20 December 2004 1 Optical scanning device The invention relates to an optical scanning device for
scanning an information layer of an optically readable record carrier, which scanningodlsvice 2004
comprises a radiation source and an objective system with an optical axis for focusing aeFSmQEBn
beam, supplied in operation by the radiation source, t? a scanning spot on the information layer, the 5
objective s stemi being, rﬁéOVided with a first lens comprising a part of a first, substantially spherical
lens body @//RHC& HAEIIHENIS a first diameter, and a second lens comprising a part of a second,
substantially spherical lens body with a second center and a second diameter which is smaller than
the first diameter, the first and the second center being situated substantially on the optical axis. 10
The invention also relates to an objective system comprising such a first and a second lens. The
invention further relates to an optical player provided with a table which is movable in a given direction
of movement, an optical scanning device for scanning an information layer of an optically readable
record carrier which can be placed on the table, and 15 a displacement device with which at least an
objective system of the Starnnuegtitevichies toavialptidal scdineioiaiegicbStarstatyipgarendicular to the
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substantially on the optical axis.
10 The invention also relates to an objective system comprising such a first and a
second lens.

The invention further relates to an optical player provided with a table which
iIs movable in a given direction of movement, an optical scanning device for scanning an
information layer of an optically readable record carrier which can be placed on the table, and

15 adisplacement device with which at least an objective system of the scanning device is

movable in a direction substantially perpendicular to the direction of movement of the table.

An optical scanning device, a player in which the optical scanning device is
20  used, and an objective system used in the scanning device of the types described in the
opening paragraphs are known from EP-A 0 944 049. The first lens of the known objective
system is an objective lens and the second lens is an auxiliary lens which is arranged between
the objective lens and the record carrier to be scanned. By using the second lens, the known
lens system has a relatively large numerical aperture so that a relatively small scanning spot
25 is provided on the record carrier to be scanned. The second lens comprises more than half of
the second spherical lens body in order to form the scanning spot at a distance r/n from the
second center in the direction of the record carrier, in which r is the radius of the second lens
body and n is the refractive index of the material of the second lens body. This displacement

of the position of the scanning spot yields a further increase of the numerical aperture. Thus,



the known scanning device is suitable for scanning record carriers having relatively small elementary
information characteristics, i.e. record carriers having a relatively large information (28 ‘;%/ﬁ such f@? Z[or
alte

example, a high-density CD. Since the objective system has a free working distance w Toeheaer

than the wavelength of the radiation, the lens bodies 52and their mutual positions have relatively wide

tolerances, A drawback of the known ohjective system, the known optical scannin evice and the
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the the second spherical lens body, respectively. The invention is based on the recognition that

the optical quality of an objective system with two lenses is greatly dependent on the mutual
positioning of the two lenses. The optical axes of the separate lenses should coincide within
predetermined relatively small tolerances. Viewed in directions perpendicular to the optical

20  axis of the objective system, the optical axes of the lenses should therefore have accurate
positions with respect to each other and should accurately be parallel to each other. The
alignment of the known objective system is relatively difficult because the provision of
positioning faces on the two lenses with the desired accuracy is a very elaborate process.
However, when a lens comprises more than half a spherical lens body, the ball zone, i.e. the

25  outer side of the lens body is found to form a very satisfactory positioning face around the
large circle perpendicular to the optical axis. Moreover, spherical lens bodies can be
manufactured in a very accurate way by means of relatively simple processes such as, for
example, a rolling process. Due to the spherical shape of the lens, the position of the outer
side of the lens body with respect to the center is very well defined, so that the desired

30 accuracy of the mutual positions can be realized in a relatively easy way.

An additional advantage of such a lens body is that, after positioning in a

fitting, the lens is still tiltable in the fitting through limited angles around the center of the



20 December 2004 3 lens body without the position of the lens, viewed perpendicularly to the
centerline of the fitting, being influenced. The direction of the optical axis of the len ssing thr.
208 ?6‘&{‘

the center of the lens body, is thereby adjustable. The edge of the lens body wherethe gfﬁ] ea

shape merges into a relatively flat portion is relatively rpugh due to the manufacture of the 5 flat
portion, for example due to grinding and polishing of the flat portion. When, during the process of
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lens body will get out of center or even gets.stuck. The lens bodies according to the invention do not
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objective system can be achieved with relatively little trouble.

The thickness on the optical axis of the first and the second spherical body is
preferably larger than 1.01 times the radius of the spherical body. In that case, the
engagement of the lens body with the inner wall of the fitting remains satisfactory when,

20  during the process of joining the lens system, the optical axis of one of the lenses extends at
an angle of 0.5° to the centerline of the fitting. The difference between the thickness and the
radius of the lens body is preferably larger than the manufacturing tolerance of the thickness.

A particular embodiment of a scanning device according to the invention is
characterized in that at least one of the first and the second lens is bounded on one side by a

25  boundary face extending perpendicularly to the optical axis. A spherical lens body can be
provided relatively easily with an accurately positioned, plane boundary face within narrow
tolerances. The boundary face should be plane only in an accurate way, with the optical axis
of the lens being formed by the centerline of the lens body which is perpendicular to the
boundary face. Such a lens can be aligned easily and accurately on an abutment of a fitting.

