
WO 95/34016                       PCT/IB95/00357 1 Optical beam-splitting
element. The invention relates to an optical beam-splitting element having
a first surface which is provided with a grating for generating a sub-beam
having a second direction from a radiation beam incident- on the first
surface and having a first direction. The invention also relates to a
radiation source unit comprising such an element and to an optical scanning
5  unit comprising such a radiation source unit. The direction of a beam is
defined as the direction of the chief ray of the beam. 10
An element of this type is known from European Patent Application no. 0 583
036 in which it has been described as a component of an optical scanning
unit. A radiation source in the scanning unit supplies a radiation beam
which is focused by an objective lens to a scanning spot on an
opticalrecord carrier. The beam-splitting element, which is traversed by
the radiation beam from. a second surface to a first surface, is arranged
15  between the radiation source and the objective leis. The radiation
reflected by the record carrier traverses the same path as the radiation
beam from the radian source and forms the above-mentioned beam having a
first direction and being incident on the beam-splitting )    element. A
grating on the first surface of the beam-splitting element splits -a part
of the radiation of the incident beam in the fonn of.a sub-beam having a
second direction. The sub- 20  beam converges on a detection system
arranged next to the radiation source, which detection system generates,
inter alia a signal from the incident radiation, which signal represents
the stored information. A drawback of the known beam-splitting element is
the small angle between said first and second directions, which
necessitates a relatively small distance 25  between the radiation source
and the detection system. If the radiation source and the detection system
are two separate components, it is difficult to arrange them in the
scanning 



unit at such a short distance from each other.    WO 95/34016 .  PCT/9357 2
It is an object of the present invention to provide a beam-splitting
element which meets the above-mentioned drawback, and to provide a
radiation source unit which is flexible enough for said components to be
arranged. According to the invention, this object is achieved by a
beam-splitting 5  element as described in the opening paragraph and is
characterized in that it further co nprises a mirror for changing the
direction of the sub-beam from the second direction to a third direction,
the angle between the first and the second direction being smaller than the
angle between the first and the third direction. An increase of the
deflection angle between the first and the second 10 direction by means of
reducing the period of the grating lines of the grating could be considered
as a possibility of increasing the distance between the radiation source
and the detection system. The invention is based on the recognition that
this has its drawbacks. First, the requirements imposed on the grating
increase with an increasing deflection angle so that the grating is more
difficult to realise. Secondly, the cross-section of the sub-beam becomes
15  mcre elliptic with an increasing deflection angle, which degrades the
quality of the scanning spot formed on the detection system, hence the
quality of the signals generated by the system. Thirdly, with an increasing
deflection angle, the tolerances for arranging the grating with respect to
the radiation source and the detection system will be narrower so that it
will be more difficult to arrange the components, while a greater
mechanical stability is required. 20  The mirror according to the invention
increases the angle between the sub-beam and the incident beam without the
three drawbacks mentioned above. 



A very suitable embodiment of the beam-splitting element according to the
invention is ch rizedin that it has an exit surface in the path of the
sub-beam and in that the mirror is located in the path of the sub-beam
between the first surface and the exit 25  surface. The mirror then forms
an integrated component of the element so that the first surface, the exit
surface and the mirror can be made in a single process step, for example by
means of plastic injection moulding. The mirror is preferably internally
reflecting so that it is not necessary to pror ride a reflective layer on a
part of the beam-splitting element. 30                  The angle between
the first and the third direction is preferably app oximately 900. The
radiation source and the detection system then have a relatively large
mutual distance, while nevertheless a compact arrangement having a
satisfactory mechanical stability is obtained. In addition to its function
of splitting a part of the radiation of the incident    WO 95/34016
PCT/IB95/00357 3 beam, the. grating on the first surface preferably also
has the function of forming the sub- beam in such a way that it is suitable
for generating signals comprising information about. tracking and focus
error of the scanning spot on the record caier. To this end the grating may
comprise, for example sub-gratings at both sides of a dividing line, or
overlapping sub- 5  gratings. A particular embodiment of the beam-splitting
element according to the invention has a second surfacelocated in the path
of the incident ba, which surface is provided with a grating
having-parallel grating lines for forming two further sub-beams from the
radiation beam emitted by the radiation source, which further sub-beams are
used for 



