;e3ev(6"Tv. DESCRI PTI ON SPI NDLE MOTOR DRI VI NG METHOD, SPI NDLE MOTOR DRI VI NG

'CIRCUI T, MAGNETI C DI SK DRI VI NG METHOD, AND MAGNETI C DI SK N ircal
Field The present invention relates to a nmethod of drivi njﬁ!l%ﬂlﬂ@m@mw}tor
-whi ch is conposed of a permanent nagnet rotor and a coil s ) Vi ng
circuit therefor, a nethod of driving b magnetic disk that rot®®¥¥nally
driﬁes a magnetic disk wwth the spindle notor, and a magnetic di sk devi ce.
Background Art Conventionally, a spindle notor, which has a ﬂ

magnet as a rotor and a coil for DESGRIPDRONY driving the rof Wmmmﬂﬂmmm

b

stator, generates rotational torque by supplying current to the s
coil. For exanple, in a case where the stator coil consists of three

phases, (Fr]!E’]CZiRID'LEimmbqudJ]ING Mmhﬂw,l SPINDREPMOTOREIRIVENG@IRCUBNA phases
are swtched so.as to maintain the rotatiaqn, o] l.yi,ng the
2pindl'e. moMBCRREC GOHR GOREHENG HETdot G ARENEEHS D rBhwPEEEE ng Tode
or a linear driving node is often used. In the fornmer pulse-wi dth
nodul ati on (PWW driving node, an output stage for supplying driving
current t“%ﬁ@%lgﬁﬂ-nﬁﬂélgot or is conpletely subjected to a switching

operation. Mahhidfesddt tHfrémti6h +éN80Es 0Eb VA NBeMEE, of Ner DUt Rgta St age
for supplying driving current to the spindle notor is Iinearl€d$ erated in

a cont i nUERENGHAMPLOY n WinkCh s coppgfigtire ARSFMIREHE RIS tenr

driving a,5@i & 0ELALbY, SHCArdUinigne iFedat hdereemiy cafnaried sech that
only one of the pul se-w dth npdulation (PW) drjving node and the |inear
driving ribebvingppdranetieehbek et giotafelonally drives a magnetic

disk with the spindle motor, and a magnetic disk device.

Background Art

Conventionally, a spindle motor, which has a permanent
magnet as a rotor and a coil for rotationally driving the rotor
as a stator, generates rotational torque by supplying current
to the stator coil. For example, in a case where the stator
coil consists of three phases, current is applied to two coils
in a predetermined order and phases are switched so .as to
maintain the rotation.

As amethod of driving the spindle motor thus configured,
a pulse-width modulation (PWM) driving mode or a linear
driving mode is often used. In the former pulse-~width
modulation (PWM) driving mode, an output stage for supplying
driving current to the spindle motor is completeiy subjected
to a switching oéeration. Meanwhile, in the latter linear
driving mode, the output stage for supplying driving current
to the spindle motor is linearly operated in a continuous
manner.

In the past, a spindle motor driving circuit for driving
a spindle motor in such driving modes has been configured such
that only one of the pulse-width modulation (PWM) driving mode

and the linear driving mode is possible. Hence, one of the



- 2 driving nodes is used in a fixed manner for driving the spindle notor.
However, in the above conventional spindle notor driving circuit, for
exanpl e, when the spindle notor is driven in the pul se-w dth nodul ati on
-(PWM driving node, power consunption can be reduced because the output
stage is conpletely subjected to smﬁfc%iﬁg operation. However, sw tching
noi se caused by a conplete switching operation increases the rotation sound
of the spindle nmotor. Meanwhile, when the spindle notor is driven in the

| i near drdvivgngousiesiiscesefid matfiinedmnagaeirsfor dedmingppbespindle a
continuogﬁogggner, swi tching noise is suppressed and the rotation sound of
t he spindle nofor can be reduced. However, since driving current is

suppl i ed cont iknwemsty, ipotbe avrse cpnventrioesl dpdndd & hetdridad ingingr r ent .

Therefore,.conventionall i n cas [ i ndl.e t.or  dri Vi

cirouit EiEOREET S0 RmannlE | Wi Epe R REAOHAE S e SR
driving npdesanditibhh hodedatdonviPM pdde vingimedei, ppawér xxechsanpieion o drive
t he spindle tor, .the spindl e notor drgvigg gircuLt usin thgggulsemﬁdth
nodul at i on®e rgAnge 5% T RUEPYTWAERIS: A8r CAPREY M ed on power
consunpt i oabjedtetheo s gt ei ngtapeshit iong CHowevérysswptéhengimebsedri vi ng
node i s necessagry when priority is placed on reducti,on of the rotation
Sound of TRESSHI Yl @ FEMEL et Tth RY \aRetakion (R5FEASE il e mot or
driving croestiensspand &lfy tAne aplingl éomséeaulred specifications for each
use. Further, |likewise, in a netjc.di sk devi.ce for recordi ng, and

opr oduci ng. a NRATHDLSr Wity ERE ToARGhe Ratdgnae & freh Ty Che LHHERAY ne

spi ndl e @ 0 ingimedé hes By e P iotrdgutretagedibvi Dfe&t19Ubpeplted in
rotationally driving the na%netiq disk, in the case of a co r.and so

ut
on, in wfcFPPbIREPBA LBORGTef SWHECIINTIPE IRR orS iSUBRICSE R rILSLRT obl em

it is necessatyohG®aised d freleadp tndl élmaidst eanubé e ducdd Ndlmweve, not or
driving circuit which drives a spindle gvtgr according to the pul se-wi dth
modul at i P PRRMALL 4V LDEN G URFRRE 13 (PR LG oFORGAPYOME I s 5o on, in

whi ch rotedh@ampeiee Iris@sSeiueddUo Dl @Fivihgi suReeassary to use a
magneti c di sk _devi ce usiqg)a sgindle not or, drlving circuit, which ives a
spi ndl e ot or TRIFERTY tCRReNFLABAL LY ri PG TRRE. WREES, the SRindtRssary

to separ ah¢tyrpdepdiagmedieiiia diskigeyj ces WRiBH bhgyspinkdlsr Her driving
circuits for each uses. The present invention is devised to solve the above

! {10
convent i oal SBrEbAERs M2AY LA M het hbl1BY BPAG AGda TS Aditeaotor, a
spindl e n@EDViAg i H6AE £hresbd, iRt Mot sk Glakhiéy it dr IPGNGié Gplirkie and a
magneti c di sk devj ce, whereby accordlng_to a.comuand from a higher |evel
syst em arftPEO¥ ypkh8f SRANGIS Mekqn AT HiRe CiEcpdtpgsdng £he RihSFmtical ly
and readigydem mn6Qudat ioel qEwMy dr M ivlg Mé@estishnageklae riuhdfen dt h
nodul ati on drianSéﬂoge aﬁ? the |inear dri¥Ln nndgtai ervigg
char act erREIPELC¥ dEhPL8°5Y 9P BRFIF L SPBSPRPERL N AR Wh&FRIADAT R T VN
driving regeviRgdcirelia ashalge tdevildaeaiods ivitieasrid Nsivedss 4y M zed,
it is possible to drive the_spindle notor i.n the npst suitaple driving node

A .
or with tPREMRYICHIFYLEE BERGEAGOBhZPIICEIN 0ds & Fikhidigiqm 5P nd
froma highegnéeyghingyst aivter.a W,Ofi@ri@ﬁpédzéﬁéhﬁ? tb gs:@fp\uﬁehout_
necessity for _preparing a_pLurallﬁg of devices . Disclosure of Invention
spindle motor driving cir¥cuits separately according to
required specifications for each use.
Further, likewise, in a magnetic disk device for
recording and reproducing a variety of information on a
magnetic disk by driving the spindle motor using the above
spindle motor driving circuit and rotationally driving the
magnetic disk, in the case of a computer and so on, in which
rotation sound of the spindle motor is not a serious problem,

it is necessary to use a magnetic disk device using a spindle



In order to solve the above problens, a nmethod of driving a spindle notor,
a spindle notor driving circuit, a nethod of driving a magnetic di sk, and a
magneti ¢ di sk device of the present invention are characterized in that it
-is possible to provide driving according to a driving node suitable for an
i ntended use with a single spindle nbt%r'driving circuit by switching the
spi ndl e not or between the pul se-wi dth nodul ati on driving node and the

| i near driving node according - 4 to a conmand from a higher |evel

syst em ormetoypir bf ieg ciaptu thtwhich drises Eusphed]einoter poxmtd g o

provi de dyivj accordin 0.a drivin uj e for an intended use
wth a si%%l tﬂgppﬂigg'%%ézﬁ’ d‘}?‘ﬁifn t%‘?’? EEP?M yd%\%gf'g‘ﬁi ﬁ\é)d%'t h&glugq‘er ate
whi | e t hecapéndf eandiorisaadisi wed iso ong [ seriwhdidotatdidmtsamdirisi ng
node accordinﬂ.to a cogﬂand from the higher Igvel systemor a type of the
appl i cat i dnSFhiQUE. PHPPH i i RRTRSE ALYt TP UGS & BrRINSt Lt ically
and readi d¢vseet €9ingda seh Efdle Motot Ngr Peieg SeitPcast thiei PNl SEivedtd

nodul ation driving nbde and the |linear drivin de or driying

char act er§Bipdies eﬁ°5saS°PHﬂd@@hchﬁ€%|4%Hﬁé%iai&¥%ﬁQnWP$kmnn%ﬁ#%n

driving npgeifGdl sry & s??’aﬁlﬁbiicp’ﬂé dingiet tyalisy damess a type
of the application in Jge, and with a sin&?ﬁrdevice whose i ncrease in size

i s nini mY3HN9; EhpsSpAagls AP IRV IR SHFRBFESnEOS SAFH S Sfbst

sui table drivimg mees @it WihbehfgofPSls FevidHE €4 | ¥6 Dge ChREAGLONEST I CS
according to a command fromthe hlgher | evel system or a %%Pe of the

appl i cat i ¢PRYRNEieNaLt REQP lans RTYLides a Prtrd of S enE .

Mor eover, g5 81 80Ho 06 r$Wh t & RE1 EhRo b1 VA POv IRFEsi PEudt] VANBethod of
characteristics can be provided as a conputer program fherefore, it is

possi bl e 4BlY&RY|F Magne it Kbislof ad\d ACRRARCERE KRV IRV hBKPRK i vi ng

characteristdpgiff £5e Ut Bd K a5 hiBhe LY e0¥ahapaicem hha 4esa5éi ng
medi uns for recording a program And it i's possible to automatica and

readi |y s fdhappd isatdan dnj Yyphg HodEsPOPSARALAEP AYEIMREIGRILEARA for an

intended HS£qAEFOEHEREN And GUTE 4 r@m ¥ heghngher shienelasstsiem or a type
of the application in use_w thout any increaSe in size, thereby, achieving
t he aboveRWEheT¥hdEhempdud atAofedRdd i0t9 MAds Afch WF Adie i1 eRdr di ng

to a firsjodeRACHrAk i cRaeter MEIYd BRichDi st cuPrAdle i ADEE - 5
havi ng a pernmanent nagnet_as a rotor, and a coil for rotationally driving

the rot orPwks@-widtBmodulatiopsHalVingmodey ADdsthh @ snatedeiGieRirr ent

to the cojhosenActeELZEH d 1% d RA MimiYdd) RE EHTHpESEibRE €8t waal
driving is supplied to the spindle notor, a driving node is swtched and
sel ect ed HRe vieindke mREeE- ip dile mrkl &Y bkl e ARy ibdanede eRa'ithear

driving npgle %Q@rgh'ﬂﬁaBQefidquk_ﬁ dhPFatberhsghes hevelrSiy &8 and the
driving current corresponding to the swtched d selected dr]ving node of

