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OPTICAL PICKUP APPARATUS AND DISK DRIVE APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to an optical pickup apparatus and
disk drive apparatus, and particularly to the technology for
preventinga collisionbetweenanoptical diskandanobjective
lens and preventing and reducing damage of a signal recording
layer of the optical disk.

Description of the Related Art

As a mass storage information recording medium, cited
are various optical disks such as CD-ROM {Compact Disk Read
Only Memory), CD-R (Compact Disk Recordable), CD-RW {Compact
Disk Rewritable), DVD-ROM (Digital Versatile Disk Read Only
Memory), DVD-RW (Digital Versatile Disk Rewritable) and other
optical reading type disks, a magneto-optical disk, a phase
change optical disk and the like.

Inadiskdrive apparatus for perforning recording and/or
reproducing to the above optical disks, a focus servo is used
for focusing beam light on a signal recording layer of the
optical disk, and when the focus servo comes off, an objective
lens for focusing the beam light on the signal recording layer
of the optical disk and the optical disk collide to damage

the optical disk or the objective lens, resulting in the fear



that they aredisabled fromrecording and reproducinga signal.

Attempts have been made to dispose a buffer member made
of a material having cushioning property such as non-woven
fabric, felt or the like in a surface of a lens holder holding
the objective lens that is opposite to the optical disk
heretofore, whereby when the focus servocomes off, theoptical
disk collides with the buffer member before it collides with
the objective lens so that the objective lens can be prevented
from colliding with the optical disk and the optical disc can
be prevented from being damaged. |

The conventional disk drive apparatus, however, has the
problem that dust such as waste thread or the like is scrubbed
from the buffer member and scattered in the device to cause
a trouble.

In recent years, with the development into mass storage
and high density optical disk, a work space, that is, the space
between the objective lens and the disk surface with the servo
motor kept on running has been decreased so as to increase
the risk of a collision between the objective lens and the
optical disk.

With the development into mass storage and high density,
the thickness of a protective layer covering the signal
recording layer of the optical disk has been decreased,

resulting in the problem that the signal recording layer of
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theopticaldiskisliable tobedamagedbythecollisionbetween

the optical disk and the objective lens.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
circumstances to prevent a collision between an optical disk
and an objective lens and prevent and reduce damage of a signal
recording layer of the optical disk.

According toanaspect of theinvention, anoptical pickup
apparatus includes an objective lens for applying a light beam
to a signal recording layer of an optical disk, a lens holder
for supporting the objective lens, and a coating layer formed
on the disk side end face of the lens holder, that is, the
end face opposite to the optical disk, and the coating layer
is formed of amaterial softer than the optical disc and having
favorable s}idability, and projected over the objective lens
toward the optical disk.

Thus, in the above optical pickup apparatus of the
invention, even if a focus servo comes off so that the optical
disk and the objective lens approach, the optical disk comes
into contact with the coating layer before it collides with
the objective lens so as to prevent a collision between the
optical disk and the objective lenmns.

Though the optical disk comes into contact with the



coating layer, the coating layer is formed of the material
softer than the optical disk and having favorable slidability
so that the optical disk goes with a slight damage.

According to another aspect of the invention, theoptical
pickup apparatus includes an objective lens for applying a
light beam to a signal recording layer of an optical disk,
a lens holder for supporting the objective lens, a lens
protector providedon the lens holder to surround the periphery
of the objective lens, and a coating layer formed on the disk
side end face of the lens protector, that is, the end face
thereof opposite to the optical disk, and the coating layer
is formed of a material softer than the optical disk and having
favorable slidability and projected from the objective lens
toward the oﬁtical disk.

Thus, in the above optical pickup apparatus of the
invention, even if a2 focus servo comes off so that the optical
disk and the objective lens approach, the optical disk comes
into contact with the coating layer before it collides with
the objective lens so as to prevent a collision between the
optical disk and the objective lens.

Although the optical disk comes into contact with the
coating layer, the coating layer is formed of the material
softer than the opticél disk and having favorable slidability

so that the optical disk goes with a slight damage.
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According to still another aspect of the invention, the-
optical pickup apparatus includes an objective lens for
applying a 1ight beam to a signal recording layer, and a lens
holder for supporting the objective lens, the disk side end
face of the lens holder, that is, the end face positioned in
the periphery of the objective lens opposite to the optical
disk is disposed closer to the optical disk than the objective
lens, an objective lens protective surface is formed for
preventing a collision between the objective lens and the
optical diskwhen the lens holder and theoptical disk approach,
and in the disk side end face of the lens holder, an objective
lens protective surface is not formed at least in a portion
with a designated width positioned on the upstream side of
the objective lens with respect to the rotation of the optical
disk.

Thus, in the above optical pickup apparatus of the
invention, even if a focus servo comes off so that the optical
disk and the objective lens approach, the optical disk comes
into contact with the cbjective lens protective surface before
it collideswith the objective lens so as topreventacollision
between the optical disk and the objective lens.

The optical disk comes into surface contact with the
objective lens proteétive surface, so that the optical disk

goes with a slight damage.



According to an aspect of the invention, the disk drive
apparatusincludesanoptical pickupapparatusadaptedtoapply
a light beam to a signal recording layer of an optical disk
rotated by a disk rotating device, thereby reading and/or

recording a signal to the signal recording layer, the optical

" pickup apparatus includes an objective lens for applying a

light beam to the signal recording layer, a lens holder for
supporting the objective lens, and a coating layer formed on
the disk side end face of the lens holder, that is, the end
face thereof opposite to the optical disk, and the coating
layer is formed of a material softer than the optical disk
and having favorable slidability.

Thus, in the above disk drive apparatus of the invention,
even 1f a focus servo éomes off so that the optical disk and
the objective lens approach, the optical disk comes into
contact with the coating layer before it collides with the
objective lens so as to prevent a collision between the optical
disk and the objective lens.

Although the optical disk comes into contact with the
coating layer, the coating layer is formed of the material
softer than the optical disk and having favorable slidability
so that the optical disk goes with a slight damage.

Acdordingtoandtheraspectoftheinvention,theoptical

disk drive apparatus includes an optical pickup apparatus



adapted to apply a light beam to a signal recording layer of
an optical disk rotated by a disk rotating device, thereby
reading and/or recordinga signal to the signal recording layer,
the optical pickup apparatus includes an objective lens for
applying a light beam to the signal recording layer, a lens
holder for supporting the objective lens, a lens protector
provided on the lens holder to surround the periphery of the
objective lens, and a coating layer formed on the disk side
end face of the lens protector, that is, the end face thereof
opposite to the optical disk, and the coating layer is formed
of amaterial softer than the optical disk and having favorable
slidability and projected from the objective lens toward the
optical disk.

Thus, in the above disk drive apparatus of the invention,
even if a focus servo comes off so that the optical disk and
the objective lens approach, the optical disk cofnes into
contact with the coating layer before it collides with the
objective lens so as to prevent a collision between the optical
disk and the objective lens.

Although the optical disk comes into contact with the
coating layer, the coating layer is formed of the material
softer than the optical disk and having favorable slidability
so that the optical disk goes with a slight damage.

According to still another aspect of the invention, the



disk drive apparatus includes an optical pickup apparatus
adapted to apply a light beam to a signal recording layer of
an optical disk rotated'by a disk rotating device, thereby
readingand/orrecordingasignaltothesignalrecordinglayer,
the optical pickup apparatus includes an objective lens for
applying a light beam to the signal recording layer, aﬁd a
lens holder for supporting the objective lens, the disk side
end face of the lens holder, that is, the end face positioned
in the periphery of the objective lens opposite to the optical
disk is disposed closer to the optical disk than the objective
lens, an objective lens protective surface is formed for
preventing a collision between the objective lens and the
optical disk when the lens holder and theoptical diskapproach,
and in the disk side end face of the lens holder, an objective
lens protective surface is not formed at least in a portion
with a designated width positioned on the upstream side of
the objective lens with respect to the rotation of the optical
disk.

