';e3eVZVW$FBD6zT@K5t _ 1 BACKGROUND OF THE I NVENTION 5 The present invention
relates to a disk drive using a disk as a recordi ng nedium and nore
particularly to an apparatus and nethod for driving a spindle notor to
rotate the disk, having a | ow power consunption. 10 In geanl "anmm”ﬁmives
usi ng diskmmﬂmmmmmeQMding medi um utilize a notor, called or,
to rotate hi gh speed. Spindle notors are brushl essgob¥g«not Or S.

The power suppdysol tage for disk drives is directly used as that for 15
the spindle notor. The power supply voltage for disk drives is generally a

PhS“sB?Léﬁgenéﬁéﬁ‘?LeBéwéfeéeLLaEEﬁpghbéﬁFPES@E958958N2§;°LérTﬁﬁeéfr;iLL,
. . b . . .

per sonal | conput are N8R Bag aPTaeD UReD, BCAEFY BRbTECrbRoRRFERRS®

radi o-1inked dla#%ﬁﬁ%gﬁi%gfag becone avail abl e. The power consunption of

t hese types of IS thus required to be reduced, if they are 25

designed to be used for |ong peAd@soOND toergs or T £, Japanese Pat ent
Application KOKAI Publication No. 8-45175 (hereinafter referred to as - 2

a prior arg dOCUWE‘nt)Tﬂésﬁfébéﬁtaiheéhﬁiiaﬂerémgf:@isn@f)t ar diekenr-eget 0 as
prior art) for reducing the power consunption of a disk drive (in
particular, the poiveg £oA5sKPaE0H PécoPEDhgUheding, "BAASmbAet he 5 di sk
drive). In the prior art, two power supplies (power supply neans) of

di fferent vol t agesytamdl polertsedecipparatassandemebhbdyédr dhévpoges

sel ecti on neans sel ects one of the power supplies in accordance with the
rotational speedspindhe motor torrobatei higel@igkskbavihe aolquepoferhe
motor, or a change in the ' rotational speed of the notor, thereby causing
t he sel ected povePnNSWEPEYOoRe supply power to the notor driving nmeans.
Specifically, to rotate the notor at 2400 rpm (revol utions per mnute), a
12V powerlQupply 15 i $nsePBEEed: Shskndrdveer URARE, dE8XPoREt 8 the notor at

ﬁggdéﬁnloargy;fgygéﬂfiﬁgé?m%é'Sﬁéﬁﬁiﬁgéegg;%gﬁ%sciLaﬁ?ﬁdi%égﬁfeﬁi?éhgoggﬁir
5V i , , 20 1 .

mtor needed 1o RAtaTe Thet Gl akew TR UhEFHeal REpE PROZHN aBbLURH the di sk
|5 B0gem the 12y, pover, nBhysheo S8l BE! £ FUT EEIESyGEN-Bodi sk drive T

whi ch swi t ching or I ona peeds I's neede _ cconpl qui ckly,
a high-voltage 2, pExgs §8Pp&¥sksd§fb§§t§§ &9£eﬁﬂh9ku§$ﬁt£§'BHatTPg§1 In

the prior art, the power consunption of the disk drive is reduced

swi tchi ng 4 he powwgs SYPRALESnbEOr. - §hea§saééagﬁﬁpwbolhggéomklaﬂak speed
of the notor for rotating disks, the torque of the notor, or a change in
the rotational setdesfishgenvtallyAs Righedoabaye, stbi€iptent dst needs at

| east two 5 power supplies of different voltages. Further, there is a
recent tendency teliadlgedtieevbhéagepinfiléhropowner Bopplgrfoift hbedi sk
drive, thereby reducing the power consunption of the entire disk drive.
However, if the splndbe nétohelipopevwesappby &ohighevdlthaodr for aolong
reduced, it is difficult to, for exanple, start up the notor when the disk
drive is turned EﬁElQQt%fnel%%oth@hP§W9FoﬁP@ﬁﬂ%ﬁglPPsl§6F9ﬁﬁesﬂeans is

referred 20 The disk drives used in portable personal
computers run on batteries, and recently, battery-
powered radio-linked disk drives have become
available. The power consumption of these types of
disk drive is thus required to be reduced, if they are
25 designed to be used for long periods of time.
To this end, Japanese Patent Application KOKAI

Publication No. 8-45175 (hereinafter referred to as



to in the prior art docunent. BRI EF SUMMARY OF THE | NVENTI ON 15 Accordi ng
to an enbodi nent of the invention, there is provided a disk drive using a
di sk as a recording nmedium The disk drive conprises a spindle notor

driver circuit, first control circuit, second control circuit, voltage
booster, voltage selector and 20 controller. The spindle notor rotates the
di sk. The driver circuit drives the sping? motor by supplying a current to
the spindle notor. The first control circuft controls the spindle notor via
the driver circuit to start up the spindle notor in a first node. 25 The
second control circyit controls the spjndle. notor vig t.he driver circuit to

rotate the spi n@l BXASEoRTh IQMEEDE ) s SESFLIRES Se Y€ The vol t age
boost er - 4 ost s _a _power I ol tage f.rom a di dri ve power
ool S The ol 1082 SSORARSs red Rl Y8 B Du o g For
applied to the iver. circult 0 S I lL.ta boo d t he
bggs!ter, and 5 gé:e\é tog%lri %%%lﬁgm%gggﬁld\g?o elég%k%/ﬁi\eﬁ\% ?@&e%gﬁﬁ%’lcél yafd t he

dri ver oirouit. cbheRaue! SRRk a0e P ha Aksk riliiee spouste supply.