[ an
the pul seSQRBRRA FFRM 4t PoBNEEI 1A TVRL PO h ATt HENRG L2 ARR N HotRP i s

suppl i ed {@yuskey SPhOELhdBE DS i t MHAOYLEpaEINYCA PG rANd tSebeddvikés, made by
a serial port according to a conmand fromthe higher |evel systemthat is

received via a serial interface.
Disclosure of Invention

In order to solve the above problems, a method of driving
a spindle motor, a spindle motor driving circuit, a method
of driving a magnetic disk, and a magnetic disk device of the
present invention are characterized in that it is possible
to provide driving according to a driving mode suitable for
an intended use with a single spindle motor driving circuit
by switching the spindle motor between the pulse-width

modulation driving mode and the linear driving mode according



A spindle notor driving circuit according to a first aspect is provided
with an output stage which supplies driving current for rotational driving
to the spindle notor, and driving node switching nmeans for swtching and
-sel ecting a driving node between the pul se-wi dth nodul ation driving node
and the linear driving node according f0-a command fromthe hi gher | evel
system The output stage is configured such that the driving current, which
corresponds to the driving node switched and sel ected fromthe pul se-w dth
nodul at i obhodai eomgamude romd & Heidheralevelveygtevderby thypelrafiay node

swi t chi ng_nean S I edtothe spindle notor. Further, the driving
node sw t%ﬁ?géé%zﬁ'ﬁ? :igpﬁfr oVided in which swtching and sel ecting i s nade
by the serial mtherpoxtdlragpbssabdmntmngrbvmdet&Elblu.glgeaccexzdh.ngy‘StDem t he

command bei received via interface. A neti.c d| ice
accor di ng® tggévﬁinlgsf“o éséltltqe%ls %’ﬁ 3%&8% ngddiug%g |wsltrlbt%1t|]or}fgf
driven tospéesale mmtorxemmdma; ac eda gt ybof swlii;chrmtq @ thrdugh th c
di sk servin recardj.ng nmedi um of. _the vari ett¥1 information, is
provi ded Wﬂg%et ﬁges |Pr’rdﬁdé-%6‘l‘iﬁ°]ar+%l AGiEePCdt thehPulseidti ndi e notor

driving thds&u!Lhtllanwivgﬂqq%@abcb&mln@eo@rwmmenaffﬁmtmtm@héfage is
swi tched between the pul se-wi dth npdu] ati on_drivi,ng node and the |inear

dri vi ng nb8¥ebyS¥AEEH QR Ry RR hi tRAi ABPAESAL 180 di%RFto0 a command

from the highafitevehisystemgdhsent,the ﬁ@lp'tiﬂ&ml)éq{o daruwmtmuyyt is
configured such that a caomyand fromthe hi 8her | evel sterpithat

recei ved 379 Fﬁédé-éﬁ’l Switgh and Selechkng frivindsan afhdt ‘Fle

driving ohuibe-Qubrnt mPdAde i s W ichety hed e eihd hﬁm@bﬂ.ﬁ@eé{\t dd i vwbglgl at i on
driving node and the |inear driving npde@d)/ t he ser.i al %?rt according to

t he commehfde Q% GdiHed & D@ RS it H G SEhaSca i TR R itTdte 10nkRGri vi ng

of the outpusestraden modllatierh RELMERTY IMed® W ECo Ml ghE 804 dmRandr i vi ng
node and the |inear driving node according to a command fromthe higher

| evel systEpd tpeshigher n]gqﬂ‘ée%ﬁ)fﬁﬂ%mrﬁ)‘f & téfPlevPﬁgtEPr%BP%l‘éﬁFulBPoWde

driving igs@ dah¥i Q4 tI0de s'%.Lﬂc_}Pé"&e\fzi’éeaﬂthbe'iﬂ%(i'elé%% frird Hes , i@ conmand
fromthe hi her | evel system’s_ received the serial interface, the

command |1§l§b¥1i‘-2?§rt AE 3&rPAFSHBLE, tanﬂrﬂ-ﬂé EBSV%PéRFF‘EhWﬂQOFSlﬁaB'éel n the

serial popds@cH@itaplet @rihen§AndRE b KABH haehmgbe_rsﬁwebléy@fm:lé\ met hod
of driving a spindle notor according to a second as whi ch a_spindl e

not or havf RArAChHeriEldns ﬁﬁ&ﬁ&l% or dtmmaRa £ FhﬁoPlQBFEt}%Y]%}I y
driving t@estemObraa ayjeildr dife r@pplicntliby dhi vueR RitHapt yemg driving
or

current to the coil, characterized in_that when driving current
rot ati onaRe@REFiRY £OLs @MiWRIELY nef sHENdrESmotor, a high and a | ow

through rates miré@@eﬁul gemet Abld razdtavﬁitﬂ&mxdglwnegdmdengr foAdst Jred and
sel ected as drivi ng characteristics according,to a command from the higher

| evel sys@EHY1BAdCDRE aFHSK it €37 redR, %PEHVéQPF’eéﬁo@d§qI¥P‘i‘h%r swi t ched
and sel echpdqgtBmQugh rate fromthe hi gh and | ow through rates, is supplied
to the spi nd?e not or. Moreover, high and | ow through rates are sw tched and

sel ected by tihegefarepoit is' pessihilRy ©Q Zeabhrnbber BRERE Bigher | evel

system t hgi t&nkh ageicned avid ine m¥dfladd i@ ivaiary hePddeéeiseies dfi ving
circuit according’to a second aspect is_provided with an _output stage which

suppl i es BREEREIGLE RO (ﬁl“PRJ]tlhlbiYoﬁéFhélnlg\hnﬂgtPS FREOLH AL BeHHEBP, and

through rabe rebi@hg%h peRagTahQr Awdt sbllrmpaeé1mleeeblm$mgb1@@myow
t hrough rates of the pulse-w dth nodul ation driving node as driving

char act er@Bd| Egagdddyr dﬁ“ﬁgﬁqlb and oheheats A5AViRg MRS Q%vel system The

out put stagerh8te2lstIWLEuiHebiddort Ra dnktendeC UskCAEcoMiRYy €Br esponds
to a through rate switched and selected fromthe high and | ow tthrough rates

by the theemgandafaosnitthehilvghranteves sHpSeMett @ thiPS R hdkke not or .
Al so, thea%gf.?egtﬂlﬁﬁt W& R N SBANSn} Slﬁeﬁ%ta'stemﬁfj MZ@' SEnéAEbPOr L

accordi ng conmman romt e hi her evel systemt hat i's received via a
serial inaehigvéng the above-mentloned effect.

A method of driving a spindle motor according to a first

aspect of the present invention, by which a spindle motor



A magnetic disk device according to a second aspect, in which a nagnetic
disk is rotationally driven to record and reproduce a variety of

i nformation. on the nagnetic disk serving as a recordi ng nmedi um of the
-variety of information, is provided with the spindle notor driving circuit.
The spindle notor driving circuit is-c8nfigured such that a through rate of
the output stage driven in the pul se-w dth nodul ation driving node is
switched by the through rate switching neans according to a command from

t he hi ghehavéngl asypsirerandvtr aevgriet te aprotbe amdom daid npxircuit is
configured such th a cammand from t.he higher_.level systemis seni to the
seri al polf?{,?agﬁ(?n@ghl}'arﬁlcflﬁle]ir}ﬁg the SFSF \ﬁsgal ﬁetagcecﬁ aligﬁﬁ eaﬁla%ria,‘f%}'\d a

t hrough ratgveh ble supiplitisg adpeiving esurpehbe tpulthe- wicdilh, nodul ati on
driving node is sw.,tched by the serial port according to the commangd.

Accor di ngC BT aRESY &\?21 Hélhtdlfhfan e n‘?FSﬁf"BEi 8H§Feéltcd"trﬂ¥arﬁf1?qm??£ hi gher
llevel sysgeivifgrésesupgliedt 86 €Rei épihalerneter,t fedeovingdmodesest to
the serial port, and a through rate is swtche iny’\t;g'e seri al ’%I’wo{-t

accor di ngSY¥otehed andy selasiimPeTEReRnbIR| BHEFSr SISt R PR SHIPR  ne

out put stagevifigdmbwn dnd tiee PLiSE€aM 8t iviRguhadieod cdidrd ity nslea Thus, a

single spindle notor driving circuit_can grovi de_driving in a driving node
sui t abl e FORMapd Fr@Rddie hdghewpleBearsy St eRr Gitth th& dr 1 €184 Fregnt

accor di ngcbpraspeneBndy PP @wiitdiid |auels Shsd € Wi eihgemoaé Pyt st age
is driven in the pulse-w dth nodul ati on driving node. Hence, a single
spi ndl e nbR8r PHABS-WE AGh MRdulainion odr #81n0i PPAG @Rda the Vi HEIDde

suitabl e §pivaigl Rb@Riad Usfpp @i f9dcRE Sphrbne moraanet Mo rdicedccor ding
to a third aspeCt, by which'driving current is supplied to a coil of a

spi ndl e n@vdEChARENgNE Selestdmy fdyfadadi & GegrliahPaHe AWPTILRI
rotationatéya debmAAdt ReolOtfe B3 ghel! Alefe 10T A AL CidliSdcéd Sved
rotationally driven by .the%g;ndle notor in order to record or reproduce a
vari ety ofl@nfofREdAdn dFamHadfagnetic disk serving as a recording medi um
of the variety afp{RiPEMRbLBR AT & 2884 Tebetqa MRgNLEr hViFngGsurrent
for rotational driving is supgl ied to the spindle notor, _a driving node is
swi t ched afBeSE|i&PEQViCast iRl aOUtPYSestrgawhdsh $RRPLARS| Fr LEENGuch
that drivéagreatee irddisidHd M ¢ Agmedutabl pididle MbtB¥e 404 a use
in which a rotation sound of the spindlé& notor is not a_serious, problem for
the appl i ¢6iVbAgaRader FYilkghinga@ans fafe SWIHahing ARG SeRRLIBE & use in
uhi ch_t heaf 9 Shiaibae Wetied thes Bl el wIda mbAudatdbOU 1A FoaL O ¢ he
application. Thé driving current corresponding to a swtched and sel ected
driving ndud thenl ineapudsévindtRodsdaraergandr £oi acCaBBRNANEr PRt Re near
driving npggnes 3Rl @ dtn e Rl Ml Pt §Eagd TBIBBIIG ghirdd dfidiEe
according to a third aspect, which is provided with_a spindl e nptor having
a per manehRakabhet A8 VANGoLYIE TERF ra WD AT TRRARARG TP YL R i 45 HELBBe 1ot or
as a statpbdedswPtBHE8 HRHOE el Yot Whle R FhdildOnalddu it vong the
spindl e notor by supplying driving current tothe coil, and driving node
det er mi ni FEiVdBATPde R rhe didfFar driving ;oda Ry kBEcABIVERE BPHAdI e
motor dri y&ﬂgcﬁiﬁﬁ%éanﬁha:[@%_tlﬁaﬂlzféh ity tRalspiedTBGRStdE, diskriger,
rotational |y drivén by the spindl e notor in order to record or reproduce a
vari ety ofhendpidndomosie el trlyiRy i Beanskisep¥oNgdes 40 sdvket ng nedi um
of the vagyet¥nQhg! #HAEBLECLindNEs e By FRECsHPY L MbHL O R IBSFGL
configured so as lgo %et erjr'n' nelga_dﬁ VI ng %de ac%or di ngn%to a type J{)féan

appl i cat i &® @ gameand diramihedhiigheg LeveddeyFfiemhethal demmaRaP@bRd] at i on
driving npgeel Pbaavise tHe WHLLE {Rt&FEgBesound of the spindle notor is
not a serious problemfor the application and drivi (r;? is made in the linear
driving node fPomagnefei¢ rdipk ckevheeragaerdangotindactirae agpaare Btor is
a seri ous,piof! ghhghekie BRBK q3! BtatliifHPLAHRLADA o dddbPd ghACUIL 1S
provided with an output stage which supplies iving current for rotational
driving teephedypendl yamieny ol tnformatiodeoswithehimagnetak® dbskswi t chi ng
and sel ecf ing;the driv rqi t r Q& nai ¢ .t he
driving n%%gﬁépe?%dnwﬁg%n@ﬂgg %%eﬁ%&%pﬁpes?gﬁg%&@ %%%q{#%éﬁté]dégbch t hat
the driviig ponovéeded whitdh tdoe regsimmdible motolre daiviingg onioma istwi t el and
selected fromthe pul se-wi dth nodul ation driving node and the |inear
driving node by the driving node switching neans, is supplied to the
spindle notor. A recording nediumaccording to a third aspect is configured
such that a programis recorded for supplying software as neans for

determ ning a driving node of the nagnetic disk device, the software
switching a driving node of the spindle notor according to an application
in use such that the spindle notor is driven in the pulse-w dth nodul ation

