20 JUL 2005 DI SK DRI VE AND CONTROL METHOD THEREFOR TECHNI CAL FI ELD The
present invention relates to a disk drive for reproducing or recording

i nformati on on a disk-like recording nedium (disk) and to its control

met hod. BACKGROUND ART In recent years, the rate of data transfer is nade
hi gher in disk drives for recording or reproduci ng data, such asCIVIRZNG
drives, DVD-ROM drives and CD-R'RWdrives. In accordance with this trend,
it has becone absolutely necessary to rotate disks at high speed. Mny

owi ng 10 Uneven t hi cknDdSRoPRIRE Pe CONIROks MERDo e BB ke ors of
gravity). If such a disk is rotateg at 5&@? speed, the inbal ance force of

the disk acts significantly and c Th. The vibration is
transmtted to the entire disk drive, thereby making stable data recording
and reproduction i nposSPBI RTEFEPEalRY RREROR sEe b 5. £ & e idgriats &iPT 1 n
-addition, the vibration shortens the life of its notor., Furthernore, in
the case wh&PHIEIRFING §r TeCPEIiRG; FRLPHIACEAR & dlehelikBrertoiing
transmtted to other_  peripheral devices and adversely affects them For
thi s reason™ediyy; (Gifdh RE £ 13 ForETOtafedPd by rotating a disk at
hi gh speed, it is absolutely necessary to restrict vibration owng to the
i mbal ance of the disk. 2 0 JUL 2005 2 -

BACKGROUND ART

In récent vears, the rate of data transfer is made
higher in disk drives for recording or reproducing data, such
as CD-ROM drives, DVD-ROM drives and CD;R/RW drives. In |
accordance with this trend, it has bécome absolutely necessary
to rotate disks at high speed.

Many disks on the market are unbalanced disks having
an offset in mass balance owing to uneven thickness oxr the like
(disks with offset centers of gravity). If such a disk is
rotated at high speed, the'imba;ance force of the'disk acts
significantly and causes vibration. The vibration is
transmitted to the entire disk drive, -thc.areby making stable data
recording and reproduction impossible and causing noise oﬁing
to the vibration. In addition, the vibration shortens the life
of its motor. Furthermore, in the case when the disk drive is

" built in a computer; the vibration is transmitted to othexr
peripheral devices and adversely affects them.

For this reason, in raising the rate of data transfer
by rotating a disk at high épeed, it is absolutely necessary

to restrict vibration owing to the imbalance of the disk.



Vari ous neasures have been taken to cancel the inbalance. <Explanation of
FIG 29> A conventional disk drive capable of canceling an inbal ance and
havi ng al ready been applied by the applicant of the present invention wll
be described below. FIG 29 is a view showing a disk drive havi ndlaJUL 200%
conventional bal ancer. The bal ancer of the disk drive showmn in FIG 29 is
provided with a ring-shaped hol |l ow sectign 4 and can rotate integrally
with a disk 5 | oaded into the disk drive.” I'nside the ring-shaped hol | ow

section 4, phifahs ARABELLS RabbSpled! EalBNARLY AGCANMRIA S ARG de

ri ng- shaped ection IS made coaxi al w efro on center

shaft 3 of Spi r T ri ng-shaped holl ow section 4 is forned
i nside a c|§%§§?b§gk§ﬁgnkgep Fékgg>is hel d between the clanper 6 and a
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conventional balancer. .

The balancer of the disk drive.shown in FIG. 29 is
profideﬁ with a ring-shaped hollow section 4 and can rotate
integrally with a disk 5 loaded into the diqk drive.

Inside the ring-shaped hollow section 4, plural
magnetic balls 1 are movably accommodated, and.the:ring-shaped
hollow seétion 4 is made coaxial with the rotation center shaft
3 of a spindle motor 2. The ring-shaped hpllow section 4 is
formed inside a clamper 6, and the disk S is held between the
clamper 6 and a turntable 7. The external pé:r:ipherai face 9 of
the magnet 8 built in thé c;i.amper 6 constitutes the internal
peripheral wall of the ring-shaped hollow section 4. |
<Explanation of FIG. 30> |

FIG. 30 is a view showing anocther disk drive having
a conventiénal balanceri

The balancer of the disk drive shown in FIG. 30.5-.5
provided with a ring-shaped hollow section 4 and can‘rotate
integrally with a disk 5 loaded into the disk drive.

Inside the ring-shaped hollow section 4, plural

magnetic balls 1 are movably accommodated, and the ring-shaped



hol | ow section 4 is made coaxial with the rotation center shaft 3 of a
spindle notor 2. The ring-shaped hollow section 4 is fornmed under a
turntable 7 on which the disk 5 is mounted. The external periphery of the
rotor nmagnet 19 of the spindle nmotor 2 for driving the turntabl ey 005
constitutes the internal peripheral wall of the ring-shaped holl ow secztlon
4. <Explanation of FIG 31> FIG 31 is a flowhart of a general spin-up
process carried out at the tinme when t‘he3d15k drive having the bal ancer

s started. criptions of the presen ecification and c|ains,

"a spin-up &Dgt?é’gsse BV 4a$r’8?:‘8%§¢i &r?‘ﬁ%o‘“&ﬂ‘th’?\ "te}?&e&eﬂ"%ﬁtf rom
the tinme when po uppl i ed newd sk | oaded into the dis

drive to thgj ﬂpfnﬁ dﬁﬁeRBFQE gri \?'E'h aJE?q’&?r%@aP?l@o}r‘%%PUnsﬁéEb?Heﬁ %ﬁl t he
di sk, otherf_:qgr%I p03|t|ongl i.n rratlon fqr the first time. When power is
supplied.to i URAGF ]/ &1 £0 1 h Shej dipbandes Mo tede dFR%
"drive, step F291 is cartied O‘ﬁ“itj At ste F291, initial settlngéls carried
out. The . i fPteal cPETRBNERE | U dd e F?é’tP FREPPE ALY B dhea FRipgirtneteHf

an optical pickup_ and_ the adjust ment _of _the power and the like of the

seni conduct &pgfrlgfmﬁh@hﬁp PEﬁFaBF-Ek@pcoﬁﬁélﬁﬁﬂ:%althﬁl ef§T8f1t he di sk
drive is m)ved 1 raaf %ﬁit a?l e of contents) .area_|l ocated near the

i nner nost  p&&EP Fhﬁnﬁlpﬂcﬂ}ﬁpﬁs Roldeyr 86G oM & -of di sk

| nfor mat On'<E2 ga%glfl(%gng éIG 31>

FIG. 31 is a flowchart of a general spin-up process
carried out at the time when the disk drive having the balancer
is started.

"In the descriptions of the present specification and
claims, "a 5pin~up process" means a process that is carried out
in the period from the time when pow‘er is supplied or a new disk
is loaded into the disk drive to the time when the disk drive
acné.[uires infoﬁnation recorded on the disk, other than positional
information, for the first time.

When power is supplled to the disk drive, or when a .
new disk is lcaded into the disk drive, step F291 is carried
cut.

At step F291, initial setting is carried out. The
initial setting includes the initialization of the position of
an optical pickup and the adj{lstment c_>f the power and the like
of the semiconductor laser of the optical pickup.

The optical p:_i.ckup of the disk drive is moved to a
TOC (table of contents) area located near the innermost position

of the disk and including a recorded table of disk information.



Furthernore, the | aser power of the optical pickup -is initialized. First,
the value of the | aser power and the position of the focus |lens of the
optical pickup at the time when the disk drive was driven Iast are set as
initial setting values. These values are stored in the built-

nonvol atile nenory of the disk drive. Next, the current of the |%24U12@5
adj usted (power calibration) on the basis,of the output signal of the
power nonitor photodiode built in the |aser so that the output power of

the | aser beconmes apprpartAkemoMext that 18560 Fdder é@seteldéﬁhtcals p%kh
to the disk via the object iens of the optical pickup, he type o the

di sk s idend fiipget iGN ithes bagiis-«af, e aksldls \»t@teuqa%fezt BRweManat £tk the
light reflected fromthe disk. In’addition, the spindle notor is driven at

a constant %Qldagen aFd tilie fRa tudes &f ﬁﬂ?&? dﬂﬁéélaﬁ%ﬁd}? A $hel Time

determ ned On the basis of the change at that ti e rotatlon speed

of the di skynW ther ARER, atheeSizs Sfiddie Sl%s%kak% Qetewﬂ?&dlﬂetl LReLhagl s

of the magnitude of the inertia of the di At step F293, adjustnents~are

carried out (L, dde THALEOUS 1RAL aeeteersscoefeat he Etlhe%tfﬁtm 0L W o&stetgd to

the optical pickup, such as an anal og signal processor (hereaftter

erred 1o asmefiely) AN Ui ad:ﬂenatqe&rtocecﬁe%u&%ma Sralany &%egteﬁsto

as "DSP'). By thé adjustments, the information on the |sk I's ready to be

read proper LAl e ¢80t cal I8raki Bl Cofi a3 1GOREr AL ¢fhsfid Baknak he

disk is rotated synchronously at a predetermned rotation 10JUL1005 speed.
of the power monitor photodiode built in the laser so that the

output power of .the laser becomes appropriate.

Next, at step F292, laser 1light is emitted to the disk
via the object lens of the optical pickup, and the type of the
disk is identified on the basis of the absolute value of the
amount of the light reflected from the disk. In addition, the
spindle motor is driven at a constant voltage, and the magnitude
of the inertia of :the disk .is dete:r:mineti on the basis of the
change at that time in the rotation speed of the disk.
Furthenuo:e, the size of the disk is determined on the basis
of the magnitude of the inertia of the disk.

At step F293, adjustments are carried out for the
various parameters of the electric circuits related to the
optical pickup, such as Ia.n analog signal processor (hereafter
referred to as "ASP") and a digital signal processor (hereafter
referred to as "DSP"). By the adjustments, the information on-
the disk is ready to be read properly.

At step F294, the spindle motor is controlled so that

the disk is rotated synchronously at a predetermined rotation



At step F295, the position of the optical pickup is finely adjusted, and
seek operation is carried out to the lead-in position (the initial
position of the information) of the TOC information on the disk. At step
F296, the optical pickup reads the TOC information recorded on the disk.
After this, the optical pickup is generally made on standby at the
2-second position of the absolute address in the user data area,zbhjﬁ[eba/
being set in a standby state to wait foP a command fromthe host*¥| 2005
di sk drive having only the reproduction function in a constant rotation
speed node FH?Fgafter referred to as a "CAV node' (constant angul ar
velocity node)), the centrifugal force applied to each of the nmagnetic
balls 1 is nearly condttafteP f<PRe Flé?lg%o&&frﬁrf I (the PROLEPHPR™R 3 o
t he out er nost Reri hery of the di sk in one rotation speed node. Even if
the disk dffipe Hﬁ‘{)ibﬁlyﬁéil' 20E £ENCRPERH B dEsCaT Rbediof et R the 1a5ddken
the highest rotation speed and the | owest rotation speed is not so |arge
i n gener al . PR§1&1PBs(FRe IhetthmaFiigian ofr tbe ApHPreatisny nef el did
ball 1 is within a constant. range, For this reason, a relatively proper
bal ancer ef-F@@PméFleﬁnOBet%ﬁtﬁgﬁEd by-the configuration and processes in
accordance with the conventional exanple. Furthernore, even jn. a disk
drive .having a constaftt FGeRed?Afel J&i& PRIIFEEY MR FHea%t étreedOo as a
"CLV node" _(constant linear _vel oci t%%m)de%), in the case of a disk _drive 2
ou
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modes, pickup is generally made on standby at the 2-second position

of the absolute address Iin the user data area, thereby being
set in a standby state to wait for a command from the host.

In a disk drive having only the reproduction function
in a constant rotation speed mode (hereafter referred to as a
"CAV mode"” {(constant angular velocity mode)), the centrifugal
force applied to each of the magnetic balls 1 is nearly constant
in the range from the iﬁnermost periphery to the outermost
periphery of the disk in one rotation speed mode. Even if the
disk drive has plural rotation speed modés, the difference
between the highest rotation speed and the lowest rotation speed
is not so large in general. As a result, the centrifugeal force
applied to the magnetic ball 1 is within a constant range.

For this reason, a relatively proper balancer effect
of can be obtained by the configuration and processes in
accordance wifh the conventional example.

Furthermore, even in a disk drive having a constant
linear wvelocity mode (hereafter referred to as a "CLV mode”

(constant linear velocity mode))}, in the case of a disk drive



such as very low rotation speed nodes for audio reproduction, a relatively
favorabl e bal ancer effect can al so be obtained by the configuration and
processes in accordance with the conventional exanple. Reproduction-only

di sk drives, such as CD-ROM drives and DVD-ROM drives, are avail able as
exanpl es of the above- nentioned disk drives. However, in disk drdB/dél 2005
havi ng various recording and reproduction speeds, for exanple, disk drives
having both recording and reproduction funttions, such as CD-RWand CD-R
drives, it ] ossible to, ohtain satisf from ncer
confi gurati bﬁvﬂifl t‘ﬁ’éié’o?l%HF e é%?ar“rﬁ’%aﬁlg%r?ﬁé:urec&ro %ﬁere@%gt he
rotation speed Is far vver tg€ that d roduchl on for xgng

t he magneti &4 Ba??svﬁrgr M E) ?e nvﬁ”ﬁel‘ eIsn On PR R ERT RERCTLOD .

peripheral side of the inner ‘the ri ed_hol L. ow _secti o

novi ng to tﬁer?%?*e?‘ﬁﬁtfayp%ﬂ’%% il Fﬁg% % gnV\%:{% ble‘nggsE gt‘f’%
balls 1 sonetines colllde wth t elnner wal.| s of t ext er nal I nt ernal
peri phery, ther &Ry E:Qb‘é’aﬁd'q gro&esgesré.guppcog FgeYdit g‘t Gpﬁance i ght

apply to the disk dr| v i nstead of elimnating such a disturbance.
Fur t her nor eCOBYERT 4G ‘%@H}P&&ction during high-speed reproduction in

particul ar, the nagnetic balls erln shapdhgr\/ |on4
are pressed agai nst th%ep¥ﬂﬂ%?ti‘/\%‘ﬁ° Y%I’ré" ‘?(‘T%Y%%t HER Ph %ggquﬁﬁe
ring-shaped haollow 2 0 JUL 2005 7 sec |%ri 4 by the ientrlthJg orce. The
bal i s 1 thu?nFFDPgD B&)m >¢.1r:.ves are available as examples of e above-

mentioned disk drives.

However, in disk drives having various recording and
reproduction spe.e.ds., for example, disk drives having both
recording and reproduction functions, such as CD-RW and CD-R
drives, it is impossible to obtain satisfactory results from
the balancer co.nfiguration of- the conventional exampl_e. .

During recording wherein the rotation speed is far
lower than t'hét during repreoduction, for example, the magnetic
balls 1 are unstable, while rolling on the external peripheral
side of the inner-wall of the ring-shaped hollow section 4 or
mox;'ing to the internal beripheral side of the innexr wall. The
magnetic balls 1 sometimes collide with the -inne.r walls of the
external or internal periphery, thereby causing impacts. As a
result, a large disturbance might apply to the disk drive,
instead of eliminating such a disturbance. ]

Furthermore, even duri_ng reproduction, during
high-speed reproduction in particular, the magnetic balls 1

inside the ring-shaped hollow section 4 are pressed against the

inner wall of the external periphery of the ring-shaped hollow



al ong the inner wall of the external periphery. For this reason, the
conventi onal bal ancer produces a sufficient effect. However, during

i nt er medi at e-speed reproduction, during recording in particular, problens
ow ng to the balancer are caused, instead of producing preferable results.
Enbodi nents wi |l be described below. During the spin-up process atj{hg 2005
start of the disk- drive, the rotation speed of the disk is raised fromits
stop state to a predeternm ned speed. As ¥he rotation speed- of the disk
is raised, the centrifuggé force applied to the nagnetic ball 1 increases.

Wien the certFEHRfAM PHiEe SppFTENgdl fRECemghet PelBsll thusdewiteStRB A Yer
than the magnetic attraction__force of the magnet 8 as the result of the
i ncrease i n 36ARd tH6 1aprenaliRE Fagsattied ned Peninheiar at EOTT YR ThasABgnet
B. The magnetic ball 1 then collides with the inner wall of the external
peri phery ofthheeonvrpEingrl olanres auedices arafiffsdentcaffedtat . this
“time is applied to the disk 5. In the case when the inpact is applied
during seek HQW#WeD! , WWHinT it tommesdiatee shead ceanredusd iogad durdper | y
because of the inpact, and traverse operation nmght becone uncontrollable.
| f traver se TRARIERII He oMl Gk (RAHEATS owing dst itdel balergprcarki des
with the internal or external_ periphery, whereby the optical pickup itself
m ght be darRREERd phiR§Eedd of Prrduginpoyreferahd g Fesgdds -when an i npact
is applied in an on-track

| Embodiments will be described below.

During the spiﬁ-up process at the start of the disk
drive, the rotation speed of the disk is raised from its stop
state to a predetermined speed. As the rota,fion speed of the
disk is rai_sed, the centrifugal force applied to the magnetic
bal}l 1 increases. When the centrifugal force applied to the
magnetic ball 1 becomes larger than the magnetic attraction
force of the magnet 8 as the result of the increase in rotation
speed, the magnetic ball 1 separates from the magnet 8. The
magnetic ball 1 then collides with the inner wall of the external
periphery of the ring—sz;apéd hollow section 4.

The impact caused at .this time is applied to the disk

In the case when the'impact is applied during seek
control, information on the disk cannot be read properly because
of the impact, and traverse operation might become
uncontrellable. If traverse operation becon}es uncontrollable,

. the optical pickup collides with the internal or external
periphery, whereby the optical pickup itself might be damaged

physically.



state (a state wherein the optical pickup is positioned on a predeterm ned
track), the followup control (hereafter referred to as "servo") of the
optical pickup for the disk m ght beconme ineffective because of the

i mpact. Furthernore, in the case when an inpact is applied during the ,
adj ustments of the various paraneters of the electric circuits rgfatediso
the optical pickup, the paranmeters mght be adjusted to inproper values on
t he basis of abnormal wavefornms ow ng To®the i mpact. If the disk drive

vherein (e pararetef s digan adual el oushpmmugRet el o g, |
aramet o o S8 Ehe s HE GHETEI T 50 SR e p T A e SR B Seess
oo 2bundan okt ool ]l sn €200, A dRach, AReLLCg during L
Proper | PQRSLIEDLaye ) SO B dlhs LN, LOL LG 0L ISLIENLS, of Lhe
8 i ok 0PRSS FYPer Bhr SR CTBACE Honce, the probabi ity of
the. 1 equency of - ocour PERCETETEDT Gt G (371 SRAE AP o Oy SEPYR L. -
acts. S-S, RS WS R AL LS oL el L e
above-nentigg%gugkgbkgq%t%% @8tt 8Cg£t£gai ngk%p, the parameters might
be adjusted to improper values on the basis of abnofmal waveforms
owing to the impact. If the disk drive wherein the parameters
have been adjusted to such improper values is operated,
reproduction and recording might not be carried out properly
in some cgses. In a disk drive having a recording function in
particular, parameters and the like required to be adjusted
during the spin-up process are abundant in variety. For this
reason, an impact applied during the adjustments might highly
increase the possibility of causing seriously improper
adjustments. In addition, the time for the adjustments of the
parameters and the like during the spin-up process in the disk
drive having the recording function is longer than the time:fér
the adjustments in a disk drive used only for reproduction.-
Hence, the probabiiity of impact application during the
adjustments becomes high, thereby increasing the frequency of
occurrence of problems in the disk drive bécause of impacts.

In the CAV mode, however, the centrifugal force

applied to the magnetic ball 1 is nearly constant. For this



wherein the disk rotates steadily. However, .during reproduction, recording
and seek operation in the CLV node, the centrifugal force changes since
the rotation speed of the disk at the tinme when the pickup is at the
internal periphery of the disk differs fromthe rotation speed at the tine
when the pickup is at the external periphery. For this reason, whgen L 200
reproduction or the like is carried out at the internal periphery oy.g%g
di sk, the rotation speed of the disk is %igh and the centrifugal force is
| arge. The nmagnetic balls 1 mght roll along the external peripheral face
of the ring- = 8AiRH MG RRSECTIEST PN e @ obdsmsd 6& Dot @coumein| pketase
carried out at the external periphery of the'disk, the rotation speed of
the di sk is TRRFeFhhitaghath CPANes FL@agHly -be attracted by the magnet at
the internal periphery of the ring-shaped hollow section 4 and m ght rol
along the internal peFPPREeEI FBEENY | FepFedupbien nerecondingased, seele
-relationship in nmagnitude between the centrifugal force applied to the
magneti c bARCTRERP dRetREdH MO8t Ehet FomtTbFesal dforge changeg shace
magnetic ball 1 by the magnet 8 is reversed somewhere on the disk. For -
thi s reason,tRth&P A EREFIpasstRe tFhPught stheh timepadian sheopichepdisk,
the magnetic ball 1 separates fromthe nagnet 8 at the internal periphery
and noves t &% hBeeiREeFRFL DFELDhIsayY L ofh s Sishatd S rranf Toe tdet sphation
periphery and is. attracted by the magnet. 2 0 JUL 2005 10 The

above- nent i GR&PLIASt BBE &1 FBAROoEDRe fa gkagnési @t the external periphery.

For this reason, when reproduction cor the 1ike is carried out
at the internal periphery of .the disk, the rotation speed of
the disk is high and the centrifugal force is large. The
magnetic balls 1 might roll along the external peripheral face
of the ring?shaped hollow section 4. When reproduction or the
like is carried out at the external periphery of the disk., the
rotation speed of the disk is low. The magnetic balls 1 might
be attracted by the magnet at the internal periphery of the
ring-shaped hollow section 4 and might roll along the internal
peripheral face.

In the above-mentioned cases, the relationship in
magnitude between the centrifugal force applied to the magnetic
ball 1 and the magnetig attraction force for attracting the
magnetic ball 1 by the magnet 8 is reVersgd somewhere on the
disk. For this reason, when the pickup passes through such a
position on the disk, the magnetic ball 1 separates from the
magnet 8 at the.internal reriphery and moves to the external
periphery, or separates from the external periphery-and is

attracted by the magnet.




ball 1 inside the ring-shaped hollow section 4 during reproduction or the
| i ke on the di sk causes adverse effects on the disk drive. For exanple,

t he unstable action of the magnetic ball 1 inside the ring-shaped holl ow
section 4, including the collision of the magnetic ball 1 with the inner
wal | of the external or internal periphery of the ring-shaped h@ijl iNv 2005
section 4, applies an inpact to the disk]r This results in a |arge

di sturbance in the focus systemand the t %Ki ng system. In particular,

the unstabl e action a”ﬁ‘h?ehﬁbbirgferﬁgﬁtﬁgﬁ Igﬁgp%%%ﬁle hal; Jurin é\%ﬁpalrgt%l%#ctci on

or recording mght deteriorate reaa or mance or the

per f or mance 1Qfy 1t e iqgiﬁélth@i%*%ﬁégéﬁ%lﬁ&y%e f‘j”;k‘;;é‘?%%‘i‘&ng error or

the like. If ~an inpact I's app ng 'seek operatTo ght
DFome o e AR g abiol e TRt LS USSR LG, Bl el e
pert pher ) ARt g e R E] L GRRAEN, Loy 5 LBEL S
on! oS ac e W LRy ancs ATt ob DS LU iSRG
Fater ! PRl e ol A0 ot ol Wl A e
ek ghy SR bR DL el R B B
- 11. external penispherd] wlded 356 e BRIl | ol §t YLRANGE: if o Grge
disturbance in ‘the focus system E;nd the tracking system.. In
particular, the unstable action and the like of the magnetic
ball during reproduction or recording miéht deteriorate the
reading performance or the writing performance of the optical
pickup, or might cause a disk tracking error or the like. If
an impact is applied during seek operation, servo might become
ineffective or might not be made effective.

When the rotation spee.d of the disk is high. the
magnetic ball 1 moves aiong the external peripheral face of the
ring-shaped hollow section 4 and is located stably at an optimum
‘balance position. As a result, the balancer functions
sufficiently and cancels the imbalance amount of the disk.

However, when the rotation speed of the disk is low,
the magnetic ball 1 moves along the external peripheral face
of the ring-shaped hollow section 4 and is located at an optimum
balance position. However, since the magnetic ball is just
pfessed against the external peripherai wall face by a small

centrifugal force, the magnetic ball might be moved along the



magnetic ball 1 is noved unstably along the external peripheral wall of
the ring-shaped hollow section 4 in this way, the magnetic ball 1 itself
causes an inbal ance, instead of elimnating such an inbalance. To sol ve
this problem the distance between the external peripheral face 9 and the
internal peripheral face (the external peripheral face of thepnggngy 8) of
the ring-shaped hollow section 4 is nmade large in the case of a disk drive
having -a | ow rotation speed node. Wth tlHi s~ configuration, the magnetic
ball 1 is located stably at an optinmum bal ance position on the external
peri pheral f&EeeTral ReFIRgeSRhpElhdlacewbYsacshahl 44byterbanere cdht Fheugal
force during high-speed rotation. As a result, it is possible to obtain a
si gni fi cant MagElehteraty dcis moyethanstakty wihg thetéwt exnal pesdpbpeait i on
mode, the magnetic ball 1 is attracted to the external peripheral face of
t he magneti W8LY pRctherdngalshpeeagiedrlsv seeelion 4tHethiagashatedmaghe bic
-section 4), noves along the internal peripheral face and is | ocated stably
at an opti miabhallad¢selpeanspsnan dmked ange .dinsseadcet mdtimdioating swudhus
of the external peripheral face and that of the internal peripheral
face.is | arg@? IMea2larfeia of the magnetic ball 1 positioned on the

I nternal peripheral face, which is applied to the disk, is smaller than
the inertia of the magié& i®y& thispespbileRedthendintansecbabivegreritgher al
face. For this reason, even if the 2 0 JUL 2005 12 nmgnetic ball noves
along the i m@q@%wﬁwak% @mq‘h@he internal peripheral face (the

external peripheral fgce of the magnet 8) of the ring-shaped
hollow section 4 is made large in the case of a disk drive having
a low rotation speed mode. With this configuration, the
magnetic ball 1 is located stably at an optimum balance position
on thg external peripheral face of the ring-shaped hollow
section 4 by a large centrifugal force during high—speed.
‘rotation. As a rt?sulf, if .'LS possible to obtain a significant
balancer effect. |

On the other hand, in the low-speed operation mode,
the magnetic ball 1 is attracted to the external peripheral face
of the -magnetic' 8 (the internal peripheral face of the -
ring-shaped hollow éection 4), moves along the internal
peripheral face and is located stably at an optimum balance.
position. Since the differen;:e betweeﬂ the radius of the
external peripheral face and that of the internal peripheral
face . is large, the inertia pf the magnetic ball 1 positioned
on the internal peripheral face, which isl' applied to the disk,
is smaller than the inertia of the magnetic ball 1 positioned

- on the external peripheral face. For this reason, even if the



| ow- speed operation, the effect of the novenent is lLimted. However, if

t he di stance between the external peripheral face 9 and the internal

peri pheral face (the external peripheral face of the magnet 8) of-the

ri ng-shaped hollow section 4 is nmade too large, a |arge inpact i3] dgphigd
to the optical pickup when the nagnetic ball 1 collide with the externa
or internal peripheral face. This causes the above-nentioned various
problens. In view of the above-nentioned obl ens, the present invention

[ i nt ended i i ni th bi | of '
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optical pickup when the magnetic bal‘l 1l collide with the external
or internal peripheral face. This causes the above-mentioned
various problems.
In view of the above-mentionéd problems, the present
invention is intended to providé means and methods for attaining
the stabiliﬁy of the balancer at various recording and |
reproduction speeds, not attained by using only the
configuration of_the conventional example, thereby to ensure
operation stability at various reproduction and recording

speeds.

DISCLOSURE OF THE INVENTION

The invention in adcordance with claim 1 of the
present invention relates to a disk drive comprising:

a disk,

an optical pickup for recording information on the
disk or for reproducing information récorded on the disk,

a balancer for movably accommodating one or plural
magnetic balls in its ring-shaped hollow section and provided

with a magnet for attracting the magnetic balls inside the



rotating the disk in a state wherein the optical pickup is not processing
an input signal derived fromlight reflected by the face of the disk and
the optical pickup is not witing information on the disk. In the
conventional disk drive, no consideration is taken as to mhetgfr %2
magnetic ball has been attracted by the magnet, has positione Ap @Sthe
external periphery of the ring-shaped hollow section owng to a
centrifugal force or is rolling unstabl &3 nside the ring-shaped hol | ow
section. In the present invention, attention is paid to the inportance of
el i mi nati ng ¥HeI=iaRad diokdny MeRhHOm. ohealfdn nagnetic bal |l inside the

ri ng-shaped hol |l ow section on the disk drive, and the magnetic ball
separation process is Ehfrmagnetic Balhnisndeperndbad Provethe magnetebyl t,
the magnetic ball separation process can be separated from ot her -
processes. TREatHi® Ve §iak Imfastateohbsean thel ¢rtical ttHeklis Ksduetng
‘tracking servo control or during the adjustnents of various paraneters.
Hence, the RERRERSIH) SR LBALhZLMRIadeirdivesapabnelight ataflientrd dyvdtbk
drive for stably carrying out reproduction, recording or seek operation.on
the di sk. FuFaeRpPHIHE difie apAddenePthvahDiledrumr by antevrimsaw infpphatacnon
during the servo adjustnent of the optical pickup and the adjustnments of
vari ous par @#etdres 44k- use an input signal derived fromthe |ight
reflected by the face of the disk. 20 JUL 2005 14 The present invention
prevents the disk drivERfkanconygnitdssrilofiialy deterisacotonsgdegation is

adj ust nent caused by an
taken as to whether the magnetic ball has been attracted by the

magnet, has positioned along the external periphery of the
ring-shaped hollow section owing to a centrifugal force or is
rolling unstably inside the ring-shaped hollow section.

In the present invention, attention is paid to the
importance of eliminating the effect of the moyement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the magnetic ball separation process is carried out
as an independent process. As a-resﬁlt, the ma.gnétic ball
separation process can be separated from other processes. This
prevents an impact from being applied to the disk during t'racking
servo control or during the adjustments of various para.me.ters.

Hence, the present invention has an action capable
of attaining a disk drive for stably carrying out reproductidn,
recording or seek operation on the disk.

Farthermore, the present invention preveﬂts impact
application during the servo adjustment of the optiéal pickup

and the adjusfments of various parameters that use an input

signal derived from the light reflected by the face of the disk.



I npact or the like fromthe magnetic ball. As a result, the present

I nvention has an action capable of attaining a disk drive for stably
carrying out reproduction, recording or seek operation on the d'?¢JU 005
Furthernore, the effect of the novenent of the nmagnetic ball inside H%

ri ng-shaped hol |l ow section on the disk drive is elimnated in the present
I nvention. For this reason, even if a Ia{%e I npact is applied to the disk
when the magnetic ball collides with th ide wall of the ring-shaped

hol | ow Sec%ﬁﬂpé%t.c,ﬂﬁfgﬁ§%n5§°ﬁgﬁr§%é§BFStﬂ dféﬂeﬁifge ﬁgxlnl Hence,

t he present 1nv as an acti I NCreasi ng dlfference
ol | ow sect o A snd Tha i 2 an%%@%@a‘#fp%“b%ﬁ%%'r%é %‘é?‘?% Faried e?t B cof
hi gh- Specd FETRTonY (e ragrert et oo IRt GopELhocitd ettt

¢ no- Shaped Toriohy SarERaton e e 4TI BERbREN L%sﬁ%%ﬁ&%fg %:ﬁismrswe
E)teﬁz(r)nhalrlfj,If}ur%ﬁéqa'bﬁksé&%é&%?ocghﬁl ngﬁé"#gé% eagge Ig'fgftssea‘? ract ed

to the exte@§§r Jiqﬁf of t he magnet 8. The balance of the disk
drive is thus nho a fecte versely Since the difference between the

radi us of 20_JUL 2005 &?th&?ﬁoﬁéteE REL Eghgrak facgv%%gphe g g t he

i nternal peripheral face s iRerti a a-appli ®in the
case when ‘magnetic ball inside the ring-shaped hollow section on the disk

drive is eliminated in the present invent-ion. For this reason,
even if a large impact is applied to the disk when the magnetic
ball collides with the side wall of the ring-shaped hollow
section, the control of the disk is not affected at all. Hence,
the present invention has an _action capable of increasing the
difference between the diameter of the external peripheral face .
of the ring-shaped hollow section 4 and the diameter of the
internal peripheral face thereof (the external peripheral féce
of the magnet). |

As aresult, during high-speed rotation, the magnetic
ball 1 is stably positioned at an optimum balance position on
the external peripheral face of the ring-shaped hollow section
4 by a strong centrifugal force. For this reason, it is possible
to obtain a significant balancer effect.

On the other hand, during low-speed.rotation, the
magnetic ball 1 is attracted to the external peripheral face
of the magnet 8. The balance of the disk drive is thus not

affected adversely. Since the difference between the radius of



the magnetic ball 1 positions on the internal peripheral face is smaller
than the inertia applied to the disk in the case when the magnetic ball 1
positions on the external peripheral face. As a result, even if the
magnetic ball noves along the internal peripheral face, the- effleldit 8 the
novenent is limted during the |owspeed rotation. In the present -
I-nvention, inpact application at the tinme when the magnetic ball is
attracted by the magnet does not occur-diFi-ng recording in particular. It
is thus possible to carry out stable recording. Furthernore, even during

. g L :

seek oper at it SKRETORAgPRTIRREERT fHsesaRGhas L Ebatimtraral Parénerad
external peripheral face of the ring-shaped hollow section 4, an d the
magneti ¢ balfags ifolageer atRe AL bid s@pdigtetio femddisé Faghles casepeherd y.
It is thus possible to carry out seek operation to a target position
promptly. "TiRe Sagneiderdald dhe@ogitiear phcihp iindermal peaidberad faee
‘input signal derived fromlight reflected by the face of the disk and the
optical piclpsSmalder Wheh Hep iiaveattia RBRLied tohkheidick in the cagsscvhgri ons
of the present specification and clains includes neither a state wherein
the optical PreRagnetds bddded POFHEIRRS O theddlarnl pexidheiradofagest at e
wherein the optical Eickup wites information on the disk. |In addition,
t he above- nd¥¥t RoReELLlthee¥eRIE Wher BRENEHEC ARlilcBPVEE cxdgny e dngexnabos
- 16 not carrying out processing” does not include a state wherein the
optical piclRfFiBhesry fare okbes &fesiepit Thm mrvamanikilsg 1imited during

the low-speed rotaltion.

In the present invention, impact application at the
time when the magnetic ball is attracted'by the magnet does not
occur during recording in particular. It is thus possible to '
carry out stable recording.

Furthermore, even during seek'operation, the
magnetic ball does not move continuously along the external
peripheral face of the ring-shaped hollow section 4, and the
magnetic ball is not attracted by or separated from the magnet
‘repeatedly. It is thus possible to carry out seek operation to
a target position promptly{

"The state wherein the optical pickup is not
processing the input signal derived from light reflected_by the
face of the disk and the optical pickup is not wrifing information
on the disk” in the descriptions of the present specification
and claims includes neither a state wherein the optical pickup
reproduces information recoxrded on the disk nor a state wherein

the optical pickup writes information on the disk. In addition,

the above-mentioned "the state wherein the optical pickup is



on the basis of the positional information recorded-on the disk. This is
because the optical pickup processes positional information which is the

i nput signal derived from the light reflected by the face of tHFIﬁL@ﬁbin a
state wherein the optical pickup carries out seek operation. ﬁ r! re,

t he above-nentioned "the state wherein the optical pickup is not carrying
out processing" does not include a statggwherein the optical pickup is
carrying out adjustment on the basis of the input signal derived fromthe

l'ight refl egied dayriviend @R phothesdngk. ades myrampl@udd e aiome warkeoned
"the state wherein the optical pickup is not carrying out processing" does

not includere Pptieameeiupt 18 BRF-§ohg RIBK RIS cpRRM Nt A +FaEelSng
servo adjustnent (the positional adjustnment of the focus lens), tracking

servo ad] ustdpehe Yad W Jei ke Yo <ite Il Sn O rrhd¥es b Belcort Byed,from
the |ight reflecfeéiby fhe fa%? gf the disk. This is bé%aégga#ﬁgﬁ%g¥$gal

pi ckup processes the - irpput isi gaahnder tNeb ¢ im 1 he; rpkbgbLsLef | ected
by the face of the disk even in these staf%s. Innﬁ%ie st%te mﬁgrgin t he

optical picldysisotl ReaathiRG Whechnputerl dngladehigter fHemy ka0t o
reflected by the face of the disk and the optical pickup 1s not witing

i nf ti t di 7 i f t4 ; ' jd :
| nformat i on ¢xan 15 BeediskiccouBoyftAOERRIDE bite Rl dyc MY S8 Jraskdipliern

ri ng-shaped hol | ow section, "inproper adjustnent of Jﬁe opt
17 pickup, fRCEHtAILN pildi@gKidi8ldObundethecbhikgrabg not caused. For

this reason, the disk drive is not in danger of Causing any

Furthermore, the above-mentioned "the state wherein
the optical pickup is not carrying out processing” does not
include a state wherein the optical pickup is carrying out
adjustment on the basis of the input signal derived £from the
light reflected by the face of the disk.

For example, the above—mentionéd “thelstate wherein
the optical pickup is not carrying out.processing“ does not
‘include a state wherein the optical pickup is carrvying out focus
servo adjustment (the positiconal adjustment of the focus lens),
tracking servo adjustment or the like on the basis of the input
‘signal derived from the ligh_t reflected by the facé' of the disk.

This is because the optical pickup processes the

. input signal derived from the l_as_er light reflected by the face
of the disk even in these states.

In "the state wherein the optical pickup is not
processing the iﬁput signal derived from light reflected by the
face of the disk and the optical pickup is not writing infoermation

on the disk,” even if the magnetic ball moves inside the

ring-shaped hollow section, improper adjustment of the optical



mal functi ons. The expression "the magnetic ball is separated from the
magnet by rotating the disk" generally nmeans that the nmagnetic ball 1 is
separated fromthe magnet 8 constituting the internal peripheral side wall
of the ring-shaped holl ow section 4 by raising the rotation speed of the
disk. In the conventional exanple and the enbodi nents of thezpuggqmﬁ

I nvention, the nagnet constitutes the internal peripheral wall t

ri ng- shaped holl ow section 4. Wien the-digk-rotates at a high speed, the
magnetic bal| noves freely along the external. peripheral side wall of
the ring- shasetFHdl FORUISRET S F6a§hlﬁﬁtq7‘?ﬁ% aﬂgktlk%lll&ﬁf@eaﬁélwt canged.
positions there stably. Wien the disk rotates at a | ow speed, the nmagnetic
bal | is att &% &disyTeRECRagHE ddeksE@rive ilfgnefeinmargar oheaushogatnsi de
wal | of the ring-shaped hollow section, and does not nove freely. This
prevents thé& §ieoTw | fron1cau5|ng adverse effects on the disk

-bal ance, instead of causing an |nbalance For conveni ence in better
under st andi ng the pres®he e¥BRARFRIMN " the nadpeeterhkily iss sepodathdt f1ome
magnet constitutes the internal perlpheral wal I of the ring-shaped hol | ow
section 4. Tsawrgnet iy medwdings thet dhskesgaperalizqueras tbatombeitute
the internal peripheral wall of the ring-shaped 2 0 JUL 2005 - 18 hollow
section 4. TeInfdghebaddyl densepeteted fpam the magnet doconsidsushingtihe

ring-shaped hol | ow section, for exanple.
1nternal perlpheral side wall of the r:.ng shaped hollow section

4 by raising the rotation speed of the disk.-
| In the conventiconal example and the embodiments of-
the present invention, the magnet constitutes the intermnal
peripheral wall of the ring-shaped hollow section 4.
When the disk rotates at a hiéh speéd, the magnetic
ball moves freely along the external peripheral side wail of
~ the ring-shaped hollow section to an optﬁnu:n disk balance point
and positions there stably. ,
When the disk rotates at a low speed, the magnetic
ball is attracted by the magnet constituting the intermnal
peripheral side wail of thé ring-shaped hollow section, and does
not move freely. This prevents the magnetic ball from causing
adverse effects on the disk balance, instead of causing an
imbalance.
For convenience in better understandiﬁg the present
invention, it is preferably assumed that the magnet constitutes
the internal peripheral wall of the ring-shaped hollow secticn

4. However, the magnet is not necessarily required to

constitute the internal peripheral wall of the ring-shaped



The invention in accordance with claim?2 of the present invention relates
to a disk drive in accordance with claim1, wherein the above-nentioned
process of separating the nagnetic ball fromthe magnet is car ijefl/Loaggs i n
a spin-up process at the start of the disk drive. In the conventional
exanple, the position of the magnetic ball in the ring-shaped hol | ow
section is not known at the tinme when thf spi n-up process i s conpl eted.
For this reason, the magnetic ball sonet $es noves inside the ri ng- shaped

hol | ow sect ixam 1y is'&g:tri%ﬁrqu%ﬂ@%’aﬁg%;t?égg%ﬁgtiﬁﬁ% iﬁk&ﬁﬁoﬁ&ﬁ%ﬁlﬁo@é g

an adverse effect on the disk. I'nth Inve
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ring-shapeqcﬂ%h%pW%sqﬁkhQ%ngring reproduction or the like from occurring

on the optica I sK. Th addition, the process of separating the nmagnetic

1 in the opin-up probasorbRRe- Ak AHELB0pReRRERTRY R BREnE Ro° of the

optical pickyp.ah8 NBL)¥S$8%m ERE ddliSe{ 835001 08 RIESEY spin-up process
at the start of the disk drive.

