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Optical scanning device for two types of record carriers.

The mventlon relates to an optical scanning device for scanning a first type of
record carrier provided with a first information layer and a first transparent layer having a first
thickness, and for scanning a second type of record carrier provided with a second information
layer and a second transparent layer having a second thickness which differs from the first

 thickness, said scanning device comprising a radiation source for supplying a scanning beam,

an objective system for converging the scanning beam through the first transparent layer to a
focus_ on the first information layer, and a radiation-sensitive detector for converting the
modt}lated scanning beam coming from an information layer into electric signals, the-

: radiaﬁon—sensiti%/e surface of the detector having such an effective size that it receives

radiation of a substantially complete scanning beam coming from the first type of record
carrier and from substantially the central part of a scanning beam coming from the second type

of record carrier.

Generally, the transparent layer in optical record carriers is intended for

_protecting the information layer from ambient influences and for providing mechanical

support to the information layer, in other words, the transparent layer functions as a substrate
for the information layer. The thickness of the transparent layer is 2 compromise between the
thickhess which is-desired to give the record carrier the desired rigidity and the thickness
which is desired in connection with the numerical aperture (NA) of the scanning beam
incident on the transparent 1ayer The NA of the objective system on the side of the record

carner is determined by the resolution which the scanning device must have, i.c. by the

B mformatmn density of the information layer. Generally, a higher NA is necessary for a larger

information density. For envisaged novel record carriers with a larger information density thus
requiring a higher NA, it is often necessary to reduce the thickness of the information layer so
as to decrease th_e influence of tilt of the record carrier on the quality of the focus, or scanning
spot. In fact, this influence will be greater at a higher NA. With the advent of novel record
carriers hath lafger information densities, different types of record carriers having different

~ thicknesses of the transparent layer will be on the market. A compatlble scanning device w:ll .
_ have to be able to scan the different types of record camers, mdependently of the thxckrms of .
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the transparent layer. Scanning a record carrier is herein understood to mean the movement of
a scanning spot formed by the scanning beam and the information layer relative to each other
for the purpose of reading, writing and/or erasing information.

The transparent layer, through which the scanning beam passes, introduces
spherical aberration in the scanning beam. In the design of the objective system, the
transparent layer can be taken into account so that this system can compensate said spherical

aberration. However, since a given objective system can compensate only for a given

~ thickness of the transparent layer, the quality of the scanning spot will deteriorate due to the

under or overcompensated spherical aberration when using this objective system for scanning
a record carrier having a different thickness, as is envisaged for a compatible scanning device.

US-A 5,708,638 (PHN 15.724) discloses a compatible scanning device
designed for scanning a first type of record carrier having a larger information density, for
example, a record carrier known as DVD. To prechide the detriimental influence of spherical
aberration when scanning a second type of record carrier having a smaller density, for
example, a record carrier known as CD, it has been ensured that the detector receives only
radiation coming from the central part of the pupil, i.e. the central part of the scanning beam
coming from this record catrier. When scanning the first type of record carrier, the detector
receives radiation of the entire scanning beam coming from this record carrier. These
conditions can be fulfilled by édaptihg, for example, the size of the rédiation-sensitive surface
of the detector in such a way that, when scanning the first type of record carrier, this size is
equal to the cross-section of the scanning beam at the location of the detector, whereas the
radiation-sensitive surface comprises only thé central part of the beam cross-section of the
scanning beam coming from the second record carrier when scanning the second type of
record carrier. Use is made of the fict that the spherical aberration, which occurs when
scanning the second type of record carrier, mainly occurs in the peripheral part of the scanning
beam. By detecting only radiation coming from the central part of the pupil diameter, which
central part is, for example, 55% of the pupil diameter, and not detecting the peripheral part of
this beam, it is achieved that the beam is reasonably free from spherical aberration for this
detector, while this beam still has a sufficient intensity to supply satisfactory signals.

The detector does not only supply an information signal, which represents the

 information read from the record carrier, but also a focus error signal. The latter signal, which

is representative of an axial deviation between the focal plane of the objective system and the

plane of the information layer, is used to correct the axial position of the focus, for example,

by displacing the objective systern in the axial direction. A focus érror signal may be obtained,
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for example, by providing an astigmatizing element, for example, a cylindrical lens in the path

“of only the reflected scanning beam between the objective system and the detector, which

element converts the beam into an astigmatic beam. Such a beam has the property that the
shape of the radiation spot formed in the plane of the detector changes upon an axial
displacement of the focus of the scanning spot with respect to the information layer. This
change of shape can be observed with a detector consisting of four separate detector elements.