I r . o -



- 10 an application in use such that the spindle notor is driven in the
‘pul se-wi dt h nodul ation driving node for a use in which a rotation sound is
not a serious problemand the spindle nmotor is driven in the linear driving
-node for a use in which the rotation sound is a serious problem Thus, a
singl e magnetic di sk device can provide driving in a driving node suitable
for an intended use. A nethod of driving a magnetic di sk according to a
fourth aspect, by which in order to record or reproduce a variety of

i nf or mat i &pindl &hRotBgnalrie idics ko iasywithgisiscan f ¢gordidng uehdithatoftlide
variety of information, drivi current is s li,ed to a coil of a spindle
not or haViﬁbVéngeP%aﬁBﬁtoﬁﬁﬂéﬁ]%ﬁﬁgfr%ﬁcﬁwéﬁgg?ﬂegggwﬁepo%hfbtationalIy
driving the1$§6LQides Rodhakeioandriika mpgiteld andi Yhd 9 imdaat idaiating driven
by the spindle notor, characterized in that when driving cgurrent for

rot at i ondMOLei BY n§hes AEd¥iNde dade (FHL PR HY MBBREr 2CAPGH 1B YDA t hr ough

rates of ddpmRnbservindihemdiyaly onevl Véyéar sRde ﬁ1§o$%hehe?_imd._esel ect ed
as driving characteristics according to a type of an application in use
such t hatMeEey i HelV Engretir Gk Hes FONLdINkhch siSduFBaton AR RGY THR® of a

hi gh through hagRel0l edeiS@yistalitthe {9t AEEONvEQUDE a0k heh®exilidwdl e not or
is not a seriouS problemfor the application and driving is nmade in the

pul se-wi dimteplarat isnsertviagthedeniah PovE tandUghe dEving of fhein

whi ch th i i Mt el pud s -8 tH moRfudltefBd or the
appl i cat %%?ﬁg%ﬁ%éegﬁ\ﬂlgééﬁ?ent, whi ch cglrur esponds to the through rate

swi t ched dmtvieg drede andthecl nedr thF bubhd reede by the sesiahmagh rate,
is suppli i e @%yy’ A magnetic di sk device according to a
fourth agﬁggé?d&ﬂgcﬁeigﬂ%rgbi edu%ith t he spindle notor having a pernanent
magnet as a r ¢astorshing heo cohe abeveongthedabpng genfilggnatelant orthe~ a
stator, adfﬂrfxg oL Ak %’Lc?d{g SAdgdli {s f Qv £ohehi BBRLekndiind Ng the

spi ndl e notor é supplyin riving current to the coil, and through rate
det er ni nipwlsreawidtbrmodulat iogedariniimagadia winsgy tdigadddrean sinissing t he
spi ndl e L)1 [ Uit’dﬁﬁg terd LNp b t g ' isk is
rotati on%@édgfl‘eé%ag?a. :t%q asp?i n eﬁmﬁéﬁﬁh%rgégﬁhg Ifclg(‘:’(?rid réifeengroduce a
vari ety ¢fhusfornaingheonptimglmgirtior &rikingr9inguas gane@iai L medi um
of the vagiglyn fih”éOBﬁVi‘Nb Bt LAY LU & Ak S rdghel WitRnddTRANS, | S
conflgurgﬁuégha to eternéﬂg If@&htg&ﬁgg? G?t%ﬁgf the pujse-mndynaé

nmodul at i €Y ngd rsyemaRd hy yem ok he Hrien ey syt (rqevekcor di ng
to a type; of i cat | i se C Faigvi | S Rk |

pul se-w g‘f'ﬁ trr%%u?%ﬂ%% %ﬁfﬁg"%ﬁﬁdé% Q&Eﬁ?gﬁtlﬁr_(ﬁg ?ateigd{é(%fa{i?)n sound
of the spoxte andothesa €a syarichubngr b®| Badeoint kEeageiti i and
driving is-88A81h Be el somMatd s ehéORidhbY AgveERde Rty | oW through
rate for a use %namklcﬁ the rotation sodﬁ% o?lgﬁe spixgﬁe Jbr is a

seri ous probl @émeshodhef sjspiving ifoapindéesio el @adaasiing ite AGRIRAit is
provi ded n tPHt ~ft 29 i A TV ign f ationa
driving t%é%‘é@éﬁ?jﬁﬁgt %rj&g\gfglf%r g‘tﬁgﬁfr gifvfsdvirtac%%“aé?;{n% %ﬂ?m tching
and sel ec@% iy 19 |20 \W Osin t Eoy N pE LY HEr PRS- WR et P w&ation
diving PR ADL I8 LbL¥LIGnENAAAEELER bESs 9hgut &y i NG Ltedi nati on
of the tﬁégggh ra.tlﬁﬂr Zﬁfrninéng_negng.ﬂ;;ggd%ﬂgg{qs€age I'S conf%ﬁgred such
that the i FTukr SArgPtenleedr £y e AREOLRM FWiEeeRw ¥@hed and
sel ected J4o 108, gP1bRhgual Sabe1ded £85:hakh PaYE G862, DY Kiignt hr cuah
rate switching neans , is gupplle to the splngﬁ notor. A récor Ing medi um
accor di nand aalpwthiougherites ofohheden ke suidthimadwl pt boranivingcor ded
The sof (e BP.aF b RELES TR diBt ARl & AT RE RS PRI S e e st EE Ve
in the pHceeniing todulcanmendfinamgheotiéghescbededgsystam, appditlzei on in
use such L phe ' e MR, | | | e | $6-\Wdy eyl ation
driving n%%fé‘gldﬁlgacﬁ?!é%qttﬁr g@gl%rhr a?oeld#%ér/ggn%ge{:{ant\gl\/%i %E’l\g rotation sound is
not a -sdPected through rate from the high and low through rates,

is supplied to the spindle motor. Moreover, high and low
through rates are switched and selected by the serial port



serious problemand the spindle notor is driven in the pul se-width

nodul ation driving node of a low through rate for a use in which the
rotation sound is a serious problem According to the above nethod and
-configurations, a through rate is switched while the spindle notor is
driven in the pul se-wi dth nodul ati o dfiving node according to an
application in use such that the spindle notor is driven in the pulse-width
nodul ati on driving node of a high through rate for a use in which a
rotati on secoddiagnod a cemmand Proml ehednighdr kel sysoemrthst dirs ven in
t he pul se-wi dth dylation driyving mode_of a |ow through rate for a use in
whi ch ther?%?éY?gﬁvéau @%:f%¥¥ﬁ%%ﬁﬁﬁ?5¥%ﬁ?enl Thus, a single magnetic disk
device can previgieindieimgton arivixgneiredd tsaiccaldd fprtam isdaomtied use.
Brief Description of Drgwings, FIG 1 is_ a block. diagram show ng. a

confi gur a"i‘?Bchfl%pEBl"l’raFél ‘%’cffl&ra“d??‘é?ﬁ& %‘?"‘P%%f"’lhlf’ﬁ‘ %u?rﬁgﬁ‘éf‘idg‘%dflsr}(g devi ce
accor di ngeutpefibgdirnedicat i@ ndlhaipivsegt tbnyret spindEeGmot drs, ard ock

di agram showi ng a confiquration of a spindle notor driving circuit in a
magnet i ¢ BRERUAB K &L S¥ASCd iy PEARRLEYF Rt RI aRd %ﬁ%g%mns i on;
FIG 3 i 53Rd By#e BRI fa BE9W NG HE bl 1 SHlde imodu el sidylvei gt or i n
the magnetic di sk _deviTe according to Enbodi nent 1 of the present

i nvent i orfMo®e @8 AR LV iNGRRAAatehift 1SRoAFRYTALPYi kY 2 FIWMANGFERAR

spi ndl e F‘Pﬁ&rhi!dhéf‘f_{emng&é‘éeﬁl'.SkTH@Vc_b&@p@G%Qfadjéﬁlstébﬁffi??@ta'&rﬂq&l of the
present invention, FIG 5 1s a block, diagramshowing a configuration of a
spi ndl e nbtdk e drdy idshensredtet YBAChFr FeRPRRfe 1R SktREQITER Zak%r di ng

to Embodi ghdtcReQf ahlCs PIESELE # FVRUEHONiAEnd 1ow3thFblghbrafed By} ock
di agram showi ng a configuration of a spindle notor dr|V|n%hcontfoI section

in a nmagnele ChrekIliaa e satdaing e b ddi fBRPLAegr tonkhp aiditle

i nventi oo 888t MSo! A LREFBLGH P e Idifi t SVERY @A nie] 8'ddnit {1 ddie
drawi ngs, a nethod of driving a’spindle notor, a spindle notor driving
circuit, hyresesdadf partvaagordiagnteia commlandgon whgnigherikavelevi ce
that represepinefRel TNt il Pi£SENEel PYENEheBrakle Pe described in

A magnetic disk device according to a second aspect, in
which a magnetic disk is rotationally driven to record and
reproduce a variety of information.on the magnetic disk
serving as a recording medium of the variety of information,
is provided with the spindle motor driving circuit. The
spindle motor driving circuit is confiqgured such that a
through rate of the output stage driven in the pulse-width
modulation driving mode is switched by the through rate
switching means according to a command from the higher level
system. Moreover, the spindle motor driving circuit is
configured such that a command from the higher level system
is sent to the serial port, the command being received via
the serial interface, and a through rate of the output stage
driven in the pulse-width modulation driving mode is switched
by the serial port according to the command.

According to the above method and configurations, a
command from the higher level system is received in the serial
interface, the command is sent to the serial port, and a
through rate is switched in the serial port according to the



detail below (Enbodinment 1) Referring to FIGS. 1 and 3, Enbodinent 1 wl|
be described. FIG 1 is a block diagram show ng the configuration of a
spindle notor driving circuit used in a magnetic di sk device according to
-Enmbodinment 1 . FIG 3 is a waveformchart showi ng driving current of a
spindl e notor used in the magnetic di sk device of Enbodinent 1. First, in
FIG 1, in a spindle notor driving circuit 1, for exanple, in order to
rotate a typical spindle motor ( SPM 9 having a permanent nmagnet as a

r ogor ancc SmAldhy | flri]oﬁottllle aSl@hﬁf diedFel vdymtan fiﬁhﬂl@g:lﬂ@ld(;lﬁt&b‘t tdﬂag;ae pgases
a driving, current is supplied e coils redef erm ned order to
switch t hts SHalygn 1T‘hEh§ %‘%¥B£‘ %}ﬂblef‘r%‘fl gime %hstﬂl‘iﬁ'ed by an
out put st@g@lﬂgi@rs%yﬂ@w ﬁatbbedﬁliwnggcwcme_&t canf @riodtiaies g ispimgll e
notor 9, pul se-w dt

rmdulatlongg rivin ns, 5 for dr|V|n t he

out put stHyed ARyving mede SuiharbBuLL 3R %\T\ﬁp“ \Pi @& €Y Herar
driving r@aﬁﬁr&djﬁ”rQEéViQQSI\rBEcﬁBHDHch&:&%g? ey aacldnﬁtfaafd o Rgharode,
and driving node” switching nmeans for switching the, drivjng of the out put

stage 7 DrioReR Je%@eb@x%twwlhlh%di%t%ﬁp@bmaa?.Wrf?grh% nmd-is

l'inear drjyiH8-yPden Mgﬁﬁq\é‘%rront Qﬁ'ﬂfiﬁ@ Nfod®de Hencd4 as¥liheghieng rreans 2
is constituted by a serial interface ( serial IF) 3 and a serj al port 4. A

hi gher | eseindlemahorDdriyAss %rcauatmmsrﬁﬂc}éec%ﬁh%agw a8 hst ruct s
whet her txﬁ‘&'dé’“éﬁ’g{:aﬁﬁ.égﬁo} shoulft il 1 yg8. i n the pul se-w dth nodul ation

