1 Optical scanning device conprising a tiltable |ens system The invention
relates to an optical scanning device for scanning an information |ayer of
an optically scannable information carrier, which scanning device is
provided with a radiation source, an opt?cal | ens systemw th an opti cal
axis for focusing a radiation beam supplied, in operation, by the
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act uat or gonpr|5|ng an electric coil systemand a magnetic system by neans
of which the |lens system can be displaced, with respect to a stationary
part of the scanning device, in a first direction parallel to the optical
axis and in a second direction perpendicular to the first direction, the
coil system being provided, for generating a force directed parallel to
the second direction, with at |east one first and one second electric coi
10 including wire portions directed parallel to the first direction. The
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el ectric coll and a ‘magnetic system means of which the |ens
syst efn canfofreatibindplencand aniattuator esppiising en elestriatcoid spstgmpad v npigneticesysisanni ng

device in a firs irection parallel to,the optical axis,..and in econd
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provi ded ¢ £,Qln ARIRE &hiaMksEdif R pathN 84 & dpfitall k@ arkdGn bRecongaaBetiodi r ecti on,
wth at Feast one 20 first and one second é€lectric coil having wire

por t i ons pelipeadiceldr oahafifst ireasionhibe £pil system beiog pervideds r gepgetinga fostayer

further hei royi,ded with a..table o i i i i £y can
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di sph@cengindifewie portihhs ABa¢sd piraldlite thedfirst diistion.he | ens system of the
scanni ng devi ce can be displaced with respect to the axis of rotation

predoni nantly in aThaivantien fusthes iglatestg apapigcal player commisinggnwiicdle and an

optical player of.t W i i are
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system and a magnetic system by means of which the lens system can be displaced with

respect to a stationary part of the scanning device in a first direction parallel to the optical
axis and in a second direction perpendicular to the first direction, the coil system being
provided, for generating a force directed parallel to the second direction, with at least one

20 first and one second electric coil having wire portions directed parallel to the first direction,
said optical player further being provided with a table on which the information carrier can
be placed, and which can be rotated about an axis of rotation, and with a displacement device
by means of which at least the lens system of the scanning device can be displaced with
respect to the axis of rotation predominantly in a radial direction.
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An optical scanning device and an optical player of the types mentioned in the

opening paragtaphs are disclosed in US-A-5,301,175. The known optical player and the
known optical scanning device employed therein can suitably be used for reading, for

example, a CD or DVD. As the lens system of the scanning device can be displaced by



between the |l ens systemand the information | ayer can be kept as constant
as possible and the radiation beamcan be focused on the information | ayer
in the best possible way. As the | ens system can be displaced by neans of
the actuator in said second direction, is,e. in aradial 5 direction at
right angles to the optical axis, the scanning spot of the radiation beam
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t he scanning vice disclfosed in US-A-5 175, such scanni ng devices
cust omar ichils ereripdiviskealiycontiled by ecorferiamitiof iy schrning deviced 5o thet &y meapapf el

to the s Efll(l: E)%r cgﬂsr, e%ctmce can g’e generated, directed parallel to the first direction, for displacing

the lens system in a direction parallel to the optical axis, a mechanical torque directed about
the first tilt axis can be generated for tilting the lens system about the first tilt axis, and a

25  mechanical torque directed about the second tilt axis can be generated for tilting the lens
system about the second tilt axis.

As the known scanning device comprises four electric coils for generating a
force directed parallel to the first direction, the structure of the known scanning device is
complex. Known scanning devices, the lens system of which cannot be tilted, customarily

30  comprise only a single focusing coil, the wire portions of which are wound around the lens
system. Like the scanning device disclosed in US-A-5,301,175, such scanning devices
customarily comprise two coils for generating the force directed parallel to the second

direction.



It is an object of the invention to provide an optical scanning device and
an optical player of the types nentioned in the opening paragraphs, the

| ens system of which can also be appropriately tilted by neans of the
actuator, but the coil systemof the actuator conprises a snaller nunber
of electric coils. 5 To achieve this object, an optical scanning device is

