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TITLE OF THE INVENTION 2 4 WR 10

Lens Holdc;,r, Method for Manufacturing Lens Holder, Metal Die for Producing Lens
Holder and Objective Lens Device

BACKGROUND OF THE INVENTION

Field of the Invention

This in§ention relates to a lens holder for supporting an objective lens loaded
on an optical head used for recording and/or reproducing an information recording
medjum, such as an optical disc. This invention also relates to a method for
manufacturing such a lens holder, 2 metal die used in manufacturing a lens holder and
an objective lens device constituted by the objective lens and the lens holder.
Descriptioﬂ of the Related Art

The information recording mediums, such as a replay-only optical disc, a phase
change disc, a magneto-optical disc or an optical card, are finding extensive use for
storing the image information, speech information or data for computer programs.
Thus, the demand for raising the recording density and the recording capacity of these
information recording mediums is increasing year by year.

For increasing the recording density of the information recording medium, it is
effective to increase the numerical aperture NA of the objective lens or to shorten the
light emission wavelength of the light source. For example, in an optical head for a
Compact Disc (CD), which is a digital optical disc or recording mainly music signals,

the numerical aperture NA of the objective lens and the light emission wavelength of
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the light source are 0.45 and 780 nm, respectively, whereas, in a so-called optical head
for the Digi.tal Versatile Dis_c (DVD), numerical aperture NA of the objective lens and

the light emission wavelength of the light source are 0.6 and 650 nm, respectively.

With this DVD, the recording density is improved over that with the CD to render it
~ possible to record picture signals.

The objective lené, used for recording and/or reproducing the information for
the routine.CD or DVD, is prevalently a single non-spherical lens molded from glass
or plastics. This singl(;. non-spherical lens, carried by a lens holder, makes up an
objective lens device, and:is loaded on the optical head. For example, the single non-
spherical lens is bonded to and mounted on a reference surface of the lens holder. The
lens holder, carrying this single non-spherical lens, is loaded with pre-set accuracy on
the optical head.

Recently, a higher recording density and a larger recor.ding capacity of the
information recording medium are desired, such that a larger numerical aperture NA
of the objective lens and the wavelength of the light radiated from picture signals
shorter than e.g., 650 nm are required.

It is howe\}er impossible to produce the single non-spherical leﬁs with the
numerical aperture NA not smaller than 0.75 because of difficulties in metal die
machining and in controlling the eccentricity at the time of lens molding. That is, in
machining a metal die for molding the single non-spherical lens with the numerical

aperture NA not less than 0.75 the tilt angle of the lens surface with respect to the



optical axis in the vicinity of the lens is less than 40°, so that machining becomes
difﬁcul't iﬂ consideration of the size of the distal end of the cutting edge, such as a
diamond byte. Also, if the curvature of the lens surface is increased, the sag (depth
along the optical axis from the apex of the lens surface to the outer rim of the lens) is
increased to render metal die machining difficult. For this reason, it is retained to be
difﬁéult to constitute an objective lens with a numerical aperture NA not less than 0.75
as a single lens.

Recently, as a technique of realizing an -objective lens with the numerical
aperture NA of not less than 0.75, a do{xble set objective lens has come to be used.
With this double set objective lens, the objective lens is constituted by piural lenses
to diminish the refractive power of each lens. This renders it possible to increase the
radius of curvature of the non-spherical lens surface to manufacture-an objective lens
with the numerical aperture NA not less than 0.75.

However, with the double set objective lens, with a large numerical -aperture
NA,an extremely high precision is required as the relative lens position accuracy when
.ass_embling the plural lenses into one set. For exami)le, micron order accuracy is
reqﬁired of the eccentricity and spacing betweer the lenses, whilst the minute order
accuracy is required of the lens tilt. By making three-dimensional position adjustment,

it is sufficiently possible to assemble the lens to meet this precision requirement.
However, thisthree-dimensional position adjustment is in need of an expensive jig and

an advanced position adjustment technique and hence does not lend itself to a mass



production process.

As means for positioning the lénses to assemble them to a sole lens unit, it may
be envisaged to assemble the respective lenses in the lens holder whose reference
portion having a reference surface for mounting the lenses thereon has been formed
to high precision.

The reference portion formed in the lens holder is set to a shape capable of
positioning the respective lenses as to the lens offset, tilt and the lens-to-lens
separation. The lens offset, tilt and separation are referred to below as three elements.
By forming the reference portion to high precision with respect to these three
ciements, the objective lens can be assembled to high precision without requiring the

- position -adjustment of the respective lenses. That is, the .objective lens can be
assembled to high precision solely by sufficiently optimizing the shape designing of
the lens holder.

The shape of the lens holder is hereinafter explained inclusive of the presumed
manufacturing method. Figs.15 and 16 show the structure of an objective lens device
201 having a first lens 202 and a second lens 203 of the double set objective lens set
assembled into a lens holder 204. | |

The first lens 202 is a lens into which falls the laser light radiated ﬁ'qm a light
source, not shown. The first lens 202 has its mid portion facing the second lens 203,
referred to below as the radiating surface, is formed as a non-spherical lens surface

202a, on an outer rim of which is formed a planar portion perpendicular to the optical
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axis. On the other hand, the surface to which falls the light radiated from the light
source, anci which is the opposite surface of the first lens 202, has its mid portion
formed to a non-spherical lens surface 202b. On the outer rim of the lens surface 202b
is férmed a planar portion peri:endicular to- the optical axis. The above-mentioned
opposite surface is referred to below as the incident surface.

The second lens 203 is alens of the doublé set objective lens set which opposes
to a digital optical disc, such as a phase change optical disc or a magneto-optical disc.
The surface of the second lens 203 facing the disc, not shown,'referred to below as the
facing surface, is formed to a planar shape, whilst the mid portion of the surface facing
the first lens 202 as the opposite surface, referred to below as the incident surface, is
. formed as a non-spherical lens surface 203b. On the outer rim of the lens surface 203b -
is formed a planar section perpendicular to the optical axis.

The side of the objective lens device 201 on which falls the light radiated from
the light source is termed an object poiﬁt side, whilst the side of the objective lens
device 201 lying along the disc arraying direction, that is the side on which an image
point is forméd by the objective lens device 201 by the light radiated from the light
source, is termed an image point side. Thus, with the first and second lenses 202, 203,
non-spherical lens surfaces are formed on the object side. |

The lens holder 204 is formed substantially to a toroidal shape. On the inner
peripheral side of the dbject point is formed a first mounting portion 204a carrying the

first lens 202, whereas, on the inner .periphery on the image point side, there is formed



a second mounting portion 204b carrying the second lens 203.

The first mounting portion 204a is formed step-wise as one with the inner rim
of the image point side aperture, and is formed as one from a first axial reference
surface 204al formed facing the object point side and from a cylindrically-shaped
radial reference surface 204a2 having the optical axis as axis.

The second mounting portion 204b is formed as-one step.-wise on the inner rim
of the aperture on the image point _sidc from a second axial reference surface 204b1

| formed facing the object point side and from a cylindrically-shaped radial reference
surface 20452 ﬁaving the optical axis as axis. This lens holder 204 is prepared e.g.,
by molding from synthetic resin.

- In the-above-described lens holder 204, the first axial reference surface 204al
of the first mounting portion 204a and the second axial r¢f§rcn¢e. surface 2041)1 of the
second mounting portion 204b serve as a reference surfa-ce determining -the separation
along the optical axis of the first and second lenses 202, 203. On the other hand, the
first axial reference surface 204al and the second axial reference surface.204bl-also
act as a reference surface for cbhtrolling the tilt of the first and second lenses 202, 203.
It may be said that t.he orientation of the first axial reference surface 204al aﬁd that

.of the second axial reference surface 204b1 are at 180° along the optical axis. The
_radial reference surface 204a2 of the first mounting portion 204a and the radial
reference surface 204b2 of the second mounting portion 204b act as a reference

surface determining the positions of the first and second lenses 202, 203 along the
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radius of the lens.

On t-his lens holder 204, the first lens 202 is mounted by its outer rim 202¢c on
the first mounting portion 204a. The second lens 203 is mounted by its outer rim203c
on the second mounting portion 204b.

This lens holder 204 is produced by die molding. For example, it is.
manufactured using a male die shown in Fig.17, referred to below as a first metal die,
and a ferﬂalc mold 302, referred to below as a second metal die. When the dies 301,
302 are assembled as shown in Fig.17, a molding material 204a for producing the lens
holder 204 is charged into a cavity between the first metal die 301 and the second
metal die 302 to mold the lens holder 204.