(PWY) driving no | i near driving node, to the serial port 4 via the
serial interf@®methothefsérivingmn ﬂﬂargftﬁt%ﬁltsfkea699;§l§tlfl§i 5gea third he

pul se- w g&{%é@ﬁul%'mléﬁmloihm@rﬂsﬁeslé Sapbligeli 8635 cbiyiog aneanio_fs

accordin iving node co fromt hi gher | evel system
The out puepindle mosapphp¥dnghe BerFRAGIEUMAENe a%H & HOtQH mid Hht or

accor di ngcafltg&rsﬁem% x4y R SPRIS SRE FBLOLARES o BEatdhaldRn &f the

spi ndl e not or shows current wavef orm when the out put
stage 7 |lsa@|m¢’veﬂ dhslmes gmt@é:mrmwm\eﬂn &Y thenfrinrdlpECHeYelN For

exanpl e, | o} erious
oFuér CUTR I i e & $8p2bdudl YNGR 164D £ Ol FONAL 1On"Oh €hé

pr obl em a current vef orm of the pul se-w dth
modul at i anmaquCddiskngemd@gt p&t ai FespEFdindg meddum qf ;;:I)e Vameett put

stage 7 cap ﬂ?f&gﬂm%gﬁ' ygﬁagg%@e‘i«qztéa qrﬁwacchmrpraeﬁa;lw cdieREge  power

consunpti on can uée reover shows a curtent waveform
when t he bex pretatignal drigdingedsi ﬁum)éllemé@r tde ERIN MR t R case

of audio aﬂ@lﬁgq&gﬂéwgw LY Ghd %&Ec‘%@cﬁ%%x‘cﬁxﬁ £¢/ hogpRIopl em

when driving 1s he cur rent waveform of fhe near dr| ving node
shown in #1 GpplbFationcdn heeouwysnh Bhagedrivingi Asamafeogay &R, it is

possi bl e g;&@légpmaéﬁ ROLANIG D U SRy3 M1 ABABCEUES Rslhe £ QTR %
swi t chi ng” operation to reduce rotation sound of the spindle notor 9.
rotation sound of the spindle motor is not a serious problem
for the application and driving is made in the linear driving
mode for a use in which the rotation sound of the spindle motor
is a serious problem for the application. The driving
current corresponding to a switched and selected driving mode
from the pulse-width modulation driving mode and the linear
driving mode is supplied to the spindle motor.

A magnetic disk device according to a third aspect, which
is provided with a spindle motor having a permanent magnet
as a rotor and a coil for rotationally driving the rotor as
a stator, a spindle motor driving circuit for rotationally
driving the spindle motor by supplying driving current to the

coil, and driving mode determining means for determining a
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As described above, according to Enbodinent 1, the driving of the output
stage 7 is switched between the pul se-wi dth nodul ation driving node and the
| i near driving node according to a conmand fromthe higher |evel system
- 15 Thus, a single spindle notor driving circuit can provide driving
according to a driving node suitabl e fbr-an intended use. Besides, the
serial interface receives a command fromthe higher |evel system the
comand is sent to the serial port, and the driving of the output stage is
ZW! t ched dJ.Igi\Y\_@l@@ mg_deputfsehwi digimiicmdton driving cddeudrnd the |inear
riving e according to e.c nd fromthe, hjigher |evel. syst.em Hence,
a single F]%‘F’.%eﬁb?ﬁa AP &?‘ﬁ& &%ﬁ%g%%W%rfiWEelar F\??ﬁgl&%@‘rl ing to a
driving repeprenli b iee foimdl é nicrehe din s ddEraw digsntd Hr Befperodutg t 0
FIGS. 2 and 4,, Enbodingnt 2 wil |l be de%cri bed. FIG,2.is a bl ock diagram
showi ng theaekgtyuehit ipFoERaLiopi AR Eheolasngtils ff &k AAFY IR &P it a

magnetic Péé&r@fﬁ?%&iuﬁ@@@h@eﬁﬁrgetﬁ& ihficra eyl ormh e larity ishpwi ng
driving current of a spindle notor used jn the magnetic di sk devi ce of
Enbodi merfode detesminingrmeans is) qanekaneed of gt 85a toy et ™ \d@ e not or

( SPM 9 DRy G iRAS HREVH iRIBB!a &Y e bOtAN apprl i aliion Na €9klswam a
stator, for eglggrrpl e, when thlgR%ri vail ng%oil has%rlee phases, a spjindle

motor drithalgy @rieing isappfeeinathei PRA§ecHidEh modalatic 49 in a

predet er paied QAer uk@ SHidieich R rBtat8%n £BAnAPbE0t Be NBY D T MGt Ci rcui t
1 is constituted by an output stage 7 which supplies the driving current 8

for rotatingathe gaxAws ERArLen Tar dhsviaRi ol eR i A (EAYLRF i34 ng
means 13 ri(%é;rlnce eclk%{?éar iV idPhobal fo il hige e wBYCRUEnERAR tAdE driven
in the pul se-w dth nodul ati on (13% driving node, and through rate
swi t chi ngsewa@sof2ther spinddie MPtdie 1R i i PQTEPUBHBTORLSI fXadd® bet ween
[he Dol SSESEI0aUEH 21600 (ENMIGrL0 dPAEAY Subbalelly Btavaste ano
with -an output stage which supplies driving current for
rotational driving to the spindle motor and driving mode
switching means for switching and selecting the driving mode
according to the determination of the driving mode
determining means. The output stage is configured such that
the driving current, which corresponds to the driving mode
switched and selected from the pulseéwidth modulationdriving
mode and the linear driving mode by the driving mode switching
means, is supplied to the spindle motor.

A recording medium according to a third aspect is
configured such that a program is recorded for supplying
,software as means for determining a driving mode of the
magnetic disk device, the software switching a driving mode
of the spindle motor according to an application in use such
that the spindle motor is driven in the pulse-widthmodulation
driving mode for a use in which a rotation sound is not a
serious problem and the spindle motor is driven in the linear
driving mode for a use in which the rotation sound is a serious
problem.

According to the above method and configurations, a

driving mode of the spindle motor is switched according to



- 16 low through rate. Furthernore, the through rate switching neans 12 is
constituted by a serial interface 3 and a serial port 4. A higher |evel
system 10 transmits a through rate value command 14, which instructs a
‘through rate value for driving the output stage 7 by the pul se-wi dth

nodul ation ( PWW) driving node, to théOserial port 4 via the serial
interface 3. The serial port 4 drives the output stage 7 by the pul se-wi dth
nodul ati on (PWW driving node of the instructed through rate val ue

accor di ntant aagpleiddt boghin aise vaiele tdonerite kb firdibe et df gleeddiskeal syst em

10. The out put stage 7.s |ies.the dri,ving current 8 qf e; . nsisrycted
t hr ough rft g"ll{\?apﬂi 5" B‘Pﬁ&llgtﬁﬁflogrévgﬁg Iﬁ%ﬁﬁtfa?]ﬁg" P%g ]r'ﬂ(l)t a l|clcl)hn of the
spi ndl e rptrotation Souddals abevws serdouseptobdenfandntihe sp tadke wodreer a

through rate . is high en the outpui stage is driven in the pul.se-w dth
nodul at i ot (q:WMeIHrJrQ/%}be Hﬂé?a?dfrﬁmﬂﬁ?g? nf?lﬁea R% Wt w&”c%h’;}u %r and
sodon, A rr]rd\t'&'hﬁﬁ%ﬁ@cﬁih ﬂd)ﬁss@mbi@mh@tromllmr.i pgm#:sr,oglfmnggirém‘dmg i's
made with_a hi t hrou rate. hy the pul se-w dth.madul ation (P riving
mode shoWi$h FRECE(GED PREVAARLHL 1¥iage 17 PsArdyilfd, "afG 5&&\@%1%

sw tchi ngeppi 4 1RterRBa, up@ier consunption can be reduced. FIG 4(b) shows
a current waveformin a case where a through rate is A_OW when t he qut put
stage 7 is dr ABRthRAINE PUrsRPARAIABHELF A 1Dk ARG BT Fong éﬁﬂ)"et M For
exanpl e, ddnhdde, cByewRicRUTHhO¥FaU2! 80a2RdcdRd0Br repHidutd of Aldrietspund is
a serious problem” when driving is nade with a |ow through rate by the

pul se-wi WI&@F%H(PﬂM’—hBrF‘@Bﬁ&t#_ﬁdé@Wpﬁqrﬁlﬂ%a%(ao)ﬁectoﬁéhd}ﬂ put
stage 7 imedl @il yr SehbChag idicyd SHi {f8iiaObR| dBiviiaRCeuridents jossibl e
to suppress sw tching noise, which occurs in the high eed switching, and

) | ; gn-s
to reduceSyRRhiedtasa AR bP IithEPIHdI@ BORBE J12 L NRRRFHNARERD MAHH nent 2,

a throughyg & erdosVAhGheHe 26691 k88 FOtateomamRNy UramitMie dighestdevel
system whil e the - 17 output stage is driven in the pul se-w dth

modul at i G} o iSHARP ARG Ymaranetsin q sk pishdo arkRa bty Ay R R t can
provide da}é/ 's%qrﬁﬁ@ﬁle%& L OnardEt¥irig ciofie tHid ahkf dP{vihg difredtur t her,
0 the hig I dinth

a command r her '| evel systemis receive e serial jnterface,

the commefRl irotadntonal drd wiarg s peppl igfd e thie 8RGAIAGROTRT s\l Thed

whi | e _thea&d"ﬂhw ﬁ{ﬁﬂf%ﬁ %agtféé’QﬂE ithe %%1%@-%&&&;1%@1&%%:& Qx idFing ng node
according to the comand fromthe higher |evel systemin the serial port.
Thus, a JMode eaEpi AWLEChedorandt i8RIRFeed caf t AEANLPAOFRAE AFHRK IS ik or di ng
to a drivifeo PRERgSH habygelfof a%%9%9§§atﬁgﬂb9ﬁldwbu§h federdringing® Fl G

5, Enbodinent 3 will be described. FIG 5 is a block diagramshow ng the
confi gur at§ SRdg 1R $henBnd seotddtdy medyd atdmny gir Wedtg BRYen% w@?i c disk
device ofybedh Tite For! & dddPintwh FolBOPEEL € i BhSdodied bFeL RE dpimdraect ed
via an application 19 in use and an interface 20, ,and ,data i.s,Z exchanged vi a

the int erMQkRr A NPk HEGILAUS PEPRLEME it 8PRSE6A TS MaINAS BL Hh Franent

magnet as; @ QO i RNhe {18001 §Oh | mGGuPatiohOdr iviag hbaedbEvanmpwoi | has
three phases, a spindle notor driyvi ngmpl rcuit 1 of thé magnetic disk device
16 appl i eshxowghvragecforer eVl Whigh cbhesrpiat ignefoudtdited ¥ der to

switch the, phds&Smotor is a serious problem for the application, and
the driving current, which corresponds to the through rate
switched and selected from the high through rate and the low
through rate, is supplied to the spindle motor.

