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V'bratr chnical Field The present invention reHa? 0 a drsc
‘drive W@m Ilm whi ch a vibration danper is integrated IJ/N
danper vibration of a disc due to unbal ance of the drsc per
se. The di ¢6™M a nedium used in a CORAM drive apparatus or a CD-R drive
apparatus. This vibration danper allows the disc drive apparatus to
record/re in a stable manner. Background Art A data transfer
rate of amwmumlmmmmeLpparatus recordi ng/ reproduci ng dat a-enpl oyed in a

ROM or CD-Rdgd ve apparatus has recently become higher and higher. This
requires a disc to revolve at a q% s In general, many di scs have
uneven t hi ckness, which causes un ghee 1 trass of the disc. Wen such a
disc is driven at a high speed, the follow ng inconveni ences are produced:
Self vibration is produced by unbal ance force of the disc, and the
vibration travel s tpiQVpritd AppRadtat IaclwlinkVibradaba anpet be reproduced
in a stable manner) and the vibration yields noise as well as shortens the
service life of the notor. Wien the disc drive apparatus is integrated into

a conputer systenm) the vibration may travel to other peripherals and
adver sel YechinieadtFiehdm At a hi gher dat a- transfer-rate by spinning the disc

at a higher s'%ﬁed i.e. revolutions per mnute (rpm, the self-vi bratron
due to disc' abmeaﬁnta inyeg&iony a@lra»}e%mrtoegt étsc etla.apapa,m@om)Whmh
measur es have been proposed to ~a 2 cancel t nbal anc of
the di scvi ﬁ@ogm aﬂatesratAQprr \rl ﬁam Plogrneghy 8 vr%w ie
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Background Art

A data transfer rate of a disc drive apparatus—recording/reproducing
data—employed in a CD-ROM or CD-R drive apparatus has recently become
higher and higher. This requires a disc to revolve at a higher speed.

In general, many discs have uneven thickness, which causes unbalance in
mass of the disc. When such a disc is driven at a high speed, the following
inconveniences are produced: Self-vibration is produced by unbalance force of
the disc, and the vibration travels to overall apparatus, so that data cannot be
reproduced in a stable manner, and the vibration yields noise as well as shortens
the service life of the motor. When the disc drive apparatus is integrated into a
computer system, the vibration may travel to other peripherals and adversely
affect them.

At a higher data-transfer-rate by spinning the disc at a higher speed, i.e.
revolutions per minute (rpm), the self-vibration due to disc's unbalance is

desirably arrested. For that purpose, various measures have been proposed to



In Fig. 5 on main base 8 of the optical disc drive apparatus, the

follow ng el enents are arranged to function as described bel ow Spi ndl e
‘notof 2 spins disc 1. Photo pickup 3 reads data recorded | E’:y gmﬂ/rlte
data into disc 1. Photo pickup driving system5 conprises a ra

pinion. Driving system5 transduces rotétional notion of notor 4 into

| inear notion of pickup 3. Motor 4 is used for driving the photo pickup. At
this time, driving system5 noves plckup 3 in radial direction of di sc 1

Spi ndl e noto 4 i vi ng 5 are pounte sub-b
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t he appapat us av ase 6. Sub- e 6 is mounted to main
base 8 ?‘ﬂ%%&g}‘%’ c.;\&o 1@&%@9%&9 %"OPP@?? ?Wﬁﬁl REASYIES. 5ol ator 7 is
def or med, whi uces [ ant fr ne base e resagnant
frequency IS éefi'{)sgt ﬂgl \?@Paﬁéﬁ‘bﬁ ?}%f %\I’é'tepht?nﬁfe%ﬁwgogl%%oél i
driven afje ?“"m &.that the vibrations or shocks fromthe outside is
danped by |soegl[or n Fig. 6, ferromagnetic yoke 11 is fixed to
turntable 9) gy g4y @?@P&ﬁéc@w%%@ﬁrm&&&&ém&ﬂggmw%& dﬁfré’hpﬁaréi‘u%rrp 10

