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and robust but in which the mirror objective is also provided with extra
elements which give the radi- The invention relates to a scanning device
for  ation beam a suitable shape so as to fulfil a plural- optically
scanning an object, which device com-   ity of functions required for a
correct scanning prises a radiation source supplying a scanning   5
operation. beam, a mirror objective for focusing the scanning    To this
end the scanning device according to beam to a scanning spot and a
radiation-sensitive  the invention is characterized in that the mirror
detection system for receiving radiation from the  objective comprises a
radiation-transparent body object to be scanned. The invention also relates
to  having a first surface facing the radiation source a mirror objective
suitable for use in this scanning   io  and a second surface remote from
the radiation device and to an optical write and/or read appara-  source,
said first surface having a first radiation tus provided with such a
device.                   window which is located symmetrically around the
The object to be scanned may be the informa-    optical axis of the mirror
objective and having a tion plane of an optical record carrier. This
informa-  first reflector surrounding said window, said second tion plane
may have prerecorded information which   15  surface having a second
reflector which is located is read by the scanning device. It is
alternatively  symmetrically around the optical axis and a second possible
to write the information plane with the   radiation window surrounding said
reflector, in that scanning beam which is intensity modulated in      the
first radiation window supports a first diffraction accordance with the
information to be written. The  element for forming a scanning beam  and
two object may alternatively be an. arbitrarily different  20  auxiliary
beams from the radiation beam supplied object whose structure must be
examined, for ex-   by the radiation source and in that the second ample by
means of a scanning microscope of         reflector supports a second
diffraction element for which the scanning device forms part.
diffracting a part of radiation reflected by the object A scanning device
as described in the opening  to be scanned and again passing through the
mir- paragraph, intended for reading an optical record  25  ror objective
towards the radiation-sensitive detec- carrier, is known from British
Patent Specification  tion system and for deforming the diffracted scan-
No. 1,541,596. This Specification describes an op-  ning beam in such a way
that a focus-error signal tical scanning device which includes an objective
can be derived therefrom by means of the detec- comprising two mirrors
whose reflective sides face  tion system. each other. The one mirror is
concave and its  3o      This scanning device is compact and robust,
reflective side faces the record carrier. The other  not only because the
radiation path within the mir- mirror, which is much smaller, is convex and
its   ror objective is folded, and because this objective reflective side
faces the radiation source. The radi-  consists of one body, but also
because in this ation from the radiation source reaches the convex  mirror
objective elements are incorporated which mirror via a passage in the
larger concave mirror.  35  are, in the devices hitherto known, separate
ele- The radiation is subsequently reflected towards the  ments and have to
be mounted separately. concave mirror and focused by this mirror to a
The auxiliary beams formed by the first diffrac- radiation spot in the
information plane of the record  ton element are focused by the mirror
objective to carrier.                                           two
auxiliary spots which are located on the two The known objective forms part
of a two-stage   4o  different edges of a scanned track in the informa-
focusing system in which the entire mirror system  tion plane. Each
auxiliary spot is re-imaged on a is suspended in a magnetic coil with which
the     separate detector of the detection system. A track- position of the
objective with respect to the record  ing-error signal, i.e. a signal
giving an indication carrier is controlled. The small mirror is mounted
about the magnitude and the direction of a de- on a piece of piezoelectric
material and can be   45  viation between the centre of the scanning spot
moved up and down with the aid thereof so that a   and the centre line of
the scanned track can be small extent of defocus is periodically produced
in  derived from the difference between the output the information plane,
which defocus is detected by  signals of the said two detectors. a
detection device and from which subsequently a       The second diffraction
element diffracts a part focus-error signal is derived which is used for
read-  50  of the radiation reflected by the scanned object and justing the
position of the objective by means of  passing again through the mirror
objective towards the magnetic coil.                                 the
detection system  and forms an astigmatic By using two separate mirrors in
a close work-  beam  or two sub-beams from this radiation. In ing
relationship with each other, the known scan-  conjunction with an adapted
detection system, a ning device has a rather complicated structure and   55
focus-error signal can be derived by means of this is sensitive to
mechanical perturbations.          astigmatic beam or by means of the two
auxiliary It is an object of the present invention to pro-  beams. The
focus-error signal is a signal giving an vide a scanning device which is
not only compact   indication about the magnitude and the direction of 2
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the focusing plane of the mir-  comprises four detectors which are arranged
in ror objective and the plane to be scanned.         four different
quadrants around the chief ray of the It is to be noted that the use of a
diffraction  diffracted scanning beam. grating in an optical scanning
device for forming      The said element converts the diffracted scan- two
auxiliary beams in addition to a scanning beam    5   ning beam into an
astigmatic beam and the shape _  for generating a tracking-error signal is
known per  of the re-imaged radiation spot is determined by se from United
States Patent No. 3,876,842. How-   the degree of focusing of the scanning
beam in the ever, in the known device no second diffraction    information
plane. element is used for separating the projected and       In the case
of a defocus this radiation spot is the reflected beam and for generating a
focus-error  io  deformed to an elliptical spot whose major axis, signal.
Moreover, the known device does not com-  dependent on the defocusing sign,
is located in prise a mirror objective accommodating the first   one of two
mutually perpendicular directions, grating.