In the conventional example, the position of the
magnetic ball in the ring-shape-d hollow section is not known ‘
at the time when the spin-up process is completed. For this
reason, the magnetic ball‘ sometimes moves inside tile ring-shaped
hollow section during reproduction, recording o:;- the like,
thereby causing an adverse effect on the disk.

In the present invenrtion, the magnetic ball is
securely positioned along the external peripheral wall face of
the ring-shaped hollow section by a centrifugal force when the
spin—up process is completed. For this reason, in the case when
repi*oduction. recording or seek cperation on the disk is carried
out after the spin-up prbcess is completed, the present
inveﬁtion has an action capable of preventiné an adverée effect
caused by the movement of the magnetic ball inside the

. ring-shaped hollow éection during reproduction or the like from
occurring on the optical disk. ' |

In addition, the process of separating the magnetic

ball from the magnet is carried out during a process included



I nvention has an action capable of attaining a disk drive that requires no
special tinme for the process of separating the magnetic ball fromthe
magnet. The invention in accordance with claim3 of the present Jh#dnilbn
relates to a disk drive conprising: a disk, a balancer.for novably
accomodating one or plural magnetic balls in its ring-shaped hol | ow
section and provided wth a magnet for attracting the nagnetic balls

i nside the ring-shaped hollow section,-wh&rein in the case when the
rotation speed of the disk is changed froma first rotation speed

i ncl udi ng t R sk SPi-a1P PEOCRESi Whersia ter atbnwt siiooalspeedis dhie
than the first rotation speed, said case includes a case wherein after the
rotation speBdhiesOphiced PRCKHD A Masusedt atfuhthpediasera tw paesentt i on
speed higher than the second rotation speed, the third rotation speed is
changed to tHevertord hat an @ﬁtéﬁéeﬁapéhéletqw‘e a@iading bafilsk elzivat tg8atrom
the magnet at the third rotation speed. It is assuned for exanple that the
posi tion of ¥¥@iFegyneeiererdalivtinaecternthepeeesl obwepandtdmd $henknown
at the first rotation eed (including the stop state) (it is wunknown as
t o whet her tm%g%%tb@lﬁaﬁmfbo@fhmgnéh the external 2 0 JUL 2005 20
peri pheral side wall of the ring-shaped holl ow section, positions on the

i nternal peripheral si&@ew&PVeégip§ didseggioydance with claim 3 of the

present invention relates to a disk drive comprising:

" a disk, |

a balancer for movably accommodating one of plural
magnetic balls in its ril?g—shaped hollow sect_ion .and provided
with a magnet for attracting the magnetic balls inside the
ring-shaped hollow section, wherein

~in the case when the rotation speed of the disk is
changed from a first rotation speed including the stop state
of the disk to a second rotation speed higher than the first
rotation speed,

said case includes a 'case wherein after the rotation
speed is raised from the first rotation speed to a third rotation
speed higher than the second rotation speed, the third rotation
speed is changed to the se-cond rotation speed, and

the magnetic ball separates from the magnet at the
third rotation speed.

It is assumed for example that the position of the
magnetic ball in the ring-shaped hollow section is unknown at
the first rotation speed‘ {including the stop state) (it is

unknown as to whether the magnetic ball positions on the external



nmovi ng inside the ring-shaped hollow section). It is also assuned for
exanpl e that the second rotation speed is higher than the rotation speed
fO (Hz) at which the nagnetic ball is attracted by the magnet gﬂg @Zlhgmer
than the rotation speed fl (Hz) at which the magnetic ball sep é Z om
the magnet. In this case, in the present invention, the rotation speed is
not directly changed fromthe first rotatign_speed to the second rotation
speed. The disk is rotated at the third Tfotation speed once (a rotation

speed not | epertipaerkheshiakaiyaon ogpesd fhné%ﬁaﬁ&d“ﬂbilﬁo&hﬁegﬁﬂﬂﬁti9 bal |
separates fromthe magnet) in order to securely position the nmagnhétic bal

th t - i ' A Ta hglLl '
on the extepbahtpenkPhar ahe Sishes el ﬁrlﬂféﬂdlnglté{]&agsﬁl 8‘5 Egoﬁﬁ%tgﬁ

The rotation speed of the disk is then |lowered to e secon

speed, and theveopgr ahk9hel $hehicihgdshApaa £81 hon, Sug,
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hol | ow section at the second rotation speed. Any disturb e
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wall in the mddle of reproduction or the'like 1s prevent
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a high rotation speed, the present invention.has an action capa

attaining a €t skusly e Jilcrs il haRekhkeb™had: 2 il 200802 ine magnet. .
reproduction, recording or seek opération on th%d’il‘%ﬁ at t%e 1-ﬁ’aig‘fhgrc')s_‘tatlon
speed.’ In this case, in the present invention, the rotation
speed is- not directly changéd from the first rotation speed to
the second rotation speed. Thg disk is rotated at the third
rotation speed once (a rotation speed not less than the rotation
speed £l (Hz) at which the magnetic ball separates from the
magnet) in order to securely position the magnetic ball on the
external peripheral side wall of the ring-.shaped hollow section.
The rotgtion speed of the ‘disk is then lowered to the second
z;qta‘tion,speed, and the operation is shifted to a 'target
operation, such as reproduction or recording on the disk.
As a result, the mag}netié ball securely positions on
the external peripheral side wall 9f the ring-éhaped hollow
section at the second rotation speed. Any disturbance that is
caused for example when the magnetic ball suddenly collides with
the side wall in the middle of reproduction or the like is
prevented from occurring. .
When the rotation speed is changed from a low rotation
speed to a high rotation speed, the present invention has an

action capable of attaining a disk drive for stably performing



The present invention is effective in the case when a rotation speed node
of a disk drive having plural rotation speed nodes'is, shifted to a high
rotation speed node. In addition, in a disk drive wherein the rotation
speed of the disk is lowered or the rotation of the disk is stiddppHdlilh the
case when the optical pickup does not nove froma track for a certain
time or nore in order to save electric power, the present invention is

al so effective when the power saving nodezis-shifted to the ordinary disk
reproduction node. "The third rotation speed" in the descriptions of the
present specFePEafnehliand EraprEingesrnaeek| opgiatieem en dfecidisk atothei on
speed. In a disk drive wherein the behavior and the 1|ike of the nmagnetic
bal | is nonikégkdrotatieRafpeed-in the case when the disk rotation speed

is raised fromthe first rotation speed to the second rotation speed, the

di sk rotation speed isTheapzegesicanventientis iedifesyidad hnghize desenwhbe
second rotation speed, and then |owered to the second rotation speed after
the nmagneti& Beltatiepaspeed meden ohea ndigletdrife Seodisy pdmrallswobetion
‘included in the technical scope of the present invention. The rotation
speed at whiehetfionpdemel$ cshaftedstpanatesh fromitien nemrest ncld.helthird
rotation speed. At the third rotation speed, the-condition that the
magnet i ¢ bal #ddsthper atidsafdtionk Ard vieaghereis theatrotdt ton sheesl oEslle diske
requirement of the present claimis satisfied. 2 0 JUL 1005 22 The
i nventi on i niackoreeft omittie gicdiahivompfott ibe giskein $tnpoed dm tbeateseto a
di sk drive conprising:
when the optical pickup does not move from a track for a certain
time or more in order to save electric power, the present
invention is also effective when the power savingmode is shifted
to the ordinary disk reproduction mode.

"The third rotation speed” in the descriptions of the
present specificatiocon and clai.ms does not always mean a specific
rotation speed. In a disk drive wherein the behavior and the
like of the magnetic ball is monitored, for example, in the case
when the disk rotation speed is raised from the first rotation
speed to the second rotation speed, the disk rotation -speet-i is
raised once to a rotation speed higher than the second rotation
speed, and then lowered to the second rotation speed after the
magnetic ball separates from the magnet. This case can also be
included in the technical scope of the present invention.

The rotation speed at which the magnetic ball
separates from the magnet is the third rotation speed. At the
third rotation speed, the condition that the mégnetic ball

separates from the magnet is satisfied. As-a result, the

requirement of the present claim is satisfied.



a di sk, a balancer for novably accommobdating one or plural magnetic balls
in its ring-shaped hollow section and provided wth a magnet for
attracting the magnetic balls inside the ring-shaped hollow section,
wherein at least one electric circuit paraneter adjustment is cardl dl &b
in a process wherein the magnetic ball is separated fromthe. nagnet by
rotating the disk. In the present invention, attention is paid to the
i nportance of elimnating the effect of-td®e novenent of the nagnetic ball
i nside the ring-shaped hollow section on the disk drive, and the
separation process of The Aayeatienpin accowdanee wadhercliadmedr ofedheut as
an i ndependent process. As a result, the nagnetic ball separation process
can be separR¥eseR¥ ohngdhelon pretateesto Fordish dries opemphdsimpact caused
when the magnetic ball collides with the side wall of the ring-shaped
hol l ow section is pre®edt&d.from being applied to the disk during
reproduction, recording or the adjustnents of various paraneters
Furt hernore, by carryi rgbadences fagneevablyldcoawpadatingn greceas plachl he
adj ustments of sonme paraneters not affected by the collision or the |ike
of the nagnevagnéfald ballgpdmaliltsl rinpeshapedigoliome sHcthen ksl grovided
prevented from increasing by the tinme of the nagnetic ball separation
process 2 0 With Z00%gneR3¥ oy mitteaprioyerithd magndtos Bakls mmstdenthe
accordance with claim5 of the

ring-shaped hollow section, wherein

at least one electric circuit parameter adjustment
is carried out in a process wherein the magnetic ball is separated
from the magnet by rc;tating the disk.

In the present invention, attention is paid to the
importance of eliminating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the separation process of the magnetic ball from the
magnet is carried out as an independent process. As a result,
the magnetic ball separation process can be séparat ed froﬁ other -
processes. For this reason, the impact caused when the magnetic
ball collides with the side wall of the ring-shaped hollow
section is prevented from being applied to the disk during
reproduction, recording or the adjustments of warious
parameters

Furthermore, by carrying out the magnetic ball
separation process and the adjustments of some parameters not
affected by the collision or the like of the magnetic ball in
parallel, the waiting time of the user is prevented from

increasing by the time of the magnetic ball separation process



present invention relates to a disk drive in accordance with claim 4,
wherein the paraneter adjustnents include | aser power adjustnment or

optical pickup focus system adjustnent. Furthernore, by carrying out the
magnetic ball separation process and | aser power adjustnent or bpt/lica005

pi ckup focus system adjustnent not affected by the collision and the I|ike
of the magnetic ball in parallel, the waiting tinme of the wuser is.
prevented fromincreasing by the tinme of »tshe magnetic ball separation
process in the present invention. The invention in accordance with claim®6
of the presentthavphesent rehvdesidm a disk drive conprising: a disk, a

bal ancer for novably acconmobdati ng one or plural magnetic balls inits

ring-shaped hol | ow sectrhen iaRdnRlieni §8dac¥biBaicangneh Eopiat §ragting the
magnetic balls inside the ring-shaped hollow section, and an inpact

det ection segstéosnt oindlel £Cdn NG Rt dRACE asausediRy tike abebavbareofithe
magnetic ball. In the present invention, by detecting the inpact caused by
t he behavi orcpdikhe, mpgaesie ball, it is possible to know the current
position of the nmagnetic ball (positional information on whether the

magneti c bal | positionghenphRemeedtesaghsBachpheiablsadervabs gbuthe
ri ng- shaped hol | ow section, 20 JUL 200 - 24 positions on the internal

peripheral shdguiddhén®dfof Neptidid pilaed FRdsOWvERGEh QA Rfs tnfenRVi NY
unstably inside the

Furthermore, by carrying out the magnetic ball

. Separation process and laser power adjuétment o.r optical pickup
focus ﬁystem adjustment not affected by the collision and the
like of the magnetic ball in parallel, the waitihg time of the
user is. prevented fxrom increasing by the time of the magnetic.
ball separation process in the presenf invention.

The infention in accordance with claim 6 of the
present invention relates to a disk drive comprising:

a disk,

a balancer for movably accbmmodating one'or plural
magnetic balls in its ring-shaped hollow section andrprovided
with a magnet for aftracting the magnetic balls inside the
ring-shaped hollow section, and

an impact detection section for detecting an imﬁact
caused by the behavior of the magnetic ball.

In the présent invention, by detecting the impact
caused by the behavior of the magnetic ball, it is possible to
know the current position of the magnetic ball (positional

information on whether the magnetic ball positions on the

external peripheral side wall of the ring-shaped hollow section,



ri ng-shaped hol |l ow section). For this reason, after the magnetic ball is
securely positioned on the external peripheral side wall of the
ring-shaped hol | ow section or on the internal peripheral side waljly gf mm?
ri ng-shaped holl ow section, it is possible to start reproduction or the

li ke on the disk. In the present invention, attention is paid to the

I nportance of elimnating the effect of the novenent of the magnetic bal

i nside the ring-shaped hol |l ow section on 2&e-disk drive, and the
positional information on the magnetic ball_ can_ be derived by detecting
the i npact OPCFhElaRgneR| ENpalPterpali perppherplesigepradénPLt KeecBiR¥si on
of the magnetic ball during reproduction or the |ike_on the disk on the
basi s of theSh@pRfitRekhPvi AEGEHERI BF 6F PA¥iREgHESstabhy LnsAdeathesult, the
present invention has an action capable of attaining a disk drive for
stabl y carryFHydotRaPre@pRedleri ®ActieBdrdi ng or seek operation on the disk.
I n addi tion, the behavior of the magnetic ball can be detected.
Furthermore, it is pos$ioBl €his Sesehe afitem§hermagnetic halled s raf oy el
the timng of various control processes, such as optim zation of a process
i medi at el y pe$tticred cppehat f¥hernglareEspheralheifeewani PAvEREi on can
provide a disk drive that_can carry out recording and reproduction nore
stably and Etegrepsped rpllew Fpption 5 ophghenialiersali pebtplerh@ddd t h

claim?7 of the present invention relates to a disk drive conprising:
wall of the ring-shaped hollow section, it is possible to start

reproduction ox the like on the disk.

In the present invention, attenfion is paid to the
importance of eliminating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the positional information on the magnetic ball can
be derived by detecting the impact of the magnetic ball.. It is
possible to prevent the collision of the magnetic ball during
reproduction or the like on the disk on the basis ‘of‘ the
positional il:lformation on the magnetic ball.

As a result, the. present invention has an action
capable of attaininQ a disk dri\.re for stably carrxrying out
reproduction, recording or seek operation on the disk.

In additio.n, the behavior of the magnetic ball can
be detected. Furthermore, it is possible to set the tim:i.ng of
shift to r_eco.fding and the timing of various control processes,
such as optimization of a process immediately after seek
operation. As aresult, the present invention can provide a disk
drive that can carry out recording and reproduction more stably

and securely.



a di sk, a balancer for novably accomodating. one or plural magnetic balls
in its ring-shaped hollow section and provided wth a magnet for
attracting the magnetic balls inside the ring-shaped hollow sectifoftl 2005
I npact detection section for detecting an inpact caused by the behavior of
the magnetic ball, and a rotation speed detection section for detecting the
rotation speed of the disk at the tine of the detection of the inpact. In
the present invention, attention is paid i® the inportance of elimnating
the effect of the novenent of the magnetic ball inside the ring-shaped
hol | ow section on the @hsk ingentdomnd tdeeopdsncieowalthi eflaimafi ofi thet he
magnetic ball can be derived by detecting the inpact of the magnetic ball.
It.is possiptestntpievemtioherebatesi bn afdidle dmigretdangxaidimieri ng :
reproduction or the like on the disk on the basis of the positional
i nformati on on the magmetiickhball. As a result, the present invention has an
action - capable of attaining a disk drive for stably carrying out
reproduction, recordi ng brlaeeckroferanbeoabdy adwomhedat ing tdrer war plural
accordance with the present invention, by detecting the rotation speed of
t he di sk at nédgnetioalien ian iitspadngi~shedpedchell] owtsacst s sinld prooidedect
the 2 0 JUL 2005 - 26 rotation speed at which the magnetic ball separates
fromthe negieh andaghet ridatavorapeing athevmadndtie rregiled iindiad the
rihg-shaped hollow section,

an impact detection section for détecting an impact
caused by the behavior of the magnetic ball, and

a rotation speed detection section for detecting the
rotation speed of the disk at the time of the detection of the
impact.

In the present invention, attention is paid to the
importance of eliminating the effect of the movemenf of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the positional infermation cn the magnetic ball can
be derived by detecting the impact of the magnetic ball. It is
possible to prevent the collision of the magnetic ball during
reproduction or the like on the disk on the basis of the
positional information on the magnetic ball.

"As a result, the present invention has an action
capable of attaining a disk drive for stably carrying out
reproduction, recording or seek operation on the disk.

Furthermore, in accordance with the present

invention, by detecting the rotation speed of the disk at the

time when an impact is detected, it is possible to detect the



attracted by the magnet. Hence, it is possible to know the nmagnetic ball
separation rotation speed and the nmagnetic ball attraction rotation speed
for each disk drive. For this reason, after the magnetic ball i figcuns!y
positioned on the external or internal peripheral side wall of the :

ri ng-shaped hol |l ow section by raising or lowering the rotation speed to a
necessary and sufficient rotation speed, it is possible to start
reproduction or the like on the disk. Thf present invention thus has an

ti b) . _attaini di sk ' wherein t tic ball i
Separated TTERREAREnaBREE BF Mt PActEn TR e Ry SRPAITTRP Cheo Tium
ti d d_t ducti di k ti th
i sk is car MT8ERBht SRabPy. TR THRCTRTSH Th WLLDR dHe SOFARELF PRI BF t he.
pr esent inven{tggﬁi‘%aﬁgstto a disk drive in accordance with claim1l, 3, 4

i Ng:

or 7, furthet fi TAFTE- detection section for detecting an

| npact caused by the behavior, of the magnetic ball, and a ratation_speed
det ection section for Eri g f"ﬁepolsétlgllieoﬁosﬂié‘é’éf shet magapsrcaadie tine
of the detection of the jnpact, wherein_ the inpact detection section :
detects the ITRFRGEHPR ‘E‘P@ggje?)‘ér%‘?‘?% Fdithe t4e Rt rabaREleRgnet
and 2 0 JUL 2005 . 27 the rotatiqn speed detection section detects the
rotation speeUtBFiPhERFSKTAT FHER (FHANETIF et hdf To kgt Feason, after the

magnetic ball is securelj positioned on the external or internal
peripheral side wall of the ring-shaped hollow section by
raising or lowering the rotation speed to a necessary énd
sufficient rotation speed, it is possible to start reproduction
or the like on the disk.
The present invention thus has an action capable of
attaining a disk drive wherein the magnetic ball is separated .
from the magnet or attracted py the magnet by using the minimum
time and,enérgy and then reproduction; recording or seek
operafion on the disk is carried out stably.
The invention in accordance with claim 8 of the
-present invention relates to a disk drive in accordance with
claim 1, 3, 4 or.7, further comprising:
an impact detection section for detecting an impact
caused by the behavior of the magnetic ball, and
a rotation speed detection seétion for detecting the
rotation speed of the disk at the time of thé detection of the
impact, wherein
the impact detection section detects the timing of

the separation of the magnetic ball from the magnet, and



In the present invention, attention is paid to the inportance of
elimnating the effect of the novenent of the magnetic ball inside the
ring-shaped hol | ow section on the disk drive, and the timng of $hey 205
separation of the magnetic ball fromthe magnet is detected by de ec%ing
the inpact of the nmagnetic ball. Hence, in the case when. the rotation
speed of the disk is raised froma | ow speed to a high speed, it is
possible to know that the magnetic balkl 2has noved on the external

peri pheral side wall of the ring-shaped hollow section by detecting the
timng of the.separatithe Astatiesuspeedtdéteposyi Hecttiopriskents Hae
magnetic. ball fromcausing collision during reproduction or the |ike on

t he di sk. ThetaEsentspeedc i dine HEsif ate thastamingt pbntbepabperatfion.
attaining a disk drive for stably carrying out reproduction, recording or
seek operation on the @inskheRwedenrnoimyentionheaptes&nbni asepaidntoithe s
possible to detect the rotation speed at which the nagnetic ball separates
fromthe magmmgpoibyardet ech iglgntimatigtgatthenespectt of the mbvkment tfiethem ng
of the separation. Hence, it is possible to know the magnetic bal

separati on mqietir ppéédidinideddle disg-shapa] hBdiowhsectasam thafdiskt he
magnetic ball is securely positioned on the external peripheral side wall
of the ring-cahiaped drod |the fdotingn ofy theasspayatihen rof athermageetic ooall
necessary and sufficient 2 0 JUL 2005 28 rotation speed, it is possible
to start repimsuctheomagndtheld idedeched by detkcting the impact of the

magnetic ball. Hence, in the case when the rotation speed of
the disk is raised from a loﬁ speed to a high speed, it is possible
to know that the magnetic ball has moved on the external
peripheral side wall of the ring-shaped hollow section by
détecting the timing of the.separation.

As a result, it is possible to prevent the magnetic.
ball from causing collision during reproduction or the like on
the disk. The present invéntion therefore has an action capable
of attaining a disk drive.fox‘sfably‘carfying out reproduction,
recording or seek operation on the disk.

Furthermore, in the present invention, it is possible
todétecttherotatiqnspeedatwhichthéqmgneticballseparates
from the magnet by detecting the rotation speed of the disk at
the timing of the separation.

Hence, it 1is possible "to know the rﬁagnetic ball
separation:otétionspeedforeachdiskdrive. Forthisreasoﬁ,
after the magnetic ball is securely positioned on the external
periphergl side wall of the riﬂg—shaped hollow section by

raising the rotation speed to a necessary and sufficient



The present invention thus has an action capable of attaining a disk drive
wherein the nmagnetic ball is separated fromthe magnet by using the
mnimumtime and energy and then reproduction, recording or seek ppgyagiien
on the disk is carried out stably. The invention in accordance with claim
9 of the present invention relates to a disk drive in accordance with
claim?7, wherein the inpact detection section detects the timng of the
attraction of the magnetic ball by the -mfmet, and the rotation speed
detection section detects the: rotation speed of the disk at the timng of
the attracti%htatyqn ERECHresbAtS PAGEAPLGTLC ataadt Feprodupbion o the 1ike
i nportance of elimnating the effect of the novenment of the nmagnetic ball
i nsi de the rAthg-hakiedk hol | ow section on the disk drive, and the tinming of
the attraction of the magnetic ball by the magnet is detected by detecting
the inpact of the magnBhecpresent IRvriom ths d@seanhentite capattlicont
speed of the disk is lowered froma high speed to a | ow speed, it is
possi bl € t o atiiwimme Gisknggavei whoaeinhblke naguebihctbell ntemeparated
peri pheral side wall of the ring-shaped hollow section by detecting the
timng of tHeam tthgcmeghetAbyausasngl theiminimpnstibe cand qreengyntankihehen -
magnetic ball from causing collision during reproduction or the Iike on 20
JUL 2005 2@ epradvsidiosk. r¥pergingan seakamenat ite oaf the diak ow cartried
capable of attaining a disk drive for stably carrying out reproduction,
out stably. .

The invention in accordance with claim 9 of the
present invention relates to a disk drive in accordance with
claim 7, wherein

the :l_mx;act detection section detects the timing of
the attraction of the magnetic ball by the magnet ,. and

the rotation speed detection section detects the
rotation speed of the disk at the timing of the attraction.

In the present inventioﬁ, attention is paid to the
importance of eliminating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and.the timing of the attraction of the magnetic ball
by the magnet is detécted by detecting the impact of the magnetic
ball. Hence, in the case when the rotation épeed of the disk
is lowered from é high speed to a low speéd, ‘it is possible to
know that the magnetic ball has moved on the internal- peripheral
side wall of the ring-shaped hollow section by detecting the
timing of the attraction.

As a result, it is possible to prevent the magnetic

ball from causing collision during reproduction or the like on



recordi ng or seek operation on the disk. Furthernore, it is possible to
detect the rotation speed at which the nagnetic ball is attracted by the
magnet by detecting the rotation speed of the disk at the timng of the
attraction. Hence, it is possible to know the nagnetic ball atigatlizdh
rotation speed for each disk drive.” For this reason, after the magnetic
ball is securely positioned on the internal peripheral side wall of the
ri ng-shaped holl ow section by |owering t rotation speed to a necessary
and sufficient rotation speed, it is possible to start recording or the

like on theyl gkskTherps @seRlentVeREALIoH %r@%:@h&@én%c@ﬁﬁ?%?aﬁie
attaining a disk drive whérein the magnetic ball is attracted by the

magnet by usifgtihenAh@l SERLd AR 1980 SR PL 13N E RS n g’ SPF %FBEBHQEtion,
recording or seek operation on the disk is carried” olt stably. The -

i nvention i n-ACHAOANCH Wddk AR bPlod hehe REASENt invention relates to
: . FElon

a disk drive I n accordance with claim7 or 9, wherein the inpact detection

section detects an inpactn@Pmbpe, basi $sofol Hes Put Pt d@lcngf rhhge B4 cal
pi ckup. The invention in accordance with claim?29 of the present Invention

relates to | ri i, N Soe | ; | [ i :
det ection sgsc%% age%qggf}sl %ﬁéﬁﬁ%act %:\(I)Baf]l& 1§O%E%§8t@§ﬁﬁfh%héb§§??€gﬁhe

out S.Utn alS: 3naiesgcﬁjbfg Yl G aRithURpeeiNokNBnBr 838K at NMANH @A ngR € OFRONENt
attraction.

Hence, it is possible to know the magnetic ball
attraction rotation speed for each disk drive. For this reason,
after the magnetic ball is securely positioned on the ;nternal
peripheral side wall of .the ring-shaped hollow section by
lowering the rotation speed to & necessary and sufficient
rotation speed, it is possible to start recording or the like
on the disk. |

The present invention thﬁs has an action capable of
attaining a disk drive wherein the'magnetic ball is attracted
by the magnet by using the minimum timé and energy and then
reproduction, recording or seek operation on the disk is carried
out stably.

The invention in accordance with claim 10 of the
present invention relates to a disk drive in accordance with
claim 7 or 9, wherein the impact detection section‘detecfs_an
impactAon the basis of fhe output signal of the optical pickup.

The invention in accordance with claim 29 of the
present inventidn'relates to a disk . -drive in aqcordance with

claim 8, wherein the imﬁact,detection section detects an impact



provided in the disk drive is used as the inpact detection section. The
present invention thus has an action capable of attaining an optical disk
drive that is inexpensive, sinply configured and equi pped with 'a?balbridlsr
havi ng an i npact detection section. The invention in accordance with claim
11 of the present invention relates to a disk drive in accordance-with
claim 10, wherein the inpact detection section detects an inpact on the
basis of the focus error signal .or the tra@king error signal of the

optical pickup. The inyention in accordance with claim30 . of the present

i nventi on re?gtBEEtBaﬁlﬁigﬁ GRpveutRubcEdgRRhcefwrRe oRTaFad 2DickKRrei n t he
i npact detection sectiogn detects an inpact on the basis of the focus error
signal or the tracking %t ridie DHSHfAT JRveaitd Wt idc glompiosiems. ormd-gimaldvesent
i nvention, a conponent and an electric circuit originally provided in the
di sk drive iBTo¥ededsiphébe; fhakt daevecis onsedcasofie THeppebseatethiemt i on
thus has an action capable of attaining an optical disk drive that is

i nexpensi ve, S&FRPPY- configured and equi pped with a bal ancer having an

| npact detection section. 'The invention in accordance with claim12 of
the 20 JUL 2005 31 preSeRresfiEniPenttratidius dag ansactipnecapable of

accordance with claim7 or 9, wherein_the inpact detecti-on section is a
© attaining an optical disk drive that i1s inexpensive, simply

-configured and egquipped with a balancer having an impact
detection section.

‘Tﬁe invention in accordance with claim 11 of the
present invention relates to a disk drive in accordance with
claim 10, wherein the impact detection section detects an impact
on the basis of the focus error signal or the.tracking erroxr
signal of the optical pickup.

The invention in accordance with claim 30 of the
pPresent invention relates to a disk drive in accoxdance with
claim 29, wherein the impact detection section detects an jmpéct
on the basis of the focus error signal or the tracking error
signal of said optical pickup. |

In the present invention, a component and an eiectric
circuit originally provided in the disk drive is used as the
impact detection section.

The present invention thus has an action capable of
attaining an optical disk drive that is inéxpensive, simply
configured and equipped with a balancer having an impact
detection section.

The invention in accordance with claim 12 of the



pi ezoel ectric ceram c sensor. The invention in accordance with claim31 of

the present invention relates to a disk drive in accordance with claimS8,

wherein the inpact detection section is a piezoelectric ceramc Fp ommﬁln
y

accordance with the present invention, by using a sensor provided on or

| npact detection, the tinme for the detection process is not limted. In
other words, it is possible to neasure the nmagnetic ball separation or
attraction rotation speed at any tine regardl ess of any process being
carried out on the disk. In addition, it is possible to provide a
detection spresenttimvensiorl nélaedy toexphng seizediaxaekthedhnte with
detection accuracy. The present invention thus has an action capabl e of
attaini ng anchbpimcal oxli 8k shéveit helie i SnpaeX pRitctd.ons sty onc @Rrf iagur ed and
equi pped with a bal ancer having an inpact detection section. The invention
I n accor dancpigtbbletariv 18epdmidesepg@sent invention relates to a disk
drive conprising: a disk, a balancer for novably acconmodati ng one or

plural magnetic ballsThe iihsenitignshapadcbolibove Secth o anf PrvFdage with
a magnet for attracting the magnetic balls inside the ring-shaped holl ow
section, whepeéseRd iMdkeROdin S ates tihe L@IekWaevihenr gtabreanspegdtnf

the disk is changed froma first rotation speed to a second rotation speed
claim 8, wherein the impact detection section is a piezoelectric
ceramic senscr.

In accordance with the present invention, by using '
a sensor provided only for impact detection, the time for the
detection process is not limited. In other words , it is possible
to measure the magnetic ball separation or attraction rotation
speed at any time regardless of any process being carried out.
on the disk. 1In addition, it is possible to provide a detection
section that is relatively.inexﬁensive and excellent in
detection accuracy.

The preéeﬁt invention thus has an action éapable of
attaining an optical disk drive that is inexpensive, simply
configured and equipped with a balancer having an impact
detection section.

The invention in accordance with claim 13 of the
present invention relates to a disk drive comprising:

a disk, |

a balancer for movably accommodating one or plural
magnetic balls in its ring-shaped hollow section and pfovided
with a magnet for attracting the magnetic balls inside the

ring-shaped hollow section, wherein



| ower than the first rotation speed, the above-nenti.oned case includes a
case wherein after the rotation speed is lowered fromthe first rotation
speed to a third rotation speed |lower than the second rotation spgedl 2005he
third rotation speed is changed to the second rotation speed, and the
magnetic ball is attracted by the magnet at the third rotation speed. It
is assuned for exanple that the position of the magnetic ball in the

ri ng- shaped hol | ow section is unknown at 34 he first rotation speed (it is

unknown as to whet her the netic . bal ositions on the external. .
peripheral side wall of®th eg??ﬁ%-‘gﬂﬁﬁejﬂhgo??sz%t"?B‘?\‘?gp%%i"El?%rgl%ﬁ the

i nternal peripher si de || thereof, or is unstably noving inside the

ri ng- shaped ‘ﬁ%qﬁ EEOM BrH1TF T SRR f?set‘?:}l%e&of Brg’%‘i‘&’iﬁﬁl%"t’{‘%‘i‘n tSheed
second rotation s ?_%d i%rgicfg&%r than the rotatjon speed fO (Hz) &t which
the magneti ¢PHET & By SRy teehnd is | ower than the
rotation speed f1 (Hz). at V\gich t he r_raﬁnetic bal | _.separates fromthe
magneét. In this case, FREtRROPTRRALIPREENERSR, 1PALUABEaR GRSSsHBEHSHR not
directly changed fromthe first rotatjon speed to the second rotation
speed. The GHSIET AT GPIREdOR SRHES (1R LOHeF o1 ST0BN: 2P do GrEete HLPBEREESh
speed not nyre tr}%grc%he rotation gpeed f0 . (Hz)_ at which the nagnetic ball -
is attracted®§ % T9 LAY cFpBBee 31 oReh tdian theofaernd FekR e PP88Si:t i on

the magneti¢_ball, opn the .internal .perjpheral side wall of the ring-shaped
9 %615: thirg rotation speed ir').s changed to the second rotation s%eed,p

hol | ow secti

and

the magnetic ball is attracted by the magnet at the
third rotation speed. |

It is assumed for example that the position of the
_magnet;ic ball in the ring-shaped hollow section-is unknown at
the first rotation speed (it is unknown as to whether the magnetic
ball positions on the external peripheral side wall of the
ring-shaped hellow section, positions on the internal
peripheral side wall thereof or is unstably movipg inside the
ring-shaped hollow section). It is also assumed for example
that the second roté}tion speed is higher ‘than the rotation speed
£0 (Hz) at which the magnetic ball is a'ttract‘ed by the magnet
and is lower than the rotation speed £1 (Hz) at which the magnetic
ball separates from ‘;:he magnet. |

In this case, in the present invention, the rotaticon
speed 1s not directly changed from the first rotation speed to
‘the second rotation speed. The disk is rotated at the third

rotation speed once (a rotation speed not more than the rotation

speed £0 (Hz) at which the magnetic ball is attracted by the



(the external periphery of the nagnet). The rotation speed of the disk is
then raised to the second rotation speed, and the operation is shifted to
a target operation, such as reproduction or recording on the dgkyL 2552
result, the magnetic ball securely positions on the internal peripheral
side wall of the ring-shaped hollow section at the second rotation speed.
Any di sturbance that is caused for exanple when the nagnetic ball suddenly
collides with the side wall in the M(yﬂiécﬁ recording or the like is
prevented from occurring. Wen the rotation speed is changed froma high

rotation speeshiet p imwriceratboge SRy P tiASeRe hAYRBLELbalPorPehe

action capable of attaining a disk drive for stably performng

reproduct i oninteansipesipheseaks OPE LI109f Ahd Rendlgkapal A1 dWPWekPi8h 1 ON
speed. "The third rotation speed in the descriptions of the present

speci fi cati qremnedxleaind® gees phetyabiatie MRhed JSPeehLi Lol i peed.
In a disk drive wherein the behas‘lyor and thgIih I i)ke of the n%‘%%ats%%ega S

moni tored, filie 4aR0li® thent Raigageto WEd ddWorh Sko¥Ataid %e%@efe%.gstl%%e

| owered fromthe first rotation speed to the second rotation spee

di sk rotati ebeaRaekhd s drveded t@ra:eakge@ dpidt ok SeGeH A@%grggggtdigﬁ er

second rotation speed, and then raised to the second rotatio
the magnetidr kaldoddimd omaaded &sK.he magnet. This case can also 2 0 JUL

2005 34 Dbe included in the technical scope of the present invention. The
rotation speed at whi cistdheergret te hldndtSic ball securely positions on
the internal pe:;:ipheral' side wall of the ring-shaped hollow
sectiop.at the second rotation speed. Any disturbance that is
caus éd for example when the magnetic ball suddenly collides with
the side wall in the middle of :r:écc;rding or the like is prevented
from occurring.

" When the rotation speed is changed from a high
rotation speed to a low rotatiqn speed, the present invention
has an action capable of attaining a disk drive for stably
performingreproduction,recordingcn:seekoperation6nthedisk
at the low rotation speed.

"The third rotation speed” in the descriptions of the
present specification and claims does not always mean a specific
rotation speed. In a disk drive wherein the béhavior and the
like of the magx:xetic ball is monitored, for example, in tﬁe case
when the disk rotation speed is lowered from the first rotation
speed to the second rotation speed, the disk rotation speed is
lowered once to a rotation speed lower than the second rotation

speed, and then raised to the second rotation speed after the

magnetic ball is attracted by the magnet. This case can also



attracted by the magnet is the third rotation speed. At the third rotation
speed, the condition that the magnetic ball is attracted by the magnet is
satisfied. As a result, the requirenent of the present claimis qs[flt‘iJLsEdU?d.
The invention in accordance with claim14. of the present inventi org
relates to a disk drive conprising: a disk, a balancer for novably
accommodati ng one or plural nmagnetic balls in its ring-shaped holl ow
section and provided w th a magnet for-astaracting the nagnetic balls
inside the ring-shaped hollow section, wherein in the case when

repr oduct i onP8r 1pEdBAgIAngG N Fheateichaicodt sconei nfiotlst ypresent ejpoentiam a
position to another position on the disk, when the maxi numval ue of the

di sk rotation speed i n Therotgibonispeedhemt twiaick tSepanagrena datli ds
speed at which the magnetic ball separates fromthe nmagnet and hi gher than
an attracti8htreciebobyspbedmaunsgti dis the thiwdt rotbalibni spealit r act echeby
-~ he magnet, and when the m ni mumvalue of the disk rotation speed in the .
region is thehardruetadthonospeedn theorbrolitiess theai dheamaghatiddesi B iease -
wherein the rotation speed of the disk is set at the attraction rotation
speed or .| esstbefoted bypltbdéumegostoisr esbisfngd.2 X Hirafb:, Fhe I n the
case when the maxi num value of the disk rotation speed in a desired region
for recordi ngeaeirgmentkefi theomeesent claim is satisfied.

The invention in accordance with claim 14 .of the
present invention relates to a disk drive comprising:

-a disk,

a balancer for movably accommodating one or plural
magnetic balls in its ring-shaped hollow section and provided
with a magnet for attracting'the magnetic balls- inside the
ring-shaped hollow section, wherein

in the case when reproduction or recording is carried
out continuously in a regiog from a position to another position
on the disk, |

when the maximum value of the disk rotation speed in
the region is lower than a separation rotation sbeed at which
the magnetic ball separates from the magnet and higher than an
attraction rotation'speed at which the magnetic ball is
attracted by the magnet, and

when the minimum value of the disk rotation speed in
the region is the attraction rotation speed or less,

said case includes a casé wherein the rotation speed

of the disk is set at the attraction rotation speed or less before.

reproduction or recording.



than the separation rotation speed at which the magnetic ball separates
fromthe magnet and higher than the attraction rotation speed at which the
magnetic ball is attracted by the nagnet, and when the m ni mumval ue of
the disk rotation speed in the region is the attraction rotation8pbditsr

| ess, the present invention has a case wherein the spindle notor is
controlled so that the disk rotation speed becones the attraction rotation
speed or | ess before reproduction or recgsding, and then the rotation
speed is set at a desired rotation speed for reproduction or recording.
-As a result, the magnefhdheatdseswbendhe msinimonsloa oft tige BAERMWation
peri pheral side wall of the ring-shaped hollow. section during continuous
recordi ng or sfed e a§ desigedegeghon For tecsrdioagwr Ry dikd Wdangedt hat
i s caused for exanple when the magnetic ball suddenly collides with the
side wal | in s theddeparhtienoraiamion dpeed bkewhschreve Mashdtnball
occurring. Hence, the present invention has an action capable of attaining

a di sk drive separsatss [Freor tbenrnmagnetpandubi ghar tieoorthé GafraSEsin
operation on the disk. In the case when the magnetic ball positions on the

i nternal per ingartdlonssgeedaat wiidhahe mggnkapedban] | Dy SeGtd@eqa ffyormkhe
beginning, it is not necessary to lower the rotation speed of the spindle
nmot or to them&amedct RBA ¥heat thon mepdgumovaluesst i dianimdafidiepeed -
expression "the present invention'20 JUL 2005 36 Includes the case
wher ei n t he Agt Fhieowegiendissthet abtrahbtiomttowatian smead ican 1spnred tole
| ess” is used in consideration of '
present invention has a case wherein the spindle motor is
controlled so that the disk rotation speed becomes the
attraction rotation speed or less before reproduction or
recording, and then the rotation speed is set at a desired
rotation speed for reproduction or recording.