i ncor por at es nmagnet Disc 1 1s held by turntable 9 and anp 10 due to
magnet ahb{yigt h Wulheéererncam@l eheAidbAafce ok gedtrifugal! foree Wit fevolvidg then
with turntable 9. Polarized face 28 of magnet 271 is usually pol arlzed t wo
pol ari ti disc( NFigd6 is 4 Yatdral évodseectiorSobtiecsssentiphpart, ofaﬂnesdammappaﬁtgs 7)
for easy manufacturing as welt as due to a sinple application. On the other
hand, baFlgybisea teossedetion vﬂewed@gnéhectopmﬂumaw ediadaoesyd on

non- poI arized_face 29 of magnet 27 Bac f(g &pgshuts out | eakage .
magnetic fluxIRAGE Bt opman sedrize apparaius, Hae felowing ux
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agai nst %%ﬁﬁoﬁ\m Dr%)@ngfsyﬁeéﬂl W‘tr%ﬁ@&h@és SitatibAAl Arbtidnof fioforCo itd liRdar bal !
13 at position 131 revol ves. Ball position 132) on the other hand,

i ndi cat esnbtién lofpadkupn3.at MotbpWi 15 nged for dFivingtirephdtalgickap at Ap dkisttine, 132
is attracted to the inner wall of hollow annul ar section 14, i.e. the outer

wal | of rigviag Etem ) mavies pickwm 3dh ralyaledirestion ofidisoal. arpindbomutos 8s
clanp 10, balls 13) magnet 271 and back yoke 15. This bal ancer is nounted
on sub- basetes %aaddmng sysmmt%mmguaﬁedgpusnb tkasedfi.or 2. Sub-base 6 is
coupled to mal base |soI ator 7, As aIr
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unbal ance |s cance at a high rpmof ‘novenent o s 13
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i s descri ow t he unbal ance of disc 1 is cancelled at igh rpmis
al so descadthada hewer Tl ¢han |l rétaCidgRoddenseofdizeriadrigen iat Qhigt apm, sbe
disc is spun at a higher 17 J U N 2003 4 speed (in eight tinmes node, nax
ca. 4200 thmtjthiervibrattons or shocksafremdtiteroutsidesiseatamped by nsdlatordat a r ead

node. On the other hand, the disc is spun at a standard rate (ca. 200 - 500
rpm in an audlw Figa§, frrdemagsetiogtokeal higyfixedtoftorntahle 9, cudl twentableo® r pm

for audio play are jnterm ngled.
spins unitarily with spindle motor 2. Clamp 10 incorporates magnet 271.

Disc 1 is held by turntable 9 and clamp 10 due to magnet attraction between
magnet 271 and yoke 11, and is unitarily spun with turntable 9.
Polarized face 28 of magnet 271 is usually polarized two polarities (N and



When di sc 1 having unbal ance is spun at a high rpm unbal ance force, nanely
centrifugal force) acts to gravity center 17 of disc 1) an1 Zhj
‘actdirection revolves together with disc 1. This unbal ance fbr UNEQQ]B or s
isolator 7, and sub-base 6 vibrates at a rotating frequency of disc 1.
Since, the resonant frequency of sub-bgse 6 is set at a |ower |evel than
the rotating frequency of disc 1) the displacenent direction of sub-base 6
is always reverse to the direction of unbalance force 18. .As a result,
balls 13 housed novably in clanp 10 receive resultant force of centrifugal
force 195 poles sspairyms showeia Figr Gnfore¢dsy2f anofadtucingas iveell asadve to ged.
This resultant fqrce functions as nmpving force 22. Balls 13 thus nove away
from vi b¥imnleprmisasionn 3 Qmdhe pither thand, thaskryake 1pemedecofdferzemagnetic

unbal ance force 18.. Finally, a total, s of balls 13 gathered_at ball
posi ti onSukstangee E%@%Oﬁﬁé Meaw&iweﬁmeaa%ﬁmamt 2 1 Back-yoke 451 ow
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woul d i“Eéﬁpﬁ%r@ﬁ&ﬁﬂg%etwbéeﬁemrﬁf)fm%idf\ﬂ‘ﬂ%ﬁbfbcg.s to balls 13. For avoiding
this problem balls 13 are to.be made of magnetic substance, and balls 13

are urged to Hellew wanul2b settiongidtof2dlangndl®amisomakedatesby plirality nef