hereinafter referred to as astigmatic directions. The It is also known per
se, inter alia from United  separating strips within the four-quadrant
detector States Patent No. 4,665,310 to use a diffraction   15  extend at
angles of approximately 450 to the as- grating in an optical scanning
device for separating  tigmatic directions. the projected and the reflected
beam and for split-    The shape of the radiation spot can be estab- ting
the last-mentioned beam into two sub-beams    lished by determining the sum
of the output signals for generating a focus-error signal. In the device
of each pair of diagonally located detectors and by according to United
States Patent No. 4,665,310,  20  subtracting these two sum signals from
each other. however, no additional diffraction element is used     The
element introducing astigmatism may be a for obtaining two auxiliary beams
for generating a  linear grating which introduces a given extent of
tracking-error signal.                             astigmatism due to the
fact that it is arranged in a It is important for the present invention
that the  non-parallel beam. A larger extent of astigmatism is provision of
the two diffraction elements on the two   25  realised in an embodiment
which is characterized surfaces of the mirror objective, which objective
in that the element introducing astigmatism is a must have a given
thickness because of the de-     grating having straight grating strips and
a linearly sired imaging function, ensures that the beams     varying
grating period. A preferred embodiment of originating from the second
diffraction element and  the device is characterized in that the
diffraction directed towards the radiation-sensitive detection   30
element is a so-called holographic grating having system are not split up
into further sub-beams by  curved grating strips and a non-linearly varying
the first diffraction element. Consequently, the   grating period. Such a
holographic grating provides number of radiation spots formed on the
detection  the possibility of correcting for aberrations of the system
remains limited so that the geometry of this  optical system. system can
remain relatively simple. Moreover, the   35  It is to be noted that the
use of a grating energy in the radiation spots required for generat-
having a linearly varying grating period in combina- ing the different
signals is still sufficiently large.  tion with a four-quadrant detector
for generating a The diffraction elements may have an ampli-    focus-error
signal is known per se from  United tude structure, for example in the form
of light-  States Patent 4,358,200. However, the device ac- transparent or
reflective areas alternating with light-  40  cording to this Patent does
not comprise a second absorbing areas. However, a preferred embodiment
diffraction grating for forming two auxiliary beams. of the scanning device
is characterized in that the   A second possibility of focus-error
detection diffraction elements have a phase structure.       which is
preferred to the above-mentioned so- Such a phase structure which
comprises, for     called astigmatic method as far as temperature example
higher located areas alternating with lower  45  sensitivity and ease of
control is concerned is located areas in a surface, has in principle a
higher  realised in an embodiment which is characterized diffraction
efficiency than an amplitude structure.  in that the second diffraction
element is a diffrac- Since the diffraction elements are provided on  tion
grating comprising two sub-gratings and split- the surfaces of the
projection lens, the said phase  ting the diffracted scanning beam into two
sub- structures can be provided in a relatively simple  50  beams and in
that the composite detection system manner by means of known pressing and
replica      comprises two detector pairs, the first and second techniques.
sub-beams cooperating with a first and a second Different focus-error
detection methods can be  detector pair, respectively. used in the scanning
device according to the in-      In this device the scanning spot is
re-imaged in vention. A first possibility is utilized in a device   55  two
radiation spots on the detector pairs. Each which is characterized in that
the second diffraction  radiation spot shifts transversely of the
separating element is an element introducing astigmatism and  strip of the
associated detector pair in dependence in that the radiation-sensitive
detection system   upon a focusing error of the scanning beam relative 3
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plane. This shift can be detected  the second radiation window has an
aspherical by comparing the output signals of the detectors.  surface. This
focus-error detection method is known as the      An aspherical surface in
a lens system is un- double Foucault method.
derstood to mean a lens element surface whose A preferred embodiment of the
last-mentioned    a   fundamental shape is spherical but whose real device
is characterized in that the sub-gratings   shape deviates therefrom to a
small extent in order have a varying grating period and in that the grat-
to correct for spherical aberration which would be ing strips of the
sub-gratings are curved.         produced when using the lens element with
spheri- Due to the varying grating period and the       cal surfaces. The
spherical fundamental shape may curved grating strips the composite grating
has a   10  also have an infinitely large radius of curvature so lens
action and by displacing this grating in the  that the said aspherical
surface has a flat fun- direction of the bounding line of the sub-gratings,
damental shape. The advantage of rendering a the energy distribution of the
radiation spots can be  radiation window aspherical is that the accuracy of
rendered symmetrical relative to the associated    the shape of the
aspherical surface may be consid- detector pairs, inter alia because the
imaging dis-  15  erably smaller, for example by a factor of 6 than tance
of the assembly of objective system and the  the accuracy of the shape
which is required if a grating is adapted to the distance, in the direction
reflective surface is made aspherical. of the optical axis, between the
diode laser and the   The use of a mirror objective in a scanning
detectors. This is particularly important if the detec-  device may have
further advantages with regard to tors, in the form of photodiodes, and the
diode   20  the positioning of the radiation source and the laser are
combined in one component and are        detection system. fixed relative
to each other. A composite grating      For example, an embodiment of the
scanning having varying grating periods and curved grating  device is
further characterized in that the radiation strips, which grating is also
referred to as holog-  source is connected to the first radiation window.
ram, provides the possibility of correcting imaging   25   The radiation
source is, for example a semiconduc- errors such as coma and astigmatism
which may      tor laser whose radiation-emitting surface is ar- occur when
using a grating having straight grating  ranged against the first radiation
window. The radi- strips.                                            ation
source may also be connected to this radi- In principle, there are two
embodiments of a    ation window via an optical fibre. scanning device in
which the Foucault focus-error  so  A further embodiment of the scanning
device is detection method is used. The first embodiment is  characterized
in that the radiation-sensitive detec- characterized in that the grating
strips of the one  tion system is connected to the first radiation win-
sub-grating have the same main direction as those  dow. of the other
sub-grating, in that the average grating  The radiation source, the optical
fibre or the periods of the sub-gratings are different and in that  35
radiation-sensitive detection system  may be se- the detector pairs are
juxtaposed in a direction   cured to the first radiation window by means
of, for parallel to the bounding line between the sub-     example a
transparent adhesive. This results in a gratings. In this embodiment the
sub-beams of the  single compact and robust, integrated component scanning
beam are diffracted in the same direction  accommodating the entire optical
section of the but at different angles.                      40  scanning
device. The second embodiment is characterized in          The scanning
device may comprise different that the sub-gratings have the same average
grat-  types of radiation sources such as a single diode ing period, while
the main directions of the grating  laser, a diode laser array or another
radiation strips of the one sub-grating extend at a first angle  source
which can be connected to the mirror ob- and those of the other sub-grating
extend at a   45  jective directly or by means of optical fibres. second
angle to the bounding line between the two      Embodiments of the
invention will now be de- sub-gratings and in that the detector pairs are
scribed in greater detail with reference to the ac- juxtaposed in a
direction transversely of the direc-  companying drawings in which tion of
the said bounding line. Now the sub-beams     Fig. 1 shows diagrammatically
an embodiment of the scanning beam are preferably diffracted at  50  of the
scanning device according to the inven- the same angles but in different