~ By combining the output signals of these detector elements in a given way, a focus error

signal, referred to as the astigmatic focus error signal, can be obtained. However, it has been
found that the desired focus error signal is not obtained when using the astigmatic focus '
detection method in a compatible scanning device with the above-mentioned small detector
surfé,ce fbr scanning the second type of disc. Instead of a smooth S curve having a steep slope
around zefo, the graph of the focus error signal has a jagged variation and a faint slope around
zero, so that the focus error signal obtained is not very well usable in practice. -

~ Itis an object of the invention to provide an optical scanning device of the type
described in the opening paragraph, in which a suitable focus error signal is obtained when
scanning the second type of record carrier without this being at the expense of the signals
obtained when scanning the first type of record carrier. To this end, the scanning device
according to the invention is characterized in that an aspherical surface having a size which is
substantially equal to the cross-section 6f said central part is present in the path of only the
modulated scanning beam between the objective system and the detector.

.. The invention is based on the recognition that, when scanning the second type
of record carrier, radiation of the scanning beam outside the central part of the pupil diameter
is still partly incident on the quadrant detector. Since this beam portion exhibits spherical
aberration, this detector detects a beam which is not only astigmatic but also exhibits spherical
aberration. Consequently, the radiation spot formed on the detector no longer has a well-'
detectable change of shape when focus errors occur. By providing an extra aspherical profile
in the detection branch of the scanning device, i.e. in the path of only the beam coming from
the record carrier and only in the central part of the pupil diameter, this spherical aberration is

c_ompgnsated. Consequently, the beam received by the radiation-sensitive surface of the

detector is sufficiently free from aberration to derive a satisfactory focus error signal, also
when scanning the second type of record carrier.
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' An embodiment of the scanning device, in which an astigmatic element is
arranged in the path of only the modulated scanning bedﬁ:‘,' is further characterized in that the
aspherical surface is constituted by a surface of the astigmatic element.

- For correcting the spherical aberration, it is then not necessary to place an extra

element in the detector branch, so that material costs and assembly time can be saved. The

astigmatic element, which may be a separate cylindrical lens but may be alternatively
constituted by another component of the scanning device, is necessary to render the modulated
scanning beam astigtnatic, so that a focus error signal can be derived frorn this bearn.

A preferred embodiment of the scanning device, in which the astigmatic
element is constituted by a cylindrical lens and in which the cylindrical lens is integrated with
a rotationally symmetric lens, is characterized in that the asphencal surface i is constituted by a

- surface of the rotatlonally symmeinc lens.

These and other aspects of the invention are apparent from and will be
elucidated with reference to the embodiments described hereinafter.

In the drawings:
 Fig. 1 shows an embodiment of a known scanning device with the scanning

beam radiation paths during scanning of a first type of record carrier,

Fig. 2 shows the same scanning device, but with the scanmng beam radiation
paths during scanning of a second type of record carrier;

Fig. 3 shows the principle of the astigmatic focus error signal generation;

Fig. 4 shows diagrams of the radiation spot formed on the detector of this
scanning device when scanning a second type of record carrier and at different focus settings;

Fig. 5 shows the focus error signal generated in the known scanning dev1ce
when scanning a second type of record carrier; '

Fig. 6 shows diagrams of the radiation spot formed on the detector of the

_scanning device according to the invention when scanning a second type of record carrier and

at different focus settings; _

Fig, 7 shows the focus error signal generated in the scanning 'device'according
to the invention when scanning a second type of record carrier;

Fig. 8 shows diagrams of the radiation spot formed on the detector of the
scanning device according to the invention when scanmng a first type of record carner and at
different focus settings; - "



10

15

20

25

30

WO 00/39791 PCT/EP99/10308

5

Fig. 9 shows the focus error signal generated in the scanning device according
to.the invention when scanning a first type of record carrier;

Fig. 10 shows an embodiment of a scanning device according to the invention;

Fig. 11 shows an integrated optical element with an aspheriéal profite for use in
this device, and : .

Fig. 12l shows an exampl'e of an aspherical profile according to the invention.

