
EP 0146178 B1 Description The invention relates to a single lens having one
aspherical surface for the formation of a diffraction-limited scanning
radiation spot on an information surface of a transparent record-carrier 5
substrate which is traversed by a radiation beam which forms the radiation
spot and which substrate has a thickness of approximately 1.2 mm. The
invention also relates to an optical scanning unit provided with such lens.
Herein, a thickness of approximately 1.2 mm is to be understood to mean a
thickness of 1.20.3 mm. FR-A--2509478 discloses a single lens having one
spherical and one aspherical surface, briefly 10 referred to as a
mono-aspherical lens, which lens has a large diffraction-limited field and
a comparatively large numerical aperture (N.A.>0.25). The design of this
lens is based on the recognition of the fact that if a large numerical
aperture is required third-order coma is ignored deliberately so as to be
compensated for by coma of higher orders, so that the mono-aspherical lens
can yet have a comparatively large diffraction-limited field. 15    A
comparatively large numerical aperture and a comparatively large
diffraction-limited field are required in particular when the
mono-aspherical lens is to be used as an objective lens in an optical
scanning unit by means of which an information surface in an optical record
carrier is read or inscribed. This information surface must be scanned with
a minute radiation spot whose diameter is of the order of 1 pm. However,
the objective is required to have a large diffraction-limited field to
allow a sharp radiation 20 spot to be formed in points which are radially
offset from the optical axis of the objective, which is necessary to allow
small deviations in the position of the radiation spot relative to the
pattern of tracks in the information surface to be corrected. For reading
and/or inscribing an optical record carrier it is very advantageous If the
beam which is focused on the information surface traverses the transparent
substrate. This substrate, which inherently 25 has a specific thickness,
then acts as a protective layer which keeps dust particles, fingermarks,
scratches and the like at a considerable distance from the information
surface, thereby ensuring that they hardly affect the reading and/or
recording process. The mono-aspherical lens in accordance with FR-A-2509478
has been designed for imaging in free space and is therefore less suitable
for reading and/or inscribing an information surface through the record 30
carrier substrate. It is the object of the present invention to provide a
single lens having one aspherical surface which is eminently suitable for
this purpose. The design of this lens is based on the recognition of the
fact that in the case of imaging through a transparent plate the spherical
aberration caused by this plate must be allowed .for in the curvatures of
the lens surfaces and in the thickness of the lens. 35    According to the
invention the mono-aspherical lens is characterized in that the shape
factor [err] and the lens factor d [ERR] exhibit the following
relationship: [ERR] for lens magnifications between M=0 and M=0.222, the
values of the coefficients a, b and c for these magnifications and the lens
factor F for different values of the numerical aperture NA. and of the
refractive 50 index n of the lens material being given by the following
tables 



55 60 65 2    EP 0146178 B1 [ERR]    EP 0146178 B1 where d is the axial
thickness of the lens, f the focal length of the lens, [err] the paraxial
curvature of the aspherical surface, and C2 the curvature of the other lens
surface. The axial thickness of the lens is the thickness measured along
the optical axis of the lens. The paraxial curvature of the aspherical
surface is the curvature at the location of the intersection of this
surface with the 5 optical axis. The aspherical surface is defined
unambiguously by the paraxial curvature. The other points of the aspherical
surface are computed in conformity with the criterion that the lens must be
exempt of spherical aberration, which means that the optical pathlength is
the same for all rays from the on-axis object point to the corresponding
on-axis image point. 10    In general, it is not possible to find analytic
expressions for the coordinates of the desired aspherical surface. However,
using a modern computer it is no problem to make the pathlengths equal or,
which is in fact the same, to ensure that all image rays pass through one
point in an iterative manner for a plurality of rays at different distances
from the optical axis. In order to reduce the computing time it is
alternatively possible to elaborate the problem analytically 15 as far as
this is possible and to effect only the last step, namely the solution of a
transcendental equation, numerically, cf. E. Wolf Proc. Phys., Soc. 61 494
(1948). These methods ultimately yield a collection of discrete points of
the desired aspherical surface. If desired an approximative curve can be
drawn through this collection of points, which curve is represented by a
series expansion. The coefficients of this series expansion then define the
aspherical surface 20 unambiguously. A preferred version of a
mono-aspherical lens in accordance with the invention having a
magnification M=0, focal length f=4.5 mm, and a numerical aperture
N.A.=0.45 is characterized further in that the non-aspherical surface is a
plane surface and the paraxial radius of curvature R of the aspherical
surface satisfies the requirement 25 [ERR] 30 A preferred version of
another mono-aspherical lens in accordance with the invention having a
magnification M=0, a focal length f=4.5 mm and a numerical aperture
N.A.=0.50 is characterized further in that the non-aspherical surface is a
plane surface and that the paraxial radius of curvature R of the aspherical
surface satisfies the requirement 



[ERR] Surprisingly it has been found that a mono-aspherical lens having a
plane instead of a spherical 40 surface, briefly referred to as
plano-aspherical lens, can also meet the requirements of a large numerical
aperture and a large diffraction-limited field. In comparison with a
bi-aspherical lens a mono-aspherical lens has the advantages that only one
aspherical mould is required in the manufacture of the first-mentioned lens
by pressing or replica techniques but a plano-aspherical lens has even more
advantages. Indeed, a plane surface is easier to 45 manufacture than a
spherical surface and the aspherical surface of a plano-aspherical lens is
less likely to become off-centred; during assembly only the angular
position has to be aligned. It is to be noted that the idea of a single
lens having one aspherical and one plane surface has already been proposed
before. For example, reference may be made to United States Patent
Specification No. 2,530,397 which describes a lens having a plane front
face and a rear face in the form of a second-order 50 generated surface.