characterized in 1a6G6R0HROESE the Ivehtith toPY&Rdd Aoptital ahnidg @EViDd ardf an
application of a force on said wire portions of " the first coil, which
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second direction. By separately controlling the electric currents in both
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second direction, d tilti £ St: [ i axi s can
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direction, and tilting of the lens system about said tilt axis can be independently controlled. It
has been found that the possibility of tilting the lens system about only said tilt axis directed
25  parallel to the third direction is generally sufficient to appropriately compensate for an
oblique position or warpage of the information carrier by means of a tilt of the lens system.
Apart from said first and said second coil, the scanning device only has to comprise a further
coil having wire portions directed perpendicularly to the first direction to generate a force
directed parallel to the optical axis, consequently, the number of coils of the coil system of
30  the scanning device in accordance with the invention, which are necessary to make sure that
the lens system is sufficiently tiltable, is comparatively small.
A particular embodiment of an optical scanning device in accordance with the

invention is characterized in that said point of application on the first coil and said point of

application on the second coil are situated, viewed in a direction parallel to the first direction,



application on the second coil are situated, viewed in a direction parallel
to the first direction, 4 on either side of and substantially
equidistantly froma center of gravity of a mass forned by the |lens system
and a novable part of the actuator. In this particular enbodi nent, a
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substantially equidistantly from a center of gravity of a mass formed by the lens system and a

movable part of the actuator. In this embodiment, a displacement of the lens system in a
25  direction parallel to the second direction is achieved by means of two equally large currents
of equal sense in the first and the second coil, and a tilt of the lens system about said tilt axis
is achieved by means of two equally large, opposite currents in the first and the second coil.
In this manner, the control of the currents in the two coils is simplified.
A particular embodiment of an optical scanning device in accordance with the
30 invention is characterized in that the coil system for generating the force that is directed
parallel to the second direction is provided with two coil pairs which, viewed in a direction
parallel to a third direction directed perpendicularly to the first direction and perpendicularly
to the second direction, are situated on either side of and substantially equidistantly from said

center of gravity, the centers of the two coils of each coil pair, viewed in a direction parallel



parallel to a third direction directed perpendicularly to the first
direction and perpendicularly to the second direction, are situated on
either side of and substantially equidistantly fromsaid center of
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respect %CSOIFﬁ%cea‘gxﬁﬂ%ﬁlgf §’r otation 3 predominantly in two opposite radial
Fig. 4b shows a magnetic system of the actuator in accordance with Fig. 3, and

Fig. 5 is a diagrammatic side view of the coil system in accordance with Fig.

20  4a.

Fig. 1 diagrammatically shows an optical player in accordance with the
invention, which comprises a table 1, which can be rotated about an axis of rotation 3 and
driven by means of an electric motor 5, which is secured onto a frame 7. An optically

25  scannable information carrier 9, such as a CD or DVD, can be placed on the table 1, said
information carrier 9 being provided with a disc-shaped substrate 11 on which an information
layer 13 having a spiral-shaped information track is present. The information layer 13 is
covered with a transparent protective layer 14. The optical player further comprises an optical
scanning device 15 in accordance with the invention for optically scanning the information

30 track present on the information layer 13 of the information carrier 9. The scanning device 15
can be displaced with respect to the axis of rotation 3 predominantly in two opposite radial
directions Y and Y' by means of a displacement device 17 of the optical player. For this
purpose, the scanning device 15 is secured to a slide 19 of the displacement device 17, and

the displacement device 17 is further provided with a straight guide 21 over which the slide



directions Y and Y' by neans of a displacenent device 17 of the optical

pl ayer. For this purpose, the scanning device 15 is secured to a slide 19
of the displacenent device 17, and the displacenent device 17 is further
provided with a straight guide 21 over gpich the slide 6 19 is
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reflectegd £l S{900Ryith the optical axis 27 of the radiation source 25. The scanning device 15

further comprises an optical detector 49, which is of a well-known, commonly used type, and

25  which is arranged, with respect to the collimator lens unit 35, behind the radiation beam
splitter 29. In operation, the radiation source 25 generates a radiation beam 51 which is
reflected by the reflective surface 33 of the radiation beam splitter 29 and focused by the lens
system 39 to a scanning spot 53 on the information layer 13 of the information carrier 9. The
radiation beam 51 is reflected by the information layer 13 so as to form a reflected radiation

30  beam 55 which is focused on the optical detector 49 via the lens system 39, the collimator
lens unit 35 and the radiation beam splitter 29. To read information present on the
information carrier 9, the radiation source 25 generates a continuous radiation beam 51, and
the optical detector 49 supplies a detection signal that corresponds to a series of elementary

information characteristics on the information track of the information carrier 9, which