30  When the abutment extends in a plane perpendicular to the centerline of the fitting, the
optical axis of the lens will be accurately parallel to the centerline. Said abutment should be
provided perpendicularly to the centerline of the fitting in an accurate manner, which can be
done in a relatively simple manner by means of conventional tools such as, for example, a

lathe. When both the first and the second lens are provided with a boundary face extending



optical axis of the lens will be accurately parallel to the centerline. Said abutment should be provided
perpendicularly to the centerline of the fitting in an accurate manner, which can be in a relatively
Rl
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simple manner by means of conventional tools such as, for example, a lathe. When e

the second lens are provided with a boundary face extﬁnding 20 December 2004 4 perpendicularly to
the optical axis, it is relatively easy to render.the optical axes of th 0 lenses substantially parallel.
The frst aE TRBUGHISHY 10Le AR 50 FHBc s NP B 25 JEREFIA OPUEA(HooR) 06t A car be
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inner wall, respectively, by means of conventional tools such as, for example, a lathe.

A further embodiment of a scanning device according to the invention is
characterized in that one side of at least one of the first and the second lens has an aspherical
shape. The aspherical shape provides sufficient freedom of design for realizing the strict

20  requirements imposed on the objective system by a scanning device for optically readable
record carriers. The aspherical shape may be obtained by means of a lacquer layer on the
boundary face or the spherical surface of the lens by means of a known and conventional
replica process.

A particular embodiment of a scanning device according to the invention is

25  characterized in that at least one of the first and the second lens body comprises a transparent
material having an Abbe number which is larger than 63. Due to the high Abbe number, the
wavelength dependence of the focal length of the objective system can be reduced in such a
way that the wavelength variation during switching between write and read power of a
semiconductor laser leads to an acceptably small defocusing.

30 The objective system can be manufactured at lower cost when the first and the
second lens body comprise the same transparent material. The number of degrees of freedom
of the objective system is then still sufficiently large to realize the desired optical properties.

A particular embodiment of a scanning device according to the invention is

characterized in that at least one of the first and the second lens body comprises a transparent



wavelength dependence of the focal length of the objective system can be reduced in such a way that
the wavelength variation during switching between write and read power of a semic?& uct(?rrl Iarc,%o
leads to an acceptably small defocusing. 30 The objective system can be manufacture %‘ieIO\R/%r coé
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peripheral boundary face shifted along the optical axis, the magnet coil is arranged on the
peripheral boundary face, and the part of the second lens which is bounded by the plane of
the peripheral boundary face comprises more than half of the second spherical lens body. The
central boundary face constitutes an end face of a portion of the second lens situated on the

20  optical axis, which portion projects from the plane of the peripheral boundary face and is
surrounded by the magnet coil. The thickness on the optical axis of the second lens is the
thickness as is required for the optical design of the objective system. The diameter of the
projecting portion is sufficiently large to pass the converging radiation beam through the lens
without vignetting.

25 A particular embodiment of a scanning device according to the invention is
provided with a lens holder comprising a fitting for the second lens with a centerline and an
inner diameter, the centerline substantially coinciding with the optical axis, and the fitting
extending along the optical axis in a direction from the first to the second lens up to beyond
the center of the second lens body, the magnet coil being secured on a side of the fitting

30  remote from the first lens and having an inner diameter which is substantially equal to the
inner diameter of the fitting. The second lens may be positioned on the well-defined inner
side of the fitting, while the less well-defined inner side of the magnet coil does not have any

influence on the position of the second lens. Due to the positioning directly around the



projecting portion is sufficiently large to pass the converging radiation beam through the lens without
vignetting. 25 A particular embodiment of a scanning device according to the inventign is provid
with a lens holder comprising a fitting for the second lens with a centerline and an ir?§eﬂr)sé(ﬁ%n?b r?8814e

meter,
centerline substantially coinciding with the optical axis6and the fitting extending along the optical axis

in a direction from the first to the second lens up to beyond the center of the second Jens body, the
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diameter whighdticstibietangetbraigdal to the inner diameter of the fitting. The second lens may be
positioned on the Well-%fin d inner side of the fittin(F;H, while the.less well-defined inr%ﬁr side_ of the
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diam%er s‘é)(é&at a reIaIi\%TI large magnetic field is generated. An objective system according to the
invention i a(ﬁé?@ﬁ% n that the first and the second lens comprise more than one half of the first

and the second sphericaessitabpllyerespectivglic the pptinabplayetapastorctiewitotthetirveican is
characterized in that the optical scanning device.is an optical scanni evice as described
nereinbefoenFIIESPKIES AL PRESERETR G SRV B o BB RERTWE A End will be elucidated with
reference to the embodinhestsane sthbredgretefatieinentivthere sppangs: ffogn dnshoilise
diagrammatically. an optical player accordi the inventjon, , Fig. 2 shows diagrammatically an
optical scaﬂH?ﬁ%@M@hégtegFﬁﬁegt?oﬁ?ﬁgnlﬂogﬂ’fwﬂef oaﬁsﬁ&'b&%‘%g nc?ﬁ%‘al player shown in Fig. 1, Figs.
3, 4,®and 6 are diagrammatic cross-sections of a first, a second, a third and a fourth embodiment,
respectively, of a lens system according to the invention, suitable for use in the scanning device

shown in Fig. 2, Fig. 7 shows diagrammatically an aligning tool used in the manufacture of the 20 lens
system shown in Fig. 4 bythesdras/ivfga: method according to the invention, and

