* TITLE OF THE INVENTION
Lens Driving Device, Optical Head and*Optical Disc System
BACKGROUND OF THE INVENTION |
Field of the invention

This invention relates to an objective lens driving device for driving an
objective lens for condensing a light beam on a signal recording surface of an optical
recording medium, and an optical head having such lens driving device.
Description of the Related Art

Among recording mediums for information signals, there is an optical recording
medium for recording/reproducing the information signals using an optical head. This
recording medium may be enumerated by' an optical disc, a magneto-optical disc or a
phase-change optical disc. For increasing the information recording density of the
optical recording medium, it is effective to increase the numerical aperture NA of the
objective lens of the optical head. By increasing the numerical aperture NA of the
objective lens, the spot size of the light beam condensed on the signal recording
surface of the optical recording medium can be decreased to improve the information
recording density.

Meanwhile, an objective lens of the conventional optical head, used for
collecting the light from a light source on a signal recording surface, includes a sole
lens. That is, the objective lens used in the conventional optical head is a so-called

single-lens type lens.
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If, in this optical head, the numerical aperture NA of the objective lens is to be
,mcreased, the single-lens type lens needs to have an extremely large refractive power :
If the rcfmctxve power of the smgle—lcns type Iens is to be mcreased the radxus of
curvature of the reflective surface needs to be extremely small, while refractive
surfaces need to be positioned extremely accurately. Thus, if the objective lens of the
optical head is a single-lens type lens, the nﬁmerical aperture NA cannot be raised
beyond approximately 0.6.

In an optical recording medium, there is usually provided on the signal
recording layer a layer adapted for prdtecting the signal recording surface(termed
herein a cover glass). The light beam from the optical head falls on the signal
recording surface via this cover glass. If the cover glass thickness deviates from its
prescribed value, spherical aberration is produced. If the spherical aberration of a
higher order is distegarded, this sp herical. aberration is proportionate to the numerical
aperture NA raised to the fourth power. Therefor;a, if the numerical apertuté NA of the
objective lens is increased, the tolerance value of the thickness error of the cover glass
s decreased significantly. That is, if the numerical aperture NA of the objective lens
is iﬁcreased, there is raised an extremely severe demand on the thickness tolerance of
the cover glass to render it difficult to manufacture the optical recording medium.

As an optical head for solving the problem inhereat in the conventional optical
head, there has been proposed in USP 5712842 or USP 5764613 an optical head in

which an objective lens is constituted by two lenses 101, 102, as shown in Fig.1.
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In this optical head, the objective lens is constitute'd.by a first lens 101 on which
falls the light beam from the light source and a second lens 102 on which falls the light ..
beam converged .by the ﬁ¥st i;:ﬁs 101.: The lighi bea.m' fron; thc;, li;ght soufce is o
condensed by the first lens 101 and by the second lens 102 in this order before being
illuminated on the optical recording medium. When the light beam is condensed by
the first and second, lenses 101, 102 so as to be then illuminated on the optical
recording medium, the first and sccqnd lenses 101, 102 are moved by a biaxial
actuator in a direction perpendicular to the optical axis in order o effectuate tracking
servo. In addition, the first and second lenses 101, 102 are moved by the biaxial
actuator along the optical axis in order to effectuate focussing servo.

In this optical head, if the refractive power of each of the first and second lenses
101, 102 is small, the two-lens system, consisting of the combination of the two lenses
101, 102, can have a large value gf the numerical aperture NA. This realizes the
numerical ap(;,rture exceeding 0.6, which it has beea difficult to achieve with the
optical head having a single-lens type l.cns as an objective lens.

Also, in the Optiéal head empléying the two-lens system, employing the biaxial
actuator to effectuate tracking servo and focussing servo as described above, it is also
possible to have a voice coil motor mounted on the second lens 102, instead of using
the biaxial actuator, and to cause the second lens 102 to be moved by this voice coil
motor along the optical axis to suppress the spherical aberration.

~ That is, not only the two-lens type lens system, made up of the first and second
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lenses 101, 102, is moved by the biaxial actuator, but also the second lens 102 is
moved along the optical axis in the manner of cancelling the spherical aberration
brought about by changes in ﬁ[m thi;:icness of the cover glass of the -Optica[ recordi;ug |
medium by the voice coil motor mounted on the-second lens 102, in order to reduce
the spherical aberration.

That is, if, with the optical hea.d having the two-lens type lens system as an
objective lens, the voice coil motor is mounted on the second lens 102 to render it
possible to adjust the distance between the first lens 101 and the second lens 102, it
is possible to overcome the problem that the spherical aberration is increased with
increased numerical aperture of the objective lens.

If, for cancelling the spherical aberration, the second lens 102 is adapted to be
movable with respect to the first lens 101, it is necessary to increase the attenuation
factor of the voice coil motor adapted for causing movement of the second lens 102
facing the optica;l recording medium. The attenuation factor of the voice coil motor can
be increased by, for e'xample, charging the viscous fluid. However, since the viscosity
of the viscous fluid in general has temperature dependency, the viscous fluid is
changed in viscosity by fluctuations in the external air temperature if the viscous fluid
is charged to increase the attenuation factor of the voice coil motor, with the result that
the focussing servo is rendered unstable.

