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TITLE OF THE INVENTION 

Lens·Driving Device-, Optical Head and'Optical"Disc System 

BACKGROUND OF nIE 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 infonnation 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 o·f 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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[f, in this optical head, the numerical aperture NA of the objective lens is to be 

.in?reased, th~ single-lens type lens n.eeds to hav.e an extremely large ~efractive power .. 
• • ,. • " • • •. • • • • • ~ I 

If the· refractive power of the single-lens type lens is to be increased, the radiu8 of 

cwvature 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 numerical 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 protecting the signal recording surface(tenned 

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 disregarded, this spherical aberra~ion is proportionate to the numerical 

aperture NA raised to the fourth power. Therefore, if the numerical aperture NA of the 

objective lens is increased, the tolerance value of the thickness error of the cover glass 

is decreased significantly. That is, if the numerical aperture NA of the objective lens 

is increased, there is raised an extremely severe demand on the thickness tolerance of 

the cover glass to render it difficult to manufacture the optical recor4ing medium. 

As an optical head for solving the problem inherent 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.l. 
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In this optical head, the objective lens i~ constituted by a first lens 101 on which 

falls the light beam from the light sou.rec .and a second l~ns 102 o.n which falls the light .. 
. '. 

beam converged by the first lens 101.· The light beam from the light source is 

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, 1~2 so as to be then illuminated on the optical 

recording medium, the first ·and se~nd le~es 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 refractiv~ power of each of the first and second lenses 

101, 102 is smal~ the two-lens system, consisting of the combination of the two.lenses 
. 

101, 102, can have a large value of the numerical aperture NA. This realizes the 

numerical aperture exceeding 0.6, which it has been difficult to achieve with the 

optical head having. a single-lens type lens as an objective lens. 
. -

Also, in the optical head employing 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 film thickness of the cover glass of the optical recording 

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 head 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 optical recording medium. The attenuation factor of the voice coil motor can 

be increased by t' for example, 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 servo, the attenuation factor of the voice 

coil motor mounted on the second 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 realize high-speed stable operation. · 

Also, with the two-lens type lens system shown i": 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 lens 102 is varied significantly, with the result ~hat 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 objective lens designed to converge a light beam on an optical recording 

medium in which the numerical aperture NA of the obj.ective 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 adapted for being moved in a direction along the optical axis of the light 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 falls the light from the light source, and a second lens on which falls the 

light collected by the first lens. 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 t~is 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, the second driving means and the first lens 

mounted on the movable portion of the second driving ~eans are 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 device, 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 llZ 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 AZl and the second lens is moved along the 
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optical axis by AZ2 is expressed with a coefficient a by the following equation 

AZ= (AZl + a·AZ2)(1+a), 
. . . . 

the ratio of a weight m2 of the ~ovable portion of the first driving means and 

the member mounted on the movable p()rtion to a weight ml of the movable portion 

of the second driving means and the Qlember mounted on the movable portion, or 

m2/m1, is preferably not larger than the coefficient et. By setting the ratio m2/ml so 

as to be not larger than cc, open loop characteristics in case of focussing seivo 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 driving the movable portion in a 

direction along the optical axis. The center of gravity of the movable portion 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 collecting 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 
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refl~cted back by the optical recording medium. The 

the lens driving means includes first driving means having a movable portion which 
• .. ·.· ..... 

is adapted for being moved in a direction along the optical axis of the light 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 incident the light from the light source 

and a second lens on which is incident the light collected by the first lens. 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 
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lens is moved along the o~tical axis by AZl and the second lens is moved along the 

optical axis by AZ2 is expressed with a coefficient c: by the following equation 
·. 

AZ= (AZl + c:·AZ2)(1+c:), 

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 ml of the movable portion 

of the second driving means and the member mounted on the movable po~on, or 

m2/ml, is preferably not larger than the coefficient a.. By setting the ratio m2/ml so 

as to be not larger than cc, open lbop characteristics in case of focussing selVo 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 

direction along the optical axis. Preferably, the center of gravity of the movable 

portion an~ 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. 

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. [n addition, there is provided an optical head having 
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such lens driving device. 

BRIEF DESCRIPTION OFTIIE 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.JC 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 11IE 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_ invention, 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 optical recording medium 2 and herein termed 

a backward lens 3, and that the second lens 4 is closer to the optical recording medium 

2 and herein is termed a forward lens 4. 