Thus, in the above disk drive apparatus of the invention,
even if a focus servo comes off so that the optical disk and
the objective lens approach, the optical disk comes into
contact with the objective lens protective surface before it
collides with the objéctive lens so as to prevent a collision

between the optical disk and the objective lens.
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The optical disk comes into face contact with the
objective lens protection surface, so that the optical disk

goes with a slight damage.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be
described in detail based on the followings, wherein

Fig. 1 is a schematic perspective viewshowing anoutline
of an embodiment of a disk drive apparatus according to the
invention;:

Fig. 2 is a schematic perspective view showing anoutline
of configuration of an optical pickup apparatus;

Fig. 3 is a perspective view of the principal part, which
shows a first embodiment with Fig. 4;

Fig. 4 is a longitudinal section of the principal part;

Fig. 5 is a schematic perspective view of the principal
part showing a second embodiment;

Fig. 6 is a sectional view of the principal part showing
the problems of the first embodiment, which explains the
effects of the second embodiment with Fig. 7;

Fig. 7 is a sectional view of the principal part for
explaining the advantages of the second embodiment;

Fig. 8 is a sche-matic perspective view of the principal

part showing a modified form of the second embodiment;



Fig. 9 is a schematic perspective view of the principal
part showing a third embodiment;

Fig. 10 is a schematic plan view showing an example of
masking in the case of forming a coating layer;

Fig. 11 is a schematic perspective view of the principal
part showing a modified form of the third embodiment;

Fig. 12 is an exploded perspective view showing a lens
holder which originates a fourth embodiment with Fig. 13;

Fig. 13 is a perspective view of the lens holder;

Fig. 14 is a perspective view showing the fourth
embodiment with Fig. 15;

Fig. 15 is a longitudinal section of the above;

Fig. 16 isaschematicperspectiveviewof theprincipal
part showing a fifth embodiment;

Fig. 17 is a schematic perspective view of the principal
part showing a sixth embodiment;

Fig. 18 is a graph showing the results of .conducting
tests in reading signals after collision of an optical disk
with a lens holder of the structure shown in Figs. 12 and 13;

Fig. 19 is a graph showing the results of conducting
tests in reading signals after collision of the optical disk
with another lens holder of the structure shown in Figs. 12
and 13;

Fig. 20 is a graph showing the results of conducting
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tests in reading signals after collision of the optical disk
with the lens holder of the fourth embodiment;

Fig. 21 is aperspectiveviewshowingaseventhembodiment
with Fig. 22;

Fig., 22 is a plan view of the seventh embodiment;

Fig. 23 isaperspectiveviewshowinganeighthembodiment
with Fig. 24; and

Fig. 24 is a plan view of the eighth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig.lisaschematicdiagramshowingthe first embodiment
ofadiskdriveapparatusl. Thediskdriveapparatusisadapted
to record and/or reproduce a signal to and from an optical
disk 2, andprovidedwithadiskrotating device 3 andanoptical
pickup apparatus 4. .

As the optical disk 2, cited are various optical disks
such as CD-ROM (Compact Disk Read Only Memory), CD-R (Compact
Disk Recordable), CD-RW (Compact Disk Rewritable), DVD-ROM
(Digital Versatile Disk Read Only Memory)}, DVD-RW (Digital
VersatileDiskRewritable) andotheroptical reading typedisks,
a magneto-optical disk, a phase change optical disk and the
1ike, and it does not matter in the invention what the system
and size are like.

The disk drive apparatus 1 includes a device capable



of both reproducing and recording in addition to the device
special for reproduction or recording, and it does not matter
whether it is stationary or portable in its operating form.

In the disk drive apparatus 1, the optical disk 2 is
rotated by the disk rotating device 3, and a signal is recorded
and/or read to and from the optical disk 2 by the optical pickup
apparatus 4 moving in the radial direction of the rotating
optical disk 2.

The disk rotating device 3 is provided with a spindle
motor 6 disposed on a chassis 5 and a turntable 7 rotated by
the spindle motor 6, and the optical disk 2 is rotated in the
state of being held on the turntable 7.

The optical pickup apparatus 4 is constructed on a slide
base 8, and the slide base 8 is freely moved in the radial
direction of the optical disk 2 held on the turntable 7 by
a guide shaft 9 and a feed screw 10 provided on the turntable
7. That is, one end part 8a of the slide base 8 is freely
slidably engaged with the guide shaft 9, and the other end
part 8b of the slide base 8 is screw-engaged with the feed
screw 10, The feed sc.:rew 10 is rotated by a feed motor 11,
and the rotation of the feed screw 10 causes the other end
part 8b of the slide base 8 to be fed in the axial direction
of the feed screw 10, that is, the radial direction of the

optical disk 2 on the turntable 7, whereby the one end part
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8a of the slide base 8 is also slid in the same direction so
that the optical pickup apparatus 4 is moved in the radial
direction of the optical disk 2 on the turntable 7.

Though Fig. 1 shows an example of a mechanism for feeding
the optical pickup apparatus 4 in the radial direction of the
optical disk 2 on the turntable 7, the mechanism for feeding
the optical pickup apparatus 4 in the radial direcﬁion of the
optical disk 2 on the turntable 7 isnot limited to the mechanism
shown in Fig. 1.

Fig. 2 is a schematic diagram showing the constitution
of the optical pickup apparatus 4.

The optical pickup apparatus 4 includes a laser light
source 12 such as a semiconductor laser, a photo detector 13,
a beam splitter 14, a mirror 15, and an objective lens 16.

A laser beam 17 outputted from the laser light source
12 is transmitted through the beam splitter 14, and with the
optical path raised at 90 degrees by the mirror 15, condensed
on a signal recording layer 2a of the optical disk 2. A
reflected laserbeaml18 reflected by the signal recording layer
2a of the optical disk 2 is reflected by the beam splitter
14 through theobjective lens 16 and themirror 15 tobe detected
by the photo detector 13. A focus error signal and a tracking
error signal are obtained by detecting the reflected laser

beam 18 by the photo detector 13, and in reproducing, a



reproduction signal is obtained. The reproduction signal is
processed to read (reproduce) a signal recorded in the signal
recording layer 2a of the optical disk 2.

The objective lens 16 is supported and controlled by
a biaxial actuator 19 to move in the focusing direction, that
is, in the direction of approaching to and separating from
the signal recording layer 2a of the optical disk 2 held on
the turntable 7 and tracking direction, that is, in the
direction parallel to the signal recording layer 2a of the
optical disk 2 held on the turntable 7.

The biaxial actuator 19 includes a movable part 20, and
theobjectivelens 16 is supportedon themovablepart 20 through
a lens holder 21. The movable part 20 is supported on the
slide base 8 to freely move in the focusing direction (See
an arrow F in Fig. 2) and in the tracking direction (See an
arrow T in Fig. 2} througin suspensions 23, 23 ... formed by
a fine elastic wire rod provided on a stationary support part
22. A magnetic circuit not shown is formed in the biaxial
actuator 19, and according to the focusing error signal and
the tracking error signal obtained from the above photo
detector 13, the above magnetic circuit is driven, whereby
the movable part 20 is caused tomove in the focusing direction
and in the tracking direction, the laser beam 17 irradiating

the signal recording layer 2a of theoptical disk 2 is controlled
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to trace a recording track formed in the signal recording layer
2a or a guide groove, and be focused on the recording track
or the guide groove by the objective lens 16.