For maintaining stability of focussing setvo, the attenuation factor of the voice

coil motor mounted on the secoad lens 102 needs to be increased. However, if the
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attenuation factor of the voice coil motor is increased, there is produced hysteresis in
displacement characteristics with respect.to the input current to render it impossible
.to r.ealiz'e high-spéeﬁ st;blé oi)cration. o I

Also, with the two-lens type lens system shown in Fig.1, the second lens 102
facing the optical recording medium can be displaced, so that, if the second objective
lens 102 collides against the optical recording medium, the distance between the first
lens 101 and the second iens 102‘ is varied significantly, with the result that it is
difficult to maintain an appropriate distance between the two lenses. Moreover, if the
second lens 102 collides against the optical recording medium, there is imposed a large
load on the member movably supporting the second lens 102, such that there is the risk
of destruction of the supporting member.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a lens driving device
for driving an (;bjective lens designed to converge a light beam on an optical recording
medium in which the numerical aperture NA of the objective lens can be increased to
suppress the spherical aberration and in which focussing servo can be effectuated
speedily and stably.

It is another object of the present invention to provide an optical head having
such lens driving device.

In one aspect, the present invention provides a lens driving device for driving

a lens adapted for collecting the light from a light source on a signal recording surface
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of an optical recording medium, first driving means having a movable portion which
is adaptcd for being moved in a direction along the Optlcal axxs of the hght from thc
..lxght source and in a dxrcctxon petpendxcular to the optical axis, second driving means
mounted on 2 movable portion of the first driving means and having a movable portion .
movable in the direction along the optical axis of the light from the light source, a first
lens on which falls the light from the light source, and a second lens on which falls the
light collected by the first fens. The second driving means is mounted on the movable
portion of the fist driving means and the first lens is mounted on the movable portion
of the second driving means.

In the present lens driving device, the light from the light source is collected by
 the first lens and by the second lens in this order 50 as to be illuminated on'the signal
recording surface of the optical recording medium. The second lens mounted on the
movable portion of the first driving means, the second driving means and the first lens
mouated on the movable portion of the second driving means ate driven in the
direction along the optical axis and in a direction perpendicular to the optical axis to
effectuate tracking servo and focussing servo. In the present lens driving deviée, the
first lens can be driven in the direction along the optical axis to cancel the spherical
aberration.

If, in the present lens driving device, an amount of movement AZ of the focal
point position of the light collected by the first lens and the second lens when the first

lens is moved along the optical axis by AZ1 and the second lens is moved along the
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optical axis by AZ2 is expressed with a coefficient « by the following equation
AZ = (AZ1 + «-AZ2)(1+0),

‘. the .r.atio of a.weig.ht mﬁ of tﬁe m_<.)va.ble [-)orti&x df .the .ﬁrst driving means in;i
the member mounted on the movable portion to a weight m1 of the movable portion
of the second driving means and the member mounted on the movable portion, or
m2/m1, is preferably not larger than the coefficient c.. By setting the ratio m2/m1 so
as to be not larger than ¢, open loop characteristics in case of focuséing servo are
improved.

Also, in the present lens driving device, the second driving means is a voice coil
motor which has its upper and lower ends along the optical axis supported by elastic
supporting members, and which is adapted for drfving the movable portion in a
direction along the optical axis. The center of gravity of the movable portioﬁ and the
member mounted on the movable portion in the direction along the optical axis is in
the vicinity of a mid point along the optical axis of an elastic supporting member
supporting the upper end of the movable portion and an elastic supporting member
supporting the lower end of the movable portion.

In another aspect, the present invention provides an optical head including a
light source, lens driving means for driving a lens adapted for coliecting the light on
a signal recording surface of an optical recording medium and light receiving means
for receiving the return light which is collected on the signal recording surface of the

optical recording medium by the lens driven by the lens driving means and which is

1
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reflected back by the optical recording medium. The

the lens dnvmg means mcludcs first dnvmg means havmg a movable pomon wtuch

is adapted for bemg moved in a duect:on along thc Optxcal axis of the hghtﬁ from the

light source and in a direction perpendicular to the optical axis,

second driving means mounted on a movable portion of the first driving means and

having a movable portion movable in the direction along the optical axis of the light

from the light source, a first lens on which is incidgnt the light from the light source

and a second lens on which is incident the light collected by the first Iens. The second
driving means is mounted on the movable portion of the first driving means. The first

lens is mounted on -the movable portion of the second driving means, while the second

lens is mounted on the movable portion of the first driving means.

In the present optical head, the light from the light source is collected by the
first lens and by the second lens in this order so as to be illuminated on the signal
recording surface of the optical recording medium. The second lens mounted on the
movable portion of the first driving means, second driving means and the first lens
mounted on the movable portion of the second driving means is driven in the direction
along the optical axis and in a direction perpendicular to the optical axis to effectuate
tracking servo and focussing servo. In the present optical head, the first lens can be
driven in the direction along the optical axis to cancel the spherical aberration.

Also, if, in the present optical head, an amount of movement AZ of the focal

point position of the light collected by the first lens and the second lens when the first



leas is moved along the optical axis by AZ1 and the second lens is moved along the
optical axis by AZ2 is expressed with a coefficient a by the following equation
é.;Z = (AZi + 'a'AZ-Z)(I-l-a),. - | ’

the ratio of a weight m2 of the movable portion of the first driving means and
the member mounted oa the movable portion to 2 weight m1 of the movable portion
of the second driving means and the member mounted on the movable portion, or
m2/m1l, is preferably not larger than the coefficient c.. By setting the ratio m2/m1 so
as to be not larger than «, open loop characteristics in case of focussing servo are
improved.

Moreover, in the present optical head, the second driving means is a voice coil
motor having its upper and lower ends along the optical axis supported by elastic
supporting members, and which is adapted for driving the movable portion in a
d.incction along the optical axis. Preferably, the center of gravity of the movable -
pottion and the member mounted on the movable portion in the direction along the
optical axis is in the vicinity of a mid point along the optical axis of an elastic
supporting member supporting thc'upper end of the movable portion and an ¢lastic
supporting member supporting the lower end of the movable portion.