The controller sets"the firs e to start up the s e notor, and sets

the second nmode gwhgn dtrhgeIRi Nalne LIRE Uy ikAS heen (1) HoArdred iy BRI EF
DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The "acconpanyi ng dr aw ngs,

whi ch are incor geoaieed shippaRd me@ms | ot @118 fedlein tOfvotlte @S C sl Yduwlh
illustrate enbodi nents of the invention, and together with 15 the general
descri ption gi veelakeienaméahize adet ainpdd ydekcr imhld @owelr tsha eeytdieai ment s

given below, serve to explain the principles of the invention. FIG 1 is a
bl ock di agram i hleasisr akileg tsheneonffi dlreatpoore rofsugppidres dinsleatroindanaecor di ng
to 20 an enbodi ment of the invention; and FIG 2 is a sequence chart useful
i n expl ai ni ng t Wethr dbedunod adflonedt s@leesk @futtée o tsxrarfiorurodadingd! e not or
(SPM 11 and rotate it at a predeterm ned speed. 25 DETAI LED DESCRI PTI ON OF
THE 1 NVENPI ON REfEKS ndhieo toreiuge edmidey Med odralithgs Chandesdi fificon wil |l be
gi ven of an enbodi nent in which - 5 the invention is applied to a hard
di sk drive. FIGrofatdonadi soeed &fr &e MO atihed e EWFGURYS on of a
hard di sk drive %Her%i af t er referﬁgd to aspgn "HDDQ g. cording to the
enbodi nent 5 of SEHESTRTeROVST. SHEE DGO SSPPRIYGPO §Ts (90%%’@011@&: 0 a power
supply (low volt . r ppl 2.5 q§3nt d tQ$ tery. .The voltage
of the power su&%ﬁ'&lgl%},\lgl,ea %r‘ ex r?ﬁlef?%. S Si %)ré\)t%s ét\/p/gr)ﬁioﬁé)ﬁ: 5‘\%
conventi onal pOQ@@OSQBR!Wf%%bﬁ%&ﬁd%% %%r minute), a 12V power supply
15 is selected. On the other hand, to rotate the motor
at 600 rpm, a 5V power supply is selected. Further,
if the torque of the motor needed to rotate a disk
with a head out of contact with the disk is 20g-cm,
the 5V power supply 1is selected. On the other hand,
20 if the torque of the motor needed to rotate the disk
with the head kept in contact with the disk is 80g-:cm,
the 12V power supply is selected. Furthermore, in a
disk drive in which switching of rotational speeds is
needed to be accomplished quickly, a high-voltage
25 power supply is selected for quick switching. Thus,

in the prior art, the power consumption of the disk

drive is reduced by switching the power supplies in



‘10 The HDD 1 conprises a spindle notor (hereinafter referred to as a "SPM')
11, SPMdriver 12 and CPU 13. The SPM 11 rotates magnetic di sks (not shown)
used as a recording nediumfor the HDD 1. The SPM 11 has a three-phase,

t wel ve-pole notor coil expressed by, 15 for exanmple, U, V and W The SPM
driver 12 supplies current to the SPM 11 to drive it. The CPU 13 is a
controller for controlling each conponent of the HDD 1 in accordance with a
control program stored in a nonvolatile nmenory, such as a ROM (not shown).
20 This control programincludes a start-up routine for starting up the SPM

1L and rotating, it gk, acpr edetetained spoad, \VELLRO candieqdinng. of data to

and froma di sk I's execute I"e ™t i'S beirng rota y the°SPMm 11

at a predet er i ped.spagdy; 25 ThihoPEadeler dinedyr ghational. spegdrss called

a rated speed (steady ate rétationa peed). 1n this enbodi ment,” the

rated speed is 47208l PBRaYABRANNGpeed B TRY kbt .rotating within the
rotational speed range of 4,200rpm (O is a tolerance), the SPM 11 is

considered to be in asf atteddotaiovralthst #:r4 LstpadhdtAatdtondastt ake) . The
rotational speed within the 5 range of 4,200rpm D nmay be called the rated

speed. The SPM g@biveer shpptaepr ose s id famien tC @dllitalgesi.r ciulr thk, Imeed signal
generator 122, starter control circuit 123, PWMcircuit 124, voltage
booster 125, volikagersekett aenti26candodriedececitheuiviolt2ge Bife th@ mai n
control circuit 121 controls the voltage booster 125 in accordance with an
instruction fropowee GRUPLly. fOhe timei dicdntdrdlvegi thwgirtebd? ¥ efdwctimgr thent r ol s
the starter control circuit 123, PWcircuit 124 or voltage selector 126 in
accordance wi t hPawesdeonstumpsigni ¢ifnghehenspmel HisgPrrdriievi ngomsd¥exr, whi ch
is set by the CPU 13. The SPM driving node incluydes SPM startup node and
PWV node. The SPi1 $P&r Vodibagsdeti Sheopogiesr supg Lyp fore taevAisk ftd vewM node