directions. This    tion, embodiment is preferred to the previous embodi-
Fig. 2 is a perspective diagrammatical view of a ment due to its better
assembly tolerances, adjust-  first embodiment of a diffraction grating and
the ing facilities and stability.                         associated
composite detection system for gen- A preferred embodiment of the scanning
de-  55    erating a focus-error signal, vice in which the mirror objective
is well corrected  Figs. 3a and 3b show the variations of the for spherical
aberrations and which can still be      radiation spots on this detection
system when manufactured satisfactorily, is characterized in that  focusing
errors occur, 4    
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plan views of the grating for  first surface comprises a first radiation
window 14 forming the auxiliary beams and a portion of the  located
symmetrically around the optical axis. This track structure, respectively,
window is surrounded by a reflecting portion 15. Fig. 5 shows in a
schematic form how the scan-   The second surface 13 comprises a second
reflec- ning beam  and the auxiliary beams are dif-   5   tor 16 located
symmetrically around the optical axis fracted and split by the composite
diffraction   and a radiation window 17 surrounding this reflec- grating
and the positions of the radiation spots  tor. formed on the composite
detector,                   The scanning beam [err] enters the mirror
objec- Fig. 6 shows a first embodiment of a composite  tive 10 via the
first window 14 and is subsequently detection system associated with the
grating of  io  reflected by the second reflector 16 so that the Fig. 2,
scanning beam which is already diverging is ren- Figs. 7 and 8 show a
second and a third em-      dered even more diverging. Consequently this
bodiment of a composite detection system asso-   beam covers substantially
the entire surface of the ciated with the grating of Fig. 2,
first reflector 15 which reflects the beam  as a Fig. 9 shows a second
embodiment of a diffrac-  i5  converging beam and focuses it in the
scanning tion grating for generating a focus-error signal,  spot [err] on
the information plane 3 via the second Fig. 10 shows an embodiment of the
detection     window 17 and the transparent substrate 2. system associated
with this grating,                The radiation reflected by the
information plane Fig. 11 shows a first embodiment of an as-       and
received by the objective system traverses the tigmatic grating for
generating a focus-error sig-  20   mirror objective in the reverse
direction and is nal and                                         focused in
a radiation spot [err] which would be Fig. 12 shows the composite detection
system    located at the exit plane of the radiation source 9 if associated
with this grating.                    no further measures were taken. As
will be ex- Fig. 1 shows a part of, for example a round     plained
hereinafter, the reflected beam [err] is sepa- disc-shaped record carrier 1
in a tangential cross-  25  rated from the projected beam  bi. A radiation-
section. This record carrier has a transparent sub-  sensitive detection
system 20 is arranged in the strate 2 and a radiation-reflecting
information sur-  path of the beam [err]. During reading an inscribed face
3. Information tracks only one of which is    record carrier, the reflected
scanning beam [err] is shown in Fig. 1 have been provided in this surface.
intensity-modulated in accordance with the informa- If the record carrier
has been written with informa-  30  tion which has been read and the
radiation-sen- tion, each track comprises a plurality of information
sitive detection system converts the intensity mod- areas 6 which, viewed
in the track direction, al-  ulation into an electric signal on which
further pro- ternate with intermediate areas 7, the information  cessing
operations can be performed. being laid down in the succession of the
informa-     The beam focused by the mirror objective 10 tion areas and
intermediate areas. As is shown in  35  exhibits spherical aberration. As
is known, inter alla Fig. 1 the information structure may be a phase
from United States Patent No. 4,668,056, it is pos- structure. However, it
is altematively possible for  sible to correct for this aberration by using
as- the information structure to be an amplitude struc-  pherical surfaces.
It would be obvious to give the ture. The information structure may be
coated with  reflecting surface 15 an aspherical shape so as to a
protective layer 8.                         40  obtain a relatively large
diffraction-limited image The information plane is scanned by means of
field. However, according to the invention the sur- a scanning beam [err]
which is supplied by a radi-    face of one or of both radiation windows 14
and 17 ation source 9, for example a diode laser. This    is aspherical.
Though the image field is then re- beam is focused by an objective system
10 to a     duced, it has been found that it is still sufficiently scanning
spot [err] in the information plane. When   45  large for the envisaged
object: scanning a surface rotating the record carrier about an axis
perpen-  by means of a diffraction-limited spot. The great dicular to this
record carier and parallel to the  advantage of rendering a radiation
window aspher- optical axis M' and parallel to the direction Z of  ical is
that the requirements which must be im- the system of coordinates XYZ, the
spot [err] scans   posed on the accuracy of the shape of the asphere one
track. The entire information plane can be   50  are considerably less
stringent than such require- scanned by moving the scanning spot and the
ments for a reflecting surface. For an aspherical record carrier in the
radial direction relative to each  surface used in transmission the shape
tolerances other.                                             are a factor
of The objective system is a mirror objective and comprises a
radiation-transparent body 11 which is  55 limited by a first refractive
surface 12 on the side of the radiation source and a second refractive
surface 13 on the side of the record carrier. The    9                 EP 0
373 699 B1                    10 



larger than those for an aspherical surface used in  on the first radiation
window 14 and a second reflection. In this case [err] is the refractive
index of  reflecting grating 40 which is arranged on the sec- the lens
material and n2 is the refractive index of  ond reflector 16. In this case
the fact is utilized that the surrounding medium.
the mirror objective has a given thickness so that For giving one or both
radiation windows 14   5   the two diffraction elements are present at a
mutual and 16 of the mirror objective an aspherical shape.  distance which
is larger than a minimum desired The technique described in United States
Pat-   distance, while moreover the first diffraction ele- ent No.
4,668,056 for giving the surface of a con-  ment 30 is located close to the
radiation source ventional lens an aspherical shape can be used. A  and may
therefore have small dimensions. mirror objective is then obtained in which
the as-  lo  The diffraction element 40, for example a dif- pherical
surface of a radiation window is constituted  fraction grating is used in a
known manner de- by the aspherical outer surface of a transparent
scribed, for example in United States Patent No. synthetic material layer
which is provided on the  4,665,310 for realising the desired beam
separation spherical surface of this window. The synthetic    and for
giving the reflected beam a shape which material may be a polymerisable
synthetic material,  15  renders it suitable for generating a focus-error
sig- for example a material being cured under the influ-  nal. This grating
splits the scanning beam reflected ence of ultraviolet radiation which is
provided in a  by the information plane 3 and passing through the liquid
state on the window and is given the desired  objective system 10 into a
non-diffracted zero or- shape by means of a mould.
der sub-beam and a plurality of first and higher In the embodiment
according to Fig. 1 the   20  order sub-beams. One of these beams,
preferably larger window 17 has an aspherical surface 18.     a first-order
sub-beam, is incident on the radiation- This embodiment is preferred to a
second embodi-   sensitive detection system 20 and is used for gen- ment in
which the smaller window 14 is aspherical  orating, inter alia a
focus-error signal. The grating because the diffraction-limited image field
in the  parameters, notably the ratio between the width of first embodiment
is larger than in the second em-   25  the grating strips and those of the
intermediate bodiment.                                          grating
strips and the depth and the shape of the When scanning a surface it must
be ensured      grating grooves can be chosen to be such that a that the
scanning beam is always sharply focused   maximum amount of radiation
reaches the detec- on this surface. To this end the scanning device   tion
system. must comprise means for detecting a deviation   30     Fig. 2 shows
in a perspective elevational view a between the focusing plane of the
objective and    known radiation-sensitive detection system 20 and the
surface to be scanned. The signal supplied by  the associated grating 40.