However, this lens must be combined with an aperture at some distance from
the lens body. The main purpose of the asphericity is to make the lens
non-astigmatic; making the lens free of coma or spherical aberration is not
discussed. Moreover, the lens in accordance with the United States Patent
Specification No. 2,530,397 has a small numerical aperture. A second
example is mentioned in German Patent Application No. 1,278,131, which has
been laid open to public inspection. In the description of the 55 German
Patent Application, which claims a lens having one aspherical and one
spherical surface, it is noted that the spherical aberration of a lens
having one plane surface can be eliminated by making the other surface
aspherical, but it is also stated that this is possible only for a lens
having a small numerical aperture. The known lenses have not been designed
for imaging through a transparent substrate and do not 60 exhibit the
combination of a large numerical aperture and a comparatively large
diffraction-limited field, which combination renders the lens in accordance
with the present invention eminently suitable as a read/write objective in
apparatuses for reading or Inscribing optical record carriers. Most read
apparatuses, namely those intended for reading record carriers containing a
video or audio program, are intended for the consumer market, which means
that they must be as cheap as possible, i.e. contain a minimal number 65 of
optical components and be easy to assemble. 4    EP 0146178 B1 A second
aspect of the invention concerns an optical scanning unit. Accrding to the
invention an optical scanning unit provided with a radiation source, a
collimator lens, and an objective for focusing the beam emitted by the
radiation source to form a radiation spot on an information surface on a
transparent record-carrier substrate is characterized in that the objective
comprises a single lens in conformity with the 5 above-mentioned
specifications and having a magnification M=0, and the aspherical surface
of the objective is directed towards the radiation source. Another version
of an optical scanning system provided with a radiation source and an
objective for focusing the divering beam emitted by the radiation source to
form a radiation spot on an information surface on a transparent
record-carrier substrate, is characterized in that the objective comprises
a single to lens in conformity with the above-mentioned specifications and
having a magnification M=-0.222, and the 



aspherical surface of the objective is directed towards the radiation
source. This embodiment does not employ a separate collimator lens, but the
functions of collimator lens and objective lens are combined in one lens
having an aspherical surface, which leads to a surprising combination of
functions this lens can perform. 15    In order that the objective has a
sufficiently large field the aspherical surface is directed towards the
radiation source. In particular if the lens comprises a glass body on whose
curved surface a plastics layer is deposited, this is advantageous. Indeed,
the plastics is softer than glass and is more susceptible to damage so
that, if the plastics layer forms the outer surface of a scanning unit, the
objective is more likely to be damaged by the user, for example if the user
wishes to remove dust from the objective. 20     The invention will now be
described in more detail, by way of example, with reference to the
drawings. In the drawings: Fig. 1 is a cross-sectional view of a lens in
accordance with the invention with a magnification M=0, showing the
radiation path through said lens towards the image plane, Pig. 2 is a
cross-sectional view of a lens in accordance with the invention with a
magnification 25 M=-0.222, showing the radiation path through this lens,
Fig. 3 is a cross-sectional view of a plano-aspherical lens in accordance
with the Invention, Figs. 4 and 5 show mono-aspherical lenses comprising a
glass body and a plastics layer, and Figs. 6 and 7 show optical scanning
units in accordance with the invention. In Fig. 1 a mono-aspherical lens 10
in accordance with the invention focuses a parallel beam b, i.e. a 30 beam
coming from an object at infinity (s=--), on the information surface 18 of
a record carrier 16, the beam traversing the transparent substrate. Only
the marginal rays of the beam b, which rays extend parallel to the optical
axis O-O', are shown. In this respect marginal rays are to be understood to
mean rays which just pass the edge of the pupil 11. The marginal rays,
which have been refracted by the aspherical surface 12, traverse the lens
10 with the axial thickness d, are subsequently refracted towards 35 the
optical axis by the spherical surface 13 and are finally refracted
bythefrontface of the substrate 17. The rays of the beam b) meet on the
optical axis namely in the information plane 1 8, which plane constitutes
the image plane of the mono-aspherical lens. The distance from the surface
13 of the lens to the image plane 18 is s'. The diameter of the pupil 11,
and consequently the effective diameter of the lens 10, is designated
[err]. The diffraction-limited image or radiation spot V in the image plane
18 has a small diameter. The 40 angle between the optical axis O-O' and the
marginal rays refracted by the surface 13 is a. The numerical aperture N.A.
