1 20 December 2004 Optical scanning device and optical player comprising such a scanning device
The invention relates to an optical scanning device for scanning an information layer of an optically
scannable information carrier, which scanning device is provided with a radiation source, an optical
lens system with an optical axis for focusing a radiatidn beam supplied, in opezatidatembene0adiation
source mubat?é: I‘SI(I‘:IIH% dt O%% m{l%% altlogrg r%r%nﬁi an &Cgus%%rnl? gans of which the lens
system can B ISP AP respec R jonary par% Jrihe scanning SVICE at least in a direction
parallel to the optical axis, the actuator being provided with an electric coil system, which is arranged
in a fixed position with respect to the lens system, and a magnetic system which is arranged in a fixed
position with respect to the stationary part. 10 The invention also relates to an optical player
comprising an optical scanning device for scanning an information layer of an optically scannable
information carrier, and a table, which can be rotated about an axis of rotation, on which table the
information carrier can be placed, said scanning device being provided with a radiation source, an
optical lens system witihe iopdnﬁbaxﬁates toau&hp@(mlracﬁaﬁblg Hewice $oppiahing eperation, by the 15
radiation S%%?%@B%"i‘ag %?%ﬁa? é@% ? %Aﬁ%ﬁ a"ﬁ\% a%ﬁ%W?é&’ﬁrﬁX G ff which the
lens system can be displace ect to a stationary e scanning ce ati€ast in a
direction palraﬂldbtb\mtda epéidialiarispaieed, ardmila@lelmlsmydm|tiya1meahsalcﬁmhiohfacuemg dhe lens
system of t C S in a radial
direction. ﬁ%@\%ﬁ:@g ical %ym?%%a@egﬁgzﬁo%ﬁf&g}ﬁg %@ﬁ?@]éﬁ U%ﬁg@éggér@ @g%g r}shlls known
from BS Pkents;8571dyr2, atteakraciuateraymegniefiveintiselesls|gyistemsz hﬁmadaeetdmmvrlte, for
example, rg { ] [
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position ofakie, i actagion hajrg pviki dedyeith an ttlecttiticnibsytem, whibieiscarangry deqifixed distance
present belysRIRPAS R ETHaNhIS I mAY AN AR IS pS RTRAN AS RIS, anidhe
radiation beam IS cuse the In orm lon layer as accurat€ly as possible. magnetic system of
the actuatpositigievkitovespschiming slalidcary parDecember 2004 comprises a permanent magnet
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is provided on a first yoke of the magnetic sys
device for scanning an information Iayer of an optically scannable information carrier, and a

table, which can be rotated about an axis of rotation, on which table the information carrier
can be placed, said scanning device being provided with a radiation source, an optical lens
system with an optical axis for focusing a radiation beam supplied, in operation, by the

15  radiation source into a scanning spot on the information layer, and an actuator by means of
which the lens system can be displaced with respect to a stationary part of the scanning
device at least in a direction parallel to the optical axis, 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 mainly in a radial direction.

20

An optical scanning device of the type mentioned in the opening paragraphs is
known from US Patent 5,657,172. The known scanning device can suitably be used to read
and/or write, for example, a CD. By means of the actuator, the lens system of the scanning

25  device can be displaced, in operation, in a direction parallel to the optical axis, so that, in
spite of deviations in the position of the information layer with respect to the stationary part
of the scanning device, a distance present between the lens system and the information layer
IS as constant as possible, and the radiation beam is focused on the information layer as

accurately as possible. The magnetic system of the actuator of the known scanning device



which is connected to a second yoke via a base part of the magnetic system. Between the second
yoke and the permanent magnet, there is an air gap in which a magnetic field is 5 present, which is
directed substantially parallel to the direction of magnetization of the permanent magnet. In the air gap
there is a part of a first electric coil of the coil system @omprising wire portions2&xizsrdmger 2004

perpendicularly to the optical atxis and parpen icu{arl tP the direction 0[ magnetization, and, parts of a
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i qyaich IS connected [0.a second ¥ Qe via d Ddse Dar 0 € nagnelic sysiem. Between the
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to the optlca axis, IS arrangea in It entlrety next to and outside the col system, at least a part of the
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an air gap isdersnagjandrackgiiestntiendthe ngormation layer.
In the actuator of the known optical scanning device, the first yoke and the
permanent magnet are surrounded by a coil holder of the first coil. The lens system is secured
in a lens holder which, viewed in a direction parallel to the direction of magnetization, is
20  arranged next to the coil holder and secured to the coil holder. As a result, the part of the
known scanning device which can be moved by means of the actuator, and which comprises
the lens system, the lens holder, the coil holder and the three coils, has comparatively large

dimensions, and also the mass of the movable part is comparatively large.

25
It is an object of the invention to provide an optical scanning device of the
type mentioned in the opening paragraphs, wherein the dimensions and the mass of the part
of the scanning device which can be moved by means of the actuator are limited.
To achieve this object, an optical scanning device in accordance with the
30 invention is characterized in that the magnetic system, viewed parallel to an X-direction
extending perpendicularly to the optical axis, is arranged in its entirety next to and outside the
coil system, at least a part of the coil system being situated in a magnetic stray field of the
magnetic system. The expression "magnetic stray field" is to be taken to mean a magnetic

field which extends between two poles of the magnetic system, said poles, instead of being



substantially straight, being situated, for example, next to each other, causing the magnetic field
between the two poles to be curved to a substantial degree. In the scanning device in accordance
with the invention, such a mutual position of the poles is necessary because the 5 magnetic system is
situated in its entirety next to and outside the coil syst@m. The Lorentz forces Aedassanpdo2didplace

