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Optical scanning device with parallel-controlled actuators.

'The invention relates to an optical scanning device for scanning an information
track 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 carrier,
a first actuator for displacing the lens system in a direction parallel to the optical axis, and a
first contro] unit for controlling the first actuator by means of a first control signal, said lens
system being provided with a housing, a first lens which is secured in the housing in a fixed
position, a second lens which, viewed in a direction parallel to the optical axis, is elastically
suspended in the housing, and a second actuator by means of which the second lens can be
displaced relatively to the first lens in a direction parallel to the optical axis, while the
scanning unit is provided with a second control unit for controlling the second actuator by
means of a second control signal.

The invention also relates to an optical player provided with a table which is
capable of being rotated about an axis of rotation, an optical scanning device for scanning an
information track of an optically scannable information carrier which can be placed on said
table, and a displacement device by means of which the scanning device can be displaced

relatively to the axis of rotation substantially in a radial direction.

An optical scanning device of the type mentioned in the opening paragraphs,
and an optical player of the type mentioned in the opening paragraphs, which is provided with
such a scanning device, are disclosed in US patent 5,712,842, The first lens of the lens system
of the known scanning device is a main lens of the lens system and is commonly referred to as
objective lens. The second lens of the lens system is an auxiliary lens of the lens system and is
commonly referred to as solid-immersion lens, which is relatively small and is suspended, by
means of a leaf spring, in the housing of the lens system between the objective lens and the
information carrier to be scanned. By using the anxiliary lens, the lens system has a relatively
large numerical aperture, so that a relatively small scanning spot is provided on the

information carrier to be scanned. As a result, the known scanning device can suitably be used
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to scan information camiers having relatively small elementary information characteristics, i.e.
information carriers having a relatively high information density, such as a high-density CD.
By means of the first actuator of the known scanning device, the lens system can be bodily
displaced in a direction pa:_ral_l:el to the optical axis, so that the scanning spot can be focused on
the information cdm‘er. In thié case, the fi'rsf control signal, with which the first actuator can be
controlled by the first control ':unit, is determined by a fmusiné efror which can be measured
by means of a focusing error detéctor of the known scanning devnce By means of the second
actuator of the known scadning device, '-the-elasticany suspended 'e,uxiliary lens can be
displaced within the lens _system with resp'ecf to the main lens "i,n e direction parallel to the
optical axis, so that a spheﬁeg] aBen'ation of the radiation beam m a transparent protective
layer applied to the information carrier can be corrected. In thié cese, the second control
signal, with which the second actuator can be controlled by the second control. unit, is
determined by a spherical aberration in said protective layer whlch is measurable by means of
a further optical detector of the known scanning device. _

A drawback of the known optlcal scannmg device and the known optical player
resides in that the auxiliary lens and sa1d leaf spnng form, w1thm the lens system, a
substantially undamped mass. spring sys_tem. As aresult, substann_ally undamped
displacements of the auxiliary lens with ;especf to the main len_é 6ecur if the lens system is
displaced by the first actuator for correcting focusing errors at a frequency which is equal, or
substantially equal, to a nati_ir_ail'frequency of said mass spﬁng'syékm. Such undamped
displacements of the auxilidry _.iens with respect to '.the main lens lead to inaccurate correction

of the focusing errors, and are consequently undesirable.
_ .

It is an object of the invention to provide an optical scanning device and an
optical player of the types -metitioned in the opening paragraphéﬁ Wherein said drawback of the
known optical scanning dev1ce and the known optical player are precluded as much as
possible. '

To achieve this_, an optical scanning device in accordance with the invention is
characterized in that, in operati.c'm, the first control unit also controls the second actuator by
means of a third control signal-which is proportional to the first "é:énttol signal.