is proportional to sin a. The aspherical surface 12 is paraxially defined
by the paraxial curvature [err], i.e. the curvature at the location of the
intersection 15 of this surface with the optical axis. The spherical
surface 13 has a curvature C2. 45     For a lens with a large
diffraction-limited field in which third-order field coma is compensated
for in an optimum manner by coma of higher orders and whose only aberration
is astigmatism the quotient [err], which quotient is referred to as the
shape factor is given by: [ERR] whilst in the present embodiment with a
magnification M=0 the coefficients a, b and c and the lens factor F=d/(n-1)
f for various values of the refractive index n of the lens material and of
the numerical aperture 55 N.A. of the lens are given by: N.A.=0.40
N.A.=0.45                 N.A.=0.50              F a       b        c
a        b        c        a        b       c 



n=1.50   -0.63    0.75    -0.47    -0.50    0.60    -0.41     -0.25    0.15
-0.16    0.8-1.5 n=1.75   -2.13    3.60    -1.62    -1.50    2.40    -1.03
-1.25    2.00    -0.85    0.7-1.5 n=2.00   -4.13    7.50    -3.27    -3.13
5.60    -2.35    -2.50    4.40    -1.76    0.7-1.5 The above values are
valid, for, for example, a plastics substrate with a thickness [err]=1.2 mm
and a 65  refractive index [err] in a range from approximately 1.48 to
approximately 1.7.    EP 0 146 178 B1 In a mono-aspherical lens of the
above type the shape factor is [ERR] the refractive index n=1.75, and the
axial thickness d=3.7 mm. The distance between the lens 10 and the image
plane 18 is s'=3.05 mm. The effective diameter of the lens is [err]=4.1 mm.
The pupil is situated at the location of the surface 12. The half-intensity
width (FWHM) of the radiation spot V in the image plane 18 10 is
approximately 1 [err], whilst the field has a radius of 100 [err]. When the
mono-aspherical lens with M=0 as shown in Fig. 1 is used as an objective in
an optical scanning unit, a collimator lens must be arranged before this
lens. It has been found that the mono-aspherical lens can be given such a
shape that a diverging beam produced by a radiation source can focused to
form a diffraction-limited radiation spot of very small dimensions, so that
a collimator lens may 15 be dispensed with, which means a substantial cost
reduction for the optical scanning unit. Fig. 2 shows the radiation path
through such a lens with a non-zero magnification. In this Figure the
radiation source 19 is for example a semiconductor diode laser. The
diverging beam b' emitted by this source, of which beam only the
intercepted marginal rays are shown, is consecutively refracted by the
aspherical surface 12, the spherical surface 13 and the front of the
substrate 17 to be focused on the 20 information surface 18 as a
diffraction-limited radiation spot V having a half-intensity width of
approximately 1 [err]. The above relationship between the shape factor
[err] and the lens factor F is also valid for this lens. However, now the
magnification M=-0.222 and the coefficients a, b and c and the lens factor
have the following values: N.A.=0.40                N.A.=0.45
N.A.=0.50            F a       b       c        a       b        c        a
b        c n=1.50  -0.38    0.33    -0.42    -0.38    0.43    -0.45
-0.38    0.53   -0.49  0.8-1.35 n=1.75  -0.50    0.30    -0.25    -0.38
0.18   -0.19    -0.25    0.05   -0.14  0.6-1.35 n=2.00  -0.62    0.38
-0.11    -0.63    0.48   -0.16    -0.63    0.53   -0.17  0.4-1.35 These
values are again valid for a substrate having a thickness d.= 1.2 mm and a
refractive index [err] in the 35 range from approximately 1.48 to
approximately 1.7. In a version of this lens the shape factor C2 -=-0.18,
40                                        C, the refractive index n=2.0,
and the axial thickness d=3.2 mm. The distance S between the lens 10 and
the image plane 18 is approximately 3.9 mm. The effective diameter [err] of
the lens is 4.4 mm. The pupil is situated on the surface 12. The
half-intensity width of the radiation spot V in the image plane 18 is 



45 approximately 1 pm, whilst the field has a radius of approximately 200
[err]. It is to be noted that by means of tables for M=0 and M=-0.222 two
principal embodiments of the invention are specified. For values of M
between M=0 and M=-0.222 and a specific value of n the corresponding values
of a, b, c and F can be obtained by linear interpolation between the two
values given for this specific n in the two tables. For example, for
M=-0.15 when N.A.=0.40 and n=1.50, a will be 50 approximately -0.46, b
approximately +0.63, and c approximately -0.45. Moreover, in each table,
ie. for a fixed value of M, it is possible to obtain the corresponding
values of a, b, c and F for other than the three values specified for n by
quadratic interpolation between these three values in the table. The values
for a, b, c and F specified in the above two tables are ideal values. Small
deviations from these values are permissible provided that the variation in
the quotient [err] as a result of these deviations 55 is smaller than
approximately 0.03. When designing the lenses in accordance with the tables
for M=0 and M= -0.222 it is assumed that the substrate thickness is 1.2 mm.