B obfb " shntSEUAL, 26 e S SRERS, DY S A D g o et on
(hernaf ter 1 bRl 501 Bheh, MBS SAOMINSS O By pRicOfpigRar Lona
e e onm “Sobod PR S M RECTS IR EN s ek e o e
signal generator,l42 the prior art document.
BRIEF SUMMARY OF THE INVENTION
15 According to an embodiment of the invention,
there is provided a disk drive using a disk as a
recording medium. The disk drive comprises a spindle
motor, driver circuit, first control circuit, second
control circuit, voltage booster, voltage selector and
20 controller. The spindle motor rotates the disk. The
driver circuit drives the spindle motor by supplying a
current to the spindle motor. The first control
circuit controls the spindle motor via the driver
circuit to start up the spindle motor in a first mode.
25 The second control circuit controls the spindle motor

via the driver circuit to rotate the spindle motor at

a rated speed in a second mode. The voltage booster



_ 7 _is supplied to the CPU 13. The starter control circuit 123 assunes an
operable state (ON state) only in the SPM start-up node. The starter
control circuit 123 is a first control circuit for controlling, in the 5
operabl e state, the start-up of the SPM 11 in accordance with a

predet erm ned sequence. The PWM circuit 124 assunmes an operable state only
in the PWM node. The PWMcircuit 124 is_a gecond control circuit for
controlling the SPM 11 by P\Min the operable 10 state, so as to rotate it
at the rated speed. The vol tage booster 125 boosts the voltage (3.3V) of

h ly 2 d i ned voltage, such as EV.. The vol
Sol cot or 126, SwPPERGE (s BPBELS PUbReSpBa Boy vt EX6F Areed PS T ne

driver 15 circui under trol, of th in.contrql cir.cyit 121. In
this enbodi ment ,ShPég‘z’pomgr%esyéglt%%\%o|st%alge%t8% Bed gt syotns el i Ers | o
swi tched bet wee e_po Ly |t 3 fr r ply 2 of
the HDD 1, and @ﬁggpg\%e}gegﬁggggevgﬁga%%%? tg%é) gor(%ggéfj ?Lf%ftah\%’vyﬁ%age

booster 125. Th%o@%irV%hpﬁilch%tltla & BoRWRN 89 Rwnet RRRRWS!, sweply vol tage
sel ected by the voltage selector I26, thereby supplying a current (SPM

current) b0 thesgRMctl,undethkhgeconld albdefl alshehst aicheln@oRialied Uit 25
123 or PM\WMcircuit 124. Mre specifically, the driver circuit 127 supplies
each phase U, Vtae WMkdfvetrheiBeMit] whieh piolwe rSEMpply et tdes gratedhzy t he
starter _ g control circuit 123 or PWMcircuit 124, at the points in

ti me al so desi grdatséddiry vehposiear tsappdgnt r dhecicoairo 1123 ertPWdha rcuit 124.
Referring to the sequence chart of FIG 2, a 5 description wll now be

gi ven of the prddastr mode ¢tontstelrtexpc Gihed spd nsiler modprt, hengPMets and
rotate it at the rated speed. Wen, for exanple, the power supply 2 has
been turned on &h¢ SREOSEMIPHenEgs thepsrdngileedofer tise GRENM3 suppli es
the main_control 10 circuit 121 of the SPMdriver 12 with an instruction to
turn on tRe booStértest #p-S11). Upon receiving the instruction, the main

ooul T, the vol tAGE bodtoar 15s08a0E: BHE  SEBEREL EEuprhEETEr bralBg ¢ om

t he power supply 2. t I . aft.er suppl.yi,n h
boost er ON-i nstructi o(ri&et %Z:C%W%%ger%%%gsﬁa%lcd&%% %‘acrocrﬁciraltffi to

set the SPMdriyer a%j Bnishe tﬁh'}é' %}D%Iratr%p o{f‘)‘%gle( %E%%i%ji%)a't ighen itlﬁ%sl%EM

driver 12 has been set in the start-up no the main contro

circuit 121 exegy@s chb@diflh®W BF RHRCAIINE idkh,a sHERogkthe NG iR N
control circuit 121 controls the voltage selector 126 so as to select the

power supply volkhaggeheeshedelseri¥thynt ?qvéell aaeereheest ehel datalih@dboost ed
25 power supply voltage of 5V is applied to the driver circuit 127 as the

power supply voldeage ifpdiont ofl mthet keboddnds.t st luyd vl bbedom,r Glersier i t 121
switches the - 9 power supply voltage applied to the driver circuit 127
fromthe power supplajnyaheage iofci®pldV, offr dinet Heaveowsonsupply 2 of the HDD
1, to the boosted vol tage of 5V (high voltage). The main control circuit
121 also 5 turns on ttH& .stlardtsera Joldiggran ti ixptatating sthep S14. When
the starter control_ circuit 123 has been turned on by the main control
circuit 121, it COPLAOSTES1ORe OSPR PRIV didrk rdélli"leng‘*qor?éddﬂ%&o circuit 127