According to the present invention, as described above, there is provided a lens
driving device in which the numerical aperture NA of the objective lens can be
enlarged and spherical aberration can be suppressed, while focussing servo can be

realized speedily and in stability. In addition, there is provided an optical head having
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such lens driving device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a schematic view showing a conventional optical head.

Fig.2 is a schematic cross-sectional view showing a lens driving device
embodying the present invention. |

Fig.3A shows spherical aberration produced due to the thickness of the cover
glass thicker than a prescribed value.

Fig.3B shows spherical aberration produced due to the distance between a
backward lens and a forward lens narrower than the prescribed value. |

Fig.3C shows spherical aberration resulting from addition of the spherical
aberration of Fig 3A and that of Fig.3B.

Fig.4 shows an optical head embodying the present invention.

Fig.5 is a Bode diagram showing open-loop characteristics of a voice coil motor
for the weight m2 of the movable portion of a biaxial actuator and a member mounted
on the movable portion equal to 0.25 g.

Fig.6 is a Bode diagram showing open-loop characteristics of a voice coil motor
for the weight m2 of the movable portion of a biaxial actuator and a member mounted
on the movable portion equal to 1 g.

Fig.7 is a Bode diagram showing open-loop characteristics of a voice coil motor
for the weight m2 of the movable portion of a biaxial actuator and a member mounted

on the movable portion equal to 2 g.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the present invention will
*be explained in detail, | - -

Fig.2 shows an illustrative structure of a lens driving device embodying the
present inveation, this lens driving device 1 is adapted for driving an objective lens for
converging a light beam on a signal recording surface 2a of an optical recording
medium 2, such as an optical disc or a magneto-optical disc, and is used for an optical
head adapted for recording and/or reproducing information signals on or from the .
optical recording medium 2.

This lens driving device 1 includes, as an objective lens, a first lens 3 and a
second lens 4 on which is incident the light converged by the first lens 3. It is noted
that the first lens 3 is remoter from the opt'icafl recording medium 2 and herein termed
a backward lens 3, and that the second lens 415 closer to the optical recording medium
2 and herein is termed a forward lens 4.

By designing the objective lens as a doﬁble-lens type lens made up of the
backward lens 3 and the forward lens 4, it beéomes possible to increase the numerical
aperture NA of the double-lens type lens in its entirety. Specifically, it is possible
rather readily with the double-lens type lens to set the numerical aperture NA so as to
be 0.8 or higher.

The lens driving device 1 includes a biaxial actuator 5 as driving means for

causing movement of an objective lens made up of the backward lens 3 and the

M
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forward lens 4. The objective lens made up of the backward lens 3 and the forward

lens 4 is moved by this biaxial actuator 5 in a direction along the optical axis shown

by arrow F in Fig.2 (focussing direction) bj way of effectuating focussing servo. bn
the other hand, the objective Iens made up of the backward fens 3 and the forward lens
4 is moved by the biaxial actuator 5 in a direction perpendicular to the optical axis

shown by arrow T in Fig.2 (tracking direction) by way of effectuating tracking servo.

In the lens driving device 1 embodying the present invention, a variety pf
systems used in the conventional lens driving devices can be directly used as a
mechanism of the biaxial actuator 5 for causing movement of the objective lens made
up of the backward lens 3 and the forward lens 4 and as the driving method.
Therefore, detailed description therefor is omitted and only the mechanism for causing
movement of the backward lens 3 and the forward lens 4 in the focusing direction is
briefly explained !)y referring to Fig.2.

In the embodiment shown in Fig.2, the mechanism for causing movement of the
objective lens made up of the backward lcﬁs 3 and the forward lens 4 in the focussing
direction includes a yoke and a magnet 7, mounted on a base block 6 of the lens
driving device 1, a bobbin 8 and a coil for focussing servo 9 placed around the outer
periphery of the bobbin 8.

The bobbin 8 is a movable portion operating when driving the biaxial actuator

5 in the focussing direction and in the tracking direction, and includes a leas
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supporting portion 8a for engaging with and holding the outer tim of the forward lens
4 and a coil Wmdmg pomon 8b around wtuch is wound the coil for focussmg servo
9 The forward lens 4 is placed around the conl wmdmg portlon 8b of the bobbin 8.
This bobbin 8 is supported by four elastic supporting members 10a, 10b, 10c,
10d so that the coil for focussing servo 9 placed around the coil winding portion 8b
will face the yoke and the magnet 7 with a defined gap in-between. Specifically, one
ends of the elastic supporting members 10a, 10b, 10c, 10d are mounted on upper and
lower ends of both sides of the bobbin 8, with the opposite side ends of the elastic
supporting members 10a, 10b, 10c, 10d being mounted on the base block 6 of the lens
driving device 1. It is noted that the elastic supporting members 10a, 10b, 10c, 10d are
constituted by spring plates of a metal material or a synthetic resin maferial, and that
the bobbin 8 is supported by these elastic supporting members 10a, 10b, 10c, 10d for '
movement in the focussing and tracking directions. ’
In this lens driving device 1, the magunetic field from the yoke and the magnet
7is generated in the radial direction of the bobbin 8. Thus, if the current is allowed to
flow through the coil for focussing servo 9, there is produced a Lorentz’s force by thé
interaction of the current with the magnetic field from the yoke and the magnet 7, as
a result of which the driving force in the focussing direction is generated for the
bobbin 8 around which is placed the coil for focussing servo 9. Therefore, by
controlling the current flowing in the coil for focussing servo 9, the objective lens

mounted on the bobbin 8 can be moved along with the bobbin 8 in the focussing
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direction by way of effectuating focussing servo.

Altho ugh not cxplamcd specxﬁcaily, the trackmg servo is effcctuated by much
the same mechamsm In effectuating trackmg servo, the current ﬂowmg through a coil
for tracking servo, not shown, may be oontmlled to cause movement of the objective
lens mounted on the, bobbin in the tracking direction along with the bobbin 8.