The constitution of the optical pickup apparatus 4 shown
in Fig. 2 is basic, and it may be altered in various ways.
For examples, instead of providing the laser light source 12
and the photo detector 13 separately, a laser coupler having
a laser light source and a photo detector packaged in a body
may be used, or optical elements other than the above may be
interposed in an optical path extending from the laser light
source through the optical disk to the photo detector.

The invention is characterized by the lens holder 21
holding the objective lens 16.

Figs. 3 and 4 show the first embodiment.

The lens holder 21 is formed of synthetic resin such
as ABS resin substantially cylindrical. The objective lens
16 is held in a center hole 2l1la of the lens holder 21. The
objective lens 16 is of a two-piece structure composed of a
frontlens l6aandarearlens l6binorder toenlargeanaperture
diameter (See Fig. 4).

A coating layer 24 is formed on the disk side end face
of the lens holder 21, that is, the end face 21b opposite to
the optical disk. The coating layer 24 is formed of amaterial

softer than theoptical disk 2 and having favorable slidability.



As such a coating material for forming the coating layer,
considered is fluorocarbon resin coating material mainly
composed of fluorocarbon resin. The coating layer 24 is
projected over the front lens l1l6a of the objective lens 16
toward the optical disk 2.

According to the first embodiment, the coating layer
24 formed on the disk side end face 21b of the lens holder
21 is projected over the objective lens 16 toward the optical
disk 2, whereby even if a focus servo comes off, the co;ting
layer 24 comes into contact with the optical disk 2 before
the objective lens 16 collides with the optical disk 2 so as
to prevent the objective lens 16 from being damaged, and the
optical disk 2 comes into contact with the coating layer 24
formed of thematerial softer than the optical disk 2 and having
favorable slidability so that the optical disk 2 is hardly
damaged to decrease the risk of being disabled from reading
a signal due to a collision.

Fig. 5 shows the second embodiment of the inveﬂtion.

According to the second embodiment, in the lens holder
21A, the above coating layer 24 is formed outside of a portion
21c (hereinafter referred to as stepped surface) in the disk
side end face 21b that is positioned on the upstream side of
theobjectivelenslsﬁithrespecttotherotation(therotating

direction is indicated by an arrow R) of the optical disk 2.



The coating layer.24 is projected over the front lens 16a of
the objective lens 16 toward the optical disk 2.

The significance of forming the stepped surface 21lcwill
be described by Figs. 6 and 7.

In the lens holder without the stepped surface 21¢, that
is, the.lens holder 21 of the first embodiment shown in Figs.
4 and 5, in the case where there are dust and the like (shavings
of the optical disk 2 and the coating layer 24 caused by a
collision between the optical disk 2 and the coating layer
24, and dust) 25, 25, ... 1in a portion of the coating layer
24 positioned on the upstream side of the objective lens 16
with respect to the rotation of the optical disk 2 {See Fig.
6A), when a focus servo comes off so that the optical disk
2 is approaching to the objective lens 16, the optical disk
2 collides with the coating layer 24 and the dust and the like
25, 25, ... on the coating layer 24 are blown off to the
downstream side of the rotation of the optical disk 2. Since
the place of the dust and the 1ike 25, 25, ... is located rather
closer to the optical disk 2 than tlhe objective lens 16, the
blown-off dust and the 1ike 25, 25, ... areput on the objective
lens 16 (See Fig. 6B) so that the dust and the 1ike 25, 25,
shield the laser beam 17 transmitted through the objective
lens 16 (See Fig. 6C5 to be an obstacle to reading and/or

recording a signal.
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According to the second embodiment, however, the stepped
surface 21c¢ is provided on a portion corresponding to the
upstream side of the objective lens 16 with respect to the
rotation of the optical Qisk 2, and the stepped surface 21c
is locatedmore distant from the optical disk 2 than the coating
layer 24, so that the dust and the like 25, 25 ...are put on
the stepped surface 21c {(See Fig. 7A), whereby even if the
focus servo comes off so that the optical disk 2 approaches
to the objective lens 16 to collide with the coating layer
24, the stepped surface 21c on which the dust and the like
25, 25, ...are put is located more distant from the optical
disk 2 than the coating layer 24, so that the dust and the
like 25, 25, ... are prevented from being blown off to the
downstream side of the rotation of the optical disk 2 (See
Fig. 7B). Accordingly, the dust and the like 25, 25, ...will
notshieldthelaserbeaml?tmansmiﬁtedthroughtheobjective
lens 16 (See Fig. 7C).

Fig. 8 shows a modified form of the second embodiment.

In the lens holder 21A' of this modified form, a portion
21c’ of the disk side end face positioned on the upstream side
of the objective lens 16 with respect to the rotation of the
optical disk 2 is formed as a stepped surface located more
distant from the optical disk 2 than the 9ther portion, and

the coating layer 24 is formed on the whole of the disk side



end face of the lens holder 21A'. Whereupon, a portion 24a
of the coating layer 24, which is formed on the stepped surface
21c’, is located more distant from the optical disk 2 than
that in the other portion. Thus, the same effect as in the
lens holder 21A of the second embodiment is produced.

Inthismodified form, maskingisnotneeded forpartially
providing the coating layer 24 so as to facilitate formation
of the coating layer 24.

Fig. 9 sh;:ws the third embodiment.

Inthelensholder21Bof the third embodiment, thecoating
layers 24, 24 are formed on the disk side end face 21b outside
of a portion 21c (stepped surface) positioned on the upstream
side of the objective lens 16 and a portion 214 (hereinafter
referred to as downstream stepped surface) positioned on the
downstream side with respect to the rotation {the rotating
direction is indicated by an arrow R) of the optical disk 2.
The coating layers 24, 24 are projected over the front lens.
16a of the objective lens 16 toward the optical disk 2.

In the lens holder 21B of the third embodiment, although
the upstream stepped surface 21c produces the same effect as
in the second embodiment, the downstream stepped surface 214
does not have a special function. In the case of partially
forming the coating iay’er 24 on the disk side end face 21b

of the lens holder 21B, however, normally masking technology
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is applied, and the application of masking 27 (See a hatched
portion of Fig. 10B) extending from the upstream stepped
surface 21c through the objective lens 16 to the downstream
stepped surface 21d requires lower accuracy than the
application of masking 26 (See a hatched portion of Fig. 10A}
covering the upstream stepped surface 21c and the objective
lens 16, so that the cost of forming the coating layer 24 can
be reduced. A smaller quantity of coating material to be used
will be sufficient. In the effect of thé coating layers 24,
24 for preventing a collision between the optical disk 2 and
the objective lens 16 and reducing the damage of the optical
disk 2 in a collision, there is no difference from the lens
holders of the first embodiment and the second embodiment.
Fig. 11 shows a modified form of the third embodiment.
In the lens holder 21B’ of this modified form, a portion
21lc' (stepped surface) positioned on the upstream side of the
objective lens 16 and a portion 21d‘' (hereinafter referred
to as downstream stepped surface) positioned on the downstream
side with respect to the rotation of the optical disk 2 in
the disk side end face 21b are formed as a stepped surface
located more distant from the optical disk 2 than the other
portion, and the coating layer 24 is formed on the whole of
the disk side end face of the lens holder 21B*‘. Whereupon,

the portions 24a, 24a of the coating layer 24, which are formed
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on the stepped surfaces 21¢’, 214d’, are located more distant
from the optical disk 2 than that in the other portion. Thus,
the same effect as in the lens holder 21B of the third embodiment
is produced.

In this modified form, masking for partially providing
the coating layer 24 isnot needed so as to facilitate formation
of the coating layer 24.

Figs. 12 and 13 show the lens holders which originate
the fourth embodiment of the invention.