10  generating the tracking signals.                - In an advantageous
embodiment of the beam-splitting element according to the invention, at
least one of the surfaces has optical power. In this way the beam-spliting
element also acquires the function of a collimator lens for the radiation
beam or a beam shaper. 15                  The properties of the
beam-splitting element are optimally used when the element is arranged in a
radiation source unit which further comprises a radiation source and a
detection system. This radiation source' unit not only -has a compact
construction and great mechanical stability but also the reat advantage
that it is suitable for incorporating different types of radiation sources
and detection systems. 20                  The inventionrther relates to an
optical scanning device for scanning an information plane, which device
comprises such a radiation source unit and an objective system for focusing
the radiation beam supplied by this unit to form a scanning spot on the
information plane, and in which the detection system is arranged in the
radiation source unit for converting radiation in the sub-beam from the
information plane into an electric signal 25  representing information
stored in the- information plane. - These and other aspects of the
invention will be apparent from and elucidated with reference to the
embodiments described hereinafter. In the drawings 30                  Fig.
1 shows an optical scanning unit according to the invention, including a
beam shaper, Figs. 2a, b, c show some gratings arranged on beam-splitting
elements according to the invention, Fig. 3 shows a three-beam grating
arranged on the beam-splitting elements    
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.4 a cording to the invention, Fig. 4 shows an optical scanning unit
according to the invention, and Fig. 5 shows an optical scanning unit
according to the invention, including two detection systems. 5 Fig. 1 shows
diagrammaticaly a device for opticaly scanning an information plane of an
optical record carrier 1. Scanning is herein undertood to mean scanning for
both writing and reading information. The information plane may be a
prerecorded layer or a layer which can be provided entirely or partly with
information. The 10 record carrier 1, a part of which is shown in a radial
cross-section in Fig. 1, comprises a transparent substrate 2, a reflecting
information plane 3 and a coatng 4. The information plane is divided into a
large number of tracks 5 in which informationis recorded or can be
inscribed in the form of information areas (not shown) which are optically
distinguished from their surroundings. *15                   The scanning
device comprises a radiation source unit 6 which, according to the
invention, is provided with a housing 7' accommodating a diode laser 7, a
beam shaper 8 for changing the shape of the cross-section of the radiation
beam which is incident on the beam shaper and a housing 9' accommodating a
detection system 9. The diode laser and the detection system are separate
components so that it is easy to replace one of the 20 co: nponents by a
component of another type, while the other component can remain unchanged.
The elliptical cross-section of the beam coming from the diode laser is
mainly rendered circular by the beam shaper. This radiation source unit
then supplies a beam 10 haling a stable wavefront and an intensity which
represents a large part of the intensity produced by the diode laser. The
radiation source unit is thus very suitable for a writing 25  device with
which information can be written, for example ablatively, by surface
deformation 