| eakage magnetic flux 24 of magnet 271 or magnetic flux 25 travelling 17
J U N eoppvabloballs|18r (singlehedbpasition 13k k13%) kemdl 6nwasdamasdaibf magdtic 13
are rested at ball position 132 at a_|ow rpm thereby preventing the noises
from bei Aubsf@nseat eé)allmtt@n, 184 indicatasy dbst ilecationstatua thighditpons sadl
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ata nust De playe ack right after this change. i scussed previously,

bal I's 13 oater wallest hagnet 27 € byodttiitddvofamaghat 236Ct The bkdarédt cibprises
unitarily with clanp 10 so that the unbal ance of disc 1 is cancelled at the
hi gh r pmcldaiapeife ballsHSn mdpnet @74t amdbagegdké ABer THio balariceeis spaettedt dre
centrifugal force applied to balls 13 decreases. Then balls 13 are

at t r act edubchangt@viagdist 12 untable® endspindletmotaakagBubdasett is daupled fo of
magnet 271 as_wel| as gﬁgneti c flux 25 travelli ng_jgfrom pol ari zed face 28 to
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high rpmto the 3 are difficult to be attracted to outer
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force 19 applied to balls 13 substantially decreases. As such) in the case

t hat nor rilustietes ilow ahd ahbalamicghisr panceliedt B¢ dighorphavf stisd ts hyushe

after the data-read, the characteristics of balls 13 - difficult to be
movement of balls 13 housed in clamp 10.

A status of balls 13 at a low rpm of unbalance disc 1 is described, and how
the unbalance of disc 1 is cancelled at a high rpm is also described hereinafter.
In a CD-ROM drive apparatus, in general, the disc is spun at a higher



17 J UN 2003 6 released fromwall 20 and difficult to be ajtracted to wall
26 allow balls 13 to be attracted to wall 26 after the audih fia)ldN-PB08s
‘bei ng read. The shock by the attraction travels to disc 1, and nay cause a
read-error. Wien a disc start spinning, nanely at the spin-up, balls 13
won't be released fromwall 26 because 4f great |eakage magnetic flux 24.
When the rotating speed reaches to highly enough level, balls 13 are

rel eased fromwall 26 and crash to wall 20, the shock becones greater at
the higher speed, As a result, this crash nmay cause defectives such as
exceedi nepeeds@n eight fmes move anax 0aecd200 rpw) inveder tnincreags datandransfernt i on

addresses the probl ens di scyssed ahove _and ains_to,cancel unbal ance
ef fici enkatg 1Byt%ﬁ ‘Fﬁazﬁeﬁé mﬁaece a#eugtherf the dise is spun atig standgrdwher e
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section; magnetic subStances housed I'n tHe hoI?‘gw annul ar secti on;

magnet i c diieaeEoat sévoless degethat i withalisetl.c Thisk uMbiatiing fores 18 86foting

magneti ¢ substances through el ectric-nmagnetic transducing; and a controller

f or cont isolaford7,eamdsulpbasé Govibrftesnstga evtatine feguieacy of kisc 31 r Sircerthe
allows the controller to control, responsive to the need, the intensity of
magnet i crésaxantuwfieqheney rafcsub-hage reetisised aha heyertevelstivan dheerotating J U
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clamp 10 receive resultant force of centrifugal force 19 and resistant force-21
from wall 20 to which balls 13 are urged. This resultant forcé functions as
moving force 22. Balls 13 thus move away from vibrating center 23 and collect
in the right reverse direction to unbalance force 18. Finally, a total mass of
balls 13 gathered af ball position 131 at the high rpm cancels unbalance volume
of disc 1.
In a low rpm area including a standard rate, centrifugal force 19 of balls
13 decreases, which cannot keep urging balls 13 onto wall 20. Balls 13 then
become unstable, so that various noises are generated such as rolling and
sliding of balls 13 on the walls within clamp 10, and collision between balls 13.
In the low rpm area, if the unbalance force is negligible small and
centrifugal force urges balls 13 against wall 20, the unbalance force would
increase because the centrifugal force acts to balls 13.
For avoiding this problem, balls 13 are to be made of magnetic substance,
and balls 13 are urged to outer wall 26 of magnet 271 and back yoke 15 by
utilizing leakage magnetic flux 24 of magnet 271 or magnetic flux 25 travelling



