; e3egqLLM ORMOQBNQTQP] | TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
MOTOR CONTROL I N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON The present
invention relates to a field of 5 disk drives which performread/wite

operati n a disk nediumrotated by a spindle notor. In

parti cumwmil““m@mﬂmm&s to a notor control technique under a | owtenperature
envi ronnent . neral 'y, disk storages, represented by hard 10 disk drives
(al so "disk“ﬂWWVes") are configured to'ber#orﬁ1data read/ wite operations,
using a head (magnetic head), on a disk nedium (hereinafter "disk") rotated
at high speed by a spindle notor. In recent years, fluid dynam cs bearing

mot ors 15 having stabl e rotati oRIEREr €t EHESNYENS ONoeen adopted. Fluid
dynam cs bearing notors use oil _or the like as the bearing, and thus have a
characteri sti c NHEROR HeN ARFARDALBNPER cMOdeBeRENTBRLt A ¢ $ESK CRINE t he
oil. Specifically, if the tenperature lowers, 20 the viscosity of the oi

i ncreases, and the power con QRQPQPHQFHTQEAEN¥ENTEQNSunption anount)

relatively increases,,t0 nainta rotation nunber., IL.n t meant i ne,
1 145 it

Ln, d
in particular, snalIT%?s@ra??gtglgggg&goﬁaFﬁ'ﬁ&eﬁoﬁﬁ!grﬁﬁf ext er nal
Menor i es gf or ”%f&?o&f@é§%"i‘icﬁ&g@y%<§%ﬁ’ rBEE?Q?%edbg'ﬁ&%i@i@ sgances
a unted on - v

(PDAs), and di gi appar at uses ! . \ cles; "et’C.
Therefore, the PP LA T @i §R A1 efo’é\QFeﬁ ﬂgsg dpi %8s B sed is
y may be use

br oadened, thus the d under a lowtenperature environment. In

consi deration ofn ys&rof celi $K, 1 ¢ ves14pE8r t8Ughnatar! ewnteBReakbuhe que
environnent, if a fluid dynam cs bearing notor is adopted as a spindle

notor, a power (Godstinpt 1o combetaterat éNel yohneneases, and thus it is
required to increase a maxi num al | owabl e power (current) of the whole

drive. 10 If a di sk eeneealbyfdedighedtonatbe, prepreechiteld bly handsed under
a lowtenperature environnent, there is a problemthat the nmaxi num
al | owabll® powerdishirdrings ofaise Wbtk deivee") nsreasesfiépncedadopti ng a

fluid dynam cs bearing spindle notor increases the
perform data read/write operations, using a head

(magnetic head), on a disk medium (hereinafter "disk")
rotated at high speed by a spindle motor.
In recent years, fluid dynamics bearing motors
15 having stable rotation characteristic have been
adopted. Fluid dynamics bearing motors use oil or the
like as the beéring, and thus have a characteristic
that the power consumption depends on the viscosity
of the oil. Specifically, if the temperature lowers,
20 the viscosity of the o0il increases, and the power
consumption amount (current consumption amount)
relatively increases to maintain a rated rotation
number.
In the meantime, in particular, small disk drives
25 are gaining popularity as external memories for
notebook personal computers, personal digital

assistances (PDAs), and digital apparatuses mounted on

LT
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15 ‘current consunption anmount. Specifically, if the maxi nrum all owabl e power
i ncreases, a power supply circuit and a notor driver of a |arge capacity
are required, which is inappropriate for a small-size disk drive required
to reduce the power consunption. 20 For exanple, for a notor driver which
perfornms boosting using an inductor, the maxi mum current influences the
size of the inductor, and thus there occurs a_problemthat it is difficult
to mount the inductor on a printed circuit®board. 25 Conventionally, as
means for inhibiting the increase in spindle notor power consunption, a

met hod of providin ﬁ t enper ature sensor ang h%ater in the - 3 vicinity
of the fluid dyfettcteBearthg poREFBACRSs B8N LHMESISLETr OWFER Ihdinder

t enperature sensor sense change to a |,ow t erature, driving the heater
to generate hed?hf?%f%+5§o$rf8?se?ﬁﬁpPE?dJﬁﬁ.%ggﬁdeRSSVnF KOKRY BFE. No.
6-4988). This 3&% (S @ine at hfatlgg t he %il used.as the fluid dynam cs
bearing in a | t%ﬁ% rAtare o PE P98F9 PESU@QVFﬁgnvﬁggdsity of the oil.
However, this nethod yrequj Ldi e rat sor

neater in the vicini T9 oFnPhacheltPhoSe Brke Slnradts Sravay s ioui ¢

for contrplli ”gat%whm?%?ﬁérairﬂi:é Sﬂgﬁkhﬁﬁ\%ﬁ%,t e StEyehy gia/?{aﬁ&i’?;% the motor

and rai ses the nunber onponent s, us al so the cost. er, this

met hod has a pr@@éfm%ﬁ%téﬁ dsskaspREl- HB &S spehayedmotioGe a hewdyd ve
cannot operate until the oil of the bearing portion reaches a certain
tenperature by @oheahstioBRuEEUSUMYBRYtOreTHE hYENELEN Bl abiectitof the
present invention is to provide 20 a disk drive which can normally drive a
spi ndl e notor iispaeduinédrtevencuadee a hewitenpedldbunelenpowament, and
can inhibit increase in the power consunption. In accordance with one
aspect of the ptesenenb ofveheiehplehdrévies provided a disk drive
conprising a spindle notor whose current consunption anount relatively
increasdd in particulfraadigkl drive- 15 desppgacst ohe theh@rgmisadri ve
supplying the spindle nmptor with a current anmount necessary for achieving a
rated rotation Mabett SRdUFRAl 1BERY PedOUT EERPRRAEHFPeRPVESHREMART on of

he whol e drive.. 5 The di sk ' ' . _a.spindl whi ch
2 di ok modi um GACELL U8 B PROPOFRwhREh BEvBE AR UREOSPRCRBURERE i th &
a disk medium . g*a dceaaporiin ,
control devi co VLR AT BEThE khF1ETa TR, SHePENE, o2l SHBRARY e