The lens holder 21_x is constituted by a holder main body
28 and a lens protector 29.

The holdermain body 28 is constitutedbya largediameter
part 28a and a small diameter part 28b connected to the upper
side of the large diameter part 28a, and the outline of the
small diameter part 28b is circular. The objective lens 16
(the front lens 16a and the rear lens 16b) is supported in
a central hole 28c penetrating the central part of the holder
main body 28.

The lens protector 29 is annular, and the inside diameter
is set a little larger than the outside diameter of the small
diameterpart 28bof theholdermainbody28. Thelensprotector
29 is fixed to the holder main body 28 in the state of being
externally fitted to the small diameter part 28b thereof by

bonding or the like. With the lens protector 29 fixed to the
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holder main body 28, the disk side end face 29a of the lens
protector 29 is projected over the objective lens 16 (to be
concrete, the disk side end face of the front lens 16a) toward
the optical disk 2.

The collision resisting characteristics can be
remarkably improved by using the lens holder 21X adopting the
above structure and having the lens protector 29 formed of
fluorocarbon resin as compared with the conventional one. On
measuring the number of signal reading errors after 1000
collisions between the optical disk and the objective lens
in the conventional one, the signal can be hafdly read. In
the case of adopting the lens protector 29 formed of
fluorocarbon resin, readingdoesnot become impossible, though
a signal reading error is found. The measurement on the number
of signal reading errors after the collision will be described
later in detail.

Figs. 14 and 15 show the fourth embodiment.

The lens holder 21C of the fourth embodiment basically
has the structure shown in Figs. 12 and 13, and a coating layer
30 is formed on the disk side end face 29a of the lens prot.ector
29. The coating layer 30 is formed of a material softer than
the optical disk 2 and having favorable slidability. As a
coating ﬁaterial for.forming such a coating layer 30,

considered is a fluorocarbon resin coating material mainly
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composed of fluorocarbon resiﬁ. The coating layer 30 is
projected over the front lens 16a of the objective lens 16
toward the optical disk 2.

The disk side end face 29a of the lens protector 29 is
projected over the front lens 16a of the objective lens 16
toward the optical disk 2 in the lens holder 21X shown in Figs.
12 and 13, in the lens holder 21C of the fourth embodiment;
however, it is not necessary-that the disk side end face 29a
of the lens protector 29 is projected over the front lens 1l6a
of the objective lens 16 toward the optical disk 2, but it
will be sufficient that the coating layer 30 formed én the
disk side end face 29a is projected over the front lens 1l6a
of the objective lens 16 toward the optical disk 2.

In the fourth embodiment, the coating layer 30 formed
on the disk side end face 29a of the lens protector 29 of the
lens holder 21C is projected over the c;bjective lens 16 toward
the optical disk 2, whereby when the focus servo comes off,
the coating layer 30 collides with the optical disk 2 before
the objective lens 16 collides with the optical disk 2, so
that the objective lens 16 is prevented from being damaged,
and also the optical disk 2 collides with the coating layer
30 formed of a material softer than the optical disk 2 and
having favorable slidability so that the optical disk 2 is

hardly damaged to decrease the risk of being disabled from
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reading a signal due to the collision.

Fig. 16 shows the fifth embodiment.

In the lens holder 21D of the fifth embodiment 5, the
coating layer 30 is formed on the disk side end face 29a of
the lens protector 29 outside of a portion 29%9b (hereinafter
referred to as stepped surface) positioned on the upstream
side of the objective lens 16 with respect to the rotation
{the rotating direction is indicated by an arrow R) of the
optical disk 2. The coating layer 30 is projected over the
objective lens 16 toward the optical disk 2.

The significance of forming the stepped surface 29b is
the same as the previous description by Figs. 6 and 7.

That is, the stepped surface 29b is provided on a portion
corresponding to the upstream side of the objective lens 16
with respect to the rotation of the optical disk 2, and the
stepped surface 29b is located more distant from the optical
disk 2 than the coating layer 30, whereby even if the focus
servo comes off with the dust and the 1like put on the stepped
surface 29b so that the optical disk 2 approaches to the
objective lens 16 to collide with the coating layer 30, the
stepped surface 29b on which the dust and the 1ike 25, 25, ...are
put is located more distant from the optical disk 2 than the
coating layer 30, so.that the dust and the like 25, 25,

are prevented from being blown off to the downstream side of



the rotation of the optical disk 2. Accordingly, the dust
and the like will not shield the laser beam 17 transmitted
through the objective lens 16.

Fig. 17 shows the sixth embodiment.

Inthelensholder21l1Eof thesixthembodiment, thecoating
layers 30, 30 are formed on the disk side end face 29a of the
lens protector 29 outside of a portion 29b (stepped surface)
positioned on the ﬁpstream side of the objective lens 16 and
a portion 29¢ (downstreaﬁ stepped surface) positioned on the
downstream side with respect to the rotation (the rotating
direction is indicated by an arrow R) of the optical disk 2.
The coating layers 30, 30 are projected over the objective
lens 16 toward the optical disk 2.

The lens holder 21E of the sixth embodiment produces
the same effect as the lens holder 21B of the third embodiment.

Prepared are lens holders having the structure shown
in Figs._lz and 13, and provided with lens protectors 29
respectively formed of FL3093 (product name of fluorocarbon
resin manufactured by NTN Co., Ltd.) (sample 1) and FES000
{product name of fluorocarbon resin.manufaétured by NTN Co.,
Ltd.) (sample 2), and a lens holder having the structure of
the fourth embodiment 4 and provided with a lens protector
29 formed of ABS resih and a coating layer 30 mainly composed

of fluorocarbon resin (sample 3). The results of measuring
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the number of signal reading errors after collisions between
the optical disk 2 and the respective satﬁples are shown in
Figs. 18 to 20.

The measurement will be described in detail. The used
optical disk is a high density recording optical disk shaped
with a diameter of about 120 mm, and a thickness of about 1.2
mm {including the thickness of the protective layer 2b about
100/4m). Signals are read with such a setting that when the
focus servo is on running, the space (work space) between the
objective lens and the surface 2c of the optical disc is about
1504 m, the space between the surface 2c of the optical disk
2 and the lens protector 29 (or the coating layer 30 formed
on the lens protector 29) is about 1204 m, and the space between
the disk side end face (or the disk side end face of the coating
layer 30) of the lens b-rotector 29 and the objective lens 16
is about 304m (See Fig. 15).

The samples 1 and 2 are measured as in the following.
After 1000 collisions, as for the sample 1, how many signal
reading errors per track are caused in odd-numbered tracks
from the 27000th track to the 28000th track is measured, as
for the sample 2, how many signal reading errors per track
are caused in odd-numbered tracks from the 19000th track to
the 20000th track is ineasured, and as for the sample 3, after

2000 collisions, how many signal reading errors per track are
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caused in odd-numbered tracks from the 62000th track to the
63000th track is measured. One collision damages the optical
disk 2 extending over a width for about 24,000 tracks.

In the graphs of Figs. 18 to 20, the track number enters
the horizontal axis, the number of signal reading errors enter
the vertical axis, and the line of 3.00E-03 shows a target
value allowable in specification. The result of the similar
measurement on the conventional optical pickup apparatus is
that after 1,000 collisions, it is quite impossible to read
a signal.

It is found from Fig. 18 that with the sample 1, 12000
signal reading errors or more per track at maximum are caused,
signal reading does not become quite impossible.

It is found fxrom Fig. 19 that with the sample 2, the
number of errors is below the target value in most of tracks,
andinonLyqfewtracks;signalreadingerrorsabovethetarget
value are caused.