In this. metal die for manufacturing.the lens holder, the first metal die 301 is
-provided with a molding portion 301a for forming the first mounting portion 204a,
referred to below as the first mounting portion molding portion 301a, whilst the second
metal die 302 is provided with a molding portion 302a for forming the second
: rﬁounting portion 204b; referred to below as the-second mounting portion molding
portion 302a.

The first metal die 301 is made up of a base 301b and a projection _'3010 '
provided on this base 301b, and is generally formed to substanfially a convexed shape,
as shown in Figs.17 and 18.

The base 301b is formed substantially to a flat plate shape. This base 301b is

provided with a projection 301c at a mid portion of the major surface 301b1 in a



direction towards the second metal die 302. This direction towards the second metal
die 302 is the direction towards the image point of the double objective lens set 201
and is referred to below as the image point side direction. The vicinity of the outer rim
of the major surface 301b1 of the base 301b is an abutment surface 301b2
compressing against an abutment surface 302b21 of the second metal die 302.

The projection 301c is formed with steps 301d, 301e, 301f which become
prpg‘ressively lesser in diameter in a direction towards an image point side, as also
shéwn in Fig.19. In this projection 301c, the major surface 301f1 of the step 301f as
the distal end of the projection 301c serves as the surface of the second metal die 302
compressing against the major surface 302c1 of the second metal die 302. In this first
metal die-301, the first molding portion 301a is made up of a surface 301al facing the-
image point side of the outer rim of the step 301d and an outer rim surface 301a2 of
the step 301d.

The second metal die 302 is made up of a base 302b and a projection 3020 set
upright at a mid portion. on the major surface 302b11. The base 302b is made up of
asubstantially flat-plate shaped bottom 302b1 and a sidewall section 302b2 set uﬁright
on the outér rim of the major surface 302b in a direction of the first metal die 301; that
is in a direction towards the object point side of the double objective lens set 201,
referred to below as an obj'ect point side direction.

In the second metal die 302, the sidewall section 302b2 is a portion lying on the

outer rim of the projection 301c of the first metal die 301 and has an end face as an



abutment surface 302b21 compressing against the abutment surface 301b2 of the first
metal die 361.

The major surface 302c1 of the projection 302c is an abutment surface against
| the major surface 301f1 of the first metal die 301.

The metal dies 301, 302, thus configured, are assembled as shown in Fig.17,
and the molding material 204a is charged as shown in Fig.18 to mold the lens holder
204 by die molding.

With the metal dies 301, 302, thﬁs assembled together, the molding material
204a is charged to produce the lens holder 204 whereby the lens holder 204 is formed
as one with reference surfaces for positioning the lenses 202, 203, so that these lenses
may be assembled to a deuble objective lens set without. increasing cost or.time.

‘In assembling plural Ienses, precision in the above-mentioned three elements,
that is the offset, tilt and the sepafation, is required. That is, the lens holder 204 needs
to be shaped to this precision.

However, in the-above-described lens holder manufacturing method, the first
mounting portion 204a or positioning the first lens 202 is formed by the first metal die
301, whilst the second mounting portion 204b for positioning the second lens 203 is
formed by the second metal die 302, so that, if the molding material i04a is charged
in a state in which the second metal dfc 302 is not properly positioned with respect to
the first metal die 301, there is produced offset in the above-mentioned three elements.

For example, if the molding material 204a is charged in a state in which the



second metal die 302 is positioned with an offset from the pre-set position, as shown
in Fig.20, tilerc is directly produced an offset as to the offset, tilt or the separation
between the first lens 202 and the second lens 203 assembled in the molded lens
holder 204.

Specifically, should the second metal die 302 be offset relative to the first metal
die 301, as shown in Fig.20, there is produced an offset in eccentricity X due to the
offset of a center axis O2 of the second metal die 302 with respect to the center axis
O1 of the first metal die 301. On the other hand, there are produced an offset 6 of tilt
due to the inclination of the center axis O2 of the second metal die 302 with respect
to the center axis O1 of the first metal die 301 and an offset Z due to separation of the
second.metal die 302 from the first metal die 301. These offsets represent an amount-
of deviation between the. first molding portion 301a on the first metal die-301 for-
molding the first mounting portion 204a and the second molding portion 302a on the
second metal die 302 for molding the second mounting portion 204b. If the first and
second:lenses 202, 203 are assembled in the lens holder. 204 molded in such a state
that the second metal die 302 has such the offsets with respect to the first metal die
301 as to the tﬁree elements, as shown in Fig.21, the offset X in eccentricity, offset Y
in tilt and the offset Z in the separatioﬁ add to the error ascribable to fhe shape of the
metal dies 301, 302, that is to the metal die producing error.

The metal die producing error of approximately 3 am for the eccentricity and

separation and that of approximately 0.02° for the tilt may be estimated to be
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produced, so that, if the first m;atal die 301 is offset from the second metal die 302,
there is produced an error between the first and second lenses 202, 203 in an amount
corresponding to the metal die producing error plus the amounts of deviation between
the metal dies 301, 302. Since the eccentricity and the separation between the metal
dies are estimated to be approximately 10 x«m, whilst the tilt of approximately 0.067°
is estimated in die molding, these offsets add up to each other so that the eccentricity
and the separation amount to approximately 13 wm, whilst the tilt is approximately
0.087°. |
If, in the above-described lens holder manufacturing method, in wh_ich the first
mounting portion 204a carrying the first lens 202 and the second mounting portion
204b carrying the second l-ens- 203 ere produced using separate metal dies, an offset
is produced at the time of assembling the first and second metal dies-301, 302; this
offset translates itself as the offset in the reference surface usable as a reference in
mounting the first and second lenses 202, 203. The result is that the relative position

between the first and second lenses 202, 203 assembled in position deviate from the

desired relative position.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a lens holder, a
method for manufacturing lens holder, metal die for producing lens holder and
objective lens device constructed using the lens holder, in which plural lenses can be

secured to high precision without adjustment, and in which relative lens positions can
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be positioned to high accuracy.

In one aspect, the present invention provides a lens holder carrying an objective
lens formed by a plurality of lenses arrayed on an optica] axis of an optical head
adapted for recording and/o‘r reproducing information. signals for an information
recording medium using the laser light, with the plural lenses making up-an objective
lens device. A plurality of reference surfaces rcspcctively carry the object point side
lenses for controllihg the poéitions along the optical axes and the tilt of the lenses. The -
object point side reference surfaces control the positions along the optical axes and the
tilt of the lenses. |

In this lens holder, the reférence surfaces are formed by machining from the
same:direction.

In another aspect, the present invention provides a method for manufacturing
a lens holder éarrying an objective lens formed by a plurality of lenses arrayed on an
optical axis of an optical head adapted for recording and/or reproducing information
signals for an information recording medium using thelaser light, by injection molding
means, using a Iﬁetal die including at least a female die and a male die, object point
side lenses making up an objcdive lens device. A reference portion forming portion
constituting a plurality of reference portions for object point side lens holder
respectively carrying object point side plural lenses are formed on one of object point
side male die or the female die.

In this manufacturing method for the Iens holder, the reference portions of the
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lens holder are formed by the reference portion molding portion provided on the male
die or the female die.

In still another aspect, the present inventic;n provides a metal die for
manufacturing a lens holder having at least a female die and a male die, with the object
point side metal die being used for manufacturing a lens holder carrying an objective
lens formed by a plurality of lenses arrayed on an optical axis of an optical head
adapted for recording and/or reproducing information signals for an information -
recording medium using the laser light, with the object point side lenses making up an
objective lens device. A reference portion molding portion for forming a plurality of
reference portions of the lens holder for respectively mounting object point side lenses
is formed on one of the female di'e and the male die.

In the metal die for manufacturing a lens holder, the reference portions of the
lens holder are formed by the reference portion molding portion provided on the male
die or the female die.