The controller can continue swtching on/off the magnetic generator

intermttently so that when the rpmis changed tom | ow t y fter
"t he 'change and when the rpm becones stable) the magneti 001 WmﬂW@ﬁUg

attracting and retaining the magneti c substance can be switched off. As a
result) read-errors are reduced as wel l6 as the power consunption of the
magnetic generator is |lowered. Brief Description of the Drawngs Fig. 1is
a lateral cross section of an essential part of an optical disc drive

Pvent i OROTEPQlArEedotaze 2y b BRCI YOS 15 ARG ror b Al herareped: Aopadn
erbod mePRSIOPR 1 B BOG T AF DT qTG g the HOIBRCRRILP BYERREHAEEk  at i ng
the. appar at us B0 ey R enbBhal RurRitl BsmesdadBnio dhesbmanbe therg.
of & di cisoxffie nigtibbrifich dRe SSRGS CHABBAF Meh ot g Fbm S ke o1 m
of pul sefpﬁp,ﬁléﬁﬁv he el ectromagnet. Fig. 5 is a perspective view of a

conventional optical disc drive apparatus. Fig. 6 is a |lateral cross

section of anAegigenbitdl lqadeditood CD-ROM dalvedifardtny endfias aovmalalbtay a
conventional bal ancer. 17 J U N 2003 s Fig. is a cross section viewed

f rom t heidtepmihgledewitd andio dafet aWhend &edcai distds playéd daeky ¢hie mdradilnent s
Exenpl ary enbodi nents of the present invention are denonstrated hereinafter

with ref datmare read at thedighanyi agd dhenithgapny i clangedatopther staBdipod ioment )
to play back the audio data. In other words, there may be a case, where the

disc is spun at the high rpm and suddenly the rotating speed is changed to the
low rpm, then the audio data must be played back right after this change.

As discussed previously, balls 13 are urged to wall 20 of hollow annular
section 14 and spun unitarily with clamp 10 so that the unbalance of disc 1 is
cancelled at the high rpm. However, when the rotating speed lowers to a given
speed, the centrifugal force applied to balls 13 decreases. Then balls 13 are
attracted to outer wall 26 and yoke 15 due to leakage magnetic flux 24 of magnet
271 as well as magnetic flux 25 travelling from polarized face 28 to back yoke 15.
Yet, polarized face 28 of magnet 271 is polarized two polarities, and in the case
of the two polarities, leakage magnetic flux 24 becomes greater while the density
of magnetic flux 25 becomes smaller. Because of this characteristics, balls 13
are difficult to be released from outer wall 26 of magnet 271 when disc 1
undergoes the change from a low rpm to a high rpm. On the contrary, when
disc 1 undergoes the change from the high rpm to the low rpm, balls 13 are
difficult to be attracted to outer wall 26 because balls 13 won't be released from
wall 20 unless centrifugal force 19 applied to balls 13 substantially decreases.

As such, in the case that normal data is read at a high rpm and then audio
play starts just after the data-read, the characteristics of balls 13 —difficult to be



Fig. 1 is a lateral cross section of an essential part of an optical disc
drive apparatus in accordance with the first exenplary enbodi nent of the
‘present invention, and shows a case where an el ectromgn%?yﬂhﬁzﬂn d at a
fixed place of a spindle notor. The el enments, shown in Fig§.' ¥ t he
same functions as described in the conventional case bear the sane
reference marks. - The disc drive apparatus used in the first enbodi nent
differs fromthe conventional one show®in Fig. 6 in the foll ow ng points:
Magnet 271 is smaller than the conventional one, and is disposed to a
turntable. Canp 10 has yoke 11, and yoke 11 faces magnet 271 via space.

D oc . UBIORk BB S0ANH BTN Vs haRkEd o Al e AR T B i
el ect I Caffaonad hG AR Wi he i LAt SR pefif YBRA! PRSI b3 Ctnk

When the 1pm di sC 1 changes, 'S reduced,

wher eby AraBHioRQFLISes W8N 1 bahd s cansk hhgadeitoro! ol I'ow annul ar sect i on