However, the lenses described may also be used for reading and/or recording
with record carriers whose substrate thickness is up to approximately 0.3
mm larger or smaller than 1.2 mm. Up to these limits a larger or smaller
substrate thickness can be compensated for by a smaller so or larger axial
thickness of the lens. If the substrate thickness deviates from 1.2 mm to
focal lengths of the lens may be scaled accordingly, which means that the
new focal length f' is given by [ERR] 6    EP 0 146 178 B1 where d' is the
new substrate thickness and f the focal length corresponding to the
substrate thickness d=1.2 mm. For a smaller or larger substrate thickness
the focal length of the lens should be smaller or larger respectively. For
the lenses described here the focal length is situated in the range from 4
to 5 mm. A mono-aspherical lens in accordance with the invention which is
very advantageous in respect of its 5 manufacture and assembly is a lens in
which the non-aspherical surface is plane, the so-called plano-aspherical
lens. Fig. 3 shows the radiation path through such a lens, which cooperates
with a collimator lens. After the description with reference to Fig. 1,
Fig. 3 requires no further explanation. The mono-aspherical lens in the
arrangement shown in Fig. 2 may aslo be replaced by a plano-aspherical
lens. 10    The plano-aspherical lenses intended here are versions of the
mono-aspherical lenses as defined in the foregoing by means of the two
tables. Indeed, if the specified values for the coefficients a, b and c,
the refractive index n and the focal length f are inserted in the equation
for the shape factor [err] a number of curves in an X-Y plane are obtained,
the thickness d of the lens being plotted along the X axis and the shape
factor along the Y-axis. Some of these curves, in particular those for the
higher refractive indices, 15 intersect with the x-axis. At this location
the curvature C2 of the spherical surface is zero; in other words this
surface is a plane surface. The plano-aspherical lens 10 is paraxially
defined by the paraxial radius of curvature R, which for the sake of
clarity is shown slightly off the optical axis 00' in Fig. 3 but which in
reality coincides with this axis, by the axial thickness d, and by the
refractive index n. For a plano-aspherical lens with a magnification M=0 20
and a large diffraction-limited field, for which the third-order field coma
is compensated for to an optimum 



extent by higher-order coma and which only exhibits some astigmatism, the
ratio d/R as a function of the refractive index n must meet a specific
requirement in accordance with the invention. This requirement inter alia
depends on the numerical aperture of the lens and the focal length. Fora
lensforwhichf=4.5 mm and N.A.=0.45 this requirement is 25 d -=
-5.8n2+23.7n-22.9 R 30 For a lens for which f=4.5 mm and N.A.=0.50 this
requirement is [ERR] 35 Plano-aspherical lenses with deviations of d/R of
the order of approximately 0.05 in the above expressions are still
acceptable. The surface 12 is defined unambiguously by the value given for
the paraxial radius of curvature R, which defines the position of the
intersection 15 and the radius of curvature at the location of this 40
intersection with the surface 12, and by the requirement that the lens must
be free of spherical aberration. As already stated in the foregoing, it is
possible, starting from point 15, to compute the other points of the
surface 12 in conformity with the criterion that the optical pathlength of
all rays from the object point s on the axis 00' to the corresponding image
point s' on the axis 00' must be equal to that through the point 15. Such a
method of aspheric correction is known, for example from: E. Wolf. Proc.
Phys. Soc. 62 (1948) 45 494. In a version of a plano-aspherical lens in
accordance with the invention the refractive index n=1.83196, the axial
thickness d=3.50 mm and the paraxial radius of curvature R=3.75 mm. The
lens has a focal length f=4.5 mm and a numerical aperture N.A.=0.45. The
distance between the lens 10 and the image plane 14 is s'=3.05 mm. The
effective diameter of the lens is [err]=4.05 mm. The pupil is situated at
the location of the 50 surface 12. The diffraction-limited radiation spot V
in the image plane 14 has a half-intensity width of approximately 1 [err].