To achieve the above—mentioned object, an opticai player in accordance with
the invention is charaetenzed in that the optical scanning device employed therein is an optical

scanning device in accordance with the 1nvent10n
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The first actuator and the second actuator preferably are so-called force
actuators, such as Lorcr?ﬁ%tcc actuators. Such force acmaiagrﬁsupply a force which is
determined by, and preferably substantially proportional to, a control signal by which the force
actuators are controlled. Since the first control unit of the scanning device in accordance with
the invention does not only control the first actuator by means of the first control signal, but
also the second actuator by means of the third control signal which is proportional to the first
control signal, the second actuator exerts a force on the second lens, as a result of the third
control signal, which force is proportional to a force which is exerted on the entire lens system
by the first actuator. By a suitable ratio between the first control signal and the third control
signal, it is achieved that the second lens and the entire lens system are displaced at equal
accelerations as a result of, respectively, the third control signal and the first control signal.
Due to this, the second lens, which is elastically suspended in the housing, follows the
displacemsnts of the housing of the lens system, and it is precluded that the second fens is
displaced with respect to the housing and the first lens if the lens system is bodily displaced by
means of the first actuator. In this manner, also the development of substantially undamped
displacements of the second lens with tespect to the first lens is precluded as much as possible
during displacements of the lens system by the first actuator at a frequency equal to, or-
substantially equal to, the natural frequency of the mass spring system formed by the second
lens and the suspension thereof. Apart from displacements caused by the third control signal,
the second lens must carry out displacements with respect to the first lens, which are
determined by said second control signal. To this end, the second actuator is controlled, for
example, by a control signal which is a sum of the second control signal and the third control
signal. )

A particular embodiment of an optical scanning device in accordance with the
invention is characterized in that the second lens is a main lens of the lens system, while the
first lens is an auxiliary lens of the lens system, which is arranged between the second lens and
the information carrier to be scanned. The main lens is, for example, a relatively large
objective lens, while the auxiliary lens is, for example, a relatively small solid-immersion lens.
By virtue of the fact that the relatively large objective lens is elastically suspended in the
housing, the second actuator and the elastic suspension of the second lens are dimensioned
such that they can be handled, so that a necessary miniaturization of the second actuator and
the elastic suspension is limited as much as possible.

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

invention is characterized in that the first control unit is connected to the second actuator via a
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low-pass filter. By using said low-pass filter, high-frequency components of the third control
signal are filtered out, in particular high-frequency components having a frequency which is
high with respect to the natural frequency of tho mass-spring systém formed by the second
lens and the suspension the'reof. As a result, it is achieved that 'tli:e'.: second lens substantially
does not follow displaceménts of the lens s’ystém for correcting relatively high-frequency
focusing errors. In this manner it is achieved that a mass, which 1s to be displaced by the first
actuator to correct high-fre‘é;uency focusihg errors, is limited ihainly to the masses of the
housing and the first lens of- the lens system so that the forces to be supplied by the first
actuator to correct hlgh-frequency focusing errors, and hence the necessary power of the first
actuator, are limited. Such a hx_mtatlon is achieved, in partlcula__r, if the elastically suspended
second lens is the main lens of the lens system. Consequently, in this further embodiment,
high-frequency focusing etrors are corrected substantially only by means of dlsplacements of
the first lens, which has proved to be feasible in practice because hlgh frequency focusmg
errors generally only have a relatively small amplitude,

Yet another embodxment of an optical scanning device in accordance with the
invention is characterized in th'at the first control unit is conneoied' io the second actuator via,
successively, a high-pass filter and an adder for addmg the second control signal and the third
control signal. By using saxd high-pass fllter low-frequency components of the third control
signal, in particular direct current components, are filtered out. In practlce it has been found
that said spherical aberration of the radlatlon beam can be sufﬁc1ently corrected by displacing
the second lens once only with respect to the first lens, which dlsplacement is determined by
an average thickness of the protective layer of the information carrier to be scanned.
Consequently, the second control signal genérally is a direct cui‘re’ﬁt signal. Since low-
frequency components of the third control signal are filtered out by the high-pass filter, it is
precluded that a correction of the sphencal aberration by means of the second control signal is
influenced or disturbed by low-frequency components of the third c__:ontrol signal.

These and other aspects of the invention will be appi_irent from and elucidated
with reference to the embodi_ments described hereinafter. o N

In the drawings:

Fig. 1 diagrammatically shows an optical player in accordance with the

invention,
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Fig. 2 d1agrammat1cally shows an optical scanning device in accordance with
the invention, which caﬁ'} %§ used in the optical player shovﬁ?ﬁﬁ g. 1, and
Fig. 3 shows an optical lens system of the scanning device shown in Fig, 2.

