
2150707 ELECTRO-OPTICAL DEVICE FOR TEE ELECTRODYNAMIC CONTROL OF THE
POSITION OF A RADIATION SPOT The invention relates to an electro-optical
device for the/ electrodynamic control of the position of a radiation spot
in two' 5       directions relative to an information structure of a moving
information carrier, namely, in a first direction for focusing the
radiation spot on the information structure and in a second direction in a
plane perpendicular to the first direction for following a track of the
information structure, which device 10      comprises a frame, a lens
system comprising at least one lens with an optical axis, a lens mounting
to which the lens system is rigidly secured and which is  pivotable
relative to the frame about a pivotal axis parallel to and spaced from said
optical axis and is also translatable along the pivotal axis, supporting
means for the 15      lens mounting which comprise a bearing pin whose axis
mounting forms the pivotal axis and at least one bearing which fits around
the bearing pin, and first and second electromagnetic actuator means for
translating the lens mounting along and pivoting it about the pivotal axis,
respectively. 20           Such an electro-optical device for use in an
optical record player is disclosed in European Patent Application 0068757.
The lens system is arranged eccentrically in an end wall of a lens mounting
comprising the end wall and a cylindrical sleeve adjoining this end wall.
A sleeve bearing extends from the end wall in an 25      axial direction
and is slidable on the bearing pin.  The cylindrical sleeve is axially
movable along and pivotable about the pivotal axis in an air gap between
portions of a stator yoke which forms part of-the actuator means.  This
stator yoke is provided with an. annular permanent magnet and the stator
cooperates with 30     moving actuator means on the lens mounting. These
means comprise a coil wound around the cylindrical sleeve for the axial
movements and four rectangular coils which are secured to the cylindrical
sleeve by an adhesive and which are bent to match the shape of the
cylindrical sleeve for the pivotal movements of the lens mounting. 35
In general this type of electro-optical device must have a 



2 large  dynamic  bandwidth  in order  to  guarantee  a satisfactory
control of the position of the radiation spot.  A large dynamic bandwidth
is also important for another reason. The susceptibility of the device to 5
shocks exerted on it decreases as the dynamic control system is capable of
more rapidly eliminating  the error in the position of the radiation spot
caused by the shock. Particularly if the electro-optical device is
incorporated in, for example, an optical audio 10   record player, used in
a vehicle, the significance of this second reason will become more
apparent.   The electro-optical  device  described  is susceptible  to
external  shocks  and  is  slow due to the eccentric position  of  the
lens  system  and  due  to  the 15   concentration of a substantial part of
the mass of the lens mounting in the cylindrical sleeve.   Therefore, in
order to reduce the effect of external shocks more power is required than
is desirable.  A low power is desirable in view of the heat dissipated in
the coils 20   and  the  dimensioning   of  the  required  control
circuitry.  Moreover, the known device is of intricate construction. In  an
electro-optical  device  of  the  kind described in the opening paragraph
which is less 25   susceptible to external shocks and which has a larger
dynamic bandwidth, the lens mounting is of elongate form with a maximum
longitudinal dimension extending along a line which intersects the optical
axis of the lens system and the pivotal axis of the lens mounting 30   and
with a lateral dimension no greater than twice the diameter of the lens
system, and the two parts of the lens mounting which are situated on
opposite sides of 