In still another aspect, the present invention provides-an objective-lens device -
for an optical head adapted for recdrding and/or reproducing information signals for
an information recording medium using the laser light, with the object point side lenses
making up an objective lens device. The object point side objective lens device

.includes an objective lens made up of a first lens and a second lens, and a lens holder
supporting object point side objective lens. Atleast one surface of the first and second

lenses having a mid portion formed as a lens surface, with the vicinity of the outer rim
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of object point side at least one surface proving a planar section perpendicular to the
optical axis. The object point side lens holder has a first reference surface and a
second reference surface for mounting object point side first and second lenses,
respectively, for controlling the tilt and.the positions along the optical axes of the
lenses. The object point side reference surfaces are oriented in one direction along the
optical axis. A planar portion of object point side first léns is co-planar as the first
reference surface to support object point side first lens, with a planar portion of object
point side second lens being co-planar as the second reference surface to support
object point side second lens.

With the lens holder of the present invention, in which there are formed plural |
reference surfaces for mounting plural lenses for controlling the tilt and the positions
along:the optical-axis direction of the respective lenses are provided in one direction
along the optical axis direction, the referefnce-surfaces can be formed by machining
from the same direction. | |

By .this-. lens holder, plural lenses can. be positioned and secured to high
precision in an adjustment-free fashion to enable high-precision positioning between
the respective lenses.

In the lens holder manufacturing method according to the present invention, in
which there are used metal dies carrying a reference portion molding porﬁon adapted
for forming plural réference portions of the lens holder, in one of the male and female

dies of which the plural lenses are mounted, the reference portions of the lens holder
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can be form_ed by the reference portion mblding portion formed on one of the male and
female dies.

With the lens holder manufacturing method, plural lenses can be secured to high
accuracy in an adjustment-free fashion, so that positionipg between the lenses can be
realized to high precision.

In the metal die for manufacturing the lens holder according to the present
invention, in which there is provided a reference portion molding portion for férming
plural reference portions of the lens holder, on a male die or a female die of which
plural lenses are mounted, the reference portions of the lens holder can be formed by
the reference portion molding portion formed in the male die or in the female die.

With. the metal die. for manufacturing- the-lens holder, it-is possible: to
manufacture a lens holder on which plural lenses can be positioned to high precision
in an adjustment-free fashion, such that the positioning between the lenses can be
achieved to high precision.

.On the objective: lens device of the present invention, having the.above-
mentioned lens holder, plural lenses. of the objective lens constituting the objective
lens are secured in position to high precision in an adjustment-free fashion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal .cross-sectional view showing the structure of an

objective lens device in .which two objective lens sets are held by a lens holder

according to a first embodiment of the present invention.
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Fig.2 is a longitudinal cross-sectional view showing a metal die and a second
metal die used in producing the lens holder.

Fig.3 is a longitudinal cross-sectional showing a metal die for producing the lens
holder into which is charged the material for molding the lens holder.

Fig4is a longitudinal cross-sectional showing a metal die for manufacturing the
lens holder in which the second metal die is offset from fhe second metal die.

Fig.5 is a longitudinal cross-sectional view showing an objective lens device
having a Iens holder formed as the second metal mold is offset from the first metal die.

Fig.6is alongitudinal cross-sectional view showing the structure of an objective
lens device in which two sets of the objective lenses are held by a lens holder
according to a seoo;ld-embodimént of the present invention.

Fig.7 is a longitudinal cross-sectional view showing the state in which-a holder
for controlling the position along the optical axis and the tilt of the second lens is
mounted on the lens holder as the second embodiment.

Fig.8 is-a plan view showing the stmcﬁre of the holder.

Fig.9 is a longitudinal cross-sectional view showing the state in which a jig for
- controlling the position along the optical axis and the tilt of the second lens is mounted
on the lens holder as the second embodiment.

Fig.lb is a longitudinal cross-sectional view shqwing the state in which a metal
die for manufactuﬁng the lens holder and the state in which a molding material is

charged into the metal die for manufacturing the lens holder, with the metal die having
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a first metal die and a second metal die used for using the lens holder of the second
embodiment.

Fig.11 is a graph showing the spherical aberratidn, astigmatic aberration and
distortion aberration of the double lens set.

Fig.12 is a graph showing the transverse aberration of the double lens set.

Fig.13 is a schematic view showing an optical head.

Fig.14 is a block diagram showing a recording and/or reproducing apparatus.

-Fig.15 is a longitudinal cross-sectional view showing the structure of an
objective lens device holding the double objectivc- lens set by a conventional lens
holder.

Fig.16 is a longitudinal cross-sectional view showing the structure of an
objective lens device -in which two sets of the objective lenses- are- held by the
conventional lens holder.

Fig.17 is a longitudinal cross-sectional view showing a metal mold- for

-manufacturing the lens holder having first and second:-metal dies used. for
manufacturing the conventional lens holder.

Fig.18 is a longitudinal cross-sectional view show;’ng a metal die for the lens
holder charged with the material for molding the conventional lens holder.

| Fig.19 isa plan view showing the first metal die of the metal die for molding the

conventional lens holder.

Fig.20 is a plan view showing the conventional lens holder in which the second
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metal die i§ offset from the first metal die..

Fig.21is a longitudinal cross-sectional view showing the structure of the double
objective lens set having the conventional lens holder produced as the second metal
die is offset from the first metal die.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of according to the present
invention will be explained in detail. The first embodiment is directed to a lens holder
carrying a double objective lens set used in recording and/or reproducing the
information on or from an information recording medium. The information recording
medium is a replay-only optical disc, a phase-change optical disc, a magneto-optical

.disc or an optical card. -In the following, the informa{ibn.recording medium is simply-
referred to as a disc.

On a lens holder 4 are mounted a first lens 2 and a second the lenses 3, making
up a double lens set, as shown in Fig.1. The lenses 2, 3, thus assembled in the lens

. holder 4, are arranged on the optical axis to c.onstitute an dbjective lens. The optical
system, constituted by the lenses 2, 3, represents a so-called infinite system in which
an object point is located at-an infinite far position. The double lens set has a -
numerical aperture NA not less than 0.75. The configuration comprised of the lens
holder 4 and the lenses 2, 3 assembled into the lens holder 4 is referred to below as an
objective lens device 1.

The first lens 2 is a lens on which falls the laser light radiated from a light
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source, not'shown. A mid portion of the surface of the first lens 2 .facing the second
lens 3, referred to below as the radiating surface, is formed as a non-spherical lens
surface 2a. An outer edge of the lens surface 2a is formed with a planar portion
perpendicular to the optical axis. The opposite side surface of the first lens 2, on
which falls the light radiated from thé light source, referred to below as the incident
surface, has its mid portion formed as a non-spherical lens surface 2b. On an outer rim

side of the lens surface 2b is formed a planar section perpendicular to the optical axis.

The second lens 3 is a lens in the objective lens device 1 facing the disc. The
surface 3a of this second lens 3, facing the disc, not shown, is planar, while the
opposite surface of the second lens 3, facing the firstlens 2, has a.mid-portion forméd-
as a non-spherical lens surface 3b, and the outer edge of the lens surface 3b is formed -
with a planar portion 3d perpendicular to the optical axis. The surface 3a. is referred
to below as the facing surface, whilst the opposite surface is referred to below as the
incident surface. .. This second lens 3 has an outside.diameter-d2 smaller than the
outside diameter d1 of the first lens 2 (d1 > d2).

In the following explanation, the side of the objective lens device 1 on which
falls the outgoing light from the light source is termed the object pdint side and the
side of the objective lens device 1 facing the disc, that is the side of the objective lens
device 1 in which an image is formed by the light radiated from the light source, is

termed an image point. Therefore, both the first and second lenses 2, 3 are formed on
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the object point sides thereof with non-spherical lens surfaces.

The first and second lenses 2, 3 may both be the same as the first and second
lenses 2, 3 explained in connection with the related art. That is, the lens holder 4
according to the present invention may be formed by unified lenses 2, 3 to constitute
the objective lens device 1 without machining the lens shape.

The lens holder 4 is toroidaily shaped ahd is formed with a mounting portion
4a for the first lens 2 and a mounting portion 4b for the Second lens 3 on the inner
sides facing the object and on the image point side, respectively. The lens holder 4 is
also formed with reference surfaces for the optical axis direction 4al, 4b1 for
controlling the pdsitions and the tilts along the direction of the optical axis of the
lenses 2,3 so that these reference surfaces are oriented in the sole-direction that is the
optical axis direction. - The lenses 2, 3 are mounted on the reference surfaces for the
optical axis direction 4al, 4bl. Meanwhile, the lens holder 4 is formed of a
thermohardening resin material.

