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DISK DRIVE AND CONTROL METHOD 'THEREFOR
TECHNICAL FIELD
The present invention relates to a disk drive for
reproducing or recording information on a disk-like recording

medium (disk) and to its control method.

BACKGROUND ART

In recent years, 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 or the like
(disks with offset centers of gravity). If such a disk is
rotated at high speed, theimba.:l.anee force of the disk acts
significantly and causes vibration. The vibration is
transmitted to the entire disk drive, thgreby making stable data

recording and reproduction impossible and causing noise owing

to the vibration. In additicn, the vibratioﬁ shortens the life

of its motor. Furthermore, in the case when the disk drive is
built in a computer . fhe vibration is transmitted to other
peripheral devices and édversely affects them.

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

to restrict vibration owing to the ixhbalance of the disk.
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Various measures have been taken to cancel the imbalance.
(Explanation of FIG. 29> |
- A conventional disk drive capable of_canceling an
imbalance and having already been applied by the applicant of
the present invention will be described below.
FIG. 29 is a view showing a disk drive having a
conventional balancer.
The balancer of the disk drive-shown in PIG. 29 is
profided.with a ring-shaped hollow section 4 and can rotate
integraily'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 cehter shaft
3 of a spindle motor 2. The ring-shaped h(_)‘llow section 4 is
formed inside a clamper 6, and the disk 5 is held between the
clamper 6 anq. a turntable 7. The externa=l péripherai £ace 9 of
the inagnet 8 built in thé clamper 6 constitutes the intermal
peripheral wall of the ring-shaped hollow section 4.
{Explanation of FIG. 30> |

" FIG. 30 is a view showing another disk drive having
a conventiénal balancer -

The balancer of the disk drive shown in FIG. 30-:i..s
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 .sectio;l 4, plural

magnetic balls 1 are movably accommodated, and the ring-shaped
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hollow section 4 is made coaxial with the rotatiqn center shaft
3 of a spindle motor 2. The ring-shaped hollow section 4 is
formed under a turntable 7 on which the disk 5 is mounted. The

_ external pefiphery of the rotor magnet 19 of the spindle_ motor
2 -foi:' driving the turntalble 7 constitutes the internal

- peripheral wall of the ring-shaped hollow section 4.
<Exp1aﬁation" of FIG. 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 spin-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 lda&ed into the-disk drive ‘to the time when the disk drive
-acquires infoﬁnation recorded on the disk, other than positional
informatibn, for the first time.

When power is suppiied 1;0 the disk drive, 6]: when a
new disk is loaded :into the disk drive, step F291 is carried
out.

At step F291, initial setting is carried out. The
initial setting includes the initialization of the position of
an optical pickup and the adjﬁstment of the power and the like
of the semiconductor laser of the optical pickup.

The optical pickup 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.
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Furthermore, the laser power of the opticail pickup
is - initialized. _F;l.rst, the value of the laser.. power and the
position of the focus lens of the optical pickup at the time
when the disk drive was driven last are set as initial_setting
values. These values are stored in the built-in. nonvolatile
memory ‘of the disk drive. Next, the current of the laser is )
adjusted (power calibration) on the basis of the output signal
‘of the power monitor photodiode buiit in the laser so that the
output power of the laser becomes. appropriate.

Next, at step F292, laser light 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 determined on the basis of the
change at that time in the rotation speed of the d:%.sk.
Furthermore, the size of the disk is determined on the basis
of the mé.gnitude of the inertia of the disk.

At sfep F293, adjustments are carried out fpr the
various paramete.r"s of the electric circuits related to the
optical pickup, such as .an analog signal processor (hereafter
refgrred 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
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speed.

At step F295, the p.osition of the optical pickup is
finely adjusted, and seek operation is carried out to the lead-in
position (the i-nj.tial position of the information) of the TOC
information on the disk. . .,

‘At step F296, the optical pickup reads 'thé TOC

- infofmation- 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, '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 niode {hereafter referred to as a
"CAV-mode-“ (constant ang‘ular}'-velocity mode) ) ,. the centrifugal
force applied to each of the magnetic balls 1 is nearly constant
in the range from the in"nermost 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
betﬁeen_ the highest rotation speed and the lowest rotation speed
is not so large in general. - As a result, the centrifugal force
applied to the magnetic ball .-1 is within a comnstant i'ange.

For this z;eason , a relatively proper balancer effect
of can be obtained by the configuration and processes in

- dccordance Wi'l;h the conventional example.

Furthermore, even in a disk drive having a constant

linear velocity mode (hereafter referred to as a "CLV mode"

(constant linear velocity mode)), in the case of a disk drive
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having only about three or four kinds of rotation speed modes,
such as very low rotation speed modes foxr audio reproduction,
a relatively favorable balaﬁcer effect can also be obtained by
the configuration and processes in accordance with the
conventional example.

Reproducti.on-only disk drives, such as CD-ROM drives
and DVD~-ROM drives, are available as examples of the above-
mentioned disk drives. . |

However, in disk drives having various recording and
reproduction spe;ads_ , 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 configuration of- the conve;ntional exampl_e. .

During recording wherein the rotation speed is far
lower than that during reproduction, for example, the magnetic
balls 1 are ﬁnstable, while rolling on the external peripheral
side of the inner wall of the ring-shaped hollow section 4 or
mox\ring to the internal I;eripheral side of the inner wall. The
magnetic balls 1 sometimes collide with the .inner 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 during 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
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‘section 4 by the centrifugal force. The balls 1 thus move stably
along the inner wa]_.l of th.'e external periphe’_ry. - For this reason,
the conventional balancer produces a sufficient effect.
However, during -ihtermediate-speed repib?luction-, duri-pg
recording in particular, problems: owipg ;to. the balancer are
caused, instead of producing preferablé' results.

Embodiments will be described below.

During the spi:i-up process at the start of the disk
drive, the rotation speed of the disk is -j_:‘aised from its stop
state to a predetemined'speéd. As the'réta_fion speéd of the
disk is rai_sed, the centrifugal force applied to the magnetic

~ball 1 in'c_reases.' When the centrifugal force applied to the
magnetic balJ: 1 becomes larger than the magnetic attraction
forde' of the magnet:8 as the result of the increase in rotation
speed, the magnetic ball 1 separates from the magnet 8. The
magneticballl %:hén--collides with the innef wall of the external
periphery of the ring-shaped hollow section 4. |

The impadt 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
uncontrollable. If traverse operation becon_ies uncontrollable,
the optical pickup collides with thé internal or external
periphery, whereby the optical pickup itself might be damaged

. physically.
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In th& case when an impact i& applied in an on-track
.state (a state whereie the optical pickup is positioned on a
predetermined track), the follow-ilp control (hereafter referred

~to as "servo") of the optical pickup for the disk might become
ineffective because of the impact.

Furthermore, in the case when an impact is applied
during the _adjustments of the various parameters of the electric
circuits related to the optical pickup, the parameters might
be adjusted to improper values on the basis of abnormal 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 cases. 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 fer
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 beeause of impacts.

In the CAV mode, however, the centrifugal force

applied to the magnetic ball 1 is nearly constant. For this
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reason, the above-mentioned problems do not occur in a state
wherein the disk rotates steadily.

However, during reproduction, recording and seek

-operation in the CLV mode, the c_:entrifuga], force changes since

the rotation speed of the disk at the t:i_.'rhe when the pickup is
at the internal periphery of the disk diffefs ;‘.rom the rotation
speed at the time _When the pickup is at thje external periphery.
For this reason, when reprpduct;Lon or thfe. like is carried out
at the internal peripheiy of .the disk, the rotation speed of
the disk is high and the céntrifugai fo_:fce is large. The

magnetic balls 1 might roll ai_ong the éxtémal peripheral face

of the ring¥shaped'hollow section 4. Whe_n_ 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 attractéd_ by the magnet at the internal periphery of the
ring-shaped hollow section 4 and might -ro:l_.l along the internal
peripheral face. |

In the above-méntioned cases, the relationship in
magnitude between the centrifugal force applied to the magnet_ic
ball 1 and the magnetiq attraction force for attracting the
magnetic ball 1 by the maghet 8 _is reverse_d 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 periphery and moves to the external

periphery, or separates from the external periphery and is

attracted by the magnet.
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The ;ﬁ‘éﬁéve-mentioned unétabli‘éﬁction of the magnetic
ball 1 inside the ring-shaped hollow section 4 during
reproduction or the like on the disk causes adverse effects on
the disk drive. For exémple, the unstable action of the magnetic
ball 1 inside the ring-shaped hollow section 4, including the
collision of the magnetic ball 1 with the inner wall of the
external or internal periphery of the ring-.shaped hollow section
4, applies an impact to the disk. Thié results in a large
disturbance in the focus system and the tracking system. In
pc;:lrticu;ar,- the unstable adtion and the like of the magnetic
ball during reproduction or recording mi.ght 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 apblied during seek operation, servo might become
ineffective or might not be made effective.

- When the rotation speéd of the disk is high, the
magnetic ball 1 moves al"ong 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
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external peripheral wall face by a smal_l’-jdisturbance. If the
magnetic ball 1 :I.s inoved unstably along the external peripheral
wall of the ring- éhgped hollow section 4 iz_i_i;his way, themagnetic
pali 1 itself causes an imbalance, inste}a....d of eliminating sﬁch
an imbalance. |

To so.lve this problem, the distance between the '
external peripheral face 9 and the internai peripheral face (the
external peripheral fapé of the mé.gnet '.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 c:onfiguration, the
magnetic ball 1 is located stably at an opti_mum balance position
on th'e external peripheral face of the rﬁ.ng-shaped hollow
section 4 by a -1arge c..ent'rifugal force during high-speed |
‘rotation.:-As a re.s_ul-f,- it ié 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 exte__'rnal peripheral face
of the -magnetic 8 (the internal periphe‘fél face of the -
ring-shaped hollow section 4), moves aloi_'lg the intermal
peripheral face and is located stably at an optimum balance
position. Since .the differenée between. the rad;i.us of the
external periphéral face and that of the internal peripheral
face.is large, the inertia §£ the magnetic ball 1 positioned
on the internal peripheral fade, which is'.applied to the disk,
is smallér than t'h_e inertia of the magnetic ball 1 positioned

.on the external peripheral face. For this reason, even if the
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magnetic ball rﬁt’i?ies along the internal 'Eijéripheral face during
low-speed operation, the effect of the movement is limited.

However, if the distance between the external

- peripheral face 9 and the internal peripheral face (the external

peripheral face of the magnet 8) of.the rj.ng-shaped hollow
section 4 is made too la:rge, a large impact is applied to the
optical pickup when the magnetic bal_l 1 collide with the extergal
or internal peripheral facé. 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 stabili_ty 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 -accordan.ce 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 récofded 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
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ring-shaped hollow section, wherein -
the magnetic ball is separatéé"fro'm' the magnet by
- rotating the diéik‘}in a state whérein the optical pickup is not

‘processing an :anut signal derived from light reflected by the

face of the disk and the optical pickup is not writing information '

on the disk.

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 periphery of the
ring-shaped hollow section owing to a centrifugal force or is
rolling unstably inside the ring-shaped hollow section.

In the presen't. invention, attention is péid to the
importance of elf:i._tninai:ing 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 ;i.s carried out
as an independent process. As a.resﬁlt, the magnetic 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 parameters.

Hence, 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, the present invention preverits‘ impact
application during the servo adjustment ..of the optic.al pickup
and the adjusf:ments of various parameters that use an input

signal derived f£from the light reflected by the face of the disk.
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The present im}%ﬁtion prevents the diék drive from
.malfunctioning because of improper adjustment caused by an
impact or the like from 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, the effect of the movement of the

‘magnetic ball inside fhe ring-sﬁaped hollow section on the disk
drive is eliminated in the present invention. 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 faqe thereof (the external peripheral f'éce

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
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the external peripheral face and that of the internal peripheral
face is large, the inertia applied to the disk in the case when
the magnetic bal.'L;l positions on the in'téfrnal- peripheral face

is smaller than tﬁe inertia applied to the disk in the case when

the magnetic bali‘f 1 positions on the e’xte::;nal peripheral face.

As a result, even_: if the magnetic ball movgs along the intemal

peripheral face, 'the effect of the moveme_ht is limited during

' the low-speed rotation.

In the present invention, impafdt‘ application at the

-time when the mag_n_eti_c ball is attracted by the magnet does not

occur during reco_i:'ding in _particular. 'It: is thus possible to
carry out stablé -:_l:e'cording. '

Furthgirmore,- even durinQ-:seekE .operation, the
magnetic ball.: doés not move continuously; along the .external
peripheral face '6f the 'rin_g-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 -sfat'e wherein the -opticai pickup is not
processing the input signal derived from iight reflected by the
face of the disk and the optical pickup 'is nof: wrifing information
on the disk" in the descriptions of the p?esent specification
and claims includés neither a state whe_re_:i;n'the optical pickup
reproduces information recorded on the disk nor a state wherein
the optical pickup writes information on tI_i_e d:_f.sk. In addition,

the above-mentioned "the state wherein the optical pickup is
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not carrying ox:,iﬁ-f‘-process_ing“ does not ijiii’éz_lude a state whierein
the optical pickup is carrying out seek operation or tracking
on the basis of the positional information recorded on the disk.
"This is because the optical pickup processes

p‘ositional information which is the input signal derived from
the light reflected by the face of the disk in a state wherein
the optical pickup carries out seek operation.

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-mentioned " the. state wherein

. the. optical pickup is not carrying out. processing” does not
‘include a state wherein the optical pickup is carrying out focus
servo adjustment (the positional adjustment of the focus lens),
tracking servo adjustment or the like on the basis of the input
' 'signal derived from the light reflected by the face of the disk. -
- This is because the optical pickup processes tlie
- input signal derived f£rom the l_aser light reflected by the face
of the disk even in these states..