the lens sydstem are generated, in oper tior] bx the interaction .be& een salg ma Ftiﬁ stray field and
_-directly opposite each other'and enclosing an alr gap causing the magnetic flekd 10 oe
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the first part e second part of the coll system, viewed In & direction parallel to the X-direction,
are symmetrically arrangeppuiichlesspeinduneiy opacaipiical. sBynving slekme ot atcdiuanae ithabiehat the

the cl o B R R B e ccor
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is charactegzed i AL RRTIECS 1R 106, 3REA AP LRSI REG RS T m which,
viewed in a direction parallel to the X-direction, is opposite the first side, a first part of the
coil system arranged near the first side, and a second part of the coil system arranged near the
20  second side, being situated, at least partly, in a magnetic stray field of, respectively, the first
part and the second part of the magnetic system. As the magnetic system is provided with
said two parts, which are arranged at two opposite sides of the lens system to co-operate with
said two parts of the coil system, the force, which can be exerted by the actuator on the lens
system, is increased substantially without an appreciable increase of the dimensions and the
25  mass of the displaceable part of the scanning device.
A further embodiment of an optical scanning device in accordance with the
invention is characterized in that the first part and the second part of the magnetic system,
and the first part and the second part of the coil system, viewed in a direction parallel to the
X-direction, are symmetrically arranged with respect to the optical axis. By virtue thereof, it
30 is achieved that the force exerted by the actuator on the lens system coincides as much as
possible with a mass center of the displaceable part of the scanning device, as a result of
which the dynamic behavior of the actuator is improved.
Yet another embodiment of an optical scanning device in accordance with the

invention is characterized in that the first part and the second part of the magnetic system



4 20 December 2004 each comprise at least a first and a second permanent magnet which, viewed in
a direction parallel to the optical axis, are arranged next to each other and have a direction of
magnetization extending, respectively, parallel to the X-direction and parallel to an X'- direction
opposite to the X-direction, while the first part and the 4econd part of the coil 52yBEsengaci2¢ddnprise
at least an,glectic sallnaving,a st art and & sscond parthich are. pravded wihuire gortons
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field lines are directed substantially parallel to the direction of magnetization of the magnets.
Interaction between this part of the stray field and an electric current through the coil causes a
20  comparatively large Lorentz force to be generated in both parts of the coil system, which
Lorentz force is directed parallel to the optical axis, the lens system being displaceable in a
direction parallel to the optical axis under the influence of said Lorentz force.
A particular embodiment of an optical scanning device in accordance with the
invention is characterized in that the first part and the second part of the magnetic system
25  each comprise at least two permanent magnets which, viewed in a direction parallel to the
optical axis, are arranged next to each other and have a direction of magnetization extending,
respectively, parallel to the X-direction and parallel to an X'-direction opposite to said X-
direction, while the coil system comprises at least one electric coil having a first part and a
second part, which are provided with wire portions extending perpendicularly to the X-
30 direction and perpendicularly to the optical axis, said first part and said second part of the
coil being arranged, viewed in a direction parallel to the X-direction, directly opposite,
respectively, one of the two magnets of the first part of the magnetic system and one of the
two magnets of the second part of the magnetic system. In this particular embodiment, the

first part and the second part of the coil are situated in a part of the stray field of the



two magnets of the second part of the magnetic system. In this particular embodiment, the first part
and the second part of the coil are situated in a part of the stray field of the 5 20 December 2004
permanent magnets of, respectively, one of the two parts of the magnetic system. In said part of the
stray field, the magnetic field lines are directed substahtially parallel to the dire2ti@ecdmibeg@adization
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the coill sy%%@ comprises an electric coil having a first part and a second 15 part, which are provided
with wire portions extending perpendicularly to the X-direction and perpendicularly to the optical axis,
which parts of the coil vidviwthier anolesitivantpedrafl elptice scaptiogldexisednesaeemidees inith ttemsition
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optical axis, are arranged in a transition region of the two magnets of, respectively, the first
part and the second part of the magnetic system. As the first and the second permanent
magnet are arranged next to each other, an arc-shaped magnetic stray field is present in both

20  parts of the magnetic system between the poles of the first and the second magnet. As the
first and the second part of the coil are arranged in the transition region of the two magnets
of, respectively, the first and the second part of the magnetic system, both parts of the coil are
situated in a part of the stray fields of the two parts of the magnetic system where the
magnetic field lines are directed approximately perpendicularly to the direction of

25  magnetization of the magnets and substantially parallel to the optical axis. Interaction
between this part of the stray fields and an electric current through the coil causes a
comparatively large Lorentz force to be generated, which is directed parallel to the X-
direction, under the influence of which Lorentz force the lens system can be displaced in a
direction transverse to the information track, so that the lens system can be positioned so as

30  to be straight above the information track.

A still further embodiment of an optical scanning device in accordance with

the invention is characterized in that the X-direction extends at least substantially parallel to
an information track present on the information layer, and in that the first part and the second

part of the coil system each comprise at least one further electric coil having a first part and a



A still further embodiment of an optical scanning device in accordance with the invention is
characterized in that the X-direction extends at least substantially parallel to an information track
present on the information layer, and in that the first part and the second part of the coil system each
comprise at least one further electric coil having a firstgoart and a 6 20 Decem|28r28@4nlswe@ntd part,
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Interaction between this part of the stray field and an electric current through the further coil
causes a comparatively large Lorentz force to be generated in both parts of the coil system,
20  which Lorentz force is directed perpendicularly to the X-direction and perpendicularly to the
optical axis, the lens system being displaceable in a direction transverse to the information
track under the influence of said Lorentz force, so that the lens system can be positioned so as
to be straight above the information track.
An optical player of the type mentioned in the opening paragraphs is
25  characterized in accordance with the invention in that the optical scanning device used

therein is an optical scanning device in accordance with the invention.