Fig. 1 shows diagrammatically an optical player according to the invention,
Fig. 2 shows diagrammatically an optical scanning device according to the
15 invention, used in the optical player shown in Fig. 1,
Figs. 3, 4, 5 and 6 are diagrammatic cross-sections of a first, a second, a third
and a fourth embodiment, respectively, of a lens system according to the invention, suitable
for use in the scanning device shown in Fig. 2,
Fig. 7 shows diagrammatically an aligning tool used in the manufacture of the
20  lens system shown in Fig. 4 by means of a method according to the invention, and
Fig. 8 shows diagrammatically an aligning tool used in the manufacture of the

lens system shown in Fig. 4 by means of an alternative method according to the invention.

25 The embodiment of an optical player according to the invention, shown
diagrammatically in Fig. 1, comprises a table 1 which is rotatable about an axis of rotation 3
and can be driven by an electric motor 5 secured to a frame 7. An optically readable record
carrier 9 such as, for example, a DVD can be placed on the table 1, which record carrier is
provided with a disc-shaped transparent substrate on which an information layer 13 having a

30 spiral information track is present. The information layer 13 is coated with a transparent
protective layer 11. The optical player further comprises an optical scanning device 15
according to the invention for optically scanning the information track of the record carrier 9.
The scanning device 15 can be displaced substantially in two opposite radial directions X and

X" with respect to the axis of rotation 3 by means of a displacement device 17 of the optical



Fig. 8 shows diagrammatically an aligning tool used in the manufacture of the lens system shown in
Fig. 4 by means of an alternative method according to the invention. 25 The embodigﬁ(ﬁ(ta ofma% P%i&?l
player according to the invention, shown diagrammatically in Fig. 1, comprises a table WHICH i
rotatable about an axis of rotation 3 and can be driven{. by an electric motor 5 secured to a frame 7. An
optically readable record carrier 9 such gs, for example, a DVD can be pl cedi on the table 1, which
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be 10 read by the scanning device 15, or information can be written on the information track by the
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comprises a transparent plate 31 having a reflective surface 33 facing the radiation source 25,
which transparent plate is arranged at an angle of 45° with respect to the optical axis 27 of the
radiation source 25. Furthermore, the scanning device 15 comprises a collimator lens unit 35
with an optical axis 37 and an optical lens system 39 according to the invention, with an

20  optical axis 41, the collimator lens unit 35 being arranged between the beam splitter 29 and
the lens system 39. In the embodiment shown, the collimator lens unit 35 comprises a single
collimator lens 43, while the lens system 39 comprises a first lens, or objective lens 45, and a
second lens, or auxiliary lens 47, arranged between the objective lens 45 and the record
carrier 9. In the embodiment shown, the optical axis 37 of the collimator lens unit 35 and the

25  optical axis 41 of the lens system 39 coincide and enclose an angle of 90° with respect to the
optical axis 27 of the radiation source 25. The scanning device 15 further comprises an
optical detector 49 of a known and conventional type, arranged behind the beam splitter 29
with respect to the collimator lens unit 35.

During operation, the radiation source 25 generates a radiation beam 51 which

30 s reflected by the reflective surface 33 of the beam splitter 29 and is focused by the lens
system 39 to a scanning spot 53 on the information layer 13 of the record carrier 9. The
radiation beam 51 is reflected by the information layer 13 to a reflected radiation beam 55
which is focused on the optical detector 49 via the lens system 39, the collimator lens unit 35

and the beam splitter 29. For reading information present on the record carrier 9, the radiation



with an optical axis 37 and an optical lens system 39 according to the invention, with an 20 optical axis
41, the collimator lens unit 35 being arranged between the beam splitter 29 and the 82)}5\% b %%4'”
the embodiment shown, the collimator lens unit 35 comprises a single collimator lens Shie %

lens system 39 comprises a first lens, or objective leng 45, and a second lens, or auxiliary lens 47,
arranged between the o tive lens 45 and the recqr embodiment shown, the
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also compnisearfoged on the slide 19 but in a fixed position with respect to the frame 7, and in Whlch
the optical axis 37 of the collimator lens unit 35 is directed parallel to the radial directions X,
X'. In these embodiments, only the lens system 39 and an additional mirror are arranged on
the slide 19 so that the displaceable mass of the slide 19 is reduced.