In "the state wherein the optical pickup is not
processing the i1;1put signal derived from light reflected by the
face of the disk and the optical pickup is not writing information
on the disk," even if the ma;gnetic ball moves inside the

ring-shaped hollow section, improper adjustment of the optical
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pickup, focus error, tracking error and the like are not caused.

For this reason,’ the disk drive is not in d'anger of causing any

‘malfunctions.

The 'expia:':'ession "the magnetic ball is separated from
the magnet by roféting the disk" generaliy means that the
magnetic ball 1 is :separated from the ma;'gnét 8 constituting the
interﬁal peripheral side wall of the ring—s;haped hollow section
4 by raising the rotation speed of .the d._isk..'

| - In the- conventional example and the embodiments of
the present invention, the magnet constitutes the internal
peripheral wall 'éf 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 hbilow section to an 0pt:i;mmn disk balance point
and positions there stably.

When the disk rotates at a low;' speed, the magnetic
ball is attracted by the magnet cons'tituting the internal
peripheral side wail of thé ring-shaped hollow section, and does
not move freely. This prevents the magnet;i.c ball from causing
adverse effects on the disk balance, instead of causing an
imbalance. |

For convenience in better under'standiﬁg the present
invention, _it is preferably assumed that the magnet constitutes
the internal peripheral wall of the ring-shaped hollow section
4. .Howev-er, the magnet is not necessarily reqﬁired to

constitute the internal peripheral wall of the ring-shaped
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hollow section 4 " The magnet may constiii’iite a part of the £floor
:Eac::e of the ring-shaped ilollow section, for example.

The invention in accordance with claim 2 of the
present invention relates to a disk drive in accordance with
ciaim 1, wherein

the above-~-mentioned process of separating‘ the

. magnetic ball from the magnet is carried out ina spin-up-prdcess
at the start of the disk drive.

In the conventional example, the position of the
magnetic ball in the ring-shapeﬁ hollow section is not known :
at the time when the spin-up process is completed. For this
reason, the magnetic ball' sometimes moves inside the ring-shaped
hollow section during reproduction, recordin_g 01;' the like,
thereby causing an adverse effect on the disk.

In the present invention, 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—upi process is completed. For this reason, in the case when
repi‘oduction, recording or seek operation on the disk is carried
out, after the spin-up prbcess is completed, the present '
invention has an action capable of preventing an adverse effect
caused by the movement of the magnetic ball inside the
ring-shaped hollow éection during reproduction or the li}'ce 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
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- in the spin-up process, wherein the output signal and the like

of the optical p:l._d_l_c’up are not used. For tj:;is reason, the present

invention has an :_action capable of attain’ing a disk drive that

. requires no special time for the procef"'ss: of separating the

magnetic ball frém the magnet.

The ;i.ﬁxr;_ention in accordance with claim 3 of the
present invention relates to a disk drivé comprising:

"a disk, |

a balar.lcer' for movably accommodating one or plural
magnetic balls in its rii_lg—shaped hollow s_ection '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 rotafion 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 £rom the £irst rotation speed to a third rotation
speed higher than the second rotation speed, the third rotation
speed is changed to the second rotatioh speed, and

the magﬁefic 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 posi._i:ions on the external
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peripheral sidé;-'w.all of the ring-shap&d hollow section,
positions on the int.e'rnal peripheral side wall or is unstably.
moving inside the ring-shaped hollow section). It is also
assumed for example that the second rotation speed is higher
than the rotation speed £0 (Hz) at which the magnetic ball is
attracted by the magnet and is lower than the rotation sp.eed
fi (Hz) at which the magnetic ball separates from the magnet.
| In this case,. 1n the present invention, the rotation
speed is not directl_y chariéed from the first rotation speed to
the second rotation speed. The disk is rotated at the third
rotation speed once (_a'rotation speed not less than the rotation
speed £f1 (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 rotation speed of the .disk is then lowered to the second
rotation speed, and the ope_ration .is shifted to a target
operation, such as reproduction. or r_ecording on the disk.

As a result, the magnetic; ball securely positions on
the external peripheral side wall ?f 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
.prev.ented from occurring. '

When the rotation speed is changed from a low rotation
speed to a high rofation speed, the present invention has an

action capable of attaining a disk drive for stably performing
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reproduction, recording 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

. speed modes is shifted to a high rotation speed mode. In

addition, in a disk drive wherein the rotation speed of the disk
is lowered or the rotation of the disk is stopped in the case
when the optical pickup does not move from a track for a certain
time or more in _oi:der to save electric power, the present
invention is also effective when the power savingmode is s_hifted
to the ordinary disk reproduction mode.

"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 behavior and the

- 1like 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 speed 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 sepa‘rates Erom 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 maignetic ball

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

r_equirement of the present claim is satisfied.
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The invention ip accordance with claim 4 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 |

at least one electric circuit parameter adjustment
is carried out in a process wherein the magnetic bdll is separated.
from the .magne.t' 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 £rom the
magnet is carried out as an independent process. As a result,
the magnetic ball separation process can be séparated fro;n other -
processes. For this reason, the impact caused when the magnetic
‘ball collides with the sidé wall of the ring-shaped hollow
section is prevented. from being applied to the disk during
reproduction, recording or the adjustments of various
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
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in the present invention.’

'_ The invention in accordance with claim 5 of theé
preseht invention relates to a disk drive in accordance with
claim 4, wherein

the par;meter adjustments include laser power
adjustment or optical _pidkup' focus system adjustment.

Furthermore, by carrying out the magnetic ball

. separation process and laser power adjustment o;: optical pickup
focus ;system adjustment not affected by the collision and the
like of the magnetic ball in parallel, the waiting time of the
uéei' is prevented from increasing by the time of the magnetic |
ball separation process in the 'presenf invention.

The inv‘ention 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 and provided
with a magnet for aftracting the magnetic balls inside the
ring-shaped hollow section, and

‘an impact detection Section for detecting an impact
caused by the behavior of the magnetic ball.

In the présent invention, by detecting the impact
caused by the behavior of the mégnetic 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,
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‘positions on the iﬁternal peripheral side wall of the ring-
;shaped hollow section or is moving unstably inside the
ring-shaped hollow section).

For this reason ,- after the magnetic ball is securely
positioned on the external pe;;pheral side wall of the
ring-shaped h&llOW-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. |

In the ﬁresent 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 Ef the
‘positional information on the magnetic ball.

As a result, the'present inventipn has an action
capable of attaininé a disk dri%e 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 possible to set the timing of
-shift to recording 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.
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" The invention in accordance with claim 7 of the
present invention relates to a.disk drive comprising:

a disk,

a balancer for movably accdmmodating 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,

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 af the time of the detection of the
impact.

- In the présent invention, attention is paid to the
importance_bf'eliminating the effect of the movemenf 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 prevént the collision of the magnetic ball during
reproduction or the like on the disk on the basis of the
positional information on'the_magnetic nall.

-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 rntation speed of the disk at the

time when an impact is detected, it is possible to detect the
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rotation speed at which the magnetic ball separates from the
magnet and the rotation speed at which the magnetic ball is
attracted by the magnet.

Hence, it is possible to know the magnétic ball
separation rotation speed and the magnetic ball attraction
rotation speed for each disk drive. For this reason, 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'rotationlspeed 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 energy 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 sec.:tion for detecting the
rotation speed of the disk at the time of fhé detection of the
impact, wherein

the impact detection section-qetects the timing of

the separation of the magnetic ball from the magnet, and
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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 magnetic ball
frc_)m the magnet is detected by detecting the impact of the
magnetic ball.’ Hende, in the case when.the rotation speed of
the disk is raised from a lov} 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.’

As a result, it is possible to prevent the magnetic.

ball from causing collision during reproduction or the like on
the di.ék. The present.invéntion therefore has an action capable
of attaining a disk drive for s:tably carfying out reproduction,
recording or see_k.' operation on the disk.

Furthermore, in the present invention, it is possible
to detect the rotation speed at which the lpagnetic ball separates
from the magnet by detecting the rotation speed of the disk at
the timing of the separation.

Hence, it is po.ssible ':Eo know the Iﬁagnetic ball
.separation rotation speed for each disk drive. For this reasoﬂ .
after 1:1_1e magnetic ball is securely positioned on the external
peripheral side wall of the ririg-shaped hollow section by

raising the rotation speed to a necessary and sufficient
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rotation speed, it .:i.s_possible to start reproduction or the like
on the. disk. l

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

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

the :i.mr;act detection section detects the timin'g 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 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 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 speed of the disk
is lowered from é high speed to a low speed, 'it is possible to
know that the magnetic ball has moved on the internaln 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
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the disk. The present invention therefore has an action capable
of attaining a disk drive for stably carrying out reprocliuction._,
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.

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 internal

. peripheral side wall of .the ring-shaped hollow section by
lowering the rotation speed to a necessary and sufficient
rotation speed, it is possibie to start recording or the like
on the disk. - ' - |

The ,-p:resent invention thﬁs 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 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 detects an
impac‘t- on the basis of fhe output signal of the optical pickup.

The in\}ention in accordance; with claim 29 of the
present inventidn‘ relatés to a disk.drive in ac_cordance with

claim 8, wherein the imp"act,detection section detects an impact



WO 01/69600 PCT/JP01/01889

- 30 -
. on the baéis of the output signal of the optical. pickup.

- In the present invention, a component originally
provided in the disk drive is used as the impact detection
.section.

The present invention thus has an action capable of
attainipg an optical disk drive that ié inexpéﬁsive, simply

'configured and equipped with a balancer having an impact
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 impact detection section detects an impact
on the basis of the focus error signal or the-tracking error
signal of the optical pickup.

The invention in accordance with claim 30 of the
present invention relates to a disk drive in accordance with
claim 29, wherein the-imﬁact aetection section detects an imp_é.c_:t
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 electric
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



© WO 01/69600 PCT/IP01/01889

- 31 -
present invention relates to a disk drive in accordance with
claim 7 or 9, wherein the impact detection section is a
plezoelectric ceramic sensor.

The'invention in accordance with claim 31 of the
present invention relates to a disk drive in accordance with
claim 8, wherein the_impact detection section is a piezoelectric
ceramic sensor.

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

The-pﬁeéeﬁt invention thus has an action capable 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 i:nvention relates to a disk drive comprising:

a disk, |

a balancer for movably accommodating one or plural
magnetic balls in :i‘.ts ring-shaped hollow section and provided
with a magnet for attracting the magnetic balls inside the

ring-shaped hollow section, wherein
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- in the case when the rotation speed of the disk is

changed from a first rotation speed to a second rotation speed
lower than the first rotatioﬁ speed, |

the above-mentioned case includes a case wherein
after the rotation speed is lowered from the first rotation speed
to a third rotation speed lower than the second rotation speed,

- the 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 assumed for example that the position of the
magneiic 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 hollow 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_ti’on speed is higher ‘than the rotation speed
£0 (Hz) &at which the magnetic ball is attracfed by the magnet
and is lower than the rotation speed £1 (Hz) at which the magnetic
ball separates from fhe magnet. '

In this case, in the present invention, the rotation

- 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
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.magnet) in order to securely position the magnetic ball on the
internal peripheral side wall of the ring-shaped hollow section
(the external periphery of the magnet). 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 magn.etic ball securely positions on
the internal pefipheral side wall of the ring-shaped hollow
sectiog at the second rotation speed. Any disturbance that is
causéd for example when the magnetic ball suddenly collides with

“the side wall in the middle of recc:rding or the like is prevented
-from occurring.

' When the rotation speed is changed from a high
rotation speed to a lbw:rotatiqn speed, the present invention
has an action capable of attaining a disk drive for stably
performing reproduction, recording or seek operation on the disk

-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 magr;etic ball is monitored, for example, in tl;e case
when the disk rotation speed is lowered from the £irst rotation
9peed 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
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be included in the technical scope of the present invention.
The rotation speed at which the magnetic ball is
. attracted by the magnet is the third rotation speed. At the
third rotation speed, the condition that the magnétic ball is
attracted by the magnet is-satisfied. As a result, the
requirement of the presenf 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 accommgdating one or plural
magnetic balls in its ring-shaped hollow section and provided
with a magnet for-attracting'the magnetic ballé inside the
.ring-shaped hollow section, wherein

in the case when reproduction or recording is carried
out continuously in a region_' 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'isf
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 case wherein the rotation speed
.'of the disk is set at the attraction rotation speed or less before.

reproduction or recording:
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In the case when the maximum value of the disk rotation

speed in a desired region for recording or the like is lower

than the separation rotation speed at which the magnetic ball
separates from the. mag.net and higher than the 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, the
present invention has a case wherein the spindle motor is
controlled so that the disk.rotation speed becomes the
attractioh roj;ation speed or lés;s 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 of: the like in the region.
For this reason, any disturbance that is caused for exémple 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,_if is not necessary to lower the rotj.ation
speed of the spindle motor to the attraction rotation speed or

less. The meaning of “the expression "the present invention
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includes the case wherein the rotation speed is set at the
attraction rotation speed or less” is used in consideration of
this case.

The invention in accordance with claim 15 of the
-presenf invention relates to a disk drive in accordance with
claim 14, wherein

the relationship expression of £0 X {(the rotation
séeed at the innermost periphery) / (the rotation speed at the
outermost periphery) } < £1 is established, wherein f1 designates
the rotation speed at which the magnetic ball separates and f0
-designates the rotation speed at which the magnetic ball is
attracted.

In the presen't in_ven_tion, 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 speed
-@uring recording, reproduction or the like.. 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.
intefnal peripheral side wall thereof (a state wherein the
magnetic ball is attracted by the magnet) at the linear speed.