The beam [err] is shown these detection means, the focus-error signal, can
by way of its cross-section at the area of the then be used to correct the
focusing, for example  grating 40. This grating 40 comprises two sub- by
displacing the mirror objective and the surface   35  gratings 42 and 43
which are separated from each to be scanned relative to each other along
the     other by the line 41. The grating strips of the sub- optical axis.
Furthermore, the radiation originating  gratings are denoted by the
reference numerals 44 from the surface and received by the objective
and 45, respectively. These grating strips are sepa- must be separated from
the radiation originating   rated by intermediate strips 46 and 47. In this
from the radiation source. Finally, it must be en-  40  embodiment the
sub-gratings have the same grat- sured, notably when scanning an
information sur-   ing periods, but the main directions of the prefer- face
with information tracks, that the contra of the  ably curved grating strips
44 of the sub-grating 42 scanning spot always coincides with the contra
line  extend at a first angle to the bounding line 41, of the scanned
track. To this end the scanning     while the main directions of the curved
grating device must comprise means for detecting a de-  45  strips 45 of
the second sub-grating 43 extend at a viation between the centre of the
scanning spot    second, preferably equally large but opposite angle and
the centre line of the track, or means for     to the bounding line. The
sub-beams are substan- generating a tracking error signal. The position of
tially diffracted in a direction transversely of the the scanning spot
relative to the track-centre line  main directions. Since the main
directions are dif- can then be corrected by means of this signal, for  50
ferent, the sub-beams b1,1 and [err] are diffracted at example by
displacing the information plane and    different angles in the YZ plane.
This means that in the optical read unit comprising the radiation     the
plane of the detectors, the XY plane, the radi- source 9, the mirror
objective 10 and the detection  ation spots V1,1 and [err] are displaced
relative to system  20 relative to one another in the radial   each other
in the Y direction. In this Figure and in direction, the X direction in
Fig. 1.         55  the other Figures the references X, Y and Z are the To
perform the said functions the mirror objec-  axes of a system of
coordinates whose origin 0 tive according to the invention comprises a
first  coincides with the centre of the radiation-emitting
radiation-transparent grating 30 which is arranged  surface of the diode
laser 9. 6    11                 EP0373699B1                         12 



Radiation-sensitive detectors in the form  of       The beam [err] is the
main beam or scanning photodiodes 21, 22 and 23, 24, which are sepa-
beam and forms the scanning spot [err] in the in- rated by narrow strips 25
and 26, are associated    formation plane 3. The beams b2 and [err] are
auxil- with each of the sub-beams b1,1 and b1,2, respec-   iary beams which
are focused by the objective tively. These detectors are positioned in such
a   5   system 10 in two auxiliary spots [err] and [err] in the way that in
the case of a correct focusing of the    information plane. Since the
auxiliary beams V2 beam [err] on the information plane 3 the intensity
and [err] are dif fracted at opposite angles by the distribution of the
radiation spots [err], and V1,2   grating 30, the auxiliary spots V2 and
[err], viewed in formed by the sub-beams b1,1 and b1,2 is symmet-    the
track direction, are located on either side of the rical relative to the
detectors 21, 22 and 23, 24,  io  scanning spot [err]. respectively. When a
focusing error occurs, the         The angle between the direction of the
grating radiation spots [err] and [err] will become asymmet-  strips of the
grating 30 and the effective track rically larger, as is shown in Figs. 3a
and 3b. This  direction is 90-a, in which [err] small, as is shown in
Figure shows a known composite detector whose       Fig. 4a. This Figure
shows a portion of the grating separating strips 25 and 26 extend at an
angle +   15  10 with grating strips 31 and intermediate strips 32 and
[err], respectively to the connection line CL be-  in a plan view. The line
4' is the projection, in the tween the point 0 and the centre M of the
compos-    plane of the grating 30, of the centre line of the ite detector
20, which connection line coincides    scanned track. This line represents
the effective with the separating strip 27 between the detector   track
direction. By suitable choice of the angle a it pairs 20, 22 and 23, 24 in
Figs. 2 and 3. In Fig. 3a   20  is achieved that, if the centre of the
scanning spot the focus of the beam b is situated in a plane in    V, is
located on the centre line of the scanned front of the information plane 3,
while Fig. 3b     track, the centre of the auxiliary spot V2 is located
shows the focus of the beam b situated in a plane   on one edge of this
track and the centre of the behind the information plane.
auxiliary spot [err] is located on the other edge of If the output signals
of the detectors 21, 22, 23   25  this track, as is shown in Fig. 4b. In
the radiation- and 24 are represented by [err] and [err],    sensitive
detection system 20 a separate detector respectively, the focus-error
signal [err] will be given  is available for each auxiliary beam. In the
situation by:                                                 shown in Fig.