the pivotal axis have the same or approximately the same mass and the same
or approximately the same mass 35   distribution.  A device having these
features is known    3 from European Patent Specification 0 063 934. As a
result of the elongate form of the lens mounting the mass of the mounting
is minimized.  The lateral dimension can be adapted to the diameter of 5
the lens system.  Even when it is desired to arrange the lens  system in an
opening which  extends  right through  the  lens  mounting,  so  that  the
entire circumference of the lens system is surrounded by parts of the lens
mounting, it will not be necessary 10   to make the lateral dimension of
the lens mounting larger than twice the diameter of the lens system. In
general, the lateral dimension can be smaller.   Since the two parts of the
lens mounting which are situated on opposite sides of the pivotal axis have
the same  or 15   approximately   the  same  mass  and  the  same  or
approximately the same mass distribution,  the  lens mounting is
substantially balanced both statically and dynamically.  As a result of
this, the lens mounting is immune to shocks and the supporting means of the
20   lens mounting  are not subjected  to varying  forces during  pivotal
movements  of  the  lens  mounting performed when following the track of
the information carrier. According  to  the  present  invention,  in  an 25
electro-optical device for the electrodynamic control of the position of a
radiation spot in two directions relative  to  an  information  structure
of a moving information carrier, namely, in a first direction for focusing
the  radiation  spot  on  the  information 



30   structure  and  in  a  second  direction  in  a  plane perpendicular
to the first direction for following a track  of  the  information
structure,  which  device comprises a frame, a lens system comprising at
least one lens having an optical axis, a lens mounting to    4 which the
lens system is rigidly secured and which is pivotable relative to the frame
about a pivotal axis parallel to and spaced from said optical axis and is
also  translatable along  the pivotal axis,  supporting 5    means for the
lens mounting which comprise a bearing pin whose axis forms the pivotal
axis  and at  least one bearing which fits around the bearing pin, and
first and second electromagnetic  actuator means  for translating the  lens
mounting  along  and  pivoting  it  about  the 10   pivotal axis,
respectively, the lens mounting being of elongate  form  with a maximum
longitudinal  dimension extending along a line which intersects the optical
axis of the lens system and the pivotal axis of the lens mounting and. with
a lateral dimension no greater than 15   twice the diameter of the lens
system, and the two parts of the lens mounting which are situated on
opposite sides  of  the  pivotal  axis  having  the  same  or approximately
the   same   mass   and   the   same   or approximately the same mass
distribution, the bearing 20   pin comprises a flexible metal wire which is
connected at one end to the frame and which extends through the lens
mounting to project therefrom at its other end, the latter end of  the
bearing pin being connected to a support which is secured to the frame, and
the position 25   of at least one of the ends of the bearing pin being
adjustable in a direction transverse to the pivotal axis of the lens
mounting. 



The use of a thin bearing pin has the advantage that frictional torques
which are exerted 30   on the bearings and hence on the lens mounting are
small since the frictional forces act on a small radius. The adjustability
of the position of one of the ends of the bearing pin permits a correction
for small deviations in the orientation of the 35    optical   axis   of
the   lens   system   relative   to    5 other parts of the electro-optical
device which are connected to the frame.  This embodiment results in an
electro-optical device with a low-cost bearing pin which can be mounted in
a simple rapid manner and which results in the lens mounting experiencing a
minimal friction during pivotal movements. The lens mounting may comprise
two annular ruby bearings for the bearing pin, which bearings are spaced
axially from each other. Such bearings are commercially available, have a
long life and produce minimal friction. 10          For minimal power
consumption, in one embodiment of the invention the first actuator means
are situated between the ends of the lens mounting near the pivotal axis
and the second actuator means are situated near the ends of the lens
mounting. The second actuator means exert forces on the ends of the lens
mounting so 15     that maximal torques can be exerted with forces of a
given magnitude.  The arrangement of the first actuator means, which exert
axial forces on the lens mounting, between the ends of the lens mounting
near the pivotal axis results in a compact construction. 20          In
another embodiment of the invention which has the advantage that  a simple
coil configuration may be used, the first and the second actuator means
respectively comprise first and second permanent-magnetic actuator means on
the lens mounting and first and second actuator-coil means on the frame,
the first and second 