. The mounting bortion 4a for the first lens 2, referred to.below-as the first
mounting portion, is formed step-wise as one on the inner rim of the object point side
aperture, and- is formed with a reference surface for the optical axis direction 4al
facing t-he o‘bject and with a'cylindrically;shaped reference surface for the radial
direction 4a2 having the optical axis as its axis. The reference surface for the radial

direction 4a2 is of a diameter slightly smaller than the outside diameter.d1 of the first

lens 2.
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The mounting portion 4a for the first lens 2, referred to below as the first
mounting portion, is formed on the object point side of a projection 4d extending from
the inner peripheral surface of the object point side aperture along the radius of the
second lens 3, and is formed with a second reference surface for the optical axis
direction 4b1 facing the object and with a cylindrically-shaped reference surface for
the radial direction 4b2 having the optical axis as its axis. The reference surface for
the radial direction 4b2 is of a diameter slightly smaller than the outside diameter d2
of the second lens 3.

In the lens holder 4, arranged as explained above, the first reference surface for
the optical axis direction 4al of the first mounting portion 4a and the second reference
surface-for:the optical axis direction 4bl .of the second mounting portion-4b- are
oriented towards the objéct point side and act as reference surfaces in determining the-
separation between the first and second lenses 2, 3 along the optical axis direction. The
first reference surface for tﬁc optical axis direction 4al and the second reference

-surface for the optical axis direction 4b1 also act as feference surfaces for controlling
the tilt of the lenses 2, 3. The directions of the first reference surface for the optical
axis'direction 4al and the second reference surface for the optical axis direction 4b1
ﬂong the optical axis are the same in contradistinction from the aforementioned lens
. bolder 204 in which these directions are 180° different from each other. On the other
hand, the reference surface for the radial direction 4a2 of the first mounting portion

4a and the reference surface for the radial direction 4b2 of the second mounting
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portion 4b act as reference surfaces determining the radial positions of the first and
second lenses 2, 3.

The first mounting portion 4a is of larger diameter than the second mounting
portion 4b, that is, the first mounting portion 4a and the second mounting portion 4b
are formed on the inner peripheral side of the lens holder 4 for facing outwards, that
is towards the object.

On the lens holder 4, configured as explained above, the first lens 2 has its outer
rim 2c mounted on the first mounting portion 4a. The second lens 3 has its outer rim
3c mounted on the second mounting portion 4b.

The first and second lenses 2, 3 are mounted on the lens holcier 4 by press-
fitting. because the diameter of the reference surface for.the ra-diaI:direction 4a2 of the

-first mounting portion 4a adapted as a mounting portion for the first lens 2 is slightly
smaller than the outside diameter d1 of the first lens 2, the diameter of the reference
surface for the radial direction 4b2 of the mounting portion 4b of the second lens 3 is
slightly-smaller than the outside diamétcr of the second lens 3, and the lens holder 4.
is formed of a resin material. _

If the objective lens device 1 is assemb]éd by press-fitting the lenses 2, 3 on the
lens holder 4, the lenécs 2, 3 may be designed as lenses which take into account the
deformation caused by the i)ress fitting. After press-fitting the lenses 2, 3 to the lens

holder 4, the lenses 2, 3 may be secured to the lens holder 4 using, for example, a UV

light curable resin.



The manufacturing method for the lens holder 4 is now explained. The lens
holder 4 is manufactured using a male die 51 (first metal die) shown in Fig.2, and a
female mold 52 (second metal die). When the dies 51, 52 are assembled as shown in
Fig.3,a fnolding material (thermohardening resin material) 4a for producing the lens
holder 4 is charged into a cavity between the first metal die 51 and the secoﬁd metal
die 52 to mold the lens holder 4. |

The first metal die 51 of the metal mold used for producing the lens holder 4 is
provided with a molding portion for firming the entire lens mounting portion. That is,
a molding portion (first mounting portion molding portion) 51i for forming the first
mounting portion 4a and a molding portion (second mounting portion molding portion)
51j for forming the first mounting portion.4a are provided on.the first metal die 51.

The first metal die 51 is made up of a base 51b and a projection 51c provided
on this base 51b, and is substantially convex-shaped in its entirety.

The base 51b is substantially of a planar plate configuratioq. The base 51b has
. aprojection S1c at a:mid portion of the major surface 51b1 lying in a direction.of the
second metal die 525 that is in a direction towards the image of the objeptive lens
device 1; referred to below as the image point side. direction. The vicinity of the outer
rim of the major surface 51b1 of the base 51b serves as an abutment.surface 51b2
compressing against the abutment surface 52cl of the second metal die 52.

The projection 51c is made up of steps 51&,- 51e, 51fand 5 1g progressively

decreasing in diameter towards the image point side. In the projection S1c, the major
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surface 52g1 of the step 51g at the distal end serves as the abutment surface against
the major surface 52b1l of the second metal die 52, as will be explained subsequently.

In this first metal die 51, the first mounting portion molding portion 51i is made
up of a surface 51d1 facing the image point side of the outer periphery of the step 51d
and an outer peripheral surface 51d2 of the step 51d, Whilst the second mounting
portion molding portion 51j is made up of a surface 51f1 facing the image point side
of the outer periphery of the step 51f and an outer peripheral surface 512 of the step
51f.

The second metal die 52 is made up of a bottom 52b, substantially in the form
of a planar plate, and a sidewall section 52c, lying on the outer peripheral surface of
the-bottom 52band which is set upright on the outer rim of the -major surface 52b1: -
in-the-direction in which the first metal die 51 is positioned, that is in the direction -
towards the object point side of the objective lens device 1, referred to below as the
object point side direction. The second metal die 52 in its entirety is of a substantially
recessed configuration..

The vicinity of the center of the major surface 52b1 of the bottom 52b is an
abutment surface compressing against the major surface 51g of thé step 5S1g of the first
metal die 51. The sidewall section 52c is a portion of the second metal dié 52 lying
on the outer rim of the projection 51c of the first metal die 5 1, with an erid face 52c1

being an abutment surface compressing against the abutment surface 51b2 of the first

metal die 51.



With the metal molds 51, 52 assembled together as shown in Fig.2, the molding
material 4a is charged into a gap of the metal molds 51, 52, as shown in Fig.3, to
produce the lens holder 4 by die molding.

The first mounting portion 4a is formed by the first mounting portion molding
portion 51i formed on the first metal die 51, whilst the second mounting portion 4b is .
formed by the second mounting portion molding portion 51j. Specifically, the lens
holder 4 is molded from the first metal die 51 and the second metal die 52; whilst the. -
first mounting portion 4a and the second mounting portion 4b are formed by one of the
dies, that is by the first metal die 51. Stated differently, the second metgl die 52
operates only as a metal die for molding the outer lateral side of the lens holder 4.

It is now assumed that, in the. manu_factuﬁng process of.the lens holder 4, the
‘moldirigmaterial 4 is charged as offset is produced between the first and second lenses
52,53 as to ecc_entricﬁty, tilt and separation to mold the lens holder 4. Spcqifically, it
is assumed that the second metal die 52 is offset with respect to the first metal die 51,
as shown in Fig.4. |

Specifically, should the second metal die 52 be offset relative to the first metal
- -die 51, as’'shown in Fig.4, there is produced an offset in eccentricity X due to the offs-et '
of a center axis O2 of the second metal die 52 with respect to the center axis Objective
lens device 1 of the first metal die 51. On the other hand, there are produced an offset
- O of tilt due to the inclination of the cente-r axis O2 of the second metal die 52 with

respect to the center axis Objective lens device 1 of the first metal die 51 and an offset
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Z due to separation of the second metal die 52 from the first metal die 51.

However, if the second metal die 52 is offset relative to the first metal die 51,
such that offsets X, 6 and Z are produced as to the three elements of the eccentricity,
 tilt and the separation, the first and second mounting portion molding portions 51i,51j
are not affected by these offsets, since the first mounting portion molding portion 51i
and the second -mounting portioﬁ molding portion 51j are formed on the first metal die
51. Thus, the first mounting portion 4a and the second mounting portion 4b are
formed are fonned in the lens holder 4 without being affected by the position shift of
the first and second metal dies 51, 52.

The above is the explanation orl the lens holder 4.of the first embodiment, the
manufacturing method for the lens holder 4, the metal die for manufacturing the lens ..
bolder 4 and an objective lens device. |

The lens holder 4 of the second embodiment is hereinafter explained. The lens
holder 4 of the first embodiment includes a projection 4d on the outer rim of a-counter-
surface 3a of the second lens 3 facing the optical disc. The lens holder 4 of the second
embodiment, now explained, is able to hold the second lens 3 without arranging any
portion of the constituting portion on the counter-surface 3a of the second lens 3.