Fig. 1 shows a compatible scanning device for scanning a first type of record
carrier 1 and a second type of record carrier 31 (Fig. 2). The record chrﬁer-l, only a small part
of which is shown in a radial cross-section, has a transparent layer 2, one side of which is
provided with an information layer 3. The side of the informaﬁon layer remote from the
transparent layer is protected from ambient influences by a protective cbating 4. The
transparent layer functions as a substrate of the record carrier because it mechanically supports -
the information layer. Alternatively, the transparent layer may only have a protective function,
while the mechanical support is giveﬁ by a layer on the other side of the information layer, for
example, by the protective coating 4 or by a combination of a further transparent layer and an
information layer provided on the information layer 3. Information in the form of optically
detectable areas arranged in.substantially parallél, concentric or spiral tracks in the information
layer may be stored on the record carrier, which tracks are not shown in Fig. 1 but are
perpendicular to the plane of the drawing in the cross-section shown in this Figure. The
information areas may have any optically readable form and may be, for example, pits or areas
having a different reflection coefficient or a different direction of magnetization than their
surroundings, or they may be a combination of these forms. The record carrier 1 is, for
example, of the type knoWn as DVD and has a large information density, and its transparent
layer 2 has a relatively small thickness, for example 0.6 mm.

The scanning device comprises a radiation source 5, for example, a diode laser

| emlttlng a diverging radiation beam, or scanning beam, 6. This beam is reflected to a

collimator lens 8 by a mirror 7. This lens converts the beam into a parallel beam 9 which is

incident on an objective lens 10. This lens converts the beam into a converging beam 12

| forming a focus, or scanning spot, 13 on the information layer 3. The collimator lens and the

objective lens may be replaced by a single lens which converts the diverging beam 6 into the
converging beam 12, The single lens may also be replaced by a hologram operating in
transmission or in reflection, or by a separating grating provided on a waveguide in which the
scanning beam'propagates. Radiation from the converging beam 12 which is reflected and
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modulated by the information layer and forms a reflected and modulated beam 15 returns
along the path of the converging beam 12. To Seiaarate'"the reflected beam from the projected
beam and to direct it onto a radiation-sensitive detector 22, oh which .this beam forms a
detector spot 23, a beam splitter is arranged in the radiation path. This beam splitter may
consist of a splitting mirror but is preferably constituted by a polarization-sensitive splitting
prism 17 in combination with a /4 plate 18, in which A is the wavelength of the scanning
beam. A A/4 plate 19 may be arranged between the radxatlon source S and the splitting prism
17 so as to adapt the state of polanzatton of the bcam etnrtted by the source to the drrectlon of

* ‘polarization of the spliiting prism.

Durmg scannmg, for example for readmg a record camer, the scanmng spot 13
and the record carrier are moved with respect to each ‘other i m the track chrectron so that a track

is scanned completely. By movmg the scanning spot and the record carrier with respect to
“each other in the radial direction, perpendrcular to the track drrcctron, the complete record :

~ carrier can be scanned. The detector 22 converts the mcrdent beam into one or more electric
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signals. One of these srgnals isan mformatron srgnal 24 whlch represents the information read
from the record catriet. Another srgnal isa focus error srgnal 25 whrch is representatrve ofa

' possible deviation between the axial posmon of the focus 13 and that of the information layer

3. The signal 25 is used in a focus servosystem for correctmg the posmon of the focus with-

‘respect to the information layer, for example by movmg the objectwe lens 10 in the axial

direction.

Fig. 2 shows the same scanmng devrce as Fxg 1, but now in combmatron witha

" second type of record carrier 31, for example, of the type known as audro CD. Thls record

carrier comprises a transparent layer 32, an mformatron layer 33anda protective coatmg 34
and thus has the same construction as the record carner 1. However, the transparent layer 32
of the record carrier 31 has a larger thxckness for example, 1.2 mm, than the thickness of the
record carrier 1, while the record carrier 31 has a sn_lalle_r mfonnatron density than the record
carrier 1. The scanning device is designed for optimally reading the record carrier 1, and the
objective lens 10 is'designed in such a way that it forms'.a best focus on the information layer
3, i.e. a focus with a Strehl ratio which is close'to 1. For thrs reason, the objective lens is

carrected for the spherical aberration which occurs when an uncorrected, converging scanning