It is noted that the lens driving device 1 embodying the present invention is
provided not only with the biaxial actuator 5 for effectuating focussing servo and
tracking servo, but also with a voice coil motor 11 on the bobbin 8 operating as a
movable portion of the biaxial actuator 5. This voice coil motor 11 is made up of a
yoke and a magnet 12, mounted on the bobbin 8 of the biaxial actuator 5, a bobbin 13
mounted on the bobbin 8 of the biaxial actuator 5 for movement in the focussing
direction, and a séhcrical aberration correction coil 14 p!gced around the bobbin 13.

The bobbin 13 is a movable portion of the voice <;oil motor 11 and is molded
to a substantially tubular shape. This bobbin 13 is made up of a lens supporting portion
13a, fitted on the outer rim of the backward lens 3 for holding the lens and a coil
winding portion 13b around which is placed the spherical aberration correction coil 14.
It is noted that the spherical aberration correction coil 14 is placed around the outer
periphery of the coil winding portion 13b of the bobbin 13 so that the coil 14 forms a
substantially concentric circle with respect to the backward lens 3.

The bobbin 13 of the voice coil motor 11 is supported by four elastic supporting

members 15a, 15b, 15¢ and 15d so that the spherical aberration correction coil 14 will
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face the yoke and the magnet 12 with a predetermined gap in-between. Specifically,

oue ends of the elastic supporting members 152, 15b, 15¢, 15d are mounted on upper

“and lower ends of both sides of the bobbin 13, with the Opposiié cixds of thc't.ziastic -

supporting members 153, 15b, 15¢ and 15d being mounted on the inner wall section
of the bobbin 8 of the biaxial actuator 5. It is noted that the elastic supportting
members 15a, 15b, 15¢ and 15d are formed by spring plates of a metal material or a
synthetic resin material and that the holder 13 of the voice coil motor 11 is supported
by these elastic Supporting members 15a, 15b, 15¢ and 15d for movement in the
focussing direction for movement relative to the bobbin 8 of the biaxial actuator 5.

The center of gravity of the movable portion of the voice coil motor 11 and that
of the member mounted on the movable portion in the focussing direction is preferably
substantially coincident with the mid point in the focussing direction of the elastic
supporting members 153, 15¢ mounted on the upper ends of the bobbin 13 as a
movable portion of the voice coil motor 11 and the elastic supporting merﬁbers 15b,
15d mounted on the lower end of the bobbin 13. If the-center of gravity of the movable
portion of the voice coil motor 11 and that of the member mounted on the movable
portion in the focussing direction is caused to coincide substantially with the mid point
of the elastic supporting members 152, 15c and that of the elastic supporting members
15b, 154, it is possible to minimize the effect of vibrations generated on driving the
voice coil motor on the tracking servo to assure more stable tracking servo.

In this voice coil motor 11, the magnetic field from the yoke and the magnet 12

4
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is generated in the radial direction of the bobbin 13. Thus, if the current is allowed to

flow through the spherical aberration correction coil 14, there is produced a Lorentz’s
force by the interaction of the current with the maghétic field from the yoke and'thc
magnet 12, as a result of which the driving force in the focussing direction is generated
for the bobbin 13 around which is placed the spherical aberration correction coil 14.
Therefore, by controlling the current flowing in the spherical aberration correction coil
14, the backward lens 3 mounted on the bobbin 13 can be moved in the focussing

| direction, along with the bobbin 13, thereby varying the distance between the
backward [ens 3 and the forward lens 4 to cancel the spherical aberration.

As described above, the preseat lens driving device 1 not only has the biaxial
actuator 5, as first driving means provided with a movable portion movable both in the
focussing and tracking directions, but also has the voice coil motor 11, as second
driving means mounted on the movable portion of the biaxial actuator 5 for movement
in the focussing directi.on. The forward lens 4 and the backward lens 3 are mounted
on the movable portions of the biaxial actuator 5and the voice coil motor 11.

In the foregoing description, the biaxial actuator 5 exploiting the Lorentz’s force
for driving is taken as an example of the first driving means having a movable portion
in both the focussing and tracking directions. However, the first driving means is not
limited to the biaxial actuator 5 since an actiator exploiting a piezoelectric element,
for example, may be used. Also, inthe foregoing description, although the voice coil

motor 11 exploiting the Lorentz’s force for driving has been taken as an example, the
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second driving means are not limited thereto since an actuator exploiting the
piezoelectric element may also be uscd

For condensing the light beam on the signal recording surface 2aofthe optxcal
recording medium 2 using the lens driving device 1, the lens driving device 1 is
arranged so that the forward lens 4 will face the signal recording surface 2a of the
optical recording medium 2. This condenses the light beam from the light sourcé by
the backward lens 3 and by the forward lens 4 in this order to cause the condensed
light beam to fall on the signal recording surface 2a of the optical recording medium
2.

At this time, the current flowing in the coil for focussing servo 9 is controlled
for causing movement of the objective lens made up of the backward lens 3 and the
forward lens 4 mounted on the bobbin 8 of the biaxial actuator 5
in the fscussing direction by way of effectuating focussing servo. Also, the current
ﬂowing through the coil for tracking servo is controlled for causing movement of the.
objective lens made up of the backward lens 3 and the forward lens 4 mounted on the
bobbin 8 of the biaxial actuator 5 in the tracking direction by way of effectﬁating
tracking servo.

Moreover, with the lens driving device 1 according to the present invention, not
only are the backward lens 3 and the forward leas 4 collectively moved by the biaxial
actuator 5, but also is the backward lens 3 moved by the voice coil motor 11, by way

of lens movement in the focussing direction. That is, by causing the current to flow in
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the spherical aberration correction coil 14 of the voice coil motor 11 to cause
movement of the backward lens 3 in the focussing direction, it is possible to vary the
distance between the backward lens 3 and the forward lens 4 to cancel out the
spheriéal aberration produced due to errors in thickness of the cover glass 2b of the
optical recording medium 2.