A magnetic disk device according to a fourth aspect,
which is provided with the spindle motor having a permanent
magnet as a rotor and the coil for rotationally driving the
rotor as a stator, a spindle motor driving circuit for
rotationally driving the spindle motor by supplying driving

current to the coil, and through rate determining means for



The spindle notor driving circuit 1 is constituted by an output stage 7

whi ch supplies the driving current 8 for rotating the spindle notor 9,

pul se-wi dt h nodutation (PW) driving means 5 for driving the output stage 7
-by a pul se-wi dt h nodul ati on (PWW dr|V|ng node, linear driving neans 6 for
driving the output stage 7 by a | i neatl dri ving node, driving node sw tching
nmeans 2 for switching the driving of the output stage 7 between the

pul se-w dt h nodul ation (PWW driving node and the linear driving node,
driving rbsleeriei ringnindvimgneharactieristics dét thei spigdlieemodion he

out put stage ? should bge driven t he pul se- W

driving ncg‘gJe V9 t%r?%ﬁarc%?-'Ftharﬁng, y%nﬁl’%gﬁﬂ? ir@g#%i%g/#sc}g%nt r ol
means 18 fofatienaliit dpgvendbyvihg spﬂedl:emmndrlin othdeh tics rmbetaardri ned by
t he dr|V|nIg node determ nin t.he d“\é:hlr%g node .sw t g nmeans

2. FurthelX BGend %ngg&d P%hl"ﬁﬁor’fﬁ‘ﬁﬁ%%’ o e tCI J?flgerl al

i nt erfacesé”r@ﬂﬁlgaaés%r r@l:omrltngﬁlme\ﬂh&m blﬂetka@p}aﬁﬁétprbﬂ&mfrmmm:ncma
conputer and so_on, which rotation sound i seri robI &M t he

driving note H%F%Pﬁpnirﬁ&e ri“?”b’é'i%r'?ﬁ?fé%l i‘ﬁa?of‘%é'g&fte tS 52596 % shoul d

be drivenjéfeineneul geavittirdoumdwaie wif () pdlbel-ad dtbdmodudartdioy to the
specification of the application 19 in us and Serds t he drivi ng node

conmand 1AriviRgemadpyigg hidde Qi 4hidy JaY%nﬁ FrarerterdStdeT di sk

device coftEdkd IRgN h8t %@Qaﬁ%‘h‘ applitationeis usre baendehat ra.:rlma;
sw tchi ng nmeans 2 send s)t, driving node caommand 11 to the s 3}*&?” 4,

and the skfimadedm thedPP\lé?‘M@tdh{“BdP@ﬁ'd@é‘ ‘?lrwlt"rﬂamﬁﬁllesg

modul ati ogy, £ 5YiA f'££¥'£'9r<57€§9§o§ 866REJ6 AT HE éﬂi'ﬁnéléVthQofmﬂ@ soem@nd 11.
The output stage 7 s ies the driving current to the s Jsﬁ;ndldre;%rrptor 9

accor di ngsebiene E§PB£?E‘deEI sbenpgPl ipgddiodt i (AR LIRS i 4 MR I and
mai nt ai nstﬁé“%»dl%@vbﬂtl@fxnddlﬂas@imld&ﬂﬁ&@ m8del\/6§ra/\hbknethf@@@htme

application in use is used fox audiovisuals and so on, E whi ch rot ation

sound is E0Eediw%@ BRoWhEgh the ¥pratdgnnseendecd Hhf &P
det er m negs thale i L pirOBll eri $8¢ Ehé%{%ﬂléﬁtﬂbh\lewhé é@ﬁndl@e:aftcﬂfl ving
of

mode according to the specification lication 19 in_use and sends
the drividilvibag eorradd LF RFAwed Wikl %d@u§ﬁuttcﬁ|tﬁ§erré‘g‘n‘sc via the

magneti c &ﬁdﬁﬁlﬂsw 88 17ANy FurEas £6r Jbeatephall Grtistimaca o3 tie t he
driving node sw tching rreans 2 sends the driving node command, 11 fo the

seri al pcﬁpmdlemotqr through ratepsvitghdno, BeapfefonSHAtRIRZE 7 by
the lineafy c‘i”éé'iélﬂ: gﬁ1 28801 &y 11 i ey Favd e fode prasengdididn  The
es e

out put stage 7 driving current” 8 to the spindle notor 9

accor di ngﬂ@@ulﬁ‘él§él driydng made @5 Vihg %Hglﬂﬁdcﬁ&rﬁ%%%tﬁézsr otation of

the spi ndi&cdPhhg9t o ATHY @é\ﬁbﬁ:@lrﬁ@%n@ﬂttﬁe ttlhezo@rgwmg:émde of the
spindle notor Is Switched according to an appl.icatiqgnin %S?FG foll

the spindleteBRéping MeAnEn | FNERIRISSRA I"‘rsrrSBE}Ifértg ntgh"i‘rBde for

a use in t‘!\ﬁ‘éCﬁrﬂvﬁ.ﬁhab'u%e?ﬁil”%Hﬁcﬁ‘%oﬁré@?bﬁd% Riokl &frcith thecepi ndl e
notor is driven in the linear driving npde for a use in Wméh ége rotation
i

sound i s SWskehedsapd cipbaeteAusron Wedighdhradeh disde aadit LW pr ovi de
driving acgpsdiAdrdCe dyFth¥l FRroRYR Sitid 8Rlit dHing means, is supplied

to the spindle motor.

A recording medium according to a fourth aspect is
configured such that a program is recorded for supplying
software as through rate means of the magnetic disk device.
The software switches a through rate of the output stage,
which is driven in the pulse-width modulation driving mode,
according to an application in use such that the spindle motor
is driven in the pulse-width modulation driving mode of a high

through rate for a use in which a rotation sound is not a



each use. (Enbodinent 4) Referring to FIG 6, Enbodinment 4 wll be
described. FIG 6 is a block diagram showi ng the configuration of a spindle
notor driving control section in a nagnetic disk device of Enbodinment 4. In
-FIG 6, a magnetic disk device 16 is connected via an application 19 in use
and an interface 20, and data is exchd®ged via the interface 20. In a
spindle notor driving circuit 1 of the magnetic disk device 16, in order to
rotate the spindle notor 9 having a pernmanent nagnet as a rotor and a
driving ceétiassapsbatiem amtbrthédepindlagmobok hasdrbimvea phassss a driving

current 8 is s l.ied eye two coils in a pr t.erm d 0, itch
tﬁe phase%‘l.lf%ﬁggggkﬁﬂ%g%gwpﬂrﬁfﬁ%bnéiql}oc%%)to‘%ggi]ngggﬁggﬁut%[]ht gét%yf%%m out put
3tage|7 W&igbﬁsmnSWPQ%hthﬁngGﬁaEﬁ@mrs@whdSiéga aﬁtdﬁwx;gﬂﬁ?kqmndrehnotoL
, pul se-wi dt h nodul ation rivin ans i can,change a throu
ratg whi | e thé‘%ﬁﬁﬁ%ngtﬁaetw §g8P’iev§%qq’§“{]r?e“%u?%réfhﬂﬂfﬁtﬂrﬂ&ﬁgaﬁ on (P\/\g/p
driving neRgeubhr eHEl hHat switwched Rk iMRARhel 3iaId BVt nNgid hbxr vewi ng of

-the output stage 7_between the pulse-width - 20 nDduIatéon (P driving
mode of alhi GRSt PRIEENVALLE BRIULAE ION Syt BRStRIHTIHL °fRving
node of aappyithEeedahinatige tHERUPhatatRedsp enalei NOtoBaDS Qdiven in
determ ning a through rate val ue of the output stage 7 gnetic disk

N d
devi ce cobl®@ulfenideh madulatian griNgng Redeedh ﬂﬁ%pgggﬁégtﬁﬁﬁﬁd 14

det er mi negs pya tdie tiH QugleH &t eodat8bd BbRgd BaNgoRla tdeit heus Wsighe at e
swi tching neans 12. Moreover, the through rate switching neans 12 is

const it ut@Rd fihe spdmddie maters ke driven 12 tReirglsRryidthwrdpiaflon

appl i cat i@PiQ‘?n};SmB%l%d JOra A SPNIESEgRNEHate €Br aNudd Ghh natdh omeound s
not a serious problem the through rate detern ning neans_21 determ nes
that the BREALLOBtIRENG idhas e HRUSMEARLEH t h ThYF gi? SARELEMIMLELEHY t he

pul se-wi df bs poqul 2EEORanPPMbvide iRG vIBAE 86 GO iRgi i idtfe SEDEdbrati on of
the application 19 in use, and the through rate value command 14 is sent to
t he thr ou§®rrafeidfendadh§Sfeans 12 via the magnetic di sk device control
means 18. The serial interface 3 in the through rate switching neans 12
sends the through rate value command 14 to the serial port 4, and the
serial popriafdPesesipfdutplitPEawHR_RIT with a high through rate according

to the throughpf@t e vad ue BB adldran Eh QW PYta SdGWLidutatdbhver an the
pul se-w dt h nodul ation (PWM_ driving node and Supplies the drivjng current

8, whi ch 2piRddBoMeE oo A YL iFFelghiRateMaongtds disk e ®dl e ot or

9 and th?a@@b?&ihgsthh%ﬂﬂﬁéﬁﬂéﬁh(i bher ARl peeg i@t AmvntMRAMhI | e, when
the application 19 is used for audiovisuals and so on, in which raotation

sound is a serfHas drivhlahladhke diagrah FROGLNG:2rGRME hgurakhenoet a

deter M negpi hal ! R TOY Rl ARY% rodon! dnbe fbigr@t W igk |awyideough rate
by the pu ge-mn@th modul ation (P driving nodé according to the
speci f i ca®¢BAr8inghdcafmodinent 19 ¢f tbe, Par§eHEndNvaiE 1M ough rate

val ue command gfgt ozt g 4 hgQY8Rorm cBhrt showing driving current of
the spindle motor in the magnetic disk device according to
Embodiment 1 of the present invention;

FIG. 4 is a waveform chart showing driving current of
the spindle motor in the magnetic disk device according to
Embodiment 2 of the present invention;

FIG. 5 is a block diagram showing a configuration of a
spindle motor driving control section in a magnetic disk
device according to Embodiment 3 of the present invention;

and



rate switching nmeans 12 via the nagnetic disk device control neans 18. The
serial interface 3 in the through rate swtching nmeans 12 sends the through
rate val ue conmand 14 to the serial port 4, and the serial port 4 drives
the output stage 7 with a low through rate according to the through rate
val ue command 14. The output stage 7 &3 driven in the pul se-width

nmodul ation (PWM driving node and supplies the driving current 8, which
corresponds to the lowthrough rate driving, to the spindle notor 9 and

mai nt ai ns t he Fr@ .atd drs &f blloeks diadramsthawing As cbestigueat dbovef aith t he

above Enbodj ts ccordi.ng to a GO nd froma,higher, | |, syst,emor a
type of ﬁphﬁf?cﬁi’?% firlfllyg@,g ﬁoqctsr%s%?%ﬁ%O?olgugoﬁn%‘tginc\éﬁcy %lné readi |y
swi tch angeggt@caceébeddnigvitbgENMDOd imenit ds otfhe heulpyeswintt himmht & on
driving node and the linear driving node and driving characteristics such
as a through rate of the pul se-w dth nodul ation driving node, and with a
singl e deybs€e MBQEE FORCICRATE iy TRE tlse NIAVEHEREN it IS possible to drive
the spindle notor in the npst suitable drivi (ﬂoqg o, With therﬁﬁft

sui tabl e dri viBREMEFRS (t tHE; @ga‘aeesﬁaiw%ﬂﬁi OB AA % SR YHE i gher
level sysi@mpl 4 hepiN@EeGhotde BRI igGlc DACh It |ISE metKSQUIE aIyivbegssity
for a plurality of devices. Besides, in the above,Enon{nents, t he nmeans

for switchif@dgReelar dirky ABded BAIALTH nG 1M aEi&s s *RPHHRRDi ndl e
motor is &eRbiZRdnRY B MR GreHthtTeiivent P6nSwilehibeg ddir riied non modes
or driving characteristics can be also provided as software, which uses a
r ecor di ngd@®diinPedPWrecordi ng a program such that the switching method