It is found from Fig. 20 that with the sample 3, even
after 2,000 collisions which is twice as large as the number
of times of collisions of the sample 1 and the sample 2, in
all of the tracks, the number of signal reading errors is lower
than the target value, so the very satisfactory result can
be obtained.

Figs. 21 and 22 show the seventh embodiment.



Inthelensholder21Fof tﬁe seventh embodiment, aportion
outside of a portion 21e (hereinafter referred to as stepped
surface) positioned on the upstream side of the objective lens
16 with respect to the rotation of the optical disk 2 in the
disk side end face 21b is formed as an objective lens protective
surface 21f positioned closer to the optical disk 2 than the
stepped surface 2le. The objective lens protective surface
21f is projected over the front lens 16a of the objective lens
16 toward the optical disk 2.

According to the seventh embodiment, the objective lens
protective surface 21f formed on the disk side end face 21b
of the lens holder 21F is projected over the objective lens
16 toward the optical disk 2, whereby when the focus servo
comes off, the objective lens protective surface 21f collides
with the optical disk 2 before the objective lens 16 collides
with the optical disk 2, so that the objective lens 16 will
not be damaged.

In the seventh embodiment, the optical disk 2 comes into
surface contact with the objective lens protective surface
21f, so that the optical disk 2 goes with a slight damage.

In order to reduce damage of the optical disk 2 due to
a collision between the lens holder 21F and the optical disk
2, the objective lens protective surface 21f may be formed

of amaterial softer thantheoptical disk2 andhaving favorable
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slidability.

The significance of forming the stepped surface 2le is
the same as that described by Figs. 6 and 7 in the second
embodiment, and the stepped surface 2le is locatedmore distant
from the optical disk 2 than the objective lens protective
surface 21f, whereby when the dust and the 1ike 25, 25, ...arse
put on the stepped surface 21e, even if the focus servo comes
off so that the optical disk 2 approaches to the objective
lens 16 to collide with the objective lens protective surface
21f, the dust and the like 25, 25, ... are prevented from
being blown off to the downstream side of the rotation of the
optical disk 2. Accordingly, the dust and the like will not
shield the laser beam 17 transmitted through the objective
lens 16.

The laser beam 17 is transmitted through the central
part of the objective lens 16, and a transmission area E (area
surrounded with a dash-single-dot line) of the laser beam 17
in the lens surface 16c on the optical disk 2 side of the
objective lens 16 is shown in Figs. 21 and 22.

Accordingly, when the focus servo comes off so that the
optical disk 2 approaches to the objective lens 16 to collide
with the lens holder 21F, the dust and the like 25, 25, ...
put on the objective lens protective surface 21f are probably

blown of f to the downstream side of the rotation of the optical



disk 2, but the dust and the 1ike 25, 25, ... put on the stepped
surface2leareprevented frombeingblown off to the downstream
side of the rotation of the optical disk 2. Accordingly, the
width W of the end part on the inner peripheral side of the
stepped surface 21e of the lens holder 21F can be made smaller
than the diameter D1 of the objective lens. It is desirable
to make the width W of the end part §n the inner peripheral
side of the stepped surface 2le of the lens holder 21F larger
than the diameter D2 of the transmission area E so that when
the dust and the like 25, 25, ...put on the objective lens
protective surface 21f are blown off to the downstream side
of the rotation of the optical disk 2, they may not shield
the transmission area E.

A coating layer made of amaterial softer than the optical
disk 2 and having favorable slidability such as the above
fluorocarbo% resin coating material mainly composed of
flﬁorocarbon resin may be formed on the objective lens
protective surface 21f of the lens hoider 21F.

The coating layer is thus formed on the objective lens
protective surface 21f, whereby when the focus servo comes

off, the optical disk 2 collides with the coating layer, so

that the optical disk 2 is hardly damaged so as to decrease

the risk of being disabled from reading a signal due to the

collision.



Figs. 23 and 24 show the eighth embodiment of the
invention.

The lens holder 21G of the eighth embodiment is
constituted by a rectangular part 31 substantially shaped like
a flat plate and disposed on the optical disk 2 side, and a
cylindrical part 32 disposedontheopposite side totheoptical
disk 2 with the rectangular part 31 interposed between them.
The lens holder 21G is so constructed that in the disk side
end face 31a of the rectangular part 31, four separated parts
outside of a portion 31b positioned on the upstream side of
theobjectivelens 16 with respect to therotation (therotating
direction is indicated by an arrow R} of the optical disk 2,
aportion3icpositionedonthedownstreamsideof theobjective
lens 16, and portions 31d, 3le positioned intersecting
perpendicularly to the portions 31b, 31lc (hereinafter the
portions 31b, 31c, 314, 3le are referred to as stepped surface)
are formed as objective lens protective surfaces 31£, 31£, ...
positioned closer to the optical disk 2 than the stepped
surfaces 31b, 31c, 31d, 3le. The objective lens protective
surface 31f, 31f, ... are projected over the front lens 1l6a
of the objective lens 16 toward the optical disk 2.

According to the eighth embodiment, the objective lens
protective surfaces 3'1f, 31f, ... formed on the disk side end

face 31a of the 1ens holder 21G are projected over the objective
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lens 16 toward the optical disk 2, whereby when the focus servo
comes off, one of the objective lens protective surfaces 31¢£,
31£, ... collides with the optical disk 2 before the objective
lens 16 collides with the optical disk 2 so that the objective
lens 16 is prevented from being damaged.

According to the eighth embodiment, the optical disk
2 comes into surface contact with theobjective lens protective
surfaces 31£f, 31f, ... sd that the optical disk 2 goes with
a slight damage.

In order to reduce damage of the optical disk 2 due to
the collision between the lens holder 21G and the optical disk
2, the objective lens protective surfaces 31f, 31f, ... may
be formed of a material softer than the optical disk 2 and
having favorable slidability.

The significance of forming the stepped surface 31b is
the same as that described in the seventh embodiment.

The width W’ of the stepped surface 31b of the lens holder
216G i_s made smaller than the diameter D1 of the objective lens
16 and larger than the diameter D2 of the transmission area
E for the same reason as that of the seventh embodiment.

A coating layermade of amaterial softer than the optical
disk 2 and having favorable slidability such as the above
fluorocarbon resin cbating material mainly composed of

fluorocarbon resin may be formed on the objective lens
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protective surfaces 31f, 31f, ... of the lens holder 21G.

The coating layer is thus formed on the objective lens
protective surfaces 31f, 31f, ..., whereby when the focus servo
comes off, the optical disk 2 collides with the coating layer,
so that the optical disk 2 is hardly damaged so as to decrease
the risk of being disabled from reading a signal due to the
collision.

In the lens holder 21G of the eighth émbodiment, the
downstream stepped surface 31c has no special function. 1In
the case of partially forming the coating layer, however,
similarly to the lens holder 21B of the third embodiment,
produced is the effect of requiring lower accuracy in masking
to reduce the cost of forming the coating layer.

The concrete shape of each part shown in the above
embodiments is only one example in carrying out the invention,
and is not intended to limit the technical scope of the
invention.

It will be appreciated that according to the invention,
as described above, the optical pickup apparatus, which is
adapted to record and/or read a signal to and from the signal
recording layerbyapplyingalightbeamto thesignal recording
layer of the optical disk, includes the objective lens for
applying a 1ight beam to the signal recording layer, the lens

holder for supporting the objective lens, and the cocating layer
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formed on the disk side end face of the lens holder, that is,
the end face opposite to the optical disk, and the coating
layer is formed of the material softer than the optical disk
and having favorable slidability, and projected over the
objective lens toward the optical disk.