or by a magneto-optical process. During writing the beam 10 is modulated,
for example by me ins of an acousto-optical modulator or by modulating the
electric current through the diode laser. The radiation beam 10 having a
circular cross-section has such an angular 30 aperture that it optimally
fills an objective system 12 via a folding mirror 11, so that this sys em
forms a diffraction-limited scanning spot 13 on the information plane. An
information track can be scanned by rotating the record carrier. All
information tracks can be scanned by moving the record carrier 1 with
respect to the scanning spot 13 in the radial direction. The information
plane reflects the radiation in a beam 14 which traverses    WO 95/34016
PCT/IB95/00357 5 the objective system again and is incident as beam 14'
on-a-first-surfaee- 15-of the beam--- shaper 8. To separate this returning
beam 14 spatially from the on-going radiation beam 10, the first surface is
provided with a separating grating 16 which deflects a part of the incident
beam 14' by way of diffraction in the form of a sub-beam 17 towards the
detection system 9. 5 The beam shaper thus has the function of a
beam-splitting element. The incident beam has a_ first direction and the
sub-beain has a second direction. The angle between these directions cannot
be chosen to be too large because the period of the grating lines of the
separating grating 16 will become very small with an increasing deflection
angle so that the grating is difficult to realise, while the position
tolerances of the grating will become small. For these 10 reasons the angle
preferably ranges between 20[err] and 35[err]. On the other hand, the angle
must'' be as large as possible so as to have a reasonable distance between
the radiation source 7 and the detection system 9, so that their housings
7' and'-9' are not in each other's way and there is sufficient space to
align each component separately. According to the invention, this 



problem is solved by guiding the sub-beam 17 towards the detection system 9
via a mirror 15  18. The mirror changes the sub-beam 17 having the second
direction into a sub-beam 17' having a third direction. The magnification
of the angle between the sub-beam 17' and the incident beam 14' by the
mirror does not lead to the above-mentioned drawbacks. The mirror 18 may be
a separate component of the beam shaper 8. However, the mirror 18
preferably forms an integral part of the beam shaper 8. In that case the
mirror is arranged in the optical 20  path of the sub-beam 17 through the
beam shaper  between the first surface 15 and the exit surface 19 of the
beam shaper. At a suitable choice of the angle of incidence on the mirror
and of the refractive index of the material of the beam shaper, the mirror
is totally internally reflecting so that it is not necessary to provide the
mirror surface with a reflective coating. The compact  arrangement of the
radiation source 7, the beam sha   8 25 with the separating grating 16 and
the detection system 9 ensures a great position stability. The angle
between the first and the third direction is preferably 90 so that the
housings 7' and 9' are perpendicular to each other. During reading, a
parameter of the reflected beam, for example the intensity or the direction
of polarization, is modulated in accordance with the information 30  stored
in the succession of information areas. The detection system 9 converts
this modulation into an electric signal. The detection system generally
comprises a plurality of detector elements so that it supplies a plurality
of output signals which are processed in a signal processing circuit 20 to
an information signal S[err], a tracking error signal S[err] and a focus
error signal Sf for a tracking servosystem and a focus servosystem.    WO
95/34016 6 For further details of the scanning device reference is made to
the article 



"Het system'Compact Disc Digital Audio'" by  M.G. Carasso, J.B.H. Peek and
J.P. Sinjou  - in Philips Technisch Tijdschrify 40,pp.267-272,
1981-82,no.9. The separating grating 16 may have different shapes,
dependent on the 5  -co       Of  the detectors in the detection system
9-and on the way-in which the different si nals are derived from the output
signals of the detectors.   epargng  may comprise two sub-gratings 24,.25
at both sides Ofa divid e 26, while the grating lines in each        have
the same period and extend-at-equal-but   eangles to-the dividing line, as
is shown in Fig. 2a. This grating is suitable for forming the focus error
10 signal by means of the single or double-Foucault method and the tracking
error signal by means of the two-beam method or the two or three-beam
push-pull methods. The grating and the associated detector configuration
are known, inter alia from United States Patent no. 4,524,079. Another
embodiment of the separating grating 16' is shown in Fig. 2b. This grating
also comprises two sub-gratings 24', 25' at both sides of a dividing line
26', but the 15  gra ting lines in the sub-gratings have different periods,
as is known from, for example European Patent Application no. 0 583 036. A
third embodiment of the separating grating 16", shown in Fig. 2c, comprises
two overlapping or interleaving sub-gratings which have either equal or
diffirent optical powers, while the grating lines mutually extend at an
angle of between 0 and 90[err]. Such a grating is suitable for determining
the focus error by means 20  of the beam size method as is known from
Japanese Patent Application no. 1-35 737 (A). By varyng the period of the
grating lines of the sub-gratings  across  the sub-gratings, the sub-
gratings acquire optical power so that the vergence of the sub-beams formed
differs from the bean from which they have been formed. With a special
variation of the period and possibly a curvature of the grating lines, it
is possible to introduce astigmatism into the sub-beams so 25 that the
focus error signal can be formed by means of the astigmatic method which is
known, inte - alia from United States Patent no. 4,358,200. In the scanning
device shown in Fig. 1 the beam of the diode laser 7 is incident on a
second surface 30 of the beam shaper. This second surface may be provided 