The lens holder 14 is formed subsequently toroidally. On the inner peripheral

surface of the lens holder 4; there are formed mounting portions 14a, 14b of the first -

and second lenses 2, 3.
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The first mounting portion 14a is substantially of the same profile as the above-
mentioned lens holder 4. That is, the first mounting portion 14a is formed as a step as
one with the inner periphery of the aperture of the object point side, and is formed as-
one from a first reference surface along the optical axis 14al, facing the object point
side of the first lens 2, and a cylindrically-shaped reference surface in the radial
direction 4a2, having an optical axis as the axis.

On the other haﬁd, the second mounting portion 14b is provided on the image
point side aperture, and includes a cylindrically-shaped reference surface in the radial
direction 4a2, having the optical axis as the axis. The second mounting portion 14b
is not provided with the function of controlling the position and tilt in the optical axis
direction-of the:secand lens 3.-. Thus,-the lens holder- 14-is in:need -of means for
controlling the second lens 3 as to the-positioﬁ and tilt along the optical axis direction. -

Referring to Fig.7, means for controlling the position along the optical axis and
the tilt of the second lens 3 is explained. In Fig.7, the second lens 3 is positioned along
the optical axis and-as to the tilt of the second lens-3 with.a holder 70 of the
substantially flat-plate-shaped annular holder 70 in the lens holder 14. That is, there
is provided the holder 70 as having the function of controlling the position along the-
optical axis and the tilt of the second lens 3, similarly to the projection 4d of the lens
holder 4. This holder.70 is arranged on the object point side with respect to the second
lens 3 and, by an image point side reference surface 70a of the holder 70, the planar

surface portion 3d of the second lens 3 and a mounting surface 14¢c formed on the
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inner peripheral surface of the lens holder 14 towards the object are madc‘ flush with
each other to control the direction of the optical axis position and the tilt of the second
lens 3. That is, the direction of the reference surface along the optical axis is changed
180° in the direction along the optical axis to control the pc_)sition along the optical axis
and the tilt of the second lens 3. |

Specifically, the holder 70 is mounted on the lens holder 14 by inserting the
..holder 70 into the inside through an opening of the lens-holder-14 in which to-mount
the first Iens 2, in such a state in which the first and second lenses 2, 3 are not mounted
on the lens holder 14. The inner surface of the lens holder 14 is formed with a
mounting surface 14c facing the object point side. The holder 70 is mounted on this
mounting surface.14e.

By mounting:the holder 70 on the lens holder 14, the reference surface 70a of -
the holder 70 is projected in the radial direction of the lens towards the optical axis
into abutment against the planar portion 3d of the second lens 3 to serve as a reference
surface directed to the image point side.

That is, the first lens 2 is mounted on the lens holder 14, whilst the second lens
3 is mounted on the reference surface 702 of the séc_:_qnd Iens 3. In mounting the
second lens 3 on the lens holder 14, the planar portion 3d of the incident surface 3b of
the second lens 3.is abutted against the reference surface 70a. This positions the
second lens 3 as it is controlled in the position along the optical axis and tilt: Thus, in

reality, the mounting portion 14c formed on the lens holder 14 in the same direction
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as the first reference surface along the optical axis 14al of the first mounting portion
14a has a function similar to the second reference surface for the optical axis direction
4b1 of the lens holder 4 to operate as the second reference surface for the optical axis
direction which controls the position along the optical axis and the tilt of the second
lens 3.

The holder 70 can be configured so that an imaginary surface including each
apex point of the projection supporting the lens at at least three positions proves the
reference surface 70a. Specifically, the reference surface 70a of the holder 70 is
configured as boss-like projections 70al, 70a2, 70a3 on its inner peripher:;l surface.
This controls and sets the position along the optical axis and tilt of the second lens 3
by the reference surface comprised of the imaginary plane containing the projections
70al,:70a2,.70a3.

The holder 70 may be dismounted after mounting the second lens 3 from the
lens holder 14. Alternatively, the holder 70 may remain attached to the lens holder 14.
If the holder 70 is adapted to be dismountable from the lens holder 14, the second lens
3 may be secured to the lens holder 14, using the adhesive, and subsequently the holder
70 is dismounted. |

By having the holder dismountable after loading the second lens 3 on the lens
holder 14, the. objective lens device 1 in its entirety can be reduced in weight to
improve the performance of the actuator driving the objective lens device 1.

The second lens 3 may also be positioried using a cylindrical jig 71 having the
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end face shaped correspondingly to the major surface of the holder 70 in place of the
above-described holder 70. That is, the second lens 3 may be positioned with respect
to the direction of the optical axis and tilt by attaching a subsequently cylindrically-
shaped jig 71, as shown in Fig.9. That is, the jig 71 is used as having the function of
controlling the position along the optical axis of the second lens 3 and is arranged on
the object point side with respect to the second lens 3. By the reference surface 71a as
. an image point side end face (reference surface 71a), the planar portion 3d of the
second lens 3 and the mounting surface 14c formed towards the object point side on
-the inner peripheral surface of the lens holder 14 are made flush with each other to
controi the position along the opfical axis and the tilt of the second lens 3. That is, the
‘position --along the optical axis and the- tilt.of the-second lens are controlled-by
converting the direction of the reference surface along the direction of the optical axis
by 180°.
Specifically, in loading the jig 71 on the lens holder 14, the jig 71 is inserted into
the inside thréugh an opening, in which to mount the-first Iens 2 of the lens-holder. 14,
as the first and second lenses 2, 3 are not attached to the lens holder 14, to load the jig
71 in positioﬁ on the inner peripheral surface of ‘the_lens holder 14. The inner
peripheral surface of the lens holder 14 is formed with a mounting surface 14c facing
the object point side. The jig 71 is loaded with the reference surface 71a as an end
face of the jig 71 in abutment against the mounting surface 14c.

By loading the jig 71 in this manner on the lens holder 14, the reference surface
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71a of the jig 71 is protruded towards the optical axis side along the radius of the lens
into abutment against the planar portion 3d of the second lens 3 whereby the reference
surface 71a is constituted as a reference surface directed to the image point side.
That is, before mounting the first lens 2 on the lens holder 14, the second lens
3 is mounted on the lens holder 14 with the reference surface 71a of the jig 71 as a
reference. In mounting the second lens 3 on the lens holder 14, the planar portion 3d
- of the incident surface 3b of the second lens 3 is abutted against the reference surface
71a. Since the reference surface 71a has a positioning function simila.r to that of the
first reference surface along the optical axis 14al, the second lens 3 is positioned as
it is controlled as to the position along the optical axis and tilt. Thus, in reality, the
mounting surface 14c;formed on the lens holder 14 in the same: dire;fion:as-the-first :
'feferencé .sufface-along the optical axis 14al of the first mounting-portion 14a, has the
function similar to that of the second reference surface for the optical axis direction
4b1, and operates as the second reference surface along the optical axis direction for
cdntrolling the position along the optical-axis and tilt of the second lens 3.

The end face of the jig 71 may be configured so that the virtual surface
containing the apex points of the projections carrying the lens at at least three positions
proves the reference surface 71a, as in the case of the above-described holder 70.

- Specifically, the reference .surfacc 71a of the jig 71 is arranged as three-point boss-like
. projections on the inner peripheral surface of the jig 71. By this; the second lens 3 is

positioned by having the optical axis direction position and tilt controlled by the
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reference surface made up of an imaginary plane including the projections.

After the second lens 3 is positioned on the lens holder 14 and securing the
second lens 3 with respect to the holder 14, using an adhesive, the jig 71 is dismounted
from the lens holder 14. Since the jig 71 is not kept attached to the lens holder 14, in
contradistinction from the holder 70, the weight of the entire objective lens device 1
can be reduced to raise the performance of the actuator driving the objective lens
device 1.

The reference surface supporting the second lens 3 may also be arranged:as
three-point boss shape in the case of the lens holder 4 described above. In this case,
the projection 4d in the lens holder 4 may be designed as the aforementioned three-
point.boss shape:

-Fig.10’shows a metal die for producing the lens holder-having a first metal die

61 and a second metal die 62 used for manufacturing the lens holder 14 described

- above with reference to Fig.6. This first metal die 61 is substantially of the same shape

.as the first metal die 51, whilst the second metal die 62 is substantially of the same
shape as the second metal die 52.