Even if recording (or reproduction or the like) is
:car;ied out-continupusiy 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).-
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'-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.

The invention in-accordance with claim 16 of the
present invention relates to a disk drive in accordance with
claim 14 or 15, comprising:

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
rotation speed of the disk at the time of the detection of the
iﬁpact; wherein )

the impact detection section detects the timing of
the separation of . the magnétic ball from the magnét, and the
rotation speed detection section detects the rotation speed of
-the disk at.phe~timing of the separation, and

" the impact detection séction detects the'timing of

 the attract;on of the magnetic ball by the ﬁagnet, 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 thé 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
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the disk is raised to a .low speed to a high speed and in the
case when the rotation 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 external or internal peripheral side wall
of the ring-shaped hollow section by detecting the timing of
the separation and the timing of the aftraction.

By securely detecting the two stable positions of the
' magnetic ball inside the ring-shaped hol_low.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 action capable of attaining
a disk drive for stably carrying out reproduction, recording
or seek operation on the disk.
furthermore, it is possible to detect the rotation
speed at which the magnetig ball séparates from the magnet and
theirotation_speed at which the magnetic ball ié attracted by
the magnet by detecting the rotation speed of -the diék.ét 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 thié reason, after the
magnetic ball is securely positioned on the external 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
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or the like on the disk.

The present invention thus has an action capable df
attaining a disk drive wherein fhe magnetic ball is separated

" from 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.

Sinqe it is possible to set an appropriate magnetic
ball separation rotation speed-and an appropriate magnetic ball
‘attraction rotation speed, not affected by the var_iation 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 17 of the

" present invention relates to a diék 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 hollow section, énd |

a behavior detection section for detecting the
behavior of the magnetic ball.

In thé'éresent 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 possible to know
the position of the magnetic ball inside thé ring-shaped hollow
section more accurately.

- In accordance with the present invention, it is
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‘possible to prevent the magnetic 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 moved to the -external or internal peripheral side wall
of the ring-shaped hollow seétion.

In addition, in the present invention, it is possible
to carxry 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 opfimum balance
position. -

The present invention thus has an action capable of
attaining a disk drive for stably carrying out reproduction,
recprding or seek éperation'on the disk.

The invention in accordance with claim 18 of the’
present invention felates 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
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possible to prevent the magnetic ball from causing collision
during recording or the like on the disk by startiﬁg recording
-or the like on the disk after the magnetic ball is detected to
have moved to the external or internal peripheral side wall of
the ring-shaped hollow-seption.

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 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—gatherinj Qection.

- 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 lens.

I'The invention in accordance with claim 20 of the
present invention rélates'to a disk drive in accordance with
claim 17, wherein

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

the behavior detection section is an electrostatic
capacitance type sensor. |

The material of the ring-shaped hollow section' 4 can
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thus Be selected from a wider range of materials. Furthermore,
by using the electrostatic capacitance type sensor, which is
generally high in sensitivity, it is possible to obtain higher
accuracy in the behavior detection of the magnetic ball.

The invention in accordance with claim 21 of the
present invention relates to a disk drive in accordancg with
claim 17, wherein |

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

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

‘The present inv_e_ntion 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 or still moving. . .

The invention in accordance with claim 22 of the
present invention relates to a 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.



- ‘WO 01/69600 ) PCT/IP01/01889

- 43 -

The iﬁvention thus has an action 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.
| The invention in accordance with claim 23 of the
present invention relates to a disk drive in accordance with
claim 17, wherein

'a determination is made as-t6 whether the magnetié
‘ball is rolling along the external'peripherai face of the
ring-shaped hollow section or not by comparing the period 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 spéed qf the disk,

another determination is made as to whether the

magnetic ball haé been attracted by the magnet or not on the
basis of the output signal of the behavior detection signal,
and -

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

In the present inveﬁtiqn, it is possible to start
recording and réproduction-after securely detecting that the
magnetic ball has been attracted by the magnet or 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
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reproduction, recording or seek operation on the disk.

The invention in accordance with claim 24 of the
present invention relates to a disk drive in accordance with
claim 1, 3, 4 or 17, further comprising:’ |

a behavior detection section for detecting the
behavior of the magnetic ball, and

a rotation speed detection section for detecting the
rotation speed of the disk, wherein

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

-the rotation speed detection section dgtects 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 :i;nside the ring-shaped hollow section on the disk
drive, and thé timing of the separation of the magnetic ball
from the magnet is detected by detécfing the behavior of the
magnetic ball. Hence, in the case when the rotation speed of
the disk is raised fror.n 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 is possible to prevent the magnetic ball from causing-

collision during reproduction or the like on the disk. The
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present invention therefore has an action capable of attaining
a disk drive for stably carrying out reproduction, recordiﬁg
or seek operation on the disk. -

Furthermore, it is possible to detect the rotation
speed.at which the magnetic ball separates from the magnet by

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

Hence, it is possible t§ know the magnetic ball
separation rotation speed for each disk drive. For this reason,
after the magnetic ball is securely positioned on the external
peripher;l side wall of the ring-shapéd hollow section by
raising the rotation speed to a necessary and sufficient
rotation speed, it is possible to start recording or the like
on fhe disk.

The present invenfion thus has an action capable of
attaining a disk dfive whereiﬁ the magnetic ball is'separated
from the magnet by using the minimum time and energy. ané 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 gpeed, not affected by the variation
in the magnetic attraction force exerted between the magnet and
the magnetic-ball-froﬁ 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
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claim 17, further comprising:
a rotation speed'detection section, wherein
the behavior 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 fhe attraction.
In the present invention, attention is paid to the
importance of eliminating the effect of the movement of the
magnetic bdall insi;ie the ring-sl'iéped 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
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;shapea hollow section, it is possible to
prevent the magnetic ball £rom 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 ;otation
speed at which the magnetic ball is attracted by the magnet by

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



WO 01/69600 PCT/IP01/01889

- 47 -
attraction.

Hence, it -?.s 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 internal
peripheral side wall of the ring- shaped hollow sectior; bj
lowering the i:otation 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 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 then
reproduction, recording or ;.seek 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.

| The invention in accordance with claim 26 of the
- pr'e;e;ri: invention relates to a disk drive in accordance with
claim 2_4., wherein

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 the timiﬁg of the separation,

the behavior detection section detects the timing of
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th_e. attraction of the magnetic ball by the magnet, and
_ | the rotation speed detection section detects tile
rotation speed of the disk at the timing of the attraction.
In the present ir_lvent_ion, attention is paid to the
importance of elimin_ating the effect of the movement of the
magnetic ball inside the ring-shaped hollow section on the disk
_drive, and the timing of the sep.a:.r_ation of :l:he magnetic ball
from the magnet and the tiining of the attracti_on of the magnetic
ball_ by t_he magnet are d_.et_e__cted by detecting the behavior of
the magnetic ball. Hence,.in the case when the rotation speed
of_ th_e di..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 sﬁeed to a lowspeed, it is pos_sible to ];:now that the magnetic
ball h_as-r_noved on the external or internal peripheral side wall
of the _ring-shaped hollow section by detegt_ing the timing of
' the separation and the timing of the attraction, respectively.
_ By securely detecting the two stable positions of the
__magneti_c ball inside the ringfshapgd _hollow section, it is
_pos_sibl_e. tq _prevént the magn_etic ba_ll from causing gollisipn
duri_n_g reproduction or thel_ __]_.ike on the disk. 'fhe present
invention therefore has ~a;1 action capable of attaining a disk
drive for éta.bly carrying out reprodu_.ction, recording or seek
operation on the disk.’
Furthermore, it is possible to detect the rotation
speed at ‘which the magnetic ball separates frbm the magnet.and

the rotation speed at which the magnetic ball is attracted by
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the magnet by detectin§ the rotation speed of the disk at the
timing of the Sebaration and by detecting the rotation speed
of the disk at the timing of the attraction, respectively.-

Hence, it is possible' to know the magnetic ball
séparation rotation speed and the magnetic ball attraction
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 likg on the disk.

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

. Since it is possible to set an appropriate magnetic
ball separation rotation speed and an appropriate magnetic ball
-attractién rota:f;i.'on speed, noi_: affected by the variation in the
maénetic-attfaction”force exerted between the magnet and the
magnetic ball from one disk drive to another, mofe stable control
can be attained.

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

a disk,
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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, '

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 spg_ed, thé 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 .

a step for lowerihg the rotation speed £from the thj.rd
rotation spee& to the second rotation speed, wherein

the magnetic ball 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 _the second
rotation épe'ed. The disk is rotéted at the third rotation speed
once (a rotation speed not less than the rotation speed £1 (Hz)
at which the magnetic ball separates from the magnet) in order‘
to securely. pos:i;tion the magnetic ball on the external
peripheral side wall of tﬁe ring-sl}aped hollow section. The
rotation speed of the disk is then lowered to the second rotation
speed, and the operation is shifted to a taz_'get operation, such
as reproduction or recording on the disk.

As a result, the magnetic ball securely positions on
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the external peripheral side wall of the ring-shaped hollow
section at the second ;t‘otation speed. ' Any disturbance that is
caused for examplé 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 capablé 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 sﬁeed to the second rotation speed higher than
the 'first rotation speed, the firs:t 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 w.herein-- the first rotation speed is changed to the secohd
rotation Sl;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 magnétic ball has already positioned securely
on the external'peripheral side wall of the r_ing-shaped hollow
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
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‘inside the ring-shaped hollow section, it is. possible to
securely position the magnetic ball on the external peripheral
side wall of the ring-shaped _hollow section by virtue of the
present invention.

The invention in accordance with claim 28 of the
present invention relates to a method for contro_liing a disk
drive comprising: |

a disk,

a balancer for movably accommodati.ng one or plural
magnetic balls in its ring-shaped hollow section and provided
with a fnagnet for attracting the magnetic balls inside the
ring-shaped hollow éection,

' in the case when the rotation speed of the disk is
‘changed from a first rotation speed to a second rotation speed
lower than the first 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;':ond
-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 rotation 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)
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at which the magnetic ball is attracted by the magnet) in order
to securely positioil the magnetic ball on the internal
peripheral side wall of the ring-shaped hollow section (the
external periphery of the magnet). ‘The rotation speed of the
disk is then raised to the second rotation speed, and the
operation is shifted to a target operation, s!uch as reproduction -
or recording on 1;he disk.

.As a result, the magrietic ball securely positions on
the internal peripheral side wall of the ring-shaped hollow
sectic;n 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 recording or the like is prevented
from odcurriﬁg. .

When -thé rotation speed is changed f_rom a high
rot—afion speed fo a low rotatioh speed, the present invention
has an action cépable 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 featu_res of the invéntion are set
forth particularly in the appended claims, the invention, both
as t6 ‘organization and content, will be better understood and

appreciated, along with other objects and features thereof, from

" the following detailed description taken in conjunction with

the drawings.:

BRIEF DESCRIPTION OF DRAWINGS
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FIG. 1.is a flowchart of a spin-up process for a disk _
drive in accordance -with a first embodiment of. the present
j.nventioﬁ; -

FIG. 2 is a flowchart of a speed switching process
for a disk drive in accordance with a second embodiment of the
present invention; .

. FIG. 3 is a flowchart of a spin-up process for a disk
drive in accordance with a third embodiment of the present
invention;

FIG. 4 is a flowchart of a.process of measuring the -
magnetic ball separation rotation speed and magnetic ball
attr:'action 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 in 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 signél
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 shoyvs actual waveforms of a tracking error

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

:
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ball separation rotation speed of the disk drive in accordance
with the fourth embodiment of.the present invention;

FIG. 9 is é side seqtional view showing the
configuratién of the balancer of the disk drive in accordance
with the fourth embodiment of the present invention;

FIG. 10 is a flowchart relating to the recording and
reproduction of a disk drive in accordance with a fifth
embodiment of the .preéent “invention;

FIG. 11 is an actual waveform diagram showing error
signals .&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 seek op'eration_ 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. 13 is a side sectional view showing the balancer
of- the disk drive in accordance with the f£ifth en_lbodimeht of
the present invention, wherein the magnetic balls thereof are
attracted;

FIG. 14 :i.s- a ta:ble.indicating the reproduction and
recording speeds and the ranges of the disk rotatiop speeds in
the Ci.V mode of a disk drive in accordance with a sixth embodiment
of the present invention;

FIGS. 15A and 15B are views showing the relationship

between the centrifugal force and the magnetic attraction force
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applied to the magnetic ball in accordénce with the sixth
embodiment of the present invention;

.FIG. 16 is a graph showing the relationship between
the magnetic attraction _force and the centrifugal force in_
accordance with the sixth emnodiment of the present invention;

FIG. 17 _is a flowchaft relating to the recording and
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
é seventh embodiment of _the present invention:;

FIGS. 19A and 19B are views showing the positional
relationsnip between the m_agnétic ball and a photosensor inside
the balancer in accordance with the seventh embodiment of the
present invention;

FIG. 20 is a block diagram relating to the signal
__pz::ocess of the photosensor of the disk drive in accordance with
~the seventh enlbodiment of the present invention; |

FIGS. 21A to 21D are graphs showing the output signal
of the p_I_lotosensor and the FG signal of the disk drive in
accordance with the seventh embodiment of the present invention;

FIG. 22A is a detailed éectional view showing ‘the
clampe:_: of the disk drive in accordance with the seventh
embodiment of the present invention, and FIG. 22B is a plain
view o_f_ the clamper;

FIG. 23 is a flowchari: relating to the recording of
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the disk drive in accordance with the sixth embodiment of the
present invention; - .

lFIGS . 24A'to 24D are graphs showing the output signal
of the ph'otosensc;r; and 1;he FG signal of the d;sk drive in
accordance with the seventh embodiment of the present invention;

FIG. 25 is a flowchart relating to the recordj;ng 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
maghetic ball separation rotation speed and magnetic ball
attractiqn rotation speed of a disk drive in accordance with
the eighth embodiment of the present invention; .

| FIGS. 27A to 27D are graphs showing the output signal
of the photosensor and the FG signal of the disk drive in
accordance with the eighth embodiment of the present invention;

FIG. 28 is a schematic perspeqtivg view showing a disk
drive in accordance with the conventional example and the
presen.t invention;

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

FIG. 30 is a side sectional -viev; showing the
configuration of another balancer of the disk drive in
accordance with the conventional example and the present
invention; and

FIG. 31 is a flowchart of the spin-up process at the
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start of the conventional disk drive.
It will be recognized that some or all of the Figures
are schematic represe.ntations for purposes of illustration and
do not necessarily depict the actual relative sizes or locations

of the elements shown.