20 As is further shown in Fig. 2, the optical scanning device 15 comprises a first
actuator 57 and a second actuator 59. The lens system 39 is displaceable through relatively
small distances parallel to the optical axis 41 and through relatively small distances parallel
to the X direction by means of the first actuator 57. By displacing the lens system 39 parallel
to the optical axis 41 by means of the first actuator 57, the scanning spot 53 is focused with a

25  desired accuracy on the information layer 13 of the record carrier 9. By displacing the lens
system 39 parallel to the X direction by means of the first actuator 57, the scanning spot 53 is
maintained with a desired accuracy on the information track to be tracked. To this end, the
first actuator 57 is driven by said control unit of the optical player receiving both a focus
error signal and an error tracking signal from the optical detector 49. The collimator lens 43

30  of the collimator lens unit 35 is displaceable through relatively small distances parallel to the
optical axis 37 by means of the second actuator 59. By displacing the collimator lens 43
parallel to the optical axis 37 by means of the second actuator 59, spherical aberration of the
radiation beam 51 caused by the transparent protective layer 11 of the record carrier 9 can be

corrected. Such a spherical aberration is mainly caused by fluctuations of the thickness of the



15 example, embodiments in which the radiation source 25 and the collimator lens unit 35 are not
arranged on the slide 19 but in a fixed position with respect to the frame 7, and in W'%jcﬁ%“%%@%%&
axis 37 of the collimator lens unit 35 is directed parallel to the radial directions X, X. &2
embodiments, only the lens system 39 and an additioréal mirror are arranged on the slide 19 so that

the displaceable mass of the slide 19 is redﬂced, 20 AS is further shown in Fig. 2, th ospéical scanning
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so that a centerline of the first lens body 67 directed perpendicularly to the boundary face 71
constitutes an optical axis 73 of the objective lens 45. The second lens body 69 has a
boundary face 75 on a side remote from the objective lens 45, so that a centerline of the
second lens body 69 directed perpendicularly to the boundary face 75 constitutes an optical
20  axis 77 of the auxiliary lens 47. The two lens bodies 67 and 69 are provided with a lacquer
layer 79 by means of a known and conventional replica process on their side remote from the
boundary face 71, 75, so that an aspherical lens surface is obtained. The reference numeral 81
on the objective lens 45 and the auxiliary lens 47 denotes a superfluous quantity of lacquer
which is left on the relevant lens body 67, 69 after the replica process.
25 A specific embodiment of the optical lens system 39 changes the parallel
radiation beam 51 having a wavelength of 400 nm to a converging beam having a numerical
aperture (NA) of 0.85 which forms the scanning spot 53 on the information layer 13 through
the protective layer 11 of the record carrier 9. The free working distance between the optical
lens system 39 and the protective layer 11 is 0.15 mm, while the protective layer 11 has a
30 thickness of 0.1 mm and a refractive index n = 1.624 at said wavelength of the radiation
beam 51. The first lens 45 of the optical lens system 39 has a diameter of 4.14 mm, a
thickness of 2.319 mm on the optical axis 73 and an entrance pupil diameter of 3.0 mm. The
lens body 67 of the first lens 45 is made of Schott glass FK 5 having a refractive index of

1.499 and an Abbe number of 70. The convex surface of the first lens 45 facing the



fitting 63 for the first lens, or objective lens 45, and a second fitting 65 for the second lens, or auxiliary
lens 47. The objective lens 45 and the auxiliary lens 47 comprise a part of a substa%’%lé/ S h%p%b4
first lens body 67 having a first diameter Di and a substantially spherical second lens boc?)(; 8
respectively, having a second diameter D2 which is spmaller 15 than D1. The first lens body 67 has a
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15 convex surface of the second lens 47 directed towards the first lens 45 has a radius of

curvature of 0.85 mm. The aspherical shape of the convex surface is given by the above-
mentioned equation, in which the values of the coefficients A, to A are 0.6052026,
0.21991899, 0.12419616, 0.023176954, 0.15057964, 0.56573255, -1.2308544 and
0.73899785, respectively. The aspherical shape is realized with an acrylic lacquer layer 79

20  which has a thickness of 7 micrometers on the optical axis 77. The boundary face 75 on the
other side of the second lens 47 has an infinite radius of curvature. The overall weight of the
first and the second lens is 53 grams. The chromatic displacement of the free working
distance of the objective system is only 0.18 micrometer/nanometer. The decentering of the
first and the second lens must be smaller than 14 um. The angle between the optical axes of

25  the two lenses must be smaller than 0.7 mrad. The radii of the lens bodies of the first and the
second lens should not deviate more than 40 micrometers from the nominal values of the
radii. This objective system, whose optical properties must comply with stringent
requirements, which become manifest, inter alia, in said narrow tolerances, can be
manufactured in a relatively simple way by means of the measures according to the

30 invention.