25    permanent-magnetic actuator means being disposed at least partly
along the circumference of the lens mounting and being spaced from one
another in a direction parallel to said optical and pivotal axes, and the
actuator-coil means comprising a plurality of coaxial coils which are
disposed around the lens mounting to form therewith 30    an air gap and
which are axially spaced from each other on a common coil former. The coils
may simply be wound on the outer circumference of the common coil former,
which is a simple procedure. The coil former may also be used as a cover
for the lens mounting. 35    6 In another embodiment of the invention,
which requires little space at the ends of the lens mounting and which can
operate with only two actuator coils, the first and second actuator means
comprise first and second permanent-magnetic actuator means each 5
mounted on a respective one of two long sides of the lens mounting which
lie on opposite sides of the pivotal axis of the lens mounting, the first
permanent-magnetic actuator means on each side of the lens mounting
comprising an axially magnetised first permanent magnet whose centre is
situated in a plane containing the 10     pivotal axis and extending
perpendicularly to the plane containing the optical axis and the pivotal
axis, and the second permanent-magnetic actuator means on each side of the
lens mounting comprising two permanent magnets situated one on each of two
opposite sides of the respective first permanent magnet at equal 15
distances therefrom, the magnets of the second permanent-magnetic actuator
means being magnetized in the same direction parallel to said plane
containing the optical axis and the pivotal axis, and the first and second
actuator means jointly comprise two flat coils secured to the frame near
said long sides of the lens mounting with 20     the axes of the coils
extending perpendicularly to said plane containing the optical axis and the
pivotal axis when the lens 



mounting is in a neutral position, each first permanent magnet being
situated within a projection of the inner periphery of the adjacent coil,
and the two permanent magnets of each second 25     permanent-magnetic
means being arranged to face parts of the adjacent coil which extend
substantially parallel to the pivotal axis. Three embodiments of the
invention will now be described in more detail, by way of example, with
reference to the accompanying 30     drawings, in which: Fig. 1 is an
exploded perspective view of an electro-optical device in accordance with a
first embodiment of the invention, Fig. 2 is a sectional view of part of
the electro-optical device shown in Fig. 1, taken in the longitudinal
direction of the 35     lens mounting,    7 Fig. 3 is a perspective view of
a second embodiment of the invention, part of the cover being broken away
for the sake of clarity, and Fig. 4 is an exploded perspective view of the
lens mounting 5      and actuator means of a third embodiment. The
electro-optical device shown in Figs. 1 and 2 serves for dynamically
controlling the position of a radiation spot 1 relative to the information
structure 2 of a moving information carrier 3, of which only a small part
is shown. The information carrier may 10     be, for example, an optical
audio disc or an optical video disc. The device comprises a frame 4 and a
lens system 5 having an optical axis 6.  The lens system forms the moving
part of an objective which comprises, inter alia, a stationary lens 7
arranged in the frame 4. The part of the electro-optical device situated 15
within the frame 4 is irrelevant to the present invention and will not be
described in more detail. It is to be noted only that a semiconductor laser
arranged in this part produces a light beam 8 which is concentrated into
the light spot I by the lens system 5. 



The lens system 5 is mounted in a lens mounting 9 which is 20     pivotable
to a limited extent relative to the frame 4 about a pivotal axis 10 which
extends parallel to and is spaced from the optical axis 6 of the lens
system.  The lens mounting is also translatable to a limited extent along
the pivotal axis 10. These two movements enable the radiation spot to
follow the information 25     structure 2 on the information carrier in two
directions, namely, along the optical axis 6, for focusing the radiation
spot on the information structure, and in arcuate directions about the
pivotal axis 10 and consequently in a plane perpendicular to the optical
axis, for following a track of the information structure with the. 30
radiation spot.  The supporting means which enable said movements of the
lens mounting to be.performed comprise a bearing pin 11 which is disposed
vertically in the arrangement shown and whose axis forms the pivotal axis
10, and two annular bearings 12 which fit around the bearing pin and which
are axially spaced from one 35    another.    8 For translating the lens
mounting 9 along the pivotal axis 10 there are provided first
electromagnetic actuator means 13 in the form of a cylindrical coil 13A
arranged on the frame 4 and an annular permanent magnet 13B arranged on the
lens mounting 5     concentrically with the coil 13A.  For the pivotal
movement of the lens mounting about the pivotal axis there are provided
second electromagnetic actuator means 14 comprising two coils 14A arranged
on the frame 4 and two permanent magnets 14B arranged on the lens mounting
9. 10         The lens mounting 9 is of elongate form.  In this embodiment
it has a prismatic shape with a rectangular cross-section.  The lens
mounting has a maximum longitudinal dimension extending along a line which
intersects the optical axis 6 of the lens system 5 and the pivotal axis 10.
The lateral dimension is no greater than 15    twice the diameter of the
lens system 5.  At a location on the 