A number of embodiments of an optical scanning device and an optical player
30 inaccordance with the invention will be explained in greater detail hereinafter with reference
to the drawing, wherein
Fig. 1 diagrammatically shows an optical player in accordance with the

invention,



to the drawing, wherein Fig. 1 diagrammatically shows an optical player in accordance with the
invention, 5 10 15 7 20 December 2004 Fig. 2 diagrammatically shows an optical scanning device in
accordance with the invention employed in the optical player in accordance with Fig. 1, Fig. 3a
diagrammatically shows a first embodiment of an actuator of the optical scanrizddodesmnieemn2004

accordance with Fig. 2, |l_.:.i . ZRQ.is a Cross-s cti%nal view (%ft e actuator, in.accordance with Fiﬁ' 3a,
) : . }é’o iggrammarically shows ari optical sednning o{%vncm .accordance witly” ~ " .
Fig. 4 diagrammatically sivows asecond émbodiment of 'an actuator of the “optical scanning device in

accordanceanitiverigior2 e mig opeddiatraonpticdiqalyeshiowscarti@indeanitioBigadnt of an actuator of the

optical scanning device in accordance with Fig. 2, Fig. 5b is a crqss-sectional yiew of the actuator in
accordance with Fig. SaQ%ig'%ﬁca r%mcrpgépscgslg&ﬁjor\]/ﬁg\a/iﬁw{tg@ebg%nm Heq?naen\%\fl{?c% i%.e5b, and Fig.
6 diagramopteedbyssingvgsdani cdteraativel @rodadliniéigt 8f an optical scanning device in accordance with

the inyention, wherein (hg acliator i acaqifiance i g2 RETIPLOYSHKig. Jifiagrammaticall
shows an optical player irraccordance With t?qe invenﬂon, viRich comprises a alc‘ﬁ’e , Nich can be
rotated about an axis offrigtatidra@amahaticebiy thpan &kectid erotmdinevtiichas adoatedobtha frame 7.

An opticall | inf t] ' . a CD, can be placed on the table 1, which
informatior%{ @?ﬁ%@é %&ﬁgé%gv%ﬁé%e? %g%:ﬂgéa%(o@(ﬁ@gtrate 11 on which an information layer 13
having a spiral- shaped fifo fadiagmnamaoktisabine seows Brdindfennbatl onelaiyel s usdoeod thaith a
transpare [ V. . j I rther comprises an optical scanning device 15 in
accordan(r:‘gep v@.gt%f%%%ﬁ@nf?&r%éo‘ﬁ%ﬁ%@%@%ﬁﬂ% information track present on the 25 information
layerl@3 of the informatibig calbrien @radaeseatimaing are vicknd BctiztdsendispleidantewitithrBigpéet, to the axis

of rotation 3 mainly in tvwgqg89§g%f%Q[§L &ﬁ%q%ég\(t%gign la;(e mﬁwf{?ﬁﬂﬁ@%@%@é device 17 of

the optical player. For this’purpose, the scanning device 15 Is secure
displacement device 17Fign® theatspiaaiérakbnslevicen alternative embodiment of an optical

scanning device in accordance with the invention, wherein the actuator in accordance with
Fig. 5a is employed.
15

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 an electric motor 5, which is secured on a frame 7. An optically scannable

20  information carrier 9, such as a CD, can be placed on the table 1, which information carrier is
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 track present on the

25 information layer 13 of the information carrier 9. The scanning device 15 can be displaced
with respect to the axis of rotation 3 mainly 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 provided on the frame 7 and extending parallel

30 tothe Y direction, over which guide the slide 19 is displaceably guided, and with an electric
motor 23 by means of which the slide 19 can be displaced over the guide 21. In operation, an
electrical control unit of the optical player, which is not shown in Fig. 1, controls the motors
5 and 23 so as to cause the information carrier 9 to rotate about the axis of rotation 3 and,

simultaneously, the scanning device 15 to be displaced parallel to the Y-direction, in such a



17 is further provided with a straight guide 21 provided on the frame 7 and extending parallel 30 to the
Y direction, over which guide the slide 19 is displaceably guided, and with an electric motor 23 by
means of which the slide 19 can be displaced over the guide 21. In operation, an electrical control unit
of the optical player, which is not shown in Fig. 1, cont8ols the motors 5 and 23GDehtend8edhe
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axis 27 of the radiation source 25. The scanning device 15 further includes an optical detector

49 which, with respect to the collimator lens unit 35, is arranged behind the radiation beam
20  splitter and which is of a type which is known per se and commonly used. 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 into 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 beam 55 which is focused on the
25  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, the optical detector 49 supplying a detection signal
which corresponds to a series of elementary information characteristics on the information
track of the information carrier 9, said elementary information characteristics being present in
30  succession in the scanning spot 53. To write information on the information carrier 9, the
radiation source 25 generates a radiation beam 51 which corresponds to the information to be
written, a series of successive, elementary information characteristics on the information
track of the information carrier 9 being generated in the scanning spot 53. It is to be noted

that the invention also comprises optical scanning devices wherein the radiation source 25,