Accordingly, in the optical pickup apparatus of the
invention, evenif the focus servo comes off so that the optical
disk approaches to the ocbjective lens, the optical disk comes
into contact with th_e coating layer before it collides with
the objective lens, thereby preventing a collision between
;he optical disk and the objective lens. Although the optical
disk comes into contact with the coating layer, the coating
layer is formed of the material softer than the optical disk
and having favorable slidability, so that the optical disk
goes with a slight damage.

According to another aspect, the coating layer is
disposedcloser to the optical disk than the portionpositioned
on the upstream side of the objective lens with respect to
the rotation of the optical disk in the disk side end face
of the lens holder, whereby the dust and the like adhering
to the disk side end face of the lens holder can be prevented
from adhering to the objective lens due to the collision with
the optical disk.

According to another aspect of the invention, the coating
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layer is disposed closer to the optical disk than the portions
positioned on the upstream and downstream sides of the

objective lens with respect to the rotation of the optical
disk in the disk side end face of the lens holder, whereby
the dust and the like adhering to the disk side end face of
thelensholdercanbepreventedfromadheringtotheobjective
lens due to the collision with the optical disk, the coating
layer can be easily formed, and a smaller quantity of amaterial
to be used for forming the coating layer will be sufficient.

According to another aspect of the invention, the main
ingredient of the coating layer is the fluorocarbon resin,
so that the damage given to the optical disk by the collision
can be remarkably reduced.

According toanother aspect of the invention, theoptical
pickup apparatus is used for recording and/or reading a signal
to and from the optical disk with a diameter of about 120 mm
and a thickness of about 1.2 mm including the thickness of
the protective layer for covering the signal recording layer
about 100 im, and with the focus servo put on running, the
space between the objective lens and the surface of the disk
is about 150 #m, and the space between the coating layer and
the surface of the disk is about 120 #m, whereby the signal
can be read and/or rgéorded with high density, and the damage

of the optical disk can be reduced regardless of an increase



in risk of the collision between the optical disk and the lens
holder due to reduction of the work space caused by development
into high density.

It will be appreciated that according to the invention,
as described above, another optical pickup apparatus, which
is adapted to record and/or read a signal to and from the signal
recording layerbyapplyingalight beamtothesignal recording
layer of the optical disk, includes the objective lens for
applying a light beam to the signal recording layer, the 1ens-
holder for supporting the objective lens, the lens protector
provided on the lens holder to surround the periphery of the
objective lens, and the coating layer formed on the disk side
end face of the lens protector, that is, the end face opposite
totheoptical disk, and thecoatinglayeris formedofamaterial
softer than the optical disk and having favorable slidability
and projected over the objective lens toward the optical disk.

Accordingly, in another optical pickup apparatus of the
invention, even if the focus servo comes off so that the optical
disk approaches to the objective lens, the optical disk comes
into contact with the coating layer before it collides with
the objective lens, so that the collision between the optical
disk and the objective lens can be preventegd.

Although the obtical disk comes into contact with the

coating layer, the coating layer is formed of the material



softer than theoptical disk and having favorable slidability,
so that the optical disk goes with a slight damage.

According to another aspect of the invention, thecoating
layer is disposed closer to the optical disk than the portion
positioned on the upstream side of the objective lens with
respect to the rotation of the optical disk in the disk side
end face of the lens protector, whereby the dust and the like
adhering to the disk side end face of the lens protector can
be prevented from adhering to the objective lens due to the
collision with the optical disk.

According toanother aspect of the invention, the coating
layer is disposed closer to the optical disk than the portions
positioned on the upstream and downstream sides of the
objective lens with respect to the rotation of the optical
disk in the disk side end face of the lens protector, whereby
the dust and the like adhering to the disk side end face of
the lens protector can be prevented from adhering to the
objective lens due to the collision with the optical disk,
the coating layer can be easily formed, and a smaller quantity
of a material to be used for forming the coating layer will
be sufficient.

According to another aspect of the invention, the main
ingredient of the coafing layer is the fluorocarbon resin so

that the damage given to the optical disk by the collision



can be remarkably reduced.

According toanother aspect of the invention, the optical
pickup apparatus is used for recording and/or reading a signal
to and from the optical disk with a diameter of about 120 mm
and a thickness of about 1.2 mm including the thickness of
the protective layer for covering the signal recording layer
about 100 #m, and with the focus servo put on running, the
space between the objective lens and the surface of the disk
is about 150 U m, and the space between the coating layer and
the surface of the disk is about 120 Um, whereby the signal
can be read and/recorded with high density, and the damage
of the optical disk can be reduced regardless of an increase
in risk of the collision between the optical disk and the lens
holder due to reduction of the work space caused by development
into high density.

It will be appreciated that according to the invention,
as described above, still another optical pickup apparatus,
which is adapted to record and/or read a signal to and from
the signal recording layer by applying a light beam to the
signal recording layer of the optical disk, includes the
objective lens for applying a light beam to the signal
recording layer and the lens holder for supporting the
objective lens, the aisk side end face of the lens holder,

that is, the end faceopposite totheopticaldiskandpositioned



in the periphery of the objective lens is disposed closer to
the optical disk than the objective.lens, an objective lens
protective surface is formed to prevent a colligion between
the objective lens and the optical disk when the lens holder
approaches to the optical disk, and the objective lens
protective surface is not formed at least in a portion with
a designated width positioned on the upstream side of the
objective lens with respect to the rotation of the optidal
disk in the disk side end face of the lens holder.

Accordingly, in the still another optical pickup
apparatus of the invention, even if the focus servo comes off
so that the optical disk approaches to the objective lens,
the optical disk comes into contact with the objective lens
protective surface beforeit collides with the objective lens,
so that thecollisionbetween theoptical diskand theobjective
lens can be avoided to prevent damage of the objective lens.

Furthermore, theoptical disk comes into surface contact
withtheobjeétivelensprotectivesurfacesothattheoptical
disk goes with a slight damage.

According to another aspect of theinvention, the coating
laver made of the material softer than the optical disk and
having favorable slidability is formed on the objective lens
protective surface so' that the optical disk goes with a slight

damage.



According to another aspect of the invention, the
objective lens protective surface is not formed on a portion
with a designated width positioned on the downstream side of
the objective lens with respect to the rotation of the optical
disk in the disk side end face of the lens holder, whereby
the coating layer can be easily formed, and a smaller quantity
of the material to be used for forming the coating layer will
be sufficient.

It will be appreciated that according to the invention,
as described above, the disk drive apparatus includes the disk
rotating device for rotating the optical disk and the optical
pickup apparatus adapted to record and/or read a signal to
and from the signal recording layer by.applying a light beam
to the signal recording layer of the rotating optical disk,
the optical pickup apparatus includes the objective lens for
applying the light beam to the signal recording layer, the
lens holder for supporting the objective lens, and the coating
layer formed on the disk side end face of the lens holder,
that is, the end face opposite to the optical disk, and the
coating layer is formed of thematerial softer than the optical
disk and having favorable slidability and projected over the
objective lens toward the optical disk.

Accordingly,inthediskdriveapparatusoftheinvention,

even if the focus servo comes off so that the optical disk



approaches to the objective lens, the optical disk come; into
contacp with the coating layer before it collides with the
objective lens so that the collision between the optical disk
and the objective lens can be prevented.

Although the optical disk comes into contact with the
coating layer, the coating layer is formed of the material
softer than the optical disk and having favorable slidability
so that the optical disk goes with a slight damage.

'Accordingtoanotheraspectoftheinvention,thecoating
layer is disposed closer to the optical disk than the portion
positioned on the upstream side of the objective lens with
respect to the rotation of the optical disk in the disk side
end face of the lens holder, whereby the dust and the like
adhering to the disk side end face of the lens holder can be
prevented from adhering to the objective lens due to the
colli;ion with the optical disk.