As is shown in Fig. 1, the lens 10 may be made entirely of glass. Such a
lens has satisfactory optical properties, but forming an aspherical surface
on a glass lens is a difficult and time-consuming operation. A composite
plano-aspherical lens as shown in Figs. 4 and 5 is more suitable for mass
production. 55     This lens 10 comprises a glass body 20 with a plane
surface 13 and a spherical surface 21, which body can be manufactured
easily by means of conventional methods, and a layer of a transparent
plastics which is situated on the surface 21 and has an aspherical outer
profile. The plastics may be, for example, a plastics which is
polymerisable with ultraviolet light. This plastics is applied to the glass
body 20 in a sufficiently soft condition, after which a mould whose surface
profile is the negative of the desired profile is applied. 60 Subsequently,
the plastics is exposed and the mould is removed, so that the lens is
obtained without any further operations. The plastics layer 22 of the
plano-aspherical lens as shown in Fig. 4 has a thickness which varies
comparatively strongly; at the location of the intersection 15 the
thickness is zero or substantially zero, whilst at the edges the thickness
is for example 50-60 [err]. For the replication of surface profiles in
plastics 65 it is desirable from a technological point of view that the
relative thickness differences in the plastics layer 7  



EP 0 146 178 B1 are minimal. In order to achieve this a part of the glass
body may be replaced by a plastics portion as is shown in Fig. 5, so that
the plastics layer in its entirety is thicker and the relative thickness
differences are reduced. In the lens shown in Fig. 5 the thickness of the
plastics layer is only a fraction of that of the glass body. 6 As a result
of this the optical quality of the lens is hardly affected by the plastics
layer, whose optical properties are less satisfactory than those of glass.
Fig. 6 shows schematically a first embodiment of a scanning unit employing
a plano-aspherical lens as the objective. This read unit comprises a
tubular housing 30 which accommodates a diode laser 31, a beam-splitting
prism 32, a collimator lens 33, and an objective in the form of a
plano-aspherical lens 34. The 10 reference numeral 16 indicates a small
part of a radial cross-section of a round disc-shaped record carrier. The
information structure, which in the present case is radiation-reflecting,
is situated on the upper side of the record carrier and comprises a
multitude of information areas, not shown, arranged along information
tracks 36. The information structure is scanned by a read beam b produced
by the diode laser 31. The collimator 15 forms the diverging beam into a
parallel beam of such a cross-section that the pupil of the objective 34 is
filled correctly. This objective then forms a diffraction-limited radiation
spot V on the information structure. The read beam is reflected by the
information structure and, as the record carrier moves relative to the read
beam, the beam is time-modulated in conformity with the information
recorded on the record carrier. By means of the prism 32 the modulated beam
is separated from the beam emitted by the diode laser and 20 is directed
towards a radiation-sensitive detection system 39. This system supplies an
electric signal which is modulated in conformity with the information
contained in the record. carrier. In order to generate a focusing-error
signal which provides an indication of the magnitude and direction of a
deviation between the plane of focusing of the objective 34 and the plane
of the information structure, a roof-edge prism 38 is arranged on the exit
surface of the prism 32 and the detection system 39 25 comprises, for
example, four detectors. The roof-edge prism splits the reflected beam into
two sub-beams [err] and [err] which form two radiation spots [err] and
[err] in the plane of the detection system. Each of these radiation spots
is associated with two detectors. For further details about the
focusing-error detection system and the read-out of the information
structure reference is made to British Patent Application No. 2,107,483,
which has been laid open to public inspection. 30    The tube 30 may be
arranged on a slide 40, shown schematically, which slide is movable in a
radial direction as indicated by the arrow 41, so that all the information
tracks 36 can be scanned sequentially. Except for the outer surface 35 of
the objective 34 all the elements are arranged so that the user has no
access to them. The outer surface of the lens 34 is made of glass and is
therefore highly scratch-resistant, so that it may be cleaned by the user
without the risk of damage. 35    Alternatively the plano-aspherical
objective may be arranged outside the housing 30. This may be the case if
the objective must be movable through small distances of the order of some
tens of [err] in a radial direction in order to eliminate tracking errors.
The field of the lens in accordance with the invention is sufficiently
large for this purpose. Another possibility is to arrange the
plano-aspherical objective so as to be radially movable inside the tube 30.
In the embodiment shown in Fig. 6 this fine control of the radiation 40
spot V in a radial direction is achieved by a radial displacement of the
tube 30. 



Fig. 7 shows an example of an optical scanning unit using a mono-aspherical
lens with a spherical outer surface for focusing a diverging beam b' to
form a diffraction-limited radiation spot on the information structure.