generates a continuous radiation beam 51, the optical detector 49 supplying a detection signal which
corresponds to a series of elementary information characteristics on the information track of the
information carrier 9, said elementary information characteristics being present in 30 succession in the
scanning spot 53. To write information on the informat®n carrier 9, the radiati@d Begeceb2baf@rerates
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displaced with respect to a stationar of the scanning device ver comparatively small
distances midedifeistiedysadallel to the optical axis 41, and over comparatively small distances in a
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controlled @yessiimpanatbialy sroflidistaniealiplagéneoiibicparadelve she apticsirxisridr sighaneis well as a
tracking eréQ%ﬁ%ﬁl/&?%Qﬁ (‘ﬁ@f&%leg?ﬁeac&?feéﬁon parallel to the Y-direction. By displacing the lens
system 39 by means of the actuator 57 in a direction parallel to the optical axis 41, the
scanning spot 53 is focused with a desired accuracy on the information layer 13 of the
20 information carrier 9. By displacing the lens system 39 in a direction parallel to the
Y-direction by means of the actuator 57, the scanning spot 53 is maintained, with a desired
accuracy, on the information track to be followed. For this purpose, the actuator 57 is
controlled by said control unit of the optical player, which receives a focusing error signal as
well as a tracking error signal from the optical detector 49.
25 Figs. 3a and 3b diagrammatically show the actuator 57. For the sake of
simplicity, Fig. 3a only shows a magnetic system 61 and an electric coil system 63 of the
actuator 57. Fig. 3b is a cross-sectional view of the actuator 57, and the objective lens 45 is
also shown in said Figure. The magnetic system 61 is arranged in a fixed position with
respect to the stationary part 59 of the scanning device 15, while the electric coil system 63 is
30 arranged in a fixed position with respect to a lens holder 65, also shown in Fig. 3b, of the
scanning device 15, wherein the objective lens 45 is secured. The lens holder 65 is
suspended, in a manner which is known per se and commonly applied, with respect to the

stationary part 59 by means of, for example, four elastic metal rods, which are not shown in



25 Figs. 3a and 3b diagrammatically show the actuator 57. For the sake of simplicity, Fig. 3a only
shows a magnetic system 61 and an electric coil system 63 of the actuator 57. Fig. 3b is a
cross-sectional view of the actuator 57, and the objective lens 45 is also shown in said Figure. The
magnetic system 61 is arranged in a fixed position wittD respect to the stationa2 padeithef 2084
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elastically 6@&forming the rods, over small distances in a direction parallel to the optical axis 41 and

parallel to the radial Y-direction, said elastic.yods also beipg use ly an electric.cyrrent to the
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directed paéilgetonanenk raagsiohaving, eesnestively of pieagtien cltiopoNetisaido Mylpaciditl to an
X'direCtiOrba\f’gﬂigpté)stﬁér%ﬁq%ction, and a direction of magnetization M’ directed parallel to an X'-
direction, which is opposite to the X-direction. The second part 69 comprises a first
permanent magnet 77 and a second permanent magnet 79 which, viewed in a direction
20  parallel to the optical axis 41, are arranged next to each other on a closing yoke 81
manufactured from a magnetizable material, which first and second permanent magnets have,
respectively, a direction of magnetization M which is directed parallel to the X-direction, and
a direction of magnetization M' extending parallel to an X'-direction, which is directed
opposite to the X-direction. The electric coil system 63 comprises a first electric coil 87, a
25  second electric coil 89 and a third electric coil 91. The first electric coil 87 is situated on the
first side 83 of the lens holder 65 and is wound in a first coil holder 83 which is integrated
with the lens holder 65. The first coil 87 extends substantially in an imaginary plane
extending perpendicularly to the X-direction, and comprises wire portions 95 extending
perpendicularly to the X-direction and perpendicularly to the optical axis 41, and wire
30  portions 97 extending perpendicularly to the X-direction and perpendicularly to the optical
axis 41. The second electric coil 89 is situated on the second side 85 of the lens holder 65 and
is wound in a second coil holder 89 which is integrated with the lens holder 65. The second
coil 89 also extends substantially in an imaginary plane, which is directed perpendicularly to

the X-direction, and comprises wire portions 101 extending perpendicularly to the X-



opposite to the X-direction. The electric coil system 63 comprises a first electric coil 87, a 25 second
electric coil 89 and a third electric coil 91. The first electric coil 87 is situated on the first side 83 of the
lens holder 65 and is wound in a first coil holder 83 which is integrated with the lens holder 65. The
first coil 87 extends substantially in an imaginary plangl extending perpendiculaﬂmehtbér -go@ction,
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arranged, t] lel to the X-direction, substantially straight across, respectively,
KN Eﬁ(&k%?t
the first permanent magnet e second permanent magnet 73 of the first part 67 of the
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As the magewwr\lemwmmrarr@letrr@mﬁagmewe’wmmdme seeoarrpageanaeiknageeict3sthie Hired the
movable P&EF&H%‘F tﬂgtHﬁﬁr{eﬁZ’sbﬁem%ﬂbﬁ%tWﬁe portions 101, 103 of the second coil 89 are
arranged, viewed in a direction parallel to the X-direction, substantially straight opposite,
respectively, the first permanent magnet 77 and the second permanent magnet 79 of the

20  second part 69 of the magnetic system 61. As the magnets 71 and 73, and the magnets 77 and
79, are arranged next to each other, and the movable part of the actuator 57, i.e. the objective
lens 45, the lens holder 65 and the coils 87, 89, 91 do not comprise components made from a
magnetizable material, the magnetic stray fields 113, 117 present between the poles of the
magnets 71, 73 and 77, 79 are substantially arc-shaped, as diagrammatically shown in Fig.