Fig. 1 diagrammatically shows an optical player in accordance with the
invention, which comprises a table 1 which is rotatable about an axis of rotation 3 and drivable
by an electric motor 5 which is secured on a frame 7. On the table 1, an optically scannable
information carrier 9, such as a CD, can be placed, which is provided with a disc-shaped
carrier 11 and a transparent protective layer 13. A side of the carrier 11 bordering on the
protective layer 13 forms an information layer 15 of the information carrder 9 on which a
spiral-shaped information track is present. The optical .player further comprises an optical
scanning device 17 in accordance with the invention for optically scanning the information
track of the information carrier 9. The scanning device 17 can be displaced with respect to the
axis of rotation 3 substantially in two opposite radial directions X and X' by means of a
displacement device 19 of the optical player. To this end, the scanning device 17 is secured to
a slide 21 of the displacement device 19 which is further provided with a straight guide 23,
which extends parallel to the X-direction and is provided on the frame 7, over which guide the
slide 21 is displaceably guided, and with an electric motor 25 by means of which the slide 21
can be displaced over the guide. In operation, an electrical control member 26 of the optical
player, which is only diagrammaticatly shown in Fig. 1, controls the motors 5 and 25 in such a
manner that the information carrier 9 is made to rotate about the axis of rotation 3 and,
simultaneously, the scanning device 17 is displaced paraliel to the X-direction, in such a
manner that the spiral-shaped information track present on the information carrier 9 is scanned
by the scanning device 17. During scanning, the information present on the information track
can be read by the scanning device 17, or information can be written on the information track
by the scanning device 17.

The optical scanning device 17 in accordance with the invention used in the
optical player in accordance with the invention is diagrammatically shown in Fig. 2. The
scanning device 17 is provided with a radiation source 27, such as a semiconductor laser, with
an optical axis 29. The scanning device 17 further comprises a radiation beam splitter 31
which comprises a transparent plate 33 which is arranged at an angle of 45° with respect to the
optical axis 29 of the radiation source 27 and which includes a mirror surface 35 facing the

radiation source 27. The scanning device 17 further comprises an optical lens system 37 with
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an optical axis 39 and a collimator lens 41 arranged between the radiation beam splitter 31 and
the lens system 37. The optical axis 39 of the lens system 37 and the optical axis 29 of the
radiation source 27 include an angle of 90°. The ecanning device 17 further comprises an
optical detector 43 which is of a customary type which is known per se, and which, with
respect to the lens system -3-7, is arranged behind the radiation beam splitter 31. In operation,
the radiation source 27 geher_ates a radiation beam 45 which is reflected by the mirror surface
35 of the radiation beam sphtter 31 and focused by the lens sys'tem 37 into a scanning spot 47
on the information layer 15 of the information carrier 9. The rédigﬁon beam 45 is reflected by
the information layer 15 50 as to form a reflected radiation beam 49 which is focused on the
optical detector 43 via the;le.ns-system 37, the collimator lens 41 :;_'md' the radiation beam
splitter 31. To read the information present on the --informatimi"'canier 9, the radiation source
27 generates a continuous radlauon beam 435, the optical detector 43 supplying a detection
signal which corresponds to a series of elementary mformatlon charactenstxcs on the :
information track of the mformatum carrier 9, which elementary mformatmn characteristics
are successively present in the scanning spot 47. To write mformatlon on the information
carrier 9, the radiation source 27 generates a radiation beam 45__ wl_nch corresponds with
information to be written, v?h'il_e in the scanning spot 47 there are generated 2 series of -
successive elementary information characteristics on the information track of the information
carrier 9.