in 10 acgqordance wt .pr edet ined sequence. To start up the SPM 11, a
sufficie 8 starlapuﬁm?’(i’%dg‘?ni O%(raé: d 1R e 2% the vol tage of 3.3V
(1 ow vol tage) out put m.t he. power _suppl y.,2 1,S US as, th ower. supply
vol tage applied to t efc’g'r iztlelrs & "&HTE ,Cl'f‘—‘nret éﬁ\ﬁergull 5 ce}rP%oa\tlﬁ'erblen%t arted

, h ti ' [ t afd I d of th
SPM 11 [0 the 1 oF B0 ERCeR ol g R ARG CHR) I Bl e REE) St art-up

nmode, the vol tage ;ofy12Vrhicgh (\g\(;}lgﬁt)ag_q) HROHRD Y itthe wvel tage booster 125

is used as 20 thée power supply tage applied to the driver circuit 127.
Thi s enabl es th%rglalgt%l_rmti@le@e spledid.ed up quickly. Wien the CPU 13 has set
the SPMdriver 12 in the
25 DETAILED DESCRIPTION OF THE INVENTION
Referring to the accompanying drawings, a

description will be given of an embodiment in which



'SPM start-up node, it calculates the present 25 rotational speed RS of the
SPM 11 (step S15). The rotational speed RS of the SPM 11 is calculated from
the cycle of each pulse contained in the speed signal - 10 output from

t he speed signal generator 122 of the SPMdriver 12. Subsequently, the CPU
13 determ nes whether or not the rotational speed RS of the 5PM 11 exceeds
a predeterm ned rotational speed (step 816% 5 This predeterm ned

rotational speed is set to a value slightly Iomer than the rated speed
(4,200 rpm, such as 4, 000 rpm The CPU 13 repeats the steps S15 and S16 at

regul ar int ervaI'F1 untll he rotati 0{1 eed 53 of thg<f PM 11 exceeds the
predet er mi ned v&PGe INYERWAER e 2PE éFdo Qlas &g R4S He®3PM 11 exceeds

t he predeterm ned va%&e; Hh g J épﬁa%§ﬁ?t rl 4¥g gg%f%iﬂrl has been

started up. At this tinmg, the ol circuit 121

to set the PW gg?&tigb%rtegge%?istac@ %7@1 dl}_zll@rel \/@ﬁﬁ’%n%§ fromthe SPM

start-up node to tep en t he FiVer t12 has been

swi tched from t he (SPUeS L gparﬁodmb@)the R Gy dLhe il

circuit 121 executes the ' owm ng processing at a’'step S he main
control ckrcuit olf2ineonhk@hsibhe 2@neokiprge %Q'qugrlla@fﬂ%dﬁ%dﬁé&“@&(ﬂ1
the power supply voltage applied to the driver circuit 127 fromthe voltage
boosted to 5V by bbaerolstigge ybaasierol2agieo pohe d awppatiage (3.3V) of the
power supply 2. Further, the main control circuit 121 switches the 25
starter controlrepmemehtbﬁBbyoatbat@EEystaﬂme(W@dme@@bbé gthat @owaenxd t he PWM
circuit 124 to the ON state (operable state) at the step S18. - 11 After
the execution ofsupipdysPepssl&ort leampile,cAnB3Vol whilcduiits 12Weimftdvams at he CPU
13 of the conpletion of switching (step S19). Wen infornmed of the

conpl etion of s®&ChFRIEGONERe POMET1SUPMEY iVed talge ®IrdVn control circuit 121
with an instruction to turn off the booster (step S20). Upon receiving the
instructi+Bn from t he TOBUEDPY It KoM ot rs(ﬂlpéjr]f%lmqtoﬂl hegiqidedd athe

|t b t 5 to the OFF t at t 1) 10 Wh
Uhe. oot orrour t TE38TRES BBenct t naETEn ot KetbaRate 15y 2%k OB A%ont 101
t 121 t the.d t 1 d t at
Che SPM 11 at RE% SPRk 14pa0h e CRIGmBaR 34 S A AR e SBO0TI1 16 Geht ed at
the rated speed |§e Blﬁg hgagﬁg %Q?”tEEeHB%rhOd &E%Ub%ﬁd 1hopstart up t he

SPM 11. Therefore | m ze power consunptlon during the

rotation of the SeM:LL-2hathe i3lkadespead Wi g 1SR dsd hat ed at

the rated speed, the current supplied’is constant, regardl ess of 20 t he

power supply volfoagexarplliesdut,0 vt heyddm verrna s lark2r Accon@igalas the
| ower the voltage applied to the driver circuit 127, the snaller t he power

consunption. | ncdurghkihtoftct hhe, SPM tile teradiveertt,. ti‘Ielev(tZiPtLng dfs 3.3V (|l ow
vol tage) output 25 fromthe power supply 2 is used as the power supply
vol t age appl i edat ednlterodrlieverfod roomtirold 7 nign davdn RdMporadet o fwhiheh HAe SPM
11 is rotated at the rated - 12 speed. As a result, the power
consunpti on of tthénHBOCPridencedwdddr durdomd e ptosadye sttatred dtmat i on of t he
SPM 11. Moreover, in the enbodinment, to rotate the SPM 11 at the rated
speed, the dr,V@rngmmghaﬁljg7memory, such as a ROM (not shown).