opposite side of the pivotal axis 10 to the lens system 5 a countermass 15
is arranged in an opening 16 in the lens mounting 9.  The two parts of the
lens mounting 9 which are situated on opposite sides of the pivotal axis 10
have substantially the same 20   mass and mass distribution.  By the choice
of the material, dimensions and location of the countermass 15, the mass
and the mass distribution of that part of the lens mounting which lies on
the opposite side of the axis 10 to the lens system 5 can be influenced.
The lens mounting shown in Figs. 1 and 2 has a 25    rectangular
cross-section.  Within the scope of the invention it is possible to select
another shape for the lens mounting. For example, the shape of the lens
mounting on one side of the pivotal axis may differ from its shape on the
other side. It is not always necessary to use a countermass in the form of
a separate part which 30   is secured to the lens mounting.  Instead the
countermass may be an integral part of the lens mounting. The lower end llA
of the bearing pin 11 is connected to the frame 4. The bearing pin extends
through the lens mounting, so that the upper end 11B of the pin projects
from the lens mounting. 35   The bearing pin consists of a thin flexible
metal wire; for    example, a silver steel wire.  The lens mounting 9 is
covered by a cover 17 which is secured to the frame 4 and which is formed
with an aperture 18 in which the upper end 11B of the bearing pin 11 fits
so that the cover 17 functions as a support for the bearing 5    pin 11.
The cover also has an opening 19 for the passage of the light beam 8. For
securing the cover 17 to the frame 4 there are provided three bolts 20
which pass through holes 21 of slightly larger diameter in flanges 22 of
the cover and screw into screwthreaded bores 23 in the frame 4. The
position of the end 11B 10   of the bearing pin 11 can be adjusted in a
direction transverse to the pivotal axis 10 by shifting the cover 17.  This
enables the                - position of the optical axis 6 of the lens
system 5 to be influenced to some extent during assembly of the device in
order to 



align it relative to the part of the optical device accommodated in 15
the. frame 4. The two bearings 12 are annular ruby bearings, as known from
and frequently employed in clocks and precision instruments. The second
actuator means 14A and 14B are disposed near the ends of the lens mounting
9. As is shown in Fig. 1, the coils 14A 20   have a square shape.  The two
permanent magnets 14B are located one at each end of the lens mounting, and
each magnet cooperates with the two vertical sides of the adjacent square
coil 14A. These magnets are each magnetized in a direction perpendicular to
the plane of the respective coil, the magnetic vector near one side of 25
each magnet being opposite to that near the other side, because the
direction of the current in the turns of one of the coils 14A is opposite
to the direction of the current in the turns of the other coil. Thus, the
two coils exert equal pivotal forces on the ends of the lens mounting 9.
The first actuator means 13A and 13B are 30    disposed between the ends of
the lens mounting near the pivotal axis 10. The cylindrical coil 13A is
wound on a coil former 24 which is connected to the frame 4 by suitable
means, for example, by means of an adhesive. The permanent magnet 13B is
axially magnetized and is arranged on an iron holder 25. Thus, the    10
magnetic field of the permanent magnet is shielded to some extent and is
slightly concentrated near the coil 13A.  The holder 25 is also used for
supporting the ruby bearings 12. The coil leads of the coil 13A and of the
two coils 14A are 5     connected to pins 26 on a connecting plate 27 in
the upper side of the frame 4. For the electrical connections of these
coils and the electrical parts belonging to the part of the electro-optical
device inside the frame 4 a multiple connector 28 is arranged on the frame.
10         The embodiment shown in Fig. 3 is very similar to that shown in
Figs. 1 and 2 in some respects. For example, the frame 29 is 