25  3b. As the wire portions 95, 97, 101, 103 are arranged substantially straight opposite the
magnets 71, 73, 77, 79, the wire portions 95, 97, 101, 103 are each situated in a part of the
relevant magnetic stray field 113, 117 where the magnetic field lines are directed
substantially parallel to the direction of magnetization M, M’ of the magnets 71, 73, 77, 79.
Interaction between these parts of the magnetic stray fields 113, 117 and an electric current

30 through the wire portions 95, 97, 101, 103, which are directed perpendicularly to the X-
direction and perpendicularly to the optical axis 41, causes Lorentz forces F1, F», F3 and F4 to
be exerted on the wire portions 95, 97, 101, 103, which Lorentz forces are directed
substantially parallel to the optical axis 41. The first coil 87 and the second coil 89 are

arranged in series in such a manner that the Lorentz forces Fy, F2, F3 and F4 extend in an



lens 45, the lens holder 65 and the coils 87, 89, 91 do not comprise components made from a
magnetizable material, the magnetic stray fields 113, 117 present between the poles of the magnets
71, 73 and 77, 79 are substantially arc-shaped, as diagrammatically shown in Fig. 25 3b. As the wire
portions 95, 97, 101, 103 are arranged substantially stiaight opposite the mag2@eideédmbad; 20049, the
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distances in a direction parallel to the Y-direction, i.e. perpendicularly to the information
track present on the information layer 13 of the information carrier 9. The interspace between
20  the wire portions 107 and the first part 67 of the magnetic system 61, and between the wire
portions 109 and the second part 69 of the magnetic system 61, are sufficient to enable said
displacements of the objective lens 45 in a direction parallel to the Y-direction.
As the first part 67 and the second part 69 of the magnetic system 61 are
arranged, in their entirety, next to and outside the electric coil system 61, a space present
25 inside the coil system 61 can be used to accommodate other components of the movable part
of the scanning device 15. In the example shown in Figs. 3a and 3b, the space present within
the coil system 61 is used to accommodate the objective lens 45 and the lens holder 65. As a
result, the dimensions of the movable part of the scanning device 15 are reduced
substantially. As the objective lens 45 is arranged inside the coil system 61, the scanning
30 device 15 comprises, as described hereinabove, a compact and light, integrated holder for
both the objective lens 45 and the coil system 61. As a result, also the mass of the movable
part of the scanning device 15 is limited substantially. As both parts 67 and 69 have a
magnetic stray field 113, 117 for co-operating with the electric coil system 61, a

comparatively large part of the coils 87, 89, 91 is situated in said magnetic stray fields 113,



20 the wire portions 107 and the first part 67 of the magnetic system 6 1, and between the wire
portions 109 and the second part 69 of the magnetic system 61, are sufficient to enable said
displacements of the objective lens 45 in a direction parallel to the Y-direction. As the first part 67 and
the second part 69 of the magnetic system 61 are arrEhged, in their entirety, rifxDezembeo@Bide the
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reference numerals. Hereinbelow, only & fferences between the actuator
57 are dis@qtigdor. Asasp dispuissarig. 4, the magnetic system 6 V of the actuator 123 substantially

As shown in Fig. 4, the magnetic system 61’ of the actuator 123 substantially
corresponds to the magnetic system 61 of the actuator 57. The electric coil system 125 of the
actuator 123 comprises a first electric coil 127, a second electric coil 129 and a third electric

20  coil 91'. The third coil 91' substantially corresponds to the third coil 91 of the actuator 57, the
third coil 91" being provided, like the third coil 91 of the actuator 57, with wire portions 107’
arranged near the first part 67' of the magnetic system 61', and with wire portions 109'
arranged near the second part 69' of the magnetic system 61', Lorentz forces being exerted, in
operation, on these wire portions in a direction parallel to the Y-direction. The first electric

25  coil 127 comprises wire portions 95' directed perpendicularly to the X-direction and
perpendicularly to the optical axis 41, which wire portions are arranged, viewed in a direction
parallel to the X-direction, straight opposite the first permanent magnet 71' of the first part
67' of the magnetic system 61', and wire portions 103’ directed perpendicularly to the X-
direction and perpendicular to the optical axis 41', which wire portions are arranged, viewed

30 inadirection parallel to the X-direction, straight opposite the second permanent magnet 79'
of the second part 69' of the magnetic system 61'. The second electric coil 129 comprises
wire portions 97', directed perpendicularly to the X-direction and perpendicularly to the
optical axis 41', which wire portions are arranged, viewed in a direction parallel to the X-

direction, straight opposite the second permanent magnet 73’ of the first part 67' of the



corresponds to the magnetic system 61 of the actuator 57. The electric coil system 125 of the actuator
123 comprises a first electric coil 127, a second electric coil 129 and a third electric 20 coil 91'. The
third coil 91' substantially corresponds to the third coil 91 of the actuator 57, the third coil 9I' being
provided, like the third coil 91 of the actuator 57, with Wre portions 107" arran@édDeeamtiee 208tpart 67

of the magpetic-syolom. Lu.andiiih wire;porions 09 Auandedinaanine second par %, of the
magnetic system , Lorentz torces being exérted, In~ operation, on theése wiré portions in a direction
parallel to peep¥hrdicatdityntorthe ipsicel extidl P5webit!l 2ire pomiiss snwiaer gaptthnseE directed