with a grating 31 for generating two sub-beams 32 and 33, only a small part
of which is 30 shown for the sake of clarity. These two sub-beams supply
two side spots at both sides of the scan ning spot 13 on the information
plane 3. The radiation reflected therefrom can be detected in the detection
system 9 for generating the tracking signal Sr in accordance with the thre
-beam method known from, inter alia United States Patent no. 3,376,842. The
grating 31 is known as a three-beam grating as shown in Fig. 3 and has
substantially straight,    WO 95/34016 7 parallel grating lines. To avoid
vignetting of the sub-beams 32 and 33 through the objective system 12,
thedistance between the diode laser 7 and the three-beam grating 31 should
not be too small. A distance of 1 to 2 mm only yields a small vignetting,
while the positioning stability of the grating with respect to the
radiation source is within the required tolerance 5 limits. The beam shaper
8 is used for reducing the ellipticity of the cross-section of the
radiation beam from -the diode laser 7. The second surface 30 of the beam
shaper is provided with a mainly cylindrical portion having a cylindrical
axis. This portion has an angular magnification of the order of nr/n2 in a
transversal plane (YZ-plane) and an angular 10  magnification of the order
of n2/n[err] in a lateral plane (XZ-plane), in which the transversal plane
and the lateral plane are perpendicular to each other and intersect each
other along the optical axis (Z-axis) of the beam shaper, and the
cylindrical axis is located in the transversal plane. The parameters n2 and
n[err] are the refractive indices of the element material and the
surrounding medium, respectively. The first surface 15 is toroidal. The
beam shaper is 15  entirely made of the synthetic material polycarbonate
(PC) and has the following parameter values: 



distance to  the diode-laser Z[err]-=-2.0 mm, including a 0.25-mm thick- -
coating glass with n = 1.514 for the laser. curvature of the second surface
30: 20  -         -in  the XZ-plane C1, = -2.032 mm[err][err] and slightly
aspherical, -          in the YZ-plane Cly = -0.020 mm[err]. -
thickness D   2.70 mm. )                curvature of the first surface 15:
in the XZ-plane C2,[err]  -0.434 mm[err]; 25  -          in the YZ-plane
C[err][err] = -0.166 mm[err][err] and slightly aspherical. The beam shaper
shapes a beam with NAs of 0.10 and 0.20 in two mutually perpendicular
directions so as to obtain an exit beam having a circularly symmetrical
cross-section and a NA of 0.15. Other embodiments of the beam shaper are
described in the non-prepublished European Patent Application no.
93203681.7. If the first surface 15 of the beam shaper has 30  more optical
power than in the embodiment described above, it may also function as a
collimator lens so that the beam shaper gives the beam from the diode laser
a circular cross- section and collimates as well. In the scanning device
shown in Fig. 1 the functions of the beam-splitting element and the beam
shaper are united in a single component. However, it is possible to use
WO 95/34016.                                               PCT/IB95/00357
ti e beam-splitting element according to the invention without the function
of a beam shaper. Fig. 4 shows a scanning g device according to the
invention, including such a beam-splitting element 40. The element has a
first flat surface 41 with a separating grating 42 and a second, s milarly
flat surface 43 with a three-beam grating 44. A mirror 45 according to the
5  invention is arranged in the path of a sub-beam 46 formed by the
separating grating 42. The 