beam 12 p‘ass‘es'the transparent layer 2, i.e. as in the situation depicted in Fig. 1. The wave
front of the corrected convergmg beam 12 is, in pnncrple, hencal near the focus 13. For the
situation depicted in Fig. 2, it holds that the mformatron layer 33 of the record carrier 31 can
be satisfactorily scanned by the beam 12 if the axial position of this layer is not the position of
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the best focus but the position of the paraxial focus of the converging beam 12. If the
ihformation layer 33 is present at a different axial position than that of the paraxial focus, the
quality of the focus, or scanning spot, 35 deteriorates rapidly, which results in a reduced
quality of the signals supplied by the detector. In a small area around the position of the
paraxial focus, the wave front of the converging beam exhibiting aberration is substantially
spherical in a central part of the aperture. The scanning spot has a small central area with a
high intensity, coming from radiation from the central part of the aperture and, around the
cenﬁral aréa, a large area with a low intensity, coming from radiation outside the central part of
the aperture. The quality of the central part of the scanning spot 35 is sufficient to scan the
information layer 33, and it can be ensured that the outer part is not used for scanning. When
scanning with the paraxial focus, the central part of the wave front is relatively flat, but the
outer part of this Wave front has a strong deviation. Due to this deviation, the direction of the
border rays changes so that it becomes possible to prevent these border rays from contributing
to the detector signals. By choosing the radiation-sensitive surface of the detector to be so. . -
small that only radiation from the central part of the pupil can reach the detector when
scanning the record carrier 31, the disturbing effect of the uncompensated spherical aberration
on the detector signals can be substantially eliminated.

For generating a focus error signal when scanning an optical record carrier, the

reflected scanning beam may be rendered astigmatic and a quadrant detector may be used as

detector, as described, inter alia, in the article “Optics of Reflective Videodisc Players” in
SMPTE Journal, vol. 85, November 1976, pp. 881-886. The beam may be rendered astigmatic
by arranging, for example, a cylindrical lens 26 between the splitting prism 17 and the detector
22, as is shown in Figs. 1 and 2. This lens, whose cylindrical axis is, for example, parallel to
the X axis, ensures that the reflected scanning beam 16 in Fig. 1, or the central part 37 of the
reflected scanning beam 36 in Fig. 2, has two astigmatic focal lines 40 and 41, as is shown in
Fig. 3, instead of a single focus. This Figure shows the part of the radiation path from the
cylindrical lens 26. These focal lines are perpendicular to each other and are offset with
respect to each other in the axial direction. The broken line 42 indicates the axial position of
the radiation-sensitive surface of the detector 22, which detector is shown in a plan view in the
right-hand part of Fig. 3. If, as shown in Fig. 3, the cylindrical lens is a positive lens, the focal
line 40 is closer to this lens than the focal line 41. The scanning device is designed in such a
way that the axial distance between the detection plane 42 and the focal line 41 is as large as
the distance to the focal line 40 when the scanning beam 12 is focused on the information
layer. As is shown in the right-hand part of Fig. 3, the radiation spot 43 formed on the detector
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22 and being an image of the scanning spot 13 in Fig. 1, or 35 in fig. 2, is then round. If the
focus 13 of the scanning beam moves downwards with respect to the plane of the information
layer in Fig. 1, the focal lines in Fig. 3 move upwards with respect to the detection plane 42 so
that this plane is closer to the focal line 41 than to the focal hne 40. Then, the radiation spot 44
formed in this plane has the shape of an ellipse. whose major axls is parallel to the focal line
41. When the focus of the scanning beam moves upwards wnh respect to the information layer
in Fig. 1, the focal lines in Fig. 3 move upwards with respect to the detection plane 42. The
focal line 40 is then located closer to the detection plane 42 than the focal line 41 and the
radiation spot 45 has the shape of an ellipse whosi_e'maj'oz" axis is parallel to the focal line 40.
The size and direction of defocusing of the scanning beam with respect to the information

layer thus defines the shape of the radiation spot formed on the detector. This change of shape

can be detected because the detection comprises four detector elements 46, 47, 48 and 49
situated in different quadrants. If the signals of these detection elements are represented by
S46, S47, S4s and S49, the focus error- s:gnal Sf is defined by ' '

- Bg= (S46+S49) --ﬁ'(Séi+S4k)

' The information signal S; is defined by:

S;= s4;'+s4,+s4g+s49

It has been found that a satisfactory information signal of the two types of
record carriers can be obtained with the scanning device of Figs. 1, 2 and 3, but that, when
scanning the second type of record carrier, the focus error signal has sucha strong aberration
that it is not very well usable. This is caused by the fact that a part of the rays outside the
central part of the pupil, which central part covers, for example, 55%‘ of the pupil, is still
incident on the quadrant detector 22. This results in a radiation spot diagram as shown in Fig.
4. This Figure shows different detector spot diagrams 43, 44a’, 44b’, 452’ and 45b° for
different extents of defocusing Af. The diagrams of Fig. 4 and eubsequent Figures are the
result of calculating, for a large number of rays of the scanning beam, the positions where
these rays are incident on the detection plane 42. These diagraxps thus show the intensity
distribution across the detection plane. As is appalz'ent'ﬁ-oni Fig. 4, there is relatively little
intensity concentrated in the central part, and th1scentral part does not have a pfonounced
round shape for Af= (), or an elliptical -shape with a majbr axis at +45°, or —45°, with the
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honzontal axis of Fig. 4. In fact, the central part of the radlatlon spot on the detector does not
have a sufficient changé O?Shape from a left tilted ellipse via a circletoa right tilted ellipse at
a change from Af = -500 um via Af = 0 to Af=+500 pm. The Af values shown in Fig. 4 are
the values for the defocusing on the side of the detector 22, i.e. for defocusing the detection
spot, which values are related to those of the detection spot 35 via the square value of the
magn_iﬁcatioh M of the lens system 8, 9. The detector having a surface area of, fof example,
100 x 100 pm? is shown by way of broken lines in Fig. 4. _

Fig. 5 shows the focus error signal S¢which is generated in the scanning device _
in which nb further measures are taken. In this Figure, the defocusing Af; on the side of the
record car_riei-, i.e. the axxal distance_bemeen..ﬂxe- focus 35 and the information layer 33, is
plotted on the hbriz_ontal axis, and the focus error signal Sy is plotted on the vertical axis. The
curvé does not show the desired steep slope around zero (Afy = 0) and has a relatively flat and
irregular variation with several zeros. It will be evident that this signal is not very well usable
for correcting the focus of the scanning beam with respect to the record carrier 31.

.According to the invention, the focus error signal can be considerably improved

- by providing an aspherical surface in the detection branch of the device, i.e. in the radiation

path between the splitting prism 17 and the detector, which aspherical surface compensates the
asphericity of the border rays of the reflected beam 36 incident on the quadrant detector 22.
This surface only covers the central part of the pupil, i.e. 55% of the pupil in the above-
mentioned example. By adding the aspherical surface, the beam incident on the radiation-
sensitive surface of the detector will become considerably more purely astigmatic, as is
#pparent from a_corhparison between Fig. 4 and Fig. 6.

Fig. 6 shows the detector spot diagrams 43”, 44a”, 44b”, 45a” and 45b” which
apply to different defocusings Af on the side of the detector if said aspherical surface is
provided in the radiation path. Now, there is more radiation intensity in the central part of the
detector plane, and this central part has a clear shape which, as a function of the defocusing Af,
shows a clear variation, namely from a narrow strip (44a™) inclined to the left to,
consecutively, an ellipse (44b”) inclined to the left, a circle (43”), an ellipse (45a”) inclined to
the right and a narrow strip (45b™) inclined to-the right.

' The variation of the focus error signal St associated with the detector spot
diagrams of Fig. 6 as a function of the defocusing Af; on the side of the record carrier 31 is
shown in Fig. 7. This signal has 6nly one zero and a sufficiently steep slope around this zero
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--and is consequently very suitable for- correctmg the focus 35 w1th respect to the mformauon

layer 33.
Since the central aspherical surface is present 1n the radiation path, also when -

- reading a record carrier of the first type, whose transparent layer has a thickness of; for

examplé, 0.6 mm instead of, for example, 1.2 mm, this surface w;]l cause a spherical

- aberration in the detector spot 23. However, as is shown by the r'_a_diatiOn diagrams for this

detector spot at different defocusings Afin Fig. 8, the total sxzeof the detector spot 23, for Af
= 0, remains within the size of the detector 22, and this spot has the desired variation regarding

shape upon a change of the focus ‘Consequently, the quahty of the focus error signal is
- maintained when scanning the first type of record carrier, as is shown in Fig. 9. This Figure
.~ shows the focus error signal Seas a function of the defocusmg Afd on the side of the record

- carrier, when scanning a record carrier of the first type.