by suppl ying a 4i£shigUayshhice BESLRASTREONASANKERb0eKcER M | ves

t he actuator notor by supplying a second current; and a controller which

per f or me gzont r odufLer €StHhStmPHiSADERbUAL .t NepseegReagUR sy, entf ageording to
increase of the first current 15 such that the total of anpunts of the

first and secomdaximuenisldwalslacporzeetdcacmmrspum puweentsupplgcity set in
the disk drive and including the first current anount and the second
current anount.ciekciitoand abpetos dnivedvafit agésrgk rheazdtiyneesti on will
be set forth in the description which follows, and in part will|l be obvious
fromthe descripe@ehredr wWajchelfehPARBrpYrprset fo& of SMRd li-$&®t i on. The

obj ects and advantages, of the |nvention H§¥ be . reali zed and obt ai ned by
EBRBFR

means of the 2531#&t7FLHERt BFAFTESIaha atPEnBOPELt COSHMPF 198 nt ed out

h i nafter. - 5 BRI EF SCRI PTI O _THE. SEVERAL VI OF THE DRAW NG
The acodibanyi 5 r SHFRBLS” Wi Ehe aPe PRCBFBOPaL BT Ch PexToems

boosting using an inductor, the maximum current
influences the size of the inductor, and thus there
occurs a problem that it is difficult to mount the
inductor on a printed circuit board.

25 Conventionally, as means for inhibiting the
increase in spindle motor power consumption, a method

of providing a temperature sensor and heater in the



in and constitute a part of the specification, illustrate enbodi ments of
the invention, and together 5 with the general description given above and
the detail ed description of the enbodi nents given below, serve to explain
the principles of the invention. FIG 1 is a block diagram showi ng a main
part of a disk drive concerning an enbodi nent of the present 10 invention;
FIG 2 is a block diagramfor explaining a_structure of a notor control
system concerni ng the enbodinent; FIG 3 is a~flow chart for expl aining a
notor 15 control operation concerning the enbodinment; and FIG 4 is a flow
chart for explaining a nodification of the enbodi ment. DETAILED DESCRI PTI ON
OF THE | NVENTI ORt akhékioafnthe & viRe dyneddss BareitiDPaMTiomde20 be

described with reference to the rawﬁggf. FIG 1 is a block diagram show ng

a main part of 3°8PsRFAPPFEdcon¥BRRI hECS FETORFSHYRHSCTHIRE SPREES bl ock

i Phe dr i ve. 58 ¢BrPHer hPe of ok B ABi ) S s EHH (AAS Sibposed
6° The dr; ve usaenarrle; HBaDnaRetetnh, M hg e an e a B A d i sem
of dat o for thel ik Buby BpEa D oBRL SPM 3. "The 5 magnet ¢ head 215 O

mounted on an act uatghi WakCH ! B it/ &t Mect R AR LA TS d/COW 5. The
whi ch a ea or

magneti c head 2 has a structure in I C rea for per mng a read

operation and atmei teuhgadyhamnipar beaing anWal 1w RRLHd It 1L geparatel y
nmounted 10 on a slider. The actuator 4 is driven and controlled by a servo

system nui nly cpspatsiefyargiaceptheessigeolltyand pos tdians twevdtmgnetic
head 2 in a target position on the disk 1. 15 A VCM driver 60 included in a
notor driver | CBhssppeétbsdardguieesuprentidiiagt ke teétidexatlre mererordri ver
| C6 includes an SPM driver 61 together with the
10 and a heater in the vicinity of the bearing of the
spindle motor, and a circuit for controlling the
heater. This complicates the structure around the
motor and raises the number of components, thus also
the cost. Further, this method has a problem that
15 disk start-up is delayed, since the drive cannot
operate until the oil of the bearing portion reaches
a certain temperature by a heater.
BRIEF SUMMARY OF THE INVENTION
The object of the present invention is to provide
20 a disk drive which can normally drive a spindle
motor in particular even under a low-temperature
environment, and can inhibit increase in the power
consumption.
In accordance with one aspect of the present
25 invention, there is provided a disk drive comprising

a spindle motor whose current consumption amount

relatively increases in particular at a low



VCM driver 60, and is controlled by the CPU 10 (please refer to FIG 2). 20
In addition to such a head di sk assenbly, the disk drive conprises a
circuit systemhaving a pre-anplifier circuit 7, RRWchannel 8, a disk
controller (HDC) 9, the CPU 10 and nmenories 11. The pre-anplifier circuit 7
has a read anplifier 25 which anplifies a read signal outputted fromthe
read head, and a wite anplifier. The Writ<za1 anplifier converts a wite data
signal outputted fromthe RRW channell 8%info a wite current signal, and
transmts it to the wite head. The RRWchannel 8 is a signal processing IC
whi ch processes read/wite data sjignals (including servo data signals). The
HDC 9 has an 5 CRVBRFatErPunébeoRi&t WEeiVe HORR Xl Giridhiar $vktdky st em 20
(for exanple, a personal conputer or a digital apparatus). The CPU 10 is a
mai n control de®PERToF1theddFilv&ends a&@é’é‘rgq Bef et Eotd e IvFRY a
control operation lgﬁgf the _servo system contral, of nornal read-wite

operations, and2nbebFdcERERGE CBoREERSTHg Ak Thsht et Hhort es 11

i nclude a flash _nenory, a_RAM %nd a Wi Cll stpr.e_vari ous data and

progr ans necess§P§rF8¥ EBREPBPINRG e _wﬁ? A5t her, the drive

%ﬁ”p” sesga tenperat gia ?ﬁ%&%r&%a‘%%x@%% : tal‘esaéﬁf@fé ar{.c&'ESr' dfé}? drive.
e tenperature sensor 1Z27sensés the tenperature predet efm ned Sanpl i ng

intervals, and 98%9%? Ehaikﬁnﬁéﬁﬁhﬁ@ea\ﬁa'al&ﬁ;att%ﬁ B Y WP T N IGRY 10

detects 20 a change of the tenperature to a | ow tenperature concerning the
enbodi ment, accghdhBgub@okhRoseReUNGitesE thddomdhedermaraid e gensor 12.
(Structure of Mdtor Control System) As shown in FIG 2, the U 10 perforns
drive 25 and coptkalwef tEhenSPNe3 diy kusiddd u)e aSEM it Wit . cdriiiddier, the
CPU 10 performs drive and control of the VCM5 by using the VCM driver 60.
The SPM driver 8&vice ®hishpplrieesathler epiplidse ndriore atura erdtdd), V, W to
a three-phase coil, in accordance with a control command val ue (control
current Boount rdiptiponmnuhbeCPbyl8uprpdatingchat fils tSPMI ardtiatassegtoral r at ed
5 rotation nunber. The reference synbol CO denotes a neutral point. The
nmotor control sPStem RaBtaciufeEAcesvhich SFives ddyvesiatfuptanr mafor
consunpti on anpunt Isé of the SPM é. The CPU 10 nitors(%gf cur,rent
consunpti on 10 S¥ofHPPEYENdef BRECEBMCE IR e BUCBF RN Lurteiit sensor