4b in which the auxiliary spots V2 and Vs cover the track to an equal
extent, the [err]                30   output signals of the said detectors
are equal. When a tracking error occurs, the centre of one of A signal
which is proportional to the information   the auxiliary spots is displaced
towards the centre being read, or the information signal [err] is given by:
line of the track while the centre of the other auxiliary spot moves away
from the centre line and [err].                     35  the output signals
of the said separate detectors become unequal. The difference between the
out- The grating 30 of Fig. 1 is used for generating  put signals of the
detectors thus represents the a tracking-error signal. As is shown in this
Figure,  tracking-error signal. this grating splits a beam b from the
source 9 into     The scanning beam  and the two auxiliary a non-diffracted
zero order beam [err], a beam b2   40   beams, reflected by the information
plane of which diffracted in the +1 order, a beam be diffracted in  only
the peripheral rays are shown in Fig. 1, are the -1 order and into a
plurality of diffracted higher  incident on the grating 40. This grating
treats each order beams. The last-mentioned beams are not        beam in
the same way as has been described with important for the present invention
because they    reference to Fig. 2 for the beam [err]. Each beam is are
largely diffracted outside the objective system    45  largely diffracted
in the direction of the detection 10 and only have a low intensity. The
grating 30 is  system 20 and is also split into two sub-beams. a single,
i.e. undivided, grating having straight grat-  This split-up, which is
effected, for example in the ing lines, and, for example a constant grating
pe-  Y direction, is shown separately in Fig. 5 for the riod. The
parameters of this grating, notably the   sake of clarity. This Figure also
shows the grating ratio between the width of the grating strips and   50
40 comprising the two sub-gratings 42 and 43, those of the intermediate
grating strips and the    which grating is rotated through 900 with respect
to depth and the shape of the grating grooves may be   that in Fig. 2. The
cross-sections, at the area of the chosen to be such that substantially all
radiation of  grating 40, of the reflected scanning beam and two the
incident beam b reaches the beams [err], [err] and    auxiliary beams are
denoted by the solid line circle [err]. Moreover, it can be ensured that
the intensity  as  [err] and the half solid line and half broken line of
the beam [err] is several times larger, for example,  circles [err] and
[err], respectively. The grating 40 6 times larger than that of each beam
[err] and [err].    splits the beam [err], [err], [err] into two sub-beams
b1,1; [err] and [err] respectively. The sub- 7    13                EP 0
373 699 B1                    14 



grating 42 diffracts the sub-beams [err] and  grating 40. Without further
steps the number of [err] to the right which sub-beams are focused in
beams would still be too large with this positioning. the radiation spots
[err] on the com-  In fact, the beams from the grating 40 could pass posite
detector 20. The sub-grating 43 diffracts the  through the grating 30 and
would be further split up sub-beams [err] to the left which sub-   5   so
that more than six beams would be incident on beams are focused in the
radiation spots [err]  the detection system. This is avoided by arranging
and [err]. The composite detector comprises two     the gratings 30 and 40
on the surfaces 12 and 13 detector pairs 21, 22 and 23, 24 for the
radiation  of the mirror objective, which objective has a given spots [err]
and [err] respectively, and one detector  thickness, and by making the
grating 30 small and 50 for the radiation spots [err] and [err] and one
l0  placing it close to the radiation source. Conse- detector 51 for the
radiation spots [err].  quently, the beams originating from the grating 40
In Fig. 6 the radiation spots formed and the    and directed towards the
detection system 20 can associated detectors are shown again. This Figure
no longer traverse the grating 30. also shows how the radiation-emitting
surface of       Steps have also been taken to prevent the the diode laser
9 is located relative to the compos-  15  laser beam from being split up
too much on its ite detector. If the output signals of the detectors
projected path from the radiation source to the 50 and 51 are represented
by Sso and [err], respec-  information plane. As already stated, it is
ensured tively, the tracking-error signal [err] will be given by:  that the
grating 30 concentrates the radiation as much as possible in the scanning
beam and the [err]                             20  two auxiliary beams. The
composite grating 40 is formed in such a way that the radiation diffracted
in The focus-error signal remains:                    the first and higher
orders by this grating on the projected path of these beams reaches the in-
[err]                     formation plane at a relatively large distance
from 25 the radiation spot.[err] and that the said higher order and the
information signal [err] is now given by:     radiation has a negligible
influence on the desired signals after reflection by the information plane
and [err]                        second passage through the grating 40. The
above-mentioned considerations about the A characteristic of the device
according to the   30  device using Foucault focus-error detection of
present invention is that the number of radiation  course also apply to a
device using astigmatic spots on the detectors is limited to the
principally  focus-error detection, on the understanding that the minimum
number necessary for the required func-    number of radiation spots on the
detection system tions. As a result it is achieved that the detection  is
in principle smaller in the last-mentioned device system can be relatively
simple and that the inten-  35  because the grating 40 is not sub-divided.
sity of the radiation spots on this system is suffi-  In the embodiment
illustrated in Figs. 5 and 6 ciently large so that the output signals of
the detec-  in which the "Foucault radiation spots" [err] and tors are
sufficiently strong.                      [err] are located between the
auxiliary spots V2,1 For the Foucault focus-error detection method   and
V2,2 on the one hand and the auxiliary spots the reflected scanning beam
[err] must be split into  40  [err] and [err] on the other hand and which
has the two sub-beams. Since the reflected auxiliary beams  advantage that
only one detector is required for a [err] must also pass through the
composite      pair of auxiliary spots, the choice of the angle grating 40,
these beams are also inevitably split up  between the sub-beams [err] and
[err] and hence into two sub-beams so that a total of six beams is  the
angle between the grating strips 44 and 45 is produced. According to the
invention special steps   45  limited. Fig. 7 shows the geometry of the
compos- are taken to achieve that the number of beams      ite detection
system of an embodiment which pro- remains limited to this minimum number
in spite of  vides a greater freedom of choice as far as this the fact that
two diffraction gratings are arranged  aspect is concerned. In this
embodiment the sepa- one behind the other in the radiation path.
ration, in the plane of the detection system 20, In principle, the grating
(30) could be placed   50  realised by the grating 40 is larger than the
separa- above the first grating (40). Then the three beams  tion realised
by the grating 30. Consequently, the [err] formed by the grating 30 would
pass     radiation spots [err] are located at a larger through this grating
again after reflection by the  distance from each other than the radiation
spots record carrier and would be further split up into  [err] and [err]
and [err], respectively or the radiation nine beams. These beams should
subsequently  55  spots [err] and [err] and [err] respectively. Separate
pass through the grating 40, producing a total     detectors should be
available for each of the radi- number of 18 beams. The number of beams can
ation spots [err] and [err] and the radiation spots be limited by placing
the grating 30 below the     [err] and [err], respectively. 8    15
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An embodiment in which only one detector is     two sub-gratings are
curved, as is shown in Figs. 2 required for the radiation spots V2,2 and
V2,1 and  and 9. Thus, these sub-gratings have a variable the radiation
spots [err] and Vs,1, while there is still  lens action. Due to the varying
grating period the sufficient freedom of choice for the angle between
positions of the radiation spots [err] and [err] can be the sub-beams b1,1
and b1,2 is the embodiment in   5   varied by displacing the grating 40 in
its own plane. which the beam splitting by the grating 30 is real-
Aberrations in a direction perpendicular to the di- ised in a different
direction than that realised by the  rection of the bounding line 41 can be
minimized grating 40. This embodiment corresponds to that      by the
curvatures of the grating strips. The pos- shown in Fig. 1 in combination
with Fig. 2. Fig. 8   sibility of moving the positions of the radiation
shows the detector geometry of this embodiment  io  spots is particularly
important if an integrated laser- and does not need any further
explanation.          photodiode unit is used, i.e. a component in which
Not only the composite grating of Fig. 2 but     the diode laser and the
photodetectors are ar- also the grating 40 shown in Fig. 9 can be used for
ranged on one support and are therefore fixed generating a focus-error
signal. This Figure only   relative to each other and thus have a fixed
mutual shows the scanning beam [err] by way of its cross-  15  distance in
the Z direction. This distance is subject section in the plane of the
grating with its sub-   to manufacturing tolerances and cannot be cor-
beams b1,1 and b1,2. The main directions of the    rected during assembly
of the device by displacing preferably curved grating strips of the two
sub-    the photodiodes relative to the laser diode in the Z gratings 42
and 43 now extend at the same angle     direction. to the bounding line 41,
while the average grating   20  In the embodiment according to Fig. 9 it
can periods of the two sub-gratings are different. Con-  be ensured that in
spite of the different angles at sequently, the angle at which the sub-beam
b1,2 is  which the sub-beams, inter alia [err] and b1,2 are diffracted is
different from the angle at which the  diffracted due to the different
average grating sub-beam b1,1 is diffracted. This means that in the
periods of the sub-gratings 42 and 43, the foci of plane of the detectors
21, 22, 23 and 24 the   26  the sub-beams are located in one plane parallel
to radiation spots [err] and [err] are displaced relative  the plane of the
composite detection system, to each other in the direction of the bounding
line  namely by giving the grating periods and the cur- 41.