By designing the objective lens as a double·lens type lens made up of the 

backward lens 3 and the forward lens 4, it becomes 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 
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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 S in a dir~on along the optical axis shown 
.. . . . . . . .. . . . . . 

by arrow Fin Fig.2 (focussing direction) "by way of effectuating focussing servo. On 

the other hand, the objective lens made up of the backward lens 3 and th~ f~iward lens 

4 is moved by the biaxial actuator 5 in a· direction perpendicular to the optical ~is 

shown by arrow T iaFig.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 acµiator S for ca1ising movement of the objective lens made 

up ef 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 Ca.using 

movement of the ~ackward lens 3 and the forward lens 4 in the focusing direction is 

briefly explained by ref~rring to Fig.2. 

In the embodiment shown in Fig.2, the mechanism for causing movement of the 

objective lens made up of the backward lens 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 lens 

. . . ~ 
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supporting portion 8a for engaging with and holding the outer rim of the forward lens 

4, and a coil winding portion Sb around which is wound the coil for focussing servo 
.... .. 

9. The forward lens 4 is placed around the coil winding portion 8b of the bobbin 8. 

This bobbin 8 is supported by four elastic supporting members lOa, lOb, 10c, 

10d so tffat 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 lOa, lOb, lOc, lOd are mounted on upper and 

lower ends of both sides of the bobbin 8, with the opposite side ends of the elastic 

supporting members lOa, !Ob, lOc, 10d being mounted on the base block 6 of the lens 

driving device 1. It is noted that the elastic supporting members lOa, lOb, 10c, lOd are 

constituted by spring plates of a metal material or a synthetic resin material, and that 

the bobbin 8 is supported by these elastic supporting members lOa, 10b, lOc, lOd for 

movement in the focussing and tracking directions. 

In this lens driving device 1, the magnetic field from the yoke and the magnet 

7 is 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 the 

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 fl.owing 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. 

Although not explained specifically, the tracking servo is effectuated by much ... . . . . 
the same mechanism. In effectuating tracking servo, the current flowing through a coil 

for tracking servo, not shown, may be controlled 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 ~otor 11 on ~he bobbin 8 operating as a 

movable portion of the biaxial actuator S. 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 spherical aberration correction coil 14 placed around the bobbin 13. 
;. 

The bobbin 13 is a movable portion of the voice coil motor 11 and is molded 

to a substantially tubular shape. This bobbin 13 is made up of a lens ~upporting por~ion 

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, 15c 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. Specificallyf 

one ends of the elastic supporting members 15a, 15b, 15c, 15d are mounted on upper 
.. . . . .·. 
and lower ends of both sides of the bobbin 13, with the opposite ends of the elastic 

supporting members 15a, 15b, 15c and 15d being mounted on the inner wall section 
. 

of the bobbin 8 of"the biaxial actuator 5. It is noted that the elastic supporting 

members 15a, 15b, 15c 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 member:s 15a, 15b, 15c 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 15a, 15c mounted on the up~er ends of the bobbin 13 as a 

movable portion of the voice coil motor 11 and the elastic supporting members 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 15a, 15c and that of the elastic supporting members 

15b, 15d, 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 
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is generated in the radial direction of the bobbin 13. Thus1 if the current is allowed to 

flow through the spherical aberration rorrection coil 14, there is produced a Lorentz's 

force by the interaction of the current with the maga~tic fi~ld: from tlte yoke and the 

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 lens 3·and the forward lens 4 to cancel the spherical aberration. 

As described above, the present lens driving device 1 not only has the biaxial 

actuator 5, as first driving means prov~ded with a movable portion movable both in the 

focussing and tracking directions, but also has the voice coil motor 11, as second 

driving means mounteq on the movable portion of the biaxial actuator 5 for ~ovement 

in the focussing direction. The forward lens 4 and the backward lens 3 are mounted 

on the movable portions of the biaxial actuator Sand the voice coil moto~ 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 acttiator exploiting a piezoelectric element, 

for example, may be used. Also, in the 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 used. 

For condensing the light beam on the signal recording surface 2a of the optical 

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 tight beam from the light source 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. 

AJ. 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 back.ward lens 3 and the 

forward lens 4 mounted on the bobbin 8 of the biaxial actuator 5 

in the focussing direction by way of effectuating focussing servo. Also, the current 

flowing thr?ugh t~e 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 effectuating 

tracking seivo. 

Moreover, with the lens driving device l according to the present invention, not 

only are the backward lens 3 and the forward lens 4 collectively moved by the biaxial 

actuator S, 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 

spherical 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 lens driving device 1 

embodying the present invention is further explained. 