30. As d ib | th h f [ f_.detecti th t
consumpt  on amoURECOTEY BPRERETshR 3 R Hiet A e e T OB for
XD & o, AndeGOPSRALERELYATALOULAN BR LA e hEMmnAlI A AS, changed to
a |l ow tenperature ?p ease refjer to F . The perforns a servo

control for congpehl tAGtaRAPEBERNOBINGNCRS thedF 2HL B AR 98ld RARIdHON
(track to be accessed) on the disk 1, by servo interrupt, 20 before

execution of readerwehte abedahatbyxthedheathazZinum g @ity x68itgt , the
CPU 10 controls a current anount supplied fromthe VCM driver 60 to the VCM

5 by a control setmandthel déskcdmtiivel atulr riewtl vamgntt Hed\f)ir stMatuarre@dnt r ol
Oper ati on)
amount and the second current amount.
Additional objects and advantages of the
20 invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the

25 instrumentalities and combinations particularly

pointed out hereinafter.



25 ‘A notor control operation in the drive will now be described, mainly
wth reference to the flow chart of FIG 3. - 9 Suppose that the disk
drive is being driven, and the SPM3 is driven at its rated rotation nunber
and rotates the disk 1. When the host system 20 issues a read/wite
command, the CPU 10 recogni zes the command 5 through the HDC 9, and changes
the operation of the drive to a read/wwite5opgration. The CPU 10 perforns a
servo control for controlling and positioning the head 2 to a target
position (track to be accessed) on the disk 1, before 10 execution of the
read/wite operation. rvo contr the CPU 10 detects the current

In th trol

consunpti on annd%%l%?s?g%@Rfﬁi%@BwP§,THHO§ﬁ¥EB§§i¥I§W5tﬁ€‘§%ﬁéﬂ%EWM%§hlt
fromthe current sensor 30 (step %%%H xt, the CPU 10 cal culates a
residual current 15 ?%ﬁa&Q§%WaﬁH¥ WIS a G 1 #ES iR Rpporated

ti t_(lI f the, SPM 3 f i, | | owabl t
consurmtion eyt 1oL, S 3, Lioms ey ool o cure

t i C 34 i fi | .t ! t. 2 i |
Chd cat oo noari &I FARED SBLa B |30 One. Pt AR g

the drivescurrept . gmpyat ghﬁ)rafloﬁe%r&‘ari?rl%ol\qo%égﬂfetrpea t%rﬁjtl#ém CPU 10

determ nes a drive current anmount (con mrmand val ue or the VCM

25 5, which is geegssanydbAbrIBRUBCHH e cMIHLYUAY Fopamns vghue (Idv)
corresponds to a current amount supplied to the VCM 5 which drives the

actuator 4 to ser¥@ tposkbilannt kbehgadnill e tof gole pAsIdritibon the di sk
1. The CPU 10 conpares the control comrand value (ldv) with the current
margin (1 ng), and defacGn ned swaetdlerck tdisyos sHiwii seanadre paet Bf ve
current 5 anount for the VCM 5 necessary for servo control (step S3). If
the current margi digkngyivrceeotsetrnd ngr iare emipodemerdnmoutthdf gresar@M 5, t he
CPU 10 perforns normal servo control (NO of step S3). Specifically, 10 the
CPU 10 ol puts thwesdaPnrol command value Idv to the VCM driver 60 to supply

the VCM 5 with the drive current anount necessary for the servo control.
Thereby, the actuatof1% -mevés$ ienPdacddikiadidedidorBnlaieing sk 1 at
predet er m ned spee and positions the 15 head 2 to a target position on
the disk 1. In ghagﬁﬁﬁﬁPFﬁef’fi £ PRECE AR HarlryiST oM PRI MRS ™itan the
drive current agpupt;b,the VCM5, the CPU 10 cal culates that the
tenperature environnent of the drive has changed to a | owtenperature

state, 20 and the cufgnt 3CQRSUMRIQN AUNtedd PxPfa I PPMrdb tor
15 control operation concerning the embodiment; and
FIG. 4 is a flow chart for explaining
a modification of the embodiment.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment of the present invention will now
20 be described with reference to the drawings.
FIG. 1 is a block diagram showing a main part of
a disk drive concerning the embodiment. FIG. 2 is
a block diagram for explaining a structure of a motor
control system incorporated in the drive.
25 (Structure of the Disk Drive)
The disk drive 1is supposed to be a hard disk

drive using a disk 1 as a magnetic recording medium.