For obtaining a correct optical operation of the lens system 39, the optical axes

73, 77 of the objective lens 45 and the auxiliary lens 47, viewed perpendicularly to the optical

axis 41 of the lens system 39, should coincide within very accurate tolerances and should be



in which z is the position of the surface in the direction of the optical axis 73 in millimeters, r is the
distance to the optical axis 73 in millimeters, and Ak is the coefficient of the ka' powgr E%Thervfdtﬁs
of the coefficients A2 to A16 are 0.2643886, 0.008869125, -3.3763645 10-6, 10 0.0 9 b38
-0.0013369808, 0.0006112074, -0.00014547052 and fl'2928731 10-5, respectively. The boundary
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inner walls 83 and 85 can be provided accurately in the lens holder 61 by means of a
conventional tool such as a lathe. Subsequently, the auxiliary lens 47 is first arranged and
secured in the second fitting 65. In the embodiment shown, the auxiliary lens 47 is secured in
the second fitting 65 by means of a press fit of the second spherical lens body 69 in the

20  second inner wall 85. However, the auxiliary lens 47 may be alternatively secured in the
second fitting 65 in a different manner, for example, by means of a glue. Subsequently, the
objective lens 45 is arranged in the first fitting 63, so that the objective lens 45 is centered
with respect to the auxiliary lens 47 in directions perpendicular to the centerline 87. The
optical axis 73 of the objective lens 45 is subsequently aligned parallel to the optical axis 77

25  of the auxiliary lens 47 by means of a known and conventional interferometric aligning
process. In this process, the objective lens 45 is tilted by means of a known and conventional
manipulator through a limited angle about a tilt axis extending perpendicularly to the
centerline 87. Since the objective lens 45 comprises more than half of the spherical lens body
67, the objective lens 45 remains completely in contact with the first inner wall 83 during

30 tilting, so that the accurate mutual centering of the objective lens 45 and the auxiliary lens 47
in directions perpendicular to the centerline 87 is not influenced when the objective lens 45 is
being tilted. The objective lens 45 is finally secured in the first fitting 63 by means of a glue.
As is further shown in Fig. 3, the first fitting 63 and the second fitting 65 of the lens holder
61 are substantially bush-shaped, the first fitting 63 having an annular flange 89 with which



respectively, with a common centerline 87 coinciding with the optical axis 41, the first inner 5 wall 83
having a diameter which is substantially equal to the first diameter Di, and the seco%l ner allzﬁi/4
having a diameter which is substantially equal to the second diameter D2. Furthermore, et(héno

lens 45 and the auxiliary lens 47 comprlse more than e half of the first spherical lens body 67 and
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45 engages the annular face 95, the optical axis 73 of the objective lens 45 extends accurately
parallel to the centerline 87. As is further shown in Fig. 4, an annular body 97 is arranged
20  around the second fitting 65 and the cone-shaped central part 91, which annular body is made
of an elastic material such as polyethylene and serves as a bumper to prevent damage of the
record carrier 9 due to mechanical contact between the lens system 39' and the record carrier
9.
The scanning device according to the invention may be used for writing and
25  erasing information on a magneto-optical record carrier when the scanning device is provided
with a magnet coil for generating a magnetic field at the location of the scanning spot 53. The
magnet coil in the lens system 39" may be wound around the second fitting 65, as is shown in
Fig. 4, where it replaces a part of the annular body 97 or with which it is integrated.
Fig. 5 shows a third embodiment of a lens system 39" according to the
30 invention, in which a magnet coil 120 is placed under the second fitting 65 and secured to a
side 122 of the second fitting 65 remote from the first lens 45. The second fitting 65 extends
below the center 121 of the auxiliary lens 47. Consequently, the auxiliary lens 47 can be
positioned and fixed on the well-defined second inner wall 85 of the second fitting 65,

whereas the less well-defined inner side of the magnet coil 120 has no influence on the



12 the lens holder 61 is secured to the first actuator 57. The bush-shaped fittings 63, 65 are
interconnected through a hollow cone-shaped central part 91 so that the lens holde 1[gh ab rei¥04
satisfactory rigidity and accuracy of shape. The mutual positions of the objective Iens Sha e
auxiliary lens 47 are substantially not mfluenced by fo ces of acceleration. 5 The second embodiment

of a lens system 39' a rd| (6] th on, shown'in Fig. 4, is.also suit able for yse in the
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Consequently, the positioning of the auxnlary Iens accordlng to the invention remains
possible. The magnet coil 120" is arranged on the peripheral boundary face 75'. The magnet
coil has such a height that it does not project under the central boundary face 123. The outer
diameter of the magnet coil is preferably smaller than the diameter of the inner wall 85 in the

20  case where the fitting 65 extends as far as the height of the coil. The outer diameter of the
magnet coil may be larger than the diameter of the inner wall 85 in the case where the fitting
65 does not project under the boundary face 75'. The magnet coil 120" may be formed by a
wire winding or by a vapor-deposited metal track, for example, in the form of a spiral. The
small thickness of a vapor-deposited metal track provides the possibility of rendering the

25  height of the central boundary face 123 and the peripheral boundary face 75' equal, which
improves the possibilities of manufacturing the auxiliary lens 47

Fig. 7 shows diagrammatically a method of aligning the auxiliary lens 47 of

the lens system 39' shown in Fig. 4 with respect to the objective lens 45. As described
hereinbefore, the optical axis 73 of the objective lens 45 is in an accurate position parallel to

30 the centerline 87 because the boundary face 71 of the objective lens 45 engages the abutment
93 extending perpendicularly to the centerline 87. In accordance with the method shown in
Fig. 7, the second fitting 65 of the lens holder 61 is provided on a side remote from the
objective lens 45 with an annular end face 99 extending perpendicularly to the centerline 87.