-As a result, the magnetic ball securely positions on
the internal peripheral side wall of the ring-shaped hollow
section during continuous recording or the like in the region.
For this reason, any disturbance that is caused for ekémple when
the magnetic ball suddenly collides with the side wall in the
middle of recording or the like is prevented from occurring.
Hence, the present invention has an action capable of attaining

.a disk drive for stably performing reproduction, recording or
seek operation on the disk.

In the case when the magnetic ball positions on the
internal peripheral side wall of the ring-shaped hollow section
from the beginning, it is not necessary to lower the rotation

speed of the spindle motor to the attraction rotation speed or

.less. The meaning of the expression "the present invention



this case. The invention in accordance with claim15 of the present
invention relates to a disk drive in accordance with claim 14, wherein the

rel ati onship expression of fO X [(the rotation speed at the i@n&nq@@?
periphery) / (the rotation speed at the outernost periphery)} f177i's

est abl i shed, wherein fl designates the rotation speed at which the

magnetic ball separates and fO designates the rotation speed at which the
magnetic ball is attracted. In the presé® 4 nvention, in a disk drive

having the CLV. npde in particular, recording, reproduction or the |ike on

the di sk cantBelRd6s i B RRSe ISR Jdra I eata bion hepeediebs spoeat theing
recording, reproduction or the like. This stable operation is nade

possi bl e by PrefRGIIPHaataGignsepeed on lesst dawmseleint¢ensidgmaiiomnaf s
positioned on the external peripheral side wall of the ring-shaped holl ow
section or tHELS (GR%§nal peripheral side wall thereof (a state wherein the
magnetic ball is attracted by the magnet) at the |linear speed. Even if .
recordi ng (or reproducthéniByeshionke)a¢goréanceeritbt cdenmi hGoas! yhérom

the beginning to the end on the disk for exanple, the magnetic ball does

not nove i nFAXRSae inveniomagedansis @ Sediisdn daiveplin deomirdaniciee wiittie
wal | thereof during the recording (or reproduction or the like). 20 JUL
2005 37 Aslaimedidt wWhe@isr esent invention has an action capable of
attaining a disk drive for stably carrying out -
the relationship expression of £0 X {(the rotation
speed at the innermost periphery) / (the rotation speed at the
outermost periphexry)) < £1 is established, wherein f1 designates
the rotation speed at which the magnetic ball separates and £0
designates the rotation speed at which the magnetic ball is
attracted.
In the presenrt invenj:ion, in a disk drive having the
CLV mode in particular, recording, reproduction or the like on
the disk can be carried out stably regardless of the linear spe‘ed
during recording, Feproduction or the like. This stable
operation is made possible by properly making a selection as
to whether the magnetic ball is positiocned on the external
peripheral side wall of the ring-shaped hollow section or the-
intefnal peripheral side wall thereof (a state whe.rein the
magnetic ball is attracted by the magnet) at the linear speed.
Even if recording (or reproduction or the like) is
carq:ied out continulousiy from the beginning to the end on the
disk for example, the magnetic ball does not move inside the

ring-shaped hollow section or collide with the side wall thereof

during the recording (or reproduction or the like).



reproduction, recording or seek operation on the disk. The invention in
accordance with claim 16 of the present invention relates to a disk drive

in accordance with claim14 or 15, conprising: an inpact detectigﬂ1§m;hh?n
for detecting an inpact caused by the behavior of the magnetic b a
rotation speed detection section for detecting the rotation speed of the
disk at the tine of the detection of the inpact, wherein the inpact
detection section detects the timng of_ {fie. separation of the magnetic
ball fromthe magnet, and the rotation speed detection section detects the

rotation speed of the i sk misulfie tthd pesbnthensepaiahi BRs andatbeohnpact
detection section detects the timng of the attraction of the magnetic

bal | by the cegeblle efdatbeiningaki @skPeelvdlet@etd b B Ed9R,d8] el the
rotation speed of the disk at the timng of the attraction. I nthe present

i nvention, atrkppbiasticnpardcdpdifg ol NPesH aper0idH idH nald g ghe ef fect
of the novenent of the nmagnetic ball inside the ring-shaped hollow section

on the disk drive, andHehanvieritagnofint Becsepanati @ntrf ctaemmegngki gnbal |
fromthe magnet and the timng of the attraction of the magnetic ball by

the magnet apeedehecipdehyicietecidngs the 4 Makt efiviehen areReibachalkth
Hence, in the case when the rotation speed of 2 0 JUL 2005 38 the disk is

raised to a tomimpeedotol®, ht@hpspeasgand in the case when the rotation
speed of the disk is |owered froma high

an impact detection section for detecting an impact
caused by the"behavior of the magnetic ball, and

a rotation speed detection section for detecting the
rotatlon speed of the disk at the time of the detection of the
iﬁpact. wherein )

the impact detection section detécts the timing of
the separation of the magnetic ball from the magnét, and the
rotation speed detection section detects the rotation speed of.
the disk at It‘ne timing of the separation, and

the impact detection section detects the.timing of
the attracti_on of the magnetic ball by the rﬁagnet, and the
rotation speed detection section detects the rotation speed of
the disk at the timing of the attraction.

In the present invention, attention is paid to the
importance of eliminating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the timing of the separatidn of the magnetic ball
from the magnet and the timing.of the attraction of the magnetic

ball by the magnet are detected by detecting the impact of the

magnetic ball. Hence, in the case when the rotation speed of



speed to a | ow speed, it is possible to know that the magnetic ball has
noved on the external or internal peripheral side wall of the ring-shaped
hol | ow section by detecting the timng of the separation and thezqi[tjrﬂ ﬂﬁ&of
the attraction. By securely detecting the two stable positions of Ae
magnetic ball inside the ring-shaped hol |l ow section as described above, it
IS possible to prevent the nagnetic ball fromcausing collision during
reproduction or the like on the disk. Fheé8 present invention therefore has
an action capable of attaining a disk drive for stably carrying out

repr oduct i o2& SBFKdifg TedEesede Gpdioxt iSBIeesh tcha diigh %ﬁ%@ﬂ%r—’-@ the is
possi ble to detect the rotation speed at which the magnetic ball separates
from the madifete HREN ThR HERIBh SHSESH Cat thni &ksk He Aeyasefcibem|a pigh
attracted by the nmagnet by detecting the rotation speed of the disk at the
timng of tiFPeSshAPaRitY sRPathe fotlst PERSiPedtefknuee ak the mawsetiai ng
of the attraction. Hence., it is possible to know the nmagnetic bal l

separ ati on m&ddt PR maadi oanbhe X kegRet ic Batpraslr peripherabtsitdeonaipeed
for each disk drive. For_ this reason, after the nmagnetic ball is securely
posi ti oned &F e &ingraBRPEA PAldpwalsecidonpher deteicddngatheotiming of

ri ng-shaped holl ow section by raising or lowering the rotation speed to a

necessary afthe $EPRrALAAR mBHathen tdpda® oft the @idsiasitdano start recording
20 JUL 2005 39 or the like on the disk. The 1(:)resent i nvention thus has an

action capabl e of By securely detecting the two stable positions of the

. magnetic ball inside the ring-shaped ﬁollow section as described
above, it is possible to prevent the magnetic ball from causing

" collision during reproduction or the like on the disk. The
present invention therefore has an acticn capéble of attaining
a disk drive for stably c¢arrying out reproduction, recording
or seek operation on the disk.

I;'ur‘themore, it is possible to detect the rotation
speed at which the magnetiq ball séparates from the magnet and
the rotation speed at which the magnetic ball ié attracted by
the magnet by detecting the rotation speed of -the disk-’at the
timing of the separation and the rotation speed of the disk at
the-timing of the attraction.

Hence, it is possible to know the magnetic ball
separation rotation speed and the magnetic ball attraction
rotation speed for each disk drive. For thi§ reason, after the
magnetic ball is securely positioned on the externral or internal
periphéral side wall of the ring-shaped hollow section by

raising or lowering the rotation speed to a necessary and

sufficient rotation speed, it is possible to start recording




attaining a disk drive wherein the magnetic ball is separated from or
attracted by the magnet by using the minimumtine and energy, and then
reproduction, recording or seek operation on the disk is carri (z(ﬂ Rfﬂtﬂ]ﬂﬁ
stably. Since it is possible to set an appropriate nagnetic bal

separation rotation speed and an appropriate magnetic ball attraction
rotati on speed, not affected by the variation in the nagnetic attraction
force exerted between the nmagnet and the gnetic ball fromone disk drive
to another, nore stable control can be a%sfgi ned. The invention in
accordance whthtied al e opfrAdegipresent invention relates to a disk drive
conprising: a balancer for novably accommobdati ng .one or plural nagnetic

balls inits ri ng-Shap@ﬁe&@#é@é‘hﬁ?fﬂ\ir@r{‘tf&?ﬂﬁﬁvh‘i%d%n‘r’]%%{i@n 84 of QF

attracting the magnetic b s inside the ring-shape ow section, and a

behavi or detgetd i SfPe icQRK @ri9et §66LBINt PRe rf?&&(;r?éd’{:?é g1t e Hagg%{&d

ball. In the present invention, it Is possiblet etect” the st and

dynam ¢ behamidh o3f e aRRAACHYC thg! haé;ﬂéicg%tﬁien%iofgﬁ F2AM Qi@ Vhng

section. As a result, it is poSsible to kn € magnetic

bal | inside dh@-d¢ Nemehaped bPebloWacssshi %eeaf&%;ggfw %tepe'gsfybpleg‘aQSSBr nce

with the present invention, it is 2 0 JUL 7005 possi bl et 0 prevent the

magneti c bal4nd ramic ausidig6ld ic‘;ﬁ'p@téiﬂrj}_ng recording or the Iike on the
di sk by starting recording

Singe it is possible to set an appropriate magnetic

ball separation rotation speed and an appropriate magnetic ball
attraction rotation speed, not affected by the variation in the
magnetic attraction force exerted between the magnet and the
magnetic ball from 6ne disk drive to another, more stable control
can be attained.

The invention in accordance with claim 17 of the
present invention relates to a dilsk drive comprising:

a balancer for movably accommodating one or plural
magnetic balls in its ring-shaped hollow section and provided .
with a magnet for attracting the magnetic balls inside the
ring-éhaped hellow section, .ﬁnd |

& behavior detection section for detecting the
behavior of the magnetic ball. |

In the ﬁresent invention, it is possible to detect -
the static and dynamic behavior of the magneti;:: ball inside the
ring-shaped hollow section. As a result, it is possiblé to know
the position of the magnetic ball inside thé ring-shaped hollow
section more accurately.

In accordance with the present invention, it is



or the like on the disk after it is' det ect ed t hat the )mignetic' bal | has

noved to the external or internal peripheral side wall of the ring-shaped
hol  ow section. In addition, in the present invention, it is pdgsiil #p5to
carry out detection as.to whether the nmagnetic ball is nmoving on the

external peripheral side wall of the ring-shaped hollow section or have
positioned stably at an optinum bal ance position. The present invention
t hus has an action capable of attaining4® di sk drive for stably carrying
out reproduction, _recording or seek operation _on the disk. The invention

in accor dan@PIFTILRILE REASRT tHee maRaddift Badve LB Gadsdngs aod-13 sdiosk
drive in accordance with claim17, wherein_ the housing of the ring-shaped
hol | ow sect iBHFIRT GeGARHE OF thankphe it thet 815Kl DY ST Ha H aeeprding
detection section is _a photosensor. In the present invention, it is .
possi bl e t o Wettdd 1ikgeoFt Bhe cdbil aBfRILE BEnGSTorted et fdwmaeigpetilc
i nside the ring-shaped hol |l ow section by using the photosensor, i.e., a
rel atively itfebdo&@si POVERICR fREeEAPFRGL T dotesRadeDetépharal sidswhill it -
is possible to know the position of the magnetic ball in the ring-shaped
hol | ow sect i%h TRt ST rRARSS hoklew @it with the present “inventi on,
it is 20 JUL 2005 41_ possible to prevent the magnetic ball from causing
col lision during recofdi 3feiiameipn ke preepptdinsienyion alti yressdbdeng
to carry out detection as to whether the magnetic ball is moving
on the extermal peripheral side wall of the ring-shaped hollow
section or have positioned stably at an opfimum balance
position.

The present invention thus has an action capable of

attaining a disk drive for stably carrying out reproduction,
- recording or seek operation on the disk.

The invention in accordance with claim 18 of the’
present invention relates to a disk drive in accordance with
claim 17, wherein

the housing of the ring-shaped hollow section is
formed of a transparent‘material, and

the behavior detection section is a photosensor.

In the present invention, it is possible to detect
the static and dynamic behavior of the magnetic ball inside the
ring-shaped hollow section by using the photosensor, i.e., a
relatively inexpensive and space-saving detection device. As
a result, it is possible to know the position of the magnetic

ball in the ring-shaped hollow section more accurately.

In accordance with the present invention, it is




or the like on the disk after the nmagnetic ball is detected to have noved
to the external or internal peripheral side wall of the ring-shaped holl ow
section. The present invention thus has an action capabl e of at%@i@ﬂm5a
di sk drive for stably carrying out reproduction, recording or s F!
operation on the disk. The invention in accordance with claim19 of ‘the
present invention relates to a disk drive in accordance with claim 18,
wherein the housing of the ring-shaped .hqlj aw section has a

| i ght-gathering section. Since the |lens section is provided between the
phot osenso apdstivlangochrevént | thaatagmdits ced=Aqt ifamnc aaukd ngatbathedonand

t he spaci ng (operation distance) between the magnetic ball and the

phot osensor @anihe sSetordinmiesir etebyikehhanghegdisie whararafiddecbepdindhe
i nvention in accordance with claim?20 of the present invention relates to -

a di sk dri veoi ntige coinganee tivet Ai skl aitard thewhegee bitheahDus e tefctieldeto
ri ng- shaped holl ow section is fornmed of a nonnetallic material, and the

behavi or detgaté alovat ticoRheSeRPe LhET a0 hakiraal COPATHHBREE dRe weANSOE .
The material of the ring-shaped hollow section 4 can 20 JUL 2005 - 42

thus be sel egh@drifngnsnapedehiolbmges@itimierials. Furthernore, Dby using
the el ectrostatic capacitance type sensor, which is

The present invention thus has an action capable of
attaining a disk drive for stably carrying ocut reproduction,
recording or seek operation omn the disk.

The inventién in accordance with claim 19 of the
preseht invention relates to a disk drive in accordance with
claim 18, wherein

| . the housing of the ring-shaped hollqw section has a
light-gatheringlﬁection.

Since the lens section is provided between the
photosensd and the magnetic ball, accurate detection can pe
attained, and the spacing (operation distance} between the
magnetic ball and the photosensor can be set as desired by
éhanging the shape of the lemns.

| The invention in accordance with claim 20 of the
present invention relates to a disk drive in accordance with
claim 17, wherein

the housing of the ring-shaped hollow section is
formed of a nonmetallic material, and

the behavior detection section is an electrostatic
capacitance type sensor.

The material of the ring-shaped hollow section 4 can



generally high in sensitivity, it is possible to obtain higher accuracy in
t he behavi or detection of the nagnetic ball. The invention in accordance
with claim?21 of the present invention relates to a disk drive ipjyL 2005
accordance with claim 17, wherein a determ nation is nmade as to whet her
the magnetic ball is rolling along the external peripheral face of the

ri ng- shaped hol |l ow section or not by conparing the period of the output
signal of the behavior detection section Y th the period of the out put

' | of f f t h t at
ped of the g ei@ﬁ‘fgdresen% PROEREGIE oo hatBhEELET S TUTUITIRAA. (e
beh f nf t d t X )
il o 6 Ect*??c%?f?@ be 2ot e e%%e@%%a’%m'ré?%ﬁﬂ @Jﬁ

et eoti on a1 St pBidh B fs %ﬂefl b I*P Z‘fss%%?s T Yo oh r
bal h o |
The i mvent i GRCPRLS 883%32%%%% H R o t%ﬁﬂaﬁﬂ?ﬁ%mﬂv'&?m es

to a disk drive in accg, %g ei.n.a etern1nat|on |s

made as to whether the §%133I+nh3§°é£gﬁ%29tW&EPeE ke R&ghee

| not on the aS| S q&‘ 3Lt\p&e %.uc;[ ut si,gna %eﬁ bg{}%: or, detecti on sect.i on 2
0 JUL 2005 Bht1 PSR fapie WG HGtoa

di sk drive téﬁi:ﬁal”?,d%he%eitnhe vbe.haw or of the magnetic ball

a determination is made as to whether the magnetic
ball is rolling along the external peripheral fa?e of the
ring-shaped hollow section or not by comparing the pericd of
the output signal of the behavior détection section with the
period of the output signal of a rotation speed detection sectic;n
for detecting the rotation speed of the disk.

In the present invention, it is possible to confirm
the behavior of the magnetic ball in the circumferential
direction by using simple electric circuits and criteria.

The present invention thus has an action capable of
attaining a disk drive that can easily carry out detection as
to whether the magnetic ball is stationary at an optimﬁm balance
position inside the ring-shaped hollow section oxr still moving.

The invention in accordance with claim 22 of the
bresent invention relates to_é disk drive in accordance with

- claim 17, wherein

a determination is made as to whether the magnetic

ball has been attracted by the magnet or not on the basis of

the output signal of the behavior detection section.



in the radial direction by using sinple electric circuits and criteria.
The invention in accordance with claim?23 of the present invention relates
to a disk drive in accordance with claim17, wherein a deternZFﬁgL%mmis
made as to whether the magnetic ball is rolling along the ext
peri pheral face of the ring-shaped hollow section or not by conparing the
period of -the output signal of the behavior detection section wth the
period of the output signal of the rotatihgn-speed detection section for
detecting the rotation speed of the disk, another determ nation is nade as
to whet her the nmagnetThe havenlidenbEems hbsra bed iop tapabhgnedt abraidingn
the basis of the output signal of the behavior detection signal, and the
operati on nmadéisk @hive ethato cagpdedecti tine drehareitmr i dhaf maynébic tball
determ nations are made. In the present invention, it is possible to start
recordi ng argh rtkproddtal chixdderorsdoyunaingetietlienglebatitheirsagtetand bal |
has been attracted by the magnet or has positioned stably at an opti num
bal ance posiddiderda.the external peripheral side wall. As a result, no
i mpact is applied during recording and reproduction. The present invention
thus has an action cdfsblismmveEntatdmiim rrcortisica i faltassh i wE eaer yi ng
out 2 0 JUL 2005 44 reproduction, recording or seek operation on the
di sk. The i mresentninweattondaatetest hochadbsR4dofvehen accordance with
claim 17, wherein

a determination is made as to whether the magnetic
ball is rolling along the external peripheral face of the
ring-shaped hollow section or not by comparing the periocd of
the output signal of the behavior detection section with the
period of the output signal of the rotation speed detection
section for detecting the rotation speed of the disk,

another determination is made as to whether the
magnetic ball has been atitracted by the magnet or not on the
basis of the cutput signal of the behavior detection signal,
and

the operation mode is shifted to reproduction or
recording after the two determinations are made.

In the present inveﬁtion, it is possible to start
recording and réproduction after securely detecting that the
magnetic ball has been attracted by the magnet oxr has positioned
stably at an optimum balance position on the external peripheral
side wall. As a result, no impact is applied during recording

and reproduction. The present invention thus has an action

capable of attaining a disk drive for stably carrying out



present invention relates to a disk drive in-accordance with claiml, 3, 4
or 17, further conprising: a behavior detection section for detecting the
behavi or of the nagnetic ball, and a rotation speed detection sqg}
detecting the .rotation speed of the disk, wherein the behavior eH |on
section detects the timng of the separation of the magnetic ball frontthe
magnet, and the rotation speed detection section detects the rotation

speed of the disk at the tining of the seff4ration. In the present

i nvention, paid_to .t.he portance of .elim nating.the effect
of the novene &gﬁg%gggtl%nﬁaﬁﬁgpﬁgﬁ&%l i TSIE OPﬁEaFFﬁ& ?Ha%b& %&PROW section
on the disk drive, the ti nt of, the %EP ration, of - the magnetic bal
fromthe magnet is dete eednb‘{/elﬁ %It:tjrlhga‘f'ch &Gt dHetite
ball. Hence, _in_th g ﬁhen th rota i_on ageed of the disk is ralsed
froma |om1sB£886P %RWFE l?BeE& OpBs 8 Bfeds tBekBuAERAT daee ikt i ¢
bal |l has nove he ext er nal p&uﬁgggral S|de wal | of the ring-shaped

hol | ow secti Bn? de?ecélﬁﬁ tHe CHMCRGToFoPRELS4Bgrati on. By securely

detecting the p03|t|on of the magnetic  pball insjde the ring- shaped hol I-ow
section as descri bed ab%\}eEha‘Ho’?qsg REHHIRE SEETHAY SRT (R SRigH ithepal |

0 JUL 2005 BsEAvREENP, ﬁﬁéhﬂ%gh%%?ﬁp@hﬁ”nﬁé an action capable of
pable o

attaining a disk drive for stably carryingqut ;gg{::?ggcftc:rogetgg%%g'the
rotation speed'of the disk, wherein

the behavior detection section detects the timing of
the separation of the magnetic ball from the magnet, and

the rotation speed detection section detects the
~rotation speed of the disk at the timing of the separation.

In the present invention, attention is paid to the
importance of eliminating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
drive, and the timing of the separation of the maénetic ball
from the magnet is detected by detecting the behavior of the
magnetic ball. Hence, in the case when the rotation speed of
the disk is raised frortl a low speed to a high speed, it is possible
to know that the magnetic ball has moved on the external
peripheral side wall of the ring-shaped hollow section by
detecting the timing of the separation.

By securely detecting the position of the magnetic
ball inside the ring-shaped.hollow section as described above,

it 1s possible to prevent the magnetic ball from causing

collision during reproduction or the like on the disk. The



or seek operation on the disk. Furthernore, it is possible to detect the
rotation speed at which the magnetic ball separates fromthe magnet by
detecting the rotation speed of the disk at the timng of the sepangt gy
Hence, it is possible to know the magnetic ball separation rotation speed
for each disk drive. For this reason, after the magnetic ball is securely
positioned on the external peripheral side wall of the ring-shaped holl ow
section by raising the rotation speed-tasa-necessary and sufficient
rotation speed, it is possible to start recording or the like on the disk.
The present present dnidnisidiashanefiore dreapabteiof capdtdieniofigattaisingri ve
wherein the magnetic ball is separated fromthe magnet by using the .
m ni mum ti mee ahislenitrjgye fow stebhly ceprydnet oan, repcoddehjon; seedrding
operation on the disk is carried out stably. Since it is possible to set
an appropri adre seekedtperatidd separatdisk.rotati on speed, not affected by
the variation in the magnetic attraction force exerted between the nagnet
and the magnetic bal | Furaimegmerdi, skt dis yod i Heote detertet e abdeat tamt r ol
can be attained. The invention in accordance with claim?25 of the present
i nvention redpded 410 whidils kher megnetiactallaswraydtds £roml the208gne oy
claim17, further conprising: a rotation speed detection section, wherein

" detecting the rotation speed of the disk at the timing of the

separation.

Hence, it is possible to know the magnetic ball
separation rotation speed for each disk drive. For this reason,
after the magnetic ball is sequrely'ﬁositioned.on the external
peripheral side wall of the ring-shapéd hollow section by
raising the rotation speed to & necessary and sufficient
rotation speed, it is possible to start recording or the like
on the disk.

The present invention thus has an action capable qf
attaining a disk drive wherein the magnetic ball is separated
from the magnet by using the minimum time and energy, and then
reproduction, recording or seek operation on the disk is carried
out stably.

Since it is possible to set an appropriate magnetic‘
ball separation rotation speed, not affected by the variation
in the magnetic attraction force exerted between the magnet and
the magnetic ball from one disk drive to another, more stable
control can be attained.

The invention in accordance with claim 25 of the

present invention relates to a disk drive in accordance with



t he behavi or detection section detects the timng of. the attraction of the
magnetic ball by the magnet, and the rotation speed detection section
detects the rotation speed of the disk at the timng of the attragfijgh.2005
In the present invention, attention is paid to the inportance of
elimnating the effect of the novenent of the nmagnetic ball inside the

ri ng-shaped hol |l ow section on the disk drive, and the timng of the
attraction of the magnetic ball - by thé'ﬁﬁbﬁét is detected by detecting the

behavi or of EﬁgiTnggpefﬁ?tﬂ@QIC?ﬁgﬁggin'n the case when the rotation speed

of the disk 1s owered froma speed to a | ow speed, it is possible

to know that the nagne%jﬁgﬁgkhoga§ g@ﬁegggggégggi%%%&gﬁb't%lﬂ ix;eﬂh:ide

g?LlainLE? E;ngéiB?gthge§ggﬁijgg%é§:p%§ition f the magnetic ball inside
the ring-shaped hol | ow sectton, 11 15 PpossroPECEEORHHERNES (the Faghngit
The present - L eRt E3Ct Rt orté ThadShEE L haf sthe TROBEE ol ARRG & dif sk
on the di k. Furt hormorBe FBrs i8R  8PERE B8tabRinn” FREtiopatrsrctenibe at

0 P, e Tactel{opale s & RSP NSNS DY LS 10,
attraction. Hence, itIhst88§S£gé§h£Oié¥§h £§§, a rgﬁéfbémgé paid to the
importance of eliminating the effect of the movement of the
magnetic ball insiﬁe the ring-shaped hollow section on the disk
drive, and the timing of the attraction of the magnetic ball
by the magnet is detected by detecting the behavior of the
7 mégnetic ball. Hence, in ‘the case when the fotation speed of
the disk is lowered from a high speed to a low speed, it is
possible to know that the magnetic ball has moved on the internal
peripheral side wall of the ring-shaped hollow section by
detecting the timing of the attraction.

. - By securely detecting the'position of the magnetic
ball inside the ring-shaped hollow section, it is possible to
prevent the magnetic ball from causing collision during
reproduction or the like on the disk. The present invention-
therefore has an action capable of attaining a disk arive for
stably carrying out reproduction, recording or seek operation
on the disk.

Furthermore, it is possible to detect the rotation

speed at which the magnetic ball is attracted by the magnet by

detecting the rotation speed of the disk at the timing of the



attraction rotation speed for each disk drive. For this reason, after the
magnetic ball is securely positioned on the internal peripheral side wall
of the ring-shaped hollow section by lowering the rotation speag W s
necessary and sufficient rotation speed, it is possible to start recording
or the like on the disk. The present invention thus has an action capable
of attaining a disk drive wherein the magnetic ball is attracted by the
magnet by using the mininumtinme and energy,. and then reproduction,
recording or seek operation on the disk is carried out stably. Since it is
possi bl e to aetrasthmpropri ate magnetic ball attraction rotation speed,

not affected by the variation 1in the nmagnetic attraction force exerted

bet ween the magnet andHehbe,migneki sobalibiéres rAGwdLak slebMerie sapiher,
nore stable control. can be attained. The invention in accordance with

claim 26 of ateraptbsenrbtanyentdpyed ebatasr 01k Hsk &l i ¥ thaccardance
with claim?24, wherein the behavior detection section detects the timng

of the sepaaptéortnf mbbnetROMNEAIT aklkechremyt besBINLEs dl&HLOLatEPRagPEEd
detection section detects the rotation speed of the disk at the timng of

the separ at i péiripidreatbediaid ealdetesciben ﬁ%@-is@;&rgﬁéat 13 I & ddtfigagngf 20

JUL 2005 48 the attraction of the magnetic ball by the magnet, and the

rotation spebsheéleimas tiren saction deleed $d Renecessary and sufficient
rotation speed, it is possible to start recording or the like
on the disk.

The present invention thus has an action capable.of
attaining a disk drive wherein the magnetic ball is attracted
by the magnet by using the minimum time and energy, and thenl
reproduction, recording or éeek operation on the disk is carried
out stably.

Since it is possible to set an appropriate magnetic
ball attraction rotation speed, not affected by the variation
in the magnetic attraction force exerted between the magnet and
the magnetic ball from one disk drive to another, more stable
control can be attained. |

A The invention in accordance with claim 26 of the
pre_senf invention relates to a disk drive in accordance with
claim 24, Qherein

the behavior detection section detects the timing of
the separation of the magnetic ball from the magnet, .

the rotation speed detection section detects the
rotation speed of the disk at fhe timiﬁg of the separation,

the behavior detection section detects the timing of



rotation speed of the disk at the timng of the attraction. 1In the present
I nvention, attention is paid to the inportance of elimnating the effect of
t he novenent of the nmgnetic ball inside the ring-shaped holl ovylpg_ﬂnﬂrg? on
the disk drive, and the timng of the separation of the nmagnetic ba
fromthe magnet and the timng of the attraction of the magnetic ball by
the magnet are detected by detecting the behavior of the magnetic ball.
Hence,. in the case when the rotation spe®® -of the disk is raised froma

| ow speed tQ.a high speed and in the case when the rotati on speed of the
disk | rai SBF far*g‘fﬁ%gth%hc’gp‘%%ﬁ 355 F o5 Eﬁ%ﬂd?yﬂh? PFET 0134 0 know
that the magnetic ball has noved on the external or internal peripheral
side wall of the ringtofap@FaforrPoRREES: iG6T S5 198 SECtAGnt REtEFkEnERET
the separation and the timng of the attraction, respectively. By securely
det ecting t RO Yol PP T t FhsAbFR 1 Ak theghtriRg 1f | thedidaragidon.

ri ng-shaped hol |l ow section, it is possible to prevent the magnetic ball
from causi ng’ col | i si onIPdtPEnBTPERREALRY EBRIBR  t AELERKEOB ALY Baid dlo. thee
present invention therefore has apn action capable of attaining a disk
drive for sHEBRGFIARTSity DtATIRptRAcHrdeTiechref nfhormemnentomd dtieon on
the disk. Furthernore, it is possible to detect the rotation speed at

whi ch the nEGPREELHRALLIPEIAE G FIMSFESREGNRPL AP Sadid anopR i dd pked
at which the magnetic_ball is attracted by 20 JUL 2005 49 the nmagnet _by
detecting t HEIR-atd¥h YheddBng e g sapatarian mih§hst meweeddgaPadiion

and by detecting the rotation, speed . .
from the magnet and the timing of the attraction of the magnetic

ball by the magnet are detected by detecting the behavior of
the magnetic ball. Hence,. in the case when the rotation speed
of the d:i.sk is raiséd from a low speed to a high speed and in
the case when the rotation speed of the disk is raised from a
~high speed to a low speed, it is possible to know that the magnetic
ball,has.moved on the external or internal peripheral side wall
of the ring-shaped hollow section by detecting the timing of
the separation and the timing of the attraction, respectively.
) BST securely detecting the two stable positions of the
magnetic ball inside the ring-shaped hollow section, it is
possible to prevént the magnetic ball from causing 'collisi_on
during reproduction or the like on the disk. ’;[‘he present
invention therefore has an action capable of attaining a disk
drive for étably carrying out reproduction, recording or seek
operation on the disk.’
Furthermore, it is possible to detect the rotation
speed at ‘which the magnetic ball separates from the magnet and

the rotation speed at which the magnetic ball is attracted by



of the disk at the timng of the attraction, respectively. Hence, it is

possi bl e to know the magnetic ball separation rotation speed and the
magnetic ball attraction rotation speed for each disk drive. For ipus 0l
reason, after the nmagnetic ball is securely positioned on the exz 5? gr

internal peripheral side wall of the ring-shaped holl ow section by

raising or lowering the rotation speed to a necessary and sufficient
rotation speed, it is possible to start_rggording or the |like on the disk.
The present invention thus has an action capable of attaining a disk drive

wher ei n the tmagnedge baby dsteepaiditigt roremibhespegaedf othatdisachedthy t he
magnet by using the mninum -tinme and energy, and then reproduction,

recordi ng ortseekg opetréi 8papatben disk by dfddieithPuhestrabbyiod sp€edt S
possible to set an appropriate nmagnetic ball separation rotation speed and

an appropri asf thgneise &l theatindsyi op fiod aldifaspend, mepeaatioenod by
the variation in the magnetic attraction force exerted between the nagnet

and the magnetic bal | Hene®,ona disslpodsiiveet @oaRAbRethe MAAGn&t 2P| walgONt T O
can be attained. The invention in accordance with claim 27 of the present

i nvention rei@pL£eatiom Hetdedohospeoat 40d | 11y nindlietd c BdMe atFRERSHAY: a

disk, 2 0 JUL 2005 - 5 0 - a balancer for novably accommodating one or

pl ural rotation speed for each disk drive. For this reason, after the
magnetic ball is securely positioned on the external or internal
peripheral side wall of the ring-shaped hollow section by
raising or lowering the rptatioﬁ speed to a necessary and
sufficient rotation speed, it is possible to start recording
or the like on the disk.

The present invention thus has én action capable of
attaining a disk drive wherein the magnetic ball is separated
from the magnet or attracted by the magnet by using the minimum
time and energy, and then reproduction, recording or seek
operation on the disk is carried out stably.

Since it is possible to set an appropriate magnetic
ball separation rotaticn speed and an appropriate magnetic ball
‘attraction rotét:j.on speed, ncﬂ_: affected by the variation in th_e

_maénetic attfaction force exerted between the magnet and the
magnetic ball from one disk drive to ‘another, mo:.;e stable control
can be attained.

The invention in accordance with claim 27 of the
present invention relates to a méthqd'for controlling a disk
drive comprising:

a disk,



magnetic balls in its ring-shaped hollow section and provided wth a
magnet for attracting the magnetic balls inside the ring-shaped holl ow
section, in the case when the rotation speed of the disk is changgquggaﬁla
first rotation speed including the stop state of the disk to a secon
rotation speed higher than the first rotation speed, the nethod
conprising: a step for raising the rotation speed fromthe first rotation
speed to a third rotation speed higher‘TH%% The second rotation speed, -and

t f I [ th tat.l f t he thi tati dt
fhe second rotation speed T eREeE: ABERBovASTR eIt Satife 1ree oF T
t at t | .QnN . In th t i ti , .th otati
Speed i o not g L) BELEL A 43 B hner BnepPath PR Ry et bR e R Htbnd
tati T, ' [ d.at t third tat.i "speed.
rovatt on spagfn Woudbaky! sok AAEl flnd Nnd NAdh ol sl oy sPred; jonce (2
magneti c bal#ﬁﬁpﬁgﬁg‘f lfléf:[?fvs hse "Tn%%&f';? in order to securely position the

magneti c bal external pe side wall of the ring-shaped

hol | ow section. The rqtation speed of the disk is then |owered to the
second rotation speedfﬂ-'a%égt ke %p@?‘%?i%he LM PR iR g &S on,

bal 1 socur ol Bage s | e oh DR s004 o PPeRre \BHIARG (Ris HamE e
wal | of the orf ﬂﬁ{éh&psﬁg ’pomal Wcond rotation speed higher than the first

rotation speed, the. method comprising:

a step for raising the rotation speed from the first
rotation speed to a third rotation speed higher than the second.
rotation speed, and v

a step for lowering the rotation speed from the th_ird
rotation speeﬁ to the second rotation speed, wherein

the magnetic balJ. separates from the magnet at the
third rotation speed. | |

In the present invention, the rotation speed is not
directly changed from the first rotation speed to 1;he second
rotation épeed. The disk is rotéted at the third rotation speed
once (& rotation speed not less than the rotation speed £1 (Hz)
at which the magnetic ball separates from the magnet) in orc‘ie-r'
to securely. position the magnetic ball on the external
pe?ipheral side wall of tl;1e ring-shaped hollow section. The
rotation speed of the disk is then lowered to the second rotation
speed, and the operation is shifted to a target operation, such
as reproduction or recording on the disk.

As a result, the magnetic ball securely positions on



section at the second rotation speed. Any disturbance that is caused for
exanpl e when the magnetic ball suddenly collides with the side wall in the
m ddl e of reproduction or the like is prevented from occurring. ﬁh dmﬂf
rotation speed is changed froma |low rotation speed to a high ré aﬁE
speed, the present invention has' an action capable of attaining a nethod
for controlling a disk drive for stably perform ng reproduction, recording
or seek operation on the disk at the high rotation speed. The.invention

i n"accordance with the present claim does not nean that when the rotation
speed i s chailgediramdheerfiphetraiosatieonalpeed tthet dngechapedohallow
speed higher than the first rotation speed, the first rotation speed is
al ways shi fdeaxkiom e thecosmbrdratadiospepdedf t eAny i stoirddrare sheedisi s
raised to the third rotation speed. If there is at |east one case wherein
the first rataiseaahfbspectnpls shanghe hagtdei sdadidsudaeéal iy aoldpei=t af tler
the rotation speed is raised to the third rotation speed, this case is

i ncl uded i n thee distdiwaddl iscape mafidikeofir eepmbduntdnn or thie tli&emagnetic
bal | has already positioned securely -on the external peripheral side wall
of the ringstapertdd|imm weurrdangat the first rotation speed, it is not

necessary to take the above-nentioned step. Wen the nagnetic bal

positions on

section or when it is unknown where the magnetic ball positions 2 0 JUL

2005 52 -

speed to a high rotation- speed,_ the present invention has an
action capable of attaining a method for controlling a disk drive
for stably performing reproduction, recording or seek operation
on the disk at the high rotation speed.

The invention in accordance with the present claim
does not mean that when the rotation speed is changed from the
first rotation sﬁeéd to the second rotation speed higher than
the first rotation speed, the firét rotation speed is always
shifted to the second rotation speed after the rotation speed
is raised i:o.the third rotation speed. If there is at least‘ one
case ﬁherein the first rotation speed is changed_to the secohd
rotation S§eed after the rotation speed is raised to the third .
rotation speed, this case is included in the technical scope
of the present invention.

If the magnetic ball has already positioned securely
on the externallperipheral side wall of the r;i.ng—shaped hellow
section at the first rotation speed, it is not necessary to take
the above-mentioned step. When the magnetic ball positions on
the internal peripheral side wall of the ring-shaped hollow

section or when it is unknown where the magnetic ball positions

t he i nt eWhah therrqieriain spededviad thafigeief romg-Isivapetahodh ow



I nside the ring-shaped hollow section, it is possible to securely position
t he magnetic ball on the external peripheral side wall of the ring-shaped
hol | ow section by virtue of the present invention. The invention Zi%nJUL ﬁ]ﬂﬁ
accordance with claim 28 of the present invention relates to a nmethod for
controlling a disk drive conprising: a disk, a balancer for novably
accommodati ng one or plural nmagnetic balaét%s Imits ring-shaped holl ow
section and provided with.a nagnet for racting the magnetic balls

i nside the i&gﬁgiét@f@gr%}%ojrﬁgﬁ%g%gfr%?&nség@ig sgigkz\/gfg éggsﬁgi t11[00n speed

of the disk 1s change at1on speeé econ otation

or | ower i nG ThE 0t RO CRe ST e TR (et oo B8, FohCeheb Tk OFRTy 4

rotation sp | onery ¢ t . _cgﬁjé; t. gt speed, and a step faqr

rai sing the%(riglfeat | or?' éﬁ&é’%&&?ﬁ?he %@ﬁll%& a%cgtgwsnpe%é@l ‘F&t[‘%e Oge&?ﬁd
rotation sp gt%,se\_/[xﬁer.qj‘;ér[ e regnetic ball is attracted by the magnet at the
third rotatiron speedl. I'n e present invention, the rotation speed is not

0 nect Yy changed, 7o S Lhabiishotbo-ERERLa LS RER ohObELLED.
speed not nBE‘%steIﬂacn i%nrtq[oq{[ ir%&asc%esedccr % grlgzt)hozdo f]oL%L c%%%?:o;i?ing a disk
drive comprising: |

a disk,

a balancer for movably accommodatiﬁg one of plural
magnetic balls in its ring-shaped hollow section and provided
with.a fnagnet for attracting the magnetic balls in;ide the
ringl-shaped hollow Section R

- in the case when the rotation speed of the disk is
changed from a first rotation speed to a second rotation speed
Jower than the fi_rst rotation speed, the method comprising:

a step for lowering the rotation speed from the first
rotation speed to a third rotation speed lower than the se‘cond
rotatioﬁ speed, and

a step for raising the rotation speed from the third
rotation speed to the second rotation speed, wherein

the magnetic ball is attracted by the magnet at the
third rotation speed.