can be regéﬁgggiﬂgﬁ%dlgn a conputer program bei ng executable by a conputer.
The recording medium can record a program which_supplies software for

swi t chi ng t he RgfesninaoEesF&FSdr ilvRg SharfatRedingntsl o¥ithebEpindl e notor
accordi ngydQcthBeq.- 22 application in use such that the spindle notor is
driven in the pul se-w dth nodul ation driving node for a use in, which a

rotation sound 3G rotiss a&d&liosks diraasmshay e Wi fARE IRt Rt ven in
the Iineag s‘i!{iLn‘dwmmﬁ'fr &Pivi‘ngsﬁzhféhﬂ\@iuf’sréd he 4 ﬁt}a@tnie‘?:rlcsablﬁﬁ dévicéeerious

probl em or e spindle notor i's driven in the pul se-wi dth nodul afion
driving meeosdingHiqEmbeddmant drte FEF- B3 482 MRVRHCR GhASERRIMIRBund i s
not a SeripysiAEo il & mBRSY ulseddhnVERel flaghet Pyl &8s ki dt h
nDduIatiS%Pg?%géﬁgﬁﬁgggeg?fE?ﬁyﬁﬁﬁﬁcﬁ&ﬁlran for a uge i% whi ch the
rotation devkdei 9taEgdOddmeTdy obi em As described above, since the method
for swtchi ng_ﬁdﬂ}@! | 44 nergodes 1ang gpiNing ﬁB@éﬁC&_ﬁi{r%?Céi?Euihel§I0| ndl e
motor is provided as a conputer program it is possible fo realize the

met hod of fawiexammbe et @ndamEOirleat arki taPilFadgSeAAAAE BPESE C3PH) the
spi ndl e neptRLy Sh G YoddmErERenet fet s EedMmandedi gpbviay €6gorasng a
program and it s possible to automatically and readily switch, apnd sel ect
a drivi ngdndBater  cWhedctaed sty ing KRhphast 5pres '»Pr%l@ér%serd JHFL¥EERIding to

a command.f ¢ PEhtNE iidi Shpp1ieuelveypeid 86idst ¥PQ pFelBtedpihedadi@sri n use

W t hout |ncrea$|ng a size, thereby achieving the above-nentioned effect. As

the_recprﬁ@n@WﬁﬁQ uﬁNQ1Ph%§%ﬁBsible to adopt any kind of a data recording

devi ce incl ud';me a@iﬁ&g& ﬁ{?ﬁlﬁr arSOREY ARt a nenaidsOpthcal Bysk, a
disk; and a fla

renovabl e har sh nmenory. According to Enbodinent 4,7 it is
possi bl e @B qQWtaV & tadieyT 9L AURPHY L P Pode- Vag SBEESNE: 8 R YRtakBed use

Wi th & ST Al JERD flto:db 5ho e i 1 66h b 14 0N i Labhiviagl eassi ndl e

motor is dri'ven in the pul se-wi dt h nodul ation drjvi ng node according to the
appl i cat i drfem div tRg HEhesutmet stiagd d RBtdPYservidhhitedpbabyPRe- wi dth

modul at i OQPQMZVEEQV%%Em%fdé% st Taieh A ftfed 98 & NorS@rivingl ehea

rotation sound 1's not "a serious problemand the spindle nmotor iS driven in
output stage 7 by a linear driving mode, and driving mode
switching means 2 for switching the driving of the output
stage 7 between the pulse-width modulation (PWM) driving mode

and the linear driving mode. Moreover, the driving mode



- 23 the pulse-wdth nodul ation driving node of a |ow through rate for the
use in which the rotation sound is a serious problem - 24 CLAIMS 1. A
spindle notor driving method for rotationally driving a spindle notor (9)
-conprising a rotor having a pernanent magnet and a stator having a coil for
rotationally driving said rotor by sup@l ying driving current ( 8 ) to said
coil, the nmethod conprising: when supplying the driving current (8) to the
spindle notor (9) for rotational driving thereof, switching and selecting a
drivi ng rexdit dled ngereanpal e condtthi torkd byiosediali iytenface (Boriald a

| i near ng no (.6 ccaor. to a command ( 11 ) from a higher |evel
system (1 %gi gnﬁnguﬁpﬁthG Cjcpr}ﬁdle notor ( 9 ) with the driving current
( ?) CgrLespwdh.gﬁefrol?h@l(Bydsmmlgvf:lﬁamhﬁ\ﬁ’gsmdrbeémgsmbdefmﬂnmnﬂ

sel ecte et ween ul se-w ul ation driving nod he |i near
driving nbtle Y%}ChzlnsﬂrgﬁFﬁdl Q#H) ﬁb?v?ﬁprFrﬁ grg$%¥€¥f&ﬁﬁlly
driving agsprafl enmher p P eCONELES B altGlow (mmmx&mw smgnet
and a stator having a coil for_rotatignally drivin sald rot or suppl yi ng

driving ceht® dmneay dpleing node, totheperded oMb fsYhd:thR ﬁﬂt st age

(7)) supphyéppadel yinoargers@tal gort t0dzavéssphedbatputostafe 7 @y
rotational driving thereof; and dr|V|nﬂ npde sw tchi ng_neans ( fo
swi t chi ngtB@@UdEswidigh Rogul@tiembBN Bé%%‘é?‘l”%\m&?l \ﬂ"iﬁ:ﬁer?dzﬂﬁaa‘fi on

driving r@f’fvinﬁ ne#é akbcBedind t¥i fide M6 ind modrRCeomdiand 10 frewmmand
(11) froma hi | evel system (C10),
the hlgher level system 10. The output stage 7 supplies the
driving current 8 to the spindle motor 9 according to the
selected driving means and maintains the rotation of the
spindle motor 9.

FIG. 3(a) shows a current waveform when the output stage
7 is driven in the pulse~-width modulation (PWM) driving mode.
For example, in a computer and so on, in which rotation sound
is not a serious problem, when driving is made with a current
waveform of the pulse-width modulation (PWM) driving mode
that is shown in FIG. 3(a), the output stage 7 can be completely
subjected to a switching operation. Hence, power
consumption can be reduced.

Moreover, FIG. 3(b) shows a current waveform when the
output stage 7 is driven in the linear driving mode. 1In the
case of audiovisuals and so on, in which rotation sound is
a serious problem, when driving is made with the current
waveform of the linear driving mode shown in FIG. 3(b), since
the output stage 7 is linearly operated, it is possible to
suppress switching noise, which occurs in the complete
switching operation, and to reduce rotation sound of the
spindle motor 9.

As described above, according to Embodiment 1, the
driving of the output stage 7 is switched between the
pulse-width modulation driving mode and the linear driving

mode according to a command from the higher level system.



sai d output stage (7) being configured such that said driving current (8),
whi ch corresponds to the driving node switched and sel ected between said
pul se-wi dth nodul ation driving node (5) and said |inear driving node (6) by
-sai d - 25 driving node switching neans ( 2 ) , is supplied to said
spindle notor (9). 3. A magnetic diskl®evice (16), in which a nagnetic disk
Is rotationally driven to record and reproduce a variety of information on
said magnetic disk serving as a recording nmedi um of the variety of
;nfornaﬂiﬁussa&dsdagﬂeespmnmﬁeﬂmq;onrﬁrkmimgleinuudt grinvipmpwiidecuit (1
accordi

d dl |
confi gur e‘glg%%ﬁﬂgt‘?ﬁ%?ofﬂégglr‘f?ns é%&?&.{lﬁ égout%){lﬂﬂggz]iélaf%g)én sln;tvﬁ)r}éﬁdegg
beéme?nGag@%lsg wi dt h nngulatlon driving node ( 5) ang a linear driving
node y driving npde sw tching, nean t d
(11) from a hiRftfey A‘F%«/J’ %y%?%h‘??lbgteﬁ%a%\esﬁeﬁgllg%r%g{ao:gcg'm#}igfmgd f or
rotati onadhe KigNepglaveRi B¢keeit @he( Som@md i3 BEr mhéﬂaaemala
per mmnent magnet and a stator having a coil for rotation e%éferIQQ sai d

rotor by Rmb ﬁﬂfbt&q drayingreehihg ogtputostagg ¢8igwit
conpri si %eV\?@nséumhythnmofdm&rmﬂ ir D¢ igNhod8) ahd the S@inedre notor (9)
a

for rotatlon driving thereof
driving mode accordlng to the command from the higher level
system. Hence, a single spindle motor driving circuit can
provide driving according to a driving mode suitable for an
intended use.
(Embodiment 2)

Referring to FIGS. 2 and 4, Embodiment 2 will be
described.

FIG. 2 is a block diagram showing the configuration of
a spindle motor driving circuit used in a magnetic disk device
of Embodiment 2. FIG. 4 is a waveform chart showing driving
current of a spindle motor used in the magnetic disk device
of Embodiment 2.

First, in FIG. 2, in order to rotate a typical spindle
motor (SPM) 9 having a permanent magnet as a rotor and adriving
coil as a stator, for example, when the driving coil has three
phases, a spindle motor driving circuit 1 applies a driving
current 8 every two coils in a predetermined order to switch
the phases.

The spindle motor driving circuit 1 is constituted by
an output stage 7 which supplies the driving current 8 for
rotating the spindle motor 9, pulse-width modulation (PWM)
driving means 13 which can change a through rate while the
output stage 7 is driven in the pulse-width modulation (PWM)
driving mode, and through rate switching means 12 for
switching the driving of the output stage 7 between the
pulse-width modulation (PWM) driving mode of a high through
rate and the pulse-width modulation (PWM) driving mode of a



switching and sel ecting between high and |ow through rates of a pulse-wdth
nodul ation driving node as driving characteristics according to a command (
14 ) fromthe higher level system and supplying to said spindle notor (9)
W th said driving current ( 8 ) corresponding to said through rate swtched
and sel ected between said high and Fowét hrough rates. 5 . A spindle notor
driving circuit for rotationally driving a spindle notor (9) conprising a
rotor having a pernmanent magnet and a stator having a coil for rotationally
driving sebw thteughyratpp! yragtiermore,cttheenhrof)gh cata dwididhing - 26

said circuit copprilsing: .an outpyt stage.(.7.),supplyigg_driving current (
8 ) to sdl'e@RPi hal ¥ r?l?gﬁrt n’d‘}t?cgtbyré‘tﬁgir&%&l lﬁFFG&ﬁ % ﬁe?%gf‘? o a[ulrr]rough

rate sw tghirfgapeans (12) for switching and sel ecting between high and | ow
t hrough rates of ,a pul se-w_dth nodul ation ervigg node aﬁ drivin

char act eri sti & PAGHLRY o SYSEGARAIEFIRFMALESA S RF QRSP FRVRIVEIRS em

(10), saigbRHhRYEt1S] ABEdN )ik Mic P tavoadhsyshet Yalusaf 6l dr Mk vgg cur r ent
(8), which corresponds to the through rate swtche d selected fromsaid

hed
hi gh and Wéﬁ\/ot%{}'gﬁtﬁaﬁe%bﬂyt%%mlﬁﬂ’dﬁ@?r?EPéué\ﬁ/ittiteS"r%i e AL VAIND ) | s

suppl i ed gogéeai Qos@ﬁ@dé@rﬂaiol%QfQM Wia AHEHEEE i £1 i ke BiENEEE3 ( 16)he i N
which a magnetic disk is rotationally driven to _record and reproduce a
vari ety ofeFhpbrpartoh Ri¥gFdthegRELPEtdSER ISy DYy the PWIESTHRHP nedi um

of the vapbhyalhiohN | RIMRIALIifGintb ALV CEnEORS t BhBBed through rate
value according to the through rate value command 14 from the
higher level system 10. The output stage 7 supplies the
driving current 8 of the instructed through rate value to the
spindle motor 9 and maintains the rotation of the spindle
motor 9.