perpendicyarly io he drdlesion and Rerpendisiialiido dnp opigal asis dly Waich re qpions are
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71' of the fiesopdnpag B i tbameagnetic systtmoa1' Taadvwierpquboinsres 106! ik oktheErpecallddarly to
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elec?%ic currents in the Wir%gg%ﬁi?ﬁg @7@?&%@ rﬁraeﬁ %ﬁls{g %%%%@ ﬁgseﬂa{%gtﬁégf \?V%%ﬁh%%g@%ﬁsg dine
Lorentz fodc¥s afdcenndit epptiedviistepdnfohs @gyadar ST0D the @Bove dlisessedrsgaaningldevike optical
axis 41'. 1547165 i ARG ALY SR & RigheRRONME A PLAR ACHARIC coil
system 143 of the actuator 139. Figs. 5b and 5c are cross-sectional views of the actuator 139,
the objective lens 45" also being shown. Components of the actuator 139 corresponding to
20  components of the above-discussed actuator 57 are indicated by means of corresponding
reference numerals.
The magnetic system 141 of the actuator 139 comprises a first part 145 and a
second part 147, which are arranged in fixed positions with respect to the stationary part 59"
of the scanning device. The electric coil system 143 also comprises a first part 149 and a
25  second part 151, which are arranged in fixed position with respect to a lens holder 153,
visible in Figs. 5b and 5c, wherein the objective lens 45" is secured. The lens holder 153 is
suspended with respect to the stationary part 59" by means of four elastic metal rods, not
shown in Figs. 5a, 5b and 5¢, which elastic metal rods are also used to supply an electric
current to the coil system 143. The first part 145 and the second part 147 of the magnetic
30  system 141 are each arranged, in their entirety, next to and outside the electric coil system
143 and the lens holder 153, and near, respectively, a first side 155 and, viewed in a direction
parallel to an X-direction, a second side of the lens holder 153 opposite the first side 155. In
the case of the actuator 139, the X-direction is directed, for reasons which will be explained

hereinafter, perpendicularly to the radial Y-direction and perpendicularly to the optical axis



139, which can be applied instead of the actuator 57 in the above-discussed scanning device 15. For
the sake of simplicity, Fig. 5a only shows a magnetic system 141 and an electric coil system 143 of
the actuator 139. Figs. 5b and 5c are cross-sectional views of the actuator 139, the objective lens 45"
also being shown. Components of the actuator 139 cdsesponding to 20 comp@atdddsenilibe2004

above-discyssed actuator 57 are indicated.by means of correspondi reference numerals, The
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an X-direc %tjr??%afj@égc?r?d’si'c%v %@?ﬁeg|§f§ﬁé¥d@é@%@@§§§é§€%§ﬂg& side 155. In the case of the
actuator 139, the X-directierfirstdiaeictdd, dbtheasgnstivisictenwill i ecaxpiaisesch fiestghaafianent
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direaton e e o PR e
and a secdﬁwlpﬁérﬁlidrmmnmblﬁetlﬁé."tbmi_hﬁt Résmatkt mapretiion pirakdnarabel tLDi_ltmticaI axis 41",
S e e e T v o
the X-directiegiriacaibsyiientidmdotanmiisesiadirshelacttin eoibd6yarssreloadtbleckigicetkibeR antkaclosing
yoke 159 QRﬂboéiﬁgﬁi@aﬁFfﬁaFﬂ?eaﬂrs?JiEﬁric coil 167 is wound in a first coil holder 173 integrated
with the lens holder 153, and extends predominantly in an imaginary plane directed
perpendicularly to the X-direction, and comprises wire portions 175 directed parallel to the
20  Y-direction, and wire portions 177 directed parallel to the Y-direction. The second and the
third electric coil 169 and 171 are wound, respectively, in a second coil holder 179 and a
third coil holder 181, which are also integrated with the lens holder 153 and arranged
between the first coil holder 173 and the first part 145 of the magnetic system 141. The
second and the third coil 169 and 171 each also extend predominantly in an imaginary plane
25  directed perpendicularly to the X-direction, and comprise, respectively, wire portions 181 and
183 which are directed parallel to the optical axis 41" and wire portions 185 and 187 which
are directed parallel to the optical axis 41".
As shown in Fig. 5b, the wire portions 175 and 177 of the first coil 167 are
arranged, viewed in a direction parallel to the X-direction, substantially straight opposite,
30  respectively, the first permanent magnet 71" and the second permanent magnet 73" of the
first part 145 of the magnetic system 141. In common with the above-discussed actuator 57,
an arc-shaped magnetic stray field 189 is present between the poles of the permanent magnets
71" and 73". As the wire portions 175 and 177 of the first coil 167 are arranged

approximately straight opposite the permanent magnets 71" and 73", the wire portions 175



leg 163 and a second leg 165, the first permanent magnet 71 ", viewed parallel to the 15 Y-direction,
being arranged between the two legs 163 and 165. The first part 149 of the electric coil system 143
comprises a first electric coil 167, a second electric coil 169 and a third electric coil 171. The first
electric coil 167 is wound in a first coil holder 173 integ)gated with the lens hold) D& rabet R62nds
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the first permanent magnet 71", the wire portions 181 and 183 are each situated in a part of
the magnetic stray field 191 where the magnetic field lines extend substantially parallel to the

20  direction of magnetization M of the first permanent magnet 71". For the same reasons, the
wire portions 185 and 187 of the third coil 171 are each situated in a part of the magnetic
stray field 193 where the magnetic field lines are directed substantially parallel to the
direction of magnetization M of the first permanent magnet 71". Interaction between these
parts of the magnetic stray fields 191 and 193 and an electric current through the wire

25  portions 181, 183, extending parallel to the optical axis 41", of the second coil 169, and an
electric current through the wire portions 185, 187 of the third coil 171, which wire portions
also extend parallel to the optical axis 41", causes Lorentz forces Fs, F4, Fs and Fg to be
exerted on the wire portions 181, 183, 185, 187, which Lorentz forces are directed parallel to
the radial Y-direction. The second coil 169 and the third coil 171 are arranged in series in

30  such a manner that the Lorentz forces Fs, F4, Fs, Fg are rectified, so that the objective lens 45"
can be displaced, under the influence of the Lorentz forces F3, F4, Fs, Fg, in a direction
parallel to the radial Y-direction.