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 f£lowchart 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 view:
showing the disk 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, a
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spin-up process starts. .

" At step F101, the predefermined parameters of ASP and
bSP are first set at initial values as initial sgtting. Tﬁe
initial values are data obtained when power calibration is
carried out at the spin-up process of thg last time. The data
has been stored in the nonvolatile memory of the disk drive.

The output of a laser for reproduction can be 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 méves to. the internal
peripheral side of the disk 5. At this stage, the optical pickup
has nof.yet read positional information recorded on the disk.

Next, at step F102, determinations are made as to

_ whether the disk 5 is present or 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 ihténsity 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 rotation speed attained

depending on the inertia of the disk 5 at that time.
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Conventionally, automatic adjustments for setting
- the parameters of ASP and DSP are carried out next. In the
present invention, however, a magnetic ball separation process
step F103, a feature of the present invention, i; carried out
- here.
At step F103, a centrifugal force is generated by
.rotating th_e disk at a rotation speed higher thari a predetermined
. speed. As a resuit, 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
aoffsets and gains, balances and the like, are-adjusted and
corrected, for exémple. .The adjustments of the electric
circuits are completed for the first time by fhis step. As a
‘result, information recorded, on the disk 5 can be read, and
information can be recorded on the disk 5-:

‘ At the next step F105, the laser light of the optical
pickup 15 is emitted to the disk 5, and the light reflected by
the disk 5 is 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 rotéted

synchronously, whereby it is possible to control the spindle
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motor 2 in ‘synchronization with the.- disk 5. The disk is thus
rotated at a bredetermined rotation speed.
" At the next step F107, the optical pickup reads

positional information recorded on the disk, and the optical

pickup carries out seek operation to gain access to the TOC

information position on the disk 5.

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
of tile user.

The magnetic ball separation process (F103), a
feature of the present invention, .will be deécribed here.

Ih 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 6 from
the magnet 8 by using~ the centrifugal force generated by the
rotation of the disk.

The Hall device 11 mounted neaf the rotor magnet 19
of the spindle mott?r 2 detects the rotation of the spindle mo.tor
2, and outputs a frequency generation signal (an FG signal) J:.n
proportion to the rotation speeél. The disk drive controls the

spindle motor 2 on the basis of the FG signal so that the rotation
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speed of the disk becomes a predetermined rotation speed.

.The FG signal can take any value if it is an integral
multiple of the rotation speed. -However, in this embodiment (as
well as other embodiments), the Hall device outputs one pulse
for one disk rotation. Accordingly, in this embodiment, the
frequency of the FG signal coincides with the .rotation speed
of the disk. Although the fJ;equency of the FG signal and the
rotation épeed- of the disk are used in the following descriptions,
the values of both are coincident with each other .at all times.

The detailed flow of the magnetic ball separation
process .st_ep 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 target 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. T-he-rotation speed of the FG sigzial = 80 Hz‘
generates a centrifugal force sufficient to separate the
-magnetic balls 1 from the magnet 8 and tomove them to the external
peripheral side wall of th; ring- sﬁaped 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 the FG signal
= 40 Hz, i.e., a final‘ target.

At steps F109 to F111, the rotation speed of the
spindle motor is raised to a rotation speed at which the magnetic
balls 1 separate from the magnet 8 (FG signal = 80 Hz in FIG.

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

L]
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balls 1 from the 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 Flll, a current is flown to the
driver. IC of the spindle motor to carry out c_'.ontrol so that thg
frequency of the FG signal of the spindle motor becomes 80 Hz
+ 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 finally reaches 80 Hz =k 3 Hz.'

When the frequency of _the FG .signal is 80 Hz, the
centrifugal force applied to the magnetic ba..11 1 becomes larger
than the attraction force of the magnet 8, and the magnetic ball
1 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
;i.s lo_wered ‘extremely to the extent that 'the centrifugal force
becomes insufficient.

‘Next, the sequence advances to steps from step F112
to F114. 

At step F112 to Fll4, in order to carry out the

automatic 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.
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At step F112, the target rotation speed of the disk
drive is set at the FG signal = 40 Hz. |

At steps F113 and Fl1l4, control is carried out to
reduce the current £lowing through the driv_ér IC of the spindle
motor so that the frequency of tﬁe FG signal of the spindle motor
becomes 40 Hz = 3 Hz. As a result, the rotatipn speed of the
spindle motor 2 is lowered gradually, and the frequency of the
“FG signal of the spindle motor finally becomes 40 Hz T 3 Hz.

Although the above descriptions are based on.thé'
configuration of the balancer shown in FIG. 29 in accordance
with this embod;ment,-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
accompanying 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:
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stop -state) of the disk drive is changed to a higher rotation
speed.

Generally, in the disk drive, if iﬁformation is not
read or written on the disk 5 for a long period of time, the
rotation speed of the aisk is lowered or tlie disk is stopped
to reduce power consumption.

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

fn a case, the current rotation speed of the disk is
low to the éxtent that the magnetic ball 1 ié attracted by the
magnet 8, and the magnetic ball 1 separated from the magnet 8
by the spin-up précess at the start has been attrécted again
by the magnet 8.  01:' in another _casé, it is unknown whether the
magnetic "pall has been c';zttracted -by the magnet 8, the magnetic
ball has been separated from'the magnet and positioned on the
external peripheral side wall 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. .

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
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speed (FG signal = 80 Hz in the embodiment 2) higher than the
target rotation speed. At the higher rotation speed, the
magnetic ball 1 separates from the magnét and positions on the
external peri];;heral side wall of the ring-shaped hollow section.

The higher rotation speed gf 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.

While the disk drive carries 6ut reproduction or the
like, it is preferable ‘that the rotationm speed of the disk does
not lower to the extent that the magnetic ball 1 is attracted
again by the magnef. ‘This matter will be detailed in the
descriptions of other embodiments.

The flowchart of FIG. 2 will be described ﬁelow.

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

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

If £ = £0 is established, the magnetic ball

separation process step F202 is carried out. At the magnetic
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ball separation process step F202, the spindle motor 2 is
controlled so that the disk rotation speed is the FG signal =
' .80 Hz, whereby the magnetic ball 1 is separated from the magnet
§.
Step F202 comprises steps F205, F206 and F207.
Eirst, at step F205, the FG signal (f) = 80 Hz is set
as a t;rget rotation speed.
At steps F206 and F207, the drive current of the
" spindle motor 1s 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 from.
the métgnet and positioned on the external peripheral side wall
.of the ring-shapedlhollow section. .
This completes fhe magnet.:i.c ba;.l separation process.
step F202. .
| At the next step F203, optical.pickqp focus servo is
made effective. ' .
| 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 magne{:ic ball separation process step 5;202 should

preferably be carried out even in the case when it is unknown
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whether the magnetic ball has been attracted by the magnet 8,
the magnetic ball has been separated from the magnet and
positioned on the external peripheral side wall of the
ring-shaped hollow éection, or the magnetic ball is moving
_unéfably ipside‘the ring-shaped hollow section.

In the case when the currenf disk rotation speed £
or the £arget rotation speed is higher than the magnetic ball
separation rotation speed f1, 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 tye magnet by rotating
the disk at the target rotation speed. For this reason, the
current disk rotation speed £ is directly changed to the target
rotation speed without carrying out the magnetic ball separation
‘process step F202.

The magnetic ball attraction rotation speed £0 (Hz)
is determined on the basis of the parameters, such as the mass
of the'magnetic balll ,' the magnetic flux deﬂsity and the outside
diameter of the magnet 8 and the outside diameter of the

;ring-shaped hollow secéion‘4.

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

With the ébove-mentioned cqnfiguration and process,
the magnetic ball 1 can be-separated_frém the magnet 8 of the
clamper 6 in a state wherein the automatic adjustments of the
variousparametersarenotyetcarriedoutandtheopticalpickup

15 is not yet controlled.
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Furthermore, even when the magnetic ball 1 is re-
attracted by -épee'd change or the like, the magnetic ball
separation process can be carried out in the state wheréin the
optical pickup 15 is not yet controlled. For this reason, no
impact is applied to ‘the disk, and stable reprodu'ction and
recordin§ can be attained in a state wherein optical pickup focus
servo or tracking servo is m_ade effeci.:ive.

' Although the above descript’;i.ons are based on the'

- configuration of the b'alan_cer shown in FIG. 29 in aécordance
with this embodiment, the same effect can also be obtained by
the configuration shown in FIG. 30.
<Embodiment 3)>
<Exp1anai:_ion of_ FI;é. 3>

' FIG. 3 is a £lowchart of a spin-up process é.t 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.licrocompute'r.

The steps of this embodiment are nearly similar to
those of the first embodiment, except for a magnetic ball
separation prc).cess' step F303 and an automatic parameter
adjustment step f30'4. The explanations of the steps other than
these two steps ére 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
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magnetic ball is securely separated from the magnet and
positioned on the external peripheral side waii of the
ring-shaped hollow section, just as with the magnetic ball
separation process step F103 shown in FIG. 1.
. ' However, since the number of turns of the motor
winding for the high-speed spindle motor 2 is generally reduced
to l.ower its electromotive force, ii;‘s maximum genération torque
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 timefreQuired to iaise the rotation
speed of the spindle motor 2 having a generation torgue 'of about
40'§cm from its stop state to 80 Hz is about 3 to 4 seconds.

ﬁuring this time, the user cannot do anything. For
this reason, by carrying out the magﬁetic 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.
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As a result, the increase in the process time of the
entire spin-up process due to the addition of the magnetic ball
separation process time is prevented by taking this measure.

. The magnetic ball separation process step F303 shown
in FIG. 3 will be described below.

At step.F309 . the target rotation speed, 80 Hz, higher
than the final target rotafioﬁ speed (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 throujh the driver
IC of the spindle motor and the spihdlef motor is driven so that

- 1ts rotation speed becomes the target rotation speed.
. Until the rotation speed of the disk 5 reaches 80 Hz
(at step '314) while taking the above-mentioned passage of time ,.
th.e magnefic ball 1 collides with the external peripheral side
wall of thé ring-shaped hollow section 4 (at the moment when
the magnetic ball separatiop.rotation speed is reached, the
magnetic ball is separated'from thé.magnet and collides with
the external peripheral side wa.Lll) , and electrical édjustments
are carried out which a;e.ﬁot 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 powér control is carried out
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at step F311.

- The electrical offset of the focus error of the
optical pi’ckﬁp 15 £from a reference voltage is adjusted at the
next step F312.

At the next step F313, the focus gain of the optical
pickup 15 is adjusted so that the range of the focus voltage
6f 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. If the electrical adjustments at

steps F310 to F313 have not been finished, the sequence returns

from step F315 to step F31l1l.

5 it'hese parameter adjustment process (F311 toF313) and
the process (F310, F314 and F315) for raising the rotatic;n speed
of the disk 5 to 80 Hz are cérried 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 c;f the first embodiment.

In the disk drive in accordance with the third -

embodiment, the rotation speed of the disk:is lowéred from 80
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Hz -to the final rotation speed of 40 Hz.

With the above-mentioned configuration and processes,
the automatic adjustments of some garameters that are not
affected by the movement of the magnetic ball can be carried
out during the process of- separating the magnetic ball 1 from
the magnet 8. This can reduce the start time of the disk drive.

The laser power calibration, focus offset and focus
gain adjustments are carried out in this embodiment. However,
Iit 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 pﬁrameter adjustment items
as necessary depending on the configuration of the disk drive.
<Embodiment 4> | |

FIG. 4 to FIG. 9 show a fourth embodiment.

The disk drive of the present invention includes a
microcomputer and carries out the process _6:E the flowchart shown
in FIG. 5 by using the m;l.crocomputer.
<Explanation of FIG. 4)>

FIG. 4 shov}s' a process of measuring the 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
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shipment).
First, a1; step F401, the spindle motor 2 is controlled
.so that the disk 5 rotates at a low rotation speed (10 Hz). At
this rotation speed, the magnetic b&ll 1l is attracted by the
magnet 8. .

" Next, at step F402, the automatic adjustments of the
various parameters of ASP and DSP are carried Qut 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 anothér.~

Next, at step F403, only the focus servo for the
optical pickup is made effeEtive. 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 céntrifpgal
force applied to the magnetic ball increases gradually and
eventually becomes iarger 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 sectidn 4. |
At step F405, the impact caused at the time when the
magnetic ball collides with.the external peripheral side wall
- is detected bf a focus error signal, i.e., a signal generated

by the optical pickup 15, as described later.
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After the impact is detected, the current for the

spindle motor is fixed at the current fZ_Lowing at the moment of
the detection at step F406.

- Next, at stgp F407, a frequency generation signal
(hereafter referred to as an FG signal) obtained from the Hall
device 11 disposed néa:; the spindle motor 2 is measured to aetect
‘the rotation speed of the disk at the time.