driven at the rated rotation number exceeds the predeternined value (YES of
step S4). The predetermned value is a reference current consunption anpunt
which can drive the SPM3 at the rated rotation nunber 25 at a standard
lower Iimt tenperature. The CPU 10 reduces the control comrmand val ue Idv
and outputs it to the VCM driver 60, and thereby - 11 reduces the drive
current anount supplied to the VCM5 (step.S4). Thereby, the actuator 4
noves in a radial direction on the disk 1 gt a speed | ower than the
predet ermi ned speed and positions the head 2 to 5 a target position on the

disk 1. As descrjbed above, according to the enbodi nent, the CPU 10 can
detect that thelREr PEAYSCHRESTBL ifgl’fl%rr&)’ﬁtanﬁcsg)n?%ﬁaQW IBMOF S eeds t he

predet erm ned val ue, t he basi he.sensing result of the 10 current
sensor 30. In of‘hﬁpi%g?asfmﬂ:ﬁé é%@%otjcéf'ﬁué%’l crLﬂg%ﬂteest Hte t%gf efrper ature
envi ronment of the drive has.change Wt enperat ure, state nd
Cherevi th the current EBRAOTIE SR Ao (IS rer s s F o e
15 To drive the_ 8P a he,ra rqtat] r 1 [ ves
priority to theofu%gﬁt Eg%pgﬂee?%;;é‘ ?hgtog%%le?f%gﬁ&j}eteﬁé\gsyt hce)mgéurrent

amunt suppl i edm%gnéﬁgcv%é- 2ThEr GhonRe RN drf Adi& A enty,EQNs Ut i on

anmount (Is) of t SPM 3 increases, it Is possible to 20 maintain the

maxi num al | onabhg; GHAr Bt a2BYRE CbTBXnd¥b ' ead®)NG .t herinffetsippl ied to
the VCM 5 by the increased anount o current consunption amount of the SPM
3. Thereby, eveRehli thiakeaperatdt@rieover whurder thexemdddment of using
the disk drive, it is 25 possible to rotate the disk 1 at the rated
rotation nunberpeEfiothéng si meed bpiesadesi Bing tao wrditrd dgad B rmaxi num

al l owabl e el ectric power determ ned by - 12 the specification of the
drive, it is unpecfesnindte prétedeoreretionearsumsipanstrediy tmauttace not or
driver 6 having | arge_capacities. Further, reduction in the current anount
suppliedl® to tAB YCHMLEdeHuses a situation that the seek speed of the head
2 decreases. However, when the state of drivin he SPM 3 and the VCM 5
continues for a desi Sﬁﬁ‘t B¢ teter 3eﬁwe"‘r ng’%é%{ﬂtmta?%leeq PXHe drive is
rai sed by heat generated bﬁt t he Qri Vi pﬂg .1Q_and t he _anhi ent terragd'ature

ri ses by heati ng?rg?c.sy‘?ﬁg ef"6r8, Yt K& é&ﬁép&&@%%%{@%ﬁﬁﬁ% conmes a
nor mal standard ; it ihle tq.r the . rent
anount suppli eda%%”?ﬁé@\t/gk/ﬁg t%gg‘t h‘glé?)’reit%icng’le%%rs2d§tnerampcr?e e\L}-{al uoesj.]let n the
enbodi ment, if gpi eRbt Yikg given to supplying a current to the SPM3 with a
| owt enper ature environnent and the current supplied to the VCM5 is |imted
during remd/ wite opgrCModsivas &0MANEdYd GeUrsSenddryr dyiedd tas t he VCM
5 1is reduced 20 to a mninum current value by which seek can be perforned.
Furt her, althoughpphéeenbodiriwet cus remnipasedhteo VIadM &pl iTéck tear d di sk
drives, it is not limted to it, and can also be applied to optical disk
drives, as 25 |dngvas TRé drictedgseanaSEY sdligeyottdr Hedatdiexr Mititd tdhenani cs
bearing notor. To sumup, a _current consunption (first current - 13
amount) of the BA grivesphlyored asdCconftrofd eduivetheafdtht! haldlisdEeased,
it is estimated é%al c Ia%&lg) hat the tenperature environnment of the disk
dri ve has changB8'fb &°I te%ﬁerature state, and the drive 5 current
(second rrent anount) far..the YVCM5 is reduced,. Therefore, it is possible
to supplé;/éja maxi mum gf‘l Sﬁﬁltéoguﬁ)eﬁtucthoat%eeaéﬂ -I]-(anaf FHtHi n dri vi ng of

the SPIMS at.thentaned,r 8LaVLOBOAYIISEs W L10LIISYRAR Bl g mum

drive electric
a pre-amplifier circuit 7, R/W channel 8, a disk
controller (HDC) 9, the CPU 10 and memories 11.
The pre-amplifier circuit 7 has a read amplifier
25 which amplifies a read signal outputted from the read

head, and a write amplifier. The write amplifier

converts a write data signal outputted from the R/W



" 10 at the time of driving the drive. Specifically, under a | owtenperature
environnent, priority is given to supplying a current to the SPM 3 for
rotating the disk nediumat a fixed speed, and current supply to the VCM 5
for driving the 15 actuator 4 with the head 2 is reduced. Thereby, it is
possible to normally drive the SPM 3, w thout using any special parts or
circuits such as a heater, and inhibit incr7ease in the power consunption
(current consunption) of the whole drive. I'n particular, the 20 invention
is useful if it is applied to a disk drive adopting a fluid dynam cs
bearing notor as its spindle notor, since it can secure stable perfornmance
even under a | ofPRBRBr &t dié Ce By Wrdrivfe UL 1A Hergnalerphderarsmits

| owt enperature environ 25 ne if the SPM 3 is driven for a predeterm ned

, rent
time at its rate8 6t APPoNTAkfodeaGendte R/ pandifertithd @ i ¢ gl Ui sk
drive rises, and the anbi ent - 14 tenperature rjses by heatinpg, etc.
Therefore, currBhPSGEpEY &6: f”ﬁécboﬂr&?céa?ﬁ% rre&{/rWotei FatRe %‘? Sstate.
(Modification) 5.Fl 4is aflo hart. faor, expl ai.ni di fication of
Lhe embodi ment . VRETHBAPE: SF"6n FOPaCeS ot S ordie di oAt i ch a
current supplie V ;S0 RCh d . f e_pQ C med
(if the d$ ive hggtcgrtﬁ%?g %{ngr@&n%%lte %glweer e, 'Hé{:t%hegua‘gﬁ{ par ?{;?%ygf%?eg? ven
to a current suppliedyt @xbhe18PM3 35 @%%Clrictb%%@ct?ﬂ?’ if ot jye is in a
| ow power - consunpt i(onrrmée. TDGeneraalp%y,s it the host s3e/osft eam%%é% not ebook
personal conput gppgkaduBPA, a battery is used as its 15 power source.
Therefore, the power which it can consune is limted, and thus usually a

| ow- power consunpti omhedd®U 9 0Sdls & GRSV Mdhi ddiSE Everdiivd he
case of using a notebook personal conputer, if an AC power source is used,
the drive can 28sudesaribkdt abelvyg,| angle ppaverrmsThe cortinad opddtatniaom be
described in detail with reference to the flow chart of FIG 4. For

exanpl e,1@hen thé theksarivee siystemar cott roie ofPU ok g ludpesitvhel teenper at ur e
environnment in the drive 25 on the basis of the tenperature sensing val ue
fromthe tenper@Pfétienser angd potey SPRPLrolf qomearavyiar e e envi ronnent

in the drive falls g/i,thin t he rafr%%e of, - .15 a standard tenperature, the
CPU 10 per f or ns®BPeGAEFBE - by ThEr FRFCSHESatilod ANEISt SstidiFsdo MemqyyY i he CPU