According toanother aspect of theinvention, thecoating
layer is disposed closer to the optical disk than the portions
positioned on the upstream and downstream sides of the
objective lens with the rotation of the optical disk in the
disk side end face of the lens holder, whereby the dust and

the like adhering to the disk side end face of the lens holder

‘can be prevented from adhering to the objective lens due to

the collision with the optical disk, the coating layer can

- 41 -



S s

T, e R

be easily formed, and a smaller quantity of a material to be
used for forming the coating layer will be sufficient.

According to another aspect of the invention, the main
ingredient of the coating layer is the fluorocarbon resin,
so that the damage given to the optical disk by the collision
can be remarkably reduced.

According to another aspect of the invention, the disk
drive apparatus is used for recording and/or reading a signal
to and from the optical disk with a diameter of about 120 mm
and a thickness of about 1.2 mm including the thickness of
the protective layer for covering the signal recording layer
about 100 #m, and with the focus servo put on running, the
space between the objective lens and the surface of the disk
is about 150 i#m, and the space between the coating layer and
the surface of the disk is about 120 {4 m, whereby the signal
can be read and/recorded with high density, and the damage
of the optical disk can be reduced regardless of an increase
in risk of the collision between the optical disk and the lens
holder due to reduction of the work space caused by development
into high density.

It will be appreciated that according to the invention,
as described above, another disk drive apparatus includes the
disk rotating devilce- for rotating the optical disk and the

optical pickup apparatus adapted to record and/or read a signal



to and from the signal recording layer by applying a light
beam to the signal recording layer of the rotating optical
disk, the optical pickup apparatus includes the objective lens
for applying the light beam to the signal recording layer,
the lens holder for supporting the objective lens, and the
lens protector provided on the lens holder to surround the
periphery of the objective lens, and the coating layer formed
on the disk side end face of the lens protector, that is, the
end face opposite to the optical disk, and the coating layer
is formed of the material softer than the optical disk and
havingfavorableslidabilityandprojectedoverthéobjective
lens toward the optical disk.

Accordingly, in another disk drive apparatus of the
invention, even if the focus servo comes off so that theoptical
disk approaches to the objective lens, the opticdl disk comes
into contact with the coating layer before it collides with
the objective lens so as to prevent the collision between the
optical disk and the objective leans.

Although the optical disk comes into contact with the
coating layer, the coﬁting layer is formed of the material
softer than the optical disk and having favorable slidability,
so that the optical disk goes with a slight damage.

Accordingtoandtheraspectoftheinvention,thecoating

layer is disposed closer to the optical disk than the portion
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positioned on the upstream side of the objective lens with
respect to the rotation of the optical disk in the disk side
end face of the lens protector, whereby the dust and the like
adhering to the disk side end face of the lens protector can
be prevented from adhering to the objective lens due to the
collision with the optical disk.

According to another aspect of the invention, thecoating
layer is disposed closer to the optical disk than the portions
positioned on the upstream and downstream sides of the
objective lens with the rotation of the optical disk in the
disk side end face of the lens protector, whereby the dust
and the like adhering to the disk side end face of the lens
protector can be prevented from adhering to the objective lens
due to the collision with the optical disk, the coating layer
can be easily formed, and a smaller gquantity of a material
to be used for forming the coating layer will be sufficient.

According to another aspect of the invention, the main
ingredient of the coating layver is the fluorocarbon resin,
so that the damage given to the optical disk by the collision
can be reduced.

According to another aspect of the invention, the disk
drive apparatus is used for recording and/or reading a signal
to and from the opticél disk with a diameter of about 120 mm

and a thickness of about 1.2 mm including the thickness of



the protective layer for covering the signal recording layer
about 100 im, and with the focus servo put on running, the
space between the objective lens and the surface of the disk
is about 150 4 m, and the space between the coating layer and
the surface of the disk is about 120 {m, whereby the signal
can be read and/recorded with high density, and the damage
of the optical disk can be reduced regardless of an increase
in risk of the collision between the optical disk and the lens
holder due to reduction of the work space caused by development
into high density.

It will be appreciated that according to the invention,
as describedabove, still anotherdiskdriveapparatus includes
the disk rotating device for rotating the optical disk and
the optical pickup apparatus adapted to record and/or read
a signal to and from the signal recording layer by applying
a light beam to the signal recording layer of the rotating
optical disk, the optical pickup apparatus includes the
objective lens for applying the light beam to the signal
recording layer, and the lens holder for supporting the
objective lens, and the disk side end face of the lens holder,
that is, theend faceoppositetotheoptical diskandpositioned
in the periphery of the objective lens is disposed close to
the optical disk thaﬁ the objective lens, an objective lens

protective surface is formed for preventing the collision
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between the objective lens and the optical disk when the lens
holder approaches to the optical disk, and in the disk side
end face of the lens holder, the objective lens protective
surface is not formed at least in the portion with a designated
width positioned on the upstream side of the objective lens
with respect to the rotation of the optical disk.

Accordingly, in the still another disk drive apparatus,
even if the focus servo comes off so that the optical disk
approaches to the objective lens, the optical disk comes intol
contact with the objective lens protective surface before it
collides with the objective lens so that the collision between
theoptical diskand theobjectivelens canbeavoided toprevent
damage of the objective lens. |

Furthermore, the optical disk comes into surface contact
with theobjective lens protective surface, so that theoptical
disk goes with a slight damage.

According to another aspect of theinvention, the coating
layer made of the material softer than the optical disk and
having favorable slidability is formed on the objective lens
protective surface so that the optical disk goes with a slight
damage.

According to another aspect of the invention, in the
disk side end face of the lens holder, the objective lens

protective surface is not formed at least in the portion with



a designated width positioned'on the downstream side of the
objective lens with respect to the rotation of the optical
disk, whereby the coating layer can be easily formed and a
smaller quantityofamaterial tobeused for forming the coating

layer will be sufficient.
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WHAT IS CLAIMED IS:

1.Anoptical pickupapparatus, whichisadapted torecord
and/or read a signal to a signal recording layer of an optical
disk by applying a 1ight beam to said signal recording layer,
comprising:

anobjective lens forapplyingalight beamto said signal
recording layer;

a lens holder for supporting said objective lens; and

a coating layer formed on the disk side end face of said
lens holder, that is, the end face opposite to said optical
disk,

wherein said coating layer is formed of amaterial softer
than said optical disk and having favorable slidability, and
projected over said objective lens toward said optical disk.

2. The optical pickup apparatus according to claim 1,
wherein said coating layer is disposed closer to said optical
disk than a portion positioned on the upstream side of said
objective lens with respect to the rotation of said optical
disk in the disk side end face of said lens holder.

3. The optical pickup apparatus according to claim 1,
wherein said coating layer is disposed closer to said optical
disk than portions positioned on the upstream and downstream
sides of said objective lens with respect to the rotation of

said optical disk in the disk side end face of s.aid lens holder.
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4. The optical pickup apparatus according to claim 1,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

5. The optical pickup apparatus according to claim 2,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

6. The optical pickup apparatus according to claim 3,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

7. The optical pickup apparatus according to claim 1,
wherein said optical pickup apparatus is used for recording
and/or reading a signal to an optical disk with a diameter
of about 120 mm and a thickness of about 1.2 mm including the
thickness of a protective layer for covering said signal
recording layer about 100 im, and with a focus servo put on
running, the space between said objective lens and the surface
of said disk is about 150 4 m, and the space between said coating
layexr and the surface.of said disk is about 120 Am.