As is further shown in Fig. 2, the scanning device 17 comprises a first actuator

_ 51 having a first part 52 and a second part 53. By means of the ﬁtst part 52 of the first actuator

51, the lens system 37 can be-displaced over reIative]y small distances in a direction parallel to
the optical axis 39, while the: lens system 37 can be displaced over relatively small distances in
a direction parallel to the X-dlrectlon by means of the second part . 53 of the first actuator 51.
By displacing the lens system 37 by means of the first part 52 of the first actuator 51,in a
direction parallel to the optical axis 39, the scanmng spot 47 is foc_used on the information
layer 15 of the information carrier 9 with a _de'si'red' degree of accuracy. By displacing the lens
system 37 in a direction paralle] to the X-direction by means of the second part 53 of the first
actuator 51, the scanning spbt 47 is maintained, with a desired aCch;aCy, on the information
track to be followed. For this purpose, the first part 52 and the sec_o_nd part 53 of the first
actuator 51 are controlled, in a manner which will be described m more detail hereinafter, by
said control member 26. | ' .

The optical lens system 37 used in the optical scanning device 17 is shown in

detail in Fig, 3, and comprises a first lens 54 and a second lens 55. The second lens S5 is an’
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objective lens and forms g relatively large main lens of the lens system 37. The first lens 54 is
{58 tens which is arranged betweok i main lens 55 and the

information carrier 9 to be scanned, and forms a relatively small auxiliary Iens of the lens

a so-called solid-imme:

system 37. By employing said auxiliary lens 54 in addition to the main lens 55, the lens system
37 has a relatively large numerical aperture, so that the scanning spot 47 on the information
layer 15 of the information carrier 9 is relatively small. As a result, the scanning device 17 can
suitably be used for scanning optical information carriers having relatively small elementary
information characteristics, i.. optical information carriers having a relatively high
information density, such as a high-density CD. As shown in Fig. 3, the auxiliary lens 54 is
secured in a fixed position to a housing 57 of the lens system 37, said housing 57 being
secured to the first actuator 51 and hence being displaceable by means of the first actuator 51.
The main lens 55 is secured to a substantially ring-shaped holder 59 which, viewed in a
direction paralle] to the optical axis 39, is elastically suspended in the housing 57 by means of
two ring-shaped diaphragms 65, 67 which, viewed in a direction parallel to the optical axis 39,
are arranged at a distance from each other and extend transversely to the optical axis 39.
Viewed parallel to the optical axis 39, the diaphragms 65, 67 are elastically deformable and,
viewed in directions perpendicular to the optical axis 39, they are substantially non-
deformable, so that, viewed in directions perpendicular to the optical axis 39, the diaphragms
65, 67 provide a very rigid beating of the main lens 55 with respect to the housing 57, while,
viewed in a direction parallel to the optical axis 39, the main lens 55 can be displaced
relatively to the housing 57, thereby elastically deforming the diaphragms 65, 67.

As Fig. 3 further shows, the lens system 37 comprises a second actuator 63 by
means of which the main lens 55 can be displaced with respect to the housing 57 and the
auxiliary lens 54 in a direction parallel to the optical axis 39, By displacing the main lens 55
with respect to the auxiliary lens 54 by means of the second actuator 63 in a direction parallel
to the optical axis 39, a spherical aberration of the radiation beam 45 in the transparent
protective layer 13 of the information carrier 9 is corrected. Such a spherical aberration can be
mainly attributed to fluctuations or deviations in the thickness t of the protective layer 13, The
second actuator 63 is also controlled by said control member 26 in a manner to be described in
more detail hereinafter. The second actuator 63 is arranged between the two diaphragms 65,
67 and is a so-called Lorentz force actuator. The second actuator 63 comprises two ring-
shaped permanent magnets 75, 77 which, viewed in a direction parallel to the optical axis 39,
are arranged next to each other and are secured to a substantially ring-shaped closing yoke 79
which is made of a magnetizable material and forms a separate part of the housing 57. The
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second actuator 63 further comprises two ring-shaped electrical coils 81, 83 which are secured
to the holder 59 of the main lens 55. Viewed in 2 _d_irection par_allel to the optical axis 39, the
coils 81, 83 are also arranged in a side-by-side relationship, the coil 81 being arranged

opposite the magnet 7_5-am§ the coil 83 being arranged opposite the magnet 77, and a ring-

 shaped air gap 85 being pre_Sent between the magnets 75, 77 and the coils 81, 83. The magnets

75, 77 are magnetized in op_po_eite radial directions R and R’ with respect to the optical axis 39,
while, in operation, an elee_txic-cui'rent in the coil 81 and an electnc current in the coil 83 have
mutually opposite current directions. As a result, the electromégnetic forces which, in
operation, are exerted on the c_dils_ 81 and 83 by an interaction i)etween a magnetic field of the
magnets 75, 77 and the eleeﬁ_trie.-current in the coils 81, 83, are dlrected parallel to the optical
axis 39 and substantially m the same direction with respect to each other.