The auxiliary lens 47 is positioned in the second fitting 65 by means of an aligning tool 101



below the center 121 of the auxiliary lens 47. Consequently, the auxiliary lens 47 can be positioned
and fixed on the well-defined second inner wall 85 of the second fitting 65, Whereaszg-uo%less ber 2004
well-defined inner side of the magnet coil 120 has no influence on the 20 December geqgne
positioning of the auxiliary lens 47. By placing the ma%]et coil under the second fitting, the inner
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a spiral. Tineaysbegitohidkdéss oirg legpocade ppitdthenetai ted ek pnacid esthine qussibdiby oheamdefring the
25 hﬁ'@ht fetr}ﬁeft:nen(}ral bo ndei\(r%face 123 and the p?ri heral houndary face 75' equal, which

improves the pOSSCIbi |(|:88ré1|‘n anu %(':%’ﬁﬁg'jophéngur%]ﬁlafr\i/g'gr?'s ?W@’.'? shows diagrammatically a
method of aligning the atigili@shoevssiagammatically how the auxiliary lens 47 of the lens system 39'
shown in Fig. 4 is aligned with respect to the centerline 87. First, the auxiliary lens 47 and
then the objective lens 45 is arranged in the lens holder 61 in accordance with this alternative
method. The auxiliary lens 47 is positioned in the second fitting 65 by means of an aligning
20  tool 105 having a first part 107 with a first alignment face 109 and a second part 111 with a
second alignment face 113. The second alignment 113 is an end face of a circular-cylindrical
mandrel 115 which belongs to the second part 111. In an assembled state of the first part 107
and the second part 111 of the aligning tool 105, shown in Fig. 8, the two alignment faces
109 and 113 are accurately parallel. In accordance with the alternative method, the first
25  fitting 63 of the lens holder 61 is placed on the mandrel 115 so that the abutment 93 of the
first fitting 63 is supported by the second alignment face 113. The auxiliary lens 47 is
positioned in the second fitting 65 by means of the first alignment face 109, with the
boundary face 75 of the auxiliary lens 47 being supported by the first alignment face 109. In
the assembled state of the aligning tool 105, shown in Fig. 8, a free space 117 is present
30  between the first alignment face 109 and the second fitting 65, so that the position of the first
alignment face 109 with respect to the second alignment face 113 is not influenced by the
presence of the second fitting 65. The boundary face 75 of the auxiliary lens 47 is thus
accurately positioned parallel to the abutment 93 so that the optical axis 77 of the auxiliary

lens 47 is accurately aligned parallel to the centerline 97. By subsequently positioning the



the lens system 39' shown in Fig. 4 with respect to the objective lens 45. As described hereinbefore,
the optical axis 73 of the objective lens 45 is in an accurate position parallel to 30 thg CBnteFHBer%M
because the boundary face 71 of the objective lens 45 engages the abutment 93 ex %nael(r:]eg ¢
perpendicularly to the centerline 87. In accordance Wi# the method shown in Fig. 7, the second fitting
(0} apnular end

65 of the lens holder 61 _is provided on a side remote the objective lens 45 with an
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tool 105, sthiavaten Bigofdththeetawad fikgimon 6561 fadkeat the boundary face 75 is countersunk in the
second fitting 65.
Information which is present on the information layer 13 can be read or
erased, or information can be written on the information layer 13 by means of the above-
20  described optical player according to the invention during scanning of the information layer
13 of the record carrier 9. It is to be noted that the invention also relates to optical players
with which information present on an information layer of a record carrier can only be read.
It is to be noted that the invention also comprises embodiments in which at
least one of the two fittings 63, 65 of the lens holder 61 has an inner wall which is not
25  completely circular-cylindrical and, viewed parallel to the centerline 87, has a constant
diameter, as in the embodiments described above, but is only partly circular-cylindrical or,
viewed parallel to the centerline 87, has a constant diameter through a limited distance. In
such embodiments, the relevant lens is arranged between the circular-cylindrical part of the
inner wall with the constant diameter.
30 It is also to be noted that the objective lens of the objective system may
comprise more than half of a spherical body and the auxiliary lens may comprise half or less
than half of a spherical body. The advantages of positioning the objective lens, obtained by

the spherical shape, simplify the alignment of the objective system.



109 and 113 are accurately parallel. In accordance with the alternative method, the first 25 fitting 63 of
the lens holder 61 is placed on the mandrel 115 so that the abutment 93 of the firsté} Bg 63 IS 004
supported by the second alignment face 113. The auxiliary lens 47 is positioned in the seconoeflgtlng
65 by means of the first alignment face 109, with the undary face 75 of the auxiliary lens 47 being
supported by the first aI nt face 109. In the a seémble the alignj | 105, shown in
Fig. 8, a free space 117 Plasikit SUSCARIEANId aa@ﬁ i 207 L SPL Q8 BRA ring 65,
so that thejgrgsitighaviritie ﬁrgi ala@ﬂreeimfmbé%wmhﬁeapﬂgém\taeﬁmﬂmdrﬁbgem@nhf9¢|@e113 is not
influenced b esence of the second fitting 65.. The boundary fac %ﬁf the a Ila s47is
thus. acouTERIYJCRR e B NEE S YL R S GRS DS BT P RILC SRy fem
47 is accusat;eiwabgmad phiskel teditareeictiodely camﬁtteseamertﬁyrpmmcmmhbac%ﬂ) [execember
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accu ratelymiwmﬂnglm faspg chdadbenatiosl rastis fiifind el asixiidinblerfsr4fie fiagaigoing tool 105
required in accordance with this alternative method has a less simple structure than 5 the aligning tool