In the present invention, the fotation speed is not
directly changed from the first rotation speed to the second
rotation speed. The disk is rotated at the third rotation speed

once {(a rotation speed not more than the rotation speed £0 (Hz)



at which the magnetic ball is attracted by the nagnet) in order to
securely position the nmagnetic ball on the internal  peripheral side wall
of the ring-shaped holl ow section (the external periphery of the T’gqu@tﬂﬂg_
The rotation speed of the disk is then raised to the second rotation
speed, and the operation is shifted to a target operation, such as
reproduction or recording on the disk. As a result, the nagnetic ball
securely positions on the internal perdpferal side wall' of the

ri ng-shaped hollow section at the second rotati on speed. Any disturbance
that is causedHimh exampgnenienbihd tegaettacbad Ibys tHdendyn€ed) lindesdert h
the side wall in the mddle of recording or the like is prevented from
occurring. WensédereDt aldsdrtispeathd snahisnged Yaldmon hirgh imtei@tdion speed
to a low rotation speed, the present invention has an action capable of
attaining a pethstefar sion rallli RF ahdisiogrdnepddhatiaw saatifer Tiihe
reproduction, recording or seek operation on the disk at the |ow rotation

speed. Wi | eexbermey alerfighieuesfothehfagngent i oThansteiiod @pleltd of the
particularly in the appended clains, the invention, both as to

organi zat i ondagkl LontrEY rafiddd he heid efedbiensitend canGpaadnr egidatted, al ong
with other objects and features thereof, from the follow ng detailed

description dp&eatidn eenjhiFtdedto W thrgklicomkmtigs, sBBhExs BESERaRdt {bh OF
DRAW NGS 20 JUL 2005 54 FIG 1 is a flowhart of a spin-up process for a
di sk or recording on the disk.

JAs a result, the maghetic ball securely positions on
the internal peripheral side wall of the ring;shaped hollow
sectiﬁn at the second rotation speed. Any disturbance that is
caused for example when the magnetic ball suddenly collides with
the side ﬁall in the middle of recording or the like is prevented
from occurrihg. '

When thé rotation speed is changed f;om a high
rotation speed to a low rotation speed, the present invention
has an action capable of attaining a method for controlling a
disk drive for stably performing reproduction, recording or seek
operation on the disk at the low rotation speed.

While the novel features of the invention are set
forth particularly in the appended claims, the invention, both
as to organization and content, will be better understodd and
appreciated, along with other objects and features thereof, from

" the following detailed description taken in conjunction with

the drawings.

BRIEF DESCRIPTION OF DRAWINGS



drive in accordance with a first enbodi nent of.the present invention; FIG
2 is a flowhart of a speed switching process for a disk drive in.
accordance with a second enbodi nrent of the present invention; 78 Bl B0 s a
flomchart of a spin-up process for a disk drive in accordance with a third
enbodi nent of the present invention; FIG 4 is a flowhait of a process of
measuring the nagnetic ball separation rotation speed and magnetic ball
attraction rotation speed of a disk drive®fn-accordance with a fourth

enbodi ment of the pres inventiqn;, FLG .5 s a flowhart of sSpi n-.u
process for the disk dr] veei%\saﬁ;%@?&’gh@ﬁt\,\ﬁﬁ ?RénFBEr?ﬁo%%%ioléﬁ&léﬁ‘l the
Bnd an FG si SraTC e e iR R AL o hetof FHBCRABRBE | 6L bshe BSessthi on
rotation spege &Et he di sk drive in accordance with the fourth enbodi nent
of the prese"h VERVERtion; FIG 7 shows actual waveforms of a focus error

signal and an FG signal,used.for e asurenent of the magnetic ball
at?raction rotation gpggg'o f"ﬁeadi%gfi’wgﬁﬁ Pge%c%%?%%n%‘élw f gtpri@cfc?ﬁrth
enbodi nent of “the .present invention; FIG 8 shows actual waveforns of a
tracki ng erroft %idg’r? Sﬁﬁaeaﬁn-@g?ﬁﬂﬁ?cﬁs‘é’dﬂ?@r SerENFesRbPerBRRt I the

ragnetic 2 Opf]éJsLen]’lg.)O:l?nvéntSign:-

FIG. 3 is a flowchart of a sp;‘i_.n-up process for a disk
drive in accordance with a third embodiment of the present
invention:

FIG. 4 is a flowchart of a procéss of measuring the
magnetic ball separation rotation speed and magnetic bhall
attfaction rotation speed of a disk drive in accordance with
a fourth embodiment of the present invention;

FIG. 5 is a flowchart of a spin-up process for the
disk drive 1n accordance with the fourth embodiment of the
present invention;

FIG. 6 shows actual waveforms of a focus error signal
and an FG signal used for the measprement of the magnetic ball
separation rotation speed of the disk drive in accordance with
the fourth embodiment of the present invention:

FIG.. 7 shows actual waveforms of a focus error sign;':ll
and an FG signal used for the measurement of the magnetic ball.
attraction rotation speed of the disk drive in accordance with
the fourth embodiment of the present invention;

FIG. 8 shows actual waveforms of a tracking error

signal and an FG signal used for the measurement of the magnetic



bal | separation rotation speed of the disk drive in accordance wth the
fourth enbodi nent of.the present invention; FIG 9 is a side sectional view
showi ng the configuration of the bal ancer of the disk drive in @gcitdaisce
with the fourth enbodi nent of the present invention; r FIG 10 is a
flowchart relating to the recording and reproduction of a disk drive in
accordance with a fifth enbodinent of the present invention; FIG 11 is an
actual waveform di agram showi ng error siggals during recording in the case
when a problem occurred in a conventional process in the disk drive in
descri pti on &1l tdepdrdidore rodditient speethef mhesdnski dwive iionacEbGdadlei s
an actual waveform di agram showi ng error signals during seek operation in
t he case whewith ptlodl £ouoth uemboddimenit cdmisnipmesdnipriosegstion;t he di sk
drive in description of the fifth enbodi nent of the present invention;
FIG 13 is a side sectFaml 9viieswasBadengethtohal antew shbwihe thek drive in
accordance wth the fifth enbodi nent of the present invention, wherein the
magneti ¢ bal ¢onfheuratiou eof aife deleticel 6f iMe iGigk tafive iimdecabragntde
reproduction and recording speeds and the ranges of the disk rotation
speeds in th#etKldhavfeuoth aedbsdimkny eof ntlee quredanre Miventaisi;xt h
enbodi nent- of the present invention; FIGS. 15A and 15B are vi ews show ng
the rel ati onship betwrae.t he tert £Lbwghbrt areadmtangy thetmegrextardiaigt andt i on
force 20 JUL 2005 '
reproduction of a disk drive in accordance with a fifth

embodiment of the preéent invention;

FIG. 11 i;s an actual waveform diagram showing error
signals 'c'il.uring recording in the case when a problem occurred
in a conventional process in the disk drive in description of
the fifth embodiment of the present invention;

FIG. 12 is an actual waveform diagram showing error
signals during see}c operation in the case when a problem occurred
in a conventional process in the disk drive in description of
the fifth embodiment ¢f the present invention;

FIG. 13 is a side sectional view showing the balancer
of - the disk drive in-accordance with the fifth embodimeht of
the present invention, wherein the magnetic balls thereof are
attracted;

FIG. 14 is a table'indicating the reproduction and
recording speeds and the ranges of the disk rotatiop speeds in
the civ mode of a disk drive in accordance with a sixth embodiment
of the present invention;

FIGS. 152 and 15B are views showing the relationship

between the centrifugal force and the magnetic attraction force



56 applied to the magnetic ball in accordance with the sixth enbodi nent

of the present invention; FIG 16 is a graph show ng the rel ationship
between the nmagnetic attraction force and the centrifugal forceppnyl 2005
accordance with the sixth enbodi nent of the present invention; FIG 17 is a
flowchart relating to the recording and reproduction of the disk drive in
accordance with the sixth enbodi nent of the present invention; . FIG 18
is a side sectional view show ng the corfié@guration of the bal ancer of a
disk drive in_acco dgnce with a seventh enbodi nent of the present

i nvention; FPes: lTéA Anie ORGP B HF BRI E hi FRFITFRAPS’| Vibhather sfinthonshi p
bet ween the netic ball and a photosensor inside the balancer in

accor dance wWPHCOEHBEREVRht FheBB8FRRht i1BYeR O present invention; FIG 20
is a block diagramrelating_to the signal process of the photosensor of"
the disk drive in accofd&ncabvifi® JuePhsEhevingchvedientionship et
invention; FIGS. 21A to 21D are graphs show ng the output signal of the
phot osensor SR8 PaE¢ELC| ghbractioncforesk and e rcenttcbfugant efoirch tme
seventh enbodi mrent of the present invention; FIG 22A is a detailed
sectional viGFRARFR W thsnpbrthrembndigiesit afi vheipreseut danmmtiidry t he.
seventh enbodi nent of the present invention, and FIG 22B is a plain view
of the danper; FIG 23FI§-alf|ighénétevwelkest ined atdnchéor therrkerraing@nil

2005
reproduction of the disk drive in accordance with the sixth

embodiment of the present invention;

FIG. 18 is a side sectional view showing the
configuration of the balancer of a disk drive in accordance with
a seventh embodiment of the present invenfion ;

FIGS. 15A and 19B are views showing the positional
relationsl;ip between the magnetic ball and a photosensor insid;'-z
the balancer in accordance with the seventh embodiment of the
bresent invention;

FIG. 20 is a block diagram relating to the signal
pfocess of the photosensor of the disk drive in accordance with

- the seventh émbodiment of the present invention:

FIGS. 21A to 21D are graphs showing the output sigr_xal
of the photosensor and the FG signal of the disk drive in
accordance with the seventh embodiment of the present inventioﬁ:

FIG. 22A is a detailed sectional view showing the
clamper of the disk drive in accordance with the seventh
embodiment of the present invention, and FIG. 22B is a plain
view of the clamper;

'FIG. 23 is a flowchart relating to the recording of



- 57 the disk drive in accordance with the sixth enbodi nent of the

present invention; FIGS. 24A to 24D are graphs show ng the out put signal

of the photosensor and the FG signal of the disk drive in accordddcd/Winh
t he seventh enbodi nent of the present invention; FIG 25 is a flowhart
relating to the recording of the disk drive in accordance with the seventh
enbodi nent of the present invention; FIG 26 is a flowhart of a process
of measuring the nagnetic ball separati 67 r-otation speed and magnetic ball
attraction rotation speed of a disk drive in accordance with the eighth
enbodi ment ofR¢ Hel P LAVeREPBRANFE QR tR 7ihie G ix7h srdogiimend Shobheg
the output signal of the photosensor and the FG signal of ‘the disk drive
in accordarReeserh Heertight:h enbodi ment of the present invention;, FIG 28
is a schematic perspective view showing a disk drive in accordance with

t he conventional exanpFéGandE4nEC M sEatIFFRRRShowing the 2 tipntas Sgnel
sectional view show ng the -configuration of a balancer of the disk drive

i n accor danc®f wkk$ PRGFOSRARS @G dhee Femsiianadd ofhdher ddsin draventinon;

FIG 30 is a side sectional view showing the configuration of another

bal ancer of 2¢RC¥HARCYHFLvh the S%mﬁfaawgedwmtqfetaamamanvenme and

the present invention, and FIG 31 is a .flowhart of the spin-up process
at the 2 0 JUL 2005 FIG. 25 is a flowchart relating to the recording of

the disk drive in accordance with the seventh embodiment of the
present invention; |

FIG. 26 is a flowchart of a process of measuring the
magnetic ball separation rotation speed and magnetic ball
attraction rotatjon speed of a disk drive in accordance with .
the eighth embodiment of the present invention;

FIGS. 27A to 27D are gi‘aphs showing the ocutput signal
of the photosensor and the FG. signal of the @isk drive in
accordance with the eighth embodiment of the present invention;

FIG. 28 1s a schematic perspective view showing a disk
drive in accordance with the conventional example and the
preser;t invention;

FIG. 29 is a side sectional view shdwing the
configuration of a balancer of the disk drive in accordance with
the conventicnal example and the present invention;

FICG. 30 is a side sectional'viev; showing the
configuration of another baiancer of the disk drive in
accordance with the conventional examplé and the present
invention; and

FIG. 31 is a flowchart of the spin-up process at the



- 58 - start of the conventional disk drive. It will be recognized that
some or all of the Figures are schematic representations for purposes of
illustration and do not necessarily depict the actual relative 0zt 2609
locations of the elements shown. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Enbodi ments in accordance with the present invention wll be described
bel ow. <Enbodinent 1> FIG 1 and FIG 28 show a first enbodi nent of the
present invention. <Explanation of FI G"PPFRG 1is a flowhart of a

Spi n-up proggsg+at, hl‘ﬁleStcacherg |on # :]%rejt‘{%haccor dance with the first

enbodi nent of tﬂe dprﬁsent |nv$ ; FInG 28 és E pelr\s;geg]Elve
showi ng the dis oA venti o
tvlhgwﬁfeff“\ag%gve““°“ Frettfden e BRIy i B @ﬁ*ffﬁiﬁﬁ:ff
gf }:Ig 1OW| %eﬁ%gscrlbeﬁg%%EAtg Pg?r‘?‘?ﬁ; P BasEs Qgpl%#é’?%%tjﬁri anf .
f s simlar tqQ that o
28&2%3[3%5?%@%%& A a8 Soe ARER T akiv L aeheer dowaf hoBoa
disk drive 2¢ tRe? eﬁeénléht?so%%own.

BEST MODE FOR CARRYING. OUT THE INVENTION

Embodiments in accordance with the present invention
will be described below. |
<Embodiment 1)

FIG. 1 and FIG. 28 show a first embodiment of the
present invention.
<{Explanation of FIG. 1>

FIG. 1 is a flowchart of a spin-up process at the start
of a disk drive in accordance with the first embodiment of the
present invention. In addition, FIG. 28 is a perspective'ﬁieW'
showing the éisk drive of the present invention.

The disk drive of the present invention includes a
microcomputer and carries out the process of the flowchart shown
in FIG. 1 by using the microcomputer.

The flowchart of FIG. 1 will be described below
referring to FIG. 28.

The basic configuration of the balancer of this
embodiment is similar to that of the conventional example shown
in FIG. 29.

When a disk 5 is inserted into a disk drive 22, &



59 spin-up process starts. At step F101, the predeterm ned paraneters of
ASP and DSP are first set at initial values as initial setting. The
initial values are data obtained when power calibrationis carrieg -F]thﬁt
t he spin-up process of the last tinme. The data has been stored in the
nonvol atil e nenory of the disk drive. The output of a |aser for '
reproduction can be emtted fromthe object |ens of an optical pickup 15
by the initial setting. Furthernmore, driyggen_by a traverse nechani sm
conprising a DC notor 16, a rack 18, a pinion gear 17, etc., the optical

pi ckup 15 19p apPbeLlet esphped, position. General ly, the optical pickup
15 noves to the internal peripheral side of the disk 5. At this stage, the

optical pickup has nohtyetep@athiROsht ifdRAe HeH @ heR! p D amSEF SI8d P bhe
di sk: Next, .at step F102, determ nations are nade as to whether the disk 5

i s present Qig@oirantk wWoetder 4PejhyPLalivaldies ki i@hih-tigld.ecthon
di sk, such as CO-R and CD-ROM or a lowreflection disk, such as CD-RW

Such det er mif|pf4 006 Ao SB&Le dependbHgatied Nond iR Yool it ildnghk
reflected by the disk when the light emtted fromthe sem conductor |aser

of the opticadrPi&kUilRt $ndPRbk8dubOptheedi ke thdr LASE MPife . WIBR §8€a di SK

5 has been inserted into the disk drive 22, a spindle notor 2 is driven at

a constant ol tegen f oFoPe &Nk trid Monvditti Tk herRzeN 4% thReaskkeapivd he
disk is determ ned on the basis of the rotation speed attai ned depending

on the inertdge Guihp: Hrsk Dadbrihedt ddgatdohUbai00S emitted from the

object lens of an optical'pickup 15 by the initial setting.

Furthermore, driven by a traverse mechanism
comprising a DC motor 16, a rack 18, a pinion gear 17, etc., -
the optical pickup 15 moves to a predetermined position.
Generally, the optical pickup 15 moves to. the internal
peripheral side of the disk 5. At this stage, the optical pickup
has not yet read positional information recorded on the disk.

Next, at step 7102, determinations are made-as tp
Qhether the disk 5 is present of not-and whether the type of
the disk is a high-reflection disk, such as CD-R and CD-ROM,
or a low-reflection disk, such as CD-RW. Such determinations
are made depending on the inténsity of the light reflected by
the disk when the light emitted from the semiconductor laser
of the optical pickup 15 is applied to the disk.

Furthermore, when the disk 5 has been inserted.into.
the disk drive 22, a spindle motor 2 is driven at a constant
voltage for a short time, about 0.5 seconds. The size of the
disk is determined on the basis of the rotatioen spged attained

depending on the inertia of the disk 5 at that time.



60 Conventionally, automatic adjustnments for setting the paraneters of
ASP and DSP are carried out next. In the present invention, however, a
magneti c ball separation process step F103, a feature of the presgEhtjiL 2005
invention, is carried out here. At step F103, a centrifugal force is
generated by rotating the disk at a rotation speed higher than a
predeterm ned speed. As a result, magnetic balls in a ring-shaped holl ow
section are separated froma magnet and-p®8i+ioned on the external

peri pheral side wall of_ the ring-shaped hollow section. At the next step
F104, the automatic adjTETHRHECTHILLY hautomadds adsesrtmealt afiemstedrtsing
ASP and DSP are carried out. Variations in the optical pickup 15 and the
electric ciFBGi PETEPEAEERCCHi ARPdARdeDEDB aret herrisdcoutsnekect ricathe

of fsets and gai ns, bal ances and the |like, are adjusted and corrected, for
exanpl e. ThePAfERE FER{ QR bionR h&oeyer:. 8 madneduia badlesepaphtied grrcddmwe
first tine by this step. As a result, information recorded: on the disk 5
can be read, S&fE Fi03 ordeisaincarfhdhecpoedentomvémtiosk Bs ddarthesd rot
step F105, the laser light of the optical pickup 15 is emtted to the disk
5, and the |PgRe-reflected by the disk 5 is detected. A deternmination is
then made as to whether information has been recorded on the disk 5 or not
depended on the |evel &t &herr EL0Sct &d depghifugnlt fergextissgepeFaded byhe.
spindle notor 2 is rotated synchronously, whereby it is.possible to
control the g?,‘q:%‘gq.%g 5@5-3\]@}_5]99%@ rotation speed higher than a predetermined

speed. As a result, magnetic balls in a ring-shaped hollow
section are separated from a magnet and posifioned on the
external peripheral side wall of the ring-shaped hollow section.
-At the next step F104, the automatic adjustments of
- the various electrical parameters of ASP and DSP are carried
out. Variations in the optical pickup 15 and the electric
circuits from one disk drive to another, such as electrical
offsets and gains, balances and the like, are-adjusted and
corrected, for example. The adjustments of the electric
circuits are completed for the first time by this step. As a
‘result, information recoxrded, on the disk 5 can be read, and
information can be recorded on the disk 53
At the next step F105, the laser light of the optical
pickup 15 is emitted.fo the disk 5, and the light reflected by
the disk 5 i1s detected. A determination is then made as to
-whether ;nformation has been recorded on the disk 5 or not
depended on the level of the reflected light.
At the next step F106, the.spindle motor 2 is rotated

synchronously, whereby it is possible to control the spindle



61 nmotor 2 in synchronization with the disk 5. The disk is thus rotated
at a predetermined rotation speed. At the next step F107, the optical

pi ckup reads positional information recorded on the di sk and the jpragsal
pi ckup carries out seek operation to gain access to the TOC infornation
position on the disk 5. At the next step F108, the TOC i nformation recorded
on the disk is read. After this, the optical.pickup 15 is ordered to be on
standby at the 2-second position of the &hselute address in the region of
user data so.that the disk drive is ready to accept commands fromthe
host. The di®ktdri ¥eln mynaaroniignidwn wéphotuetdbak SrecBralidigk deelkthus

operation, etc. in accordance with the commands of the user.. . The
magneti ¢ bal Fosepadaéton predesesrniiigBrotatifosatsgreeedf t he present
invention, will be described here. In FIG 29, the nagnetic ball

separati on process (F1@3) the cexti elepuFl09, separaptich2. phghepicedds| s 1
magnetically attracted by the nagnet 8 inside the clanper 6 from the
magnet 8 by pskhyibhal cimfoithaigedn frroredgdénenated ldiskhe andotthe optaEalhe
di sk. The Hall device 11 nounted near the rotor 'magnet 19 of the spindle
not or 2 det epicktthecanties orndfsadie quenadiienndiorgaidy arwesauttputthea TOC
frequency generation signal (an FGsignal) in proportion to the rotation
speed. .- The dnfkrmetiencopesitlen tdre thepididke Snotor 2 on the basis of the FG
signal so that the rotation 2 0 JUL 2005
At the next step F108, the TOC information recorded
“on the disk is read. After this, the optical pickup 15 is ordered
‘to be on standby at the 2-second position of the absolute address
in the region of user data so that the disk drive is ready to
accept commands from the host.
The disk drive then carries out reproduction,
recording, seek operation, etc. in accordance with the commands
. 0of the user.
The magnetic ball separation process (F103), a
feature of the present invention, will be described here.
In FIG. 29, the magnetic ball separation process
{F103) is carried out to separate the magnetic balls 1
magnetically attracted by the magnet 8 inside the clamper ¢ from
the magnet 8 by using the centrifugal force generated by the
rotation of the disk.
The Hall device 11 mounted near the rotor magnet 19
of the spindle motor 2 detects the rotation of the spindle motor
2, and outputs a freguency generation signal (an FG signal)} in

proportion to the rotation speed. The disk drive controls the

spindle motor 2 on the basis of the FG signal so thatl the rotation



- 62 speed of the disk becomes a predeternined rotation speed. The FG
signal can take any value if it is an integral multiple of the rotation
speed. However, in this enbodinment (as well as other enbodinents) ’Z-Utnﬁ. %ﬂgﬁ
Hal I device outputs one pulse for one disk rotation. Accordingly, in h
enbodi ment, the frequency of the FG signal coincides with the rotation
speed of the disk. Although the frequency of the FG signal and the
rotati on speed of the disk are used in theZfollowi ng descriptions, the

LI f oA R S0 A, Sl B T 1
F103, when the 1ot at1 O RSpEBcEtAnT Rl SEXPSeRR SHIGLE REOH s oot Spteatal e

0.2 130 AP 2 L LTI S

(o chont FELDh HReE BBt e ol B AovResnasherts onel puseme
T L A R L S R SR
o AN 8 LSl R AL TS S
e M AR MR e R A

i ‘ ilc. 2 0 JUL 2005
rotation Sp(?r%q:'atrﬁ.%%r Selg)ge&%tsgggrﬂtsi c‘:-[ut']gursme nj(_al'g Itl(':xe following descriptions,

the values of both are coincident with each other.at all times.

The detailed flow of the magnetic ball separation

process step F103 shown in FIG. 1 will be described below.
| In the magnetic ball separation process step F103,

when the rotation speed of the disk is changed from its stop
state to a ta_rget_ FG signal = 40 Hz, the rotation speed of the
disk is raised once to an FG signal = 80 Hz, a rotation speed
higher than 40 Hz. The.rotation speed of the FG signal = 80 Hz ._
generates a centrifugal force sufficient to separate the
magnetic balls 1 from the magnet 8 and to move them to the external
peripheral side wall of th; :r:ing-shraped hollow section 4. After
the rotation speed of the disk is raised to the FG signal = 80
Hz, the rotation speed of the disk is lowered to fhe FG signal _
= 40 Hz, i.e., a final target.

At steps Fl09 to F111, the rotatioﬁ speed of the
spindle motor is raised to a rptation speed at which the magnetic
balls 1 separate from the magnet 8 (FG signal = 80 Hz in FIG.

1) or 2 higher rotation speed, thereby to separate the magnetic

k]



63 balls 1 fromthe magnet 8. At step F109, the target rotation speed of
the disk drive is set at the FG signal = 80 Hz. At 'steps F110 and Fill, a

current is flown to the driver. I1C of the spindle notor to car% 8-&112095
control so that the frequency of the FG signal of the spindle 1“

becones 80 Hz i 3 Hz. The rotation speed of the spindle notor 2 is
gradually raised fromits stop state, and the frequency of the FG signal

of the spindle notor finally reaches 80-Hgz 3 Hz. \When the frequency of the
FG signal is 80 Hz, the centrifugal force applied to the magnetic ball 1
becones | argerllshanfrom dhermagheh Borce of the magnet 8, and the magnetic
ball 1 is noved toward the external periphery of the ring-shaped hollow
section 4. The magneti @talteplFhadi, nghé errr gmly edh Hat dioine spextiesfHathepati spher y
by the .above-nentioned process is not attracted again by the magnet 8,
even i f the doiwei ba setedtothethe spgndle=n®dorzi s | onered sonewhat,

unl ess the rotation speed is lowered extrenely to the extent that the
centrifugal force bec@estepuffflild and Figdt,, af erseqgitenise faAvaNELStH®
steps fromstep F112 to F114. At step F112 to F114, in order to carry out
the aut onatdriwel Ukt wEntheoépimileus e avet&rsy taabeopteeessethaexthe
control i-s carried out to lower the rotation speed of the spindle notor 2
so that the fregtenoy sperthefFa Isd atiadk ofetheespinfpe apst ot decdmhedUs0 2005

F 3 Hz. The rotation speed of the spindle motor 2 is gradually
raised from its stop state, and the frequency of the FG signal
of the spindle motor f£inally reaches 80 Hz =+ 3 Hz..

When the freguency of the FG éignal is 80 Hz, the
centrifugal force applied to the magnetic bé.ll 1 becomes larger
than the attractio-n force of the magnet 8, and the magnetic Ball
1l is moved toward the external periphery of the ring-shaped
hollow section 4. The magnetic ball 1 having been moved to the
external periphery by the above-mentioned process is not
attracted again by the magnet 8, even if the rotation speed of
the. spindle motor is lowered somewhat, unless the rotation speed
is lowered extremely to the extent that the centrifugal force
becomes insufficient.

‘Next, the sequence advances to steps from step F112
to Fl14.

| At step Fll2 to F114,.in order to carry out the
-autom'a‘tic adjustments of various parameters to be processed next,
-control is carried out to lower the rotation speed of the spindle
motor 2 so that the rotation speed of the disk becomes

appropriate.



64 At step F112, the target rotation speed of the disk drive is set at
the FG signal = 40 Hz. At steps F113 and F114, control is carried out to
reduce the current flowi ng through the driver IC of the spindle nptor so
that the frequency of the FG signal of the spindle notor becorMsJU@Ozg 3
Hz. As a result, the rotation speed of the spindle notor 2 is |owered
gradual ly, and the frequency of the FG signal of the spindle notor finally
becones 40 Hz 3 Hz. Although the above-dé%cri ptions are based on the
configuration of the ba#gnc r_shown in FIG 29 in accordance- with this
enbodi nent, the sane ef f&cE 8RB <o Be SBEIrhcBObFtiomessrant iqfuthei 6hsk
shown in FI G, 30. <Enmbodi nent, 2> _An enbodi nent in accordance with claim3

of the pres&ftiSventi%h i IThed deddided B &7 -referring to the
acconpanyi ng draw ngs. E%xgl anation of FIG 2> FIG 2 is'a flowhart of a
f

speed switching process Feps df $k3 daRd &F b4 t Heopkerknts | RS G outlHeo

di sk drive of seicpe present invention includes a mcroconputer and carries
out the proc&&8VSE the FPERehh il v threugh dhe dsyivesi Hg afhshe spindle

m croconput er. The abqQve-nenti oned process of the first enbodi nent relates
to the spi n-ﬁi?t;?rroﬁgsﬁlaa? the L aananyt of HhaiFSkeinak of thaepindlemotor
process of the second enbodinent relates to a process in the case when the
initial rotaPPEP™eFedd HRoT BhHz2 (A9 T2G08t, the rotation speed of the

spindle motor 2 is lowered gradually, and the fregquency of the
FG signal of the spindle motor finally becomes 40 Hz + 3 Hz.

Although the above descriptions are based on the
configuration of the balancer;shown in FIG. 29 in accordance:
with this embodiment, the samé effect can also be obtained by
the configuration shown in FIG. 30.
<Embodiment 2>

An embodiment in accordance with claim 3 of the .
present invention will be described below referring to the
acgompanying drawingé.
<Explanation of FIG; 2>

FIG. 2 is'a flowchart of a speed switching process
for a disk drive of the present invention.

The disk drive of the present invention includes a
microcomputer and carries out the process -of the £lowchart shown
in FIG. 2 by using the microcomputer.

The above-meritioned process of the first embodiment
relates to the spin;up process at the start of the disk drive.
However, the process of the second embodiment relates to a

.process in the case when the initial rotation speed (not the



65 stop state) of the disk drive is changed to a higher rotation speed.
Generally, in the disk drive, if information is not read or witten on the
disk 5 for a long period of time, the rotation speed of the diskZjduL 7005
| owered or the disk is stopped to reduce power consunption. Furthernore,
In response to a request fromthe host, the disk drive sonetines carries
out speed switching operation to raise the rotation speed for reproduction
or recording. In a case, the current ratags an speed of the disk is lowto
the extent that the magnetic ball 1 is attracted by the mgnet 8, and the
magnet i c. bal ktbpsepatal edf frtmndilse: degReti8 chyndd® tpian iRy HRrogeTatabnt he
start has been attracted again by the magnet 8. O in another case, it is
unknown whet bpeetihe magnetic ball has been attracted by the nagnet 8, the -
magnetic ball has been separated fromthe magnet and positioned on the

external peripheral sidmnaaldiief, ihetkd maskhapedehol ¥ ow se6hd Obn 1@ nbike
magnetic ball is noving unstably inside the. ring-shaped hollow section.

[t is assurmegehBabrtheittien ool Heat@ad o FordieShondr peeics o#etaet heae two
cases and that a centrifugal force enough to separate the magnetic bal

from the magpetatsonospegénet atiosl ditsk e Laweeled oiatkhenagkeeds kRoppged a
case, in the disk drive of the second enbodinent, the rotation speed of

the disk is notrdaneetbyweni satbunigioivg he current rotation speed to the

target rotation speed, but raised once fromthe current rotation speed to

a rotation 20 JUL 2005 Furthermore, in response to a request f£rom the host,
the disk drive sometimes carries out speed switching operation
to raise the rotation speed for reproduction or recording.

In a case, the current rotation speed of the disk is
low to the ‘extent that the magnetic ball 1 i.s attracted by the
magnet 8, and the magnetic ball 1 separated from the magnet 8
by the spin-up prbcess at the start has been attracted again
by the magnet 8. 6: in another casé, it is unknown whether the
magnetic ball has been .':.Lttracted -by the magnet 8, thé magnetic
ball has been separazted from the magnet and positioned on the
external peripheral side wail of the ring-shaped hollow section,
or the magnetic ball is moving unstably inside the ring-shaped
hollow section. It is assumed that the current state of the disk
drive is one of these two cases and that a centrifugal force
enough to separate the magnetic ball from the magnet is not
generated at the target rotation speed. A
'In such a case, in the disk drive of the_ second

embodiment, the rotation speed of the disk is not directly raised
from the current rotation speed to the target rotation speed,

but raised once from the current rotation speed to a rotation



66 speed (FG signal = 80 Hz in the enbodi ment 2) higher than the target
rotation speed. At the higher rotation speed, the nmagnetic ball 1
separates fromthe magnet and positions on the external peripheqqlﬂﬁiﬁgi
wal | of the ring-shaped holl ow section. The higher rotation speed of the
disk is then lowered:- to the target rotation speed. After the target
rotation speed is reached, the disk drive carries out reproduction,
recording or seek operation. Wile the disk-drive carries out reproduction
or the like, it is, preferahle that the rotati on_speed of the disk does not
| ower to thes%&?% G 1w TB¢née dnpibe empedinentadi JioheE Bhey e
magnet. This_matter will be detajled in the descriptions of other

embodi ment s. FARREY I TRIGHE IR FPEEE Atwithe fd dhese maiiaEt s Gipeedt Breep
F201, the current disk rotation speed f (Hz) is conpared with.the magnetic
bal | attr actf¥ReGtatdd %p%%ﬂarﬁgeﬁl-@f‘”,ﬂ el magfiedc kndspaadsias st on viltet her
f SfO is established or not. In other words, a check is made as to

whet her t he @%%9%1r1 PEFsRNEERASiF WpdePF Shadtinmrshanathheohdommpattian bal |
attraction rotation speed and the magnetic ball 1 has been attracted by
the magnet 8 or not. |¥he Highey Foigtiesn speedinf thehdl e disehben dovwensss
to step F203 without carrying out a magnetic ball separation process step
F202. If f 59 (Fhes TERIH iHE1UheSRRRfhet i ¢’ bal |l separation process step

F202 is carried out. At the magnetic 2 0 JUL 2005
. After the target rotation speed is reached, the disk

drive carries out reproduction, recording or seek operation.

While the disk drive carries <')ut reproduction or the
like, it is preferable that the rotation speed of the disk does
not lower to 'the extent that the magnetic ball 1 is,aftracted
again by the magne'i:. This matter will be detailed in the
descriptions of other embodiments.

The flowchart of F_IG. 2 will be described ;below.

At step F201, the current disk rotation spéed f (Hz)
is compared with.the magnetic ball attraction rotation speed
£0 (Hz), and a check is made as to whether £ < £0 is established
ornot. 1In other words, a check is made as to whether the current
disk rotation speed is not more than the magnetic ball attraction
rotation speed and the magnetic ball 1 ilas been attracted by
the magnet 8 or not. |

If f = £0 is not established, th_e sequence advances
to step F203 without carrying out & magnetic ball separation
process step F202.

If £ = £0 is established, the magﬁetic‘ ball -

separation process step F202 is carried out. At the magnetic



67 ball separation process step F202, the spindle notor 2 is controlled so
that the disk rotation speed is the FG signal = 80 Hz, whereby the
magnetic ball 1 is separated fromthe nagnet 8. Step F202 conpriBedi)isteps
F205, F206 and F207. First, at step F205, the FG signal (f) = 80 Hz is set
as a target rotation speed. At steps F206 and F207, the drive current of
the spindle notor is increased to raise the rotation speed of the spindle
notor. The rotation speed of the disk reaches a value in the range of the
FG .signal = 80 Hz 3 Hz in a short tinme. At this rotation speed, the
magnet i ¢ baltall i sepsepathtedpseces 2| ytdp FFR02 hethrageeindbel moad iDresd on
the external peripheral side wall of the ring-shaped hollow section. This
conpl et es t hsomegmeled dalthsepdreatiick ppbetisn spéef £202ne MG tsignaéxe
step F203, optical pickup focus servo is mnade effective. At the next step
F204, the ra@aHxmnwapeetyothe egrsgtiindbeldol dis sepeaatedds fommiichaafiet
signal = 80 Hz to a desired rotation speed. Hereafter, the disk drive
carries out geproduction, recording and the like in accordance wth
commands fromthe user. The magnetic ball separation process step F202
shoul d preferably be c8teped20lt cemprisast béeepasE206enFR206i andnkpomwm 2 0
JUL 1005

First, at step F205, the FG signal (f) = 80 Hz is sét
as a tlarget rotation speed.

At steps F206 and F207, the drive current of the

'spindle motor is increased to raise the rotation speed of the
spindle motor.

The rotation speed of the disk reaches a value in the
range of tﬁe FG signal = 80 Hz = 3 Hz in a short time. At this
rota.tion speed, the magnetic ball 1 is separated securely :Erom'
the m_égnet and positioned on the external peripheral side wall
of the ring—lshaped‘ hollow section.

This completes fhe magnetic ball separation process.
step F202.

| At the next step F203, optical pickup focus servo is
made effectiva. -

At the next. step F204, the rotation speed of the
spindle motor is lowered from the FG signal = 80 Hz to a desired

rotation speed.

Hereafter, the disk drive carries out reproduction,
recording and the like in accordance with commands from the user.
The magnetic ball separation process step F202 should

preferably be carried out even in the case when it is unknown



68 whether the magnetic ball has been attracted by the magnet 8, the
magneti c ball has been separated fromthe nagnet and positioned on the

external peripheral side wall of the ring-shaped holl ow secti on,szé]or tﬂlﬁﬁ
magnetic ball is nmoving - unstably inside the ring-shaped hol | ow ctu”o 22n

t he case when the current disk rotation speed f or the target rotation
speed is higher than the nagnetic ball separation rotation speed fl, it is
judged that the nagnetic ball 1 has alred&d -been separated fromthe nagnet
8 or that th netjc ball 1 will be separated fromthe nagnet by
rotating th%%r@geﬁthﬁé“q@redﬁtc PGt P85 BperdatForcted dy edsomadnles 8,
current disktrotation speed Is directly changed to the target rotation
speed wit hout rtearx?%ﬁrh%t TtP3 e HRf RSt nnaraieshfnomibepmugnes wnep F202.
The magnetic ball_attraction rotation speed fO (Hz) is determ ned on the

basi s of the PR AT, OR Uk A ternaHaferiphatsd migieewad baifl the t he

magnetic flux _.density and the outside dianeter of the magnet 8 and the
out si de di anﬁ:‘é-‘rg'oqfh%/?'%é] RIS 15 Mol 15w thec magmesicl bathi isembedingent ,
the attraction rotation speed fO is set at a fixed value. Wth the
above- ment i of&F N gt G Fipsrcdeped ied Lowgisecitdobal | 1 can be

separated fromthe magnet 8 of the clanper 6 in a state wherein the
automatic adj ustnments ofthRe SRF¢ ohepdhensuarentr dinkt rythatiansipee@UE

and the optical gi cku 15 is not yet controlled. 2 0 JUL 2005
Or the target rotation speed is higher than the magnetic ball

separation rotation speed f1l, it is judged that the magnetic
ball 1 has already been separated from the magnet 8 or that the
~ magnetic ball 1 will be separated.from thg magnet by rotating
. the disk at the target rotation speed. For this reason, the
current disk rotation speed f is directly changed to the target
rotation speed without carrying out the magnetic ball separation
Process step F202.

The magnetic ball attraction rotation spe;,ed f0 (Hz)
is determinéd on the basis of the parameters, such as the mass
of the magnetic ball 1, the magnetic flux denlsity and the ocutside
diameter of the magnet 8 and the outside diameter of the

'.ring—shaped hollow secticn -4.

In this embodiment, the attraction rotation speed £0
is set at a fixed value.

With the above-mentioned configuration and process,
the magnetic ball 1 can be separated frc;m the magnet 8 of the
Clamper 6 in a state wherein the automatic adjustments of the
various para.meters are not yet carried out and the optical pickup

15 is not yet controlled.



- 69 Furthernore, even when the magnetic ball 1 is re- attracted by speed
change or the like, the magnetic ball separation process can be carried
out in the state wherein the optical pickup 15 is not yet contrpjligdjppkor
this reason, no inpact is applied to the disk, and stable reproduction and
recording can be attained in a state wherein optical pickup focus' servo
or, tracking servo is nade effective. Al though the above descriptions are
based on the configuration of the bal anggg shown in FIG 29 in accordance
with this enbodinment, the sanme effect can al so be obtained by the
configuration shown in Fdf3he¥noreEneaennehien3the<mzphabati baldf 1 A& r8s>
FIG 3 is a flowhart of a spin-up process at the start of a disk drive in
accordance Wathractbiar dyespedianenangé éhetheresent tinyemdgneticTihbald sk
drive of the present invention includes a mcroconputer and carries out

t he process géphRathibawshatés s bei faft{ed Dty insthg et arwtiecednpther .
The steps of this enbodinent are nearly simlar to those of the first

enbodi nent, gx¢ephlif picRupayfeis mdilyet separelied. prreesthist epakdfi3 and an
automati c paraneter adjustnent step F304. The expl anations of the steps

other than thgsettwe apphsedr €ot breedDsle, omid tethblA ddparatrgdione and |
separation process step F303, the rotation speed of the disk 5 is raised
to 80 Hz so khabrihegk4h Bélatd@Mmed in a state wherein optical pickup focus
servo or tracking servo is made effecfive.
| Although the above descriptions are based on the.
configuration of the balancer shown in FIG. 29 in aécordance
with tlhis embodiment, the same e:Efe.ct can also be obtained by
the configuration shown in FIG. 30.
{Embodiment 3>
{Explanation of FIé. 3>
| FIG. 3 is a flowchart of a spin-up process at the start
of a disk drive in accordance with a third embodiment of the .
present invention.