FIG. 4(a) shows a current waveform in a case where a
through rate is high when the output stage 7 is driven in the
pulse-Width modulation (PWM) driving mode. For example, in
the case of a computer and so on, in which rotation sound is
not a serious problem, when driving is made with a high through
rate by the pulse-width modulation (PWM) driving mode shown
in FIG. 4(a), the output stage 7 is rapidly switched at a
switching point 15. Thus, power consumption can be reduced.

FIG. 4(b) shows a current waveform in a case where a
through rate is low when the output stage 7 is driven in the
pulse-width modulation (PWM) driving mode. For example, in
the case of audiovisuals and so on, in which rotation sound
is a serious problem, when driving is made with a low through
rate by the pulse-width modulation (PWM) driving mode show
in FIG. 4(b), the output stage 7 is slowly switched at a
switching point 15. Hence, it is possible to suppress
switching noise, which occurs in the high-speed switching,
and to reduce rotation sound of the spindle motor 9.

According to Embodiment 2, a through rate is switched

according to a command from the higher level system while the



the spindle notor driving circuit ( 1) according to Claimb5, said spindle
motor driving circuit (1 ) being configured such that a through rate of an
output stage ( 7°) driven in a pul se-wi dth nodul ation driving node (13) is
-swi tched by through rate smntchlng means ( 12 ) according to a command ( 14
) froma higher |evel system (10). 7 1A spindl e notor driving nmethod for
rotationally driving a spindle notor (9) conprising a rotor having a
per manent magnet and a stator having a coil for rotationally driving said
rotor by Gwp%yimgaglé:wé ﬂg'lﬁlfrf ¢ntthe Hylde-width awdylabioneihioding
conpri si en_su yin driv, curr.ent to the spi.ndle notor (9
f or rotalﬁﬁﬂﬁr d??@ggg £h F@@ﬁ Hﬂé#?uf?ﬁﬁfs ?%Xfpﬂgcérﬁgﬁ&lﬁﬁuhnde b§ ;
serial popto¢ide)dPEVIBENadcHl $RgVE 6t dFaduInat nodedsuyitaplender(tibe) and a
27 l'inear driving nbde (6) according to a command (11) froma higher
level sys#®®r(10) that is received via a serial interface (3); and

Further, a command form the higher level system is
received in the serial interface, the command is sent to the
serial port, and a through rate is switched while the output
stage is driven in the pulse-width modulation driving mode
according to the command from the higher level system in the
serial port. Thus, a single spindle motor driving circuit
can provide driving according to a driving mode suitable for
each use.

(Embodiment 3)

Referring to FIG. 5, Embodiment 3 will be described.

FIG. 5 is a block diagram showing the configuration of
a spindle motor driving control section in a magnetic disk
device of Embodiment 3. In FIG. 5, a magnetic disk device
16 is connected via an application 19 in use and an interface
20, and data is exchanged via the interface 20.

In order to rotate a spindle motor 9 having a permanent
magnet as a rotor and a driving coil as a stator, when the
driving coil has three phases, a spindlemotor driving circuit
1 of the magnetic disk device 16 applies a driving current
8 every two coils in a predetermined order to switch the
phases.

The spindle motor driving circuit 1 is constituted by
an output stage 7 which supplies the driving current 8 for
rotating the spindle motor 9, pulse-width modulation (PWM)
driving means 5 for driving the output stage 7 by a pulse-width
modulation (PWM) driving mode, linear driving means 6 for
driving the output stage 7 by a linear driving mode, driving
mode switching means 2 for switching the driving of the output
stage 7 between the pulse-width modulation (PWM) driving mode

and the linear driving mode, driving mode determining means



supplying to said spindle motor ( 9 ) with said driving current (8)

corresponding to the driving node switched and sel ected between said

pul se-w dt h nodul ation driving node(5) and said linear driving node (6). 8
A spindle notor driving circuit for rotationally driving a spindle notor

(9) conprising a rotor having a permah8nt magnet and a stator having a coi

for rotationally driving said rotor by supplying driving current (8) to

said coil, said circuit conprising: an output stage ( 7 ) supplying driving

current (1‘Bfbrt@eséfﬂlﬁmh@dbmeménrtlr(éamtpntrsxtagédnahodflﬂvbaglrtﬂmof and

driving npde smntchln hi,n and i.vi ng node

bet ween &%EP?@%%‘FT}Q Q?Wuﬁﬁgf%yg ﬁgg g‘rl Vﬂl ng node

(6) by a &@eivihg dde [ aﬂna nea:gmtdimgﬁsk aiemmmmbx(tﬁdl)méamnbe Hiagher

| evel system (10) ¢ hat epelved via a s terface sald out put

stage (7)t Wéﬂﬁl Bh?gg%r ‘é’a’é‘?\ 1o cﬂ?’ﬁa’b‘ﬁ ]\axll'n qh’tﬁ %?

corresponds the HBQvﬁih'ngagefﬂléi@eﬁmMﬁm dn@ms e e@bedhéeimemqmaﬂe

pul se-w dt’h nodul ati on driving npde said |ineay der|%%EnDde (6)

by sai d dEWitekingdeans Lehi ﬁgrﬁbsﬁs "(h*—z d)erJirsg BOPEIFRHE ¢ RLRIMPAN ndl e

motor (9); & ABopeiteqdbykadsuieal(1fterifacehischnd FRGRAtIL Pokk i S
rotationally driven to record and reproduce a variety of information on

sai d magrfetic disk serving as a recording nediumof the variety of

information, @l 4gd Qf,pqqrggﬂl%mggtmeugal Rdl & SBh dpatéflahags@ldrcplt (1
) according to Claim38 sai d spindl e notor

i ving circuli )
bei ng conkn glrisd 50&R triea Sau@énhﬁﬁtPt( ajgeyippgpLohi ghert %\Pézll"s‘gfké em ( 10

) that | ddeedeedriiaiAgSfehal 10! btashinds knatehhd Q)uﬂ:piﬁf'éﬂacj@ (4
) and an out put stage % 9 Is swtched 11qiésald seri,al port %ﬁto be

driven by? ahpuﬂsiebwddtwerfbamféw o lge-wisFhpadulsy ign W‘i"hé‘é?l 19 ng
mode (6) REEOT, g “Wia\‘_djt(fl aelﬂ@atlm) o/f Eﬁénﬂéﬁlﬂééﬁf‘loﬂrwlﬂg met hod

for rotational g a spindle notor nfr|5|n a rotor having a
per nenentusmgrad agnds thadynivning Agde @@mmanér doatherd¥ iyingimqdRy said

rotor by sunp V%;}Hg +e{grhqu%ér Eg@tmé §e);150d§§kdd@@1ée ddiee £&1 Hthns

conpri si ng: rivi g current to the spindle nDtor (9)
for rotati®nal dr|V|ng thereof

The serial interface 3 in the driving mode switching
means 2 sends the driving mode command 11 to the serial port
4, and the serial port 4 drives the output stage 7 by the
pulse-width modulation (PWM) driving means 5 according to the
driving mode command 11. The output stage 7 supplies the
driving current 8 to the spindle motor 9 according to the
selected pulse-width modulation (PWM) driving mode and
maintains the rotation of the spindle motor 9.

Meanwhile, when the application 19 in use is used for
audiovisuals and so on, in which rotation sound is a serious
problem, the driving mode determining means 17 determines
that the output stage 7 should be driven in the linear driving
mode according to the specification of the application 19 in
use and sends the driving mode command 11 to the driving mode
switching means 2 via the magnetic disk device control means
18.

The serial interface 3 in the driving mode switching

means 2 sends the driving mode command 11 to the serial port



switching and selecting a driving node by a serial port ( 4 ) between a

pul se-wi dt h nodul ation driving node ( 5 ) and a linear driving node (6)
according to a command (11) froma higher |evel system (10) that is
-received via a serial interface (3); and supplying to said spindle nmotor (
9 ) with said driving current ( 8 ) cd¥ esponding to said through rate
switched and sel ected between said high and | ow through rates. 11. A
spindle notor driving circuit for rotationally driving a spindle notor (9)
conpri si ng, andthe dewial pdrred danisrds vhened tpuntl st asfenl doy bheilntneaxoi | for

rotationally driving said rotqr by s | yi ng. dri vi current. (8 id

coil, | sai‘%irv{Yielgﬁe%bﬂglr?g?ﬂﬁ. lﬁﬂyto%ggl%tg’léf‘gbagl(‘ﬁgf{?cgﬁﬂlﬁlr\% ]hg ér*@?agl
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is a serious problem. Thus, a single magnetic disk device
can provide driving according to a driving mode suitable for
each use.

(Embodiment 4)

Referring to FIG. 6, Embodiment 4 will be described.

FIG. 6 is a block diagram showing the confiquration of
a spindle motor driving control section in a magnetic disk
device of Embodiment 4. In FIG. 6, a magnetic disk device
16 is connected via an application 19 in use and an interface
20, and data is exchanged via the interface 20.

In a spindle motor driving circuit 1 of the magnetic disk
device 16, in order to rotate the spindle motor 9 having a
permanent magnet as a rotor and a driving coil as a stator,
when the driving coil has three phases, a driving current 8
is supplied every two coils in a predetermined order to switch
the phases.

The spindle motor driving circuit 1 is constituted by
an output stage 7 which supplies the driving current 8 for
rotating the spindle motor 9, pulse-width modulation (PWM)
driving means 13 which can change a through rate while the
output stage 7 is driven in the pulse-width modulation (PWM)
driving mode, through rate switching means 12 for switching
the driving of the output stage 7 between the pulse~width



said spindle notor driving circuit ( 1) being configured such that a
command ( 14 ) froma higher level system( 10 ) that is received via a
serial interface (3) is sent to a serial port (14), and a through rate of
-an out put stage, which is driven in a pul se-w dth nodul ati on driving node
(13), is switched by said serial port 20 ¥4 ) according to said comand
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command 14. The output stage 7 is driven in the pulse-width
modulation (PWM) driving mode and supplies the driving
current 8, which corresponds to the high-through ratedriving,
to the spindle motor 9 and the maintains the rotation of the
spindle motor 9.

Meanwhile, when the application 19 is used for
audiovisuals and so on, in which rotation sound is a serious -
problem, the through rate determining means 21 determines
that the output stage 7 should be driven with a low through
rate by the pulse-width modulation (PWM) driving mode
according to the specification of the application 19 in use,
and sends the through rate value command 14 to the through



- 31 said spindle notor driving circuit ( 1) includes an output stage ( 7
) supplying the driving current ( 8 ) to said spindle notor (9) for
rotational driving thereof, and driving node switching neans ( 2 ) for

-switching and selecting said driving node according to the determ nation of

sai d driving node deternining means = 24) - sai d output stage (7) supplying
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driving npdee(switchhfigsaé¢ansi rearidthe mggneddc(dbsk dgviaedahtirvohg node
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to drive the spindle motor in the most suitable driving mode
or with the most suitable driving characteristics according
to the command from the higher level system or the type of
the application in use, without any necessity for a plurality
of devices.

Besides, in the above Embodiments, the means for
switching the driving modes or driving characteristics of the
spindle motor is realized by hardware. The method for
switching the driving modes or driving characteristics can
be also provided as software, which uses a recording medium
for recording a program, such that the switching method can
be realized based on a computer program being executable by
a computer. The recording medium can record a program which
supplies software for switching the driving modes or driving

characteristics of the spindle motor according to the



17 . A magnetic disk device ( 16 ) conprising a spindle notor ( 9 )

i ncluding a rotor having a permanent nagnet and a stator having a coil for
rotationally driving said rotor, a spindle notor driving circuit (1) for
rotationally driving said spindle notor (9) by supplying driving current
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of a data recording device including a floppy disk, a CD-
ROM, a DVD, a magneto-optical disk, a removable hard disk,
and a flash memory.