20 This control program includes a start-up routine
for starting up the SPM 11 and rotating it at
a predetermined speed. Writing and reading of data to
and from a disk is executed while the disk is being
rotated by the SPM 11 at a predetermined speed.

25 This predetermined rotational speed is called a rated
speed (steady-state rotational speed). 1In this

embodiment, the rated speed is 4,200 rpm. When the



'5 is controlled by the PMMcircuit 124 using PWM As a result, the driver
circuit 127 is turned on/off (switched) at a high speed. This control
reduces the power consunption of the driving circuit 127, conpared to

| i near control for controlling the driver circuit 10 127 without turning it
on/off. Tf the power supply voltage applied to the driver circuit 127 for
driving the SPM 11 is reduced (in the enbodi nent, from5V to 3.3V), the
rated torque of the SPM 11 is also reduced. In light of this, it is 15

advi sabl e to reduce the nunber of w ndings of the notor coil or the

t h of th .of the SPM 11 i d W [ [
pover suppl y voPPRQRL P ACERGATHONLFPAl SR 1pirEideed, SPREC GPOdE |
tant Kt of S [ 2qQ, _t i f, th
Ceduction i n th8% At GUCEBPEA. SBabder, I SREIEE Roprel Su e  Bower
on i n ¢ que. e £ kept .
Tow ri cti on CORGoE (rinEPn L orane) S LEeq P Pile SBELI o & A bal |

bearing SPM it hgadeshhabkea2a)to #ee 20959338291 spel@WMkgaSkhy and | ow
penetration, to reduce the friction torque of the SPM 11. As the materi al

of the babls, itahge of 1320Pphef ADIne: bdistal fed e tad SN C
having a low rolling resistance. Further, if the SPM 11 is a fluid dynam cs
bearing SPM it is pmefeers®bl elrtirettsa 2amconidr iGlesa d @malivi seetirtol for fluid
dynam cs bearings. 5 In the enbodi nent, the present invention is applied to
an HDD (hard di skrdnite)l2équispped wiighadn g8Berfadorr A&t i sgardgmret i ¢ di sks.
However, the invention is not limted to this, and is also applicable to

ot her types of dbskrddi ¢ércaathlas, aPW wdgeetis- dgdi, caloldiegle doiosgewi th an
SPM for rotating nagneto-optical disks, an optical disk drive with an SPM
for rotating opgﬁéal vgil§kge sedector 126 pRATdrsverAcNEDuLs: 127.A dihek
drive using a disk as a recording nmedium conprising: a_spindle notor which

rotates tHe di sRaif goatiredr Cairrdditt It ERNEEOISs Wike VOFitAdEe PROSER Thy

| yi t . to_th indle.,nmptor; .a first . trol ci i i ch
supml g s curcent o Lhe sgund e, untar st s, Ghroudy Y oh
Toror 1 a 17 Shyoes LA 98500d a1l i WG G0 ks e

spi ndl e notor vi ver Circuit to rotate € notor at a rated

speed in a Secog;ﬂgg‘ég?f c%n‘ﬂ?lotla%‘ir%%ﬁ?_[ 9% Whipgay RIS 2 19QWRY SupPplY

voltage froma rive power su
voltage selector 126 in accordance with a mode for

15 driving the SPM 11 (SPM driving mode), which is set by
the CPU 13. The SPM driving mode includes SPM start-
up mode and PWM mode. The SPM start-up mode is for
starting up the SPM 11. The PWM mode is for rotating
the SPM 11 at the rated speed by pulse width

20 modulation (PWM) control.

The speed signal generator 122 generates a signal
(hereinafter referred to as a speed signal) SS of a
frequency proportional to the rotational speed of the
SPM 11. The speed signal SS is formed of a series of

25 pulses, each of which occurs in the cycle determined
from the rotational speed of the SPM 11. The speed

signal SS generated by the speed signal generator 122



'15 a voltage selector which selects, in the first node as a voltage applied
to the driver circuit, the power supply voltage boosted by the booster, and
selects, in the second node as the voltage applied to the driver circuit,

t he power supply voltage fromthe 20 disk drive power supply; and a
controller which sets the first node to start up the spindle notor, and
sets the second node when the spindle nptog has been started up. 2. The

di sk drive according to claim1l, wherein 25 the second control circuit
controls, using pulse width nDduIation the spindle notor to rotate it at