14 as well as read-errors canh be arrested. The structure in accordance with
the first enb§dhernd disc deirtishiinidg, marBbly enadet §piht-gp, ballsnl Fiwon't)ber
spindle notor is so called "outer rotor type", i.e. rotor 33 is disposed
out si de mdleased Hidm Reallr 28 bevadsewfogredtdeakade snagnetic dlux dgeWhmn e h
turntable 9 and clanp 10. El ectromagnet 272 is shaped in a hoIIOM/cYIinder,
and fi xerbtating spped reachics toi ighly enosghievelzballglldcancawtansed fom wallpdner ed
fromthe power source of the nmptor via | ead-wre 35. 17 J U N 2003 9
Cancel i n@ng waashigl wialk 205 thegwpka ecpMeas gteatar @ither higheresaned. mBta i s
dennnstrate? ereiqg{ter. When q%Sﬁ 1 hayvj ng unbal.ance spins at a high rpm
cent ri f uERstily BRis£Tash maycaHs dgtestveR stieh a5 §XEReHINS #SRIUP 1M s on bal | s
13, so that balls 13 are urged against outer wall 20 of

hol | ow- annul ar-section 14 of clanp 10 (status shown by ball position 131).

Then bal e tRnfignect i on opposite to unbal ance direction of disc
1, and s o%éléﬁﬁ%' %ﬂé}{&e V\hél(réiednt he unbal ance force is canceled. Balls 13 are

spun uni taril ThY presehf iy ertionvaddrdses ige ﬁmbﬁle@mﬂi@‘usgéé%b%%{&ﬁhﬁg-
When disc 1 changes its speed fromthe high rpmto a | ow rpm such as for
audi o plteycancehuinbalaget dfficieamtliObpattiliving théekhtrifligati forceasfisallsTaus high! s
13 are released fromouter wall 20 and adhered to the inner wall of hollow
annul ar rpaetwiherelthe(yunbalance ledvndise teaielpas it prablam2 \Thepresedt iinventidwck
diagramillustrating a structure including a controller for controlling an

el ect r orélg@@imsstedprevent npses drori keingr genrerapgch byt testing thecbadant @ low h
cont r o 1o ABEMIdB i adioTHaY 4HONer JURLIGE (66 mreayt B eniidh poaRideR &r 41
tarus ofistriithe rufeafls 8% Rord Bl SFvsty sl 185 ‘G66 MdRt ot se
gener at %’ud%ljepsgf’#{geoﬁoﬁi %bighgﬁj%ﬁ?qbéﬁé‘ﬁ 5 N QY g & ?{égb from CPU 42 and

outputs a pu tage re _ _ een va (pu! se width
modul ation) t oTKaIB{RHrive HPP&&itﬁQof'tl‘ié’ tdseff intéritioH Eoﬂ@ris‘é@%&%llbﬁfiﬂg‘“ se
voltage fromcontrol circu 43, and supplies current responsive to t
on-of f dymeatse! ect romagnet 272. As such, the power responsive to the
nunber of rotations of notor 2 is supplied to el ectromagnet 272. This
structure al | ows addadancamiing wetita?ily spmnsingavith\mdiscmmlsldmxtm%m héllowgh t he
foll ow ng procedure: Wien CPU 42 detects that the nunber o 17 J U N 2003
10 r ot at iamilarssaetieon; st abl e after disc 1 changes its rpmfromhigh to |ow,
control circuit 43 instructs to, stop, sypplying the power to el ectronagnet
272. Al sdnagnetiesyhstapaes ouﬁiwmﬁh@ﬂowwu%@weqm ance force) there

{'ﬁiysbﬁagg?aiﬁ 2‘355;@&’%“*’?%&98@%'@ AR s es Dnaehle é&%ﬁégwgﬁmﬁr
the vi br i ael PR BRERn lorireEhloBRRN bab ettt 80Tl e
struct ure uesbriyildhfor Cohiol FHR AR Tt HdrfiHhe ShEGAEATBOREIatG AHiS

structure allows the controller to control, responsive to the need, the intensity

of magnetic field which attracts and retains the magnetic substance,



be di sposed on the notor side under turntable 9, so that the power source
to the notor al so powers el ectronagnet 272. As a result, a | e i Aring
‘to magnet 272 can be shortened. Further) a bal ancer havi ng%?nﬂﬁ&i%i s
coupled to an end of notor shaft 34, so that eccentricity of shaft 34 can
be reduced. (Second Exenplary Enbodimenf) Fig. 2 is a lateral cross section
of an essential part of an optical disc drive apparatus in accordance with
t he second exenpl ary enbodi nent of the present invention, and shows that an