This scanning unit functions in a way similar to that shown in Fig. 6. The
advantage of the scanning unit shown In Fig. 7 Is that one lens may be
dispensed with, which is very important for the 45 scanning unit which is
intended as a mass product. Claims 1. A single lens having one aspherical
surface for the formation of a diffraction-limited scanning 50 radiation
spot on an Information surface of a transparent record-carrier substrate
which is traversed by a radiation beam which forms the radiation spot and
which substrate has a thickness of approximately 1.2 mm the aspherical
surface of the lens being shaped such that the lens is exempt of spherical
aberrations, characterized in that the shape factor [err] and the lens
factor [ERR] exhibit the following relationship [ERR] for lens
magnifications between M=0 and M=-0.222, the values of the coefficients a,
b and c for these magnifications and the lens factor F for various values
of the numerical aperture NA. and the refractive 65 index n of the lens
material being given by the following tables: 8    EP 0 146 178 B1 are
minimal. In order to achieve this a part of the glass body may be replaced
by a plastics portion as is shown in Fig. 5, so that the plastics layer in
its entirety is thicker and the relative thickness differences are reduced.
In the lens shown in Fig. 5 the thickness of the plastics layer is only a
fraction of that of the glass body. 5 As a result of this the optical
quality of the lens is hardly affected by the plastics layer, whose optical
properties are less satisfactory than those of glass. Fig. 6 shows
schematically a first embodiment of a scanning unit employing a
plano-aspherical lens as the objective. This read unit comprises a tubular
housing 30 which accommodates a diode laser 31, a beam-splitting prism 32,
a collimator lens 33, and an objective in the form of a plano-aspherical
lens 34. The 10 reference numeral 16 indicates a small part of a radial
cross-section of a round disc-shaped record carrier. The information
structure, which in the present case is radiation-reflecting, is situated
on the upper side of the record carrier and comprises a multitude of
information areas, not shown, arranged along information tracks 36. The
information structure is scanned by a read beam b produced by the diode
laser 31. The collimator 15 forms the diverging beam into a parallel beam
of such a cross-section that the pupil of the objective 34 is filled
correctly. This objective then forms a diffraction-limited radiation spot V
on the information structure. The read beam is reflected by the information
structure and, as the record carrier moves relative to the read beam, the
beam is time-modulated in conformity with the information recorded on the
record carrier. By means of the prism 32 the modulated beam is separated
from the beam emitted by the diode laser and 20 is directed towards a
radiation-sensitive detection system 39. This system supplies an electric
signal which is modulated in conformity with the information contained in
the record. carrier. 



In order to generate a focusing-error signal which provides an Indication
of the magnitude and direction of a deviation between the plane of focusing
of the objective 34 and the plane of the information structure, a roof-edge
prism 38 is arranged on the exit surface of the prism 32 and the detection
system 39 25 comprises, for example, four detectors. The roof-edge prism
splits the reflected beam into two sub-beams [err] and [err] which form two
radiation spots [err] and [err] in the plane of the detection system. Each
of these radiation spots is associated with two detectors. For further
details about the focusing-error detection system and the read-out of the
information structure reference is made to British Patent Application No.
2,107,483, which has been laid open to public inspection. 30    The tube 30
may be arranged on a slide 40, shown schematically, which slide is movable
in a radial direction as indicated by the arrow 41, so that all the
information tracks 36 can be scanned sequentially. Except for the outer
surface 35 of the objective 34 all the elements are arranged so that the
user has no access to them. The outer surface of the lens 34 is made of
glass and is therefore highly scratch-resistant, so that it may be cleaned
by the user without the risk of damage. 35     Alternatively the
plano-aspherical objective may be arranged outside the housing 30. This may
be the case if the objective must be movable through small distances of the
order of some tens of pm in a radial direction in order to eliminate
tracking errors. The field of the lens in accordance with the invention is
sufficiently large for this purpose. Another possibility is to arrange the
plano-aspherical objective so as to be radially movable inside the tube 30.