* The first metal die 61 is made up of a base 61b and a projection 61c provided -
on the base 61b, and is substantially convex-shaped in its entirety. The base 61b is
subsequently in the shape of a flat plate. The base 61b is formed with a projection 61c
at a mid portion of the major surface 61b1 of the base 61b. The vicinity of the outer

periphery of the major surface 61bl of the base 61b is an abutment surface 61b2
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compressing against an abutment surface 62cl of the second metal die 62 as later
explained.

The projection 61c is formed as steps 61d, 61e, 61f progressively smaller in
diameter towards the image point. In the projection 61c, the major surface 61f1 of the
step 61f as a distal end of the projection 61c is a surface compressing agaihst the major
surface 61b1 of the second metal die 62.

In this first metal die 61, a first mountihg portion forming portion 61i méunting
the first lens 2 is made up of a surface 61d1 facing the image point side of the outer
periphery of the step 61d and an outer'peripheral surface 61d2 of the step 61d, whilst
the second mounting portion forming portion 61j mounting the second lens 3 is made
up-of an outer peripheral surface 6112 of the step 61f.

The second metal die 62 is made up.of a substantially-flat-plate-shaped bottom - -

62b and a sidewall section 62c set upright on the outer peripheral surface of the major

surface 62b1 towards the object point side.

- The vicinity of the mid portion of the major surface 62b1 of the-bottom 62b is-- - -

an abutment surface compressing against the major surface 61f1 of the step 61f of the
first metal die 61.

The sidewall section 62c is a portion of the second metal die 62 Iying on the
outer periphery of the projection 61c of the first metal die 61, with the end face 62¢

proving an abutting surface compressing against the abutment surface 61b2 of the first

metal die 61.
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In the state in which the metal molds 61, 62 are assembled together as shown
in Fig.10, the molding material 4a is charged into the gap between the metal molds 61,
62 to produce the lens holder 14 by die molding.

The objective lens device 1 is constituted by mounting the two objective lens
sets made up of the first anci seconci lenses 2, 3 on the lens holders 4, 14 described
above. The lens holders 4, 14 are manufactured using a metal die for manufacturing
the lens -holder having first and second metal dies.

The lens holders 4, 14 are formed with a first mounting portion and a second
mounting pbrtion extending in the same direction with respect to the optical axis
direction. Thus, by the first and second mounting portion forming portions, provided
on the same metal (iie, the lens holders 4, 14 are formed with the first mounting portion
and the second mounting portion. The molding portions forming the mounting portions
carrying the respective lenses are formed on thé same metal die, so that, if offset is
produced as to the eccentricity, tilt or the separation when the two metal dies are
assembled together, the relative position between.the first and -second md‘unting
port_ions may be maintained without being affected by the amount of offset between
the metal dies to form the lens holders 4, 14. Thus, the lens mounting portions of the
lens holders 4, 14 depend only on the errors in the machining precision of the metal

:molds, as to errors in the relative position, such that, if the objective lens device 1 is
assembled free of adjustment, it is i)ossible to suppress errors as to the eccentricity, tilt

and separation between the first and second lenses 2, 3. This diminishes optical
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aberration caused by the offset in assembling the metal mold.

That is, since the mounting portion forming portions for forming the lens
mounting portions are provided in their entirety on the same metal die, only the metal
mold produéing error affects the three elements. For example, since the eccentricity,
tilt and separation are derived only from the manufacturing error of the sole metal die,
the eccentricity and separation amount only to approximately 3 um, whilst the tilt is
0.02°. In this case, the wavefront aberration WFE for the eccentricity is 0.005.rmsA,
that for the separation error is 0.012 rmsA and that for tilt is 0.008 rmsl, such that the |
ideal optical imaging can be sufficiently smaller than the Mareshall criterion value
WFE of 0.7 rmsA as a t_hresﬁold value.

If the mounting portion forming portions are provided in the: different—--mptal--.
dies, the-manufacturing-error of the.metal dies-301, 302 add up to-the combined
offsets, so that the offset and the separation are approximately 13 »m, whilst the tilt
is approximately 0.087°, so that, even if the lenses 2, 3, which are the same as those
of the objective lens device 1 of the present invention, are used in thelens holder 204,
wavefront aberration WFE for the eccentricity is 0.023 rmsA, that for the separation

error is 0.051 rmsA andthat for tilt is 0.035 rmsA, which are larger than those with the -
lens holder 14 of the present invention.

Since ih_e lenses 2, 3 can be mounteci on the lens holders 4, 14 to high precision
without adjusting the mounting positions, shape designing of the lens holders 4, 14 dn

be optimized sufficiently. Also, since the lenses 2, 3 can be mounted on the lens
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holders 4, 14 to high precision without adjusting the mounting positions, mass
production becomes feasible with a reduced production cost.

Since the first and second mounting portions are mounted facing a. given
direction along the optical axis on the lens holders 4, 14, the lenses 2, 3 can be
assembled eésily. For example, when mounting the respective lenses 2, 3, this
operation can be performed v;rithout re-attaching the lens holders 4, 14 to the lens
holder holding members.

Also, if the diameters of the reference surface in the radial direction of the first
and second mounting portions of the lens holders 4, 14 are set so as to be slightly
smaller than the outside diameters of the lenses 2, 3, and the lenses are mounted in
positidn.by press-fitting;-the. lenses 2, 3 can be mounted easily. on:the-lens holders-4,

-14; whilst the lenses 2, 3- can be positioned easily in.the radial direction. That is;:if
there is a gap in the radial direction of the lené between the lens holder aﬁd the lens
mounted thereon, the lens is offset in an amount corresponding to the gap at the -

.- maximum. Such.offset of the lenses2, 3 may be eliminated by press-fitting the lenses

2, 3 on the lens holders 4, 14. |

The molding precision is easy to secure by forming the lens holders 4, 14 from
the thcrmohardening resin as a molding material. This permits high precision
formation of the reference surface determining the positions of the lenses 2, 3. For
example, if the outside diameter of the lens is approximately 3 mm, and the molding

material is the thermoplastic resin, an eccentricity of approximately 10 um is
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produced. If thermohardening resin is used, the eccentricity may be suppressed to
approximately 3 pm.

The separation between the disc surface and the ultimate surface of the
objective lens is termed the working distance. In the lens holder 14, this working
distance of the objective lens can be diminished because the counter-surface 3a of the
second lens 3 is protruded beyond the disc side end face of the lens holdér 14 and there
is no risk of a portion of tﬁe lens holder 14 protruding towards the.disc from the
‘ultimate surface of the objective lens (counter-surface 3a of the second lens 3). That
is, the separation between the disc and the lens holder can be secured even in an
optical system with an extremely narrow working distance of the objective lens.

It may-be.presumed that the amount. of.protrusion of the projection-4d of the
lens holder-4 from the ultimate surface of the-objective lens along the optical-axis is-
not less than 0.5mm, bécause sufficient strengili of the projection formed of resin
cannot be assured with the amount of protrusion not larger than 0.5 mm. Thus, with
the lens-holder 4,.the working distance of the: objective lens at least equal t0.0.5 mm-
is required. Thus, with the lens holder 14 not provided with the projection 4d but
capable of positioning and holdfng the second lens 3, the objective lens device can be :
constructed using an obje&ive lens with the working distance not larger than 0.5 mm.
With the objective lens with a high numerical aperture NA, especially an objective lens
of the multi-lens-set: structure, the working distance is reduced, so that the above

_ configuration is effective if the numerical aperture NA is not less than 0.75 as in the
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case of the present two-set objective lens.

Since the double set objective lens, enabling the high numerical aperture NA,
can be assembled to high precision, it is possible to maintain optimum performance of
the objective lens to realize high density recording ‘and large capacity of the
information recording medium.