10 judges that th e r at in the drive is _|l.ower an a standard | ower
limt 5 tenpera urﬁél?I gﬁg &56%0 V&%Fﬁe?tggtee?’r?‘irﬁé’éls q"r‘?‘era programs
| ow- power - consu L d a fr t system 20 (step S23).
If the | ow pomeg?%%%gaggt ?8?1 %892%%&3% gertlz?ls@e:c?ﬁt E@S'CPU 10 limts, as

descri begs above, a CyireRkrSURRBLY drd Vi@ WM ie AN SURRII A8 AD a current
to the SPM 3 by priority to drive the SPM 3 at the ratéd rotation nunber

for as short a §enBOBS1ROEGIrbEENEYRY @hestempS2Atuakrd i%24he Idtithe
meantime, if the drive is not in the | ow power consunption node and uses,
for exanple, 15Tha A€npewetuseuseasotrhé2CBdenkess e itempraturentatt o t he
SPM 3, and increases a current supplied to the VCM5 to exceed the

pr edet er mi ned vRredetrOndnedt epmsRIngndnsesyalspeaind caltptst kdearaxi num
current (maxi mum seek speed) of the VCMis increased by boosting, etc, 20 a
dummy seek oper BEFBRTEEUREr VBLHEE EQefihrf CEHe lRost THpsCEM ilds getass s
conmand. (ﬁs anot he waé % ggxi mum current is suBrpI ied to the VCMin

i dling, ahd thefeby2PBE 8t GBEOFSMBepPEELEd ERgEI S AFTPRE&TH® st opper or

01 TeTber  LOIBKE, LIS L ARIA R Tk B T8, 1R o 10
fromthe nmost extienpal (L CUALCLERRS bR uLRE STRRL ' RLer nal
(Structure of Motor Control System)
As shown in FIG. 2, the CPU 10 performs drive
25 and control of the SPM 3 by using the SPM driver 6l.
Further, the CPU 10 performs drive and control of the

VCM 5 by using the VCM driver 60. The SPM driver 61



" - 16 circunference of the disk 1. Further, the VCM5 is rotated and driven
in a direction of pressing the actuator 4 against the ranp nenber provided
on the external circunferential side of the disk 1. The ranp 5 nenber is a
menber formng a parking area of the head 2. By driving the VCM5 and the
SPM 3 as descri bed above, the tenperature in the drive rises by heat
generation, and it is possible to change the low 10 tenperature state to a
normal tenperature environment. In particufar, by increasing a current
supplied to the VCM 5 together with current supply to the SPM3, it is
possi ble to change the tenperature environnent in the drive froma

| owt enper at ur eS'$RRE 588 02 atR¥ 8RTRPESE5 T eNFerREGRrE tstiBre Vri Wa bl at i vel v

short tinme. Additjonal advantages and nodifications wll readily occur to
those skiled i% PRESGrENASReraf or eiit RECPRVERCFOM T Pt SOBGSdr aspect s

[ limted h ific. d ' d [ di 20
Shown and descr T BBIRR: B hAC ALCORBERD) § 0 5FORECHON, FEeat FORG: iy be made

wi t hout departi fromijihe s Lt p f general _inventive concept
as defined by t@%ua£gbn%% cﬁglkstgédggﬁesrggaéggglg%t?.ratgdl? VWHAT | S

CLAINED ESZ 1. fbfg§fogrﬁﬂﬁb89Uprfﬁ%ngéf@réﬂhgdg HOEOW%E%%tE%tates a
di sk nedium an actuator notor whic rives an actuator 5 nounted with a
head for performng,datg feadiwite on the disk nedium a first notor

control device which drives the spindle notor at a rated rotation nunber by

supplying a first curhenihotd® aoneeendsgetemn GRR! kolcudewnie MMy dd ves
the actuator notor by supplying a second current: and a controller which

perfornms controfot os¢esingcd anraantuntonsumbeisacanduatr r(@st accahdi ng to
increase of the first current such that the total of anmounts 15 of the
first and secon®PMu?r enTlse dORY hotmeRrttedsathexicoumentir consungdonty set in
the disk drive and including the first current anmount and the second
current ldhount .amount di 5%) de f vehaceB¥dBngyt 6hel auiPrt Pdr ther cRTredidpri si ng
a current sensor which_senses a current consunption anount of the spindle
not or, wherein $¥SeBntPol l er performs control to restrict the second

current anpunt so as_not to excee resi dual_ _current capacity,, the
resi dual current cap%ﬁi??sﬁg?ﬁ§82gegBWaiﬁgﬁ Gy%éﬁgtgéétﬁﬁg ony &f
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SPM 3 at the time of servo interrupt, for example,

15 and consequently calculates that the temperature has
changed to a low temperature (please refer to FIG. 3).
The CPU 10 performs a servo control for controlling
and positioning the head 2 to a target position (track
to be accessed) on the disk 1, by servo interrupt,

20 before execution of read/write of data by the head 2.
In the servo control, the CPU 10 controls a current
amount supplied from the VCM driver 60 to the VCM 5 by
a control command value (control current amount Idv).
(Motor Control Operation)

25 A motor control operation in the drive will now
be described, mainly with reference to the flow chart

of FIG. 3.