The disk drive of the present invention inciudes a
microcomputer and carries out the process of the flowchart shown
in FIG. 3 by using the n;:icrocomputer.

The steps of this embodiment are nearly similar to
those of the first embodiment, except for a magnetic ball
separation pro'ce.ss step F303 and an automatic parameter
adjustment step f304 . The explanations of the steps other than
these two steps are therefore omitted.

At the magnetic ball separation process step F303,

the rotation speed of the disk 5 is raised to 80 Hz so that the



70 magnetic ball is securely separated fromthe nagnet and positioned on
t he external peripheral side wall of the ring-shaped hollow section, just

as with the nagnetic ball separation process step F103 shown in @ gw_ 3005
However, since the nunber of turns of the notor w nding for the high-speed
spindle notor 2 is generally reduced to lower its electronotive force, its
maxi mum generation torque is not so large at the magnetic ball separation
process step F303. For this reason, a fefdtivel y long accel eration or

decel er at) onnfoiBeis bEYY! 160sL0uTal secpolaver the,r otalion, specd For

exanple, the tinme required to rarse at’i

t 2 havi ] t_.40 N [ t tate t
80 Hr is abohe 3 i A ceRoRaS, CELFTR AL IPPRgadl RyskoRRLiaRofbee -

aryihing. FogcabPLesbEA%0RY LY SAEHLDO, UL 0e muaneti ball separation

process,_thewatln tIITE or t _ ! :
the di ok driverarachad pHadedn S0 ka7 Fh8le tHeriFockss of separating
Ul 1 s R N SR R
are not i el B SRET G SRR SrEnds Petior o tifesen SReRy T RAaced
magnet i c baliohRll L0 i k8L, PRI NS i heh S at LR b
is not so large at the magnetic ball separation process step
F303. For this reason, a relatively long.acceleration or
deceleration time is required to raise or lower the rotation
speed. For example, the time reQuired to faise the rotation
spegd of the spindle motor 2 having a generation torque ‘of about
40 gcm from its stop state to 80 Hz is about 3 to 4 seconds.
ﬁuring thié time, the user cannot do anything. For
this reason, by carrying out the magnetic ball separation
process, the Waiting time for the user is made longer. This
might result in lowering the operability of the disk drive. - In
other words, spending the disk drive process time only to carry
out the process of separating the magnetic ball 1 £from the magnet
8 causes a great loss, |
To solve this problem, during the separation process
time, the present invention carries out the automatic
adjustments of some of the ASP and DSP parémeters that are not
affected even when aﬁ impact is applied to the disk by the

magnetic ball 1 colliding with the external periphery of  the

ring-shaped hollow section 4.



71 As aresult, the increase in the process tine of the entire spin-up

process due to the addition of the magnetic ball separation process tine

is prevented by taking this nmeasure. The magnetic ball separatiggl Jg%qmss
, the

step F303 showmn in FIG 3 will be described below. At step F30
target rotation speed, 80 Hz, higher than the final target rotation speed
(40 Hz in FIG 3) is set as an initial value. A centrifugal force
necessary and sufficient to separate theymagnetic ball 1 fromthe magnet 8
and to position it on the external peripheral side will of the ring-shaped
hol | ow section 4 is gerfey @ vdsalti hthe diratrieasesheethe frd@fedd tide 6fahe -
F310, a current is flown through the driver 1C of the spindle notor and
the spindl e fFbtarei spipiwpprocesisatueZo ithe adiation spatd hagesesc .l
target rotation speed. Until the rotation speed of the disk 5 reaches 80 Hz
(at step F3lappakakiéonakiogesdetabevis nerdvanesd (o segeind thie meddife.
magnetic ball 1 collides with the external peripheral side wall of the
ri ng- shaped hol | ow sectlhenmdgiatitchmibseparatébn phecaBgReienCFPas lshown
separation rotation speed is reached, the nmagnetic ball is separated from
t he magnet ahd TOGLi desiditbe désceikbednbéleweri pheral side wall), and
electrical adjustnents are carried out which are not affected even when
the inpact at the tindto$tem&306l,|tise aargstiransimdn edetd, tateHg| Sl .ghARONY
the ASP and DSP paraneter adjustment items, a calibration for automatic
| aser power thanrbheifingsk isgedutrc2 s iddl sp@@R (40 Hz in FIG. 3) is set
as an initial value. A centrifugal force necessary and
sufficient to separate the magnetic ball 1 from the magnet 8
and to position it on the external peripheral side wall of the
ring-shaped hollow section 4 is generated at the rotation speed
of 80 Hz.
At step F310, a current is flown through the driver
IC of the spindle motor and the spindle motor is driven so that
~. 1its rotation speed becomes the target rotation speed.
Until the rotation speed of the disk 5 reaches 80 Hz
(at step F314) while taking the above-mentioned passage of time,
the magnetic ball 1 collides with the external peripheral side
wall of the ring-shaped hollow section 4 (at the moment when
the magnetic ball separatior_l. rotation speed is reached, the
magnetic ball is separated from the magnet and collides with
the external peripheral side wall)}, and electrical adjustments
are carried out which are not affected even when the impact at
the time of the collision is transmitted to the disk.
Among the ASP and DSP parameter adjustment items, a

calibration for automatic laser power control is carried out



- 72 at step F311. The electrical offset of the focus error of the

optical pickup 15 froma reference voltage is adjusted at the next ste
F312. At the next step F313, the focus gain of the optical pi ClZlﬂpJUi\'i?ﬂﬂg
adjusted so that the range of the focus voltage. of the optical pickup 15
beconmes a reference voltage range. At step 314, a check is nade as to

whet her the rotation speed of the disk has reached 80 Hz or not. If the
rotation speed of the disk has not reached?80 Hz, the drive current of the
driver 1C OfaEhEtéﬁiP?HE notor is increased at step F315. After step F315,
t he sequence returns to step F314, and the rotation speed of the disk is

adi ustments at st eps FHD PEETIORL AT b Amin e Bt
returns fro F31l5 to ep_F311. These paraneter adjustnent process
(F311 to F31§;}§%§§l ﬁﬁ‘g}“r}%i%s%’?’&ﬁo?e%ﬁ%‘%ﬁ °g§f§ja FﬁraaélPEFﬁG Fheche
rotation speggxtof t he gigk 5to 80 Hz are carried out sinultaneously.
After both procesgggpaf onpleted, the rotation speed is |lowered to 40 Hz

oL ouiie et steps (3194 ouEsigh, T0s SHbegent protens, skope (F0L Lo,
accordance Wil I Lhe, LNl Ld.a20RedlM el inble 0 ALAQD SRS A Lle WSk
. of the optical pickup 15 becomes a reference voltage range.

At step 314, a check is made as to whether the rotation
speed of the disk has reached 80 Hz or not.

If the rotation speed of the disk has not reached 80
Hz, the drive current of thé driver IC of the spindle motor is
increased at step F315. |

After step F315, the sequence returns to step F314,
and the rotation speed of the disk is checked, although this
is not described in FIG. 3. VIf the electrical adjustments at
steps F310 to F313 have not been finished, the sequence returns
frorﬁ step F315 to step F311.

'i'hese parameter adjustment process {F31ll toF313) and
the process (F310, F314 and F315) for raising the rota‘tio-n speed
of fhe disk 5 to 80 Hz are carried out simultaneously.

After both processes are complét'ed, the rotation
speed is lowered to 40 Hz at the next steps (F316 to F318).

The subsequent process steps (F304 to F308) are the
same as those <-:f the first embodiment.

In the disk drive in accordance with the third -

embodiment, the rotation speed of the disk is lowered from 80



73 Hz to the final rotation speed of 40 Hz. Wth the above-nentioned
configuration and processes, the automatic adjustnents of some paraneters
that are not affected by the novenent of the magnetic ball can bg Jciilrilgd
out during the process of separating the magnetic ball 1 from the nagnet
8. This can reduce the start time of the disk drive. The | aser power
calibration, focus offset and focus gain adjustnents are carried out in
this enbodi nent. However, it is also possjihle to carry out only the |aser
power calibration during the magnetic ball separation process. -

Furthernore, B ttoithal S0nADSELPALIGD Spddd ofutad ez | aser power calibration
before the magnetic ball separation process and to carry out only the

focus adjustment duringitdhetH@gBelecmbatiose@abatigirat068Thd pMECOYES, I N
addition to these paraneter adjustnent itenms, it 1s also possible to carry

out other pafiiredefomstist aBMistheiBs @5 SaReTainedependhag afet Ret
configuration of the disk drive. <Enbodinent 4> FIG 4 to FIG 9 show a

fourth enbodifesdted ey Oii1sk misvemeerdf dihahy aseRktiBveAllofahnNEt U8gErBed
m croconputer and carries out the process of the flowhart shown in FIG 5

by using thexit croeaipuires prooddsioEt sepapit &t melgnetd cShans @ Prewess
of nmeasuring the magnetic ball separation rotation speed and magnetic ball

attracti on reiainametspeedriols tdae feakcdrineestdhe HiRRSUE effnidiBkogesdel S

carried out during the in-plant production of the disk drive (before 2 0

JUL 2005 The laser power calibration, focus offset and focus
gaih adjustments are carried out in this embodiment. However,
it is also possible to carry out only the laser power calibration
during the magnetic ball separation process. Furthermore, it
is also possible to carry out the laser power calibration before
the magnetic ball separation process and to carry out only the
focus adjustment during the magnetic ball separation process.
Moreover, in addition to these parameter adjustment. items, it
is also possible to carry out other'parameter adjustment items
as necessary depending on the configuration of the disk drive.
<Embodiment 45 | |

FIG. 4 to FIG..Q show a.fourth embodiment.

The disk drive of the present invention includes a
microcomputer and carries out the process of the flowchart shown
in FPIG. 5 by using the microcomputer.
<Explanation of FIG. 4>

F1G. 4 shows a process of measuring thé magnetic ball
separation rotation speed and magnetic ball attraction rotation

speed of the disk drive. The measurement process is carried out

during the in-plant production of the disk drive (before



74 shipment). First, at step F401, the spindle notor 2 is controlled so

that the disk 5 rotates at a low rotation speed (10 Hz). At this rotation

speed, the magnetic ball 1 is attracted by the magnet 8. Next, ggngQ%E
and P

F402, the automatic adjustnments of the various paraneters of ASP
are carried out so that the levels and the |ike of the focus error signal
and the tracking error signal do not vary fromone disk drive to another.
Next, at step F403, only the focus serve fiar ~-the optical pickup is made
effective. At .this tine, the disk 5 rotates at 10 Hz by virtue of the
control at st&FPEEHE) -Next, at step F404, a gradually increasing current
is flowed to the spindle notor 2, thereby to gradually raise the rotation
speed of the disk. WilBLEsk. rét3teDR48pecths spiaddedpotdre 2cknconfitrgaled
force applied to the magnetic ball increases gradually and eventually
becones | ar géP thah e dednst retatesaxt imAoforoeatenar speedief Year: t.heat
magnetic ball 1 and the nmagnet 8. At the nonent, the magnetic ball 1
separ at es fr&RifhECKA§AEOD 8PaRE. tbel mdgsenichbaha 2xiser aakrpetieghbyathéace
of the ring-shaped hollow section 4. At step F405, the inpact caused at
the ti me wheP2PREL Bagnetic ball collides with the external peripheral side
wal | i's detected by a focus error signal, i.e., a signal generated by the
optical pickup 15, as dithi BEdstepdid02 OhélhuR@bstic adjustments of the
various parameters of ASP and DSP are carried out so that fhe
levels and the like of the focus error signal and the tracking
error signal do not vary from one disk drive to another.

Next, at step F403, only the focus servo for the
optical pickup is made effective. At this time, the disk 5
rotates at 10 Hz by virtue of‘the control at step F401.

Next, at step F404, a gradually increasing current
is flowed to the spindle motor 2, thereby to gradually raise
the rotation speed of the disk.

While the rotation speed is raised, the centrifugal
force applied to the magnetic ball increases gradually and
eventually becomes larger than the magnetic attraction force
exerted between the magnetic ball 1 and the magnet 8. AT the
moment, the magnetic ball 1 separates from the'magnet 8 and
collides with the external peripheral face of the ring-shaped

 hollow sectioﬁ 4.

At step F405, the impact caused at the time when the

magnetic ball collides with-the external peripheral side wall

. is detected by a focus error signal, i.e., a signal generated

by the optical pickup 15, as described later.



75 After the inpact is detected, the current for the spindle nmotor is
fixed at the current flowing at the nonent of the detection at step F406.
Next, at step F407, a frequency generation signal (hereafter refgyngdiue

as an FG signal) obtained fromthe Hall device 11 di sposed near the
spindle notor 2 is nmeasured to detect the rotation speed of the disk at
the tinme. Next, at step F408, the detected disk rotation speed is stored
in the nenory. <Explanation of FIG 6>-FIT& 6 is a waveform di agram show ng
an FG signal 61 and a focus error signal 62 including an inpact '
application portion 64eR [ide impPagked st Heteadsc.i dhsalcurTensf fan sbeual
disk drive separates. In FIG_ .6, the abscissa represents, tine and the
ordi nate repfBiBfie MR gs LiKed apddte iuzedtaflowdng At themanwnt of
magnetic ball separates fromthe magnet and collides with the external .
peri pheral sF@e daFection ahsiteR k9% the disk 5 and the actuator of the
optical pickup 15." As a result, the inpact appears as a disturbance in the
focus error signal as d€3tgn&te§tBy BA0Tn arfregsentiegenpaetidnt etghah
section of this enbodiment conprises a _conparison operator that uses the
focus error SRgReRLTeRFFeierTed dohef rn I sigorldhohhained| from e Hapdt
signals. The conparison operator outputs a binary signal (0 or 1}. The
first risingl®Yifal hiseerrd seariehesppndleimmat @bl haepssirgdatq detestL
2005 :

"the rotation speed of the disk at the time.

Next, at step F408, the detected disk rotation speed
is stored in the memory.
<Explanation of FIG. &>

lFI(';. 6 is a waveform diagram showing an ¥G signal 61
and a focus error signal 62 including an impact application
‘portion 64 at the time when the magnetic ball -1 of an actual

. disk drive separates. In FIG. 6, the abscissa represents. time
and the ordinate represents voltage.

The impact caused at the time when the magnetic ball
separates from the magnet and collides with the external
peripheral side wall is transmitted to the disk 5 and the actuator
of the optical pickup 15. As a result, the impact appears as
a disturbance in the focus error signal as designated by 64 in
FIG. 6.

The impact detection section of this embodiment
cbmprises a comparison operator that uses the focus error signal’
and its threshold value Vsh shown in FIG. 6 as input signals.

The comparison operator ocutputs a binary signal {0 or 1). The

first risihg or falling edge of the ocutput signal (binary signal)



76 of the conparison operator corresponds to the tinme when an inpact 1is
applied. The disk rotation speed at this tine can be neasured by counting
the intervals between the rising edges or the falling edges of ?@qu@ws
signal 61 by using a clock signal having a frequency sufficient I gher
than that of the  FGsignal. a in FIG 6 designates a rotation period. At
t he above-nentioned step F408, this rotation period ais difectly stored,.
or a value obtained by converting the Fo?gtron period into a frequency or

arotation s | [ flash,ROM provided in . the

di sk drive. Qéqg)% ggﬁ‘#tgﬁgﬁg 0%’agne clfﬁécB%#%QEg%g?a 9 gﬁe oS YRR 28 pERpct

I nherent in %Qeaﬂgi§eﬂrive can be stored as data. <Continued explanation
A

of FIG 4> After Step F408, the nmagnetic ball attraction rotation speed is

Curront e floned ro (TS SEEkaTeTbE 8 BovhartehyTe ST GaN by TemiE e

(ot ton speggcaludiic digk Withe e Lolahion speedla el 00, uenad, e

the end. Al T8 hoEnE e Fe HEdmETs E1°BE 1R EcpaPLrel FidheT Hetelg hal

pact caus it STUEREY | Fier e HHE Blgngt) tatpgtiet of the O slgpal.’ o
in FIG. 6 deéignates a rotation period.

At the above-mentioned step F408, this rotation
period ¢ is directly stored, or a va‘tlue obtained by converting

" the rotation period into a frequency or a r-otation speed is stored
in memory, such as a fiash ROM provided in the disk drive.

As a result, the magnetic ball separatién rotation
speed.inherent in the disk drive can be stored as data.
{Continued explanation of FIG. 4>

After step F408, the magnetic ball attraction
rotation speed is measured at step F409 to step F413.

At step F409, a gradually decreasing current is
flowed to the spindle motor 2, thereby to gradually lower the
rotation speéd of the disk.

While the rotation spée_d .is being loweréd, the
centrifugal force applied to the magnétic ball 1 decreases
gradually, and fhe magnetic ball 1 cannot stay on the external

i peripheral side wall in the end. At the moment, the magnetic
ball 1 separates from the external peripherai side wall and is

attracted by the magnet 8.

At step F410, the impact caused at the time when the -



77 magnetic ball collides with the magnet is detected by the focus error
signal, i.e., a signal generated by the optical pickup 15, as described

| ater. After the inpact is detected, the current for the spin he f&mﬁr S
fixed at the current flowing at the time of the detection at ew 1.
Next, at step F412, the frequency generation signal (hereafter referred to
as an FG signal) obtained fromthe Hall device 11 disposed near the
spindle notor 2 is neasured to detect J1hge;rotation speed of the disk at
the tine. Next, at step F413, the detected rotation speed of the disk is

stored in thgagBepiy badBxpbanddeanwdth RIHE@ mZgnét Gs deitecaedavefrivenfdcagr am
showi ng an FG signal 71 and a focus error signal 72 including an inpact

appl i cation eppeti gl atitde, taneighen deremmgietyc thal bptiocklapiektpal
disk drive is attracted by the magnet 8. In FIG 7, the abscissa

represents tige, agangedébeivedi baterrepresents voltage. The inpact caused at
the time when the magnetic ball is attracted is transmtted to the disk 5

and the actuator of thefepid adle ipipekt#pitSdeandtagpeshe asrpemt sforr bidnee in
the focus error signal as-designated by 73 in FIG 7. The inpact detection

section of thhsnetdabHBAtis COIRERSES the WPAfdrR0Flopdhat at that timesot he
focus error signal and its threshold value Vsh shown in FIG 7 as input

signals. Thengoapesd:so6n OREr 8tep PALpUts a binary signal (0 or 1) The 2 0
JUL 2005 ‘

Next, at step F412, the frequency generation signal
(hereafter referred to as an FG signal) obtained from the Hall
device 11 disposed near the spindle motor 2 is measured to detect
the rofation speed of the disk 'é.t.the time.

Next, at step F413, the detected rotation speed of
the disk is stored in the memory.
<Explanation of FIG. 7>

FIG. 7 is a waveform diagram showing an FG signal 71
and a focus error signal 72 including an impact application
portion 73 at the time when the magnetic ball 1 of an ar':tual-
disk drive is attracted by thé mag-net 8. InFIG. 7, the abscissa
represents time, anﬁ the ordinate represents voltage.' The
impact caused at the time when the magngtic ball is attracted
is transmitted to the disk 5 and the actuator of the optical
pickup 15, and appears as a disturbancg in the focus erroxr signal
as .designated by 73 in FIG. 7.

The impact detection section of this embodiment
comprises a comparison operator that uses the focus error signal
and its threshold value Vsh shown in FIG. 7 as input signals.

The comparison operator outputs a binary signal (0 or 1). The



- 78 first rising or falling edge of the output signal (binary signal) of
t he conpari son operator corresponds to the tinme when an i npact ﬁ ﬂg%d ed.
The disk rotation speed at this tine can be neasured by counti ng t 5

i nterval s between the rising edges or the falling edges of the FG signal
71 by using a clock signal having a frequency sufficiently higher than
that of the FGsignal. ain FIG 6 designates a rotation period. At the
above-nentioned step F413, this rotation 7period a is directly stored, or a
val ue obtaingd by convertin the rotation period into a frequency or a
rotation spe &ri% SO OT iR e RS §998 FEhthe catpgsHi R ibdwiadwdSignahp

di sk drive. A% result, the nagnetic ball attraction rotation speed

i nherent in PhetRf SRMBRFVECR SPeFa tarorerr asPeRrds tol the Kémei whenlanvippadie
magneti c ball, separation rotation speed and the magnetic ball attraction
rotation speed ?EP@1990red in the menory by the above-nentioned steps
conducted during the in-plant production of.the disk drive.. A disk drive
in accordance with anotd¥ér Gefboer hekion cheefeas utiatdms crs boaemnmd c
bal | separatjon rotation speed and the nmagnetic ball attraction rotation
speed by it sBFfCOUndIRGEthRADtEIVEHS brERean ithe wiwing adgessimibe thad Iimest
magnetic ball _separation and attraction rotation speeds determned-in
consi der at i oRI8FSt e ERFETE SFIRMbi ehtPY epiRitaralods shenal faving ahange

with tinme. This kind of disk drive carries out the process of 2 0 JUL 2005
) - frequency sufficiently higher than that of the FG signal. & in

FIG. 6 designates a rotation period.

At the above-mentioned step F413, this rotation
period & is directly stored, or a value obtained by converting
the rotation period into a frequency or a rotation speed is stored
in memory., such as a flash ROM provided in the disk drive.

As a result, the magnetip ball attréction rotation
spéed inherent in the disk drive can be stored as d.ata..

In the disk drive, the magnetic ball separation
rotation speed and the magnetic ball attraction rotation speed
are stored in the memory by the above-mentioned steps conducted
during the in—pl'ant production of . the disk drive..

A disk drive in accordance with another embodiment
caﬁ measure and store the magnetic ball separation rotation
speed and the magnetic ball attraction rotation speed by itself.
Consequently, the disk drive can always store the newest
magnetic ball separation and attraction rotation speeds
determined in consideration of the effect of ambient temperature |
or the effect of éhange with time.

This kind of disk drive carries out the process of



79 the flowhart shown in FIG 4 to neasure the magnetic ball separation
and attraction rotation speed by using a built-in mcroconputer.

<Expl anation of FIG 5> FIG 5 is a flowhart of a spin-up prqﬂfgm_?mg a
disk drive wherein the magnetic ball separation and attraction "rotation
speeds are stored by using the steps of FIG 4. FIG 5 is the sanme as FIG
1 except for steps F509 and F511 included in the magnetic ball separation
process step F503. In the spin-up process, of FIG 1, at step F109, a
rotation speed sufficient to separate the nmagnetic ball from the magnet, f

= 80 Hz, is gL APoRchAFOeindwt ald arshrecd d meddffe the SRRMALE el -

magnetic ball. At step FlIIl, a check is made as to whether the rotation
speed of thesﬁbékaiafénr&%@&f&&iwlﬁ&a@io&%a@e@r bYOLisiFige aeBledt meat  of
FIG 5 uses the magnetic ball separation rotation speed (frequency) stored

in the ”E”Drﬁia€$coﬁﬁﬁ¥bf509, the maxi mum rotation period data a (mnimm
rotati on spee required for separating the magnetic ball fromthe nagnet

i's read fro”}ﬁﬂ?l&@ﬁ@&éh ddeide glata a is set as a target rotation period
data. The rotatTon period data is converted into rotation speed data as

necessary. At step F51@rca §Uld 8M1dwerd: ¢ 4 hinughng EQ‘Q@E%‘:‘;GEOI‘ laCaofxt he

spindle notor to rotate the disk. At step F511, "'a check is nmade as to

whet her the &Qiéélwﬂégéﬁn the magnetic ball separation and attraction
rotation speeds are stored by using the steps of FIG. 4.

FIG. 5 is the same as FIG. 1 except for steps F509
and.%Sll included in the magnetic ball separation process step
F503.

In the spin-up process of FIG. 1, at step F1l09, a .
rotation speed sufficient to separate the magnetic ball from
the magnet, £ = 80 ﬁz, is set as a target. rotation speed in order
to separate the magnetic ball. At step F1l1l, a check is made
as to whether the rotation speed of the disk has reached the
value of 80 Hz or not.

The embodiment of FIG. 5 uses the magnetic ball
separation rotation speed (frequency) stored in the memory. Ai
step F509, the maximum rotation period data ¢ (minimum rotatidn
speed)requiredforseparatingthenmgneticballfromthenmgnet
is reéd from the memory, and the data @ is set as a target
rotation period data. The ;otation.pefiod data is converted
into rotation speed data as necessary.

At step F510, a current is‘flowed through the driver

IC of the spindle motor to rotate the disk.

At step F511, a check is made as to whether the



so rotation period of the disk coincides wwth a or not. Wien the rotation
period of the disk reaches a, the magnetic ball separates fromthe magnet,

and the sequence advances to the next step F512. In another enbozjq' g@nﬂ
the target rotation period (a) at step F509 and the conparison va ?zg§
at the rotation period check step F511 are set at a mnus a certain
nunmerical value (or-a nmultiplied by a certain positive value snmaller than
1). Since a. is the required maxi num vatug%and has no margin, the value is

made smal | er limnate the fear of a problem wherein the nmagnetic ball
does not sepl:aér”g'?l 9 @ﬁ]flﬁjéi r‘?&gﬁgﬁ A\ 8K T OFART YGHED h\QTF Siorfent Whek Hdieges
and the |ike Q%Ex%l_anation f EI 8> Furthernore, the tracking error signal
can al so be TURTH %?‘F:f?fga‘a %%I‘?E%Fiﬁﬁaa'%ﬁécﬁi onchg grenefigspadd in the
case when t -menti oped focus errqr, signal is used as an i npact

appl i cati onh%eqa%g%feo%% A e = C R Fgga%gm% aHVaRTeRdE Hae ASNLG
signal 81 al dea king error signal 82 in an actual disk drive. In FIG
8, the absci sszfrep €sents time and the ordinate represents voltage. The

and col [ des w th the Bt BEAERSXpEPPBRGRERTei SUSERLIS EREALAD. BAEROR.
hol | ow sectiop.is transmtted to the disk 5 and the actuator of the
optical pickp) 35 59P FIULFC thReCPRBaELSappEalae a0d atsthe patesion t he
2 0 JuL 2005 _ . :
pericd check step F511 are set at @ minus a certain numerical
value (or @& multiplied by a certain positive value smaller than
1). Since ¢.is the reguired maximum value and has no margin,
the value is made smaller to eliminate the féar of a problem
wherein the fnagnetic ball dees not separ'ate frc;m the :fxagnet
' because of slight environmental changes and the like
{Explanation of FIG. 8>
Furthermore, the trackihg error signal can also be
used as an impact application detection signal, just as in the
case when the aboye—mentioned focus error signal is used as an
impact application detection signal.
FIG. 8 is a waveform diagram showing an FG signal 81
"and a tracking error signal 82 in an actual disk drive. In FIG.
8, the abscissa represents time and the ordinate represents
voltage.
The impact caused at the time when the magnetic ball
. separates f.fom the magnet and collides with the external |
peripheral .s-ide wall of the ring-shaped hollow section is.

transmitted to the disk 5 and the actuator of the optical pickup

15. As a result, the impact appears as a disturbance in the



81 tracking error signal as designated by 84 in FIG B. The inpact
detection section of this enbodi nent conprises a conparison operator that
uses the tracking error signal and its threshold val ue Vsh ShOZ/‘ﬂ”I E’,ng’dﬁge 8
as input signals. The conparison operator outputs a binary si gnar| [( r
1). The first rising or falling edge of the output signal (binary signal)
of the conparison operator corresponds to the tine when an inpact is
applied. The disk rotation speed at this gine can be neasured by counting
the intervals between the rising edges or the falling edges of the FG

Si gnal 81 bytusrhkgna ersek signal hsvidmgisnatedqoendy swfFI®i éhtly hi gher
than that of the FGsignal. a in FIG 8 designates a rotation period. At
t he above- nentioned st dheF4amacthide tasttbidroseqidoinodfa thesdembotiiyest or ed,
or a value obtained by converting the rotation period into a frequency or
a rotation speeHrisestaredrpinigenoeperatieh tisath ddes tHROMnackindedrrart he
disk drive. As a result, the nmagnetic ball separation rotation speed

i nherent in shgndiskndrive thnebbodflovaduasVsiat showSiiiwerIthe & ss doperkt
process is the sanme as that described above, its explanation is omtted.
Fur t her nor e, sigeaheas fEneompeirision operatox cudiput sad thiacErivosigod ht(idoor
speed by using the tracking error signal can also be carried out in the
sanme-way as Showfhen fmGt Ziging her cEsld inge eddee ofnhet oatptihestghél si on
of the magnetic ball is detected by using the focus error signal, only 20
JUL 2005 . (binary signal) of the comparison operator corresponds to the

time when an impact is épplied.

The disk rotation speed at this time can be measured
by counting the intervals between the rising edges or the falling
edges of the FG signal 81 by using a clock signal haviﬁ'g a
frequency sufficiently higher than tha-t of the FG signal. «
in FIG. 8 designates a rotation period.

At the above-mentione& step F408, this rotation
periéd ¢ is directly stored, or a value obtained by converting
the rotation period into a frequency or arotation speed is stored
in memory, such as a flash ROM provided in the disk dxrive.

As a result, the magnetic ball separation rotation
speed inherex-lt in the disk*t::lrive can be stored as data.

Since the subsequent process is the sgme as that
described above, its explanation is omitted.

Furthermore, the measurement of the magnetic ball
attraction rotation .speed by using the tracking error signal
can also be carried out in the same way as shown in FIG. 7.

In the case when the impact of the collision of the

magnetic ball is detected by using the focus error signal, only



82 the focus followup control is carried out for the optical pickup

foll owup control (F401) shown in FIG 4. In the case when the inpact of
the collision of the magnetic ball is detected by using the tragk)uhdigy ror
signal, the focus followup control and the tracking follow up control

are required for the above-nentioned followup control. <Explanation of
FIG 9> FIG 9 shows a disk drive in accordance with this enbodi nent of
the present invention, wherein an inpacfl €énsor 20 fornmed of piezoeleﬁtric
ceram cs is gyL3pPes F ' . 2. The caused at .t he
ti me when thglhrragn‘g%? g%%%lo}vhﬁfscgaeﬂp%% égn C%a(r')c(r::)rr% dh%ufréfﬁggﬁ%o % cgg.Iqucagép

with the ext %B’fl."i'ow-ﬂf;r iCB%%%gEL gﬁgggﬂgsép‘e&nr E_ﬁggigapgd hol | ow section 4 is

transmtted to a sub-base ezoel rc'terami c inpact sensor
R L s
above- nent i o%rlleagﬁfa ggﬁsgg'}g?ﬁg ds%en%{]e%r‘%) tPalki %geeﬁ¥%?ki?§n%¥.°%i%aclhe_
expl anat | ons SAPcERmT (BH LN-UP FRECABBALRotY GROG R0 FoRParT R ShEzol
each di sk orPvE PRISSReREPE: Fhe "aP o haaRerte o PR RBre bR eE whi oh i s
exerted bet W@EQpEQﬁa@QHeEECFEEUQ} and the magnet 2 0 JUL 2005

" FIG. 9 shows a disk drive in accordance with this

embodiment of the present invention, wherein an impact sensor

20 formed of piezoélectric céramics is disposed near the spindle
" motor 2.

The impact caused at the time when the magnetic ball
1 separates from the magnet 8 and collides with the external
peripheral face of the ring-shéped hollow section 4 is
transmitted to a sub-base 10, and the piezoelectric cera:nid
impact senéor 20 detects the transmitted component of the impact.
By thi's detection, the separation rotation speed and the
attraction rota‘Fion speed can be measured just as in the case
of the impact detection by using the above-mentioned focus error
signal and tracking erroxr signal. Since the detection signal
and process are thé same aé those described above, their
explanations are omitted.

With the above—ment:_i.oned configuration and process,
it is possible to set a separation rotation speed inherent in
each disk drive in consideration of the magnetic attraction

force which is exerted between the magnetic ball 1 and the magnet



83 8 and which differs anong disk drives. As a result, the magnetic bal
1 can be separated fromthe nmagnet 8 at a rotation speed appropriate for
each disk drive. In these cases of inpact detection, the nagnetic%quLZMS
separation speed and the nagnetic ball attraction speed usually ave snal
variations in the sane type of disk drives. Only one neasurenent. provides
a reliable result, thereby causing no problem In sone cases, however, a
plurality of measurenments nmay be carrieg-out to optim ze data.
Furthernore, the rotation speed to be set nay be nade |arger than the

measur ed separaaid WRiEREfifet sSReety By skhttitvessevasal rbeas toftemegnkage i n
order to have a margin relating to magnetic ball separation. An enbodi nent

wherein the pEidNBtdLn ash ep@Riate Ok rofoike MM AR & Stake rodbtied gpked
during the magnetic ball separation process is not described in the

Spi n-up procggprepridté& £6r LRWEVE@Isk tdiewUt omatic adj ustnents of sone
paraneters may be carried out during the magnetic ball separation process,

just as in the case of 1hens€s @adeerdPdinpRBt AWIhIN D Be e tiheball

measur enent of the magnetic ball separation rotation speed and the

measur enent 9épaheri sRPIRlCana ltheth §R6t1ODaNl &t +OACEDER G RIS G30AILEY out
in the process shown in FIG 4. However; either of the neasurenents rmy

be carried oMhvesmaagessiytichstodinBar>tip&ofl@ikR dtfred3 TW 8néifth
enbodi nent of the 2 0 JUL 2005

measurement provides a reliable result, thereby causing no
problem. In some cases, however, a plurality of measurements
‘may be carried out to optimize data.

Furthermore, the rotation speed to be set may be made

larger than the measuréd separation rotation speed by about
- several tens of percentage in order to have a maigin relating
to magnetic ball separation. |

An embodiment wherein the automatic adjustments of
some parameters are carried out during the magnetic balil
séparation process ié not described in the spin-up process of
FIG. 5. Howevei-, the automatic adjustments of some parameters
may be carried out during the magné-tic ball separation process,
just as in the case of the second embodiment.

Furt_hermore, both the measuremeht of the magnetic
ball separation rotation speed and the measurement of the
magnetic ball attraction rotation speed are carried cut in the
process shown in FIG. 4. However, either of the measurements
may be carried out as necessary.
<Embodiment 5>

FIG. 10 to FIG. 13 shdw a fifth embodiment of the



84 present

fl owchart
accordance with the fifth enbodinment of the present invention. The disk
drive of the present invention has a node wherein the rotation speed of

the disk changes depending on the positiga on the disk (the CLV node
The present invention relates to this kind of disk drive. It

exanpl e)

relating to the recordi-ng or

invention. The disk drive of the.present invention includes a
m croconputer and carries out the process of the flowhart showmn in FIG
10 by using the m croconmputer. <Explanation of FIG 10> FIG 10 isgg jiyL 2005

now assumed PR&fCRhelR¥GABLPE -bal | separation rotation speed is fl (Hz)
and that the nmagnetic ball attraction rotation speed is fO (Hz). The host

(user) designates the M&eatdick sydad DE6r theepoedeny f(ovenepoadiustiemgs and
the start position and end position for recording (or reproduction).

range from tHECTreeempupesandaaroieheownthpageiddess bf tled Eoedhagtash@m

regi on.

It

is assuned that the m ni nrum val ue of the rotation

region.is frih {I%) 10 Iyihsihg, the nicmesonpdtéhat the nmaxi mum val ue of
the rotation speed in the region is fmax (Hz). After receiving the
above- ment i offexP eamakien febirIGe 1@ser, the disk drive carries out the

process shown in FIG 10. At step F120, fmax is conpared with the nmagnetic

ball 2 0 JUL 2005 FIG. 10 1s a flowchart relating to the recording or

reprqdqctiqn of the disk drive in accordance with the fifth
embodiment of the present invention. The disk drive of the

‘Present invention has a mode wherein the rotafion speed of the
disk changes depending on the position on the disk (the CLV mode
for example). The present invention relates to this kind of disk
drive.

It is now assumed that the magnetic ball separation
rotafion speed is fl (Hz) and that the magnetic bgll attraction
rotation speed is £0 (Hz). .

The host (user) designates. the rotation speed for
recording {or reproduction) and the start position and énd
pésition for recording (or reproduction). The range from the
start position to the end position is referred to as a region.

It is assumed that the minimum value of the rotation
speed in the region is fmin (Hz). Similarly, it is assumed that
the maximum value of the rotation speed in.the region is fmax
(Hz). |

After receiving the abové—mentioned command £rom the
user, the_disk drive carries out the process shown in FIG. 10.

At step F120, fmax is compared with the magnetic ball

reproduction of the disk drive in

The

f or

S

speed in the



- 8 s attraction rotation speed 10 (Hz) and the magnetic ball separation
rotation speed fl (Hz). Furthernore, fmnis conpared with the nmagnetic
ball attraction rotation speed fO (Hz). (1) In the case of fmaxgdjfi @y the
magnetic ball is attracted by the nagnet at any position in the region.

For this reason, recording, reproduction or the like is carried out

I mredi ately without carrying out the process of the present invention
shown in FIG 10. (2) In the case of fX 85 max, at the position in the
region wherein the rotation speed is the highest, the magnetic bal

separ at es fr @ftrasthagneetakiopoiresd ) oz hankthagagperipheakl side
wal | of the ring-shaped holl ow section. |If reproduction or the like is
started whi| EephschbgRcrdabidr speed Wden(Ra X+ aduedhbieymore gt ist he
magnetic ball separates from the nmagnet somewhere in the region wthout
exception. Ascmparedwith tike magnattiic balll editraddasion tfe ttadis cextsperdl £0
peri pheral side wall and causes a |arge disturbance. To solve this
problem the(Hayrnetic ball is positioned on the external peripheral side
wal | of the ring-shaped hollow section in the entire region. This makes it
possible to prevent thdéliajnethe dadd df Fimase@arslj nchdé mugrdieic addet.sand
fromcolliding with the external peripheral side wall while the disk drive
carries out pépradiedbynthe mdundl ke dny prRétiey bm tliEhweflionchdrar thaen in
FIG 2 is carried out for 2 0 JUL 2005

reason, recording, reproduction or the like is carried out
immediately witﬁout carrying out the -process of the present
invention shown in FIG. 10.

{2) In the case of f1l é fmax, at the position in the
region where:in the rotatiqn speed is the highest, the’'magnetic
ball separates from the mégnet and positions on the extermnal
peripheral side wall of the ring-shaped hollow section. If
reproduction oxr the like is started while the magnetic ball has
been attracted by the magnet, the magnetic ball separates from
the magnet somewhere in the region without exéeptibnr As a

| result, the magnetic ball colliaes with the external peripheral
side wall and causes a lérge disturbance.

To solve this problem, the magnetic ball is
positioned on the external peripheral side wall of the -
ring-shaped hollow section in the entire region. This makes i'i:

- possible to prevent the magnetic ball from separating from the
magnet and from colliding with the external peripheral side wall
while the disk drive carries out reprpduction or the like in

: the region.

The flowchart shown in FIG. 2 is carried out for



86 exanple in order to position the magnetie ball on the external
peripheral side wall of the ring-shaped hollow section. (3) In the case of
fO < fmin, even at the position in the region wherein the rotatixh]i$pefs
is the lowest, the nmagnetic ball is not separated fromthe external
peripheral side wall or attracted by the nagnet,  provided that the
magnetic ball is positioned on the external peri pheral side wall. Asa
result, the bal ancer i s operated effecfli 9@ In addl ti on t he magnetic

bal | L2 nct SeERbper SanL i seLeial, B '018%‘%% [ thE eReETiRe | n
order {0 poshT) oéﬁgﬁ’éﬁﬁéiﬁéi‘?%@%aﬁf Fi%ﬁ‘et fand:FBrRER DALt PHREREELeR0e el
?];ra;hifrll n?hzhagggngf!l: al C%h%oca(s of” sgéggagﬁigrg%v%ﬁnegﬁgﬁﬂ‘gtg%%Zt
fmn 11 ropradiet) 5rofe R HBSH fa "Fue FakRionn FPestned FAgnLPesharte
Wth the maaRer ebte Trane AT EsbREaTER 4 Thohe SRR bResateRL eI
by The. magnelorh CFhaCEREFFE1nBhTBR T EL Bt Gy SR S 6REF HHtF PRSRGFLG SR he
regnet ¢, alds LadIgRLAll 0 \LARING: SXLELR A RIAPRELE oL 0E N A
the balancer is operated effectively. In addition, the magnetic
ball is not separated from the external peripheral side wall
or attracted by thé magnet while the disk drive carries out
reproduction or the like in the region.