The second actuator 63 and the first part 52 and the second part 53 of the first
actuator 51 are controlled tiy'tl_l_e control member 26 in the follewih g manner. As shown in
Fig. 2, the control member 26 comprises a first control unit 87 ﬁrﬁiCh'; in operation, controls
the first part 52 of the first ect\iator 51 by means of a control signal uc;. The first control unit
87 receives a focus-error si_g’rial- ugg, which corresponds to a measured focusing error of the
scanning spot.47 on the infbmétion layer 15_- of the information ce_m'er 9,-and which is -
supplied by the optical deteetef 43. Such focusing errors lead to read and write errors of the:
scanning device 17 and heﬁce are undesirable. In operation, the firet control unit 87 determines
the first control signal uc) m such a manner that the measured focusing error remains within
predetermined limits. The control member 26 further comprises::a: second control unit 89
which, in operation, cont_rol_'s the second actuator 63 by means ef a_.'_Sec'ond control signal uc,.
The second control unit 89 receives a measuring signal usa, whic':h_ corresponds to a measured
spherical aberration of the radiation beam 45 in the protective lél_yef 13 of the information -
carrier 9. Such a spherical aberration also leads to read and wrife errors of the scanning device
17 and hence is also undesifeble. The measuring signal ugy4 is sﬁppiied by a further optical
detector 91 of the scanning Heyice 17, by means of which the ﬁc@ess t of the protective
layer 13 can be measured. The measuring signal ugs may altemjaitifely be supplied by another
type of optical detector. In eperetion, the second control unit 89 determines the second control
signal uc; in such a manner .ﬁha; the measured spherical aberratipn ef the radiation beam 45 in
the protective layer 13 of the information carrier 9 remains within predetermined limits. As
shown in Fig. 2, the second actuator 63 in accordance with the invention is also controlled by
the first control unit 87 by means of a third control signal ucs, as wiil be explained in greater

detail hereinafter. The contrel member 26 further comprises a third control unit 93 which, in
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operation, controls the second part 53 of the first actuator 5 1 by means of a fourth control
signal ucy. The third coﬁtrcg unit 93 receives a tracking errdf'—s)gnal urg, which corresponds to
a measured tracking €rror of the scanning spot 47 on the information track of the information
carrier 9, and is also supplied by the optical detector 43. Such tracking errors also lead to read
and write errors of the scanning device 17 and hence are also undesirable. In operation, the
third control unit 93 determines the fourth control signal uc, in such a manner that the
measured tracking error remains within predetermined limits.