In the case of the actuator 139, the X-direction, wherein the first part 145 and

the second part 147 of the magnetic system 141 are arranged opposite each other, is directed



parallel to the X-direction, substantially straight opposite, respectively, the first permanent magnet 71 "
and the second leg 165 of the closing yoke 159. An arc-shaped magnetic stray field 191 is present
between the poles of the first permanent magnet 71 " and the first leg 163, 15 while an arc-shaped
magnetic stray field 193 is present between the polesldf the first permanent miziyDetéthbeafdhe

second leg 165, As qar wicr)eni%o?i_ ns 181 and 183 of the %16%.are arran
ively, the
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is further shown in Fig. 6, a first objective lens 205 having an optical axis 207, and a second
objective lens 209 having an optical axis 211 are provided in the lens holder 197, the optical

20  axes 207, 211 both intersecting the radius 213 of the turntable 199. By using the two
objective lenses 205, 209, the scanning device 195 can suitably be used for scanning
information carriers of at least two different types or standards, such as for example CD and
DVD, or DVD and DVR. As the two objective lenses 205, 209 are situated on the radius 213,
the scanning device 195 does not have to comprise an additional actuator for exchanging the

25  objective lenses 205, 209 in a scanning position defined on the radius 213, because the
objective lenses 205, 209 can be exchanged in said scanning position by means of said
displacement device of the optical player. As the objective lenses 205, 209 must both be
capable of reaching a position situated at a minimum radius Rp, from the axis of rotation of
the turntable 199, there is hardly any space left between the turntable 199 and the first

30  objective lens 205, viewed in a direction parallel to the radial Y-direction, in a situation
shown in Fig. 6, wherein the second objective lens is situated at the minimum radius Ry;n.
The actuator 139 is particularly suitable for use in the scanning device 195, because the
actuator 139, viewed in a direction parallel to the radial Y-direction, does not have

components between the first objective lens 205 and the turntable 199.



10 part 151 of the coil system 143, a turntable 199 of an optical player in accordance with the
invention of which the scanning device 195 forms part, a stationary part 201 of the scanning device
195, which can be displaced over comparatively large distances, by means of a displacement device,
not shown, of the optical player, along a radius 213 ofithe turntable 199, whicl20ddeasnbhelirz@iéd
parallel to the Y-directioB a}rr]léj eéa?'%esg[? en ie%@r%g?er}tsa@?ab rslﬁw mean ogevvvm' h rée lens holder
197 is suspended with re¥pec%%? e stationarypar B 2ahs 0 e Al Atdr , the lens
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used for scanninginformation carriers of at least two different type's or standards, such as 1or example
CD and Doflan enfOvIxtzodcBVIRY. das treerdad objective lenses 205, 209 are situated on the radius 213,
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means of the above-de ed optical pfaye accordance w e Invention, It IS possi during
scanning thysierfohdaaron thgergeodtihachfaionatesicanndn §igideehy iedvingaaidnhsresaentdqarthe
inforsation Jayah ABJREHES SRy malian ape be: dRismeLn dRYRY dEciisiniRgatednat the
invention also relates t0 optical players and 5 optical scanning devices by means ot which only
information present on an information layer of an information carrier can be read. It is finally noted that
the invention also comprises embodiments of an optical



scanning device wherein the magnetic system and the electric coil system are composed in a manner
which differs from the embodiments of the scanning device described hereinabove. éé)§or eﬁmgésn
the invention also includes embodiments wherein, only on a single side of the lens hol SF‘*{H o
magnetic system is arranged next to and outside the,goil system. In the case of the actuator 57 shown
in Fig. 3a, such an embodiment is obtained, for example, by leaving out the second part 69 of the
magnetic Sys®&hVEEE and the second coil 89 of the electric coil system 63, or in the case of the
actuator 139 shown in Fig. 5a, by leaving out the second part 15 147 of the magnetic system 141 and
the second part 151 of the electric coil system 143. 20 December 2004 19 CLAIMS: | . An optical
scanning device for scanning an information layer of an optically scannable information carrier, which
scanning device is provided with a radiation source, an optical lens system with an optical axis for
focusing a radiation beam supplied, in operation, by the radiation source into a scanning spot on the
information layer, and an actuator by 5 means of which the lens_system can be displaced with respect

to a statiorary part of th®"N<LHIRGHERLISY 2 L5 5aMIRG 8 ParRtiaR lave o PRl e

actuator betagrRENWIREerHMEtd R 0RIRFINCHFCH RESiaRY HVieh is HHodiagadvithon KBRS BbRIRCYiHh respect
to the lens system, and a magnetic system which is arranged in a fixed position with respect to the

stationary PREALIRIS RS W dhPBRcahR R A TOp U AlARRHRMBRATE SRR E IDARBIILL8 10 a first
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perpendicularly to the_o%ical axis, in their entirety, next to and outside the_coil system near,
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direction pgyailihtpdég ol titegian adee&ibp etk o plileations, ententinm pespe sticwiasty to the
optical axis, is opposite the first side, a first part of the coil. 15 system arranged near the first side, and
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magnetic sy fielthob reapradusiteheviieh Rarkantdlia seveadheationd Wit megagtic sxstem, wherein
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system near, respectively, a first side of the lens system and a second side of the lens system

which, viewed in a direction parallel to the X-direction, viewed parallel to an X-direction

extending perpendicularly to the optical axis, is opposite the first side, a first part of the coil

15  system arranged near the first side, and a second part of the coil system arranged near the

second side, being situated, at least partly, in a magnetic stray field of, respectively, the first

part and the second part of the magnetic system, wherein the first part and the second part of

the magnetic system, and the first part and the second part of the coil system, viewed in a

direction parallel to the X-direction, are symmetrically arranged with respect to the optical

20 axis.