The flowchart shown in FIG. 2 is carried out for
example in 6rdex‘to position.fhe magnetic ball on the éxternal
peripheral side wa;l of the ring-shaped hollow section.

(4) In the case of fmin = £0 and £0 < fmax <fl. the
magnetic ball 1 does not separatelfrom the magnet 8 even a‘; fmax.

In addition, the magnetic ball 1 is attracted by the magnet 8
at fmin.

If reproduction or the like is started while the
mégnetic ball positions on the external peripheral side wéll,
the magneﬁic ball collides with the magnet somewhere in the
region without exception and causé a large disturbance.

To solve this problem, the magnetic ball is attracted
by the mégnet in the entire region. This makes it'possible to

prevent the magnetic ball from separating from the external

peripheral side wall and from colliding with the magnet while



87 the disk drive carries out reproduction or the like in the region. The
steps F121 to F122 are carried out so that the magnetic ball is attracted
by the nagnet.' At step F121, the rotation speed of the disk is | dedgd?0iso
the rotation speed fO (nmagnetic ball attraction rotation speed) that is
| ower than the rotation speed for reproduction or the like. As a result,
the magnetic ball is attracted securely by the magnet. At step F122, the
rotation speed of the disk is raised to ghe-rotation speed correspondi ng
to the start position in the region. At step F123, reproduction or the
li ke starts thesiskddivecarnddsronarepnogdpetilon Afrt gre Lhke dmgtist reglahl 1
has been attracted by the nagnet 8 once, the relationship of fl > fmax has
been established. For Thisi stepssfilletenFiE2t Are rcamticsh wpead ithatatked to
the maxi mum value frmax, the magnetic ball 1 rotates while being attracted
by the nagnenagnatishbahlihs R rdatediebzethevieagndt. t he ordi nary recording
or reproduction is carried out inthis state, such inpacts as descri bed
| ater and i ndi cated i nak GSp F12lanthd 20hationispepd dfethe diiskgl s foweredg or
reproduction. This 1is because the magnetic ball 1 renmains attracted by the
magnet 8 amtbrEhai netanien sspeéd £0 af pagrdxid el artofadtliGn Tbrakbionhe
magnetic ball collides with the side wall of the ring-shaped holl ow:
section durisgeeétorthithg,s duseratRad Ihe 2OO0Stion speed for reproduction
or the like. As a result, the magnetic ball is attracted
securely by the magnet.
At step F122, the rotation speed of the disk is raised
tb the rotation speed corresponding to the start position in
the region.
At step F123, reproduction or the like starts at a
predetermined rotation speed.
- After the magnetic ball 1 has been attxracted by the
magnet 8 once, the relationship of £1 > fmax has been established.
For this reason, even if the rotation speed is raised to the
maximum value fmax, the magnetic ball 1 rotates while being
attracted by the magnet 8 as shown in FIG. 13. ﬁence, even if .
the ordinary recording or reproduction is carried out in this
state, such impacts as described later and indicated in FIGS.
11 and 12 are not applied during recording or reproduction. Tt;:ﬁs
is because the magnetic ball 1l remains attracted by the magnet
- 8 and remains in a stable state.
<Explanation of FIG. 11>
'If the magnetic ball collides with the side wall of

the ring-shaped hollow section during recording, such a



- 8 8 disturbance as shown in FIG 11 occurs. FIG 11 shows a focus error
signal (111) and a tracking error signal (112). The collision of the
magnetic ball affects both the two error signals and causes di stidy HHn85
(113 and 114).. These di.sturbances result in recording in a defocus state
and recording in an off-track state respectively, thereby degrading
the.quality of recording. <Explanation of FIG 12> If the nagnetic bal
collides with the side wall of the ring-8haped hol |l ow section during seek

operati on, sys%ur ances shown in FIG 12 occur. FIG 12 shows a focus
error signaP*fIPIPaaka ﬁstﬁ%ﬁ?ﬂ} AG Effor 14i QFEHTF 12F1G - TR 6BPWEsR ofrCws

the magnetic ball affects botg the two error signals and causes
di st ur bances®F¥5% Fh8Rehe (f1ké)andThebEaGKLRG r pBRRESShORRLt (1h2) - cSg ol of

t he di sk rotat&gn sgeed and the neasurenment of the nunber of tracks in the
tracki ng errGPsA§haR qf158s MAgRedda Rely af feRErdmtk shsitwp erseorksigmais or
the Iike. <E$8Ianation of FIG 13> The above-nentioned magneti c' bal

separ ati on HaPRYReS pRedtHFPARESS ahll 3 @ bbld) e Phiesee d imtpurdtansesal |
attraction rotation speed O (Hz) are fixed values determ ned by

par amet er s, SGEHLRsIRMECHRIERIRA e rRRFRELE Thate 12nd eecomdired i tn famix
density and the outsjde dianmeter of the nmagnet 8, the outside dianmeter of.
the rirg- shaPeli-FoRFHF G @ FEAPECLIEEAY . THeETRIgH e adkding shpagqual bty of

rotation speed 1 and 2 0 JUL 2005
recoraing.

<Explanation of FIG. 12

If the maghetic ball collides with the side wall of
thg ring-shaped hollew section dufing seek operation,
disturbances shown in FIG. 12 occur. FIG. 12 shows a focus .error
signal (121) and a tracking error signal (122). The collision
of the magneticball affects both the two error signals and causes
disturbances (123 and the like). These disturbances affect the
control of the disk rotation_speed and the measurement of tﬁe
number of tracks in the tracking error signal (122) respectively,
thereby causing a seek error or the like.
<Explanation of FIG. 13>

The above-mentioned magnetic ball separation
rotation speed £f1 (Hz) and the above-mentioned magnetic ball
attraction rotation speed'fo tHz) are fixed values determined
by parameters, such as the mass of the magnetic ball 1, the
magnetic flux density and the outside diameter of the magnet
8, the outside diameter of the ring-shaped hollow section 4,
etc. |

The magnetic ball separation rotation speed £1 and



89 the magnetic ball attraction rotation speed fO can be neasured by the
measur enent nethod in accordance with the fourth. ‘enbodi nent shown in FIG
4. In addition, by storing the neasured fO and f1 in the nmenory OEUthEZDUS
di sk device, it is possible to carry out the process of the flowhar
shown in FIG 10. Wth the above-nentioned configuration and process, the
contents of the process can be sel ected depending on the speed and
the'li ke requested by the user so that -tlBe magnetic ball becones stable.
For this reason, it is possible to carry out stable recording,
repr oduct i ontlzednagmek igpbraii ortydd tiors wottatilopaspeappf § catri e mekasgred t he
magnetic ball 1 as affecting recording or reproduction performance is.
prevent ed f riogm the cugasuremaEnipedibmegnting acEo@dabdet wifhGthe7 felmawha si xt h
. enbodi nrent of the. present invention. The disk drive of the present
i nventi on i nethidsnent showndanplE ed . anth eddiitésnouty sherpngddssmeisthed
flowhart showmn in FIG 17 by using the m croconputer. <Explanation of
FIG 14> Fl G0 lahd ifsit gnt tbenmsmoryn @hdhe mdimimdeaiives aft fbhepodeskleotati on
speeds corresponding to general reproduction and recording nultiple speeds
(I'x, 2x, 4x camwrBxui theheprCicéssodd tbe tlewChBaRtRehdwskisp®IGLi aati ons.
The maxi mum di sk rotation speed value at each of the nultiple speeds is
obtai ned at the innerwWbsh e apheeranepbioted conittighmahion dndnetrecessf t he
disk. 2 0 JUL 2005

- the contents of the process can be selected depending on the

speed and the like requested by the user so that the magnetic
ball becomes stable. For this reason, it is possible to cafry
out stable recording, reproduction aﬂd seek operation while such
impact application -owing to the magnetic ball 1 as affecting
reco_rding or rgproduction performaﬁce is prevented from
occurring.
{Embodiment 6>

FIG. 14 to FIG. 17 show a sixth embodiment of the .
recent invention. l

. The disk drive of the present invention includes a

microcomputer and carries out the process of the flowchart shown
in FIG. 17 by. using the microcomputer.
<BExplanation of FIG. 14> |

FIG. 14 lists the max:!.mum and minimum values cf the
disk rotation speeds corresponding to general reproduction and
recording multiple speeds (1lx, 2x, 4% and 8x) :Ln the CLV mc;de
of the CD-R/RW disk specifications. The maximum disk rotation
speed value at each of the multiple speeds is obtained at the

innermeost peripheral position (44.7 mm in diameter) of the disk.



90 The mnimum di sk rotation speed value at. each of the nultiple speeds
is obtained at the outernost peripheral position (118 mmin dianeter) of
the disk. Since the liner speed of the disk 5 is standardized?fdjhass a
range of 1.2 ms to 1.4 m's, calculations have been carried out assum ng
that the linear speed at the innernost peripheral positionis 1. 4 ms and
that the liner speed at the outernost peripheral positionis 1.2 ms. As
shown in the table, the ratio of the maxi®unrand m ni nrum val ues of the
rotation spegd corresponding to each of the recording and reproduction

mil tiple spectfs THHBIU - SHE Ot aEbdmmReesh Vel Ue @3, eaBh afidtisBrultsi slwown
in FIG 15A, _when the rotation speed of the disk becones fO or |ess, the
centrifugal 5%?%‘352’250?b??9en%gﬁ£t¥]é9 parermosh péreipixerehapopttiqherials
face of the rin -aha ed hollow section 4 becones snaller than the magnetic
attraction f“?ﬂ@g] igﬁe?ﬁé")nﬁﬁn@?@wJ Binpgstbephinee sHasainofhthediaknal
peripheral side wall and is attracted by the magnet 8. As shown in FIG
15B, when t e FOtMIRAPEHRRA oF O t Heve g skamge opBsl f2 nfsnboel . 4 he/s,

centrifugal faqrce 22 of the magnetic ball 1 on the external peripheral
face of the G‘Pg'g%@tafsl%“eﬁ:%‘ée besyeparhbed toet negseting athaacthon frsae 23,
The magnetic bal] 1 thus separates fromthe-magnet 8 and noves to the
external peRERERY tREFRANEFROSTHReF EPReTBh SIS tuforf 115>13408/ X 4 thatl d
only be establ _1Lshed in order that magnetic ball -separation and nagnetic
bal 1 attractiPnt4BeRdiPertar hhettesams tr pesinhaygalmpsdiien isn 2DmJEl

2005 As shown in the table, the ratio of the maximum and minimum values
of the rotation speeq corresponding to each of the recording
and reproduction multiple speeds is about 3.08.
{Explanation of FIGS. 152 and 15B>

As shown in FIG. 1.5A' when the rotation speed of the
disk becon}es 0 or lgss, the centrifugal force 22 of the magnetic
ball 1 on the external peripheral face of the ring-shaped hollow
section 4 becomes smaller than the magﬁetic attraction force
23. The magnetic ball 1'thus separates from the external
peripheral side wall and is attracted by the magnet 8.

As shown in FIG. 1$B, when the rotation speed of the
disk becomes £1 or more, the centrifugal force 22 of the.magnetic
ball 1 on the external peripheral face of the magnet 8 becomes
larger ;han the magnetic attraction force 23. The magnetic ball
1 thus separates £rom the r'nagn_ét 8 and moves to the external
peripheral side wall.

The relationship of £f1 > 3.08 X f0 should only be
established in order that magnetic ball separation and magnetic

ball attraction do n_ot occur at the same recording/reproduction



91 speed. As shown in FIGS. 15A and 15B, paraneters, such as the center
position r of the magnetic ball 1 in the radial direction in the state of
the attraction by the nmagnet 8, the center position R of the nmaghetll ¢ijsal |
1 inthe radial direction in the separation state, the magnetic fl ux
density of the magnet 8, the mass of the magnetic ball 1, the sectional
area of the magnetic ball 1 orthogonal to the magnetic flux fromthe
magnet 8, etc., are set so that this rel@fionship is established. Mre

specifically, it is assuned that a steel ball having a diameter of 3 mm
and a mass oépabdut 0.11 g is used as the magnetic ball 1 and that the
radius r fromthe clanp center. 1in the attraction state of the nagnetic

ball 1 is 9.25 nm In take stase WaeRIGBe maynetdclim |paepartaidsQnsueht agi on
speed is set at 50 Hz, a force of about 100 g is generated as the

-centrifugal theceerdReshpwsitbolr! £ of 5Bhe Heagiee tidepamEMEtin &Hes ra@iagt ed so
that the magneti.c attraction force 23 is about 100 g. As a result, the

magneti ¢ bal disepaiahesn ftimsdteermgnehe attb8ctiionNextthd hagrrenet i enbal |
attraction rotation speed fO is set so as to satisfy the relationship of

fO X 3.08 < tedtedpritfion R cftthatmdfnékic ®als Sein ahel @sdidihanrd6t 2oklz.
The disk drive is configured so that the relational expression of fO X

((the rotatibn t3pesdpatathenistetienpshe neegrigthier ¥)luk ddihe tobatinemsgeet - at
t he outernost periphery)) < f 1 is established, when witten by using a
gener al expresstion.madés Wi tHe0magnetic ball 1, the sectional area of the
magnetic ball 1 orthogonal to the magnetic flux from the magnet
8, etc., are set so that this relationship is established.
More specifically, it is assumed that a steel ball
having a diameter of 3 mm and a mass of about 0.11 g is used
as the magnetic ball 1 and that the radius r £from the clr;amp center.
in the attraction state of the magnetic ball 1 is 9.25 mm.
In the case when the magnetic ball 'separation
rotation speed is Set‘ at 50 Hz, a force of about 100 g is generated
as fhe centrifugal force 22 shown in FIG. 15B. Hence, the magnet
8 is selected so that the magnetic attraction force 23 is about
100 g. &As a result , the Iﬁagnetic ball separates from the magnet
at 50 Hz.
Next, the magnetic ball attraction rotation speed £0
is set so as to satisfy the relationship of £0 X 3.08 <-fl. Wheﬁ
1 is-sgt at 50 Hz, f0 is set at less than 16.2'Hz.l
The disk drive is configured so that the relational
expression of £0 X {(the rotation speed at the innermost
periphery) / (the rotation speed at the outermost periphery)}

< £l is established, when written by using a general expression.



92 Wth this configuration, when the disk drive carries out recording or
the like in the CLV node, there are no cases wherein the rotation speed at
the innernost periphery, i.e., the highest rotation speed, is |alfdUl ¢8ghn

fi (the magnetic ball separates fromthe nmagnet) and wherein the rotation
speed at the outernost periphery, i.e., .the. lowest rotation speed, is
smaller than fO (the magnetic ball is attracted by the magnet). For this

reason, at a specific linear speed, there®?2is no worst state wherein the

magnetic ball noves unstahly.inside . the ring-shaped hol | qw section

sonewhere on the disk m%Plst?\%"%ﬁﬁ?%’aVPePst%ﬁ%ﬁl‘bﬁEavérFEt-"ﬁ%les

I nt ernal perilgﬂeral si.de ‘wal ] or. on the external periEheraI side wall. As-
CPPheTAFSRAGPEVRE sEiS iyt d ™t kBe ShEvBOAent FBAEE BBRdI? IGHRES a

aresult, in
| arge di sturbance, caused collision of the magnetic ball with the

by the ]
side wall ca %Eeb?egjéﬁtﬁ‘agaﬁ% ML rF g1 r AP TR Rl RieThe 1 -itke.
This is attai neg&% a gro riately disposing the magnetic ball at the
internal or°R% S‘g PE ﬁéPBIS%?ﬁqft tentaf9shebanngl dHdrenagpetdwball
section in the CLV. node at a %i ven | inear_ speed. <Explanation of FIG 16>
FIG 16 shovRERAEALRANGECRf thdmadit] rafhivhekaid: Lhe fafiatepn sneed at
magnetic ball 1 at a freguency of 16.2 Hz and the change of the nmgnetic

attraction for@e®25eHroFhe? TY 8 }1f th&haadicoesh iateon Breadadilsl

position R of the magnetic  ,ball 1 |ocated_at the external peripheral
posi tion of ﬁ'?l%fl‘?? ﬁg'!a:,rtheHﬂPl%lr'}a&Besté&t PahL 4§ FHrECtEPAbY st meigRetided as
a 2 0 JU 1005 For this reason, at a specific linear speed, there
is noworst state wherein the magnetic ball moves unstably inside
the ring-shaped hollow section somewhere on the disk even if
the magnetic ball is positioned on the internal p;aripheral side
wall or on the external peripheral side wall.

' As a result, in the disk drive satisfying the
above-mentioned conditions, a large disturbance caused by the
collision of the magnetic ball with the side wall can be prevented
from occurring during recording.or the like. This is attained

Eby appropriately disposing the magnetic ball at the internal
or external peripheral position of the ring-shaped hollow
section in the‘ CLV mode at a given linear speed.
<Explanation of FIG. 16>

FIG. 16 shows the change qf the centrifugal force 22
applied to the magnetic ball 1 at a freéuency of 16.2 Hz and
thglchange of the magnetic attraction force 23 of the magnet
8 in the radial direction. The radial position R of the magnetic

ball 1 located at the external peripheral position of the

ring-shaped hollow section 4 in FIG. 15A is herein used as a



- 93 paraneter. Nuneral 151 in the figure designates the magnetic
attraction force 23, and nuneral 152 designates the centrifugal force 22.
The intersection point 7 in this graph is a point, wherein the it 2085
attraction force 23 is balanced with the centrifugal force 22. Hence, by
maki ng the external peripheral position R of the magnetic ball 1 snaller
than this, the magnetic attraction force 23 becones |arger. than the
centrifugal force 22 at the rotation speed of 16.2 Hz. The intended object
can thus be attained. In this way, it is possible to set a bal ancer
condition wharamaeteéhe condition of fO X 3.08 < fl is established. It is
herein assuned that a disk drive has a bal ancer configuration of fO = 15
Hz and fi = 50 Hz, for Newemplle15that the €£apabkedetigastebsytpng twh€netic

. above-nentioned condition. In FIG 14, at the 8x speed, the rotation speed
- of the di sk dpesaodionlfoaee2s Dawd hessraFQs2 esigrases, t1ad cekher8sugpeed,

by carrying out recording (or reproduction) while the nagnetic ball is
positioned ofiotbe B3ternal peripheral side wall, any disturbance ow ng to
the collision of the magnetic ball wth the side wall does not occur

during recording or thepel katerbbctién! ¥oir¥X fnNdntxnsRegdapnt h§ KO aﬁ.hﬁm

speed of the disk does not becone 1 or nore. For this reason, at the IX,

2X or 4x speelderb&yn cetie naypeti@ dthkr2005on force 23 is balanced with the
centrifugal force 22. Hence by making the external peripheral
position R of the magnetic ball 1 smaller than this, the magnetic
attraction force 23 becomes larger.t.h&in the centrifugal force
22 at the rotation speed of 16.2 Hz. The intended object can

' thus be attained.

In this way, it is possible to set a balancer condition
wherein the condition of £0 X 3.08 < fl is established.

It is herein assumed that a disk drive has E: balancer
configuration of £0 = 15 Hz and f£1 = 50 Hz, for example, that
is capable of sat :Lsfy:.ng the above mentloned condition. In f‘IG
14, at the 8x speed the rotation speed of the disk does not
become f0 or less.

For- this reason, at the 8x speed, Abﬁr carrying out
recording (or reproduction) while the magnetic ball is
positionedontheexternalperipheralsidewall,anydisturbance
owing to the collision '_of the magnetic ball with the side wall
does not occﬁr during recording or the like.’

At the 1x, 2x and 4x speeds, the rotation speed of
the disk does not become f1 or more.

For this reason, at the 1x, 2x or 4x speed, by carrying



- 94" out recording (or reproduction) while the magnetic ball is
positioned on the internal peripheral side wall (attracted by the nagnet),
any disturbance owing to the collision of the magnetic ball w2k JUhqi§i de
wal | does not occur during recording or the like. <Explanation of FIG 17>
FIG 17 is a flowhart relating to recording or reproduction in the case
when this bal ancer configuration is wused. It is assuned that the magnetic
bal| separation rotation speed fi is 50 M and that the nmagnetic bal

attraction rotation speed fOis 15 Hz. At step F151, a determination is
made on the B iEeC%‘T% y  Pher FREREUET LR WhidMh the Magretip ball is

consi deration |stjf%|%é/(gn to.the recording start position and the recording

end positi oR°Bh i Tk thepindexRtle PoRABRerRd Pafgeyrlipbatitracied hy

user is the_8x speed (in the CLV npde), the magnetic ball 1 is not

attract ed bytlflﬁe'"‘g%%fe}' g2nY GigtpERaRtenowinghEodtbr geilhgioneobrthag and
reproduction. After the_magnetic ball 1 is_ securely noved to the external
peripheral SPASRSEFF Paldcetbin fde §idemall deest et Pqour duspnprepording -
met hod shown in FIG,2 or the like is carried out (not shown in FIG 17)
in order to °%ethf et¥Sove the magnetic ball 1 to the external peripheral

side wall. Wen the request speed fromthe host is the | x speed, 2 0 JUL
2005 <Explanation of FIG. 17>

FIG. 17 is a flowchart relating to recording or
reproduction in the éasg when this balancer configuration is
used. -

It is assumed that the magnetic ball separation
rotation speed £1 is 50 Hz and tﬁat the magnetic ball attraction
rotation speed £0 is 15 Hz.

At step F151, a determination is made on the basis
of 6nly the request speed from the user. No consideration is
given to the recordinlg start position and the recording end
position on the disk.

_ For example, when the request speed from the user is
the 8x épeed (in the CLV mode), the magnétic ball 1 is not
attracted by the magnet 8 at any position on the disk during
recording and feproduction. After the mégnetic ball 1 is
se.curely moved to the external peripheral side wall, recording
or the like starts (at step F154). i'he method shown in FIG. 2
or the like is carried out (ﬁot shown in FIG. 17) in order to
securely move the magnetic ball 1 to the external peripheral
side wall.

When the request speed from the host is the 1x speed,



95 recording or the like starts (at step F154) w thout noving the

magnetic ball, since the rotation speed of the disk'is less than the
magnetic ball attraction rotation speed fO at all times. The magnggijﬁ E@I
beconmes stable while being attracted by the nmagnet. Wen the request L éd
Is the 2x speed or 4x speed, the rotation speed of the disk m ght becone

| ess than the magnetic ball attraction rotation speed fO depending on the
position on the disk, but does not exceegd the nmagnetic ball separation
rotation speed fl. Hence, the magnetic ball is securely attracted by the

nmagnet (at stegofdid) oranHet heRerecarth NG OteReriEke withd st moAingt €Re
F152, the rotation speed of the disk is lowered to fO =15 Hz or less so

that the magmednetimbhll,isiseswirl yotatioaciweb Dy fee MAGNEL s 8.c Af £BED
-this, at step F153, the rotation speed of the disk is raised to a rotation

- speed for regos didihetfid @l kttraAit igrepchbdidie CHeRiang ooktt Be1l tigesdn the
disk is carried out. In the fifth enbodinent, it is necessary to calculate

the maxi mummel nEgheti® valuebeabmbbestabati wiiseasshf dtteaditels buUEhag -
recordi ng/ reproduction by using the speed request from the host,

reproduct i ondddget di ng start -position,  reproduction/recording end position
and the |like as paraneters. In the sixth enbodi nent shown in FIG 17,

BOYJVleJ\IieerOSt he bal ancerwhén comé i githesk s ageead ilshenkebatipasdios 2xpssssd on 2
the rotation speed of the disk might become less than the magnetic
ball attraction rotatiop speed £0 depending on the position on.
the disk, but does not exceed the magnetic ball separation

. rotation speed f1.

Hence, the magnetic ball is securely attracted by the
magnet (at step F152), and then recording or the like starts.

At stepF1l52, the rotation speed of the disk is lowered
to £0 = 15 Hz or less so that the magneti;: ball 1 is securely
attracted by the magnet 8.

After this, at step F153, the rotation speed of the
‘d:i.sAk is raised to a rotation speed for recording or the like.

At step 154, recording or the like on the disk is
carried out. |

In the fifth embodiment, it is necessaxry to calculate
the maximum and minimum values of the rotation speed of the disk
during recording/reproduction by using the SPeed regquest from
the host, reproduction/recording start position,
reproduction/recording end position and the like as parameters. _

In the sixth embodiment shown in FIG. 17, however,

the balancer is configured so that the relationship éxpression



96 of fl > ((the rotation speed at the innernost periphery) / (the
rotation speed at the outernost periphery)) X f0 is established. For this
reason, - the magnetic ball separation rotation speed and the nagngd ijdl Bogb!
attraction rotation speed are not generated sinultaneously during
continuous recording or reproduction (in the case when one disk is used
for recording or reproduction in the CLV node) regardl ess of any request
speed fromthe host. As a result, a detePfination is nade as to whet her

t he magnetic %ﬁti sgould be positioned at the external periphery or the

i nternal per? y ddFEfIFRGGABrFReeh @ty ERacERRRIMe B Bediimdemapr ¢dlicke on
speed, the known magnetic ball attraction rotation speed and the known
magnet i ¢ bal Fes@paratsrard pbttdia ontepoesit PESLphRrY) 3eashn st detaml s¢hed at e
i's not caused wherein both the nagnetic ball separation rotation speed and
the nagnetitohaFiistFraEPPentREt BEPBAtEP el hr seprPRIRRICOTATLON BEerE| v
dependi ng on the request speed. In addition, the appropriate position of
the magneti c@Ba| FheRagaedefePailheatbFachhry Tabatisenr sbeedr ape onatt i on
speed, whereby the process_is nade easy. This enbodi ment has been

descri bed orS¢Reratednpilyitaprabsiyhdurbrat Fontipeeds arectrdimgeonost
periphery) / (the_rotation speed at the outernost periphery) is 3.08 on
the basis OFSPRRIBFEEOBpEERfiRatGayR WBenCPRR GbsRLS Hosed afor tecaafdiond s

of the present invention can al so be obtained in other disk 2 0 JUL 2005
, or reproduction in the CLV mode) regardless of any request speed

from the host.

- As a-res_ult, a determination is made as to whether -
the magnetic ball should be positioned at the external peripﬁexy
or the internal periphery depending on only the requésted
recording/reproduction speed, the known magnetic ball
attraction rotation speed and the known magnetic ball separation
rotation speed.'

For this reason, the worst state is not caused wherein
both the magnetic ball separation rotation speed and the
magnetic ball attraction rotation speed are generafed
simultaneously depending on the request speed. 1In addition, the
appropriate position of the magnetic ball éan be determined by
only the recording/reprbduction speed, whereby the process is
made easy.

This embodiment has been described on the assumption
that (the rotation speed at the innermost periphery)} / {the
rotation speed at the outermost periphery) is 3.08 on the basis
of the di_sk specifications of CD-R/CD-RW. However, the effects

of the present invention can also be obtained in other disk



- 97 specifications by the setting of f1 > {(the rotation speed at the
i nnernost periphery) / (the rotation speed at the outernost periphery)) X
f 0. <Enbodinment 7> FIG 18 to FIG 25 show a seventh enbodi ment pf 4yt @5
present invention. The disk drive of the present invention includes a
m croconputer and carries out the process of the flowhart shown in FIG
23 or FIG 25 by using the m croconputer. The seventh enbodi nent of the
present invention will be described bel @y referring to the acconpanyi ng
drawi ngs. <Explanation of FIG 18> FIG 18 is a side sectional view
showi ng t he sperifigatidnmn b thebsledndsg ahdfl t’s {{dhepretptinnaspeedaaice
with this enbodinment. The danper 6 is forned of a transparent material,
such as pol yce Homereosdngeaipbétreit/ Ohhe yye.atphot spaedratupheroddersost
- di sposed near and above the danper 6. Since the basic configuration of the
- bal ancer is péweisiaemey o XtHhat of the above-nentioned enbodi nent, except for
the above-nentioned structure, the.explanation of the basic configuration
is omtted <«BErpb@imgnton/>f FIGS. 19A and 18B> Furthernore, FIG 19A and
"FIG 19B show the positional felationship between the |ight-enmitting point
14a of the reflectionFiigpelphoe dlt.-ekSuphow d4evechiithempoditent of- thée
magnetic ball 1. FIG 19A shows that the light-emtting 20 JUL 2005
present invention.

The disk drive of the present invention includes a
microcomputer and carries out the process of the flowchart shown
in FIG. 23 or FIG 25 by using the microcomputer.

The seventh embodiment of the present invention w:Lll
be described below referring to the accompanying drawings.
{Explanation of FIG. 18>

"FIG. 18 is a side sectional view showing the
configuration of a balancer and its periphery in accordance with
this embodiment. The clamper 6 is formed of a transparent
material, such as polycarbonate, and a reflection-type
photointerruptor 14 is disposed near and abowve the clamper 6.
Since the basic configuration of the balancer is the same as
that of the above-mentioned embodiment, except for the
above-mentioned structure, the explanation of the basic
configuration is omitted.

{Explanation of FIGS. 19& an_d 18E>

Furthermore, FIG. 1%A and FIG. 19B show the

positional relationship between the light-emitting point l4a

of the reflection-type photeointerruptor 14 and the position of

the magnetic ball 1. FIG. 192 shows that the light-emitting



- 98 point 14a is positioned on the magnetic ball 1 in the case when the
magnetic ball 1 is positioned on the external peripheral face of the
clamper 6. In FIG 19A the light-receiving transistor of the 20 JUL 2005
reflection-type photointerruptor 14 receives |light reflected by the
magnetic ball 1. FIG 19B shows that the light-enmtting point 14a is
positioned away fromthe magnetic ball 1 in.the case when the magnetic
ball 1 is attracted by the magnet 8. I|m F&-19B, the Light-receiving

transi stor [ flectlon t phot oi nt-erruptor_ 14_does not receive the
reflected | |%?|'§'H€ JI PGP oiﬁgléﬁﬁd %fggag“ﬁg A6t Bethol tHe theskase figen,

magneti ¢ bal ot at es. whi | Iovmn concentrlc | ocus. It |s_therefore

not necessari:/h% TB%I’%%BJSE l?%el Olleflr%(ﬁ RS Phdte e TR b oeiaharadr e

in the ring- ghg%eﬁg%hqél OV\# sectlo The behaw or of the magnetic ball can
S

be detected e 1Of F&Cri 82 y P& GBI tTRAGe#diag i n t he

radial direction. Explfaﬂgtl of FIG 20> FIG 20 is a block diagram
showi ng the FTRELITRE Sghae T PR RS ERPERIRFFETHRGOS! bt dTeagives 14.

The si gnal et ect e reflectio pe phot 0| nterruptor 14 (181) i's
anplified b ﬁf‘%’%'?er}fjl%)thes&mn&g dional anplifier. The
nmp

signal is then b| narl zggﬁ !{i%%nl t ude corrgarl son Wth respect to a
threshold by using a-c rh he therhrenitBapg muknbilfe ised

i;gngg Irr:t dian uty to%#gcf rPéqIB/YZO %%TUEhQO@ggnetlc bai?.i thzg etbge acgse; %vrhrgnniggon
magnetic ball 1 is attracted by the magnet 8. In FIG. 19B, the
light-receiving transistor of the réflection—ty‘pe
photointerruptor 14 does not receive the reflected light.

In FIG. 19A and FIG. 19B, by rotating the disk, the
magnetic ball rotates while fo-llowing a concentric locus. It‘
is therefore not necessary to dispose the reflection-type
photointerruptor everywhere in the ring-shaped hollow section.
.The behavior of the magnetic ball can be detected by using at
least one reflection-type photointerruptor i;‘l the raéial
direction. |
<Explanation of FIG. 20>

FIG. 20 is a block diagram showing the flow of a signal
from the reflection-type phdtointerruptor 14. The signal
detected by the reflection-type photointerruptor 14 (181) is
amplified by an amplifier (182), sulch as an operational
amplifier. The signal is thenbinarized by magnitude comparison
with respect to a ti'lreshold by using a comparator {comparison
operator 183). The binarized signal is input to the. I/0 port

of a CPU (184), whereby a determination can be made as to whether



99 the reflected light fromthe reflection-type photointerruptor 14 is"
present or not. Signal waveforns and a nethod for determning them wll be
descri bed below in the case when the reflection-type photointergpfiorois
i s used. <Explanation of FIGS. 21A, 21B, 21C and 21D> FIG 21A shows a
wavef or m obt ai ned by detecting the rotation speed of the spindle notor 2
by using the Hall device - 11 and by binarizing the output signal of the
Hal | device. The nunber of poles of theggtor nmagnet 19 of the spindle
notor 2. is 12 in a typical case. In a configuration conprising three
Hal | .devi cestdd refibequiddadgbt fhem e imgfdle ariomgengiaphdtbiotereaghotal |
device at each rotation of .the spindle nmotor. By frequency-dividing the
signal of FIXR} 29 Aidnsentk,om rsymmchronous’ signal corresponding to one
~rotation of the spindle notor can be obtained as shown in FIG 21B.
. Furthernmore, FIG 21C shgnalthevefibnms @idraimefhdd e opleiretimansngt ehemf
“the reflection-type photointerruptor 181 shown in FIG 20. The |ight
em tted fromvile phaexbmided neilde tihe theettaee! whent ¥he phehectientupper 14
is not reflected at' portions wherein the magnetic ball 1 is not present,
since the chreopeinttersugtaimad: dfs adadgansparent material . For this reason,
the phototransi stor of the reflection-type photointerruptor 14 does not
recei ve the (Bfpeaiadidi gift FIden 2i2g magnetdic kald .210b passes bel ow the
refl ection-type photointerruptor 14, the 2 0 JUL 2005

FIG. 21a shows a waveform obtained by detecting the

rotation speed of the spindle motor 2 by using the Hall device
11 and by Binarizing the output signal of the Hall device. The
number of poles of the rotor m-agnet 19 of the spindle motor 2.
is 12 in a typical case. In a éonfigu;cation comprising three
Hall devices 11, six pulses of the FG signal are generated from
each Hall dex;ice at each rotation of the spindle motor. By
frequency-dividing the signal of FIG. 213 by six, -a synch_fonous
signal corresponding to one rotation of the spindle motor can
be obtained as shown in FIG. 21B. |

Furthermore, FIG. 21C shows the output signal of the
phototransistor of the reflection-type photointerrﬁptor 181
shown in FIG. 20.

The light emitted I:Erom the photodiode inside the
reflection-type photo{i.ntermpfor 14 is not reflected at-
portions wherein the magnetic 'b-all .1 is not present, since the
cia.mper 6 is formed of a transparent material. For this reason,
the phototransistor of the reflection-type photointerruptor 14
does not receive the reflected light. When the magnetic ball

1 passes below the reflection-type rhotointerruptor 14, the -



- 100 phototransistor of the reflection-type photointerruptor receives

the light reflected by the magnetic ball. As a result; the waveform shown
in FIG 21Cis detected. By the conparison operator 183, the wavefgorp 20§
subj ected to conparison operation by using Vsh.shown in the figure as a

threshol d. The binarized output signal of the conparison operator 183 has
a waveform shown in FIG 21D. The nunber of falling edges of the pul ses of
the signal differs depending on the namd@P &f the magnetic balls 1. Wen

(11 oo, TR OReFRRRrhLon Be Tut bhettBey pRE e inftedatersihian the

reflection-t opnt e or._14 use as,.a reference. For,this reason,

only the odd%[%ﬁﬁg%édfﬁé! F#QEE eaéje‘gcfﬁglbhnﬁh‘igrﬁﬁg%? ‘éat_?ﬁ?]ajed_, apd Lhe

Cpindi e motor.  As a SRt POt JotsBVELPERISPEER LHeFra attGelSpocd

di fference b@é%&p he spindle notor 2 and the nagnetic balls 1. \Wen they

are synchronous W ih each other, it can be determ ned that the magnetic
balls 1 are stationary %ntghpe exter.nal_ peri gher al face of the ring-shaped
hol | ow section 4 and PRat- X hETRGTEEOR BRPFELPTaE3) nthesVABPECSRALS. Wien
the periods ronous with each other, it can _be determ ned

that he maghatiee oot | 40 ARBRTe ) SR OP Y nstng Yppaand® fve
moving al ong: { g Perd AN ee S5 T 8T TREL 11339529 LRSS 201N L N PgLe 2 O
' comparison operator 183 has a waveform shown in.FIG. 21D.

The number of falling edges of the pulses of the signal
differs depending on the number of the magnetic balls 1. When
the number of the magnetic balls 1 is two, for example, the
:Ealling' edges (191, 192, 193 and 194) are generated two times
per rotation, with the reflection-type photointerruptor 14 used
és a reference. For this reasdn, oniy the odd-numbered falling
edges (191 and 193) are sampled, and the period T2 at this time
is compared with the rotatiqn period T1 of the spindle motor.

As a result, it is possible to detect the relative speed
difference between the sbindle motor 2 and the magnetic balls
1. When thej are synchronous with éach other, it can be
determined that the magnetic balls 1 are stationary on the
external peripheral face of the ring-shaped hollow section 4
and that the magnetic balls 1 are in a stable state. When the
periods a_'cle not synchronous with each other, it can be determined
that the magnetic balls 1 are not stationary at certain positions
but moving‘aloﬁg the periphery. |

Furthermore, as described below, the basic



- 101 configuration of the above-nentioned detection section and the |ike
can also carry out signal neasurenents to make a determ nation as to

whet her the magnetic balls 1 have been attracted by the nagnet 82%{#‘@5
<Expl anation of FIGS. 24A, 24B, 24C and 24D> FI G 24A shows the outp ?
the phototransi'stor of the reflection-type photointerruptor 14 in the case
when the magnetic balls 1 are position_ecsjL n the external periphery of the
ri ng- shaped holl ow section 4. In this ca & herein the magnetic balls 1

are positi onaghid due@eLbRAnP@HYACRhth 8 e ddieidd %%'cﬁjl%ﬁ’legxgtﬂoclﬂeow
by the p of e

section 4, reflected light is obtained ot otransi stor

refl ecti on-t ypRePokPlaley ey ouktsighd! AEALBNEROREL PLHOhLEE L, DY

conparison operation with respect to becones e wavef of m shown in

FIG 248. R ?é;%%ﬁg;ﬁﬁﬁoﬁﬂz%% %%dw%%#}leﬁ"nghéaﬁlgbx\?\%tfg $1{¢21 ﬁkge ﬁ%%%x;sar €

generated a the figure. I'n the case eén t he nagne 1

have been at&g%%(ﬁaﬁyt %enmgﬁ%ISgobpengggt otransi stor of the

refl ection-type errupto es not receives the reflected Iight

at all times., Ghatlilke %%t@§585i%QﬁgSQE?th§4CQ%$ﬁoﬁlﬁ%SiStor of the

reflection-type photointerruptor 1 he™ wav ormshown in FIG 24C

Ty SeTma 50 b HETAZ4 SRl UG CORDRR S QOEER £y

o oA SRR B2 BREc I SBELAELL W S SN, gL
magnetic balls 1 are positioned on the external periphery of
the 'ring-shaped hollow section 4. In this case whex_'ein the
magnetic balls 1 are positioned on the external peripheral f.acle
of the ring-shaped hollow seétion 4, reflected 1light is obtained
by the phototransistor of the reflection-type photointerruptor
14, and the waveform binarized by comparison op'er'ation with
re..spect to Vsh becomes the waveform shown in FIG. 24B. Rising
eégés (222 and 224) and falling edges {221 and 223) aré generated
as shown in the figure.