In accordance with the invention, the second actuator 63 is controlled by the
first control unit 87 for the reason, and in the manner, described hereinbelow. The main lens
55 and the ring-shaped diaphragms 65, 67 by means of which the main lens 55 is elastically
suspended in the housing 57 of the lens system 37, viewed in a direction parallel to the optical
axis 39, form a mass spring system within the Jens system 37, having a natural frequency
which is determined by a mechanical rigidity of the diaphragms 65, 67 and a mass of the main
lens 55 and the holder 59. To limit a driving force of the second actuator 63 which is necessary
to displace the main lens 55, the diaphragms 65, 67 have a limited rigidity, so that said mass
spring system has a limited natural frequency. In the example shown, the natural frequency of
said mass spring system is approximately 250 Hz. The focusing errars to be corrected by
means of the first part 52 of the first actuator 51 have relatively low-frequency components,
relatively high-frequency components, and components with a frequency in a medium-
frequency range which comprises the natural frequency of said mass spring system. Since said
mass spring system is substantially undamped, correction of the focusing errors at a frequency
in the medium-frequency range would lead to substantially undamped resonating
displacements of the main lens 55 with respect to the housing 57 and the auxiliary lens 54 if
no further measures were taken. To preclude such resonating displacements of the main lens
55, the third control signal ucs in accordance with the invention is proportional to the first
control signal uc;. As the second actuator 63 is a Lorentz force actuator, the second actuator
63 exerts a force component Fc; on the main lens 55, which force component is determined by
the third control signal ucs and directed parallel to the optical axis 39, said force component
being proportional to the third control signal ucs and hence also to the first control signal ue;.
Preferably, the first part 52 of the first actuator 51 also is a force actuator which exerts a force
Fc; on the entire lens system 37 in a direction parallel to the optical axis 39, which force is
proportional to the first control signal ucy. By virtue of the fact that the second actuator 63 and
the first part 52 of the first actuator 51 are parallel-controlled by the first control unit 87, the
force component F; of the second actuator 63 is proportional to the force Fey of the first part
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52 of the first actuator 51. By a suitable ratio between the first control signal ﬁq and the third
control signal ucs, it is achieved that the main lens 55 is dj'sp]accd by means of the second
actuator 63, as a result of the third control signal .ll(_:s, in a direction parallel to the optical axis
39 at an acceleration which corresponds to 'an'acceleration with which the entire lens system
37 is displaced by means of the first part 52 of the first actuator 51 in 2 direction parallel to the
optical axis 39 as a result to of the first control signal uc;. As a result, the main lens 55, which
is elastically suspended in the housing 57, follows the displacements of the housing 57 of the
lens system 37, which are directed parallel to the optical axis 39, so that said substantially
undamped resonating displacements of the main lens 55 with respect to the housing 57 and the
auxiliary lens 54 are precluded as much as possible. Said suitable ratio between the first
control signal uc; and the third control signal uc; is determined by a ratio between the mass of
the main lens 55 and the mass of the entire lens 37 and by the propeities of the first part 52 of

“the first actuator 51 and the second actuator 63.

Apart from displacements resulting from the third control signal ucs, the main
lens 55 must also carry out displacements with respect to the housing 57 and the auxiliary lens
54, which are determined by the second control signal uc,. Fof this purpose, the control
member 26 includes an adder 95 which adds a control signal u'c;, which will be described in
greater detail hereinafter and which is derived from the third control signal ucs, to the second
control signal uc; and supplies a sum ucy+u'cs of said control signals to the second actuator 63.

. As is further shown in Fig. 2, the first control unit 87 is connected to the second
actuator 63 via a pass filter 97 which is arranged between the first control unit 87 and the
adder 95. Said pass filter 97 comprises both a low-pass filter, which filters out relatively high-
frequency components in the control signal ucs, i.e. components with a frequency which is an
order higher than the natural frequency of said mass spring system, and a high-pass filter,
which filters out relatively low-frequency components, particularly direct current components,
in the control signal ucs. The above-mentioned cbntrol signal u'c; is a control signal which is
formed, as described above, by filtering the third control signal ucs.

Since the pass filter 97 is provided with said loW—pass filter, the main lens 55
substantially does not follow relatively high-frequency displacements of the lens system 37,
for example displacements with a frequency above approximately 2500 Hz. As a result of fhe
limited rigidity of the diaphragms 65 and 67, the main lens 55 even is substantially not
displaced relatively to the fixed part of the scanning device 17 in the case of such high-
frequency displacements of the lens system 37. Since the main lens 55 has substantial mass,
the mass to be displaced by the first part 52 of the first actuator 51 is substantially limited in
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the case of such high-frequency displacements of the lens system 37. Since the forces to be
generated by the first p;;tc??, of the first actuator 51 are prgi;dftiohal to the mass to be
displaced and to the square of the frequency of the displacements to be generated, the forces to
be generated by the first part 52 of the first actuator 51 for correcting high-frequency focusing
errors ate limited substantially, Consequently, the high-frequency focusing errors are corrected
substantially exclusively by means of displacements of the auxiliary lens 54. In practice, this
proved to be possible in that such high-frequency focusing errors customarily have relatively
small amplitudes.