In the embodiment shown in Fig. 6 this fine control of the radiation 40
spot V in a radial direction is achieved by a radial displacement of the
tube 30. Fig. 7 shows an example of an optical scanning unit using a
mono-aspherical lens with a spherical outer surface for focusing a
diverging beam b' to form a diffraction-limited radiation spot on the
information structure. This scanning unit functions in a way similar to
that shown in Fig. 6. The advantage of the scanning unit shown in Fig. 7 is
that one lens may be dispensed with, which is very important for the 46
scanning unit which is intended as a mass product. Claims 1. A single lens
having one aspherical surface for the formation of a diffraction-limited
scanning 50 radiation spot on an information surface of a transparent
record-carrier substrate which is traversed by a radiation beam which forms
the radiation spot and which substrate has a thickness of approximately 1.2
mm the aspherical surface of the lens being shaped such that the lens is
exempt of spherical aberrations, characterized in that the shape factor
[err] and the lens factor [ERR] exhibit the following relationship [ERR]
for lens magnifications between M=0 and M=-0.222, the values of the
coefficients a, b and c for these magnifications and the lens factor F for
various values of the numerical aperture N.A. and the refractive 65 index n
of the lens material being given by the following tables: 8    EP 0146178
B1 [ERR]  



EP 0146178 B1 where d is the axial thickness of the lens, f the focal
length of the lens, [err] the paraxial curvature of the spherical surface,
and C2 the curvature of the other lens surface, the aspherical surface
being shaped such that the lens is exempt of spherical aberration. 2. A
single lens as claimed in Claim 1, for which M=0, the numerical aperture
N.A.=0.45 and the focal 5 length of f=4.5 mm, characterized in that the
non-aspherical surface is a plane surface and the paraxial radius of the
curvature k of the aspherical surface satisfied the requirement [ERR] 3. A
single lens as claimed in Claim 1, for which M=0, the numerical aperture
N.A.=0.50 and the focal length f=4.5 mm, characterized in that the
non-aspherical surface is a plane surface and the paraxial radius of
curvature R of the aspherical surface satisfies the requirement 15 [ERR] 20
4. A single lens as claimed in Claim 1, 2 or 3, characterized in that the
lens is formed by a glass body. 5 A single lens as claimed in Claim 1, 2 or
3, characterized in that the lens comprises a glass body of which one
surface is provided with a layer of a transparent plastics with an
aspherical outer profile. 6. An optical read and/or write unit provided
with a radiation source, a collimator lens and an objective for focusing
the beam emitted by the radiation source to form a radiation spot on an
information surface of 25 a transparent record-carrier substrate,
characterized in that the objective comprises a single lens as claimed in
any one of the preceding claims, for which M=O, and the aspherical surface
of the objective is directed towards the radiation source. 7. An optical
read and/or write unit provided with a radiation source and an objective
for focusing a diverging beam emitted by the radiation source to form a
diffraction-limited radiation spot on an 30 information surface of a
transparent record-carrier substrate, characterized In that the objective
comprises a single lens as claimed in any one of the preceding claims, for
which M= -0.222 and the aspherical surface of the objective is directed
towards the radiation source. Patentansprfiche 35 1. Einfache Linse mit
einer asphArischen OberflAche fur die Bildung eines beugungsbegrenzten
Abtastflecks auf einer Informationsfliche eines transparenten
AufzeichnungstrAgersubstrats, das ein Strahlungsbundel durchliuft, der eine
Strahlungsfleck bildet, wobei das Substrat eine Dicke von ungefahr, 1,2 mm
hat, wobei die asphirische FlAche der Linse eine derartige Form hat, dag
die Linse frei von 40 sphbrischen Aberrationen ist, dadurch gekennzeichnet,
daB der Formfaktor C2/C1 und der Linsenfaktor d F= (n-1) * f 45 folgende
Beziehung darstellen: Ca =a - F2+b - F+c 50
C1 



fOr Linsenvergr6gerungen zwischen M=0 und M= -0,222, wobei die Werte der
Koeffizienten a, b und c fOr diese Vergr6Berungen und der Unsenfaktor F fOr
verschiedene Werte der numerische Apertur N.A. und des Brechungsindexes n
des Linsenmaterials in nachstehenden Tabellen verzeichnet sind: 55 60 65 10
EP 0 146 178 B1 [ERR]    EP 0 146 178 B1 s:orin d die Axialdicke der Linse,
f die Brennweite der Linse, C, die paraxiale Krummung der asphirischen
'eche und C2 die KrOmmung der anderen Linsenfliche sind, wobei die
aspharische Flache sine derartige Form hat, daB die Linse frei von
spharischer Aberration ist. 2. Einfache Linse nach Anspruch 1, bei der M=O,
die numerische Apertur N.A.=0,45 und die 5 Brennweite f=4,5 mm betragen,
dadurch gekennzeichnet, daB die nicht-aspharische Flache sine ebene Flache
ist und der paraxiale KrOmmungsradius R der aspharischen Flache
nachstehende Bedingung erfOlit d -= -5,8n2+23,7n-22,9 10
R 3. Einfache Linse nach Anspruch 1 mit einer Vergro~erung M=O, einer
Brennweite f=4,5 mm und einer numerischen Apertur N.A.=0,50, dadurch
gekennzeichnet, daB die nicht-asphirische Flache eine ebene Flache ist und
daB der paraxiale Krummungsradius R der aspharischen Flache folgende
Bedingung erfullt '5 d -= -5n2+20,5n-19,8 R 20     4. Einfache Linse nach
Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dag die Linse aus einem
Glaskorper besteht. 5. Einfache Linse nach Anspruch 1, 2 odor 3, dadurch
gekennzoichnet, dal die Lnse einen Glaskorper enthalt, von dem  sine Fliche
mit einer transparenten Kunststoffschicht mit sinem  asphirischen
Au~enprofil versehen ist. 25     6. Optische Schreib- und/oder Lesesinheit
mit einer Spannungsquelle, siner Kollimatorlinse und sinem Objektiv zum
Fokussieren des von der Strahlungsquelle emittierten Strahis zur Bildung
sines Strahlungs- flecks auf siner Informationsfliche auf einem
transparenten Aufzeichnungstrigersubstrat, dadurch gekennzelchnet, daB das
Objektiv eine sinfache Linse nach einem oder mehreren der vorgenannten
Anspriche ist, wobei M=O betrigt, und die asphirische Fliche des Objektivs
auf die Strahlungsquelle 30 gerichtet ist. 