101 shown in Fig. 7. An advantage of the alternative method is, however, that, in addition to the two
circular-cylindrical inner walls 83 and 85, the lens holder 61 only needs to be provided with the
abutment 93 extending perpendicularly to the centerline 87. The abutment 93 and the inner walls 83,
85 may be accurately provided in a single process step by means of a conventional tool such as a
lathe, so that the alternative method is also 10 relatively simple. Since the free space 117 in the
assembled state of the aligning tool 105 shown in Fig. 8 is present between the first alignment face
109 and the second fitting 65, the boundary face 75 of the auxiliary lens 47 projects through a small
distance from the second fitting 65 after manufacture of the lens system 39'. This may be prevented,
for example, by providing the first part 107 of the aligning tool 105 with a circular alignment face which
is 15 raised with respect to the first part 107 and has a diameter which is smaller than the second
diameter D2 of the second fitting 65, so that the boundary face 75 is countersunk in the second fitting
65. Information which is present on the information layer 13 can be read or erased, or information can
be written on the information layer 13 by means of the above-



20 described optical player according to the invention during scanning of the information layer 13 of
the record carrier 9. It is to be noted that the invention also relates to optical playersz&EE Whi%h 0
information present on an information layer of a record carrier can only be read. Itisto 5650 g{jzt%a%
the invention also comprises embodiments in which aFHeast one of the two fittings 63, 65 of the lens
holder 61 has an jnner wall which is not 25 completely circular-cylindrical and, viewed parallel to the
centerline g’f’%‘é\é% constant diameter, as in the embodiments described above, but is only partly
circular-cylindrical or, viewed parallel to the centerline 87, has a constant diameter through a limited
distance. In such embodiments, the relevant lens is arranged between the circular-cylindrical part of
the inner wall with the constant diameter. 30 It is also to be noted that the objective lens of the
objective system may comprise more than half of a spherical body and the auxiliary lens may
comprise half or less than half of a spherical body. The advantages of positioning the objective lens,

obtained by the sphericahshiapa) STy s RIIBMEAAORE-ARIBHE SY Rioa FARsARARET 2004

16 Finally, it is to be noted that the assembly of the magnef coil and the second lens as shown in Figs.
5 and 6 mERERCIBCOSL AaIBR \WHjER (HGaNsREIAVEehHONIRGES I yatiation SOHEF feans! AR PRIESH Ebjective

system COQ}EféﬁiﬂHiﬂﬂgrlepﬁE%ﬂeaQﬁ‘ﬁﬁld%W&lﬁkﬁﬁcﬁ%ﬁ‘i&96H%8§ﬁfjr‘%l[]€dﬁ&?iﬁrbtﬁ‘d?ﬁilbﬁ‘bk??r% the

second lenS comprises more than half of a spherical lens 5 body. The space around the second lens
under the EEHAOBPHESEDAGIRMYNS FRARY itk TUimpBaRilswRig e ARIRETRSYsEAMBEESS in the

fitting ind 3 HaERNRHY ARG MBROASTHEAYINGC: BRARIND fir st 0Qthskdntiaiy Wpie i c AR el SHRANY

device for scanning an information layer of an optically readable record carrier, which scanning device

comprisesfH YeARE6 Asba fdstamaiehae R e copsianseRmasHsie RRELGE asRFerdreEhsinialMdiation
beam, supgjipdiéaIaBRs BBAY RittNesdashatientePaae: ecaniainfiB@SRAlPNIRMANG At ayer. the

objective system being 5 provided with a first lens comprising a part of a first, substantially spherical

lens body Aametefirftechianarifesarendicnisidreings blatecbnbsandiabyitidipgriipal¥ea second,

f#b?_ta?tiaﬂﬁal%lét@%ﬁl it BRLORYir AR SRCORDRETHRS EnFRiSERRINE TiasRIeh héFHe frsedies than
r
© Ilg the second spherical lens body, respectively.

2. An optical scanning device as claimed in claim 1, wherein at least one of the
first and the second lens is bounded on one side by a boundary face extending
perpendicularly to the optical axis.

15
3. An optical scanning device as claimed in claim 1, wherein the first and the

second lens are secured in a fixed position with respect to each other.

4, An optical scanning device as claimed in claim 1, wherein a side of at least

20  one of the first and the second lens has an aspherical shape.

5. An optical scanning device as claimed in claim 1, wherein at least one of the
first and the second lens body comprises a transparent material having an Abbe number
which is larger than 63.