The spherical-aberration correction mechanism in the leas driving device 1
embodying the pfesent invention is further explained.

The relation between the numerical aperture NA of the objective lens and the
spherical aberration caused by the errors in thickness of the cover glass 2b of the
optical recording medium 2 is roughly expressed by the following equation:

W= {8’y (NAYAd e (D
if the aberration of the higher order is disregarded. In the above equation, n is the
refractive index of the cover glass 2b and Ad is the error in thickness of the cover glass
2b.

As may be seen from the above equation (1), the tolerdnce value of the
thickness error Ad is inversely proportionate to the numerical aperture NA raised to
the fourth power. Thus, some spherical aberration correction mechanism is required
to increase the numerical aperture, if manufacturing margin of the optical recording
medium 2 is taken into account. Thus, with the lens driving device 1 embodying the
present invention, the objective lens is constituted by the backward lens 3 and the

forward lens 4 and the distance therebetween is changed to correct the spherical
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aberration.

It is assumed for example that the thickness of the cover glass 2b is thicker than
a prescribed thickness, such that the spherical aberration shown in Fig.3A is produced.
In this case, the backward lens 3 is moved by the voice coil motor 11 to reduce the .
separation between the backward lens 3 and the forward lens 4 to a value narrower
than the prescribed value to produce sp he-rical aberration of reverse polarity as shown
in Fig.3B. The result is that the spherical aberrations cancel each other to reduce the
spherical aberration substantially to nil on the whole as shown in Fig.3C.

Thus, the spherical aberration prodﬁced due to the error in thickness of the
cover glass 2b can be diminished by varying the separation between the backward lens
3 and the forward lens 4. It is noted that this mechanism is known insofar as the usage
for a microscope is concerned. Also, the mechanism for an optical disc has been
clarified by S. Mansfield, W.R. Studenmund, G.S. i(ino and K. Osato, Optics Lett.
18,305(1993).

[t should be noted that not only the spherical aberration ascribable to errors in
thickness of the cover glass 2b of the optical recording medium 2 but also the spherical
aberration ascribable to errors in thickness or curvature of the backward lens 3 or the
forward lens 4 can be cancelled out by adjusting the distance between the backward
lens 3 and the forward lens 4 by the voice coil motor 11.

The behavior of focussing servo operations performed on assembling the above-

described lens driving device 1 on an optical head is explained in further detail using

4
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a model shown in Fig.4. Although the focussing servo characteristic of the present
invention is hereinafter explained, the optical head can effectuate tracking servo. In
addition, if information signals are reproduced from the optical recording medium 2,
the optical head also detects playback signals from the retum light from the optical
recording medium 2. It is noted that tracking servo or detection of playback sfgnals
may be performed by any of conventional systems and hence is not explained herein
specifically.

The optical head 20 includes the above-described lens driving device 1, a
semiconductor laser 21 for radiating a laser light bam to the backward leas 3 of the
lens driving device 1, a beam splitter 22 arranged between the semiconductor laser 21
and the backward lens 3, a collimator lens 23 arranged between the beam splitter 22
ax;d the backward lens 3, a light collecting lens 24 for collecting the return light beam
from the signal recording surface 2a of the optical recording medium 2 with

astigmatic aberration and a photodetector 25 for receiving and detectmg the hght
collected by the light collectmg lens 24.

The laser light outgoing from the semiconductor laser 21 is transmitted through
the beam splitter 22 to fall on the collimator lens 23 so as to be thereby converted to
a collimated light beam which then falls on the backward lens 3. The light beam
incident on the backward lens 3 is collected thereby and by the forward lens 4 50 as
to fall on the signal recording surface 2a o the optical recording medium 2.

The return light reflected back from the signal recording surface 2a again falls



21

on the beam splitter 22 via forward lens 4, backward lens 3 and the collimator feas 23,
s0 as to be reflected by the beam splitter 22. The reflected light is routed to the light
collecting lens 24. The retum light, incident on the light collecting lens 24, is collected |
by the light collecting lens 24 so as to have astigmatic aberration. The collected return
light is incident on and received by the photodetector 25 which then detects the light
intensity. The photodetéctor 25 has its light receiving surface split into four segments
in order to detect focussing etrors by the astigmatic method, and detects the intensity
of the return light incident on light-receiving surfaces 25A, 25B, 25C and 25D.

The results of detection by the photo_detector 25 are seat to a focussing servo
detection circuit, notshown. The focussingservo detection circuit generates focussing
servo signals by the astigmatic method, based on the detected results of the
photodetector 25, in order to drive the biaxial actuator 5 so that the focal point position
of the light beam collected by the objective lens made up of the backward lens 3 and
the forward lens 4 will perpetually be on the signal recording surface 2a of the optical
recording medium 2. Specifically, the coil for focussing servo 9 of the biaxial actuator
5 is fed with current to cause movement of the objective lens made up of the
backward lens 3 and the forward lens 4 in the focussing direction so that the focal
point of the ligﬁt beam will perpetually be on the signal recording surface 2a of the
optical recording medium 2.