In the case when the magnetic balls 1 hLhave been
attracted by the magﬁé'l-: B, the phototransis_’cdr of the
reflection-type photointerruptor 14 does not receives the
reflected 1ight at all times. Hence, the o;:Ltput signal of the
phototransistor of the reflection-type photointerrupfor 14 has
the waveform shown in FI'G. 1 24C. The sigﬂal_ shown in FIG. 24C
is input to the comparison opérator 183 and subjected to
comparison operétion with respect to Vsh. The output signal of

the comparison operator 183 has a binarized waveform shown in

FIG. 24D. Since the waveform of this signal has no rising and



- 102 falling edges, the waveform can be distinguished easily from the
waveform shown in FIG 24B. Hence, it is possible to determne as to

whet her .t he magnetic balls 1 have been positioned on the externa 2005
peri pheral face or attracted by the magnet 8 disposed at the int er nglr

peri phery by judging the presence or absence of the rising and falling
edges in the output waveform fromthe-rebkection-type photointerruptor 14.
<Expl anation of FIGS. 22A and 22B> FIG 22A is a side sectional view

showi ng a di%l s edgeghertdien wavaffnm garhde By seEctquwsiRdd ieadidtye drared
with the clanper section directly belowthe light-emtting section of the
refl ection- tipe Wawstiohm ehawpt om BLG FIZ3B 22Besloays itthe ss papesidfld ke danmper
viewed in the direction P of the above-nentioned sectional view Wth the
above- nent i giettbrmuinte garta vibethehdhdi megnetic bapdral imvedhstanRe) tiehwaden
the reflection-type photointerruptor 14 and the magnetic ball 1 can be
changed as atedilree@xthennizdn piend. phiee-dle facehape adft vt dd @it 1Rt herdneg 8
section 21. and the sensitivity of detection can be enhanced. In

enbodi nent, dimposeid edt tbe-igperphdt peniphenptioy jddgisg used gresieickcbrt he
behavi or of the magnetic balls 1. However, by using the danper 6 forned of

a nonnetal , ahsEncasofathesrigimgarhy fedndngi aggas eAdyhe Wutgnit gereratwd in
t he magnetlc ball 1 formed of a netal material by using an electrostatic

capaci t ance fingme mmf;adtaommmmmwmenmmm Q4alls 1 can al so be
detected just as in the case of 20 JUL 2005
<Explanation of FIGS. 22A and 22B)

FIG. 22A is a side spctional view showing a disk drive.
wherein a light-gathering section 21 is integrated with the
clamper section di._rectly below the light-emitting sect:_i.oﬁ of
the reflection- type photointerruptor 14.

FIG. 223 shows the shape of the clamper v:.ewed in the
diréction P of the above-mentioned sectional view.

With the above-mentioned configuration, the distance
{operation distance) between the reflection-type
photointerruptor 14 and the magnetic ball 1 can be changed as
desired by changing the lens 'éhape of the light—gathering
section 21, and the sensitivity of detection can be enhanced.

In embodiment, the reflection-type photointerruptof:
14 is used to detect the behavior of‘the magnetic balls 1.
However, by using the clamper 6 formed of a nonmetal, such as
a resin, and by Qetecting an eddy current generated in the
magnetic ball 1 formed of a metal material by using an

electrostatic capacitance type sensor, the behavior of the

magnetic balls 1 can also he detected just as in the case of



103 the enbodi ment having the reflection-type photointerruptor 14. This
enbodi nent is not shown, since the nmechanical and electrical
configurations of this enbodinent are alnost the same as those of24hgl 2005
enbodi ment having the reflection-type photointerruptor, except for the
sensor. <Explanation of FIG 23> FIG 23 is a flowhart show ng a part of
the recording process carried out by using this configuration. Wen
recording is requested by the user, thé r]nogi mum rotation speed fmn at the
speed of the+ggcgryh | ' I isth th netic ball attraction
rotation spegggoaﬁ%td&%%ég)t Eéﬁ‘.}lgl 1?19 he fr%'n%r?\l@rjr'l?% %ﬁﬁ%ﬁggbﬁgﬁrﬁ? oF 44-

dor tng 1 ecor BiRg e ST IR RE £F naoh SReBR ohHTRT! R (B G PG Bl M posi (i on

bor i pher al - srgecthffaTRRE hra soneol Rk SR 220 s Hon has o
'sh in Fl 2. 0L . | t F212. th tati d of th
o St el Y BB s
operation is a ibration area o obtain an
ogti nmum recoPglg[r:\éiﬁg%%P#%r-' t%’gg%ﬁékfgﬂe%é ¥ ep F214, actual recording

and reproducti . car [ ut,4n the PCA area, and an optinum recording
power is caIE%U %1 ed.l%e#?g%%'izségwitten, the power of the disk is 2 0

JUL 2005

FIG. 23 is a flowchart ghowing a part of the recording
process carried out by using this configu::;"ation.

ﬁhen recording is :Eequested by the user, the minimum
rotation speed fmin.at the speed of the recording is first
compared with the magnetic ball attraction rotation speed f0
at step F211.

If the minimum rotation speed fmin is larger than 0,
the magnetic b;ll 1 is not attracted by the magnp;t 8 during
recording or at the time of seek ope:;:ation to arecording position.
For thié reason, the magnetic ball is first positibned on the
external pe:.fiphif.-ral side wall of the ring-shaped hollow section
(by the method shown in FIG. 2 or the like).

- Then, at step F212, the rotation speed of the disk
is set at the requested -rotation speed.

Next, at step F213, seek operation is carried out to
a power calibration area (PCA) to obtain an optimum recording
power for the disk.

Next, at step F214, actual recording and reproduction
are carrigd out in the PCA area, and an optimum recording power

is calculated. When data is written, the power of the disk is .



104 set at the optinumrecordi ng power. Next, at step F215, seek operation
Is carried out to a position about 300 franmes ahead of the target
recording position. At this tine, the rotation speed differs de%%d@iﬂ@5 on
the position on the disk in the CLV nbde. For this reason, the nagnetic
ball 1 is positioned unstably because of the change in the centrifugal
force applied thereto, and the magnetic hQald - 1 noves. If recording is
started while the magnetic ball 1 remains unstable, recording perfornance
is affected selveratetlhe Pptdmumerthbsdpngbpewrrat step F216 and step F220,

t he above-nenti oned behavi or detection section and nethod are wused to

carry out detection as NextwhetthstepRe1mgeetkcopatation iis BR¥F-REAI dist 4@ t he
ri ng- shaped holl ow section or not. If the magnetic ball is noving, the

di sk drive opepetitihonsaboustaodbyrafes shead FE20)hd ntdhget rasdolpmy state
at the seek position until a condition wherein the magnetic ball is
recogni zed tmosdietimar | At sitald eime,athai Aedatdbén Séssed 2P re M eRpkRAin
condition at step F216 is satisfied, the sequence advances to sPep F2?7,

and PLAY (appr adeh posi)tisimrdss theali sk ein Fhle cLvAmogbep Fid&nidat-aakenbe
recorded is received from the host and buffered. After this, at step F219,

a check is nAtemagneaivhpaharl ikhsod fnied eaetdblg RASAdOB i thd eaghgd of
not. Wien the target recording position is reached, recording starts:
<Expl anat i oimothElfenfb2fidalHord®applied thereto, and the magnetic ball
1 moves. If recording is started while the magnetic ball 1
remains unstable, recording performance is affected adversely.
To solve tﬁis problem, at step F216 and step F220,
the above-mentioned behavior detection section and method are
usgd to carry out detection as to whether the magnetic ball 1
is moving inside Ithe ring-shaped hollow section or not. If the
magnetic ball is moving, the disk drive operatioh is on standby
(at step F220) in the track hold state at th;e seek position until
a condition wherein the magnetic ball is :Eecognized to be nearly
stable is aétaiﬁgd (at step:Féls)-
When the condition at step F216'i§ satisfied, the
sequence advances to step F217, and PLAY (approach run) starts
(at step F215). | . |
At step F218, data to be recorded is received from
the host and buffered.
After this, at step F219, a check is made as to whether
thetargetIecordingpositimaisreachedornﬁt. When the target
record;hg posifion is reached, recording starts. |

<Explanation ¢of FIG. 25>



105 FIG 25 is a flowhart showing a part of the recording process in the
case when the disk drive in accordance with this enbodi nent receives a
speed request different fromthat showmn in FIG 23. At step Fzﬁﬁ’LﬂhﬂM
m nimum rotation speed fmn for- recording is conpared with attraction
rotation speed fO. It is assuned that fmn is not nore than the attraction
rotation speed fO. In this case, the magnetjc ball 1 is attracted by the
magnet 8 during recordi ng or when seek o tion is carried out to a
recordin osition. Th ab St i | P r ' r-ol.led

g p ¥te 285 LR Fiiond e B IS gg&ege%fgtig% FeUULHOL L

so that the disk rotation speed becones or €~ magneti c

Ei:t :ectl | LE et haeET S e AR R it LeROEE O ad ?%%%@Eﬁ%%‘%ieh"ﬁégjet o
) a £5 |
Chat the out SPOSneaf tfoe et OF R ety B esbhehf AR S eFinea

at 14a has aiﬁtﬁ%é V\ﬁ‘lfl’ei n signal change owng to the nagnetic ball 1 is
not present as shown 1h FIG 24D. After the signal shown in FIG 24D is

bt ai d, h E234. Al E234 he di i
go;?Lgfledftg rgfgggng?tgggggfre&ﬁgoﬁé%fgﬁggﬁggb&Oﬁégg?nafngépgﬁiés,DéZek
operation is.gcaLr oL d%nﬁmgpéf&dpﬁ%(ﬁ %ﬁ%fg%ﬁ#ﬁ’kc‘?{ e@%&ﬁ%é& £y der to

obtain an optinum™ Trecor power ste an optimum
recording power is 20 Wb 2003 ned that £min is not more than the attraction

rotation speed £0. In this case, the magnetic ball 1 is
attracted by the magnet 8 during recording or when seek operation
is carried ouf to é recording position.

Then, at step F232, the spindle motor 2 is controlled
so that the disk rotation speed becomes £0 or less, whereby the '
magnetic ball 1 is attracted by the magnet 8.

At step F233, the abqve-mentioned detection method
is used to carry out detection as to whether the magnetic ba.'!.l
1 has been attracted by the magnet 8 or not. It: is thus confirmed
that the output signal of the reflection-—type photointerruptor
positioned at 14a-ha's a state wherein signal change owing to
the magnetic ball 1 is not present as shovs.rn in FIG. 24D.

After the signal shown in FIG. 24D is obtained, the
sequence advances to step F234. At step F234, the disk is
controlied to rotate at a desired rotation speed.

Next, at step F235, seek operatidn is carried out to
the power calibration area (PCA) in order to obtain an optimum
recording power for the disk. |

At step F236, an optimum recording power is



106 calcul ated by carrying out actual recording and reproduction. In the
case of witing data, the recording power is set at the optinmmrecording
power. Next, at step F237, seek operation is carried out to a posl tUbdll
about 300 frames ahead of the target recording position (at step F237). At
step F238, PLAY (approach run) starts. At step F239, data to be recorded is
received from the host and buffered. Hengagfter, at step F240, a check is
made as to whether the target recording position is reached or not. After
the target gabortited fosiddmnying peachetnal ecarsdiphs teavd Fepbicthien .
above-nentioned configuration and process, the behavior of the magnetic
bal | 1 can Bm déteecase efiswrkjtidg data ptiid resbaldiegppofer e at ke
attained during recording and reproduction, as well as seek operation

rel ated to rogooimlimgreasucdimp st on. Al t hough the recordi ng processes
are shown in FIG 23 and FIG 25, the sane determ nation nethod can al so

be used for the reproNegtioat pregesa37husddieopetion L BeLasteahrit he
bal ancer configuration in accordance with the seventh enbodi nent is used,

it is possikl @daitsiomlddguta Jougrmie crdieaid OF fitle aak@@4eTecoTRRY
<Enbodi mrent 8> FIG 26 and FIG 27 show an eighth enbodi nent of the 2 0 JUL
2005 position {at step F237).

At step F238, PLAY (approach run) starts.

At step F239, data to be recorded is received from
the host and buffered.

Hereafte.r, at step F240, a check is made as to whether
the target recording position is reached or not. After the
target recordj._ng position is reached, recording staﬁ:s.

With the above-mentioned configuration and process,
the behavior of the magnetic ball 1 can be detected easily. As
a result, stable perfoma.nce.cah be attained during recording
and reproduction, as well as seek operation related to recording
and reproduction. |

Although the recording processes are shown in FIG.
23 and FIG. 25, the same determination method can also be used
for the reproduction process.

Furthermore, in the case when the balancer .
configuration in apcordance with the seventh embodiment is uée.d,
it is possible to simplify a judgment criterion for a request
speed.
<Embodiment 8>

FIG. 26 and FIG. 27 show an eighth embodiment of the



107 present invention. The disk drive of the present invention includes a
m croconputer and carries out the process of the flowhart shown

26 by using the microconputer. A nethod for neasuring the nagnetléﬂHHLﬂUM
separation and attraction rotation speeds will be described below, while
the basic configurations of the detection section and the Iike are the
sanme as those of the seventh enbodi nent. <Ex | anation of FIG 26> FIG 26
shows a process of neasuring the nagnetlc separation and attraction

rotation Sp?@ﬁéseﬂ%“ﬁé?%ﬁ%ﬁ glrent  process is carrled out during the
production 0O he di rive before shipnent. At step F241, the

accel eration control fg'hskﬁésksﬁf ] € #TOLQr %es%n‘f:aﬁ.ﬁjvgﬂtﬂi}l EhE%EdEQ a

gradually rotate. the e rotati n speed 1s raised

cent 1 fugal {066 ofpld 2dnho-4he JRghetie gﬁ&ée&s QICONE 1l GRL-o BBy N

~magnet ic attractio orce exerte etween magnetirc ba

magnet 8. At r%he externbﬁ r{fsﬂ?%qﬁ{é GitHoleo Pﬁetgg.r ates fromthe nmagnet 8

and noves to per heral face oF the ri ng-shaped hol | ow

section 4. Al step F242, h@%h%ﬁhﬁd’f f&feagﬁl—fﬁ% gl @E%ﬁéf’{‘c 'b%lla§§§ df&ﬁ""' th

t he seventh enbodi nent detects thi's novenen i'sS con

the magnetic &"eltt} SRR Sdnl & Q%%Q%iﬁg'ﬁ%t déscgigeﬁeﬂﬂie%e YpgCes

to step F 2 IS step, raisin e rotation speed is sitopped, and 20
JUL 2005 the basic configurations of the detection section and the like

are the same as those of the seventh embodiment.
<Exp]l.anation of FIG. 26>

FIG. 26 shows a process of measuring the magnetic ball
separation‘and attraction rotation speeds. The measurement
proces's.is carried out during the production of the disk drive
before shipment.

At step F241, the acceleration control for the
spindle motor 2 is carried out first to gradually rotate the
disk 5. Aé the rotation speed is raised, the centrifugal force
applied to the magnetic ball 1 becomes larger than the magnetic
attraction force exerted between the magnetic ball 1 and the
magnet 8. At this time, the magnetic ball 1 separates from the
magnet 8 and moves to the external peripheral face of the
ring-shaped hollow section 4.

At ste;p F242, the behavior detection section in -
accordance with the seventh embodiment detects this movement.

After it is confirmed that the magnetic ball 1 has
separated from the magnet 8, the sequence advances to step F

243. At this step, raising the rotation speed is stopped, and



108 the rotation speed of the spindle notor at this tine is nmintained.
Next, at step-F244, the FG signal obtained fromthe Hall device 11
provi ded near the spindle motor 2 is subjected to sanpling, and glgejyL 2005
rotation speed at this tine is neasured. At step F245, the neasured
Separation rotation speed is stored in the menory. <Explanation of FIG
27> A nethod for measuring the separatioppogotati on speed in accordance
with the eighth enbodinent (at step F242 and the |like) will be described
bel ow r ef er iihey TG aiGen Zpeead o Che ARiNdI@ mdiATs owstlais AGse ghal duri ng
acceleration. The rising period and the, falling period of the FG signal
correspond madndgdnest.ati on of the spindle notor (1 pul se per rotation).
FIG .27B shows a binarized signal output fromthe reflection-type
phot oi nterruptor 14 dukeéxy, satetepafiad., Abe Bescigihel dmtdided 2Hdym when
the output signal of the reflection-type photointerruptor 14 does not
change (in Hadl flevdcehdlf pobvidal 2€8), thdespingiet inwtuat 12 hias smtickeed
positioned on the external peripheral side wall of the ring-shaped holl ow
section (se&oFE@mpldBp. Mhéntbhéerouapibnsspred af dhis reieecly arasyped.
phot oi nterruptor 14 changes (in the latter half of FIG 27B), the nagnetic
ball is positioned on Ahstept BRASl ife: meheuakedsssparani bnafotdiei on Bgeghaped
hol | ow section (see FIG 19A). As a result, at the tine when a falling edge
is 2 0 JUL 28605tored in the memory. .
<Explanation of FIG. 275
A method for measuring the separation rotation speed
in accordance with the eighth embodiment (at step F242 and the
like} will be described below referring to FIG. 27A to FIG. 27D.
FIG. 27A shows an FG signal during acceleration. The
rising period and the falling period of the FG signal correspond
to one rotation of the spindle motor {1 pulse per rotation}.
FIG..27B shows a binarized signal output from the
reflection-type photointerruptor 14 Auring acceleration. As
described in FIG. 24D, when the output signal of the
reflection-type photointerruptor 14 does not change (in the
first half of FIG. 27B), the magnetic ball has not been positioned
on the external peripheral side wall of the ring-shaped hollow
section {see FIG. 19B).
When the output signal of the reflection-type
photointerruptor 14 changes (in the latter half of FIG. 27B),
the mgnetic ball is positioned on the external peripheral side

wall of the ring-shaped hollow section (see FIG. 192a).

As a result, at the time when a falling edge is



109 generated in FIG 27B; it is possible to determ ne that the nagnetic
ball 1 has separated fromthe nmagnet 8 and have reached the external

peri pheral side wall. Hence, the magnetic ball separation rotati?nJgpqgg
can be nmeasured by sanpling the period Ti of the FG signal obtained at the
time when a falling edge signal is generated fromthe reflection-type
photoi nterruptor 14. At step F245, by storing this value in the nmenory in
the disk drive, the magnetic ball separatP8n-rotation speed inherent in

the disk driy b 0s se s data. <Cont.ipued expl anation of FlG 26>
At step F246gg?%€£% ?n%l‘eﬁﬁgt o?7§'i Pd’e%eﬁ’ﬁ%{' uE?iigt?ﬂEj%g’H’é_’tti a1 1
Is attracted e et .8 in _order to. measure_the netic bal
attraction r%%%?‘%%ﬁc ;{%g@ﬁ& HRS SREA6L5a Hre mFgﬂEFgg,i TEHTPRFRGS
force appliﬁg to t he qgggetiq%bal% becones. smal ] er than the magnetic
attraction fOreesBxertad Bet iRt +hes Hign - bASRCE a e MEOPRRGAPAB As
a result, the magnetic bal Is attracted by the net 8 and noves to
AES d

the external 5P Tfﬁe?lélrof%gléé‘%&f SPHe TRGRSE me@‘.suﬁte‘jsl{’%%aﬁ@ﬁ'flgtw BeRA9F or
moverent of T4 K HHORET o BETTL RG] 7S S e RS 70 LHRGrease
ball 1 has been attracted the magnet 8.. lowering the_disk rotation
speed 15 SUOLTMIL i BFORy AHRE FEPl: Ton RRForon TR, PROEHHSEErRTOR0
JUL 2005 14. :

At step F245, by storing this value in the memorjr in
the disk drive, the magnetic ball separation rotation speed
inherent in the disk drive can be poss-essed as déta.
<Continue<_.’i exﬁlanation of FIG. 26> |

At step F246, the spindle motor 2 i5 decelerated until
the magnetic ‘ball l is attracted by the magnet 8 in order to
measure the magnetic ball attraction roiéation speed.

As the rotation speed lowers, the centrifugal force
applied to the magnetic ball becomes smaller than the magnetic
attraction force exerted between the magnetic ball 1 and the
magnet 8. As a result, the maénetic ball 1 is attracte;.d byl the
magnet 8 and moves to the external peripheral face of the magnet
8.

At step F247, the behavior detection section in
accordance with the seventh embodiment detects the movement of
the magnetic ball. _

After it is confirmed that the magnetic ball 1 has
been attracted by the magnet 8, lowering the disk rotation speed

is stopped, whereby the rotation speed of th;z. spindle motor at



110 this tinme is maintained at step F248. Next, at ‘step F249, the FG
signal obtained fromthe Hall device 11 provi ded near the spindle notor

is subjected to sanpling, and the rotation speed at this tine i &0 Hﬁhgmﬁed.
FIG 27C shows an FGsignal during deceleration. The rising period and the
falling period of the FG signal correspond to one rotation--of the spindle
motor (1 pulse per rotation). FIG 27D_shqys.a binarized signal output from
the reflection-type photointerruptor 14 during decel eration. As described
in FIG 24D thhentihe bstpainsagned af stée Feigection-type

photoi nterruptor 14 changes (in the first- half of FIG 27D), the magnetic

bal | 1 positions on theleseti,eanasteper2 pherale sicdgivnhl btihged imem $haped
hol | ow section (see FIG 19A). Wen the output signal of the

reflection- tHgpl phekoiater mypivade ndees thet sghanee fbPoi he 1aliayiebakly of
FIG 27D), the magnetic ball does not position on the external per| pher al

side wal | oftd heanipNithghapedl the) kowasaeh apebgest HGs £OR) 1 Pmedshestlt,
in FIG 27D, at the tine when no falling edge appears in the signal of the

reflection-type phot oFmier 2 MpEBbwhlan FGONEgREl @0¢i0G dde Rz Sl  Thi 1S
can be determned that the magnetic balls 1 has been attracted. by the

magnet 8. Fafiding je&&%@nanﬁttﬁesfﬂgiih@ﬁéﬁﬁd@ésﬁﬂe?Fth§1%rf@19'&%trkcﬁs pahk
attraction rotation speed by sanpling the period T2 of t FG signal at

the tinme wheto nend atdtagi @E0eE aRedFindIe g cd qnalpdiis@mplehe rotation) .
reflection-type photointerruptor 14 in 20 JUL 2005

FIG. 27D sl_mws a binarized signal output from the
reflection-type photointerruptor 14 during deceleration.

. As described in FIG. 24ﬁ, when the output signal of
the reflection-type photointerruptor 14 changes (in the first
half of FIG. 27D), the magnetic ball 1 positions on the external
peripheral side wall of the ring-shaped hollow section {see F‘IG -t
isa). When the ocutput sigqal of the reflection-type
photointerruptor 14 does not change (in the latter half of FIG.
27D), the magnetic ball does not position on the external
peripheral side wall of the ring-shaped hollow section (see FIG.
19B).

As a result, in FIG. 27D, at the time when no failing
edge appears in the signal of the reflection-type |
rhotointerruptor 14 in one period pf the FG signal, it is can
be determined that the magnetic balls 1 has been attracted by
the magnet 8. For this reason, it is possible to measure the
magnetic ball‘attraction rotation speed by Sampling the period

T2 of the FG signal' at the- time when no falling edge appears

in the signal from the reflection-type photointerruptor 14 in



- 111 one period of the FG signal. By storing this-value in the menory of
the disk drive at step F250, it is possible to possess the magnetic bal
attraction rotation speed inherent in the disk drive as data. At Zihfi 2005
magneti c ball separation process step (F503) .of the spin-up process of
the fourth. enbodi nent shown in FIG 5, the disk device can read the
rotation period data a neasured and s[orﬁqun accordance with the nethod
for the eighth enbodinment (at step F509}. urthernore, the disk device can

control the gpindle et gk 2nkabkcSteR§al510 and F511) so that the rotation
period of the %igf' econes a or Iesgﬁ?the rotation frequency of the disk-

b i/ o Lt I ' l.oent.
can be-used for the magne € AP CEEpa AR Bl B L S| A E PR R
th ti | t ti : ot At | :

of the i 11 hoSnBoaemEat Cenbant Probt Guo T8 o PoRatEY ol S dfed MR RLDOTRD

enbodi ment SQ%‘E’Q'g.ic[!}i%h%:og§tiﬁrgds[}4e:elhe%‘.i%éte1{céﬁtt{]gﬁ @BQV.?_}’_%E?B%-;F{P&%S data.

configuration and process, t avior o € magne can be

detected easily. For thi reeaag,getiéﬂ 'f%%ggir?@agihg gf&gsg eea;gg%soa.)

performance during recording and reproducti S wefT as se erafi‘on

Convent | onal P81 SRCaPT Ve, UROPRSCI St ot on e b panbafod¥ BHORl A Fr6e

magnetic bal E,h'?ﬁ_e %es@c abhias tc%gn Pgahk@lé %:%t%tg_o‘qu%‘ez_zqué data @ measured
and stored in accordance with the method for the eighth
embodiment (at step F509). Furthermore, the disk device can
control the spindle motor 2 (at steps F510 and F511)' so that

the rotation period of the disk becomes ¢ or less (the rotation

frequency of the disk becomes 1/C or more).

In addition, the values measured by this embodiment.
can be used for the magnetic ball separation rotation speed f1
{Hz) and the magnetic ball attraction rotation speed £0) (Hz)
usea for the process of the fifth embodiment shown in FIG. 10
or the processes for the seventh embodiment shown in FIG. 23
‘and FIG. 25.

In the above-mentioned configuration and procesé,
the behavior of the 'magﬁetic: ball can be detected easily. For
this reason, it is possible to deliver stable perfomance-during
recording and reproduction, as well as seek operatilon related

. to recording and reproduction.
<Effect of the Invention)>
In the conventional disk drive, no consideration is

taken as to whether the magnetic ball has been attracted by the



- magnet, has positioned along the external periphéry of the ring-shaped

hol | ow section owing to a centrifugal force or is rolling unstably inside

the ring-shaped holl ow section. In the present invention, attenti of(ij] a05d
to the inportance of elimnating the effect of the novenment of the

magnetic ball inside the ring-shaped holl ow section on the disk drive, and
the magnetic ball separation process is ThReried out as an independent
process. As a result, the magnetic.ball separation process can be

separ at ed f mRAMthehas aussiddonethiad ongnrthshtead e rnalapeaiiyenu o e ftflect  of
preventing an inpact from being applied to the disk during tracking servo
control or dumgrnphapesl ddildowneactioh gwinguboparcamtEiRigakftecanr is .
advant ageous effect of attaining a disk drive for stably carrying out .
repr oduct i orokigiong dinvef-adrlys dals idepdahst immorsHapedlibekl 1ows .sodittaiored wit h
the present invention. Furthernore, the present invention prevents i npact
appl i cation during thelsethe pmjasstihentvaitide, aittasiion deupaiandot hhe
adj ustments of various paraneters that use an input signal derived -from
the |ight refnpeottzhdey athelindeatfinghehei iffecthef thee nioviemaattt ic theus
prevents the disk drive from mal functioning because of inproper adjustnent
caused by amagnegidct balltiresidekthérnimg hehapgadtdiddwmakkctAsnoon ed iisrn
advant ageous effect capable of attaining a disk drive for stably carrying
out reproducidiorg, eedotide mpgme tseekadjesapruatdnnt peocesski s icarafites nad
with the present invention. Furthernore, the effect of the novenent of the
20 JUL 2005 as an independent process. As a result, the magnetic.ball
separation process can be separated from other processes. This
can obtain an advantageous effect of preventing an impact from
being applied to the disk during tracking servo control or during
the adjustments of various parameters.

Hence, an advantageous effect of attaining a disk
drive for stably carrying out reproduction, recording or seek
operation on the disk, is obtained with the present invention.

Furthermore, the present invention prevents impact
application during the servo adjustment of the optical pickdp

.and the adjustments of various parameters that use an input
signal derived from the light reflected by the face of the disk.
The present invention thus prevents the disk driﬁe from
malfunctioning because of impropef adjustment caused by an
impact or the like from the magnetic ball. As a result, an
advantageous effect capable of attaining a disk drive for stably
carrying out reproduction, recording or seek operation on the

disk, is obtained with the present invention.

Furthermore, the effect of the movement of the



113 magnetic ball inside the ring-shaped hollow section on the disk drive
Is elimnated in the present invention. For this reason, even if a large

i mpact is applied to the disk when the nmagnetic ball collides mﬁghmlqﬁm
side wall of the ring-shaped hollow section, the control of the"disK 1s
not affected at all.. Therefore an advantageous effect capabl e of

i ncreasing the difference between the dlﬁgeter of the external peripheral
face of the ring-shaped hol | ow secti o 4+dnd the dianeter of the internal
peri pher al ( t I r & net I S
obt ai ned i tﬁﬁﬁﬁ%{‘%%@%lrﬁ A T e B R sﬁaghee% i
rotation, i it t a p. al ance
position on 8{%2 gﬁ%ﬁ?ﬂ%gfé erz%ﬁp%éggggflbﬁgﬁ%fﬁb sﬁgge :H%ﬁe on

section 4 by, gnﬁf%ng Qt:{rh Méﬁ g@gglago%% q})s re % pOS%I bl e

to obtain a sign |can ala cer

| d d h

per | pher ;?g%gw?l%ﬂ&es% e PRlde dy U4 e "%th:d%é;ﬁfzﬁef il 1o
otornal oovEEREIYn, SLAECcoRE A | IEIAICS L MRE AL S AL Ue Al ¢

| arge, the 'aﬁa{t%@m@@% x}&e;gg%ggre@ewec énel.?l en rhcreeg{i%“qe;tgf Ibg"

1 pOSI tions on e 1nternal peri ace
applied 10 thedl Ll delifiepsth i GRUAEL L tQ%'al}ﬁ@P PLP£80,! e
ext er nal peri p era ace. a esu even rmves

aL,ong the L uberpae ~oR5LANGA o D ELGE o i f@lva%@ellr ¥ !l ted

internal peripheral face thereof {the external periphei'al face

of the magnet), is obtained with the present inventi.on.

.As a result, during high-speed rotation, the m;’:tgnetic
ball 1 is stably positioned at an optimum balance positiou on
the external peripheral face of the ring-shaped ﬁollow section
4 by a strong centrifugal force. For this reason, it is possible
to obtain a significant balancer effect.

On the other hand, during low-speed rotation, the
maghetic ball 1 is attracted to the external peripl_leral face
of the magnet 8. The balance of the disk drive is thus not
affected adversely. Since the difference between the radius of
the external peripheral face and that of the internal peripheral
face is large, the inerti:a applied to the disk in the case whén
the magnetic ball 1 positions on the internal péripheral féce
is smaller than the inertia applied to the disk in the case when
the magnétic ball 1 positions on the external peripheral face.
As a result, even if the magnetic ball moves along the internal

peripheral face, the effect of the movement is limited during



114 the lowspeed rotation. In the present invention, inpact application
at the tinme'when the magnetic ball is attracted by the magnet does not

occur during recording in particular. It is thus possible to cargy jout2005
stabl e recording. Furthernore, even during seek operation, the nagnetic
bal | does not nobve continuously along the external peripheral face of the
ri ng- shaped hol |l ow section 4, and the _ etic ball is not attracted by or
separated fromthe nmagnet repeatedly. It i's thus possible to carry out

seek oper atifiet Dowash8e@etoPQBLLLON pronptly. In the conventional exanple,
the position of the magnetic ball in the ring-shaped hollow section is not

known at the time whenn! RBReSPrasERtPLOFESSIdS, SAFRle! §gplfeFF£8ﬁ%t fH@son,
the magnetic ball sonetinmes noves inside the ring-shape hol [ ow secti1on

duri ng T eprodufdvdlen £8€0RAERSL 0L BAEL likGrtrhbPEE Yy TBUShAGNEP AELRR

effect on the disk. In the present invention, the ndEgnetic

securely poddeonndliddd-@dsiiapaeslaieral yelis fans g{ﬁﬁl@gep;cgcess

ri ng- shaped hol | ow section by a centrifugal force en t

i s conpl et edhaH0F du¥ S5O redSrafingNe present invention, the magnetic
ball is securely positioned on the eXternal peripheral side wall of the

ring- shaped h0l|0“/59C?59Qhe9E§&%ﬁ %Q%nsgkggggrQggﬁeggﬁkéﬁgggpggﬁgd, in the

case when reproduction, recording or see atron I's carried

out, an advefHigm&{EPa LRSS Wot NRcPOVEIR nfud NP IR WG 2%ehdn 4005

peripheral face of the ring-shaped hollow section 4, and the
magnetic ball is not attracted by or separated from the magnet
repeatedly. It is thus possible to carry out seek operaticn to
a target position promptly. | |

In the conventional example, the position of the
magnetic béll in the ring-shaped hollow section ‘is not knowﬂ
at the time when the spin-up process is completed. For this
reasdn, the magnetic ball sc;metimes moves inside the ring-shaped
hollow section during reproduction, recording or the like,
thereby causing an adverse effect on the dé.sk.

In the present invention, the magnetic ball is
securely posi_tione.d along the external peripheral wall face of
the ring-shaped hollow section by a cantrifugal force when the
spin-up ﬁrocess is completed. For this reason, as in the present
invention, the magnetic ball is securely positioned on the
external peripherai side wall of the ring-shaped hollow section
after fhe spin-up process is completéd, in the case when
reproduction, recording or seek operation on the ciisk is carried

out, an adverse effect caused by the movement of the magnetic




- 115 ball inside the ring-shaped holl ow section during reproduction or
the li ke can be prevented fromoccurring on the optical disk. This

advant ageous effect is obtained with the present invention. |In agglijgi oms
the process of separating the nagneti-c ball fromthe nagnet is carried out
during a process included in the spin-up process, wherein the output

signal and the like of the optical pickup_are not used. For this reason,
an advant ageous effect capabl e of attdi&#ﬁg'a disk drive that requires no

Thanet, |5 oBPATHEE A e s ERPe b oy B I R8T Rep it ¢
o unknown aP st Bapary BeebEalie rich batg TRY OF GRS RrgH A
unknoun | 5 B MIEHRLA0e IRBeLLE Bal 0oL L0S A LIS XL einl oo
Fng- Shaped hol | ow sect BTG THPRSRTNEE FRPHEROIPPCchN AR S EaEond
magnet 1o bar perd tod Ehe db@et e iRerdnt®: o biera e a3 150 ddRon
TP e case, | HOL HE® (IRKE MBI on YCERBLP CLAE (O P PRe B R dite
chanoed 1o et LBk ERAChASRB08R1 oy MUgasesond nalalon sheed. The
than the rot gh%gﬂtgggoﬁgLe%QQgt capable of attaining a disk drive that
requirés no special time for the process of separating the
magnetic ball from the magnet, is obtained with the present
invention. |
It is assumed for example that the position of the
magnetic ball in the ring-shaped hollow section_ is unknowr{l, at
a first rotation speed (including the stop state) (it is unknown
as to whether the magnetic ball positions on the external
peripheral side wall of the ring-shaped heollow section,
positions on the internal peripheral side wall.-thereof or is
unstably moving inside the ring-shaped hollow section). It is _
also assuxﬁed for example that a second rotation speed is higher
than the rotation speed £0 (Hz) at which the magnetic ball is
attracted by the mégne_t and 'is lower than the. roi_:ation speed
f1 (Hz) at which the magnetic ball separates from the magnet.
In this case, in the present invention, the ro.tation'
speed is not directly changed from the first rotation speed to
the second rofation speed. The disk is rotated at a third

rotation speed once (a rotation speed not less than the rotation



116 speed f1 (Hz) at which the magnetic ball separates fromthe magnet)
in order to securely position the magnetic ball on the external peripheral
side wall of the ring-shaped hollow section. The rotation speed}pfjyf 12805
disk is then lowered to the second rotation speed, and the operation is
shifted to a target operation, such as reproduction or recording on the
disk. As a result, the magnetic ball schigly positions on the external

peri pheral side wall of the ring-shaped hollow section at the second

rotati on spesgeednyldiBEyrhangeidhathd magperses Haii eéé?ﬂf&t@@efrénﬂethe
magnetic ball suddenly collides with the side wall in the m ddle of

reproduct i ommagnéby in kirder tBr ¥t &y fHN10GEY Y N ha gHASA Bﬁlﬁ.oéﬁtﬂh%ﬂ
speed is changed froma low rotation speed to a high rotation speed, the

present i nvesktefn&RpeRhieralast advant ageess &iffcdh Rbe18l saéiﬁio%i.”g a
disk drive for stably carrying out reproduction,” recordi ng or see :

operation opméheothtkot spdea *Hﬁﬂﬂ{é)tﬂﬂ@'lf%%gx O%U%xg{tfsl%'ttﬂéqvﬁ%%%h nis

effective in the case when a rotati-on spee sk drive having

plural rotati&patsheeshe®dessds 8l fgﬁékéﬂcﬁi @Eg@%#%é %sgﬁg%g%e. In

addition, in a disk drive wherein thé rotation speed

lovered or tdsef&t fd ONsn 14l sido dutSIARPRAY Adbd N fass, Mhenside

optical pickup does not nove froma track for a certain time or nore in

?Lger to save el ectricpRoq&lesuiRe Qﬁgsn?d'&neﬂirl'}/%@ﬁilogei‘:éréh.go%cggiffgﬂy%nWhen
power saving node is shifted. to the ordinary di sk reproduction node.
20 JUL 2005 the external peripheral side wall of the ring-shaped hollow
section at the second rotation speed. Any disturbance that is
, caused for example when the magnetic ball suddenly collides with.
the side wall in the middle of reproduction or the like is
. prevented from occurring. |
When the rotation speed is changed from a low rotation
speed to a high-rotation speed, the present invention can obtain
an advantageous effect capable of attaining a disk drive for
stably carrying out reproduction, recoxrding or seek operation
on the disk at the high rotation speed.
The present invention is effective in the case when
a rotation speed mode of a disk drive having plural rotation
spe.ed modes is shifted to a 'high-rotation speed mode. In
addition, in a disk drive wherein the rotation speed of the disk
1s lowered or the rotation of the disk is stopped in the case
when the opticai pickup does not move from a track for a certain
time or more in order to save electric power, the present

invention is also effective when the power saving mode is shifted.

to the ordinary disk reproduction mode.



117 Furthernore, by carrying out the magnetic ball - separation process and
the adjustnents of sonme paraneters not affected by the collision or the

| i ke of the magnetic ball in parallel, the waiting time of the us-zeﬁr]lﬁaﬁw)e
prevented from ‘increasing by the tine of the magnetic ball separati©o
process. The present invention can obtain this advantageous effect.
Furthernore, by carrying out the nagneti 7Eall separation process and the
| aser power adjustnment or the optical ~ ﬂﬁt up focus system adj ustment not

affected by the colli S.&Pth@ﬂgofé],e . Kgaf\/%%%‘g% [#{?,gna{é Cmé’%&éti@ warqal el

‘the waiting tine of the user can be pre m i ncreasi ng by the tine
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t hi s advant ageous e pres I nven ShceW th ¢l ai m

6 and the 'a}é?elcfﬁ%’@s %&g%ﬁ%i ?cgl%ggjkélrgev@ftthcea&%.% Ry the %ﬂ‘éggkt 1%211 the

magnetic bal T, Ssi'b he cuarrent " posSitio € maghetic
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external pe era I ng- Ctron; positions

on the | nt eral el pheral sifle PRl oloLhect i shaped ol gusgadon o

S Yol he Ting- pé ow secttron).. S

reason, after the rg%(@g&@&gg%ggnigggﬁggggsgx +ROS! Eh%%@agrg'l_oh@efgﬁgéﬂ nal

peripheral si e Rigl N : ol 'ow section or “on rnternal -
Crart reproducti on orf PRETTIE S, WRRHIREA G e hedde e BRRL 700 0L
2005 separation process apd the léser power adjustment or the optical
pickup foc:.us system adjustment not affected by the collision
and the like of the magnetic ball in parallel, the waiting time
of the user can be prevented from increasing by the time of the
magnetic ball separatién process. The present invention can
obtain this advantageous effect. |

In the present invention in accordance with claim 6
and the like, by detecting the impact caused by the behavior
of the magnetic ball, it is possible to know the current positiop
of the magnetic ball (positional information on whether the
magnetic ball positions on the external peripheral side wall
of the ring-shaped hollow section, positions on the internal
peripheral side wall of the ring-shaped hollow sectibn or is
moving unstably inside the ring-shaped hollow section}).