identical to the frame 4 with the omission of the coils 13A and 14A.  The
differences are limited to the upper portion of the part of the device
shown in Fig. 3.  The first and the second actuator 15    means comprise
first permanent-magnetic actuator means 30B and second permanent-magnetic
actuator means 37B respectively, which form part of a lens mounting 31 with
a lens system 32 and a countermass 33. The lens system has an optical axis
34 and the lens mounting is pivotable about and translatable along a
pivotal 20    axis 35 formed by the axis of  a bearing pin 36.  The first
actuator means also comprise two actuator coils 30A and the second actuator
means comprise an actuator coil 37A. The permanent magnet 30B is axially
magnetized in the direction indicated by the arrows, with the symbols N and
S for north polarity and south polarity 25    respectively.  The second
permanent-magnetic actuator means 373 comprise two permanent magnets 37B1
and 37B2 which are magnetized in opposite directions transverse to the
pivotal axis 35, again as indicated by the relevant arrows. The two coils
30A and the coil 37A are spaced coaxially from one another on a common coil
former 30    38, which coil former also functions as a cover for the lens
mounting 31 and as support for the upper end 36B of the bearing pin 36. By
the use of two axially spaced coils 30A a coil arrangement is obtained
which in conjunction with the axially magnetized permanent magnet 30B
constitutes an actuator with a comparatively 35    large stroke and a
substantially linear characteristic.    For simplicity Fig. 4 only shows
those parts of a further embodiment of the invention which differ
distinctly from those of the two embodiments described in the foregoing.
The lens mounting 38 is pivotable about and translatable along an axis 45
and 5    comprises an intermediate section 39 and a countermass 40 which is
integral with this portion. The lens system 41 is mounted in a recessed end
portion of the intermediate section 39 by means of an adhesive. The optical
axis of the lens system is represented by the dot-dash line 44. 



10         The first actuator means comprise axially magnetized permanent
first magnets 42 mounted on the two long sides of the lens mounting which
lie on opposite sides of the pivotal axis 45. The drawing shows only one of
these long sides, the other long side being identical, whilst the magnets
mounted thereon are also identical. 15   Each of the magnets 42 is arranged
with its centre situated in a plane containing the pivotal axis 45 and
extending perpendicularly to the plane containing the pivotal axis 45 and
the optical axis 44. The second actuator means comprise second magnets 43
arranged one on each of two opposite sides of the first magnet 42 on each
20    side of the lens mounting at equal distances therefrom, the magnets
43 being magnetized in the same direction parallel to the plane containing
the pivotal axis 45 and the optical axis 44. All the magnets are secured to
the intermediate section 39 of the mounting by means of an adhesive. 25
The first and second actuator means share two coils 46 which are secured to
the frame (not shown) near the two long sides of the lens mounting 38 on
which the permanent magnets 42 and 43 are mounted, the coils being so
arranged that when the lens mounting is in a neutral or central position,
the axes of the coils 46 are 30   perpendicular to the plane containing-the
pivotal  axis 45 and the optical axis 44. The first magnets 42 are disposed
within projections of the inner peripheries of the coils as indicated by
the dot-dash lines 46a in Fig. 4 so that they can be subjected to .axial
forces. Each of the second magnets 43 can be subjected to 35   pivotal
forces by vertically extending parts of the adjacent coil    12 46 which
face the respective magnet 43.  By energizing the coils in phase or in
phase opposition respectively the axial forces will cancel each other and
the pivotal forces will not cancel each other or, conversely, the axial
forces will not cancel each other but the 5    pivotal forces will.  By
influencing the degree of phase opposition it is possible to influence the
extent to which one type and the 