8. Anoptical pickupapparatus, whichisadaptedtorecord
and/or read a signal to a signal recording layer of an optical
disk by applying a 1ight beam to said signal recording layer,
comprising:

anobjectiveleﬁsforapplyingalightbeamtosaidsignal

recording layer;
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a lens holder for supporting said objective lens; a lens
protector provided on said lens holder to surround the
periphery of said objective lens; and

a coating layer formed on the disk side end face of said
lens protector, that is, the end face opposite to said optical
disk,

wherein said coating layer is formed of amaterial softer
than said optical disk and having favorable slidability and
projected over said objective lens toward said optical disk.

9. The optical pickup apparatus according to claim 8,
wherein said coating layer is disposed closer to said optical
disk than a portion positioned on the upstream side of said
objective lens with respect to the rotation of said optical
disk in the disk side end face of said lens protector.

10. The optical pickup apparatus according to claim 8,
wherein said coating layer is disposed closer to said optical
disk than portions positioned on the upstream and downstream
sides of said objective lens with respect to the rotation of
said optical disk in the disk side end face of said lens
protector.

11. The optical pickup apparatus according to claim 8,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

12. The optical pickup apparatus according to claim 9,



B e

R

AR

wherein the main ingredient of said coating layer is
fluorocarbon resin.

13. The optical pickup apparatus according toclaim1l0,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

14. The optical pickup apparatus according to claim 8,
wherein said optical pickup apparatus is used for recording
and/or reading a signal to an optical disk with a diameter
of about 120 mm and a thickness of about 1.2 mm including the
thickness of a protective layer for covering said signal
recording layer about 100 im, and with a focus servo put on
running, the space between sajid objective lens and the surface
of saiddisk is about 150 #m, and the space between said coating
layer and the surface of said disk is about 120 Um.

15. An optical pickup apparatus, which is adapted to
record and/or read a signai to a signal recording layer of
anoptical diskbyapplyingalightbeamtosaidsignal recording
layer, comprising:

an objective lens for applyingalight beamto said signal
recording layer; and

a lens holder for supporting said objective lens,

wherein the disk side end face of said lens holder, that
is, the end face oppoéite to said optical disk and positioned

in the periphery of said objective lens is disposed closer .
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to said optical disk than said objective lemns,

an objective lens protective surface is formed for
preventing a collision between said objective lens and said
optical disk when said lens holder approaches to said optical
disk, and

in the disk side end face of said lens holder, said
objective lens protective surface is not formed at least in
a portion with a designated width positioned on the upstream
side of said objective lens with respect to the rotation of
said optical disk.

16. The optical pickup apparatus according to c¢laim 15,
wherein a coating layer madé of a2 material softer than said
optical disk and having favorable slidability is formed on
said objective lens protective surface.

17. The optical pickup apparatus according to claim 16,
wherein in the disk side end face of said lens holder, an
objective lens protective surface is not formed in a portion
with a designated width positioned on the downstream side of
said objectivelenswithrespect totherotationof saidoptical
disk.

18, A disk drive apparatus, comprising: a disk rotating
device for rotating an optical disk and an optical pickup
apparatus adapted to record and/or read a signal to and from

a signal recording layer by applyinga light beamto said signal
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recording layer of said rotating optical disk,

wherein said optical pickup apparatus comprises an
objective lens for applying a light beam to said signal
recording layer, a lens holder for supporting said objective
lens, and a coating layer formed on the disk side end face
of said lens holder, that is, the end face opposite to said
optical disk, and

said coating layer is formed of a material softer than
theopticaldiskandhaving favorableslidabilityandprojected
over said objective lens toward said optical disk.

19. The disk drive apparatus according to claim 18,
wherein said coating l;yer is disposed closer to said optical
disk than a portion positioned on the upstream side of said
objective lens with respect to the rotation of said oﬁtical
disk in the disk side end face of said lens holder.

20. The disk drive apparatus according to claim 18,
wherein said coating layer is disposed closer to said optical
disk than portions positioned on the upstream and downstream
sides of said objective lens with respect to the rotation of
said optical disk in the disk side end face of said lens holder.

21. The disk drive apparatus according to claim 18,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

22. The disk drive apparatus according to claim 19,
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wherein the main ingredient of said coating layer is
fluorocarbon resin.

23. The disk drive apparatus according to claim 20,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

24. The disk drive apparatus according to claim 18,
wherein said disk drive apparatus is used for recording and/or
reading a signal to an optical disk with a diameter of about
120 mm and a thickness of about 1.2 mm including the thickness
of a protective layer for covering said signal recording layer
about 100 itm, and v}ith a focus-servo put on running, the space
between said objective lens and the surface of said disk is
about 150 fm, and the space between said coating layer and
the surface of said disk is about 120 Um.

25. A disk drive apparatus, comprising: a disk rotating
device for rotating the optical disk and an optical pickup
apparatus adapted to record and/or read a signal to and from
a signal recording layer by applying a light beam to said signal
recording layer of said rotating optical disk,

said optical pickup apparatus comprises an objective
lens for applying a light beam to said signal record:;Lng layer,
a lens holder for supporting said objective lens, and a leuns
protector provided on said lens holder to surround the

periphery of the objective lens, and a coating layer formed
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on the disk side end face of said lens protector, that is,
the end face opposite to said optical disk, and

said coating layer is formed of a material softer than
said optical disk and haying favorable slidability and
projected over said objective lens toward said optical disk.

26. The disk drive apparatus according to claim 25,
wherein said coating layer is disposed closer to said optical
disk than a portion positioned on the upstream side of said
objective lens with respect to the rotation of said optical
disk in the disk side end face of said lens protector.

27. The disk drive apparatus according to claim 25,
wherein said coating layer is disposed closer to said optical
disk than portions positioned on the upstream and downstream
sides of said objective lens with respect to the rotation of
said optical disk in the disk side end face of said lens
protector.

28. The disk drive apparatus according to claim 25,
wherein the main ingredient of said coating layer is
fluorocarbon resin,.

29, The disk drive apparatus according to claim 26,
wherein the main ingredient of said coating layer is
fluorocarbon resin.

30. The disk drive apparatus according to claim 27,

wherein the main ingredient of said coating layer is
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fluorocarbon resin.

31. The disk drive apparatus according to claim 25,
wherein said disk drive apparatus is used for recording and/or
readir;g a signal to an optical disk with a Qiameter of about
120 mm and a thickness of about 1.2 mm including the thickness
of a protective layer for covering said signal recording layer
about 100 Um, and with a focus servo put on running, the space
between said objective lens and the surface of said disk is
about 150 [m, and the space between said coating layer and
the surface of said disk is about 120 im.

32. A disk drive apparatus, comprising: a disk rotating
device for rotating an optical disk and an optical pickup
apparatus adapted to record and/or read a signal to and from
a signal recording layer by applyinga light beam to said signal
recording layer of said rotating optical disk,

wherein said optical pickup apparatus comprises an
objective lens for applying a light beam to said signal
recording layer, and a lens holder for supporting said
objective lens, the disk side end face of said lens holder,
that is, the end face opposite to said optical disk and
positioned in the periphery of said objective lens is disposed
closer to said optical disk than said objective lens, an
objective lens proteétive surface is formed for preventing

a collision between said objective lens and said optical disk
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when said lens holder approaches to said optical disk, and

in the disk side end face of said lens holder, said
objective lens protective surface is not formed at least in
a portion with a designated width positioned on the upstream
side of said objective lens with respect to the rotation of
said optical disk.

33. The disk drive apparatus according to claim 32,
wherein a2 coating layer made of a material softer than said
optical disk and having favorable slidability is formed on
said objective lens protective surface.

34. The disk drive apparatus according to claim 33,
wherein in the disk side end face of said lens holder, said
objective lens protective surface is not formed in a portion
with a designated width positioned on the downstream side of
saidobjective lenswithrespect totherotationof saidoptical

disk.
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