For this reason, after the magnetic ball is securely
positioned on the e'xternal peripheral sj;de wall of the
ring-shaped hollow section or on the internal peripheral side
wall of the ring-shaped hollow section, it is possible to start

reproduction or the like on the disk. This can be cobtained as



118 an advantageous effect. In the present ‘invention, attention is paid to
the inportance of elimnating the effect of the novenent of the nagnetic
bal | inside the ring-shaped holl ow section on the disk drive, angftpe 2005
positional information on the magnetic ball can be derived by detecting

the inpact of the magnetic ball. In addition, it is possible to prevent
the collision of the magnetic ball ducinggreproduction or the |ike on the
di sk on the basis of the positional information on the magnetic ball. The

present i nwentddramcieagebiaigffdds. advant ageous effect. As a result, the
present invention can obtain an advantageous effect capable of attaining a

disk drive for stably Taathyi pgesuhtrepvefdtcdhonattesOich Ntk PaiE o the
operation on the disk. In addition, the behavior of the magnetic ball can

be det ect ed infpirthaid®res d1imSnPOBsG bte torsett the théﬂ:ﬁ&;@ﬁen@‘fbf ttHed
recording and the timng of various control processes, such as the

optim zat i ofaened i @ragasmméIt&i@ﬂngf-ts%p%@eﬁom@ﬁrﬁdﬁrbn 68 thd @gukt
the present invention can obtain an advantageous effect capable of

provi di ng agdiiste diandethBapo £201 oRAL " YnLokmd €L Hr@haNgda §ERF £ Wsd 110 aRDr €
stably and securely. Furthermore, in the present invention in accordance

with clai mpeamdrified ive adtiat IMActh O pehavire migrideic manet i gpbal |
is detected. The rotation speed of the disk at the tine when the nmagnetic

bal | reacheadgartie | bdas pbédint Ao pxbeenalty cbniessh drethohagaktskde
wal | . of the ring- shaped 20 JUL 2005
ball during reproduction or the like on the disk on the basis
of the positional information on the magnetic ball. The present
inl\rention can obtain this advantageous effect.

As a result, the present invention can obtain an
a&vantageous effect capable of attaining a disk drive for stably
carrying out reproduction, recording or seek operation on the
disk.

In addition, the behavior of the magnetic ball can
be detected. Furthermore, it is pbssible to set the timing of
shift to recording and the timing of various control processes,
such as the optimization of a process immediately after seek
operation. As a result, the present invention can obtain an
advantageous effect capable of providing a disk drive that can
carry out recording and reproduction more stably and'. secu;'cely.

Furthermore, in the present invention in accordance

- with c;la:i_m 7 and the like, the impact or the Behavior of the
magnetic ball is detected. The rotation speed of the disk at

the time when the magnetic ball reaches {or collides with) the

external or internal peripheral side wall of the ring-shaped



119 hollow section is also detected. As a result, it is possible to
detect the rotation speed at which the magnetic ball separates fromthe
magnet or the rotation speed at which the magnetic ball is attrakthdidl 8385
the magnet. Hence, it is possible to know the nagnetic ball separation
rotation speed or the nmagnetic ball attraction rotation speed for each
di sk drive. For this reason, after the etic ball is securely
positioned on the external or internal"EE% pheral side wall of the

ri ng- shaped g@mw 3BCELBA DK 218b5000e0Eea 0Va) BIERELEC AL A0 ARRAGILDO ©

necessary an sufficrent spee IS posSSible to™s reprod I on or

the like onifigl fthz%@é@f&%pgg}ﬁ%h BoE AR AP AL AN ANBIAPLS

ef f ect capable alnin ereln e mag ne
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disk is carrlgdagg%ﬁgk VA %gggEe it.is pQSS|bIe to set an

appropriate “fagne separa I"on or attractlon rotati on speed
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i nvention cafi thus 0Ob
magnetic ball is securely pesitioned on the external or internal

peripheralvside wall of the ring-shaped hollow section by-
raising or lowering the rotation speed to a ngcéssary and
sufficient speed, it is poséible to start reproduction or the
like on the disk.

The present invention can obtain an advantageous
effect capable of attaining a disk drive wherein the magnetic
ball is separated from the magnet or attracted by the magnet
by using the minimum time and energy and then repfoduction.
recording or seek operation on the disk is carried out staﬁly.

Furthermore, it.is possible to set an appropriate
magnetid ball separation or attraction rotatiqn speed
regardless of any variation in the magnetic attraction force
between the magnet aﬁd the magnetic ball f£rom one disk drive
to another, thereby ensuring more stable control.

In the present invention in accordance with claim 10
and the 1ike, the opt'icai pickup or the like originally provided

- in the disk drife is used as the impact detection section.

The present invention can thus obtain an advantageous



120 effect capable of attaining an optical disk drive that is

| nexpensi ve, sinply configured and equi pped with a bal ancer having an

i npact detection section. In accordance with the present inventi®p,Jiby005
using a piezoelectric ceramc sensor as a sensor provided only for inpact
detection, the time for the detection process is not linited. In other
words, it is possible to neasure the magnegic ball separation or
attraction rotation speed at any tinme regardless of any process being
carried out edifedte aipslole wf addidiindmg ian icpticedi disk dmrneyitdhata is
detection section that is relatively inexpensive and excellent in

det ecti on admesgensifles piepdy donfdguired aad eldippedn wadtanr agacinter

ef fect capable of attaining an optical disk drive that is inexpensive,
sinply conf ihgowiedy and iegpaicipecd teidtdion Balcadear. having an inpact detection
section. It is assuned for exanple that the position of the magnetic bal
in the ring-shaped hol Invacentdatce Seittk e paleseatf thvientdioal,i by apeag (it
i s unknown as to whether the magnetic ball positions on the external

peri pheral al@&emﬂdle@&r&hecetﬁﬂQchénedrhahlamséﬂﬁbroﬁroﬁﬂﬂbﬁleﬂiyoﬂofhe

i nternal peripheral side wall thereof or is unstably noving inside the

ri ng- shaped iglacawdeteictann., hthel tifles@oasshaedetectevanphecesiai sansecond
rotation speed- is higher than the rotation speed fO0 (Hz) at which the

magneti ¢ balllimitest.t r Anteethdywbbésnapnes paselih e owksastae temaghatian
speed fl (Hz) at which the nmagnetic ball separates fromthe magnet. 2 0
JUL 2005 -ball separation or attraction rotation speed at any time
regardless of any process being carried out on the disk. In
addition, it is possible to provide a detection secfion that
is relatively inexpensive and excellent in détection accuracy.
The present invention can obta:i;n an advantageous
effect capable of attaining an optical disk drive that is
inexpensive, simply configured and equipped with a balancer
having an impact detection section.
It is assumed for example that the position of the
magnetic ball in the ring-shaped hollow section is unknown at
a first rotation speed (it is unknown as to whether the magnetic’
ball positions on the external peripheral side wall of the
ring-~shaped hollow section, positions on the Vinternal
peripi’xeral side wall thereof or is unstably moving inside the
ring-shaped hollbw section). It is alsc assumed for example
that a second rotation speed is highér than the rofation speed °
f0 (Hz) at which the' magnetic Eall is attracted by the magnet

and is lower than the rotation speed £1 (Hz)} at which the magnetic

ball separates from the magnet.



121 In this case, in the present invention, the rotation speed is not
directly changed fromthe. first rotation speed to the second rotation

speed. The disk is rotated at a third rotation speed once (a r@ga:m’_qm5
speed not nore than the rotation speed fO at which the magnetic ball 1s
attracted by the magnet) in order to securely position the nagnetic bal
on the internal peripheral side wall of _.the ring-shaped hol |l ow section.
The rotation speed of the disk is then f&tséd to the second rotation

" epr oducti on or Fecor di 1y RS ReV S 4 Thg LA v PRES et Eopaton
coourely DOSLELRS Blhod Ul u0B RELAMERR sl S5, Lol L Sl phaved
dsturbance. gAUSBlcBhal SchLUE 0801 ARG Bl epLLhoes
Speed, the pratati AR SRES, (k BearatRdad ROE A Tadaihs REERFRBcan
obtaln an SSSERSHEN pEL LA AIRRLE L nBl 00 2 AR T e gt 0 20
U ot on.5REEd b ERLRF I, AT 0 erornce, MLl Lo
Pert Pher ol ShERaURkka®! S BATE,SPIRES B AREL s SIS s
rotation speed of the disk is then raised to the second rotation
speed‘, and the operation is shifted to a target operation, such
as reproduction or recording on the disk.
As a result, the magnetic ball securely- positions on
the internal peripheral side wall of the ring-shaped hollow
section at the second rotation speed. This prevents any
dist_urbaﬁce caused at the.time when the magnetic ball suddenly
. colJ.ide.s with the side wall in the middle of recording or the
like.
When the rotation rspeed is changed from a high
rotatiori speed to a low rotation speed, the present invention
in accordance with claim 13 and the like can obtain an
advantageous effect capable of attaining a disk drive for staply
carrying out reproduction, recording or seek operatlion' on the
disk at the low rotation speed.
In the present invention in accordance with claim 14
and the like, the magnetic ball securely positions on the

internal peripheral side wall of the ring-shaped hollow section

during continuous recording or the like in a region for recording.



122 This prevents any di sturbance caused at the tine when the nagnetic
ball suddenly collides with the side wall in the mddle of recording or
the like. As a result, the present-invention can obhtain an advddt Aellfs,
effect capable of attaining a disk drive for stably carrying out
reproduction, recording or seek operation on the disk. In the present

i nvention in accordance with claim15,- 12e a di sk drive having the CLV node
in particular, recording or the like on the disk can be carried out
stably. Thi Ststsaiprevedstsr arivodiistunbdaceosaiisied Bt fhepdrine ntlemgtlee

selection as to whether the magnetic ball is positioned on the external
peri pheral giatgmerdld ballisheldemigr shapadebotdtwtdecside wall he thendddile
peri pheral side wall thereof (a state wherein the nagnetic ball is

attracted byfi recomdaeg) oreghedlelss. ofAd lze relsinidar thee pdedienng nveadriodnng,
reproduction or the like. Even if recording (or reproduction or the |ike)
i's, carriecaubbtenti anocadvantaoavtseceifapinramahbe tdfe adrtchioniridne ddiskk
for exanple, the nagnetic ball does not nove inside the ring-shaped holl ow
section or ddivedfowi $habhy sadeyimg|odtheregafoduliiriory tdeecomtiorgliorgseek
reproduction or the like).. As a result, the present invention can obtain
an advant aggearatébheon dchgaldliskof attaining a disk drive for stably
carrying out reproduction, recording or seek operation on the disk. In the
present invention in atmdheggpresent invieatioh7in aubditand&eithtclainpassi bl e
to detect the static and dynam c 20 JUL 2005

in a disk drive having the CLV mode in particular, recording

or the like on the disk can be carried ocut stably. This stable

operation is made possible by properly making a selection as

to whether the magnetic ball is positioned on the external

peripheral side wall of the ring-shaped hollow section or the

internal peripheral side wall thereof (a2 state wherein the

magnetic ball is attracted by the magnet) regardless of the

linear speed during recording, reproduction or the like.

Even if recdrding (ox i:eproduction or the like) is
carried out continuously from the beginning to the end on the
disk for example, the magnetic ball does not move inside the
ring-shaped hollow section or collide with the side wall thereof
during the recording (or'repz.joduction or the like)..

As a result, the present invention can obtain an
advantageous effect capable of attaining a disk drive for stably
ca_i'rying out reproduction, recording or seek operation on the
disk.

In the present invention in accordance with claim 17. .

and the like, it is possible to detect the static and dynamic



123 behavi or of the magnetic ball inside the ring-shaped hollow section.
As a result, it is possible to know the position of the magnetic bal

i nside the ring-shaped hollow section nore accurately. .In aQqofdalite with
the present invention, it is possible to prevent the nagnetic ball from
causing collision during recording or the like on the disk by starting
recording or the like on the disk after it is detected that the magnetic
ball has noved to the external or intan&P3péripheral side wall of the

h d ipn_th
bosel bl e o ekrry Rubtaths SpgREELE BE %%E?ﬂ%%s? ﬁ%ﬁ”tﬁéPv B pelening
on the exterpal.+Rehi PheLal r%'s%eitv"aklt g_ 8%8%5?? egw_rll_ I (;vac/b%]:ﬁt | or} or

have positioned stably at an opti'nu

i nvention ca b3 t.apeo fect c ttai ning a disk
drive for stgﬁlgy Qﬂ?gfjﬁggg%t rep#j%dt%%i%]rp %gacﬁedf Jof Y RAE TR B9%6n on
the disk. Th wgggi n in accordance with claim18 of t he present

i nvention re ates toa'disk drive in accordance with claim 17, wherein the

houSi N Of {he 1L ShaCd B LR GAR e oL LIEY O B aePRLeDL
P Serer "t PSR S6cpEdee MU M AR 2 S Ll BTR8L L
ring-shaped Eﬂkkﬂﬁlﬂé%ordfﬁg ot Uné%e on the aisk by starting recording
or the like on the disk éfter'it is qetected that the magnetic.
ball has moved to the external or internal peripheral side wall
of the ring-shaped hollow section.
In addition, in the present invention, it is possible
- to carry out detection as to whether the magnetic ball is moving
on the external peripheral side wall of the_ring—shaped.hollow
section or have positioned stably at an 'optimum bélance
position. |
' The present invention can obtain an advantageous
effect capable of attaining a disk drive for stably carrying
out reproduction, recording or seek operation on the disk.

' The invention in accordance wifh claim-ls of the
present‘iﬁvention relates to a disk drive in accordance with
claim 17, wherein the housing of the ring-shaped holiow sectioﬁ
is formed of a transparent material, and i:he behavior detection
section is a photdsensor.

In the bresent invention iﬁ accordance with claim 18
and the like, it is possible to detect the static and dynamic.

behavior of the magnetic ball inside the ring-shaped hollow




section by using a photosensor or an electrostatic capacitance type
sensor, i.e., a relatively inexpensive and space-saving detection device.

As a result, it is possible to know the position of the magnetlz 3@%? ugn
t he ring-shaped holl ow section nore accurately. In the present Q1 q n
I n accordance with claim19, a lens section is provided between the
phot osensor and the magnetic ball. Wthibhis configuration, accurate
detection can be attained, and the spacing (operation distance) between

t he magnet sectdldn ayduﬁhﬂngsd}:aﬁrbﬁn selle AScdlASitied cRpacehangng
t he shape of the |lens. These can be obtained as advantageous effects. In

the present tiypeenidnsor,n iAGLOr ARG At ive 18! dn@xdbnsivie k8aPepatblealong
confirmthe behavior of the magnetic ball in the circunferential di rectl on

by using si delrectliest deyidid.cUi hf aapdsaltl eitaisTPEsPIESENto | BYSALHHN can
obtain an advantageous effect capable of attaining a disk drive that can

easi |y carrposatti cliebecthe® matmeta ovbatheln the ﬁﬂﬁ%h%p@@'ﬂoﬂl%wsééétfaﬁr y
at an optimum bal ance position inside the ring-shape | ow section or

still novi ngoréheddirenieign i n accordance with claim22 and the {ike can
obtain an advant ageous effect capable of attaining a disk drive that can

detect the behavi-or of1dh®epgasthe Hatdntibd B8 adaﬂjcﬂndi-l wE6h a7 1ky1 $Si Ng
sinple electric circuits and criteria. 20 JUL 200
a lens section is provided between the photosensor and the
magnetic ball.

With this configurétion, accurate detection can be
attained, and the spacing (operation distance) between the
magnetic ball and the photosensor can be set as desired Bf
changing the shape of the lens. These can be obtained as
adva.ntageogs effects;.

In the present invention in-accordance with claim 21,
;i.t is possible to confirm the behavior of the magnetic ball in
the circumferential direction by using simple electric circuits
and. criteria. ’

The present invention can obtain an ad\‘rantageous
effect capable of attaining a disk drive that can easily carry
out detection as to whether the magnetic ball is stationary at
an optimum balance position inside the ring-shaped holiow
section or still moving. |

The invention in accordance with claim 22 and the like
can obtain an advantageous effect capable of-attaining a disk

drive that can detect the behavior of the magnetic ball in the

radial direction by using simple electric circuits and criteria.




125 In the present invention in accordance with claim23 and the like, it
IS possible to start recording and reproduction after securely detecting
that the magnetic ball has been attracted by the magnet or has bdllt {i8hed
at an optinmum bal ance position on the external peripheral side wall. As a
result, no - inpact is applied during recording and reproduction, thereby
elimnating any adverse effects owi ng to unstable novenent of the nmagnetic
bal | . The present invention can obtain-ad2&dvant ageous effect capabl e of

oLl 00 8, 0K e o ALY SRI A Al LRSS O B9 O
per i pher ol sPo8 WER LI0R (R 19 RESEREbRSFREh Seer am L Rsh SERECAGE4PPon
Toault, it | S EEESFPIEEAToRPRPAAAS SROBEAD P IR A LL R Beh
L 00, o ST, 20 S E O LSS Xl e b s,
DAl i s SecUPBPHCRO%I 7% GBI SFREL HE YA S nBt PRI LH - sAdcl RAREIGH Ble
ri ng- shaped hol |l ow section when the rotatjon speed is changed from a high

rotation sped@PRGtalfoRPPLLEYt FERRPERCOHERE IePndyctiggs sthrEeby

obtain an adyantageous effect capable of attaining a disk drive contr
Mot hod for oEABPIIEEARg: ABY VSRR (ARSI OVABEord 1 Wle ZOVSTETS008

the magnetic ball.

The present invention can obtain an advantageous
effect capable of attaining a disk drive for stably carrying
out reproductién, recording or seek operation on the disk.

In the present invention in accordance with claim 27,
the mégnetic ball is securely positionéd on the external
peripheral side wall of the ring-shéped hollow section when the
rotation speed is changed from a low rotation speed to a high
rotation speed. As a result, it is possible to obtain an .
advantageous effect capable oflattaining a disk drive control
method for stably carrying out reproduction, record or seek
operation on tﬁe disk at the.high rotation speed.

In the present invention in accordance with claim
28, the magnetic.ball is securely positioned on the internal
peripheral side wall of the ring-shaped hollow section when the
rotation speed is changed from a ﬁigh rotation speed to a low
rotation speed. As a result, it is possible to obtain an
'advantageous effect capable of attaining a disk drive control

method for stably carrying out reproduction, record or seek



126 operation on a disk at the |low rotation speed. 'As descri bed above, in
accordance with the disk drive of the present invention, it is possible to
attain a disk drive and a disk drive control method capabl e of r&&lUkiZB
stable reproduction and recording at various recording and reproduction
speeds by stabilizing and optim zing the magnetic ball. The

above-nenti oned stable reproduction and ggeording at various recording and
reproducti on speeds cannot .be attained so far by using only the

convent i onaloperitipn 0n ohsdigk taugie thwv pradsenton nypegd on has
been-described in terns of the preferred enbodiments in sone detail, it-.is
to be understood thatAshiestisihedeboventientscot-daheepwitie teddi eximdivent s
may be subject to change in the details of -the configuration thereof. It

i s thus apparvierthe haeseht twrdnnhen ot andcegilehs et tithd nc anpisie drs vef
the configuration may be changed w thout departing fromthe scope and
spirit of thendcdatiskd duminentdant:rd NDISSHRIGAIC oIl CARE Lt elad Then presate
invention is applied to disk drives and the like for.recording and

r epr oduci ng mgtegdsiciorasartD M rdimo e, vRYR-REMridomBi mncaredD- R RW
drives, and is used to stably carry out reproduction, recording or seek
oper ati on onresddictZddh Igeed80by sitbiQUiAiME ahd Apdisikzdhgvehs aalRhietiiRy:

a di sk, :
ball. The above-mentioned stable reproduction and recording at

various recording and reproduction speeds cannot be attained
so far by using only the conventional configurations.

Al though the present invention has been.described in
terms of the preferred embodiments in some detaii, it is to be
understood that the disclosed contents of the preferred
embodiments may be subject to changé in the details of the
configuration thereof. It is thus apparent that the combination
and sequence of the components of the configuratj.on may be
changed without departing from the scope and s.pirit of the

claimed invention.

INDUSTRIAL APPLICABILITY
The present invention is appliéd to disk drives and
the like for recording and reproducing data, such as CD-ROM
drives, DVD-ROM drives and Cﬁ—R/RW drives, and is used to stably

carry out reproduction, recording or seek operation on disks.



i

a bal ancer for novably accommodati ng one or plural magnetic balls in the
ri ng- shaped hol | ow section thereof and provided with a nmagnet for
attracting said magnetic balls inside said ring-shaped hol |l ow sec?i gi, 2005
wherein in the case when the rotation speed of said disk is changed froma
first rotation speed including a stop égate to a second rotation speed

hi gher than the first rotation speed,‘1 i'd case includes a case wherein
after the rotation speed is raised fromthe first rotation speed to a
third rotation speed higher than the second rotation speed, the third
rotation speed is changed to the secdiidAlM§ati on speed, and said nmagnetic
ball separates fromsaid nagnet at the third rotation speed. 2. A disk
drive conprising: a disk, a balancer for novably accommodati ng one or
plural magnetic balls in the rjng-shaped hollow section thereof and
provided wi th a magnet 1f of %%?¥a%¥%¥&;%ﬂﬂQFlﬁﬁﬂﬁHetic bal | s i nsi de said

ri ng-shaped hol | ow section, wherein 2 0 JUL 2005 128 at |east one
electric circuit parandt@iSkadjustnent is carried out in a process wherein

said magnetic ball is separated from said magnet by rotating
' a balancer for movably accommodating one or

plural magnetic balls in the ring-shaped hollow sectioh
thereof and provided with a magnet for attracting said
magnetic balls inside said ring-shaped hollow section,
wherein

in the case when the rctation speed of said disk
is changed from a first rotation speed including a stop
state to a second rotation speed higher than the first
rotation speed,

| said case includes a case wﬁerein after the

rotation speed is raised from the first rotation speed to a
third rotation speed higher fhan the second rotation speed,
the third rotation speed is changed to the second rotation
speed, and

said magnetic ball separates from said magnet at
the third rotation speed.

2. A disk drive comprising:

a disk,

a balancer for movably accommodating one or
plural magnetic balls in the ring-shaped hollow section
thereof and provided with a magnet for attracting said

magnetic balls inside said ring-shaped hollow section,



sai d di sk, and said paraneter adjustnent includes |aser power adjustnent
or optical pickup focus system adjustment. 3. A disk drive conprising: a
di sk, a bal ancer for novably accommmodating one or plural nagnetic:fﬁuds my
the ring-shaped hollow section thereof and provided with a nmagnet foi“‘2
attracting said magnetic balls inside said ring-shaped hollow section, and
an inpact detection section for detectil2g-an inpact caused by the behavior
of said magnetic ball. 4. A disk drive conprising: a disk, a balancer for
novabl y accommobdati ng one or plural nmagnetic balls in the ring-shaped

hol | ow section ther eo'glt afdag{ Oé’ri:%eéjl%\‘a%ﬂrf Jmgnet, f Q- aldsAacting said
o n.

Cection for deteqting an i mpact caused byt he behavior of ard magnetic
vecti on 101 SLSSLnY 3 Rk sauSTd DYpLhe berLorafcapyd monctic
spect of S SR Shtlle L 2 0L Ll cdekenti oty 28! dy | pBRsi 1020, U
gh”p“tgrsgaa@ Eﬁsﬁf-n%?ﬁi%%égﬂaﬁﬁ%ﬁgré%aﬁg ot SPRERoasToteFoh soct i on
power adjustment or optical pickup focus system adjustment.

3. A disk drive comprising:

& disk,

a2 balancer for movably accommodating one or
plural magnetic balls in the ring-shaped hollow section
thereof and provided with a magnet for attracting said
magnetic balls inside said ring-shaped hollow section, and

an impact detection section for detecting an
impact caused by the behavior of said magnetic ball.

4. A disk drive comprising:

a disk,

a balancer for movably accommodating one oOr
plural magnetic balls in the ring-shaped hollow section
thereof and provided with a magnet foxr attracting said
magnetic balls inside said ring-shaped hollow'section.

an impact detection section for detecting an
impact caused by the behavior of said magnetic ball, and

anrotation speed detection section for detecting
the rotatiocn sﬁeed of said disk at the time of the

detection of said impact.



‘the rotation speed of said disk at the tinme of the detection of said

i npact, wherein said inpact detection section detects the timng of the
separation of said nagnetic ball from said magnet, and said rotation speed
detection section detects the rotation speed of said disk at the zj nyngpef
said separation. 6. A disk drive in accordance with claim4, wherein salid
i npact detection section detects the ril hg of the attraction of said
magnetic ball by said nagnet, and said rotation speed detection section

detects the rotation speed qf .sajd_ disk at _th i.m f i traction.
2°0° U 2005 130 7 A s dEsv 38 BrgkRdahtl RY aF?ng%%r %f}‘; wher ei n

sai d inpact detection section detects an inpact on the basis of the output
signal of sd&Td%opfPELREHi CRUPTLSHIIA disk drive in accordance with claim 7,

wherein said i npact detection section det ect?an i ngagtt og.t he basi s of
the focus error signal®or B GA&dEGhd o e PGS ghSF 8FTEGMI"Eptical

pi ckup. 9. A disk drive_in accordance with_ claimd4or6, . Wnereli n
impact caused by the behavior of said magnetic ball, and

a rotation speed detection section for detecting
the rotation speed of said disk at the time of the
detection of said impact, wherein

said impact detection section detects the timing
of the separation of said magnetic ball from said magnet,
and

said rotation speed detection section detects
the rotation speed of said disk at the timing of said
separation.

6. A disk drive in accordance with claim 4,
wherein

said impact detection section detects the timing
of the attraction of said maghetic ball by said magnet, and

said rotation speed detection section detects
the rotation speed of said disk at the timing of said

aftraction.



‘Sai d i npact detection section is a piezoelectric ceramc sensor. 10. A

di sk drive conprising: a disk, a balancer for novably acconmobdati ng one or
plural magnetic balls in the ring-shaped hollow section thereof ag@
provided with a nmagnet for attracting said nagnetic balls inside iBL 2005
ri ng-shaped hol | ow section, wherein in_the case when the rotation speed of
said disk is changed froma first rot-atPon speed to a second rotation
speed lower than the first rotation speed, said case includes a case
wherein after the rotation speed is |lowered fromthe first rotation speed
to 2 0 JUL 2005 131 & thirgisptatiesn Spesdcdodence hantbhhelsdwordlor@t ati on
speed, the third rotation speed is changed to the second rotation speed,
and sai d magpetkepbal | is attracted by said magnet at the third rotation
speed. 11. A disk drive conprising: a disk, a balancer for novably

acconmodating one or Dl &l IBgneid e ddldss det tlifth ddtgciaped igldaw
section thereof and provided wth a nmagnet for attracting said nagnetic
bal I's inside sahd tingsshared nalkowi S8¢LALD. of WHLL &I Bptical pickup.
8 A disk drive in accordance with claim 7,
whérein

said impact detection section detects an impact
ocn the basis of the focus error signal ox the tracking
error signal of said optical pickup.

9. A disk drive in accordance with claim 4or6,
wherein

said impaci detection section 1s a piezoelecixic
ceramic Senscr.

10. A disk drive comprising:

a disk,

a balancer for movably accommodating one oOr
plural magnetic balls in the ring-shaped hollow section
thereof and provided with a magnet for attracting said
magnetic balls inside said ring-shaped hollow section,
wherein

in the case when the rotation speed of said disk
is changed from a first rotation speed to a second rotation
speed lower than the first rotation speed,

said case includes a case wherein after the

rotation speed is lowered from the first rotation speed to



‘in the case when reproduction or recording is carried out continuously in
a region froma position to another position on said disk, when the

maxi mum val ue of the disk rotation speed in said region is |ower ﬂhmls@
separation rotation speed at which said nmagnetic ball separates fro p%l
magnet and hi gher than an attraction rotation speed at which said nagnetic
ball is attracted by said magnet, and whédl t he ni ni num val ue of the disk
rotation speed in said region is said attraction rotation speed or |ess,

said case BoLHden 34358 MSLEL LGeLOtALLOBnesBeRdyel r8ald sdnskpeeaset

at said attfa ion s 05 132 or less before
reproduction or recqrding., .12. A di.sk_dr] j cop danceo it cdaidn 11,
wherei n t hetP8I A8fs Fios &2 5P SEEEH &F Ff&%{’?@%‘?tﬁ‘g ﬂ?%t at(?%n speed at the

i nnernost periphery) / (the rotation speed at the outernost periphery)) <
fl is estabPP&REd, @Nfherein fl designates the rotation speed at which said

magnetic ball separates and fO designates the rotati .. Sphe t ich said
magnetic ball is att raéﬁéﬁ.mi%?e*%‘ﬂ%%‘kljdrﬁ/é"i‘rf‘écc“ceocfgjdrn(?%*\?ﬁdtn}%gé% m 11 or
12, conprising: an inpact detection section for detecting an inpact caused
by the behaw#toithsf Wditd mafdddion 5REFY-and

11. 2 disk drive comprising:

a disk,

a balancer for movebly accommodating one or
plural magﬁetic balls in the ring-shaped hollow section
thereof and provided with a magnet for attracting said
magnetic balls inside said ring-shaped hollow section,
whnexrein

in the case when reproducticn cr recording 1s
carfied out continuously in a region from a position to
another position on said disk,

when the maximum value of the disk rotation
speed in said region is lower than a separation rotation
speed at which said magnetic ball sepérates from said
magnet and higher than an attraction rotation speed at
which said magnetic ball is attracted by said magnet, and

when the minimum value of the disk rotation
speed in said region is said attraction rotation speed or
less,

said case includes a case wherein the rotation

speed of said disk is set at said attraction rotation speed



‘a rotation speed detection section for detecting the rotation speed of
said disk at the tine of the detection of said inpact, wherein said inpact
detection section detects the timng of the separation of said ﬁhL
ball fromsaid magnet, and said rotation speed detection sectiog%ﬂg ﬁ@5
the rotation speed of said disk at the timng of said separation, and
sai d i npact detection section detects thel$2mng of the attraction of said
magnetic ball by said nagnet, and said rotation speed detection section

detects the rotation _speed of id.dis lmng of said attraction.
20 JUL 2005°F1 §Sf4ge£°gﬁsﬁe Fpégcg%%%rggﬁ%%%ggg%% ancer for movably

accomodat i ng one or ur al netic balls in the ringss hpy | ow
section thereof and plr?évi%e@n%gt%hvw&cqooﬁéaﬂcter acqﬁhn%q%g?"d pirhagnet iC
balls inside said ring-shaped holl ow section, and a behavi or detection
section for"B&r&dfing the behavior of said magnetic ball. 15. A disk drive
in accordance with claim14, wherein the housing of said ring-shaped

hol | ow section is forfed selatiersisHaremreriian 4% &hd  shi B®ehavi or

detection section is a photosensor. 16. A disk drive in accordan%e with
claim 15, whéediien speed at the innermost periphery) / (the rotation

speed at the outermost periphery)} < fl 1is established;
wherein fl1 designates the rotation speed at which said
magnetic ball separates and f0 designates the rotation
speed at which said magnetic ball is attracted:

13. A disk drive in accordance with claim Ilor
12, comprising:

an impact detection section for detecting an
impact caused by the behavior cf said magnetic ball, and

a rotation spéed detection section for detecting
the rotation speed of said disk at the time ofrthe
detection of said impact, wherein

said impact detection section detects the timing
of the separation of said magnetic ball from said magnet,
and said rotation speed detection section detects the
rotation speed of said disk at the timing of said
separation, and

-said impact detection section detects the timing
of the attraction of said magnetic ball by said magnet, and
said rotation speed detection section detects the rotation

speed of said disk at the timing of said attraction.



‘t he housing of said ring-shaped hollow section has a |ight-gathering
section. 17. A disk drive in accordance with claim 14, wherein the housing
.of said ring-shaped hollow section is forned of a nonnetallic material,
and sai d behavior detection section is an electrostatic capacitap&gufmmg
sensor. 18. A disk drive in accordance gth claim 14, wherein a
determination is made as to whether sai'™d”2 0 JUL 2005 134 magnetic ball is
rolling along the external peripheral face of said ring-shaped hol | ow

section or not by comaringqilag apevkodopbribenglitput signal of said
behavi or detection section wth the period of the output signal of a

rotation speed detectl $E%klO Ohodehe6t LREokNSak el Ay | e@nespeed of sai d
disk. 19. A disk drivé im agc%rdgﬁ%e&ﬁlth g a|n$ 14, mhﬁ?eln a

o t d ! ttracted
by ermnatl o} 51 MResna%s L QIPEL NSl SR s JIRUNEEG BRhh s dtanAlract e

e Jout put signal of said behavior
detection section.

k,d t | wh
a det er mi nat?ohers ﬁ%gepﬁgu%% Vh@#ﬁgr'qucﬁgqugpah et eiy Bakh erein

magnetic balls inside said ring-shaped hollow section, and

a behavior detection section for detecting the
behavior of seaid magnetie ball.

15. A disk drive in accordance with claim 14
wherein

the housing of said ring-shaped hollow section
is formed of a transparent material, and

gsaid behavior detection section is & photosensor.

16. A disk drive in accocrdance with claim 15,
whefein

the housing of said ring-shaped hollow sectlion
has a light-gathering section.

17. A disk drive in accordance with claim 14,
wherein.

the housing of said ring-shaped hollow section
is formed of a nonmetallic material, and

said behavior detection section is an
electrostatic capacitance type sSensor.

18. A disk drive in accordance with claim 14,
wherein

a determination is made as to whether said



magnetic ball is rolling along the external peripheral face of said

ri ng- shaped hol | ow section or,not by conparing the period of the output

si gnal of said behavior detection section with the period of the Qyé@g%
signal of said rotation speed detection section for detecting the tP@n
speed of said disk, another determnation is nade as to whether said
magneti c ball has been attracted by saj ot ignet or not on the basis of the
out put signal of said behavior detection signal, and 10 JUL 2005 135 the

operation L$.shj d. ugs 4 S8 H NG adf 158l F doso
det er m nat ?@%ﬁngié’%n{ﬁ%g JZ%ON?AP%!S %??rsé; ﬁ\e aeir:cor dancgp vvij;lﬁki:l aiml, 2 or

14, further gng&h;igﬂgéi_ghgg%ﬁvﬁghgﬁt £CLL P, SELt{ PN ﬁ(}grcd}@é&ﬁiﬂ@(lﬂd"e

behavi or of © , and a rotation speed tection section for

behavi or of ®$aFd’agneP e AT, and a Folation speed detection section
ection det BEESONEE EDFy HBCRP Lt RECAbharar o ok Bt et e ool | from

aration magnetic ball from

said magnet, and said rotation, speed detectjon secti tec atd
rotation sp&BatéPisHiggrek B‘Flfﬂg PF Ry Bf “RAT ds*i“e%i;r%ei%n%é%zr% di sk

drive in accordance with claim 14, _further ¢ ri.sing: .
- speed detection section for éetectfh the Yotation speed of

said disk.

19. A disk drive in accordance with claim 14,
wherein

a determination is made as to whether said
magretic ball has been attracted by said magnet or not on
the basis of the output signal of said behavicr detection
section.

20. A disk drive in accerdance with claim im
whefein

a determination is made as to whether said
magnetic ball is rolling along the external peripheral face
of said ring-shaped hollow section oxr not by comparing the
period of the output signal of said behavior detection
section with the period of the output signal of said
rotation speed detection section for detecting the rotation
speed of said disk,

another determination is made as to whether said
magnetic ball has been attracted by said magnet or not on

the basis of the output signal of said behavior detection

signal, and



a rotation speed detection section, wherein said behavior detection
section detects the timng of the attraction of said magnetic ball by said
magnet, and said rotation speed detection section detects the rot bi P
speed of said disk at the timng of said attraction. 23. A disk d Jﬁiﬂm5
accordance with claim21, wherein 136 - 2 0 JUL 2005 said behavi or
detection section detects the timng oflihe separation of said magnetic
ball fromsaid nagnet, said rotation speed detection section detects the

rotation speed of said,di - LBENYs Ofn$AL8a S6P2EpEbANCt $6hdor
behavi or detection segpgoﬁbggkgépg #hgk ??n%ng of the at?raction of said

ragnet ¢ Dall D58l e B0neky A, o8 AAen o Reg ket on sect lon
o o 1ot rovasty. Beoibide RetafLirecERRBAITaReR, ok, 7081,
ri ng- shaped hol | ow section thereof and provided with a nmagnet for
attracting eni d4 furthe; comprising:
a behavior detection section for detecting the
behavior of said magnetic ball, and
a rotation speed detection section for detecting
the rotation speed of said disk, wherein
said behavior detection'section detects the
timing of the separation‘of said magnefic ball from said
magnet, and
said rotation speed detection section detects
the rotation speed of said disk at the timing of said
sepération.
22, A disk drive in accordance with claim 14,
further comprising:
a rotation speed detection section, wherein
said behavior detection secﬁion detects the
timing of the attraction of said magnetic ball by said
magnet, and
said rotation speed detection section detects
the rotation speed of said disk at the timing of said
attraction.

73. A disk drive in accordance with claim 21,

wherein



magnetic balls inside said ring-shaped holl ow section, in the case when the
rotation speed of said disk is changed froma first rotation speed including
a stop state to a second rotation speed higher than the first rotation
speed, said nethod conprising: a step for raising the rotation speed fromthe
first rotation speed to a third rotationyﬁfeed hi gher than 2 0 JULZ200%5 200837

t he second rotation speed, and a step for"1owering the rotati on speed from

the third rotation speed to the second rotation speed, wherein said
magnetic ball separates frqm.said net at the thlrg%¥%%%%|3%ﬁspeed. 25. A

met hod for control | ing % iR HHWYe 08 £G4 8 al ancer for
novabl y acconmpdati ng one or plural magnetic balls in the ring-shaped holl ow
section th&i@dPSaRd pRBvFERET A LARaCHeERet BaFReltts dedthgf S dS@Hhgnet i ¢
balls inside said ring-shaped holl ow section, in the case when the rotation
speed of sal@98k$k is changed froma first rotation speed to a second
rotation speed lower than the first rotation speed, said nethod conprising:
a step for lowering tHa¥btzaiadngpetdd ciatelrdion ssc iisradesscifeed to a
third rotation speed |ower than the second rotation speed, and
*  the rotation speed of said disk at the timing of said
separation,
said behavior detection section detects the
timing of the attraction of said magnetic ball by said
magnet, and
said rotation speed detection section detects
the rotaticn speed of said disk at the timing of said
attraction.
24. A method for contrclling a disk drive
comprising:
a disk, and
a balancer for movably accommodating one or
plural magnetic balls in the ring-shaped hollow section
thereof and provided with a magnet for attracting said
magnetic balls inside said ring-shaped hollcow section,
in the case when the rotation speed of said disk
is changed from a first rotation speed including a stop
state to a second rotation speed higher than the first
rotation speed, said method comprising:

& step for raising the rotation speed from the

first rotation speed to a third rotation speed higher than



a step for raising the rotation speed fromthe third rotation speed to the
second rotation speed, wherein said magnetic ball is attracted by said
magnet at the third rotation speed. 26. A disk drive in accordance wth
claim5, . wherein 2 0 JUL 2005 sai d i npact detection section det @@t} apgs

I mpact on the basis of the output signal of said optical pickup. 27. A disk
drive in accordance with claim 26, wheié¥n said inpact detection section
detects an inpact on the basis of the focus error signal or the tracking
error signal_ of said_ optical EICKU 28. A disk drive in accordance with
claim5, mﬁ%?e?%C%%er?F%Bt? dBPetti GPSection is a piezoelectric ceranic

Sensor.
a step for lowering the rotation speed from the

third rotation speed to the second rotation speed, wherein
said magnetic ball separates from said magnet at
the third rotation speed.

25. A method for controlling a disk drive
comprising:

a disk, and

a balancer for movably accommodating one or
plural magnetic balls in the ring-shaped hollow section
therecof and provided with a magnet for attractiné said
magnetic balls inside said ring-shaped holiow section,

in the case when the rotation speed of said disk
is éhanged from a first rotation speed to a second rotatiocn
speed lower than the first rotation speed, said method
comprising:

‘a step for lowering the rotation speed from the
first rotation speed to a third rotation speed lower than
the second rotation speed, and

a step for raising the rotation speed from the
third rotation speed to the second rotation speed, wherein

said magnetic ball is attracted by said magnet

at the third rotation speed.
26. A disk drive in accordance with claim 5,

wherein
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said impact detection section detects an impact
on the basis of the cutput signal of said optical pickup.

27. A disk drive in accordance with claim 26,
wherein

sald impact detection section detects an impact
on the basis of the focus error signel or the'tracking‘
error signal of saild optical pickup.

28. A disk drive in accordance with claim 35,
wherein |

said impact detection section is a piezoelectric

ceramic sensor.