Nexf, at step F408, the detected disk rotation speed
is stored in the memory.
{Explanation of FIG. 6>
' FIG. 6 is a waveform diagram showing an Fé signal 61
and_ a focus error gignal 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 maghetic ball
g separates from the magnet and collides- with the external

periphéral 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 th_e focus error signal’
and its threshold value Vsh shown in FIG. 6 as input signals.
The comparison operator outputs a binary signal (0 or 1). The

first risihg or falling edge of the output signal (binary signal)
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of the comparison operator corresponds to the time when an impact
is applied.

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 61 by using a clock signal having a
frequency sufficiently higher' than that of the FG signal. «&
in FIG. 6 désignate's a rotation }:Seriod.

At the above-mentioned step F408, this rotation

_period ¢ is directly stored, or a vr:'llue 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'inhérent in the disk drive can be stored as data.
{Continued explanation of FIG. 4>

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

At step F409, a gradually decreasing current is

- £lowed to the spindle motor 2, thereby to gradually lower the
rotation speéd of the disk.

While the rotation _spéed .is being lowered, the
centrifugal force applied to the magnétic ball 1 decreases

. gradually, and fhe magnetic ball 1 cannot_ stay on the external

. peripheral side wall in the end. At the moment, the magnetic
ball 1 separates from the external peripherél side wall and is
attracted by the magnet 8.

At step F410, the impact caused at the time when the -
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magnetic ball collides with the magnet is detected by the focus
error signal, i.e., a signa'l generated by the optical pickup
15, as described later.

After the impact is detected, the current for the
spindle motor is fiwxed at the current flowing at the time of
the detection at step F41l.

: Nextf, at step F412, the frequency generation signal
(hereafter referred to as an FG signal) obtained from the Hall
device 11 disposed ne'ai' the spindle mbtor 2 is measured to detect
the rofation spee’d' of the disk at _the time.

_ Next, at step F413, the detected rotation speed of
the disk is stored in the memory.
<E2planaticn of FIG. 7>

FIG. 7 is a waveform diagram showing an FG signal 71
énd a focus error signal 72 'including an impact application
portion 73 at the time when thé magnetic ball 1 of an actual.
disk drive is attracted by thé mag‘net 8. - In FIG. 7, the abscissa
represents time, and lthe ordinate represents voltage.' The
impéct caused. at the time when the magn_etic ball is attracted
is transmitted to the d'isk 5 and the actﬁator of the optical
pickup 15, and appéars asa disturbanc_e in the focus error 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
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first rising or falling edge of the output signal (binary signal)
of the comparison operator cbrresponds to the time when an impact
is applied.

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 71 by using a clock signal hévin§ a

. 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 conyerting
the rotation period into a frequenby or arotation 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 data..

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:plgnt production'ofhthe disk drive..

A disk drive in ;cqordance 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
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the flowchart shown in FIG. 4 to measure the magnetic ball
separation and attraction rotation speed by using a built-in
microcomputer.
<.Explanation of FIG. 5>

FIG. 5is a flowchart of a spin-up process for a disk
drive wherein the magnetic ball separation and attraction
rotation speeds are stored by -'using the steps of FIG. 4.

FIG. 5 is 'Ehe same as FIG. 1 except for steps F509
and 1;‘511 included in the magnetic ball separation process step
F503.

In the spin-up process of FIG. 1, at step F109, a .
rotation s'pieed suffic:ient' to separate the magnetic ball -from
the magnet, £ = 80 Hz, is set as a 'targef rotation speed in order
to separate the m'ag'ne‘tic ball. At step F1lll, a check is made

as to whether the rotation speed of the disk has reached the

value of 80 Hz or not.

IIl‘he embodiment of FIG. 5 uses the magnetic ball

separation rotation speed (frequency) stored in the memory. At

‘'step F509, the maximum rotation period data @ (minimum rotation

speed) required for separating the magnetic ball £rom the magnet
is reaﬁ from the memory, and the data ¢ is set as a t‘arget
rotation period data. The ro’tation‘ pe:;'iod 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
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‘rotation period of the disk coincides with ¢ or not. When the
rotation period of the disk reaches ¢, the magnetic ball
separates from the magnet, and the sequence advances to the next
step F512.

In another embodiment, the target rotation period
(a) at step F509-and the comparison value (@) at the rotation
period check step F511 are set at ¢ minus a certain numerical
value (or @ multipiied by a certain positive value smaller than
1). Since @ is the required maximum value and has no margin,
the value is made smaller to eliminate the féar Sf a problem
wherein the hagnetic ball does not sepafate frém the magnet
"because of slight environmental changes and the like
{Explanation of FIG. 8)

Furthermore, the-trackiﬁg error signal can also be
used as an impact application detection signal, just as in the
case when the above—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 ffom the magnet and collides with the external |
peripheral side wall of the ring-shaped hollow section is
transmitted to the disk 5 and the actuator of. the optical pickup

15. As a resuli:, the impact appears as a disturbance in the .
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'tracking error signal as designa-ted by 84 in FIG. 8.

The impact detection section of this embodiment
comprises a comparison operator that uses the tracking error

signal and its threshold value Vsh shown in FIG. 8 as input

" signals. The comparison operator outputs a binary signal (0 or

1). The first rising or falling edge of the output signal
(binary signal) of the comparison operator corresponds to the
time when an impact is épélied.-

The diék 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-mentioned step F408, this rotation

peridd ¢ 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 magnetic ball separation rotation
speed inhereﬁt in the disk érive can be stored as data.

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

Furthermore, the measurement of the magnetic ball
attraction rotation'speed bj 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
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the focus follow-up control is carried out for the optical pickup
follow-up control (F401) shown in FIG. 4. .

In the case when the impact of the collision of the
magnetic ball is detected by tising the tracking error signal,
the focus follow-up control and the tracking follow-up control
are -required for the above-mentioned follow-up c-:ontrol.
<Explanation of FIG. 9> |

' 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 ceramid
impact sens.or 20.detects the transmitted component of the impact.
By .th:i.’s detection, the separation rotation speed and the
attraction ,rotai_:ion speed can be measured just as in the case
of the impact detection by using the above-mentioned focus error
signal and tracking error signal. Since the Qetection signal
and process are thé same aé those described above, their
explanations are omitted.

With the above-—ment.jione_d 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
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8 and which differs among disk drives. As a result, the magnetic
ball 1 can be separated from the magnet 8 at a rotation speed
appropriate. for each disk drive.

In these cases of impact deteéction, the magnetic ball
separation speed and the magnetic i:'all attraction speed usually
have small variations in the same type of disk drives. Only one
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 measured separation rotation speed by about
several tens of percentage in order to have a mafgin relating
to magnefic ball separation.

An embodiment wherein the automatic adjustments of
some parameters are carried out during the magnetic ball
separation process ia not described in the spin-up process of

- FIG. 5. However, the automatic adjustments of some parameters
may be carried out during the nlagnetic ball separation process,
just as in the-case'of the second embodiment.

Furtpermore, both the measuremeat of the magnetic
ball separation rotation speed and the measurement of the
magnetic ball attraction rotation speed are carried out in the
process shown in FIG. 4. However, either of the measurements
may be carried out ae necessarye

<{Embodiment 5)>

FIG. 10 to FIG. 13 show a fifth embodiment of the
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present invention.

The disk drive of the plre'sent invention includes a
microcomputer and carries out the process of the £lowchart shown
in FIG. 10 by using the microcomputer.
<Explanation of FIG. 10>

| FIG. 10 is a flowchart relating to the reGOrding or
reproduction of the disk drive in accordance with the fifth
emboditt;ent 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
rotai:ion speed is £1 (Hz) and that the magnetic ball attraction
rotation speed is £0 (Hz). '

The host (user) -des'ignates. the rotation:speed for
recof:ding ‘(or reproduction) and the start position and end
pc;sition for recoiding (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 regioh 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
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attraction rotation speed £0 (Hz) and the magnetic ball
separation rotation 's.peed £f1 (Hz). Furthermore, fmin is
compared with the magnetic bali attraction rotation speed £0
(Hz).

('1)' In the case of fmax = £0, the magnetic ball is

attracted by the magnet at any position in the region. For this’

reason, recording, reproduction or the like is carried out
immediately wit‘hout- carrying out the -process of the present
invention shown in FIG. 10.

(2) In the case of f1 é fmax, at the position in the
region where;i.n the rotatiqn- speed is the highest, the 'magnetic
ball separates from the magnet and positions on the external
peripheral side -wéll of the ring-shaped hollow section. If
reproduction or the like is started while the magnetic ball has
been attracted by the magnet, thé magnetic ball separates from
the magnet somewhere in the region without 'exc':eptibn_. As a
' resﬁlt, the magnetic ball co-lli&es with the external peripheral
side wall and causes a lé.rge 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 it

- 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 reproduction or the like in
. the region.

The flowchart shown in FIG. 2 is carried out for
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example :in order to position the magnetic ball on the external
peripheral side wall .of the ring-shaped hollow section.

(3) In the case of £0 < fmin, even at the position
in the region wherein the rotation speed is the lowest, the
magnetic ball is not separated from the external peripheral side
wall or attracted by the magnet, provided that the magnetic ball
is positioned on the external peripheral sidewall. As aresult,
the balancer is operated effectively. In addition, the magnetic
ball is not separated from the external peripheral side wall
or attracted by th.e 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 c;order to position.'.the magnetic ball on the éxternal
peripheral side wall of the ring-shaped hollow section.

(4) In the case of fmin = £0 and £0 < fmax <£fl, the
magnetic ball 1 does not separate.from the magnet 8 even ai;-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-wail,
the magnefic ball collides with the magnet somewhere in the
region without. exceptidn and causé a large disturbance.

To solve this problem, the magnetic ball is attracted
by the ma{gnet in the entire region. This makes it.po,ssible to
prevent the magnetic ball from separating from the external

peripheral side wall and from colliding with the magnet while



- WO 01/69600 PCT/JP01/01889

- 87 -
the disk drive carrieé 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 magnet. '

At step F121, the rotation speed of the disk is lowered
to the rotation speed £0 (magnetic ball attraction rotation
speed) that is 1owér than the rotation speéd for :;:eproduction
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
1:6_ the rotatip_n speed corresponding to the start position in
the region.

At step F123, reproduction or the like starts at a
predetermined rotation speed.

| A;‘Ei;er -the magnetic ball 1 has been attracted by the
magnet 8 once, the relaiéionship 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. i—Ience, 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 recoxrding or reproduction. Th_is

is because the magnetic ball 1 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
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disturbance as éhown 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 disturbances (113 and'114). These disturbances
result in recording in a defocus state apd recording in an
off-track state respectively, thereby degrading the.quality of
recording.
<Explanation'of FIG. 12>
If the magnetic ball collides with the side wall of
the ring-shaped hollow 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 magnetic ball affects both the two error signals and causes
disturbances (123 and the like). These disturbz.mces 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 £1 (Hz) and the above-mentioned magnetic ball
attfaction rotation speed‘fo.in) 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'segtion 4,
etc. |

The magnetic ball separation rotation speed £1 and
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the magnetic ball attraction rotation speed £0 can be measured
by the measurement method in accordance with the fourth
embodiment shown in FIG. 4. In addition, by storing the measured
£0 and £1 in the memory of the disk devic_:e, it is possible to
carry; out the process of the flowchart shown in FIG. 10.
|

~With the above-mentioned configuration and process,
the contents of the process can be selected depending on the
speed and the like iequested by the user so that the magnetic
ball becqmes stable. For this reason, it is possible to cafry
out stable recording, reproduction aﬁd seek operation while such
impact application ;)wing to the magnetic ball 1 as affecting
-reco_rding or re'production performax'lce is prevented from
occﬁrring.
<Embodiment 6>

.FIG.- 14 to FIG. 17 show a sixth embodiment of the .
present invention. - —

The disk drive of the present invention includes a
microcomputer and carries out the process of the f£lowchart shown
in FIG. 17 by. using the microcomputer.
<Explanation of FIG. 14)

.. FIG. 14 lists the max1murn and minimum values of the
disk rotation speeds corresponding to general reproduction and
recording multiple speeds (1lx, 2x, 4x and 8x) .:_i.n 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

innermost peripheral position (44.7 mm in diameter) of the disk.
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The minimum disk rotation speed value at each of the multiple
speeds is obtained at the outermost 'peripheral position (118
mm in diameter) of the disk. Since the liner speed of the disk
5 is standardized to have a range of 1.2 m[s to 1.4 m/s,
calculations have been carried out assuming that the linear
speed at the innermost peripheral i)osition is 1.4 m/s and that
the liner speed at the outermost peripheral positionis 1.2 m/s.
‘As shown in the table, the ratio of the maximum and minimum values
-of th.e rotation speed_. corresponding 1:6 each of the recording
and reproduction multiple speeds is about 3.08.
{Explanation of FIGS. 15A and 15B)>

As shown in FIG. 1'5A, when the rotation speed of the
disk becon_les f0 or less, the centrifugal force 22 of the magnetic
ball 1 on the external peripheral face of the ring-shaped hollow
section 4 bécomes smaller thap the-magﬁetic attr’_act-ion force
23. The magnetic ball l.thus separates from the external
peripheral side wall and is attracted by the magnet 8.

' As shown in FIG. 15B, 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 t_han the magnetic attraction force 23. . The magnetic ball
1 thus separates from the Ihagn_ét 8 and moves to the external
peripheral side wall.

- The relationship of £1 > 3.08 X £0 should only be
established in order that magnetic ball separation and magnetic

ball attraction do not occur at the same recording/reproduction
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speed.-

As shown in FIGS. 15 and 15B, parameters, such as
the center position r of the magnetic ball 1 in the radial
diféction in the state of the attraction by the magnet 8, the
center position R of the magnetic ball 1 in the radial direction
in the sepalration state, the magﬁetic flux density of the magnet
8, the mass of the magnetic ball 1, the sectional area of the
magnetic ball 1 Orthogona:!. 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 'bal_i 1 and that the radius r £from the cl;mp center
in the attraction state of the magnefic' ball 1 is 9.25 mm.