According to Embodiment 4, it is possible to provide
driving in a driving mode suitable for an intended use with
a single magnetic disk by switching a through rate while the
spindle motor is driven in the pulse~width modulation driving
mode according to the application in use such that the spindle
motor is driven in the pulse-width modulation driving mode
of a high through rate for the use in which a rotation sound
is not a serious problem and the spindle motor is driven in
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CLAIMS

1. A spindle motor driving method for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil, the
method comprising:

when supplying the driving current (8) to the spindle
motor (9) for rotational driving thereof,

switching and selecting a driving mode between a
pulse-width modulation driving mode (5) and a linear driving
mode (6) according to a command (11) from a higher level system
(10); and

supplying the spindle motor (9) with the driving current
(8) corresponding to the driving mode which has been switched
and selected between the pulse-width modulation driving mode

(5) and the linear driving mode (6).

2. Aspindlemotor driving circuit for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil,

said circuit comprising:

~an output stage (7) supplying driving current (8) to said
spindle motor (9) for rotational driving thereof; and

driving mode switching means (2) for switching and
selecting a driving mode between a pulse-width modulation
driving mode (5) and a linear driving mode (6) according to
a command (11) from a higher level system (10),

said output stage (7) being configured such that said
driving current (8), which corresponds to the driving mode
switched and selected between said pulse-width modulation

driving mode (5) and said linear driving mode (6) by said
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driving mode switching means (2), is supplied to said spindle

motor (9).

3. A magnetic disk device (16), in which a magnetic disk
is rotationally driven to record and reproduce a variety of
information on said magnetic disk serving as a recording
medium of the variety of information, said device comprising:

the spindle motor driving circuit (1) according to Claim
2,

said spindle motor driving circuit (1) being configured
such that the driving of said output stage (7) is switched
between a pulse-widthmodulation driving mode (5) and a linear
driving mode (6) by driving mode switching means (2) according

to a command (l11) from a higher level system (10)..

4. A spindle motor driving method for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil, the
method comprising:

when supplying the driving current (8) to the spindle
motor (9) for rotational driving thereof,

switching and selecting between high and low through
rates of a pulse-width modulation driving mode as driving
characteristics according to a command (14) from the higher
level system; and |

supplying to said spindle motor (9) with said driving
current (8) corresponding to said through rate switched and

selected between said high and low through rates.

5. Aspindlemotor driving circuit for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving

said rotor by supplying driving current (8) to said coil,
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said circuit comprising:
an output stage' (7) supplying driving current (8) to said
spindle motor (9) for rotational driving thereof; and
through rate switching means (12) for switching and
selecting between high and low through rates of a pulse-width
modulation driving mode as driving characteristics according
to a command (14) from a higher level system (10),
said output stage (7) being configured such that said
driving current (8), which corresponds to the through rate
switched and selected from said high and low through rates
by said through rate switchingmeans (12), is supplied to said

spindle motor (9).

6. A magnetic disk device (16), in which a magnetic disk
is rotationally driven to record and reproduce a variety of
information on said magnetic disk serving as a recording
medium of the variety of information, said device comprising:

the spindle motor driving circuit (1) according to Claim
5,

said spindle motor driving circuit (1) being configured
such that a through rate of an output stage (7) driven in a
pulse-width modulation driving mode (13) is switched by
through rate switching means (12) according to a command (14)

from a higher level system (10).

7. A spindle motor driving method for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil, the
method comprising:

when supplying the driving current (8) to the spindle
motor (9) for rotational driving thereof,

switching and selecting a driving mode by a serial port

(4) between a pulse-width modulation driving mode (5) and a
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supplying to said spindle motor (9) with said driving
current (8) corresponding to the driving mode switched and
selected between said pulse-widthmodulation driving mode (5)

and said linear driving mode (6).

8. Aspindlemotor driving circuit for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil,

said circuit comprising:

an output stage (7) supplying driving current (8) to said
spindle motor (9) for rotational driving thereof; and

driving mode switching means (2) for switching and
selecting a driving mode between a pulse-width modulation
driving mode (5) and a linear driving mode (6) by a serial
port (4) according to a command (11) from a higher level system
(10) that is received via a serial interface (3),

said output stage (7) being configured such that said
driving current (8), which corresponds to the driving mode
switched and selected between said pulse-width modulation
driving mode (5) and said linear driving mode (6) by said
driving mode switching means (2), is supplied to said spindle

motor.- (9).

9. A magnetic disk device (16), in which a magnetic disk
is rotationally driven to record and reproduce a variety of
information on said magnetic disk serving as a recording
medium of the variety of information, said device comprising:

the spindle motor driving circuit (1) according to Claim
8,
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said spindle motor driving circuit (1) being configured

such that a command (11) from a higher level system (10) that
is received via a serial interface (3) is sent to a serial
port (4) and an output stage (7) is switched by said serial
port (4) to be driven by a pulse-width modulation driving mode
(5) or a linear driving mode (6) according to said command
(11).

10. A spindle motor driving method for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil, the
method comprising:

when supplying the driving current (8) to the spindle
motor (9) for rotational driving thereof,

switching and selecting a driving mode by a serial port
(4) between a pulse-width modulation driving mode (5) and a
linear driving mode (6) according to a command (11) from a
higher level system (10) that is received via a serial
interface (3); and

supplying to said spindle motor (9) with said driving
current (8) corresponding to said through rate switched and

selected between said high and low through rates.

11. A spindlemotor driving circuit for rotationally driving
a spindle motor (9) comprising a rotor having a permanent
magnet and a stator having a coil for rotationally driving
said rotor by supplying driving current (8) to said coil,

said circuit comprising:

an output stage (7) supplying driving current (8) to said
spindle motor (9) for rotational driving thereof; and

through rate switching means (12) for switching and
selecting between high and low through rates of a pulse-width

modulation driving mode (13) by a serial port (4) as driving
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(3),
said output stage (7) being configured such that said
driving current (8), which corresponds to a through rate
switched and selected from said high and low through rates
by said through rate switching means (12), is supplied to said

spindle motor (9).

12. A magnetic disk device (16), in which a magnetic disk
is rotationally driven to record and reproduce a variety of
information on said magnetic disk serving as a recording
medium of the variety of information, said device comprising:

the spindle motor driving circuit (1) according to Claim
11,

said spindle motor driving circuit (1) being configured
such that a command (14) from a higher level system (10) that
is received via a serial interface (3) is sent to a serial
port (14), and a through rate of an output stage, which is
driven in a pulse-width modulation driving mode (13), is
switched by said serial port (14) according to said command
(14).

13. Amethodofdriving amagnetic disk serving as a recording
medium of a variety of information, by which in order to record
or reproduce the variety of information on said magnetic disk,
driving current (8) is supplied to a coil of a spindle motor
(9) comprising a rotor having a permanent magnet and a stator
having said coil for rotationally driving said rotor, and said
magnetic disk is rotationally driven by said spindle motor
(9), the method comprising:

when sﬁpplying the driving current (8) to the spindle

motor (9) for rotational driving thereof,
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pulse-width modulation driving mode (5) is performed for a
use in which a rotation sound of said spindle motor (9) is
not a serious problem for said application (19), and driving
in a linear driving mode (6) is performed for a use in which
the rotation sound of said spindle motor (9) is a serious
problem for said application (19); and

supplying said spindle motor (9) with said driving
current (8) corresponding to the switched and selected
driving mode between said pulse-width modulation driving mode

(5) and said linear driving mode (6).

14. A magnetic disk device (16) comprising a spindle motor
(9) including a rotor having a permanent magnet and a stator
having a coil for rotationally driving said rotor, a spindle
motor driving circuit (1) for rotationally driving said
spindle motor (9) by supplying driving current (8) to said
coil, and driving mode determining means (17) for determining
a driving mode of said spindle motor driving circuit (1),

said magnetic disk allowing a magnetic disk serving as
a recording medium of a variety of information to be
rotationally driven by said spindle motor (9) in order to
record or reproduce the variety of information on said
magnetic disk,

wherein

said driving mode determining means (17) determines the
driving mode according to a type of application (19) in use
such that driving in a pulse-width modulation driving mode
(5) is performed for a use in which a rotation sound of said
spindle motor (9) is not a serious problem for said
application (19) and driving in a linear driving mode (6) is
performed for a use in which the rotation sound of said spindle

motor (9) is a serious problem for said application (19), and
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said spindlemotor driving circuit (1) includes an output

stage (7) supplying the driving current (8) to said spindle
motor (9) for rotational driving thereof, and driving mode
switching means (2) for switching and selecting said driving
mode according to the determination of said driving mode
determining means (17),

said output stage (7) supplying to said spindle motor
(9) with said driving current (8) corresponding to a driving
mode switched and selected between said pulse-width
modulation driving mode (5) and said linear driving mode (6)

by said driving mode switching means (2).

15. A recording medium, wherein as the driving mode

determining means (17) of the magnetic disk device according
to Claim 14, a program is recorded to supply a software for
switching a driving mode of said spindle motor (9) according
to an application (19) in use, such that said spindle motor
(9) is driven in a pulse-width modulation driving mode (5)
for a use in which a rotation sound is not a serious problem
and said spindle motor (9) is driven in a linear driving mode
(6) for ause in which the rotation sound is a serious problem.

16. Amethod of driving a magnetic disk serving as a recording
medium of a variety of information, by which in order to record
or reproduce the variety of information on said magnetic disk,
driving current (8) is supplied to a coil of a spindle motor
(9) comprising a rotor having a permanent magnet and a stator
having said coil for rotationally driving said rotor, and said
magnetic disk is rotationally driven by said spindle motor
(9), the method comprising:

when supplying the driving current (8) to the spindle
motor (9) for rotational driving thereof,

switching and selecting between high and low through
rates of a pulse-width modulation driving mode as driving
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characteristics according to a type of an application (19)
in use, such that driving in said pulse-width modulation
driving mode (5) of a high through rate is performed for a
use ‘in which a rotation sound of said spindle motor (92) is
not a serious problem for said application (19), and driving
in said pulse-width modulation driving mode of a low through
rate is performed for a use in which the rotation sound of
said spindle motor (9) is a serious problem for said
application (19); and

supplying said spindle motor (9) with said driving
current (8) corresponding to said through rate switched and
selected between said high through rate and said low through

rate.

17. A magnetic disk device (16) comprising a spindle motor
(9) including a rotor having a permanent magnet and a stator
having a coil for roﬁationally driving said rotor, a spindle
motor driving circuit (1) for rotationally driving said
spindle motor (9) by supplying driving current (8) to said
coil, and through rate determining means (2.1) for determining
driving characteristics of said spindle motor driving circuit
(1),

said magnetic disk allowing a magnetic disk serving as
a recording medium of a variety of information to be
rotationally driven by said spindle motor (9) in order to
record or reproduce the variety of information on said
magnetic disk,

wherein

said through rate determining means (21) determines
whether a through rate of a pulse-width modulation driving
mode (13) is high or low as driving characteristics according
to a type of an application (19) in use, such that driving
in said pulse-width modulation driving mode of a high t'hrough

rate is performed for a use in which a rotation sound of said
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spindle motor (9) is not a serious problem for said

application (19), and driving in said pulse-width modulation
driving mode of a low through rate is performed for a use in
which the rotation sound of said spindle motor (9) is a serious
problem for said application (19), and

said spindlemotor driving circuit (1) includes anoutput
stage which supplies a driving current (8) to said spindle
motor (9) for rotational driving thereof, and through rate
switching means (12) for switching and selecting between high
and low through rates of said pulse-width modulation driving
mode (13) as driving characteristics according to the
determination of said through rate determining means (21),

said output stage (7) supplying to said spindle motor
(9) with said driving current (8) corresponding to a through
rate switched and selected between said high through rate and
said low through rate by said through rate switching means
(12).

18. A recording medium, wherein as through rate determining
means (21) of said magnetic disk device according to Claim
17, a program is recorded to supply a software for switching
a through rate of an output stage (7) driven in a pulse-width
modulation driving mode according to an application (19) in
use, such that a spindle motor (9) is driven in said
pulse-width modulation driving mode of a high through rate
for a use in which a rotation sound is not a serious problem
and said spindle motor (9) is driven in said pulse-width
modulation driving mode of a low through rate for a use in

which the rotation sound is a serious problem.