The behavior of the focussing servo operation of the optical head 20 having the

above structure is treated herein by modetling the driving portion of the lens driving

A
[



22
device 1 using a spring 31 and dashpots 33, 34. Specifically, the voice coil motor 11
is modelled by the spring 31 and the dashpot 33 placed between the bobbin 13 carrying
the backward lens 3 and the bobbin 8 carrying the forward lens 4. Similarly, the
biaxial actuator 5 is modelled by the spring 32 and the dashpot 34 arranged between
the base block 6 of the [ens driving device 1 and the bobbin 8 carrying the forward lens
4,

It is assumed that the spring constant and the attenuation factor in the focﬁssing
direction of the voice coil motor 11 driving the baékward lens 3 are denoted k1 and c1,
respectively, and that the weight of the movable portion of the voice coil motor 11 and
a member mounted on the movable portion is denoted by m1. [t is also assumed that
the spring constant and the attenuation factor in the focussing direction of the biaxial
actuator 5 adapted for driving the objective lens made up of the ba}_ckward lens 3 and
the forward lens 4 are denoted by k2 and c2, respectively, and thz:t the weight of the
movable portion of the biaxial actuator 5 and the member mounted on the movable
pottion is m2.

It is further assumed that the force generated by the current fed to the coil for
focussing servo 9 of the biaxial actuator 5, that is an input to this driving system, is {2,
the amount of displacement of the backward lens 3 with respect to
the base block 6 of the lens driving device 1 is ul and the amount of displacement of
the forward lens 4 with respect to the base block 6 of the lens driving device 1 is u2.

The following equation of motion (2) holds for the biaxial actuator 5:
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i, o diu_du

d u,
—a2 T Cz—c;'t—+ at  at +k2uz+kl(u2-u‘)=f2

mz dt_z

u-..(z)

On the other hand, the following equation of motion (3) bolds for the voice coil
motor 11:

dz 1 d{ d 2
m(_d}z'z{“‘*c.[z,?“- d? ) + k[(uz" u1)= 0

.....(3)

By Laplace transform of the above equations (2) and (3), a transfer function T1
of displacement of the backward lens 3 and a transfer fl_mction T2 of &isplacement of
the forward lens 4 with respdct to the force £2 generated by: the current fed to the coil
for focuésing servo 9 are obtained as shown by the following equations (4) and (5):

T1 = ul(s)/f2(s)
T2 = u2(s)/f2(s)

The relation between the displacement of the backward lens 3 in the focussing
direction AZ1, displacement of the forward lens 4 in the focussing direction AZ2 and

the detected focussing level error can be found by optical calculations. This relation,
H
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expressed using a coefficient «, is in the form of a linear sum indicated by the
following equation (6):

X =(AZ; + -AZ,)/(1+0) [ (6)

Meanwhile, the focussing error level X corresponds to the amount of
displacement of the t:ocal point position of the light collected by the backward lens 3
and the forward leas 4. On the other hand, the value of the coefficient « in the lens
driving device 1 according to the present invention is a value not less than 1.

From the above equations (4), (5) and (6), a transfer function 3 of the focussing
level X with respect to the input £2 is obtained as shown by the following equation :

= X(s)/ﬂ(s) ..... (7)

By adding a term of phase compensation to the transfer function T3 and setting
8 = jw by way of adding the term of phase compensation, it is possible to derive open-
loop characteristics of the actual focussing servo.

Figs.5 to 7 show the results derived in this manner, that is the ‘open-loop
characteristics of the actuaf focussing servo. Figs.5 to 7 are Bode diagrams showing
the frequency response of the transfer function of the voice coil motor 11 (with the
input being the curreat fed to the spherical aberration correction coil 14 of the voice
coil motor 11 and with the output being displacement of the movable portion of the
voice coil motor 11). In each of these figures, the abscissa and the ordinate stand for
the input frequency to the voice coil motor 11 and the amplitude or phase of

displacement of the movable portion of the voice coil motor 11. In deriving the open-
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loop characteristics shown in Figs.5 and 6, the values of the various parameters are set

as shown in the following Table 1:



_ Fig.4 Fig.5 Fig.6
weight m2 of the movable member of the biaxial actuator and a member 05¢g lg 2g
attached to the movable member |
weight m1 of the movable member of the voice coil motor and a member 025¢g
attached to the movable member |
fundamental vibration frequency £, of the voice coil motor 250 Hz
fundamental vibration frequency f,, of the biaxial actuator 30 Hz
attenuation factor £, of the voice coil motor 0.05
attenuation factor &, of the biaxial actuator 0.1

coefficient o

9¢
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Meanwhile, the attenuation factors &; and &, in the above Table 1 can be
obtained from the actual attenuation factors and critical attenuation factor.
Specifically, the attenuation factor €, of the voice coil motor 11 and the attenuation
factor £, of the biaxial actuator 5 are expressed by the following equations (8) and (9),
respectively:

attenuation factor £, = actual attenuation coefficient/critical attenuation
coefficient _

= c1/{2(m1-k1)*) =(8)
attenuation factor £, = actual attenuation coefficient/critical attenuation
coefficient -
= 02/{2(m2°k2)°'5) (9)

In the embodiment of Fig.5, since m2 = 0.5 g and m1 = 0.25 g, m2/m1 = 2.
Thus, m2/m1 < e. In this case, the gain or the phase charagteristics of displacement
of the movable portion of the voice coil motor 11 are varied. However, since the phase
leads -180 deg at all times, there is no risk of unstable operation.

Also, in the embodiment of Fig.6, since m2 =1 g and m1 =0.25 g, m2/m1 =4.
Therefore, the m2/m1 = . In this case, there are produced no fluctuations in the phase
lag or the gain of displacement of the movable portion of the voice coil motor 11, and
hence correction of the spherical aberration or the focussing servo can be realized in
stability.

Also, in the embodiment of Fig.7, since m2 =2 g and m1 = 0.25 g, m2/m1 =8.

Therefore, the m2/m1 > a. In this case, the movable portion of the voice coil motor
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11 undergoes phase lag in displacement not less than -180 deg in the vicinity of 200
to 300 Hz. The result is that the focussing servo is not stable due to gain fluctuations.