Since the pass filter 97 is provided with said high-pass filter, direct current
components are filtered from the third control signal ucs. In practice it has been found that a
spherical aberration of the radiation beam 45 in the protective layer 13 of the information
carrier 9 can be sufficiently corrected in most cases by displacing the main lens 55 once-only
with respect to the auxiliary lens 54, which displacement is determined by an average
thickness of the protective layer 13. Consequently, in most cases the second control signal ucs
is a direct current signal. Since said high-pass filter filters direct current components from the
third control signal ucs, it is precluded that a correction of said spherical aberration by means
of the second control signal uc; is influenced or disturbed by direct current components or
low-frequency components of the third control signal ucs. '

By means of the above-described optical player in accordance with the
invention during scanning the information track of the information carrier 9, information
present on the information track can be read or information can be written on the information
track. It is noted that the invention also relates to optical players by means of which only
information present on an information track of an information carrier can be read, and to
optical players by means of which only information can be written on an information track of
an information carrier.

In the case of the above-described scanning device 17 in accordance with the
invention, the main lens 55 is elastically suspended in the housing 57 of the lens system 37,
viewed in a direction parallel to the optical axis 39, while the auxiliary lens 54 is secured in a
fixed position in the housing 57. It is noted that the invention also includes scanning devices
wherein, as in the case of the scanning device desctibed in US patent 5,712,842, the main lens
is secured in a fixed position in the housing of the lens system, and the auxiliary lens is
elastically suspended in the housing, viewed in a direction paralle] to the optical axis of the

lens system.
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In the above-described scanning device 17 in accordance with the invention, a .
ratio between the first control signal uc; and the third control .signal ucs is determined such
that the accelerations of, respectively, the main lens 55 and the entire lens system 37,
generated by means of the second actuator 63 and the first part 52 of the first actuator 51, are
substantially equal. It is noted that, in many cases, undesirable resonating movements of the
main lens 55 in the housing 57 of the lens system 37 can also be sufficiently precluded if the
generated accelerations of the main lens 55 and the lens system 37 are not enﬁrely equal to
each other. For example, such resonating movements can often be sufficiently precluded if the
generated acceleration of the main lens 55 amounts to approximately 70% or less of the
generated acceleration of the entire lens system 37. |

As noted hereinabove, the second actuator 63 and the first part 52 of the first
actuator 51 preferably are force actuators. In this case, a suitable ratio between the first control
signal uc; and the third control signal ucs can be reliably determined and a reliable operation
of the scanning device 17 is obtained. It is noted that the invention also includes scanning
devices wherein the first actuator and the second actuator are of a differerit type, such as an
actuator or motor wherein the control signal determines the displacement generated by the
actuator or motor. In this case, however, a suitable ratio between the first control signal and

the third control signal can be determined in a less reliable manner.
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CLAIMS:

| TRHE Y A

1. An optical scanning device for scanning an information track 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 carrier, a first actuator for
displacing the lens system in a direction parallel to the optical axis, and a first control unit for
controlling the first actuator by means of a first control signal, said lens system being provided
with a housing, a first lens which is secured in the housing in a fixed position, a second lens
which, viewed in a direction parallel to the optical axis, is elastically suspended in the housing,
and a second actuator by means of which the second lens can be displaced relatively to the
first lens in a direction parallel to the optical axis, while the scanning unit is provided with a
second control unit for controlling the second actuator by means of a second control signal,
characterized in that, in operation, the first control unit also controls the second actuator by

means of a third control signal which is proportional to the first control signal.

2. An optical scanning device as claimed in claim 1, characterized in that the
second lens is a main lens of the lens system, while the first lens is an auxiliary lens of the lens

system, which is arranged between the second lens and the information carrier to be scanned.

3. An optical scanning device as claimed in claim 1 or 2, characterized in that the

first control unit is connected to the second actuator via a low-pass filter.

4. An optical scanning device as claimed in claim 1, 2 or 3, characterized in that
the first control unit is connected to the second actuator via, successively, a high-pass filter

and an adder for adding the second control signal and the third control signal.

5. An optical player comprising a table which can be rotated about an axis of
rotation, an optical scanning device for scanning an information track of an optically
scannable information carrier which can be placed on said table, and a displacement device by

means of which the scanning device can be displaced mainly in a radial direction with respect
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to the axis of rotation, characterized in that the optical scanning device is an optical scanning
device as claimed in claim 1, 2, 3 or 4.
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