11 ust r dgegohy sestrobbig She Tonangrot BFe sisr fods Turely o1 &e ottt Shosks oy om
o e T Sl Pt OO b g AR, O SRR R B e

i g prgdeab(t, AR AR BRERERYERa Ler ot A the ChdBhL bh &l dpuf s3u°Ge " °
vol t age wayREREIN freﬂﬂ‘éeé ul ses applied to the electromagnet. In Fig. 2,

clanp protective plate i s disposed over clanp 10. Cylindrical

el ect r omagnet TRéE2¢drftrbll &€ &ahO cantigwer s@vﬁ%ﬁjﬁ otl/GPEHY h &St dt¥e gehbstor 17 J

UN 2003 11 31 with screws (not shown). In is case, lead-wire 35 for
power i ngirteeslttontigrset that avhen the agni ioohahedfivrl 160 #6 teglof andaftepithd! e
notor or the apparatus to the magnet by running the | ead-wire on or inside
of top ptlargsandiwhér thewpimbecmmles stabbe,thetmaghetic field for3attratiivgy end t he
driving section of the conventional spindle notor as well as the _turntable
i s not neel@dmingothemagaeticsgpbstangeean be syatnhed offis cAs arrasudts read-girars
advant ageouslé used. The secpnd enbodi nment djffers, fromthe first .
embodi meA¥e 'R Pﬁ%ﬁf s Velli &8 1BSi Power waRsuUmPHigR,aF the magnetie gengratordsdi sc
changes, ythe on-of f duty of pulses applied to el ectromagnet 272 i s changed
in propoh‘?"%rﬁ3 o the nunber of rotations, whereby centrifugal force 19
applied to balls 13 can be controlled. This prevents or eases balls 13 from
crashing to the inner or outer wall of hollow annul ar section 14, so that

read-err ﬁrfefciy@séribﬁﬁi‘ﬁfﬂfe Bi‘ﬂwli’lﬁgé” evented nore effectively In Fig. 3, CPU
"put om FG pu

42 receives an ou r G e generator 41 and determ nes the present
status, i.e. (g MiehNhaterhherdbssection dfianesssehtihpatOsf 41 optic) died dized
fromthe lowto the high rpm or (3) changed fromthe high to the | ow rpm
Based on apipardtiseimi avgordamcecwith @ fost exemplarye embaliment ofhtloé fprdsent of a
pul se applied to el ectromagnet 271. In other words, as shown in Fig. 4A
when CPUdpentaemi ves t he out put from pul se generator 41 and determn nes that
the status is_in the change fromthe lowto the high rpm control cjircuit
43 gradual |y WigeRds adates ﬁéqssafcapntqf@qoeﬁsgéh@bpmwp a® optigal &éﬁﬁ’g’ﬁ’@( 271
in proportion to the increase rpmof.nmotor . 2. Balls.13 th noves to the
out bt _nalAPPGRabE I SPGB GFR & BEETh SHATNE RRpoRiTianh ot JbR eI
sound byiﬁ{,gﬁﬁoggai nst the wall of section 14.

Fig. 3 is a block diagram illustrating a structure including a controller for
controlling an electromagnet used in the apparatuses in accordance with the
first and second embodiments.

Fig. 4A and Fig. 4B illustrate time-dependent changes of a number of
revolving of a disc, and the corresponding time-dependent changes of voltage
waveform of pulses applied to the electromagnet.

Fig. 5 is a perspective view of a conventional optical disc drive apparatus.

Fig. 6 is a lateral cross section of an essential part of an optical disc drive

apparatus having a conventional balancer.



On the contrary, as shown in Fig. 4B, as for the change fromthe high to
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a hi gh r pppavatud mwaceondahieetwith! the fipsh exelaptauyhembofiinent ofittiecpydsayt t he
disc driving apparatus can arrest noises. Further, the disc drive apparatus
can el i mimventiehond shows tacaseashers a1 eleottamagaetist dispesadnatea finedplage

wal | of a_holl o annul ar section when the rpm suddenly changes, so that
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built in the disc drive apparatus allows the apparatus to cancel the

unbal ancellatanzbyoké 1 fahes diagned2ievia sisace: r d3isc rleisdhadrietsvesn danimidfe of
rpmor a spin-u

P axllod tur%table 9 by the attraction between magnet 271 and yoke 11.