vatures of the grating strips of corresponding por- According to the
invention the grating shown in  tions of the sub-gratings a different
variation. Fig. 9 is also combined with the grating for forming   30  An
important advantage of the diffraction grat- two auxiliary beams. If the
diffraction by the last-  ing having curved grating strips as compared with
mentioned grating is realised in the Y direction,   a grating having
straight grating strips is that the while the diffraction by the grating
according to Fig.  optical aberrations such as coma and astigmatism, 9 is
realised in the X direction, the detection sys-  which may occur when using
the last-mentioned tem has the geometry as is shown in Fig. 10.    35
grating, can be avoided in the first-mentioned grat- For the grating 40
also both the grating periods  ing by taking these aberrations into account
when and the main directions of the preferably curved     manufacturing
this grating and by adapting the grating strips of the two sub-gratings 42
and 43    curvatures of the grating strips accordingly. may be different.
The operation of such grating         Fig. 11 shows a grating 70 converting
the re- may be assumed to be a combination of that of the   40  flected
scanning beam [err] into an astigmatic beam gratings of Figs. 2 and 9.
Consequently, the sub-   [err]. This grating has straight grating strips 71
and a beam b1,1 is diffracted in two mutually perpendicu-  linearly varying
grating period. The grating is lar directions through a different angle
than the   dimensioned in such a way that the radiation of the sub-beam
[err]. In the plane of the composite detec-  beam b is largely diffracted
in one order, for exam- tor 20 the radiation spots V1,1 and V1,2 are dis-
45   pie the + 1 order. The first order beam b'1 is no placed relative to
each other in two mutually per-  longer focused in one point but in two
mutually pendicular directions.                              perpendicular
focal lines 75 and 76, the line 75 It is to be noted that the composite
diffraction  being located in a position where the beam [err] grating shown
in Fig. 2 is preferred to that shown in  would be focused if the grating
were not astig- Fig. 9, due to its better manufacturing tolerances,  50
matic. When a focusing error occurs, the focal lines adjusting facilities
and stability.                 75 and 76 are simultaneously displaced in
the The sub-gratings 42 and 43 may have straight     same direction and
over the same distance. A so- grating strips and a constant grating period.
How-  called four-quadrant detector 80 is arranged in a ever, preferably a
type of grating, also referred to  plane approximately halfway between the
positions as holograms, is used which has a varying grating  55   occupied
by the astigmatic focal lines, if the scan- period, the variation in the
period being, for exam-  ning beam is sharply focused on the information
ple of the order of several percents of the average  plane. This detector,
shown in Fig. 12, comprises grating period. Moreover, the grating strips of
the  four detectors 81, 82, 83 and 84 which are ar- 9    17
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ranged in four different quadrants around the chief     The invention has
been described for use in a ray of the diffracted beam  [err]. If the
scanning    read apparatus, but it may alternatively be used in beam is
sharply focused on the information plane    a write apparatus or in a
combined write-read ap- 3, the radiation spot [err] formed by the beam
[err] in  paratus in which during recording the focusing and the plane of
the detectors is round, as is illustrated    5   the tracking of the write
beam are monitored. The y the solid line circle in Fig. 12. f a focusing
error  focus-error and tracking-error detection systems occurs, the
radiation spot [err] is deformed to an     described do not utilize special
properties of the elliptical spot as Is illustrated by the broken line
information surface 3. It is merely necessary and ellipses in Fig. 12. The
major axis of the ellipse  adequate that this surface is reflecting and has
a extends at an angle of 450 to the separating strips   io  track
structure. Therefore, the invention may be 85 and 86, the sign of the angle
being determined   used in various devices where a very accurate by the
sign of the focusing error. If the signals of  read-out is required, for
example in microscopes. the detectors 81, 82, 83 and 84 are represented by
[err], the focus-error signal [err] will  Claims be given by:
15 1. A scanning device for optically scanning an [err].