30 beam 55 which is focused on the optical detector 49 via the |l ens system
39, the collimator lens unit 35 and the radiation beamsplitter 29. To
read information present on the information carrier 9, the radiation
source 25 generates a continuous radi at i7on beam 51, and the optical
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39. In hese odi nent's, scanni ng devi ce has reduce
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actuator 57, which will be discussed in greater detail herei nafé{gr
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focused the desired accuracy on the information |ayer
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direction X2.by neans of the actuator 57, ..the scannin ot i L. At ai ned
wi th t hea@asal gl and ayerForhauatiye il fiatess 2R Syop i gféction X, Which
extends perpendicularly to the first direction X and parallel to the Y-direction. By displacing

the lens system 39 in the first direction X; by means of the actuator 57, the scanning spot 33
25  is focused with the desired accuracy on the information layer 13 of the information carrier 9.
By displacing the lens system 39 in the second direction X, by means of the actuator 57, the
scanning spot is maintained with the desired accuracy on the information track to be
followed. To this end, the actuator 57 is controlled by said control unit of the optical player,
which receives both a focusing error signal and a tracking error signal from the optical
30  detector 49.
The assembly of the lens system 39 and the actuator 57 is shown in Fig. 3.
Fig. 4b shows a magnetic system 61 of the actuator 57, which is secured to the stationary part
59 of the scanning device 15. Fig. 4a shows an electric coil system 63 of the actuator 57,

which is secured to the lens system 39 and forms part of a movable part of the actuator 57.



followed. To this end, the actuator 57 is controlled by said control unit
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79 and the third coil 81, respectively, is situated between the magnet 99 and the second leg

103. The second part 97 of the magnetic system 61 comprises a permanent magnet 107 and a
25  closing yoke of a magnetizable material having a first leg 109, on which the magnet 107 is
secured, and a second leg 111, which viewed in a direction parallel to the third direction Xs,
is arranged opposite the magnet 107. An air gap 113 accommodating said wire portions 77 of
the first coil 69 and said wire portions 91 and 93 of the fourth coil 83 and the fifth coil 85,
respectively, is situated between the magnet 107 and the second leg 111. The magnets 99 and
30 107 are magnetized, respectively, parallel to the third direction X3 and contrary to the third
direction X3, so that, respectively, a magnetic field B, extending substantially parallel to the
third direction X3 and a magnetic field B, extending substantially in opposition to the third

direction X3 are present in the air gaps 105 and 113.



secured, and a second |leg 111, which viewed in a direction parallel to the
third direction X3, 1is arranged opposite the magnet 107. An air gap 113
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substantially in the center of gravity 115. In Fig. 5, said points of application are shown in

25  mutually displaced positions for drawing-technical reasons.
The wire portions 87, 89, 91 and 93 of the second coil 79, the third coil 81, the

fourth coil 83 and the fifth coil 85 are subjected to Lorentz forces in the following manner.
As shown in Fig. 5, a center C, of the second coil 79, viewed in a direction parallel to the
first direction Xj, is situated at a distance a above the center of gravity 115, while a center C3

30 of the third coil 81, viewed in a direction parallel to the first direction X}, is situated at an
equal distance a below the center of gravity 115. Similarly, a center C4 of the fourth coil 83,
viewed in a direction parallel to the first direction Xj, is situated at an equal distance a below
the center of gravity 115, while a center Cs of the fifth coil 85, viewed in a direction parallel

to the first direction Xj, is situated at an equal distance a above the center of gravity 115. The
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the currents 1, i'2, i3 and i'; are equal, then also the Lorentz forces F», F'5, F3 and F'; are

25  substantially equal, so that the Lorentz forces F», F', F3 and F'3 do not lead to a mechanical
torque about the tilt axis 117, and substantially exclusively lead to a displacement of the lens
system 39 in a direction parallel to the Y direction.

In the scanning device 15 in accordance with the invention, the above-
mentioned possibility of tilting the lens system 39 about the tilt axis 117 is used to direct, in

30  operation, the radiation beam 51 perpendicularly to the information layer 13 of the
information carrier 9 in the best possible way. Particularly in the case of information catriers
with a comparatively high information density, such as a DVD, this is a prerequisite for
faultless scanning the information track present on the information layer 13. Without said

possibility of tilting, the angle between the radiation beam 51 and the information layer 13



| ens system 39 is tilted about this tilt axis 117, thereby elastically
deformng the rods 65. If the currents i2, i'2, i3 and i'3 are equal, then
also the Lorentz forces F2, F'2, F3 and F' 3 are 25 substantially equal, so
that the Lorentz forces F2, F'2, F3 and 5 3 do not |ead to a nechani cal
torque about the tilt axis 117, and substantially exclusively lead to a
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lens system 39 in the second dlrectlon Xz and a desired tilt of the lens system 39 about the tilt