t he rated speed égﬁP?oFch?c g ME ﬁgo gegge chbékghl further

conprising a naln con rols i rst control circuit,

the second contpp cﬁa£0g2§hggguﬁg XH'B@Q?a@EEGEEQEe dgReading, upga whet her

the 5 controll er has se |rs de*or € second

dri ve accor di ng; j0rbakly3s  4RLELMokE .t NONEOBEERkLET cBRE o&h%lﬁbﬁﬁE rode,

the main control circuirt causes the vo age se ect or to se ect t he power

supply vol tage bpgstgdsbyithe wghtage éQreggeteer eeﬁteeeaehas t hethir st
control circuit; and |f the first node is switched to the second node, the

mai n contgol Clbﬁétbb@éuée§tbhetﬂé|E@g@tsabeéEOthb08§ﬁ|QQtlhhe power supply
voltage fromthe disk drive power supply, stops an operation of the first
control 15 circattoaddnopewath thpredeardmdnrtr seqoencei.t . The PWH di sk
drive according to claim1, wherein the controller nonitors a rotationa
speed of the spchiteifofidd mmsuhesfensppavdbleantatet endiynés thet PilMe

spi ndl e notor has been started up if the 20 rotational speed of the spindle
nmot or exceeds ampfedet 8hai REY ¢akguitha4di és| ewsecohRdncoRErpat edrspdéd. 6.
The di sk drive according to claim1, wherein the controller ogerates t he
vol tage boost er IBEf 6PBLERE 1255t thet SRHde li BYsEIMM dRd teeop®eaaBer ati on of

t he
10 state, so as to rotate it at the rated speed.

The voltage booster 125 boosts the voltage (3.3V)
of the power supply 2 to a predetermined voltage, such
as 5V. The voltage selector 126 switches (selects)
the power supply voltage applied to the driver

15 circuit 127 under the control of the main control
circuit 121. 1In this embodiment, the power supply
voltage of the driver circuit 127 is switched between
the power supply voltage (3.3V) from the power supply
2 of the HDD 1, and the power supply voltage (5V)

20 boosted by the voltage booster 125.

The driver circuit 127 is powered by the power
supply voltage selected by the voltage selector 126,
thereby supplying a current (SPM current) to the SPM
11 under the control of the starter control circuit

25 123 or PWM circuit 124. More specifically, the driver
circuit 127 supplies each phase U, V or W of the SPM

11 with the SPM current designated by the starter



‘'vol tage booster after the first node is swtched to the second node. - 16
7. A spindle notor driver for use in a disk drive using a disk as a
recordi ng medi um the spindle notor driver driving a spindle notor which
rotates the disk, conprising: 5 a driver circuit which drives the spindle
notor by supplying a current to the spindle notor; a first control circuit
whi ch controls the spindle notor via the dgiver circuit to start up the
spindle notor; 10 a second control circuit which controls the spindle notor
via the driver circuit to rotate the spindle notor at a rated speed a
vol t age boost er

whi_.ch.b Vol t, f k d
supply; 15 a.voFPgégoée%g%{§ﬁ%wﬁ% °§e?@@{§l%§¥5§gagﬁggg§a§ FP@&%EEFtEgmBr
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supply and the power supply vol £ the boosters "an
control circuit whigh @W&tgg&%uhgel§urst 20 control circuit, the second
control circuit and the voltage selector, the nmain control circuit

operating the first @HJQling Helitheangd en%ﬂaf}ec Wi tage sel getor to
sel ect the power supply voltage boosted by the voltage booster, if the

spindl e nptor igekrap2iohi WSL1MAde bR Wikeh Lie thRi PR eREQr Jrs started
up, and the main control circuit stopping an operation of the first control

circuit, operaticogttrbe egeented tolétac@ntupolthel ISEM 1 1aR6dC&dTat@ tilte

vol tage selector to select the power supply voltage fromthe disk drive
power supply, iBtthbespeteide spetdr. | Fhien,a feecexdmpies ithewpiosfert he spindl e
notor is rotated at a rated 5 speed. 8. The spindle notor driver according
to claim7, whefePRlyhe hesoheedoiurdiedeioncand ddet SEMs 1 lusiergispilosdeni dt h

nodul ation, the spindle notor to
started up, the CPU 13 supplies the main control

10 circuit 121 of the SPM driver 12 with an instruction
to turn on the booster (step S11). Upon receiving the
instruction, the main control circuit 121 turns on the
voltage booster 125 (step S12). As a result, the
voltage booster 125 boosts, to 5V, the voltage of 3.3V

15 from the power supply 2.

On the other hand, after supplying the booster-
ON-instruction, the CPU 13 causes the main control
circuit 121 to set the SPM driver 12 in the SPM start-
up mode (step S13). When the SPM driver 12 has been

20 set in the SPM start-up mode, the main control circuit
121 executes the following processing at a step S14.
The main control circuit 121 controls the voltage
selector 126 so as to select the power supply voltage
boosted to 5V by the voltage booster 125. The boosted