7. Optische Schreib- undloder Leseeinheit mit einer Spannungsquelle und
einem Objektiv zum Fokussieren des von der Strahlungsquelle emittierten
Strahis zur Bildung eines bougungsbegrenzten Strahlungsflecks auf einer
Informationsfliche auf einem transparenten Aufzeichnungstrigersubstrat,
dadurch gekennzeichnet, dao das Objektiv sine oinfache Linse nach einem
oder mehreren der 35 vorgenannten Anspruche ist, wobei M= -0,222 betragt
und die asphirische Flache des Objektivs auf die Strahlungsquelle gerichtet
ist. Revendications 40     1. Lentille simple presentant une surface
asph6rique pour la formation d'une tache de rayonnement de balayage limit6e
par la diffraction sur une surface d'information d'un substrat d'un porteur
d'enregistrement transparent qui est travers6 par un faisceau de
rayonnement formant la tache de rayonnement et pr6sentant une 6paisseur
d'environ 1,2 mm, la surface asph6rique de Ia lentille 6tant form6e de
facon qua la lentille soit exempts d'aberrations sph6eriques, caract6eris6e
en ce que le facteur de 46 forms C2/C, et le factour de lentille d F=-
(n-1) * f 50 presente la relation suivante =a- F2+b * F+c 55
C1 pour les grossissements de Is lentille compris entre M=0 et M=-0,222,
les velours des coefficients a, b et c pour ces grossissements et le
facteur de lentille F pour plusleurs valeurs de l'ouverture num6rique N.A.
et l'indice de refraction n du materiau de lentille etant donn6s par les
tableaux suivants: 60 65 12    EP 0146178 B1 [ERR]    EP 0146178 BI dans
lesquelsd est l'epaisseuraxiale de la lentille,f la longueurfocale de la
lentille, C, la courbu re paraxiale de la surface aspherique et C2 la
courbure de l'autre surface de la lentille, la surface asph6rique etant
formee de fagon que la lentille soit exempte d'aberrations spheriques. 2.
Lentille simple selon la revendication 1, pour laquelle M=O, I'ouverture
numerique N.A.=0,45 et la 5 longueur focale de f=4,5 mm, caracterisee en ce
que la surface non aspherique est une surface plane et le rayon paraxial de
la courbure k de la surface aspherique satisfait a l'exigence d -=
-5,8n2+23,7n-22,9. 



to                                   R 3. Lentille simple selon la
revendication 1 pour laquelle M=O, l'ouverture numerique N.A.=0,50 et la
longueur focale f=4,5 mm, caract6ris6e en ce que la surface asph6rique est
un surface plane et le rayon paraxial de courbure R de la surface
asph6rique satisfait a l'exigence 15 d -= -5n2+20,5n-19,8. R 20     4.
Lentille simple selon la revendication 1, 2 ou 3, caract6ris6e en ce que la
lentille est form6e par un corps en verre. 5. Lentille simple selon la
revendication 1, 2 ou 3, caract6ris6e en ce que la lentille comporte un
corps en verre dpnt une surface est munie d'une couche en une matiere
synth6tique transparente pr6sentant un profil ext6rieur aspherique. 25
6. Unite de lecture et d'inscription optique munie d'une source de
rayonnement, d'une lentille collimatrice et d'un objectif pour la
focalisation du faisceau 6mis par la source de rayonnement afin de former
une tache de rayonnement sur une surface d'information d'un substrat d'un
porteur d'enregistrement transparent, caract6risee en ce que l'objectif est
constitu6 par une lentille simple selon - I'une des revendications
pr6c6dentes pour laquelle M=O et la surface aspherique de l'objectif est
dirig6e 30 vers la source de rayonnement. 7. Unite de lecture et/ou
d'inscription optique munie d'une source de rayonnement et d'un objectif
pour la focalisation d'un faisceau divergent emis par la source de
rayonnement afin de former une tache de rayonnement limit6a par diffraction
sur une surface d'information d'un substrat d'un porteur d'enregistrement
transparent, caract6ris6e en ce que l'objectif comporte une lentille simple
selon l'une des 35 revendications precedentes, pour laquelle M=-0,222 et la
surface asph6rique de l'objectif est dirigee vers la source de rayonnement.
40 45 50 55 60 65 14    