other type of forces are exerted. 10 15 20 25 30 35    13 CLAIMS: l. An
electro-optical device for the electrodynamic control of the position of a
radiation spot in two directions relative to an information structure of a
moving information carrier, namely, in a first direction for focusing the
radiation spot on the information structure and in a second direction in a
plane perpendicular to the first direction for following a track of the
information structure, which device comprises a frame, a lens system
comprising at least one lens having an optical axis, a lens 10   mount ng
to which the lens system is rigidly secured and which is pivotable relative
to the frame about a pivotal axis parallel to and spaced from said optical
axis and is also translatable along thelpLvotal axis, supporting means for
the lens mounting which comprise a bearing pin whose axis forms the pivotal
axis and at 15   least one bearing which fits around the bearing pin, and
first and second electromagnetic actuator means for translating the lens
mounting along and pivoting it about the pivotal axis, res ectively, the
lens mounting being of elongate form with a maximum longitudinal dimension
extending along a line which 20   intersects the optical axis of the lens
system and the pivotal axis of the lens mounting and with a lateral
dimension no greater than twice the diameter of the lens system, and the
two parts of the lens mounting which are situated on opposite sides of the
pivotal axis having the same or approximately the same mass and the same or
25   approximately the same mass distribution, wherein the bearing pin 



comprises a flexible metal wire which is connected at one end to the frame
and which extends through the lens mounting to project therefrom at its
other end, the latter end of the bearing pin being connected to a support
which is secured to the frame, and the 30   position of at least one of the
ends of..the bearing pin being adjustable in a direction transverse to the
pivotal axis of the lens mounting. 2.  An electro-optical device as claimed
in Claim 1, wherein the lens mounting comprises two annular ruby bearings
for 35   the bearing pin, which bearings are spaced axially from each
other. 3. An electro-optical device as claimed in Claim 1 or 2, wherein the
first actuator means are situated between the ends of the lens mounting
near the pivotal axis and the second actuator means are situated near the
ends of the lens mounting. 4.  An electro-optical device as claimed in
Claim 1 or 2, wherein the first and the second actuator means respectively
comprise first and second permanent-magnetic actuator means on the lens
mounting and first and second actuator-coil means on the 10    frame, the
first and second permanent-magnetic actuator means being disposed at least
partly along the circumference of the lens mounting and being spaced from
each other in a direction parallel to said optical and pivotal axes, and
the actuator-coil means comprising a plurality of coaxial coils which are
disposed around 15   the lens mounting to form therewith an air gap and
which are axially spaced from each other on a common coil former. 5. An
electro-optical device as claimed in Claim 1 or 2, wherein the first and
second actuator means comprise first and second permanent-magnetic actuator
means each mounted on a 20   respective one of the two long sides of the
lens mounting which lie on opposite sides of the pivotal axis of the lens
mounting, the first permanent-magnetic actuator means on each side of the
lens mounting comprising an axially magnetized first 



permanent magnet whose centre is situated in a plane containing the 25
pivotal axis and extending perpendicularly to the plane containing the
optical axis and the pivotal axis, and the second permanent-magnetic
actuator means on each side of the lens mounting comprising two permanent
magnets situated one on each of two opposite sides of the respective first
permanent magnet at equal 30    distances therefrom, the magnets of the
second permanent-magnetic actuator means being magnetized in the same
direction parallel to said plane containing the optical axis and the
pivotal axis, and wherein the first and second actuator means jointly
comprise two flat coils secured to the frame near said long sides of the
lens 35   mounting with the axes of the coils extending perpendicularly to
15 said plane containing the optical axis and the pivotal axis when the
lens mounting is in a neutral position, each first permanent magnet being
situated within a projection of the inner periphery of the adjacent coil,
and the two permanent magnets of each second 5    permanent-magnetic means
being arranged to face parts of the adjacent coil which extend
substantially parallel to the pivotal axis. 6. An electro-optical device
substantially as herein described with reference to Figures 1 and 2, Figure
3 or Figure 4 10   of the accompanying drawings.    