The central aspherical surface may be the surface of a separate element which is

- provided in the radiation path specially for the purpose of the'izivention Due to costs and

assembly aspects, which are very important for a consurier apparatus it is preferable to render
a central part of a surface of an optical clement which is already present, such as the lower side

-of the splitting prism 17 which is riot traversed by the proJected beam 6, or a surface of the

cylindrical lens 26 aspherical. -

Fig. 10 shows an embodiment of the scanning dewce in which a central part 55
of the upper surface of the cylindrical lens has beer rendered aspheneal. As is more clearly
shown in Fig. 3, the aspherical surface may be present on the flat side of the cylindrical lens.

- This surface covers, for example, 55% of the pupil'diameter"a'nd' is, for example, equal to the
. "cross-section, at the area of this surface, of the beam 15, the reﬂected beam if a record carrier

of the first type is scanned. The aspherical surface then covers 55% of the cross-secuon, at the
area of this surface, of the beam 36 which is reflected if a record carrier of the second type is

read. ' '
In practice, the detection branch of the device preferably includes an extra,

_ converging, lens so as to concentrate the radiation reflected by;ihe' record catrier on the

detector. Such a lens is preferably integrated with the cyli‘ndrical léns. In that case, the central
aspherical surface may be formed by a part of a surface of the extralens. Fig. 11 shows such
an integrated lens 57. The cylindrical lens portion thereof is:der;ored by the reference numeral

26’ and the spherical lens portion is denoted by the reference numeral 58. The curved surface

of the element 58 has a peripheral portion 59, which is sphencal and a central portion 60,
which is aspherical.
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An example of the surface profile of the lens element 58 is shown on a larger
scale in Fig. 12. The radlh"lﬂﬁistance r of the points of the surfaés to the optical axis 00’ is
plotted on the horizontal axis, and the height sag of these points, i.e. the position along the
optical axis, is plotted on the vertical axis. The curve 62 which represents the peripheral
portion, has a constant radius of curvature, while the radius of curvature of the curve 64, which
represents the central portion, varies with the radial distance r.

Dependent on the chosen magnification with which the scanning spot on the
information layer is imaged in the detector spot, the astigmatic detector spot formed when
scanning the first type of record carrier and the astigmatic detector spot formed when scanning
a second type of record carrier can be detected with the samme de’teét’or size. By displacing,
along the optical axis, the spherical surface part with respect to the aspherical surface part,
which is indicated by means of the curves 62 and 63 in Fig. 12, it can be ensured that the
optimal focus upon reading the second record carrier coincides with the optimal focus upon
reading the first record carrier. ' |
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-CLAIMS:

1. An optical scanning device for scanning a first type of record carrier provided
with a first mformatron layer and a first transparent layer having a first tluckness, and for
scanning a second type of record camer provrded with a second information layer and a
second transparent layer havmg a second thrckness which differs from the first thickness, said

scanmng device compnsmg a radxatron source for supplying a scannmg beam, an objective

' system for convergrng the scanning beam through the ﬁrst transparent layer to a focus on the

fi rst mformatron layer, and a radratron-sensmve detector for converting the modulated
scanmng beam commg from an mformatron layer rnto electnc sxgnals, the radiation-sensitive

‘surface of the detector havmg such an effectxve size that it recerves radiation from a

substantrally complete scanmng beam commg from the ﬁrst type of record carrier and from

' substantrally only the central part ofa scanmng beam commg from the second type of record
" carrier, characterized in that an asphencal surface havmg a size which is substantially equal to

the cross-section of said central part 1s present in the path of only the modulated scanning
beam between the objective system an_d the radratron-sensmve detection system.

2. An optical scanning device as'cla'imed in claim 1, in which an astigmatic

element is arranged in the path of only the modulated scanmng beam, characterized in that the
" asphencal surface is constituted bya surface of the as’ngmatlc element.

3. An optical scanning device as claimed in claim 2, in which the astigmatic
element is constituted by a cylindrical lens and in which the cylindrical lens is integrated with
a rotationally symmetric lens, characterized in that the aspherical surface is constituted by a
surface of the rotationally symmetric lens.
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