The relation between the nu~erical 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: 

·····(1) 

if the aberration of the higher order is disregarded. In the above equationt n is the 

refractive index of the cover glass 2b and L1d is the error in thickness: of the cover glass 

2b. 

As may be seen from the above equation (l)t the tolerance value of the 

thickness error 6.d 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 prescn"bed thickness, such that the sphei:ical 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 tli.e fotward lens 4 to a value narrower 

than the prescribed value to produce spherical aberration of reverse polarity as shown 

in Fig.3B. The resulf is that the spherical abemitions cancel each other to reduce the 

spherical aberration substantially to nil on the whole as shown in Fig.3C. 

Thus, the spherical aberration produced 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 mechanis.~ for an optical disc has been 

clarified by S. Mansfield, W.R. Studenmund, G.S. Kino and K. Osato, Optics Lett. 

18,305(1993). 

It 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 l on an optical head is explained in further detail using 
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a model shown in Fig.4. Although the focussing setvo 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 return light from the optical 

recording medium 2. It is noted that tracking seivo or detection of playback signals 

may be performed by any of conventfonal 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 barn to the backward lens 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 

and the back.ward 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 detecting the light 

collected by the light collecting ·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 so as 

to fall on the signal recording surface 2a o the optical recording medium 2. 

The return tight reflected back from the signal recording surface 2a again falls 
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on the beam splitter 22 via forward lens 4, backward lens 3 and the collimator lens 23, 

so as to be reflected by the beam splitter 22. The reflected light is routed to the light 

collecting lens 24. The return 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 inci<fent on and received by the photodetector 25 which then det~cts the light 

intensity. The photodetector 25 has its light receiving surface split into four segments 

in order to detect focussing errors by the astigmatic method, and detects the intensity 

of the return light incident on light-receiving surfaces 25~ 25B, 25C and 250. 

The results of detection by the photodetector 25 are sent to a focussing servo 

detection circuit, not shown. The focussing servo detection circuit generates focussing 

seivo 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 positioJt 

of the light beapi 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 light 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 modelling the driving portion of the lens driving 
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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 lens driving device 1 and the bobbin 8 carrying the forward leris 

4. 

It is assumed that the spring constant and the attenuation factor in the focussing 

direction of the voice coil motor 11 driving the backward lens 3 are denoted kl and cl, 

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 ml. [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 backward lens 3 and 
/· 

the forwa~d lens 4 are denoted by k2 and c2, respectively, and that the weight of the 

movable portion of the biaxial actuator 5 and the member mounted on the _movable 

portion 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 f2, 

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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·····(2) 

On the other hand, the following eqtiation of motion (3) holds for the voice coil 

motor 11: 

..... (3) 

By Laplace transform of the above equations (2) and (3), a transfer function Tl 

of displacement of the backward lens 3 and a transfer function T2 of displacement of 

the forward lens 4 with respett to the force f2 generated by the current fed to the coil 

for focussing servo 9 are obtained as shown by the following equations ( 4) and (5): 

Tl = ul(s)/f2(s) 

..... (4) 

T2 = u2(s)/t2(s) 

..... (5) 

The relation between the displacement of the backward lens 3 in the focussing 

direction .6.Zl, displacement of the forward lens 4 in the focussing direction !1Z2 and 

the detected focussing level error can be found by optical calculations. Thrs relation, 
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expressed using a coefficient cc, is in the form of a linear sum indicated by the 

following equation (6): 

X = ( 6Z1 + cc·llZJ/(1 +cc) ····-( 6) 

Meanwhile, the focussing error level X corresponds to the amount of 

displacement of the focal point position of the light collected by the backward lens 3 

and the forward lens 4. On the other hand, the value of the coefficient cc 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 f2 is obtained as shown by the following equation (7): 

.T3 = X(s )/f2( s) ·····(7) 

By adding a term of phase compensation to the transfer function T3 and setting 

s = jU> by way of adding the term of phase compensation, it is possible to derive open­

loop characteristics of the ·act:'lal focussing servo. 

Figs.5 to 7 show the results derived in this manner, that is the open-loop 

characteristics of the actual 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 current 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 

weight m2 of the movable member of the biaxial actuator and a member 0.5 g 

attached to the movable member 

weight ml of the movable member of the voice coil motor and a member 
' 

attached to the movable member 

fundamental vibration frequency f01 of the voice coil motor 

fundamental vibration frequency foo of the biaxial actuator 

attenuation factor ~1 of the voice coil motor 

attenuation factor ~2 of the biaxial actuator 

coefficient a 

Fig.5 

lg 

0.25 g 

2S0Hz 

30Hz 

0.05 

0.1 

4 

Fig.6 

2g 

N 
0\ 
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Meanwhile, the attenuation factors ~1 and ~2 in the above Table 1 can be 

obtained from the actual attenuation factors and critical attenuation factor. 