. In the case when the magnetic ball 'separation
rotation speed is éet at 50 Hz, a force of about 100 g is generated
as 1-:he centrifugal force 22 shown in FIG. 15B. Hence, the magnet
8 is selected so that the magnetic at_ltraction force 23 is about
100 g. As a result, the t-nagn'etic ball separates £from the magnet
at 50 Hz.

Next, the magnetic ball_at’tré.ction rotation speed £0
is set so as to satisfy the relationship of £0 X 3.08 <-f1. When
fl-is-s'et at 50 Hz, £0 is set at less than 16.2 Hz..

The disk drive is configured so that the relational
expression of £0 X {(the rotation spéed at the innermost
periphery) / (the rotation speed at the outermost periphery)}

<.Fl1l is established, when written by using a general expression.
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With this configuration, when the disk drive carries

out recording.or the like in the CLV mode, there are no cases

- wherein the rotation speed at the innermost periphery, i.e.,:

the highest rotation speed, is larger than £1 (the magnetic ball

separates from the magnet) and wherein the rotation speed at

the outermost periphery, i.e., the,lowesﬁ rotation speed, is’

smaller than £0 (the magnetié bali is attracted by the magnet).

For this reason, at a specific linear speed, thgre

is .no worst 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‘eripheral 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
by 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 ﬁreﬁuency of 16.2 Hz and
the change 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
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parameter.

Numeral 151 in the figure designates the magnetic
attrac.tion force 23, and numeral 152 designates the centrifugal
force 22.

The intersection poeint 7 in this graph is a point
wherein the magnetic attraction force 23 is balanced with the
centrifugal force 22. Hence; by making the external peripheral
poéition R of the magnetic ball 1 smaller than this, the magnetic
attraction force 23 becomes larger.t'ha'n the centrifugal force
22 at the rotation speed of 16.2 Hz. The intendeq object can
thus be attained.

In thisway, it is possible to set a balancer condition
wherein the condition of £0 X 3.08 < £1 is established.

It is herein assumed that a disk drive has a balancer
configuration of £0 = 15 Hz and £f1 = 50 Hz, for example, that
is capable of satisfying the above-mentionéd condition. In f‘IG.
14, at the 8x speed, the rota't.ion sp'eed.cf the disk does not
become £0 or less.

For this reason, at the 8x speed, by carrying out
recording (or reproduction) while the magnetic ball is
posifioned on the external peripheral side wall, any disturbance
owing to the coJ.lision ‘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 f£1 or more.

. For this reason, at the 1x, 2x or 4x speed, by carrying



WO 01/69600 ' PCT/JP01/01889

- 94 -
out r_ecording' (or reproduction) while the magnetic ball is
positioned on the intern;l peripheral side wall (attré.cted by
the magnet), any disturbance owing to the collision of the
magnetic bail with the side wall does not ocour during recording
~or the like.
<Explanation of FIG. 17>

FIG. 17 is a flowchart relating to recording or
reproduction in the case when this balancer configuration is
used. |

It is assumed that the magnetic ball separation
rotation speed £1 is 50 Hz and tﬂat 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 recording 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 éluring
‘recording and z-'eproduction.- After the magnetic ball 1 is
securely moved to the external peripheral side wall, recording
or the like starts (at step F154). The method shown in FIG. 2
or the like.-is carried out (not 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,



WO 01/69600 PCT/JP01/01889

- 95 -~
recording or the like starts (at step F154) without moving the
magnetic ball, since the rotation speed of the disk is less than
the magnetic ball attraction rotation speed £0 at all times.
The magnetic ball becomes stable while being attracted by the
magnet. -

" When the 'réquest speed is the 2x speed or 4x speed,
the rotation speed of the disk might become less than the magnetic
ball attraction rotatiop speed £0 depending on the po‘sition on
the disk, but does not exceed the magnetic ba]_.l separation

~ rotation speed £1.

Hence, the magnetic ball is securely attracted by the
magnet (at Step F152), and then recording or the like starts.

At stepF152, the rotation speed of the disk is lowered
to £0 = 15 Hz or less so that the magneti-c ball 1 is securely
attracted by the magnet 8.

After this, at step F153, the rotation speed of the
diék- 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 necessary to calculate
the maximum and minimum values of the rotation speed of the disk
during recording/reproduction by using the speed request 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
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of £1.> {(the rotation speed at the-innermost-pefiphery) / (the
rotation speed at the outermost periphery)} X £0 is established.
For this reason, the magnetic ball separation rotation speed
and the ﬁagnetic ball attraction rotation speed are not
generated'simultaneously during continuous recording or
reproduction (in the case when one disk is used for recording
or reproduction in the CLV mode) regardless of any request speed
-from the host.

- As a-regult, a determination is made as to whether -
the magnetic ball should be positioned at the external peripﬁery
or the internal periphery depending on only the requested
recording/reproduction speed, the known magnetic ball
attractionrntationspeedandtheknownmagneticballseparation
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'generated
simaltaneously depending on the request speed. TIn addition, the
appropriate position of the magnetic ball éan be determined by

-only-the-recording/repréduction 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 disk specifications of CD-R/CD-RW. However, the effects

of the present invention can also be obtained in other disk
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specifications by the setting of £1 > {(the rotation speed at
the innermost periphery) / (the rotation speed at the outermost
periphery)} X f£0.
<Embodiment 7> ‘ '

FIG. 18 to FIG. 25 show a seventh embodiment-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. 23 or FIG 25 by using the microcomputer.

The seventh embodiment of the present invention will
be described below referring to the accompanying drawings.
<Explanation of FIG. 18>

FIG..laris 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 rransparent
material, such as polycarbonate, and a reflection-type
photointerruptor 14 is disposed near and above 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 thg basic
configuration is omitted.
<Explanation of FIGS. 19A and 18B)>

Furthermore, FIG. 19A and FIG. '19B show the
positiocnal relationship between the light-emitting point 1l4a
of the refleci':ion—type photointerruptor 14 and the position of

the magnetic ball 1. FIG. 19A shows that the light-emitting
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point l4a is positiongd.on the niajnetic ball 1 in the case when.
the magneti;: ball 1 is positioned on ‘the external peripheral
face of the clamper 6. In FIG. 19A, the light-receiving
transistor of the reflection-type photointerruptor 14 receives
light reflected by 'the magnetic ball 1.

| ' FIG. 19B shows that the light-emitting point la is |
positioned away from the ma‘gnetic. ball 1 in the case when the
‘magnetic ball 1 is attracted by the magnet 8. In FIG. 19B, the
light-receiving transistor of the reflection-type
photointerruptor 14 does not receive the reflected light.

In FIG. 19A and FIG. 19B, by rotating the disk, the
magnetic ball rotates while fdllowing a concentric locus. If
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 in the radial
direction. . |
<Explanation of FIG. 20>

FIG. 20 is a block diagram showing the £flow of a signal
from the reflection-type: phc;tointerruptor l4. The signal
detécted by the reflection-type photointerruptor 14 (181) ié
amplified by an amplif:j.e.r (182), su.ch as an operational
amplifier. The signal is then binarized by magnitude comparison
with respect to a ti'zreshold by usiné 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
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the reflected.light £rom the.reflection-type photointerruptor
14 is present.ér not. b

Signal waveforms and a method for determining them
will be described below in the case when the reflection-type
photointerruptor 14 is used.
<Ex§lanation of FIGS. 21A, 21B, 21C and 21D>

FIG. 21A shows a waveform obtained by detecting the
rotation speed of the spindle motor 2 by using the Hall device
11 and'by'5inarizing_the.output signal of the Hall device. The
number of poles of the rotor mégnet 19 of the spindle motor 2

is 12 in a typical case. In a éonfiguration comprising three
Hall devicés 11, six pulses of the FG signal are generated from
each Hall de;ice at each rotation of the spindle motor. By
frequency-dividing the signal of FIG. 21A by six, 'a synchronous
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
phototransiétor of the reflection-type photointerrﬁptor 181
shoﬁn in FIG. 20. | _

The light emitted from the photodiode inside the

- reflection-type photo;nterrupfor 14 is not reflected at"
portions wherein the magnetic 'béll .1. is not present, since the
ciamper 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 photointerruptor 14, the -
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phototransistor of the reflection-type photointerruptor
receives the light reflected by the magnetic ball.
" As a result, the waveform shown in FIG. 21C is
detectéd.

By the comparison operator 183, the waveform is
subjected to comparison operation by using Vsh shown in the
figure as a threshold. The binarized output signal of the
comparisan 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
falling'edges (191, 192, 193 and 194) are generated two times
per rotation, with the reflection-type photointerruptor 14 used
as a reference. For this reasoh, 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 they 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 afe not synchronous with each other, it can be determined
that the magnetic balls 1 are not stationary at certain positions
but moving.along the periphery.

Furthermore, as described below, the basic
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configuration of thé above-mentioned detection section and the
like can also carry out sign_al measurements to make a -
determination as to whether the magnetic balls 1 have been
attracted by the magnet 8 or not.
<Explanation of FIGS. 243, 24B, 24C and 24D>

. FIG. 24A shows the output of the phototransistor of

. the reflection-type photoint‘erruptor 14 in the case-.when the

magnetic balls 1 are positioned -on the external periphery of
the Iring—shaped hollow section 4. In this case wherein the

magnetic balls 1 are positioned on the external peripheral face
of the ring-shaped hollow seétion 4, reflected l1ight is obtained
by the phototransistor of the reflection-type photointerruptor
14, and the waveform binarized by comparison op_eréltion with
respect 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 have been
attracted by the magnet 8, the phototransisj:dr of the
reflection-type phptointerruptor 14 doés not receives the
reflected light at all times. Hence, the o;ztpu't signal of the
phototransistor of the reflection-type photointerrupfor 14 has
the waveform shown in FIG. 24C.. The’ sig:ial shown in FIG. 24C
is input to the comparison operator 183 and subjected to
comparison operé.tion with respect to Vsh. The output signal of
the comparison operator 183 has a binarized waveform shown in

FIG. 24D. Sihce the waveform of this signal has no rising and
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falling edges, the waveform can be distinguished easily from
the waveform shown in FIG. 24B. Hence, it is possible to
detgrmihe as to whether the magneétic balls 1 have been positioned
on the external peripheral face or attracted by the magnet 8
disposed at the intermal periphery by judging the presence or
ébsence of the rising and falling edges in the output waveform
from the reflection-type photointerruptdr'l4.
<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 directly below the light-emitting section of
the reflection-type photointerruptor 14.

FIG. éZB shows the shape of the clamper viewed in t1.1e
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 af the light-gathering
section 21, and the sensitivity.of detection can be enhanced.

In emboéiment ,» the reflection-type photointerruptoi:
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 detecting an eddy current generated in the
magnetic ball 1 formed of a metal material by using an
electrostatic capacitance t&pe sensor, the behavior of the

magnetic balls 1 can also be detected just as in the case of
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the embodiment having the reflection-type photointerruptor 14.
This embodiment is not shown, since the méchanicai and
efl._ectrical conf:l:gurations of this em‘r?odiment are almost the same
as those of the embodiment having the reflection-type
photointerruptor, except for the sensor.
<Explanation of FIG. 23)

FIG. 23 is a £flowchart showing a part of the recording
process carried out by using this configufation.

%en recording is i':'equested by the user, the minimum
rotation speed. fmin'at the speed of the recording is first

.compared with the magnetic ball attraction rotation speed £0
at step F211.

If the minimum rotation speed £min is larger than £0,
the magnetic bgll 1 is not attracted by the magnét 8 during
recordingor at the time of seek ope.:t'ation to arecording position.
For this reason, the magnetic ball is first positi;med on the
external periphi?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 a:fea (PCA) to obtain an optimum recording
power for the disk.

Next, at step F214, actual recording and reproduction
are carried out in the PCA area, and an optimum recording power

is calculated. When data is written, the power of the disk is .
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set at the optimum rgcording power.

Next, at step F215, seek operation'is-carried out to
a position about 300 frames ahead of the target recording
position. At this time, the rotation speed differs depending
on the position on the disk in the CLV mode. For this reason,
.the magnetic ball 1 is positioned unstably because of the change
in the centrifugal force applied thereto, and the magnetic ball
1l moves. If recording is started while the magnetic ball 1
rer;lains unstable, recording performance is affected adversely.

To solve this problem, at step F216 and step F220,
. the above-mentioned behavior detection section and method are
use_d to carry out detection as to whether the magnetic ball 1
is moving inside j:he ring-shaped hollow section or not. If the
magnetic ball is moving, the disk drive operatio'n is on standby
(at step F220) in the track hold state at th;-; seek position until
a condition wherein the maéneti_c ball is recognized to be nearly
stable is ,at-:ta_il._l'ed (at step F216).

When the condition at step F216 is satisfied, the
sequence advances to step F217, and PLAY (approach run) starts

 (at step F217). | '

At step F218, data to be recordeq is received from
the h.o.s1.: and buffered.

After this, at step F219, a check is made as to whether
the target recording position is reached or nc.>t . When the target
recordihg posi‘l':ion is reached, recording starts.

(Explanation of FIG. 25>
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FIG. 25 is a flowchart showing a part of the recording
process in the case when the disk drive in accordance with this
embodiment receiveés a speed request different from that shown
in FIG. 23.

At steb F231; the minimum rotation speed fmin for
recording is compared with attraction rotation séeed £0.

It is assumed that fmin is not more than the attraction
rotation speed_fo. In this case, the magnetic ball 1 is‘
attracted by the magnet 8 during recording or when seek operation
is carried oufﬂtd é recording position.