axis 117, can be determined in a comparatively simple manner by adding up the currents
25  necessary for a single displacement and a single tilt. As a result, the construction of the
control unit 119 is comparatively simple. As the second coil 79 and the fifth coil 85 are
arranged in series, and also the third coil 81 and the fourth coil 83 are arranged in series, the
necessary current supply to the coil system 63 of the actuator 57 can take place via the four
metal rods 65, three of the four rods 65 serving to supply, respectively, the currents iy, iz (i'2)
30 andis (i), and the fourth rod 65 serving as a common earth connection of all coils 69, 79, 81,
83, 85 of the coil system 63.
The second coil 79, the third coil 81, the fourth coil 83 and the fifth coil 85,
viewed in a direction parallel to the third direction X3, are also situated at substantially equal

distances from the center of gravity 115. As, in addition, the sum of the Lorentz forces F> and
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positions with respect to each other. Preferably, the two coils or the two coil pairs are

situated, viewed in a direction parallel to the first direction X, on either side of said center of
25  gravity, so that, apart from a mechanical torque about the tilt axis extending parallel to the
third direction X3, also a comparatively large force can be generated in the second direction
Xs.
In the above-described embodiments of a scanning device in accordance with
the invention, the wire portions of the coils extending parallel to the first direction X are
30 entirely situated in the magnetic field of the magnetic system, said wire portions being used
to generate the force in the second direction X, and the mechanical torque about the tilt axis
extending parallel to the third direction X3. By virtue thereof, said wire portions are used
completely to generate said force and said torque, so that the actuator of the scanning device

has a high efficiency. It is to be noted that the invention also includes embodiments wherein



the two coils of the two coil pairs, viewed in a direction parallel to the
first direction X1, are 20 arranged at unequal distances fromthe center
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that the invention also includes optical players and optical scanning

devi ces by neans of which only information present on an information |ayer
of an information carrier can be read or which can only be used to wite
information on an information | ayer of information 20 carrier. 14
CLAIM5: 1. An optical scanning device for scanning an information |ayer of
an opti g Ampvsscannabl e information carrier, which scanning device is
provided with a radiation source, an optical lens systemw th an optical
axis for focusing a radiation beam supplied, in operation, by the

radi ati on source to a scanning spot on the information |ayer, and an
actuator 5 conprising an electric coil systemand a magnetic system by
means of which the | ens system can be displaced, with respect to a
stationary part of the scanning device, in a first direction parallel to

the optical axis and in second direction. perpepd] e f.
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t he 1%econd coil, viewed in a direction parallel to the

2. An optical scanning device as claimed in claim 1, characterized in that said
point of application on the first coil, and said point of application on the second coil are
situated, viewed in a direction parallel to the first direction, on either side of and substantially
equidistantly from a center of gravity of a mass formed by the lens system and a movable

20  part of the actuator.

3. An optical scanning device as claimed in claim 1, characterized in that said
wire portions of the first and the second coil are entirely situated, in operation, in a magnetic
field of the magnetic system, a center of the first coil and a center of the second coil being

25  situated, viewed in a direction parallel to the first direction, in different positions with respect

to each other.

4. An optical scanning device as claimed in claim 3, characterized in that the

center of the first coil and the center of the second coil, viewed in a direction parallel to the



15 first direction, are situated on either side of and substantially
equidistantly froma center of gravity of a mass forned by the | ens system
and a novabl e part of the actuator. 5. An optical scanning device as
claimed in claim4, characterized in thajsthe coil 5 systemfor generating
the force that is directed parallel to the second direction is provided
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scanni ng device is an optical scannjng de\(i ce as, clained inclaiml, 2, 3,
4 or 5  information layer, and an actuator comprising an electric coil system and a magnetic system

by means of which the lens system can be displaced, with respect to a stationary part of the
scanning device, in a first direction parallel to the optical axis and in a second direction
perpendicular to the first direction, the coil system for generating a force that is directed

20  parallel to the second direction being provided with at least one first and one second electric
coil including wire portions directed parallel to the first direction, which optical player
further comprises a table which can be rotated about an axis of rotation and on which the
information carrier can be placed, and a displacement device by means of which at least the
lens system of the scanning device can be displaced with respect to the axis of rotation

25  predominantly in a radial direction, characterized in that the optical scanning device is an

optical scanning device as claimed in claim 1, 2, 3,4 or 5.