It is seen from above that, by setting m2/m1 < «, the phase characteristics of
displacement of the movable portion during driving of the voice coil motor can be
prevented from being delayed with respect to -180° to allow for stable correction of
focussing servo or the spherical aberration.

It is seen from above that, with the above-described Iens driving device 1, the
weight m2 of the movable portion of the biaxial actuator 5 and the member attached
to the movable portion is equivalent to the total weight of the bc;bbin 8 of the biaxial
actuator 5, forward lens 4 fitted io the lens supporting portion 8a of the bobbin 8, coil
for focussing servo 9 placed around the outer peripheral surface of the coil winding
portion 8b of the bobbin 8, voice coil motor 11 attached to the bobbin 8 and the
backward lens 3 fitted to the lens supporting portion 13a of the bobbin 13 of the voice
coil motor 11. On the other hand, the weight m1 of the movable portion of the voice
coil motor 11 and the member attached to the movable portion is equivalent to the total
weight of the bobbin 13 of the voice coil motor 11, backward lens 3 fitted to the lens
supporting portion 13a of the lens 13 and the spherical aberration correction coil 14
placed around the outer peripheral surface of the coil winding portion 13b of the
bobbin 13.

Thus, with the above-described lens driving device 1, it suffices if the ratio of
the total weight of the bobbin 8 of the biaxial actuator 5, the forward lens 4 fitted to

the lens supporting portion 8a of the bobbin 8, the coil for focussing servo 9 placed
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around the outer periphe-ral surface of the coil winding portion 8b of the bobbin 8, the
voice coil motor 11 attached to the bobbia 8 and the backward lens 3 fitted to the lens
supporting portion 13a of the bobbin 13 of the voice coil motor 11 to the total weight
of the bobbin 13 of the voice coil motor 11, backward lens 3 fitted to the lens
supporting portion 13a of the bobbin 13 and the spherical aberration correction coil
14 placed around the outer peripheral surface of the coil winding portion 13b of the
bobbin 13 will be not larger than the above-mentioned coefficient o, by properly setting
the weight of each component member. This enables more stable focussing servo and
correction of the spherical aberration.

If m2/ml < ¢, a stable servo solution can be obtained. As may be seen from
Figs.5 to 7, the.closer the value of m2/m1 to the coefficient e, the more optimum will
be the phase characteristics.

If, in the lens driving device 1 of the present invention, there is a thickness error
in the cover glass 2b of the optical recording medium 2, it is possible to cancel the
spherical aberration ascribable to the thickness error of the cover glass 2b by adjusting
the distance between the backward lens 3 and the forward lens 4b the voice coil motor
11. Also, if there is an error in the thickness or the curvature of the backward lens 3
or the forward lens 4, it is possible to cancel out the spherical aberration ascribable to
the error by adjusting the distance between the backward lens 3 and the forward lens
4 by the voice coil motor 11. Therefore, with the use of the present lens driving device
1, it is possible to suppress deterioration of the recording/reproducing capability

ascribable 1o the spherical aberration.
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With the lens driving device 1 of the present invention, the forward lens 4 is

secured to the movable portion of the biaxial actuator S, while the backward lens 3 is

secured to the voice coil motor 11 mounted on the movable portion of the biaxial

actuator 5. By so doing, it is possible to reduce the effect which vibrations produced
when varying the distance between the backward lens 3 and the forward lens 4 might

have on the focussing servo. In particular, by setting m2/m1 so as to substantially

coincide with ¢, it is possible to minimize the effect which the vibrations of the

backward léns 3 might have on the focussing 'servo to realize extremely stable

focussing servo.

With the lens driving device 1 according to the present invention, the lens-to-
lens distance is varied by displacing the backward lens 3. In this case, the attenuation
factor of the voice coil motor 11 used for adjusting the lens-to-lens distance can be
set to a lower value than is possible with a system in which the lens-to-lens distance
can be changed by moving the forward lens.

Thus, the present lens driving device 1 has an advantage of increasing the
degree of freedom in designing the dr{ving system made up of the biaxial actuator 5
and the voice coil motor 11. On the other hand, if the attenuation factor of the voice
coil motor 11 is set to a lower value, the hystereéis is decreased to realize more reliable
and more expeditious focussing servo. Conventionally, a viscous fluid needs to be used
to raise the attenuation factor of the voice coil motor used for adjusting the lens-to-lens
distance. In the lens driving device 1

of the present invention, the attenuation factor of the voice coil motor 11 can be set
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to a lower value so that there is no necessity of using a viscous fluid exhibiting wide.
fluctuations in characteristics. It is therefore possible with the present lens driving
device 1 to suppress fluctuations in characteristics.

Also, with the lens driving device 1 embodying the present invention, if the
objective lens collides against the optical recording medium 2, it is the forward leas
4 that collides against the optical recording medium 2, while there is no risk of
collision of the backward lens 3 mounted on the movable portion of the voice coil
motor 11 against the optical rec;)rding medium 2. Thus, if the objective lens of the lens
driving device 1 collides against the optical recording medium 2, the lens-to-lens
distance is maintained at a constant value. Moreover, even if the objective lens of the
lens driving device 1 collides against the optical recording medium 2, there is no risk
of collision of the backward lens 3 mounted oa the movable portion of the voice coil
motor 11 against the optical recording medium 2 thus scarcely loading the elastic
supporting members 15a, 15b, 15¢c and 15d adapted for supposting ihe:movable portion
of the voice coil motor 11. The result is higher durability and reliability of the present

lens driving device 1.
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WHAT IS CLAIMED IS:

1. A lens driving device for driving a lens adapted for collecting the light from a light
source on a signal recording surface of an optical recording medium;

first driving means having a movable portion which is adapted for being moved
in a direction along the optical axis of the light from said light source and in a direction
perpendicular to the optical axis; |

second driving means mounted on a movable portion of said first driving means
and having a movable portion movable in the direction along the optical axis of the
light from the light source; '

a first lens mounted on the movable portion of said second driving means and
on which falls the light from the light source; and

a second lens mounted on the movable portion of the first driving means and
on which falls the light collected by said first lens, said second lens illuminating the
collected light towards said optical recording medium.
2. The lens driving device according to claim 1 further comprising:

a magnet mounted on a base portion and a coil mounted on the movable portion.
3. The lens driving device according to claim 1 wherein, if an amount of movement
AZ of the focal point position of the light collected by the first lens and the second lens
when the first lens is moved along the optical axis by AZ1 and the second lens is
moved along the optical axis by AZ2 is expressed with a coefficient & by the following
equation:

AZ = (AZI + a‘AZZ)(l.{-a),

R
UL
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the ratio of a weight m2 of the movable portion of the first driving means and
the mémber mounted on the movable portion to a weight tﬁl of the movable portion
of the second driving means and the membe.r mounted on the movable portion, or
m2/m1, is not larger than said coefficient .
4. The lens driving device according to claim 1 wherein said second driving means
is a voice coil motor having its upper and lower ends along the optical axis supported
by elastic supporting members, and which is adapted for driving the movable portion
in a direction along the optical axis; and wherein

the center of gravity of the movable portion and the member mounted on said
movable portion in the direction along the optical axis is in the vicinity of a mid point
along the optical axis of an elastic supporting member supporting the upper end of the
movable portion and an elastic supporting member supporting the lower end of the
movable portion.
5. An optical head comprising:

a light source;

lens driving means for driving a fens adapted for collecting the light on a signal
recording surface of an optical recording medium; and

light receiving means for receiving the return light which is coltected on the
signal recording surface of the optical recording medium by the lens driven by said
lens driving means and which is reflected back by said optical recording medium;

said lens driving means including

first driving means having a movable portion which is adapted for being moved

-
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in a direction along the optical axis of the light from said light source and in a direction
perpendicular to the optical axis;

second driving means mounted ona movable portion of said first driving means
and having a movable portion movable in tfxe direction along the optical axis of the
light from the light source;

a first lens mounted on the movable portion of said second driving means and
on which falls the light from the light source; and

a second lens mounlécd on the movable portion of the first driving means and
on which falls the light collected by said first lens, said second lens illuminating the
collected 1ight towards said optical recording medium.
6. The lens driving device according to claim S further comprising:

a magnet mounted on a base portion and a coil mounted on the movable portion.

-7. The lens driving device according to claim 5 wherein, if an amount of movement
AZ of the focal point position of the light collected by the first lens and the second lens
when the first lens is moved along the optical axis by AZ1 and the second lens. is
moved along the optical axis by AZ2 is expressed with a coefficient « by the following
equation:
AZ = (AZ1 + «-AZ2)(1+c),

the ratio of a weight m2 of the movable portion of the first drving means and
the member mounted on the movable portion to a weight m1 of the movable portion
of the second driving means apd the member mounted on the movable portion, or

m2/m1, is not larger than said coefficient o.

4
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8. The lens driving device according to claim 5 wherein said second driving means is
a voice coil motor having its upper and lower ends along the optical axis supported by
elastic supporting members, and which is adapted for driving the movable porﬁon in
a direction along the optical axis; and wherein

the center of gravity of the movable portion and the member mounted on said
movable portion in the direction along the optical axis is in the vicinity of 2 mid point
along the optical axis of an elastic supporting member supporting the upper end of the
movable portibn and an elastic supporting member supporting the lower end of the
movable portion.
9. An optical disc system comprising:

a light source;

a fist lens on which is incident the light radiated from the light source and a
second lens on which is incident the light collected by said first lens; and

lens driving means for driving said first and second lenses collecting the light
from said light source on a signal recording surface of said optical disc; .

fight receiving means for receiving the return light which is collected on the
signal recording surface of the optical recording medium by the lens driven by said
lens driving means and which is reflected back by said optical recording medium;

said lens driving means including

first driving means having a movable portion which is adapted for being moved
in a direction along the optical axis of the light from said light source and in a direction

perpendicular to the optical axis;

-
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second driving means mounted on a movable portion of said first driving .means
and having a movable portion movable in the direction along the optical axis of the
light from the light source;

said first lens being mounted on a movable portion of said second driving
means, said second lens befng mounted n the movable portion of said first driving
meaus, said first driving means adjusting the distance between said second lens and
the optical disc and said second driving means adjusting the distance between said first -
and second lenses.
10. The optical disc system according to claim 9 further comprising:

amagnet mounted on a base portion and a coil mounted on the movable portion-.
11. The optical disc system according to claim 9 wherein, if an amount of movement
AZ of the focal point position of the light collected by the first lens and the second lens
when the first lens is moved along the optical axis by AZ1 and the second lens is
moved along the optical axis by AZ2 is expressed with a coefficient « by the following.
equation:

AZ = (AZ1 + a-AZ2)(1+at),

the ratio of a weight m2 of the movable portion of the first driving means and
the member mounted on the movable portion to a weight m1 of the movable portion
of the second driving means and the member mounted on the movable portion, or
m2/m1, is not larger than said coefficient c.
12. The optical disc system according to claim 9 wherein said second driving means

is a voice coil motor having its upper and lower ends along the optical axis supported
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by elastic supporting members, and which is adapted for driving the movable portion
in a direction along the optical axis; and wherein

the center of gravity of the movable portion and the member mounted on said
movable portion in the direction along the optical axis is in the vicinity of a mid point
along the optical axis of an elastic supporting member supporting the upper end of the
movable portion and an elastic supporting member supporting the lower end of the

movable portion.
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