object (1), which device comprises a radiation source supplying a scanning
beam (b), a mir- If a second grating (30 in Fig. 1) is arranged in   ror
objective (10) for focusing the scanning a scanning device with such an
astigmatic grating   20  beam to a scanning spot [err] and a radiation- 70
for forming two auxiliary beams [err] and [err], the       sensitive
detection system  (20) for receiving composite detection system should have
the ge-          radiation from the object to be scanned, char- ometry
shown in Fig. 12. One undivided detector         acterized in that the
mirror objective (10) com- 87, 88 is provided for each radiation spot V2
and       prises a radiation-transparent body (11) having [err] formed by
the reflected auxiliary beams b2 and   25  a first surface (12) facing the
radiation source [err], respectively. It has been assumed that the
(9) and a second surface (13) remote from the grating strips of the grating
30 are substantially      radiation source, said first surface having a
first transverse to the track direction, thus extend in the   radiation
window (14) which is located sym- X direction, and that the grating strips
of the grat-   metrically around the optical axis of the mirror ing 70
extend in the Y direction. It is alternatively  30  objective and having a
first reflector (15) sur- possible for the grating strips of both the
grating 70  rounding said window, said second surface and the grating 30 to
be transverse and substan-        (13) having a second reflector (16) which
is tially transverse to the effective track direction.     located
symmetrically around the optical axis In the device shown in Figs. 11 and
12 the           and a second radiation window (17) surround- separating
strips 85 and 86 extend at an angle of  36  ing said reflector, in that the
first radiation 450 to the effective track direction. When a tracking
window (14) supports a first diffraction element error occurs, the centre
of gravity of the intensity    (30) for forming a scanning beam [err] and
two distribution of the radiation spot [err] is displaced to  auxiliary
beams [err] from the radiation the left or the right in the X direction. As
a result, a  beam (b) supplied by the radiation source and tracking error
may influence the focus-error signal.   40  in that the second reflector
(16) supports a This can be prevented by positioning, for ex-        second
diffraction element (40) for diffracting a ample the astigmatic grating 70
in such a way that      part of radiation reflected by the object to be the
astigmatic focal lines of the scanning beam [err]     scanned and again
passing through the mirror passing through this grating are rotated through
450    objective (10) towards the radiation-sensitive relative to these
lines in Fig. 11. The separating   45  detection system  (20) and for
deforming the strips 85 and 86 of the four-quadrant detector can
diffracted scanning beam in such a way that a then be rotated through 450
relative to these sepa-     focus-error signal can be derived therefrom by
rating strips in Fig. 12 and hence may be parallel      means of the
detection system. and perpendicular, respectively, to the track direc-
tion. A tracking error results in the amount of  60  2. A scanning device
as claimed in Claim  1, radiation on the detectors 81 and 84 increasing or
characterized in that at least one of the diffrac- decreasing relative to
the amount of radiation on       tion elements (30, 40) has a phase
structure. the detectors 82 and 83. Since the signals from the detectors 81
and 84 as well as those from the       3. A scanning device as claimed in
Claim 1 or 2, detectors 82 and 83 are subtracted from each other  55
characterized in that the second diffraction ele- for determining the
focusing error, a tracking error    ment (40) is an element introducing
astigma- does not have any influence on the focus-error          tism and
in that the radiation-sensitive detec- signal.
tion (20) system comprises four detectors (21, 10    17                 EP
0 373 699 B1                     18           111111 



ranged in four different quadrants around the chief     The invention has
been described for use in a ray of the diffracted beam  b'1. If the
scanning    read apparatus, but it may alternatively be used in beam is
sharply focused on the information plane    a write apparatus or in a
combined write-read ap- 3, the radiation spot [err] formed by the beam
[err] in  paratus in which during recording the focusing and the plane of
the detectors is round, as is illustrated    5   the tracking of the write
beam are monitored. The y the solid line circle in Fig. 12. If a focusing
error  focus-error and tracking-error detection systems occurs, the
radiation spot [err] is deformed to an     described do not utilize special
properties of the elliptical spot as is illustrated by the broken line
information surface 3. It is merely necessary and ellipses in Fig. 12. The
major axis of the ellipse  adequate that this surface is reflecting and has
a extends at an angle of 450 to the separating strips   10  track
structure. Therefore, the invention may be 85 and 86, the sign of the angle
being determined   used in various devices where a very accurate by the
sign of the focusing error. If the signals of  read-out is required, for
example in microscopes. the detectors 81, 82, 83 and 84 are represented by
[err], the focus-error signal [err] will  Claims be given by:
15 1. A scanning device for optically scanning an [err]
object (1), which device comprises a radiation source supplying a scanning
beam (b), a mir- If a second grating (30 in Fig. 1) is arranged in   ror
objective (10) for focusing the scanning a scanning device with such an
astigmatic grating   20  beam to a scanning spot [err] and a radiation- 70
for forming two auxiliary beams [err] and [err], the       sensitive
detection system (20) for receiving composite detection system should have
the ge-          radiation from the object to be scanned, char- ometry
shown in Fig. 12. One undivided detector         acterized in that the
mirror objective (10) com- 87, 88 is provided for each radiation spot V2
and       prises a radiation-transparent body (11) having [err] formed by
the reflected auxiliary beams b2 and   25  a first surface (12) facing the
radiation source [err], respectively. It has been assumed that the
(9) and a second surface (13) remote from the grating strips of the grating
30 are substantially      radiation source, said first surface having a
first transverse to the track direction, thus extend in the   radiation
window (14) which is located sym- X direction, and that the grating strips
of the grat-   metrically around the optical axis of the mirror ing 70
extend in the Y direction. It is alternatively  3o  objective and having a
first reflector (15) sur- possible for the grating strips of both the
grating 70  rounding said window, said second surface and the grating 30 to
be transverse and substan-        (13) having a second reflector (16) which
is tially transverse to the effective track direction.     located
symmetrically around the optical axis In the device shown in Figs. 11 and
12 the          and a second radiation window (17) surround- separating
strips 85 and 86 extend at an angle of  35   ing said reflector, in that
the first radiation [err] to the effective track direction. When a tracking
window (14) supports a first diffraction element error occurs, the centre
of gravity of the intensity    (30) for forming a scanning beam [err] and
two distribution of the radiation spot [err] is displaced to  auxiliary
beams [err] from the radiation the left or the right in the X direction. As
a result, a  beam (b) supplied by the radiation source and tracking error
may influence the focus-error signal.   40  in that the second reflector
(16) supports a This can be prevented by positioning, for ex-       second
diffraction element (40) for diffracting a ample the astigmatic grating 70
in such a way that      part of radiation reflected by the object to be the
astigmatic focal lines of the scanning beam [err]     scanned and again
passing through the mirror passing through this grating are rotated through
450    objective (10) towards the radiation-sensitive relative to these
lines in Fig. 11. The separating   45  detection system  (20) and for
deforming the strips 85 and 88 of the four-quadrant detector can
diffracted scanning beam in such a way that a then be rotated through 450
relative to these sepa-     focus-error signal can be derived therefrom by
rating strips in Fig. 12 and hence may be parallel      means of the
detection system. and perpendicular, respectively, to the track direc-
tion. A tracking error results in the amount of  so  2. A scanning device
as claimed in Claim  1, radiation on the detectors 81 and 84 increasing or
characterized in that at least one of the diffrac- decreasing relative to
the amount of radiation on      tion elements (30, 40) has a phase
structure. the detectors 82 and 83. Since the signals from the detectors 81
and 84 as well as those from the       3. A scanning device as claimed in
Claim 1 or 2, detectors 82 and 83 are subtracted from each other  55
characterized in that the second diffraction ele- for determining the
focusing error, a tracking error    ment (40) is an element introducing
astigma- does not have any influence on the focus-error          tism and
in that the radiation-sensitive detec- signal.
tion (20) system comprises four detectors (21, 10    19                EP 0
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22, 23, 24) which are arranged in four different   window (14). quadrants
around the chief ray of the diffracted scanning beam.