result fromthe current sensor, when the first current - 18 anmpunt
exceeds a specified value required to achieve the rated rotation nunber. 3.
A disk drive according to claiml1, wherein the controller perfornms contro
to restrict the 5 second current anmount, when the first current anount
exceeds a specified value required to achieve the rated rotation nunber,
such that total of the first current annun% and the second current anount
does not exceed the maxi num current capacify. 10 4. A disk drive according
to claim1, further conprising a tenperature sensor which senses a
tenperature, wherein the controller controls the second current anount when
the control |l er detecPdPPefet hbabasing sk sEndiend s1Peiax)drigfenrheand

tenperature sensor, that the tenBeratune has ¢ angﬁd to be | ower than a
standard | ower W?%i%PMeapé?agﬁig,naﬁH t-hEr 8By e dGles 1N pRIPEF Kk

t uat t t | Le Iimt th d t t.rol device. 20
o A di sk dr i ve SEEbTal PRt gt akat m 1TRFGY LhE: TORpPUGEEY 21 A o
whi ch , ' | t th
econd curront SREUAT SECurenthE BARr SPPorCqabERb ey B R,
[ | t he, t t ; h d
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reduces a speedypfyd heoagt uakaywPrpter oberahighl owable linit by the second
[ | 'er performs control to increase the 5

not or control device, and the contro

first current amount Tkt bpy 20r pREEcRhsa aMBErdNRNt@wabl @ cur rent anmount
so as to maintain the rated rotati on nunber of the spindle notor. 6. A disk

drive accordi ngecéwtedbal thg, afidrpbettionphgsithe ackenperat @ &azersor which
senses a position (track to be accessed) on the disk 1, before
10 execution of the read/write operation. In the servo
control, the CPU 10 detects the current consumption
amount (Is) of the SPM 3, on the basis of the sensing
result from the current sensor 30 (step S1).
Next, the CPU 10 calculates a residual current
15 capacity obtained by subtracting the current
consumption amount (Is) of the SPM 3 from the
maximum allowable current (Imax) determined by the
specification of the drive, and determines a current
margin (Img) (step S2). Specifically, the current
20 margin (Img) indicates a drive current amount which
can be used by the drive, excluding the drive current
amount (Is) for the SPM 3.
In the meantime, the CPU 10 determines a drive
current amount (control command value Idv) for the VCM
25 5, which is necessary for servo control. The control

command value (Idv) corresponds to a current amount

supplied to the VCM 5 which drives the actuator 4 to



10 tenperature, wherein the controller judges whether a | ow power
consunption node of the disk drive have been set or not, when the
controller detects, on the basis of a sensing result of the tenperature
sensor, that the 15 tenperature has changed to be |lower than a standard
lower Iimt tenperature, if the | ow power-consunption node has been set,
the controller perfornms control to restrict_the second current anmount, and
20 if the | ow power consunption node has not been set, the controller
perfornms control to increase the second current anount to an all owabl e
limt. 7. A disk drive according to claim1, wherein the spindle notor

i ncl udes a fl ui Bo8yRarPcsheshgass i2ndgonst drar %@fd Bafd Fianstomut® contro
device perfornms ¢control to increase the first current amount with reduction
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rated rotation r.. notor control systemfor a disk drive which

i ncl udes a ;pingﬁggﬁnwégth e GHALERG QQﬁ%§$lﬁ£mQan? AL Re%oi |

notor for a head, actuator, .the system conprising:.,a fjrst notor control
device whi oh dr FUBEHERe LEniRAPESRIESE S0 & FHeg Tt AP SIP MU by

suppl yinga 11 ahoGHE! 881 FA-ayeReandmiar Somyols eyl cemhich drives the
voi ce coil notor By supplying a Second curre t; and a control1et whi ch

erforns control r rict an anount of the second current according to
p (?_Qp 8%

increase of the first current such that the total of anounts 15 of the

first and second currentsedegs ool MuGRAG & MR MURLIHS 6tle CRPARA LY set in
the disk drive and including the first current anmount and the second

current anount. c8rrédnfDEAbUABNBEOIheY FTCEMSaC oediory 1@ YerifBras 20 furt her
conprising a current sensor which senses a current consunption anmount of
t he spi ndl e notoormahesermot hentonlr dNep fpeitiepr 198 ) contSpacitfil gadsliyr,i ct t he

10 the CPU 10 outputs the control command value Idv to
the VCM driver 60 to supply the VCM 5 with the drive
current amount necessary for the servo control.

Thereby, the actuator 4 moves in a radial direction on
the disk 1 at predetermined speed, and positions the

15 head 2 to a target position on the disk 1.

In the meantime, 1f the current margin (Img) is
less than the drive current amount of the VCM 5, the
CPU 10 calculates that the temperature environment
of the drive has changed to a low-temperature state,

20 and the current consumption amount (Is) of the SPM 3
driven at the rated rotation number exceeds the
predetermined value (YES of step S4). The predeter-
mined value is a reference current consumption amount
which can drive the SPM 3 at the rated rotation number

25 at a standard lower limit temperature.

The CPU 10 reduces the control command value Idv

and outputs it to the VCM driver 60, and thereby



second current anmount so as not to exceed a residual

t he residua

- 21 result

25 current capacity,
current capacity being obtained by subtracting the first

current amount fromthe maxi mum current capacity, according to a sensing

fromthe current sensor, when the first current anpunt exceeds

a specified value required to achieve the rated rotation nunber. 10.
system according to claim8,. 5 wherein the spindle notor

not or contro
i ncludes a fl

uid dynamics bearing notor, and the first notor contro

perfornms control to increase the first current amount with reduction

t enper at ur e,

and maintains driving of the spindle notor at the rated
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current amount and the second current amount. . met hod accordi ng
claim1, whereiBhe CPU 10 can detect that the current consumption

10

15

20

25

amount (Is) of the SPM 3 exceeds the predetermined
value, on the basis of the sensing result of the
current sensor 30. In other words, the CPU 10 can
calculate that the temperature environment of the
drive has changed to a low-temperature state, and
therewith the current consumption amount (Is) of
the SPM 3 has increased.

