () - " Y3dEXY:

10! *GlO% & ()-)10% & ()-& " 10% & ()-YUEL0% & () - y#@

10 & ()-!110% & ()-3Cr"dExY:

10! &610% & ()-F410% & ()-f210% & ()-010% &6() ~. 10% & () -, 10% & ()-"9ghijq A
10'10% o0& ()- & 10%& ()- @ 10% o& ()- 10\ 10\

10\ L910% & ()-8MLO% & ()-9Dr9dB" A 10!'! @ 10% o

0& ()-F10% & ( rofylQ¥iag:()-y1l0% o0& ()- @ 10% o0& ()-310% o0& ()-9dB A 10!' @
10% 0 o0& ()-F10% & ()-&10% o0& () F9d0% o0& ()-"10% H& ()-s!b"10%0& ()-s
Normal " " Headi ng 13]scttibepdiheg k3 tovar'dHeadi g BIjade "viesadi tige 4 idle
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Def aul t Par agimegiorFdrst 'relduivets, toARIIERW/] BitthAsxA}i ? 6FQ cz9abcdef ghi j AU
~G I #PY{**-\/ 2#469; .

k=, ?! BDFHI JYNMbOFP4SKIDARY 11T dd}q | srfubina(g 1ooTBrokl i) rise ubivx yird 1§ qwahe nes
New RomanAri al Couri er. New'h Root EntryWrdDocunente . _
!"#$%&f(?*+,-.F@?@§@§6ﬂﬁﬁ? when the sStart of the spindle motor is

s A - . _
<=>? GABCDEFCH Jcléll_nwg%(ggs.TU\/\/\XYZ[\] _abcdef ghi j kl mopqr st uvwxyz{| }

15. The method according to claim 14, further
comprising changing the hardware control mode to the
software control mode in accordance with a decrease in

10 the rotational speed of the spindle motor during a
period of the hardware control mode.

16. The method according to claim 13, further
comprising detecting a terminal voltage of the spindle
motor; wherein the first voltage is determined

15 according to the detected terminal voltage of the

spindle motor.