Moreover, if the reference surface of the holder 70 or the jig 71, controlling the
-position along the optical éxis and tilt of the second lens 3 with respect to the lens
holder 14, is constructed by three-point boss-like projections ‘_70a1,' 70a2, 70a3, the )
contact area of the second lens 3, holder 70 or the jig 71 can be reduced, so that, if
impurities are invaded into the holder 70 or the jig 71 at the time point of assembling

.the second lens 3.on the lens holder 14, there is no risk of the impurities being captured
between the second.lens 3, holder 70 and the jig 71, so that the-second lens.3 camr-be
mounted in position on the lens holder 14. If, for exampie, the holder 70 and the jig
71 are formed to support the entire outer periphery of the second lens 3,.it may be
. feéred that the impuritiés be. captured between the secend lens 3; holder 70.and the jig
71to produce the offset in tilt in the second lens 3. However, by supporting the second
lens 3 at least at three points, the effect of the intrusion of the impurities can be
eliminated to realize positioning of the second lens 3 without producing the offset in
tilt.
In the above-described embodiment the objective lens device 1 is constituted

by a double set objective lens. The present invention is, however, not limited to this
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configuration. That is, the lens holders 4, 14 may be configured to unify the three or
more sefs of lenses arrayed along thg optical axis. In this case, the reference surface
facing each lens may be provided along the optical axis for operating as the reference
surface controlling the position- along the optical axis and tilt of the lens.

In the abovc-dc;,scribed embodiment, the lens holders 4, 14 are fabricated by die
molding. The present invention is, however, not limited to this configuration. For
example, the lens hoiders 4, 14 may be produced by machining, in which case a cutting
: byté may be introduced from a given sole direction to a cutting work for forming the
- lens holder and hence the mounting portions of the lenses 2, 3 can be préyided without

re-attaching the cutting matrix to the tool to permit the mounting portions of the lenses
2, 3-to be-formed to high precision. .

An illustrative structure of the double set objective lens made up of the first and
second lenses 2, 3 and an illustrative structure of the recording and/or reproducing
apparatus for loading the objective lens device 1 are hereinafter 'explained.

-In the follbwing--Table 1, the shape etc of the first and second lenses'2, 3 is

shown.

Table 1
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numerical aperture NA/focal length/input pupil

wavelength = 63.5 nm

¢ €0.85/1.7647 mm/ 3.00 mm)
surface - radius of curvature [mm] on-axis separa{ion refractive index refractive index N at
© [mm] Nd/Abbe number vd | 635 nm
' onlined -
OBJ e e '
. STO - 0.0
S1 R: 1.62730 C: -0.749875 E—4 1.643007 1.4955/81.6 1.494122
K: -0.505660 D: ~2.04775 E-3
A: ~207368 E-2 E: 0.0
B: ~999092 F:0.0
S2 | R:89.45684 C:~332978 B~2 0.248290

K:0.0D: 0.921202 E~-3
A:~291281 E-2F: 0.0
B: -.459860 E~2 F: 0.0




¥

S3 R: 1.30215 C: 0.206089 E-3 1315085 1.58913/61.3. 1587011
K: ~0.503781 D: 0.0
A: 0.193338 E-1 E: 0.0
B: 0.120697 F: 0.0
s9 oo T 0.149386
si0 | % 0.1 1.51633/64.15 1.515014
s11 o 0.0 .
MG o 0.0
non-spherical formula

Y2 /R 4 6 3 10 12 14
X T+ -0+ KX R + AY*+ BY*+CY* + DY + EY" + FY
X: depth from the surface apex

Y: height from the optical axis

R: near-axis R

K: conical constant
A: non-spherical coefficients of Y* term; B: non-spherical coefficients of Y term; C: non-spherical coefficients of Y* term; D:

non-spherical coefficients of Y term; E: non-spherical coefficients of Y** term; F: non-spherical coefficients of Y'* term




In this Table 1, an object is OBJ, an aperture stop is STO and the lens surfaces
are S1, S2, S3, ---, with the disc recording surface being an imaging surface (IMG).

Figs.11 and 12 show optical characteristics of the optical system by the double
set objective lens. Figs.11a,11b and 11cdenote the spherical aberration, non-spherical
aberration and distortion abcrratidn, respectively. Figs.12a and 12b denote the
transverse aberration with the angle of field of 0.5° and the transverse aberration on
the axis, respectively.

Fig.13 shows an illustrative structure of an optical head having the above-
described objective lens device 1. An optical head 101 is loaded on a recording and/or
reproducing apparatus for recording and/or reproducing the information for a disc
(information recording medium) 400, and operates for radiating the laser light to the-
disc and for detecting the return light from the disc 400.

In the following description, the disc 400 is a phase-change optical disc for
which the information signals are to be recorded and/or reproduced. However, the
information recording medium may also be a replay-only optical disc, a -magneto- -
optical disc or an optical card. The phase-change optical discis substantially aflatdisc
comprised of a substrate 401 on which a recording layer 402 and a protective layer 403
are layered in this order.

The 6ptiml head 101 includes a light source, not shown, a polarizing beam.
splitter 102, a quarter wave plate 103 and an objective lens device 1 having a double

set objective lens. A diffraction grating and a collimator lens, not shown, are arranged
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between the light source and the polarizing beam splitter 102.

The light source is a semiconductor laser radiating a linear polarized laser light
of, for example, 635 nm. The light source radiates the laser light of a constant output
for reproducing information signals from the disc 400, while modulating the intensity
of the radiated laser light depending on the information signals for recording, for
fecording the information signals on the disc 400. There is no particular limitation to
the wavelength A of the laser light radiated from the light source. It is more desirable
to use the laser light of a shorter wavelength for achieving a higher recording density
and a larger recording capacity.

The laser light iadiat_ed from the light source is diffracted by a diffraction

- grating,.not shown,.and thereby split iﬁto a zero order light; +1.order-light:and a -1
order light. The order zero light and the 1 order light are passed through a collimator
lens, not shown, to a collimated light beam.

The incident laser light, thus collimated by the collimator lens, is transmitted
through the polarizing beam splitter 102 to fall on the quarter wave -plate -103'. -The
light beam on passing through the quarter wave pla:e 103 is turned into a circular
polarized light which thén falls on the objective lens device 1.

The objective lens device 1 has the first lens 2 and the second lens 3, as
explained above. In the present embodiment, the objective lens device 1 includes the
lens holder 14. The laser light, turned into the circular polarized light by being passed

through the quarter wave plate 103, is transmitted through the first and second lenses
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2, 3 of the objective lens device 1 so as to be collected on the signal recording surface
which is the surface of the recording layer 402 of the disc 400.

The incident light, collected on the signal recording surface of the disc 400, is
reflected by this signal recording surface to prove the return light, which then is
transmitted through the objective lens of the objective lens device 1 to fall on the
quarter wave plate 103. This return light is transmitted through the quarter wave plate
103 to prove a linear polarized light beam, rotated 90° with respect to the forward light
polarizing direction. This linear polarized light beam then is reflected by the reflecting
surface of the polarizing beam splitter 102.

The return light, reflected by the polarizing beam splitter 102, is passed through
. - a focussing:lens. 104 and a multiple lens 105 for detection by a photodetector-106.

The multiple lens 105 produces the astigmatic aberration for the incident light-
beam. This astigmatic aberration enables focussing servo signals to be detected by the
asﬁgmatic aberration by the so-called astigmatic aberration method. The photodetector
. 106 includes e.g.,.six photodiodes and outputs electrical signals. consistent with: the
intensity of the return light of the incident light on the respective photodiodes.

The recording and/or repréducing apparatus applies pre-set processing on the
electronic signals outputted by the photodetector 106 to generate focussing servo
signals and tracking servo signals by the astigmatip aberration method and by the so-
called three-beam method, respectively, to drive a biaxial actuator 107. Based on the.

focussing servo and focussing servo signals, the biaxial actuator 107 actuates the
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objective lens device 1 along the optical axis of the objective lens and along the radius
of the disc 400.

The photodetector 106 also processes the electrical signals consistent with the
intensity of the return light incident on the respective photodiodes to generate and
output playback signals from the disc 400.

It is thus possible for the optical head 101 having the objective lens device 1 to
- write and reads out information signals for the disc 400.

- Anembodiment of a recording and/or reproducing apparatus having this optical
head 101 is explained. Referring to Fig.14, this recording and/or reproducing
apparatus includes a spindle motor 121 for rotationally driving the disc 400, the optical

s-he§d~101;.-.a-fced motor-122.for causing movement.of:the.optical head.101; 2 modem-
=124 for performmg pre-set modulation and demodulation operations; aservo-control:
circuit 125 for performmg servo control of the optlcal head 101 anda system controller
126 for performing overall system control.

-The. spindle motor-121 rotationally drives the disc 400, loaded on-a rotary table,

not shown, at a pre-set rpm, and is driven based on a control signal from the servo

control circuit 125.