To drive the SPM 3 at the rated rotation number,
the CPU 10 gives priority to the current supplied to

the SPM 3, and reduces the current amount supplied to

currents does not exceed a maxi num

current capacity set alsh dofie. dindly %d&ﬁ‘e,ar!éjcédlfdlig?d b thge T &fiSbd iment2?

to

the VCM 5. Therefore, even if the current consumption

amount (Is) of the SPM 3 increases, it is possible to
maintain the maximum allowable current amount (Imax)
by reducing the current supplied to the VCM 5 by the
increased amount of current consumption amount of the
SPM 3. Thereby, even 1f the temperature lowers under
the environment of using the disk drive, it is
possible to rotate the disk 1 at the rated rotation
number. Further, since it is possible to maintain

the maximum allowable electric power determined by



the controlling conprises controlling the second current amount, so as not
to exceed a residual current 5 anount, the residual current anmount being
obtai ned by subtracting the first current anount fromthe naxi mum current
capacity. 13. A nmethod according to claim1l, further conprising: 10
detecting whether a tenperature has changed to be |l ower than a standard
lower limt tenperature, on the basis of sensing result of a tenperature
sensor which senses the tenperature; and uci ng the second current
anount, if the 15 tenperature detected in the detecting is |ower than the
lower |imit tenperature, to reduce speed of the voice coil notor to an

al | owabl e ||n1tthq4sp¢ph£%ﬂ@E196c@ﬁdEhg fyigeai mt1ls MIERES S&dipricsi ng: 20
detecting whether a tenperature has changed to be |lower than a standard
lower limt tenpePatdeel h%np@ﬂﬁrbégpglﬁfcér§€ﬁ§lﬁ@dré§@lFQﬁOQaQR%ﬁ%ﬁalure
sensor which sepnses the erature; judgi ng whether a

Iom#pomer-consuﬁp??%hnﬂn % & 5FPRRGLHPSK drive is set, if the tenperature
detected in the detecti is lLower . than.th h]omer imt te erature

O Feduci ng t he. SRR Gr FERBCLHGAA £25 P ol Gatae o
t he di sk (drive d i ng n rent
Iomfpoweﬁgconsu%%tfgé X@% > ?g?ﬁggd?sﬁaggﬁégggsqﬁ%# %% S%%ﬂy@%h d'%f
where the tenpegal usgages ealedel

e
limt tenmperature. . . AL. A9, . A A9. AL. A&r . A&. A&s. A

. As. AUr . Ah. ASA<£§fvfn@ fhe SPM 3_and the VCM 5 continues for a
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drive is raised by heat generated by the driving,

10 and the ambient temperature rises by heating, etc.
Therefore, the temperature in the drive becomes a
normal standard temperature, and thus it is possible
to return the current amount supplied to the VCM 5 to
the original predetermined value.

15 In the embodiment, if priority is given to
supplying a current to the SPM 3 with a low-
temperature environment and the current supplied to
the VCM 5 is limited during read/write operations, as
a matter of course the current to the VCM 5 is reduced

20 to a minimum current value by which seek can be
performed.

Further, although the embodiment is supposed to
be applied to hard disk drives, it is not limited to
it, and can also be applied to optical disk drives, as

25 long as the drive uses a spindle motor being a fluid
dynamics bearing motor.

To sum up, a current consumption (first current
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possible to normally drive the SPM 3, without u51ng
any special parts or circuits such as a heater, and
inhibit increase in the power consumption (current
consumption) of the whole drive. 1In particular, the
20 invention is useful if it is applied to a disk drive
adopting a fluid dynamics bearing motor as its spindle
motor, since it can secure stable performance even
under a low-temperature environment.
Further, even under a low-temperature environ-
25 ment, if the SPM 3 is driven for a predetermined

time at its rated rotation number, generally the

temperature in the disk drive rises, and the ambient
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state.
{(Modification)

5 FIG. 4 is a flow chart for explaining
a modification of the embodiment.

The modification relates to a motor control in
which a current supplied to the VCM 5 is increased if
more power can be consumed (if the drive has a more

10 consumable power), although priority is given to
a current supplied to the SPM 3 as described above if
the drive is in a low-power-consumption mode.

Generally, if the host system 20 is a notebook
personal computer or a PDA, a battery is used as its

15 power source. Therefore, the power which it can
consume is limited, and thus usually a low-power
consumption mode is set. In comparison with this,
even in the case of using a notebook personal
computer, if an AC power source is used, the drive can

20 use a relatively large power.

The control will now be described in detail with
reference to the flow chart of FIG. 4.

For example, when the disk drive is started, the
CPU 10 judges the temperature environment in the drive

25 on the basis of the temperature sensing value from the
temperature sensor 12 (step S21). If the temperature

environment in the drive falls within the range of
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by normal operation (NO of step $22).
If the CPU 10 judges that the temperature in
the drive is lower than a standard lower limit
5 temperature, the CPU 10 further determines whether a
low-power-consumption mode has been set from the host
system 20 (step S23). If the low-power-consumption
mode has been set, the CPU 10 limits, as described
above, a current supply to the VCM 5, and supplies
10 a current to the SPM 3 by priority to drive the SPM 3
at the rated rotation number for as short a time as
possible (YES of step S23, and S24).
In the meantime, if the drive is not in the
low-power consumption mode and uses, for example,
15 an AC power source, the CPU 10 supplies a current to
the SPM 3, and increases a current supplied to the VCM
5 to exceed the predetermined value (NO of step S23
and S25). Specifically, the maximum current (maximum
seek speed) of the VCM is increased by boosting, etc,
20 a dummy seek operation is performed even if the host
system issues no command. As another way, a maximum
current is supplied to the VCM in idling, and thereby
the actuator is pressed against an internal stopper or
a ramp member, to make the VCM generate heat. In such
25 a case, since no servo control is performed at the
start-up time, dummy seek is performed from the

most external circumference to the most internal
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circumference of the disk 1. Further, the VCM 5 is

rotated and driven in a direction of pressing the

actuator 4 against the ramp member provided on the

external circumferential side of the disk 1. The ramp

5 member is a member forming a parking area of the

head 2.