25 power supply voltage of 5V is applied to the driver
circuit 127 as the power supply voltage for it. In

other words, the main control circuit 121 switches the



rotate it at the rated speed. 10 9. A nethod, for use in a disk drive using
a disk as a recording nedium of driving a spindle notor which rotates the
di sk, the nethod conprising: setting a first node when the spindle notor is
started up; 15 switching the first node to a second node when the spindle
notor has been started up; controlling, in the first node, a driver circuit
which drives the spindle nmotor, to start ug the spindle nmotor; 20
controlling, in the second node, the driver circuit to rotate the spindle
notor at a rated speed; boosting, using a booster, a power supply voltage

froma disk driye,ROWeloRPLY) (ARl YLDG: L0 ey Tl Loy in e

first 25 node, e powe plry v boosted booster; a

| yi th I .t f: t i 18 i I
appl ying the poversupl youal! 3aechiowihe d sk 3 3vi8 crlil YaDPRUEIE,SUPD! Y

to the driver circuit in"the s e. met hod according to claim

9, further conpkhipbng: 25HORINEOHDAY 18 10! &hconalb sHReEF Al alfae o3Pisydl e not or
inthe first node; and determ ning that the spindle notor has been started

up if the rotatiaagh speedgef .t henhspmadhe e 1exaeeds ta 1predatser m ned
val ue |l ower than the 10 rated speed. 11. The nmethod according to claim9,

further cobnprisingnsoper ahieng tialte evolcoage choedtrenibefi@ne atthehfd r st node i s
set; and 15 stopping an operation of the voltage booster after the first
node i s switchedtep Shd.second node.
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& J When the starter control circuit 123 has been
turned on by the main control circuit 121, it starts
up the SPM 11 by controlling the driver circuit 127 in
10 accordance with a predetermined sequence. To start up
the SPM 11, a sufficient start-up torque is needed.
Therefore, if the voltage of 3.3V (low voltage) output
from the power supply 2 is used as the power supply
voltage applied to the driver circuit 127, the SPM 11
15 cannot be started up, or much time may be required to
increase the rotational speed of the SPM 11 to the
rated speed. However, in the embodiment, in the SPM
start-up mode, the voltage of 5V (high voltage)
boosted by the voltage booster 125 is used as
20 the power supply voltage applied to the driver
circuit 127. This enables the SPM 11 to be started up
quickly.
When the CPU 13 has set the SPM driver 12 in the
SPM start-up mode, it calculates the present
25 rotational speed RS of the SPM 11 (step S15). The
rotational speed RS of the SPM 11 is calculated from

the cycle of each pulse contained in the speed signal
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[ 10%4& ()-J  set the PWM mode, thereby switching the SPM driver 12
15 from the SPM start-up mode to the PWM mode (step S17).
When the SPM driver 12 has been switched from the SPM
start-up mode to the PWM mode, the main control
circuit 121 executes the following processing at a
step S18. The main control circuit 121 controls the
20 voltage selector 126 so as to switch the power supply
voltage applied to the driver circuit 127 from the
voltage boosted to 5V by the voltage booster 125 to
the low voltage (3.3V) of the power supply 2.
Further, the main control circuit 121 switches the
25 starter control circuit 123 to the OFF state

(inoperable state) and the PWM circuit 124 to the ON

state (operable state) at the step S18.
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control circuit 121 informs the CPU 13 of the
completion of switching (step S19). When informed of
the completion of switching, the CPU 13 supplies the

5 main control circuit 121 with an instruction to turn
off the booster (step $20). Upon receiving the
instruction from the CPU 13, the main control circuit
121 switches the voltage booster 125 to the OFF state
(inoperable state) (step S21).

10 When the PWM circuit 124 has been turned on in
the PWM mode by the main control circuit 121, it
controls the driver circuit 127 by PWM, in order to
rotate the SPM 11 at the rated speed. The period in
which the SPM 11 is rotated at the rated speed is much

15 longer than the period required to start up the
SPM 11. Therefore, it is demanded to minimize power
consumption during the rotation of the SPM 11 at the
rated speed. When the SPM 11 is rotated at the rated
speed, the current supplied is constant, regardless of

20 the power supply voltage applied to the driver
circuit 127. Accordingly, the lower the voltage
applied to the driver circuit 127, the smaller the
power consumption. In light of this, in the
embodiment, the voltage of 3.3V (low voltage) output

25 from the power supply 2 is used as the power supply
voltage applied to the driver circuit 127 in the PWM

mode in which the SPM 11 is rotated at the rated
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speed. As a result, the power consumption of the

HDD 1 is reduced during the steady-state rotation of
the SPM 11. Moreover, in the embodiment, to rotate
the SPM 11 at the rated speed, the driver circuit 127
is controlled by the PWM circuit 124 using PWM. As

a result, the driver circuit 127 is turned on/off
(switched) at a high speed. This control reduces the
power consumption of the driving circuit 127, compared
to linear control for controlling the driver circuit
127 without turning it on/off.