The optical head 101 is connected to the modem 124. In recording information
signals on the disc 400, the optical head 101 illuminates the laser light, subjected to
light intensity modulation, on the disc 400. The laser light has been modulated in light-

intensity based on signals outputted by an external circuit 127 and modulated in a pre-
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set manner by the modeéin 124.

In reproducing information signals, the optical head 101 illuminates the laser
light of a pre-set output on the disc 400 to generate playback signals from the return
light to route the playback signals to the modem 124.

This optical head 101 is also connected to the servo control circuit 125. The
optical head 101 generates focussing servo sigﬂals from the return light from the disc
400 to route the servo signals to the servo control circuit 125. The servo control circuit
125 performs focussing and tracking control by the biaxial actuator 107 under control
by the system controller 126.

The mbdem 124 is connected to the system controller 126 and modulates the
recording-and/or reproducing: signals under control by .the:system-con:t-roll_car 126.

A feed motor-123:0perates for feeding the optical head 101 to a pre-set radial
position of the diSc 400 and is driven under a control signal from the servo control
circuit 125.

The.servo control circuit 125 controls the spindle-motor 122 and the feed motor
123 under control by the system controller 126.

With the above-described recording and/or reproducing -apparatus 121, the
information can be recorded and/or reproduced on or from the disc 400.

With the recording and/or reproducing apparatus 121, employing the objective
lens device 1 having the double set objective lens in which | no position offset is

produced between the first and second lenses 2, 3 in the manufacturing process,
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information signals can be recorded and/or reproduced on or from the disc 400 without
containing the deterioration produced by the above-mentioned three elements of the

€ITofs.
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WHAT IS CLAIMED IS:
i. A lens holder carrying an objective lens formed by a plurality of lenses arrayed on
an optical axis of an optical head adapted for recording and/or reproducing information
signals for an information recording medium using the laser light, said lenses making
up an objective lens device,

wherein

a plurality of reference surfaces respectively carrying said lenses for controlling
the positions along the optical axes and the tilt of the lenses, said reference surfaces
controlling the positions along the optical axes and the tilt of the lenses.
2. The lens holder according to claim 1 having two reference surfaces for supporting
the two sets of lenses arrayed on the optical axis.
3. The lens holder according to claim 1 wherein a reference surface:in the radial
direction for positioning the lens along its radius is provided adjacent to the reference
surface. |
4. The lens holder according to claim‘_\3 wherein the lens holdelt is formed of an elastic
material and wherein the lens is pies;-fitted to the radial reference surface.
5. The lens holder according to claim 1 wherein the reference surface is an iinaginary
plane containing apex points of projections supporting the lens at at least three

positions.

6. . The lens holder according to claim 1 wherein the lens holder is formed by die

molding.
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7. The lens holder according to claim 1 wherein the lens holder is formed of a
thern‘;ohardening resin.

8. The lens holder according to claim 1 wherein the lens holder supports an obj ective
lens with a numerical aperture not less than approximately 0.75.

9. The lens holder according to claim 1 wherein the working distance between the
information recording medium and the objective lens is not less than approximately 0.5
mm.

10.- The lens holder according to claim 1 wherein the lens holder supports an objective
lens in an optical head having a light source radiating the laser light and light reception
means for receiving the laser light reflected back from the light source.

11. .A method for.manufacturing a lens holder carrying: an-objective lens formed. by
-a plurality of lenses arrayed on an optical axis of an optical-head adapted for recording -
and/or reproducing information signals for an information recording medium using the
laser light,, by injection molding means, usinga metal die including at Jeast a female

-die and-a male die, said lenses making up an objective lens device,.

wherein

areference portion forming portion constituting a plurality of reference portions
for said lens holder respectively carrying said plural lenses are formed on one of said
male die or the female die. |
12. The manufacturing method according to claim 11 wherein

the lens holder is formed from a thermohardening resin.
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13. The manufacturing méthod according to claim 11 wherein

each reference portion having a reference surface for controlling the tilt and the
position along the optical axis of each lens of the objective lens is formed for each lens
of the objective lens by a reference portion molding portion.
14. The manufacturing method according to claim 13 wherein a plurality of reference
surfaces of plural reference portions are formed in a sole direction along the optical
axis of the objective lens.
15: The manufacturing method according to claim 14 wherein the reference portions
are formed by the reference portion molding portion as having reference surfaces for
the radial difection for positioning the lenses of the objective lens along the radial
directions of the lenses.:
16.-The manufacturing method according to claim-15-wherein the reference portions. -
are formed by the reference portion molding portion as having projections supporting
the lenses of the objective lens at at least three positions so that imaginary planes
containing the apex points of the projections prove to be the reference surfaces. .
17. A metal die for manufacturing a lens holder having at least a female die and a male
die, said metal die being used for manufacturing a lens holder carrying an objective
lens formed 5y a plurality of lenses arrayed on an optical axis of an optical head

adapted for recording and/or reproducing information signals for an information

.. recording medium using the laser light, said lenses making.upl an objective lens device,

wherein
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areference portion molding portion for forming a plurality of reference portions
of the lens holder for respectively mounting said lenses is formed on one of the female
die and the male die.

18. The metal die for manufacturing a lens holder according to claim 17 wherein

said reference portion molding portion forms each reference portion as having

a reference surface controlling the tilt and the position along the optical axis of each

lens of the objective lens.

'19. The metal die for manufacturing a lens holder according ip claim 18 wherein

the portions of said reference portion molding portion forming the reference

surface are formed in one direction.

20 The metal die for manufacturing a lens holder according te‘claim 18 wherein
said reference-portion'molding portion forms éach :reférénce portien as having

a reference surface controlling the tilt and the position along the optical axis of each

lens of the objective lens.

21  The metal die for manufa‘ctﬁring a lens holder according to claim 18 wherein-
said reference portion molding ponion forms each reference portion as having

projections supporting the lenses of the oi)jective Jensat at least three positions, with

imaginary plénes containing ai)ex points of the projections .proving.the re'ference;

..surfaces. |

22. An objective lens device for an optical head adapted for. recording and/or

reproducing information signals for an information recording medium using the laser
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light, said lenses making up an objective lens device, said objective lens device
comprising:

an objective lens made up of a first lens land a second lens; and

a lens holder supporting said objective lens;

at least one surface of the first and second lenses having a mid portion formed
as a lens surface, with the vicinity of the outer rim of said at least one surface proving
a planar section perpendicular to the optical axis;

said lens holder hav'ing a first reference surface and a second reference surface
for mounting said first and second lenses, respectively, for controlling the tilt and the
positions along the optical axes of the lenses, said reference surfaces being oriented
in one dircétion along the optical axis, a planar-portion of said.first lens being co-
‘planar as the first reference surface to support-said first lens; and a planar portion-of
said second lens being co-planar as the second reference surface.to support said
second lens.
23. The objective-lens device according to claim 22 wherein:

said lens holder includes a first reference surface for the first radial direction
- formed adjacent to said first reference surface for i)ositioning the first lens with respect
to the radial direction of the first lens, and a second reference surface for the second
radial direction formed adjacent to said second reference surface for positioning the
second lens with respect to the radial'difection'of the second lens,

said first lens being supported with its peripheral surface compressing against
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the first reference surface in the radial direction, and

said second lens being supported with its peripheral surface compressing against

the second reference surface in the radial direction.
24. The objective lens device according to claim 22 whierein

said first lens is supported by press-fitting into a cylindrical portion constituted
by said reference surface for the first radial direction, and wherein said second lens is

supported by press-fitting into a cylindrical portion constituted by said reference

surface for the second radial direction.
25. The objective lens device according to claim 22 wherein

said first and second lenses are supported and secured by the lens holder with

.an adhesive:
26: “The objective lens-device according to claim 22 wherein-

said first lens is supported by press-fitting into a cylindrical portion constituted
by said reference surface for the first radial direction and by subsequently being
* secured with an adhesive to the lens holder, and wherein said second lens.is supported
by press-ﬁttin_g into a cylindrical portion constituted by said reference surface for the

second radial direction and by subsequently being secured with an adhesive to the lens
holder.

27. The objective lens device according to claim 22 wherein

. at least one of said first and second lenses has its end face projected outwards

from the end face of the lens holder.
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28. The objective lens device according to claim 22 wherein

| one of the first and second lenses which has its end face projected outwardly
from the end face of the lens ho](ier is of a smaller diameter than ic other lens and has
its planar portioﬁ positioned inwardly of the reference-surfacé which is co-planar as the

planar pértion.

T
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