Then, at step F232, the spindle motor 2 is controlled
so-that the disk rotation speed bec'omes. £0 or less, ﬁhereby the
magnetic ball 1 is attracted by the magnet 8.

At step F233, the above-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. If is thus confirmed
that the output signal of the reflection-type- photointeri:uptor
‘positioned at 14a.has a state wherein signal change owing to
the magnetic ball 1 is not present as shown 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 operatioh 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
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calculated by carrying out actual recording and reproduction.
In the case of writing data, the recbr_ding power is set at the
optimum recording power.

Next, at s{:ep F237, seek operation is car_'ried out to

'~ a position 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.

Hereafter, at step F240, a check is made as to whether
the target recording position is reached or not. After the
target record;ng position is. reacheél, recording starts.

With the ab_ove-mentioned configuration and process,
the behavior of the magnetic ball 1 can be detected easily'.. As

. a result, stable performance caﬁ be attained during recording
- and reproduction, as well as seek. operation related to recording
and reproduction. '

Although tﬁ_e 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 ao_::cordance with the seventh embodiment is uéed,
it is possible to simplify a jﬁdgment criterion for a request
speed.

~ <{Embodiment 8)

FIG. 26 and FIG. 27 show an eighth embodiment of the
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present invention.

The disk drive of the present invention iﬁcludes a
microcomputer and carries out the process of the £flowchart shown
in FIG. 26 by using the microcomputer.

A method for measuring the mfagne'tic ball separation
and attraction rotation sp.eeds will be described below, while
the basic configurations of the defection section and the like
are the same as those of the seventh embodimént.
<Exp]_.anation of FIG. 26>

FIG. 26 shows a process of meaSurin§ the magnetic ball

: separation. and attraction rotation speeds. The measu:;'ement

process is carried qﬁt 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. As the rotation speed is raised, the centrifugal force
applied to the magnetic ball 1 becomes larger than the magnetic
attraction force exerted between the magnétic 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 stép 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 stoppéd, and
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the rotation speed of the spindle motor at this time is
maintained.

Next, at step F244, the FG signal obtained from the

“Hall device 11 pfovided near the spindle motor 2 is subjected
to sampling, and the rotation speed at this time is measured.

. At step F245, the measured separatiori rotation speed
is stored in the memory.

-{Explanation of FIG. 27}

A method for méasuring 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 ]:?G sighal during gcceleration. The

- rising period and the falling period of the FG signal correspond
to one rotation of thé spindle motor (1 pulse per rotation).

FIG..27B shows a binarized signal output from the

~reflection-type photointerruptor 14 during acceleration. As
described in FIG. 24D, when the output signal of the-
reflection-~type photointerruptor 14 does not change (in the
firéthaLEofFIG.27B),themagneticballhasnotbeénpositiqned
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_ma'gnetic ball is positioned on the external peripheral side
wali of the ring-shaped hollow section (see FIG. 19A).

.As a result, at the time when a falling edge is
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generated in FIG. 27B, it is possible to determine that the

magnetic ball 1 has separated from the magilet 8 and have reached
the external peripheral -side wall. ' Hence, the magnetic ball.
separation rotation speed can be measured by sampling the period
Tl of the FG signal obtained at the time when a falling edge
signal is generated from the feflection-type photointerruptor
14. '

At step F245, by storing this value in the memorj in
the disk drive, the magnetic ball separation rotation speed -
inherent in the disk drive can be poss'essed as -da;.ta.
<Continueq exi)lanation of FIG. 26> -

- At step F246, the spindle motor 2 i5 decelerated until
the magnetic 'ball 1 is attracted by the magnet 8 in order to

- measure -the magnetic ball attraction rotation 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 maghetic ball 1 is attract,e"d'by' 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 magne_tic ‘ball. .

Aftef 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 thé spindle motor at
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this time is maintained at step F248.
Next, at step F249, the FG signal obtained from the
Hall device 11 provided near the spindle motor 2 is subjected
to sampling, aqd the ‘rotation speed at this time "is measured.
FIG. 27C shows an FG signal 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 shows a binarized signal output from the
reflection-type photointerruptor 14 during deceleration.
. As described in FIG. 24D, when the output signal of
.fhe 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.(
1934). - When the output signal 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 falling
- edge appears in the signal of the reflection-type |
photointerruptor 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
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one period of the FG signal.

By storing th'iS value in the memory of the disk drive '
at sfep F250, it is possible to possess the magnetic ball
attractj:on rotation speed. inherent in the disk drive as data.

At the magnetic bail separation process step (F503)

~of the spin-up process of the fourth embodiment shown in FIG.
5, the disk device can read the rotation period 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/ ¢ or more).

In addition; the values measured .by this embodiment.
can be used for the magnetic ball separation rotation speed F1l
(Hz) and the magnetic ball att_raétion rotation speed £0) | (Hz)
use;:l for the process of the f£ifth 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 behé_.vior of the 'magrietic ball can be detected éasily; " For
this reaéon, it is possible to deliver stable perfomance.during'
recording and reproduction, as well as seek operati.on related

. to recording and reproduction.
<Effect of the ‘Invention)
' In the conventional disk drive, no considerdtion is

taken as to whether the magnetic ball has been attracted by the
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‘magnet, has positioned along the external periphery of the
Iring-shaped.hollow section owing to a centrifugal force or is
rolling unstably inside the ringfshaped hollow section.

In the-present invention, attention is paid to the
importance of eliminating the effect of the movement of the
ma.gnetic ball inside the ring-shaped hollow section on the disk
drive, and thexnagnetio ball separation process is carried out
as an indépendent prooess. As a result, the magnetic ball
- separation process can be separated from other processes. This
can obtain an advantageous effect of preventing an impact £rom
being applied to the disk during tracking servo control or during
the adjustments of various parameters.

Hence, an advantageous effect of attaining a disk
driva for stably'carrying out reprodnction, recording or seek
operation on the disk, is obtained with the present invention.

Furthermore, the present invention pre&ents impact
application during the servo adjuatment of the optical pickup

. and the adjustments of various parameters that use an. input

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

The present invention thus prevents the disk drine_from

_ malfunotioning because of improper adjustment caused by an
impact or the like from the magnetic ball. As a rasult, an
ladvantageous effect capable of attaining a disk drive tor 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
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magnetic ball inside the ring-shaped hollow section on the disk .-
drive is eliminated in the present invention. For this reason, .
even if a large impact is applied to the disk when the maénetic
ball collides with the side wall of the ring-shaped hollow
section, the control of the disk is not affected at all. -
Therefore an advantagéous effect capable of incréasing 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 periphei:al face
of the magnet), is obtained with.the present inventibn.

| As aresult, during high-speed rotation, the mé.gnetic
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 centrifilga.l force. For this reason, it is pOSSible '
to obta%n a significant bélancer effect.

On the other hand, dﬁring low-speed rotation, the
maghetic ball 1 is attracted to the external-pe:ipheral face
of the magnet 8. The balance of the disk drive is thus not
affedted adversely. Since the difference between the radius of
the. external peripheral face and that of the internal peripheral
face is large, the inertié applied to the disk in the daSe Whén
the magnetic ball 1 positions on the internal peripheral féce
is smaller than the inertia applied to the disk in the case when
the magnétic ball 1 positions on the externallperipheral face.
As a result, even if the magnetic ball moves along the internal

peripheral face, the effect of the movement is limited during
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the low-speed rotation. ' -

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 dut seek operation to
a target position promptly. - |

In the conventional example, the position of the
magnetic ball in the ring-shaped hollow section 'is not-knowﬁ
at the time when the spin-up process is completed. For this
reason, the magnetic ball sc;metimes moves _:i.nside the ring-shaped
hollow section during reproduction, recording or ‘the like,
thereby causing an adverse effect on the d.:i.sk.

In the present invention, the magnetic -bgll ‘is
securely positioned along the external peripheral wall ‘face of
the ring-shaped hollow section by a centrifugal force when the
spin-up i)rocess is completed. For thisreason, as in ‘the present
_i..nventi_on, the magnetic ball is securely positioned on the
external peripherai side wall of the ring-shaped hollow section
after fhe sp:i.n—up process is comp_letéd, in the case when
reproduction, recording or seek operation on the aisk is carried

out, an adverse effect caused by the movement of the magnetic
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ball inside the ring-shaped hollow section du:‘ing reproduction
or the like can be prevented from occurring on the optical disk.
This advantageous effect.is obtained with the present invention.

‘In addition, the process of separating the magnetic
ball from the magnet is carried out during a process included
in the spin-up process, wherein the output signal and the like
of the optical pickup aré not used. For this reason, an
advantageous effect capable of attaining a disk drive that
requirés no special time for the process of separating the
magnetic ball from the magnet, 1s obtained with the present
invention. _ _ |
| 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 (including the stop 'state). (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 internal peripheral side wall thereof or is

‘unstably moving inside the ring-shqped 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 magnet and is lower than the rotation speed

F1 (Hz) at which the magnetib ball separates f£rom the magnet.

"In this case, in the present invention, the rotation'

speed is not directly changed f£rom the first rotation speed to
the second rotation speed. The disk is rotated at a third

rotation speed once (a rotation speed not less than the rotation
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speed fl (Hz) at which the magnetic ball separates from the
’ mégnet) in order to securely position the magnetic ball on the
external peripheral side wall of the 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 recor&ing on the disk.

As a result, the magnetic ball securely positions on
the external peripheral side wall of the ring—shape& 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, tﬁe-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 at the high rotation speed.

The present invention is effective in the case when
a_rofation speed mode of a disk drive having plural rotation
spéed 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.:
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Furthermore, by carrying out the magnetic bail
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 can be prevented from
- increasing by the time of the magnetic ball separation process.
The present invention can obtain thié- advantageous effect.

Furthermore, by' carrying -out the magnetic ball
separation process a1_1d 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 cl-aim. 6
and the like, by detecting the impact caused by the behavior

" of the magnetic ball, it is possiblé"tb 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--shape'd'hollow' Section, positions on the internal
peripheral side wall of the ring-shaped hollow se_ctit.)n or is
moving unstably inside the ring-shaped hollow section).

For this reason, after the magnetic ball is securely
positioned on the éxternal peripheral s:‘lde wall of the
ring-shaped hollow section or on the internal perj.pheral side
wall of the ring-shaped hollow section, it is possible to start

reproduction or the like on the disk. This can be obtained as
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an advantageous effect.

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 positional information on the magnetic ball can
be derived by detecting the impaqt of the magnetic ball. In
. addition, it is possible to prevent the collision of the magnetic
~ball during reproduction or the like on thg disk on the basis
of the positional information on the magnetic ball. The present
invention can obtain this advantageous effect.

As a result, the present invention can obtain an
a('ivantageous effect capable of at.taining 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. PFurthermore, it is possible 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;rely.

Farthermore, in the present invention in accordance

- with élaim 7 and the like, the impact or‘the ﬁehavior 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
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hollow section is also detected. As a result, it is possible
to detect the rotation speed at which the magnetic ball separates
from the magnet or the rotation spéed at Which the magnetic ball
is attracted by the magnet.

_Hence, _'it is possible to know the magnetic ball
s_‘eparation rotation speed or tﬁe magnetic ball attraction
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 _lp_wering the rotation speed to a n_ecéssary‘ and '
sufficient speed, it is p_oséible to start reproduction or the
like on the disk. |
| The present invgntion 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 reproduction,

. recording or seek operation on the disk is carried out stably.

Furthermore, it .is possible to set an appropriate
ma.g'net_id ball separation or attraction roi;atiqn speed
regardless of any variation in the magnetic attraction force
between the magnet ar;d the magnetic ball from one disk drive
to another, thereby ensui'ing more stable control.

In the present invention in accordance with claim 10
and the like, the opt'icai pickup or the like originally provided
in the disk driv-'e is used as the impact' detection sectioq.

 The present invention can thus obtain an advantageous
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effect-capablezéf attaining an opticéiadisk drive that is
inexpensive, éimply configured and equipped with a balancer
having an impact detection section.
In accordance with the present invention, by using
a piezoelectric ceramic sensor as a sensor provi@ed 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. In
addition, it is possible to provide a detection secfion that
is relatively inexpensive and exceilent in detection accuracy.
The present invention can obtain an advantageous
heffect_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 internal
. peripheral side.wall thereof or is unstably moving inside the
ring-shaped hollbw section). It is also assumed for example
that a second rotation speed is highér than the rofation speed
£f0 (Hz) at which the.magnetic Ball is attracted by the magnet
and is lower than the rotation' speed £f1 (Hz) at which the magnetic

Ball separates from the magnet.:
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- In this 'c.atse-, in the present invention, the rotation
speed is not directly changed from the.fii'st rotation speed to
the second rotation speed. The disk is j:otated- at a third
rotation speed once (a rotation speed not m@re than the rotation
speed £0 at which the magnetic ball is attracted by the magnet)
in order to securely position the magnetic ball on the internal-
peripheral s_ide wall of the ring-shaped 'hollov_v- section. The
rotation speed of the disk is then raised 1:6 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 roi:ation speed. This prevents any

disturbance caused at the .time when the magnetic ball suddenly -

_collides with the side wall in the middle of recording or the

. like.

When the rotation speed is changed from a high

.rotation speed to a low rotation speed, the present invention -

in accordance with ciaim' 13 and the like can obtain an
advantageous effect capable of attaining a disk drive for stably

carrying out: reproduction, recording or seek operation 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.
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' This prevents £ﬁ§ disturbance caused af ‘the time when the
magnetic ball suddenly collides with the side wall in the middle
of recording or the like. As a result, 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.