25
6. An optical scanning device as claimed in claim 1, wherein the first and the

second lens body comprise the same transparent material.



diameter, the first and the second center being situated substantially on the optical axis, characterized
in that the first and the second lens comprise more than one half of the first and 10 I3ﬁeconﬁ 004
spherical lens body, respectively. 2. An optical scanning device as claimed in claim I, w &8l ezgttzleast
one of the first and the second lens is bounded on onl%side by a boundary face extending
perpendicularly to the optical axis. 15 3. An optical scanning device as claimed jn claim 1, wherein the
first and thé. second lereSPRELSFARTINA SRRUEFAS SR Ao 1 Eih Shlast 8RR dftcal
scanning dayichashelséaied lerslaivaylcoveiiedd asiaepafat ieasiridlhanm@hthdriicsi/anadihe second
lens has an as hericaLlsh e. 5, An optical scanning device as claimed in claim 1, wherein at least
one of thewnﬁﬁdﬁarﬂ’? ge%ﬁ&'%hs body comprises a transparent material having an Abbe number
which is larger than 63. 25 6. An optical scanning device as claimed in claim 1, wherein the first and

th lens bod ise the same t t material 20 her 2004 18 7 An optical
Scanming Bevice as caiRBRT AL QPO SRR b A A B SRS body

comprisesagriapsiarend soedadalduadig facefractive index which is smaller than 1.54. 5 8. An optical
scanning device as claimed in claim 1, wherein a magnet coil is arranged on the second boundary
face. 9. An optical scanning device as claimed in claim 8, wherein the second boundary face has a
central bogndary face apgh apirxipbeiaiing ediey fackistutical cmgsihehteppiieadeasis] the magnet coll

is arranged on the peripheral boundary face, and the part.of the second lens whjch is bounded by the
piane of 1SR AE S8 AL LR B oS RGP eh A A CE e Qe R L FRALSTAAHE body. 10
An oplical seticaliag Jehwanaamet aoilasldraign dn theprghsvithbaundgyecgibrtbianpast efithdrolder
comprisin afittir]g for %he second le w{ﬁh acent r{'ne and an inner diamegter, the centerline
substantiaffy 8hciang \}\(I‘imst??g%nﬁi?ga?%xé,p%%et%ebﬁtﬁ%'phera oundary face comprises more

than half of the second spherical lens body.

10. An optical scanning device as claimed in claim 1, provided with a magnet coil
15 and a lens holder comprising a fitting for the second lens with a centerline and an inner
diameter, the centerline substantially coinciding with the optical axis, and the fitting
extending along the optical axis in a direction from the first to the second lens up to beyond
the center of the second lens body, the magnet coil being secured on a side of the fitting
remote from the first lens and having an inner diameter which is substantially equal to the

20  inner diameter of the fitting.

11.  An objective system provided with a first lens comprising a part of a first,
substantially spherical lens body with a first center and a first diameter, and a second lens
comprising a part of a second, substantially spherical lens body with a second center and a

25  second diameter which is smaller than the first diameter, the first and the second center being
situated substantially on a center line, characterized in that the first and the second lens
comprise more than one half of the first and the second spherical lens body, respectively, and
the thickness of the first and second lens along the center line is less than the first and second
diameter, respectively, and in that a lens holder having a first fitting for the first lens and a

30 second fitting for the second lens is provided, the first fitting having a diameter substantially
equal to the diameter of the first lens and the second fitting having a diameter substantially
equal to the diameter of the second lens.



extending along the optical axis in a direction from the first to the second lens up to beyond the center
of the second lens body, the magnet coil being secured on a side of the fitting remoﬁ om tq)erfiﬁr@bAr
lens and having an inner diameter which is substantially equal to the 20 inner diamé&ter 6F e Fitet gd.
11. An objective system provided with a first lens comfgising a part of a first, substantially spherical
lens body with a first center and a first diameter, and a’second lens comprising a part of a second,
substantially spherical lens body with a second center and a 25 second diameter which is smaller than
the first diameter, the firsihespitaepiegansteantenbeingtable airidis iss@niiid ynongveanirediien
characteriz?ed in that the first ang the seco d_Ier;f comprise more than onga half of the firs.t| and the

second spiEROYEBRL LR VSR CeYACHRriaRANGAE TR MY YK P Y 1BRCAlbhg the
center lineriadabietieanrtheafiist andchasorst pliasaeter tiesgsietixelya dhglitshahadensdalider having a

first fitting for.the first lens gnd a 30 second. fiiting for the second lens |s provided, the first fitting having
2 diarieteP QUEL i RN CORISF R GO AP 0P B MECCRUIS A HEPLELDAGYTAHG having a diameter
substantiaiybstantidilg peepdimticater wf ttreddectiod dfmsoviinesntireraBRO4hbvad2ridedaptinal player
provided with.a ﬁable which is movable jn a, iven.dirgction of movementl, an optical scanning device
for scanniit) ik SFETRIHETF g Por P Rl Sy g dEK es X SRITRET B I can be placed on the
table, and a displacement device with 5 which at least an objective system of the scanning device is
movable in a direction substantially perpendicular to the direction of movement of the table,
characterized in that the optical scanning device is an optical scanning device as claimed in claim 1.