By driving the VCM 5 and the SPM 3 as described
above, the temperature in the drive rises by heat
generation, and it is possible to change the low-

10 temperature state to a normal temperature environment.
In particular, by increasing a current supplied to the
VCM 5 together with current supply to the SPM 3, it is
possible to change the temperature environment in
the drive from a low-temperature state to a standard
15 temperature state, in a relatively short time.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

20 shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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an actuator motor which drlves an actuator
5 mounted with a head for performing data read/write on
the disk medium;
a first motor control device which drives the
spindle motor at a rated rotation number by supplying
a first current;
10 a second motor control device which drives the
actuator motor by supplying a second current; and
a controller which performs control to restrict
an amount of the second current according to increase
of the first current such that the total of amounts
15 of the first and second currents does not exceed a
maximum current capacity set in the disk drive and
including the first current amount and the second
current amount.
2. A disk drive according to claim 1, further
20 comprising a current sensor which senses a current
consumption amount of the spindle motor, wherein
the controller performs control to restrict the
second current amount so as not to exceed a residual
current capacity, the residual current capacity being
25 obtained by subtracting the first current amount from
the maximum current capacity, according to a sensing

result from the current sensor, when the first current
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the controller performs control to restrict the
second current amount, when the first current amount
exceeds a specified value required to achieve the
rated rotation number, such that total of the first
current amount and the second current amount does not
exceed the maximum current capacity.

4, A disk drive according to claim 1, further
comprising a temperature sensor which senses a
temperature, wherein

the controller controls the second current amount
when the controller detects, on the basis of a sensing
result of the temperature sensor, that the temperature
has changed to be lower than a standard lower limit
temperature, and thereby reduces a speed of the
actuator motor to an allowable limit by the second
motor control device.

5. A disk drive according to claim 1, further
comprising

a temperature sensor which senses a temperature,
wherein

the controller controls the second current amount
when the controller detects, on the basis of a sensing
result of the temperature sensor, that the temperature

has changed to be lower than a standard lower limit
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actuator motor to an allowable limit by the second
motor control device, and
the controller performs control to increase the
5 first current amount within a range of a maximum
allowable current amount so as to maintain the rated
rotation number of the spindle motor.
6. A disk drive according to claim 1, further
comprising a temperature sensor which senses a
10 temperature, wherein
the controller judges whether a low-power-
consumption mode of the disk drive have been set or
not, when the controller detects, on the basis of
a sensing result of the temperature sensor, that the
15 temperature has changed to be lower than a standard
lower limit temperature,
if the low-power-consumption mode has been set,
the controller performs control to restrict the second
current amount, and
20 1f the low-power consumption mode has not been
set, the controller performs control to increase the
second current amount to an allowable limit.
7. A disk drive according to claim 1, wherein
the spindle motor includes a fluid dynamics
25 bearing motor, and
the first motor control device performs control

to increase the first current amount with reduction
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in temperature, and maintains driving of the spindle
motor at the rated rotation number.
8. A motor control system for a disk drive which
includes a spindle motor for rotating a disk medium
5 and a voice coil motor for a head actuator, the system
comprising:
a first motor control device which drives the
spindle motor at a rated rotation number by supplying
a first current;
10 a second motor control device which drives the
voice coil motor by supplying a second current; and
a controller which performs control to restrict
an amount of the second current according to increase
of the first current such that the total of amounts
15 of the first and second currents does not exceed
a maximum current capacity set in the disk drive and
including the first current amount and the second
current amount.
9. A motor control system according to claim 8,
20 further comprising a current sensor which senses
a current consumption amount of the spindle motor,
wherein
the controller performs control to restrict the
second current amount so as not to exceed a residual
25 current capacity, the residual current capacity being
obtained by subtracting the first current amount from

the maximum current capacity, according to a sensing



&109&' ()- F10%& ()-y 10%& ()- 10%& ()- 10%& ()-1 10%& ()-ddeDeyeeedEg\= 10z
f)@ov& ()- s' 10%& ()- %109& ()-#3109%& ()- !'2109%& ()-
10%&' ()-eef Rf zZfffdEg\ = 10z 4S10%&' ()-1 2109%& ()-| 010%& ()- .10%&k' ()-s-
10%&' ()-1 3+109%& ()-ff.gcgdgegfgnggbC 10z 10%&' ()-ml0%& ()- 10 10 10
F:f109%& ()-1 f810%& ()-ss6!10%& ()-ggg%/ h[ hnhdEbC 10z 3 10%& () -
MLO%&' ()-FZ109%&' ()-Ls10%& ()- | z109%& (). 109%&' ()-nhhh i.i]iidEbC 10z
F109%&' ()-L10%& ()- | 109%&' ()-yl0%&' () - 10%&'% "y10%& ()-iiij0jzjljdEbC 10z
Y+ 109&' () - |

result from the current sensor, when the first current
amount exceeds a specified value required to achieve
the rated rotation number.

10. A motor control system according to claim 8,

5 wherein
the spindle motor includes a fluid dynamics
bearing motor, and
the first motor control device performs control
to increase the first current amount with reduction in

10 temperature, and maintains driving of the spindle
motor at the rated rotation number.

11. A method of motor control for a disk drive
which includes a spindle motor for rotating a disk
medium and a voice coil motor for a head actuator,

15 the method comprising:

driving the spindle motor at a rated rotation
number by supplying a first current;

driving the voice coil motor by supplying
a second current;

20 detecting an increase in an amount of the first
current over a specified value to maintain the rated
rotation number; and

performing control to restrict an amount of the
second current according to increase of the first

25 current such that the total of amounts of the first
and second currents does not exceed a maximum current

capacity set in the disk drive and including the first
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12. A method according to claim 1, wherein
the controlling comprises controlling the second
current amount, so as not to exceed a residual current
5 amount, the residual current amount being obtained by
subtracting the first current amount from the maximum
current capacity.
13. A method according to claim 11, further
comprising:

10 detecting whether a temperature has changed to
be lower than a standard lower limit temperature, on
the basis of a sensing result of a temperature sensor
which senses the temperature; and

reducing the second current amount, if the

15 temperature detected in the detecting is lower than
the lower limit temperature, to reduce speed of the
voice coil motor to an allowable limit.

14. A method according to claim 11, further
comprising:

20 detecting whether a temperature has changed to be
lower than a standard lower limit temperature, on the
basis of a sensing result of a temperature sensor
which senses the temperature;

judging whether a low-power-consumption mode

25 of the disk drive is set, if the temperature detected

in the detecting is lower than the lower limit

temperature; and
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and increasing the second current amount if a
low-power-consumption mode of the disk drive is not
5 set, in the case where the temperature detected in the

detecting is lower than the lower limit temperature.