Electromagnet 272, i.e. a magnetic generator by electric-magnetic transducing,
works to cancel the unbalance of disc 1. When the rpm of disc 1 changes, the
self-vibration of disc 1 is reduced, whereby crash sound between balls 13 and the
wall of hollow annular section 14 as well as read-errors can be arrested.

The structure in accordance with the first embodiment is detailed with
reference to Fig. 1.

In Fig. 1, a spindle motor is so called "outer rotor type", i.e. rotor 33 is
disposed outside stator 32. Rotor 33 and motor shaft 34 spin disc 1 together
with turntable 9 and clamp 10. Electromagnet 272 is shaped in a hollow
cylinder, and fixed to supporter 12 linked to stator 32. Electromagnet 272 is

powered from the power source of the motor via lead-wire 35.
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subst ances through el ectric-magnetic tr&nsducing; and a controller for
controlling an output from said nmagnetic generator. 2. The disc drive
apparatus as defined in Claim1l, wherein said controller controls said

magneti c generator_ to continye generating nmagnetic flux intermtiently. 3.
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to a clanp protective plate disposed over said U np .
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further conprising a turntable and a notor for rotating said turntable, the
di sc and wibalahed diveetionniftdise [1y anidt stopaxtha plimy whebe the mndail shoefpred is
generator is disposed in said notor. - - .
canceled. Balls 13 are spun unitarily with clamp 10, whereby the unbalance of
disc is canceled. When disc 1 changes its speed from the high rpm to a low rpm
such as for audio play, centrifugal force 19 acting on balls 13 decreases. Thus
balls 13 are released from outer wall 20 and adhered to the inner wall of hollow
annular section 14 (status shown by ball position 132).

Fig. 3 is a block diagram illustrating a structure including a controller for
controlling an electromagnet used in an optical disc drive apparatus in
accordance with the first embodiment.

In Fig. 3, the controller comprises e.g. CPU 42, control circuit 43 and
current amplifying circuit 44. FG pulse generator 41 counts a number of
rotations of spindle motor 2. CPU 42 determines the status of the number of
rotations of motor 2 based on an output from pulse generator 41. Control
circuit 43 receives a control signal from CPU 42 and outputs a pulse voltage
where on-off duty has been varied (pulse width modulation) to current
amplifying circuit 44. Circuit 44 receives the pulse voltage from control circuit
43, and supplies current responsive to the on-off duty to electromagnet 272. As
such, the power responsive to the number of rotations of motor 2 is supplied to
electromagnet 272.

This structure allows electromagnet 272 to save power consumption

through the following procedure: When CPU 42 detects that the number of
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Further, a balancer having some weight is coupled to an end of motor

shaft 34, so that eccentricity of shaft 34 can be reduced.

(Second Exemplary Embodiment)

Fig. 2 is a lateral cross section of an essential part of an optical disc drive
apparatus in accordance with the second exemplary embodiment of the present
invention, and shows that an electromagnet is disposed on a protective plate of a
clamp.

Fig. 4A illustrates time-dependent changes of a number of rotations of a
disc from a low rpm to a high rpm, and the corresponding time-dependent
changes of voltage waveform of the pulses applied to the electromagnet. Fig.
4B illustrates time-dependent changes of a number of rotations of a disc from a
high rpm to a low rpm, and the corresponding time-dependent changes of
voltage waveform of the pulses applied to the electromagnet.

In Fig. 2, clamp protective plate 31 is disposed over clamp 10.
Cylindrical electromagnet 272 is fixed to a lower face of clamp protective plate
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""" éléctromagnet 272 1s wired from the power source of the spindle motor or the
apparatus to the magnet by running the lead-wire on or inside of top plate 30 of
the housing and clamp protective plate 31. However, the driving section of the
conventional spindle motor as well as the turntable is not needed to be modified,
therefore, general-use components can be advantageously used.

The second embodjpent differs from the first embodiment in the
following points: When a number of rotations of the disc changes, the on-off
duty of pulses applied to electromagnet 272 is changed in proportion to the
number of rotations, whereby centrifugal force 19 applied to balls 13 can be
controlled. This prevents or eases balls 13 from crashing to the inner or outer
wall of hollow annular section 14, so that read-errors due to shocks can be
prevented more effectively.