If the power supply voltage applied to the driver
circuit 127 for driving the SPM 11 is reduced (in the
embodiment, from 5V to 3.3V), the rated torque of the
SPM 11 is also reduced. 1In light of this, it is
advisable to reduce the number of windings of the
motor coil or the strength of the magnet of the SPM 11
in accordance with a reduction in power supply
voltage. If a thus-modified SPM 11 is used, the
torque constant Kt of the SPM 11 is reduced, thereby
compensating for the reduction in the rated torque.
However, if Kt is kept low, the power consumption of
the SPM 11 is increased. 1In light of this, an SPM 11
having a low friction torque (running torque) 1is used.
If the SPM 11 is a ball bearing SPM, it is desirable
to use a grease of a low viscosity and low
penetration, to reduce the friction torque of the

SPM 11. As the material of the balls, it is
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5 In the embodiment, the present invention is
applied to an HDD (hard disk drive) equipped with
an SPM for rotating magnetic disks. However, the
invention is not limited to this, and is also
applicable to other types of disk drive, such as a

10 magneto-optical disk drive with an SPM for rotating
magneto-optical disks, an optical disk drive with

an SPM for rotating optical disks, etc.
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WHAT IS CLAIMED IS:

1. A disk drive using a disk as a recording

medium, comprising:

a spindle motor which rotates the

disk;

5 a driver circuit which drives the spindle motor

by supplying a current to the spindle motor;

a first control circuit which controls the

spindle motor via the driver circuit to start up the

spindle motor in a first mode;

10 a second control circuit which controls the

spindle motor via the driver circuit to rotate the

spindle motor at a rated speed in a second mode;

a voltage booster which boosts a power supply

voltage from a disk drive power supply;

15 a voltage selector which selects,

in the first

mode as a voltage applied to the driver circuit,

power supply voltage boosted by the booster,

and

the

selects, in the second mode as the voltage applied to

the driver circuit, the power supply voltage from the

20 disk drive power supply; and

a controller which sets the first mode to start

up the spindle motor, and sets the second mode when

the spindle motor has been started up.

2. The disk drive according to claim 1, wherein

25 the second control circuit controls, using pulse width

modulation, the spindle motor to rotate it at the

rated speed.
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3. The disk drive according to claim 1, further
comprising a main control circuit which controls the
first control circuit, the second control circuit and
the voltage selector, depending upon whether the

5 controller has set the first mode or the second mode.

4. The disk drive according to claim 3, wherein:

if the controller sets the first mode, the main
control circuit causes the voltage selector to select
the power supply voltage boosted by the voltage

10 booster, and operates the first control circuit; and
if the first mode is switched to the second mode,
the main control circuit causes the voltage selector
to select the power supply voltage from the disk drive
power supply, stops an operation of the first control
15 circuit and operate the second control circuit.

5. The disk drive according to claim 1, wherein
the controller monitors a rotational speed of the
spindle motor in the first mode, and determines that
the spindle motor has been started up if the

20 rotational speed of the spindle motor exceeds a
predetermined value that is lower than the rated
speed.

6. The disk drive according to claim 1, wherein
the controller operates the voltage booster before the

25 first mode is set, and stops an operation of the
voltage booster after the first mode is switched to

the second mode.
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7. A spindle motor driver for use in a disk
drive using a disk as a recording medium, the spindle
motor driver driving a spindle motor which rotates the
disk, comprising:

5 a driver circuit which drives the spindle motor
by supplying a current to the spindle motor;

a first control circuit which controls the
spindle motor via the driver circuit to start up the
spindle motor;

10 a second control circuit which controls the
spindle motor via the driver circuit to rotate the
spindle motor at a rated speed;

a voltage booster which boosts a power supply
voltage from a disk drive power supply:

15 a voltage selector which selects, as a voltage
applied to the driver circuit, one of the power supply
voltage from the disk drive power supply and the power
supply voltage boosted by the booster; and

a main control circuit which controls the first

20 control circuit, the second control circuit and the
voltage selector, the main control circuit operating
the first control circuit and causing the voltage
selector to select the power supply voltage boosted by
the voltage booster, if the spindle motor is in a

25 first mode in which the spindle motor is started up,
and the main control circuit stopping an operation of

the first control circuit, operating the second
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control circuit and causing the voltage selector to

select the power supply voltage from the disk drive

power supply, if the spindle motor is in a second mode

in which the spindle motor is rotated at a rated
speed.

8. The spindle motor driver according to

claim 7, wherein the second control circuit controls,

using pulse width modulation, the spindle motor to
rotate it at the rated speed.
9. A method, for use in a disk drive using

a disk as a recording medium, of driving a spindle

motor which rotates the disk, the method comprising:

setting a first mode when the spindle motor is
started up:;
switching the first mode to a second mode when

the spindle motor has been started up;

controlling, in the first mode, a driver circuit

which drives the spindle motor, to start up the
spindle motor;

controlling, in the second mode, the driver

circuit to rotate the spindle motor at a rated speed;

boosting, using a booster, a power supply voltage

from a disk drive power supply;

applying, to the driver circuit in the first

mode, the power supply voltage boosted by the booster;

and

applying the power supply voltage from the disk
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5 monitoring a rotational speed of the spindle
motor in the first mode; and
determining that the spindle motor has been
started up if the rotational speed of the spindle
motor exceeds a predetermined value lower than the
10 rated speed.
11. The method according to claim 9, further
comprising:
operating the voltage booster before the first
mode is set; and
15 stopping an operation of the voltage booster

after the first mode is switched to the second mode.