irror is integted with the beam-splitting element. Fig. 5 shows a scanning
device according to the invention in which a second sub-beam 48 formed by
the separating grating 42 is guided towards a second detection system 50
via a second mirror 49 in the same way as the sub-beam 46. The 10
direction of this second sub-beam extends at an equal but opposite angle to
the direction of the beam 10 as compared with the direction of the sub-beam
46. An information signal Si', which may be used to improve the signal
quality of the information signal Si of the detection system 9, can be
derived from the output signals of the second detection system via a signal
processing circuit 51. Since the scanning spot formed by the sub-beam 48 on
the detection 15 system 50 has a less satisfactory quality than that of the
sub-beam 46 on the detection system 9, the servosignals Sr and S[err] are
preferably derived from the output signals of the detection sy stem 9. The
gratings 42 and 44 may be implemented in the same way as the grating 16 and
31 respectively, described above. It will be evident from the foregoing
that the beam-splitting element may 20  also include the function of a
planoconvex or biconvex collimator lens. The beam-splitting element may not
only be used in in optical scanning  devices for  record    carriers, but
in all optical devices such as, for example laser printers in which a part
of an on-going beam must be split, inter-alia for detecting the intensity
in the on-going beam.    WO 95/34016
PCT/IB95/00357 9 Claims: An optical beam-splitting element having a first
surfice which is provided with a grating for generating a sub-beam having a
second direction from a radiation beam incident on the first surface and
having a first direction,- characterized in that the beam- 



splitting element comprises a mirror for changing the direction of the
sub-beam from the 5  second direction to  a third direction, the angle
between the first and the second direction being smaller than the angle
between the first and the third direction. 2.              An optical
beam-splitting element as claimed in Claim 1, chactized in that it has an
exit surface in the path of the sub-beam and in that the mirror is located
in the path of the sub-beam between the first surface and the exit surface.
10  3.               An optical beam-splitting element as claimed in  Claim
I or 2, characterized in that the mirror is totally internally reflecting.
- 4.               An optical beam-splitting element as claimed in Claim 1,
2 or 3, characterized in that the angle between the first and -the third
direction is substantially 90. 5.              An optical beam-splitting
element as claimed mi Claim 1, 2, 3 or 4; 15  characterized in that the
grating comprises  two sub-gratings. 6.              An optical
beam-splitting element as claimed in Claim 1, characterized in that it
has-a second surface located in the path of the incident beam, and in that
the second surface is provided with a grating having parallel grating
lines. 7.              An optical beam-splitting element as- claimed in
Claim 1, chat   in 20  that it has a second surface located in the path of
the incident beam, and in that at least one of the surfaces, first surface
and second surface has optical power. 8.              An optical
beam-splitting element as claimed in Claim 7, characterized in that the
first surface and the second surface have a common optical axis and in that
the second surface is provided with a substantially cylindrical portion
having a cylindrical axis, 25  which portion has an angular magnification
of the order of n[err]/n2 in a transversal plane and an angular
magnification of the order of n2/nl in a lateral plane, in which the
transversal plane and the lateral plane are perpendicular to each other and
intersect each other along the optical axis, and the cylindrical axis is
located in the transversal plane, and in which n2 and n[err] are the
refractive indices of the element material and the surrounding medium,  



WO 95/34016.. 10 respectively, and in that the first surface is a toroidal
surface.            - 9.                A radiation source unit comprising
a diode laser, an optical beam-splitting element as claimed in any one of
the preceding Claims and a radiation-sensitive detection system arranged in
the path of said sub-beam. 5   10             -  An optical scanning device
for scanning an  information plane; which device comprises a  radiation
source unit as claimed in Claim 9 and an objective sytem for focusing the
radiation beam  supplied by this  unit to form a scanning spot on the
information plaie, and in which the detection system is arranged in the
radiation source unit for converting radiation in the sub-beam
e  into an electric signal 10  rep resenting information stored in the
information plane -    