In Fig. 3, CPU 42 receives an output from FG pulse generator 41 and
determines the present status, i.e. (1) whether the disc is driven at the low rpm,
(2) changed from the low to the high rpm, or (8) changed from the high to the low
rpm. Based on the determination, control circuit 43 controls an on-off duty of a
pulse applied to electromagnet 271.

In other words, as shown in Fig. 4A, when CPU 42 receives the output
from pulse generator 41 and determines that the status is in the change from
the low to the high rpm, control circuit 43 gradually widens the on-period of the
pulse applied to electromagnet 271 in proportion to the increase of rpm of motor
2. Balls 13 thus moves to the outer wall of the hollow annular section 14
smoothly without generating sound by crash against the wall of section 14.

On the contrary, as shown in Fig. 4B, as for the change from the high to
the low rpm, control circuit 43 gradually narrows the on-period of the pulse
applied to electromagnet 271 in proportion to the rpm of motor 2. Balls 13 thus
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move smoothly and are stably adhered to the inner wall of the hollow annular
section 14 without generating the sound by crash against the wall of section 14.

As such, in this second embodimen\t, the shock generated by moving the
magnetic substances between the inner and outer walls of hollow annular
section 14 can be damped responsive to the change of the rpm of the disc.

The substances used for balls 13 are iron, nickel, cobalt, or alloys
incluciing these respec’pi\%e elements, or other ferro-magnetic-substances
comprising oxide substances. Any materials having magnetic adhesion
characteristics are usable. The shape of the magnetic substance is not always a
ball, but any shapes as far as it has a curve can be usable. These substances of
any shapes having a curve can arrest shocks and sound including the rolling
noises, crash noises between the ball and the clamp, slidé noises, and the like, so

that errors including a read-error and out of control can be substantially

reduced.

The disc drive apparatus of the present invention allows a disc having
unbalance in itself to record/reproduce data in a stable manner from a high rpm
to a low rpm. In the low rpm mode such as for an audio play, the disc driving
apparatus can arrest noises. Further, the disc drive apparatus can eliminate
shocks due to crashes of balls against the inner or outer wall of a hollow annular
section when the rpm suddenly changes, so that errors including a read-error

and a spin-up time over can be prevented.

Industrial Applicability

The present invention can be utilized in a disc drive apparatus such as a
CD-ROM drive apparatus, CD-R drive apparatus where data is recorded/

reproduced to/from a medium, i.e. a disc.
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having a hollow annular section and unitarily spinning with the disc, magnetic

substances housed in the hollow annular section, a magnetic generator for
generating magnetic flux coupling with the magnetic substances through
electric-magnetic transducing, and a controller for controlling an output from
the magnetic generator. This vibration damper built in the disc drive
apparatus allows the apparatus to cancel the unbalance at spinning the disc as

well as arrest read-errors at a change of rpm or a spin-up.
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CLAIMS

1. A disc drive apparatus comprising:

“y5y 1096& () -

a balancer for unitarily spinning with a disc and having a hollow annular
section;

magnetic substances housed in said hollow annular section;

a magnetic generator for generating magnetic flux coupling with said

magnetic substances through electric-magnetic transducing; and

a controller for controlling an output from said magnetic generator.

. The disc drive apparatus as defined in Claim 1, wherein said controller
controls said magnetic generator to continue generating magnetic flux
intermittently.

. The disc drive apparatus as defined in Claim 1, wherein said controller is
operable to change power supplies to said magnetic generator responsive to
revolutions per minute (rpm) of the disc for controlling the attraction between

said magnetic substances and the magnetic generator.

. The disc drive apparatus as defined in Claim 1, Claim 2 or Claim 3, wherein
said balancer comprises a clamp having said hollow annular section, and said
magnetic substances have a curved outer surface.

. The disc drive apparatus as defined in Claim 4, wherein said magnetic
generator is mounted to a clamp protective plate disposed over said
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Claim 3 further comprising a turntable and a motor for rotating said turntable,
the disc and said balancer unitarily with each other, wherein said magnetic

- generator is disposed in said motor.