In the present invention in accordance with claim 15,
in a disk drive having the CLV mode in particular, recording
or the like on the disk can be carried out stably. This stable
operation is méde possible by properly makigg a selection as
to. whether the magnetic ball is positioned on the external
peripheral side wall of the ring-shaped hoilow section or the
internal peripheral side wgll thereof (a state wherein the

. magnetic ball is attracted by-thé magnet). regardless of the
linear speed during recording, reproduction or the like.
. Even if recdrding (ox feproduction or thg like) is
‘carried out continuouslf from the beginning to the end on the
-disk for example, the magnetic ball does not mové inside the
ring-shaped hollow section or collide with the' side wall thereof
-.during the recording (or reproduction or the like). .
. As a result, the present invention can obtain an
advantageous effect capable of attaining a disk dr;i.ve for stably
cafrying out reproduction, recording or seek operation on the
disk.
In the presenf invention in accordance with claim 17

and the like, it is possible to detect the static and dynamic
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behavior of the magnetic ball inside the rlng-shaped hollow
section. As a result it is possible to know the position of-
the magnetic ball in51de the ring-shaped hollow section more
accurately. .

. In accordance with the present invention, it is
possible to prevent the magnetic ball from causing collision-
during recording cr the like on the disk by starting:recording
or the like on the-disk-efter it is Qetected that the magnetic
ball has moved t‘c 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 belance
position. o o oo

" The present invention can obtain an edventageous
effect capable of attaining a disk drive for stably carrying
out reproduction; recording or seek operation on the-dish.

R The invention in accordance with claim 18 of the
present invention relates to a disk drive in accordance with
claim 17, where:.n the housing of the r:.ng -shaped hollow sect:l.on
is formed of a transparent material, and the behavior detection
section is a photcsensor.

In the ﬁresent invention in 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
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section by usiny 4 photosensor or an elddtrostatic 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 magnetic ball in the ring-shaped hollow section
more accurately. '

In the present invention in accordance with claim 19,
a lens section is pro.v'ided 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 ﬁf
changing the shape o:I;‘ the lens. These can be obtained as
advantagequs effects;.

In the present invention in'accordance with claim 21,
:?.t is possible to confirm the behavior of the magnetic ball in
the circumferential directj.on by using simple eiectrii: circuits
and. criteria. )

The present invention can obtain an adw}antageous
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.
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In the present invention in a'qc_:ordance with claim 23
and the like, 1t is possible to start recq:ffding and reproduction
after securely detecting that the magnétic ball has been
attracted by the magnet or has positione,d:l'at an optimum balance
position on the exi:ernal peripheral side wall. As a result, no
impact is applied durin93recording'and:reproduction, thefeby
eliminating any adverse effects owing fd'unstaple movement of
the magnetic ball.

The present invention can oﬁtain an advantageous
effect capable of attaining a disk dri?e for stably carrying
6ut reproductién; recording or seek ope?ation on the disk.

In the present invention in accordance with claim 27,
the magnetic ball is securely positionéd on the external
peripheral side wall of the ring—shéped hpllow section when the
rotation speed is changed f£rom a low rotétiqn speed to a high
rotation speed. As a result, it is possible to obtain an _
advantageous effect capable of_attaining a disk drive control
method for stably carrying 6ut 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 changedffrom a higﬁ rotation speed to a low
rotation speed. As a result, it is possible to obtain an
'adfantageous efféct capable of attaininé a disk'drive control

method for stably carrying out reproduction, record or seek



WO 01/69600 :' S PCT/JP01/01889

- 126 -
operation on a'liisk at the low rotatidn speed.

As described 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 capable of realizing stable
reproduction and recording at wvarious recording and

. reproduction speeds by stabilizing and optimizing the magnetic
ball. The above-mentioned stable reproduction and recording at
various recording and reproduction speeds cannot be attained

. 80 far by using only the conventional configurations.

. Although the present invention has been-described in
terms of the preferred embodiments in some detail, 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 configurat:l: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 repro@ucing 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.
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| 'CLAIMS
‘1. A disk drive comprising:

a diskﬁ :

an optipal pickup for recordiég'informatiOn on said
disk or for reproducing information reéqrded on said disk,

a balancer for movably'accomﬁodating one or plural
magnetic balls in the ring-shaped hdllow section thereof and
provigied wii;h amagnet for attracting said-magnetic_balls inside
said ring—shaped.hpllow secfion, wherein

said magnetic ball is separatéd.from said magnet by
rotating séid disk iﬁ a state.wheféin‘saiﬁ optical pickup is
not processing an input signal derived.ftﬁmnlight reflected by
the face of said'diék and said optical ﬁickup is ngt writing
.information on said disk.

'2. A disk drive in accordance with claim 1, wherein

, said process of Separating:séid magnetic'ball £rom
said magnet is carried out in a spin-up process at tﬁe start
of said disk drive. |

3. a disk drive cbmprisinQ:

a disk,

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

| in the case when. the rotation speed of said disk is

changed from a firét'rotation speed including a stop state to
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- a second rotatio6i speed higher t-han-_thé--?'first rotation speed,
said case includes a case wherein after the rotation
speed is raised from the first :r:'ota-xtion speéd to a third rotation
speed higher than 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 speéd.
4. A disk drive comprising:
a disk, |
| a balancer for movably accommodating one or plural
"magnetic balls in the ring-shaped hollow sectj.on- thexreof and
provided with a magnet for attracting said magnetic balls inside
‘said ring-shaped hollow section, wherein
at least one electric circuit .parameter adjustment
is carried out in a process wherein said magnetic ball is
. separated f£rom said magnef by rotating said disk. -
5. A disk drive in accordance with claim 4, wherein
sald parameter adjustment incluéies laser power
adjustment or opi;ical pickup focus system adjustment.
6. A disk drive comprising:
a disk, .
a balancer for movably ;ccommodating ‘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 sedtion for detecting an impact
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caused.by the behavior of said magnetic ball.

7. A disk drive comprising:

a disk,

a balancer for movably accomodating 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,

an impact detection section for detecting an impa;;-t
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. .

| 8. A disk drive in accordance with claim 1, 3, 4 or

"7, further comprising:

an impact detection section for detect:_i.ng’ an 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 defection of said
impact, wherein
said impact detection section detects the timing of.
the éeparation of .séid magnetic ball from said magnet, .and
- said rotation speed detection section detects the
rotéfion speed of said disk at the timing of said separation..’
5. A disk drive in accordance with claim 7, wherein

said imp;’:lct detection section detects the timing of

-the attraction of said magnet‘ic ball by said magnet, and
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said rotation speed detection section detects the
rotation speed of said disk at the timing of said'attraction'.
10. A disk drive in accordance with claim 7 or 9,
wherein
said impact detection section detects an impact on
the basis 6f the output signal of said optical pickup.
11. A disk drive in accordance with claim 10, wherein
said impact detection section detects an impact on
the b;':lsis of the focus error signal or the tracking error signal
of said optical pickup.
12. A disk qrive in accorda".nce with claim 7 or 9,
wherein :
said impact detection -séction is a piezoelectric
‘ceramic sensor.
13. A disk drive comprising:
a disk,
a balancer for movably accommodating one or plural
-mggnétié: 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 égéed of said disk is -
changed from a first rotation speed to a second rotation speed
lower than the first rotation speed, |
‘said casé includes a case wherein after the rotation
- speed is lowered from the £first rotation speed to a third rotation

speed lower than the second rotation speed, the third rotation
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speed is char.xged' to the Second _'J:fqtation speed, and

said magnetic ball is aftract:e'd._by. said magnet at the
third rotation -siieed. | '

14. A disk 'drive éomprising :i

] disk}_ .

a bal?ncer for movabi_y acc'om:_nodating one or plural’
magrietic balls in the ring-shaped. hollo‘w_ section thereof and
provided with a magnet for attﬁ:acting. said magnetic balis inside
said ring-shaped hollow section, wherein

in. the case when rel;ro_duc_tion or recording is carried
out continuously in a region from a position to another position
on said disk, .. |

when the maximum .value_ of the-d;i.sk rotation speed.in"
said region is lower than a sepaiation rotation speed at which
said magnetic ball separates from ‘said.ma'gnet and higher than
an attraction rotation speed at which said magnetic ball is
attrqctéd by s_a':i.d magnet, . and.

- when the minixﬁum value of the disk rotation speed in
said region is said att‘ractior_l rotation:.. speed or less,

said case includes a case wheréin tile rotation speed
of said disk is set at said attraction rotation speed or less
before reproduction or rebort_;iing.

15. A disk drive in accordance with claim 14, wherein

the rel-ationship expression of £0 X {(the i'qtation
speed at the innermost periﬁhery-) / (the rétation speed at the

outermost periphery)} < £1 is éstablished,- wherein £l designates
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. the rotation spe&d at which said magnét:i_;é ball separates and
£f0 designates the rotation speed at which said magnetic ball
is attracted. .

16. A disk drive in accordance with claim 14 or 15,
comprising:’

an impact detection section for detecting an impact

- caused by the behavior of said magnetic ball, and

a rotatit;n speed detection séction for detectipg the

. rotation speed of said disk at the time of the detection of said
impact, wherein

said i;npact c'ietection section detects the timing of
the separation of said magnetic ball from said magnet, and said

- ro'ta_ﬁion 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.

17. A disk drive comprising:

a balancer for movably accommodating one or plural
magnetic balls | in the ring-shaped hollow section thereof and
provided with a magnét for attracting said magnetic balls inside
said ring-shaped hoilow section, and

| a behavior detecfion section for detecting the
behavior of said magnetic ball .‘ -

18. A disk drive in accordance with claim 17, wherein
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the houSing-Of.éaid #ing-shaped-hollow section is
formed of a transparent matériai; and

said béhavipr detectiqnjsectionfis a photosensor.

1'9 . Adisk drive in accqrda.nce with claim 18, wherein

the hbusihg of said ring-shaped hollow sectibn has
-a light-gathering section. .

20. A disk drive in accordance with claim 17, wherein

the housing of said riﬁg—éhéped hollow section is
formed of a nonmetallic material,.and | |

saidfbehavior detection section‘is'an electrostatic
capacitance type sensor.. |

21. A disk drive in ac':cort__iance with claim 17, wherein

a detérminatioh is made as to whether said magnetic
ball is rolling along the external peripheral face of said
ring-shaped hollow section or not by cqmparing the period of .
the oufput signal of said behavior detection section with the
period of the output signal of a rotétion speed detection section
for detecting the rotation speed of.Said'disk.

22. A disk drive in accordance with claim 17, wherein.

a determination is made as to whether said:magnetic
ball has been attracted by said magnet or not on fﬁe basis of
the output signal of said behavior detection section.

23. A disk drive in accordance with claim 17, wherein

a determination is made as to whether said magnetic
ball is rolling along fhe external peripheral face of said

ring-shaped hollow section or not by comparing the period of




—

T R

) - 134 -
the output sig@él of said behavior deﬁggtion section with the
- period of the éutput signal of said rotafion speed detection
. section for détecting.the rotqtion 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 saild behavior detection signal,
-and
the operation mode is-shifted to reproduction or
recording after said two determinations are made.
| 24. A disk drive in adcordénce with claim 1, 3, 4 oxr’
17, further comprising: | |
a behavior detection seétion for dgtecting the
behavior of said magnetic ball,_and )
a rotation speed deteétion section for detecting the
- rotation speed of said disk, whérein
said behavior detectidn section detects the timing
of the separation of said.magnetic ball from said.magnet; and
said rofation speed detection section detects the
rotation speed of said disk at the timing of said separation.
25. A disk drive in accordance with claim 17 , further
-comprising:
a rotation speed detection section, wherein
said behavior detection section detects the timing
of the attraction of said magnetic ball by éaid magnet, and
sald rotation speed detection section detects the

rotation speed'of said disk at the timing of said attraction.
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26. A disk drive in accordance with claim 24, wherein
saild _behaviqr detection section detécts the timing
of the separat_ion of said magnéi:iq ball from said magnet,
said rotation _spéed detection secfion detects the
rotation speed of said disk ai: the timing of said separation,
said behavior detect_ioh' se¢tion detects the timing
of the attraction of said magnetic ball by said magnet, and
said rotation speed Qetection section detects the
- rotation speed of said disk: a.-t the timing of said attraction.
27. Amethod for controlling a disk drive cc;mprising: _
. a disk, and >
a balancer for movably accomn_lqdating one or plural
magnetic balls in the ring-shaped hollow section thereof and
provided with a magnet for attracting said magn'etic balls inside
said ring-shaped hollow section,
in the case .w-hen the rotation épeed of said disk is
changed from a first rotation speed 'including a stop state tc;
a second rotation speed higher than the_ first rotation speed,
said method comprising:

‘a ste}j for ra:i_.sing the rotation speed from the fj.rst
rotation speed to a thi]_:'d rotation speed higher than the second
rotation speed, .and

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.
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28. A method for cohtrollingla:_gisk drive comprising:
a diék, and - .
a balancer for movably adcommpdating one or plural
" magnetic balls in the ring-shaped hollow section fhereof and
prc':vided with a magnet for attracting.said magnetic balls inside
said ring-shaﬁed h;;low section,
| in the case when the rotation speed of said disk is
changed from a first rotation speed to a second rotation spééd
"loWér 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 secondﬁ
rofation speed, and
o -a step for raising the rotation speed f£rom the third
rotation Speed to the second rotation speed, wherein
said magnetic ball is attracted by said magnet at the
third rotation speed. |
29. A -disk drive in accordénce with claim 8, wherein
said impact detection section detects an impact on
the basis of tﬁé output signal of said optical piékup.
” - 30. A disk drive in accordance with claim 29, wherein
said iﬁpact detection section detects an impact on
.t_he basis of the focus error signal or the tracking error signal
~of said optical pickup.
31. A disk drive in éccordance with claim 8, wherein
said impact detection section is a piezoelectric .

" ceramic sensor.