2. An optical scanning device as claimed in claim 1, characterized in that the first
part and the second part of the magnetic system each comprise at least a first and a second
permanent magnet which, viewed in a direction parallel to the optical axis, are arranged next
25  to each other and have a direction of magnetization extending, respectively, parallel to the X-
direction and parallel to an X'-direction opposite to the X-direction, while the first part and
the second part of the coil system each comprise at least an electric coil having a first part
and a second part, which are provided with wire portions extending perpendicularly to the X-
direction and perpendicularly to the optical axis, said first and said second part of the coil of



permanent magnet which, viewed in a direction parallel to the optical axis, are arranged next 25 to
each other and have a direction of magnetization extending, respectively, parallel to t@g)%—ediB%ngB
and parallel to an X-direction opposite to the X-direction, while the first part and the secSndnpart 0 t/he
coil system each comprise at least an electric coil haying a first part and a second part, which are
provided with wire portions extending perpendicularly to the X- direction and perpendicularly to the
optical axithestidtipatt ahdhsaidi secberd, paetvetl timeachieof @0 faexd tsintoeth 2 00di 2@tidre fiegtgart of the coll
system, viewed in a.direction parallel to the X-direction, being arranged directly oppasite, respectively,
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part abd threspectvel ypdine dfrtt end digmetio sg stagn elaufitieosaguizk et e shevnmgegtitrystemmagnets
which, viewed in a direction parallel to the optical axis, are arranged next to each 10 other and have a
direction of magnetization extending, respectively, parallel to the X- direction and parallel to an
X'-directioR.opposite to saidpiichtectionngideitieeasolhysteim cloonmpricks @utéeast onhatdberiireoil
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that the fir : I | rmanent
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direction pgrallekiRith& CHUER! AXEhelicRystem and one of the two magnets of the second part of the

magnetic system.

4, An optical scanning device as claimed in claim 1, characterized in that the X-

20  direction extends transversely to an information track present on the information layer, and in
that the first part and the second part of the magnetic system each comprise at least two
permanent magnets which, viewed parallel to the optical axis, are arranged next to each other
and have a direction of magnetization extending, respectively, parallel to the X-direction and
parallel to an X'-direction opposite to the X-direction, while the coil system comprises an

25  electric coil having a first part and a second part, which are provided with wire portions
extending perpendicularly to the X-direction and perpendicularly to the optical axis, said
parts of the coil being arranged, viewed in a direction parallel to the optical axis, in a
transition region of the two magnets of, respectively, the first part and the second part of the
magnetic system.

30
5. An optical scanning device as claimed in claim 2 or 3, characterized in that the
X-direction extends at least substantially parallel to an information track present on the
information layer, and in that the first part and the second part of the coil system each
comprise at least one further electric coil having a first part and a second part, which are



transition region of the two magnets of, respectively, the first part and the second part of the magnetic
system. 30 5. An optical scanning device as claimed in claim 2 or 3, characterized i%](SIB‘t thr(]a1 or 2004
X-direction extends at least substantially parallel to an information track present on Tor atlo%
layer, and in that the first part and the second part ofztfe coil system each comprise at least one
further electric coil having a first part and a second part, which are 20 December 2004 21 provided
with wire podiodedexitnding prataliesl dotehdioppesditetivg the dpstgdantianitd e seaotrahdihe sectme further
coil of the first part of the cail. m..viewed ip.a direction parallel tg the X-direction, bei rranged
arecty opB UL B BT B P R O I o BB
magnetic systaactiviokinyeayretgealde qly, oppose, 5qspeptveliz Uiz |finsd thagogitaal axis and
perpendicularly to_the X-directjon,. is. Situ next to_the first magnet, and the first part and the second
part of the TV LA L T et e L R et R
X-direstiomeneéndiautary tul tteeptigabppesitd, perppedituddylytie thiesK rdirg citdransl Stvateghetxtdble part of
the secon f th ' t [ ' rt, Yie endi r e
optical axigh%ﬁﬁsifﬁ S@r}ég%gﬁ:%ﬁg@%os t%é%}égdﬁﬁ}ég&%%ﬂi% éﬁﬁﬁﬁg rftéiﬁ] ?\g$§iepﬁrrrs Erzn%gﬁﬁ %}ﬁ\or?] optical
player contipgistbssstepticavezshimird rdeviceptuakbelzorirepadiredoom dednglagrangddadieptiyally
scannable jpformatj ier, i ' ipR...0n which
table the ir(1J d;%%ns@ |b@%§§@§é§ﬁ@eﬁﬁgg§§tﬁgﬁ (fél %}?ﬁrﬁ] éﬁ% ng\;fa(?ep %fe%\gg%?(?\r)?é é%tsvz}lﬁl{hae radiation
source, anggiedicl eysiesystenicivitragnetzatitapaitiy fewéduesprandicaldidyitmtbe aptisalppliednin

opergfjon, ﬁgﬁéﬁ?ﬂse g g?%%ﬂ&%%i%%&s?élﬂ;%%ﬁﬁ%t% ihe FH&?FH&@HB{‘ layer, and an actuator by

means of ens system can be dis respect to a stationary part of the scanning
device, at least in a direction parallel to the optical axis, and a displacement device by means of which

rtation. ninly in 2 1acie] A A e A A e pica
scanning tdoroatisrclayeredf an clpiivally 2c3)nplge Snformation carrier, and a table which can be
rotated about an axis of rotation, on which table the information carrier can be placed, said
15  scanning device being provided with a radiation source, an optical lens system with an
optical axis for focusing a radiation beam supplied, in operation, by the radiation source into
a scanning spot on the information layer, and an actuator by means of which the lens system
can be displaced with respect to a stationary part of the scanning device, at least in a direction
parallel to the optical axis, and a displacement device by means of which at least the lens
20  system of the scanning device can be displaced, with respect to the axis of rotation, mainly in
a radial direction, characterized in that the optical scanning device is an optical scanning

device as claimed inclaim 1, 2, 3, 4 or 5.