Specifically, the attenuation factor ~t of1he voice coil motor 11 and the attenuation 

factor ~2 of the biaxial actuator 5 are expressed by the following equations (8) and (9), 

respectively: 

attenuation factor ~1 = actual attenuation coefficient/critical attenuation 

coefficient 

·····(8) 

attenuation factor ~2 = actual attenuation coefficient/critical attenuation 

coefficient 

····-(9) 

In the embodiment of Fig.5, ~ince m2 = 0.5 g and ml= 0.25 g, m2/ml = 2. 

Thus, m2/m1 <a. In this case, the gain or the phase chara,~teristics 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 ml= 0.25 g, m2/ml :::4. 

Therefore, the m2/ml =a. 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 m 1 = 0.25 g, m2/m 1 =8. 

Therefore, the m2/m 1 > 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/ml s ex, the phase characteristics of 

displacement of the movable portion during ~riving 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 aberratioµ. 

It is seen from above that, with the above-described lens driving device 1, the 
. . 

weight m2 of the movable portion of the biaxiai actuator S and the member attached 

t~ the movable portion is equivalent to the total weight of the bobbin 8 of the biaxial 

actuator 5, forward lens 4 fitted to 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 I~ns supporting portion 13a of the bobbin 13 of the voice 

coil motor 11. On the other hand, the weight m 1 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 peripheral surface of the coil winding portion 8b of the bobbin 8, the 

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 to the total weight 

of the bobbin 13 of the voice coil motor 11, back\fard lens 3 fitted to the lens 

supporting portion l:3a of t~e 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 a 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 seivo solution can be obtained. & may be seen from 

Figs.5 to 7, the.closer the value of m2/ml to the coefficient a, 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 

l, it is possible to suppress deterioration of the recording/reproducing capability 

ascribable to 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 5, 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. ln particular, by setting m2/m 1 so as to substantially 

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

backward lens 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-l~ns 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 driving 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 hysteresis 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. ln 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 lens 

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 c_oil 

motor 11 against the optical recording 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 on the movable portion of the voice coil 

motor 11 against the optical recording medium 2 thus scarcely loading the elastic 

supporting members 15a, 15b, 15cand 15d adapted for supporting the 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 CI.AIMED 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 

6.Z 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 .6..Zl and the second lens is 

moved along the optical axis by 11Z2 is expressed with a eoefficient a by the following 

equation: 

6.Z = (.liZl + a·6.Z2)(l+et:), 
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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 ml of the movable portion 

of the second driving means and the member mounted on the movable portion, or 

m2/ml, is not larger than said coefficient a. 

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 lens 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 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 

\ \11\11\ \\I\\ Ill\ \\1\1 \\ \11\ 
* C L K S 



34 

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 dr~ving 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. 

6. The lens driving device according to claim 5 further comprising: 

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

·: 1. The lens driving device according to claim 5 wherein, if an amount of movement 

/:iZof the focal point position of the light collected by the first lens and the second lens 

wben the first lens ·is moved along the optical axis by AZl and the second lens is 

moved along the optical axis by llZ2 is expressed with a coefficient a by the following 

equation: 

llZ = (az1 + cx·l:iZ2)(1+a}. 

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 ml of the movable portion 

of the second driving means apd the member mounted on the movable portion, or 

m2/ml, is not larger than said coefficient a. 
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8. The lens driving device according to claim 5 .wherein said second driving means is 

a voice coil motor having i_ts 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. 

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 inci~ent the light collected by said first lens; 3:_nd 

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; . 

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 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; 

I fl/If If ljJ llUI 
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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 being mounted n the movable portion of said first driving 

meanst said first.driving means adjusting the distance between said second lens and 

the optical disc and said second driving nieans adjusting the distance between said first 

and second lenses. 

10. The optical disc system according to claim 9 further comprising: 

a magnet 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 

JiZ 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 gptical axis by A.Zl and the seco_nd lens is 

moved along the optical axis by 6.Z2 is expressed with a coefficient a by the following. 

equation: 

AZ= (6.Zl + a·A.Z2)(1+o:), 

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 ml of the movable portion 

of the second driving means and the member mounted on the movable portion, or 

m2/m l, is not larger than said coefficient a. 

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 

f llllRUIJIJfllll:l ltlf I fl 1111 
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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. 