12. A scanning device as claimed in any one of Claims 1-11, characterized
in that the radiation- 4. A scanning device as claimed in Claim 3,   6
sensitive detection system (20) is connected to characterized in that the
second diffraction ele-  the first radiation window (14). ment (40) is a
grating having straight grating strips and a linearly varying grating
period.   13. A mirror objective provided with two diffraction elements
(30, 40) suitable for use in a scan- 5. A scanning device as claimed in
Claim 3,  10        ning device as claimed in any one of Claims 1-
characterized in that the second diffraction ele-  12. ment (40) is a
holographic grating having curved grating strips and a non-linearly varying
14. An optical write and/or read apparatus pro- grating period.
vided with a scanning device as claimed in any 15      one of Claims 1-12.
6. A scanning device as claimed in Claim 1 or 2, characterized in that the
second diffraction ele-  PatentensprUohe ment (40) is a diffraction grating
comprising two sub-gratings (42, 43) and splitting the dif-  1.
Abtastvorrichtung zum optischen Abtasten el- fracted beam into two
sub-beams (b11; b1.2)  20    nes Objekts (1), die eine ein Abtaststrahlen-
and in that the detection system comprises         bUndel (b) liefernde
Strahlungsquelle, ein Spie- two detector pairs, a first (b1,i) and a second
gelobjektiv (10) zum Fokus-sieren des Abtast- (bl.2) sub-beam co-operating
with a first and a    strahlenbUndels zu einem Abtastfleck (VI) und second
detector pair, respectively.                ein strahlungsempfindliches
Detektionssystem 25      (20) zum Empfangen von von dem abzutasten- 7. A
scanning device as claimed in Claim 6,            den Objekt kommender
Strahlung umfaSt, da- characterized in that the sub-gratings (42, 43)
durch gekennzeichnet, daB das Spiegelobjektiv have a varying grating period
and in that the      (10) einen strahlungdurchlassigen Kdrper (11) grating
strips of the sub-gratings are curved.     umfaBt, der eine erste, der
Strahlungsquelle 30      (9) zugewandte Fl~che (12) und eine zweite, 8  A
scanning device as claimed in Claim 6 or 7,       von der Strahlungsquelle
abgewandte FlAche characterized in that the grating strips of the    (13)
hat, wobei die erste FlNche ein erstes, one sub-grating (42) have the same
main di-        symmetrisch um die optische Achse des Spie- rection as
those of the other sub-grating (43).    gelobjektivs liegendes
Strahlungsfenster (14) in that the average grating periods of the two   35
und einen dieses Fenster umgebenden ersten sub-gratings are different and
in that the detec-  Reflektor (15) hat, und die zweite Fl~che (13) tor
pairs are juxtaposed in a direction parallel   einen zweiten, symmetrisch
um die optische to the bounding line between the sub-gratings.     Achse
liegenden Reflektor (16) und ein zwei- tes, diesen Reflektor umgebendes
Strahlungs- 9. A scanning device as claimed in Claim 6 or 7,  4o   fenster
(17) hat, daB das erste Strahlungsfen- characterized in that the
sub-gratings (42, 43)    ster (14) ein erstes Beugungselement (30) have the
same average grating period, in that      trigt, um aus dern von der
Strahlungsquelle the main directions of the grating strips of the
gelieferten StrahlungsbUndel (b) ein Abtast- one sub-grating (42) extend at
a first angle and   strahlenbtndel (bl) und zwei HilfsbUndel (b2, those of
the other sub-grating (43) extend at a   45  b3) zu bilden, und daB der
zweite Reflektor second angle to the bounding line between the      (16)
ein zweites Beugungselement (40) tragt, two sub-gratings and in that the
detector pairs    um einen Teil der von dem  abzutastenden are juxtaposed
in a direction transversely of      Objekt reflekierten und emeut durch das
Spie- the direction of the said bounding line.           gelobjektiv (10)
tretenden Strahlung in Rich- 50      tung des strahlungsempfindlichen
Detektions- 10. A scanning device as claimed in any one of         systems
(20) zu beugen und um das gebougte Claims 1-9, characterized in that the
second       Abtaststrahlenblndel so zu verformen, daB mit radiation window
(17) has an aspherical sur-       Hilfe des Detektionssystems daraus ein
Fokus- face (18).                                         fohlersignal
abgeleitet warden kann. 66 11. A scanning device as claimed in any one of
2. Abtastvorrichtung nach Anspruch 1, dadurch Claims 1-10, characterized in
that the radiation   gekennzeichnet, daB mindestens eines der source (9) is
connected to the first radiation     Beugungselemente (30, 40) eine
Phasenstruk-    21                EP 0 373 699 B1                    22
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Richtung nebeneinander liegen. 3. Abtastvorrichtung nach Anspruch 1 oder 2,
da- durch gekennzeichnet, daB das zweite Beu-       10. Abtastvorrichtung
nach einem der Ansprache 1 gungselement (40) ein Astigmatismus einbrin-   5
bis 9, dadurch gakennzeichnet, daB das zweite gendes Element ist und daB
das strahlungs-         Strahlungsfenster (17) eine aspharische Ober-
empfindliche Detektionssystem (20) vier Detek-     flache (18) hat. toren
umfaft (21, 22, 23, 24), die in vier ver- schiedenen Quadranten urn den
Hauptstrahl       11. Abtastvorrichtung nach einem der Ansprache 1 des
gebougten AbtaststrahlenbUndels angeord-   10  bis 10, dadurch
gekennzeichnet, daB die Strah- net sind.
lungsquelle (9) mit dem ersten Strahlungsfen- ster (14) verbunden ist. 4.
Abtastvorrichtung nach Anspruch 3, dadurch gekennzeichnet, daB das zweite
Beugungsele-     12. Abtastvorrichtung nach einem der AnsprUche 1 ment (40)
ein Gitter mit geradlinigen Gitter-  is  bis 11, dadurch gekennzeichnet,
daB das streifen und einer sich linear Andernden Gitter-
strahlungsempfindliche Detektionssystem  (20) periode ist.
mit dem ersten Strahlungsfenster (14) verbun- den ist. 5. Abtastvorrichtung
nach Anspruch 3, dadurch gekennzeichnet, daB das zweite Beugungsele-  2o
13. Spiegelobjektiv mit zwei Beugungselementen ment (40) ein
holographisches Gitter mit ge-       (30, 40), geeignet zur Verwendung in
einer krlmmten Gitterstreifen und einer sich nicht-      Abtastvorrichtung
nach einem der AnsprUche 1 linear andermden Gitterperiode ist.
bis 12. 6. Abtastvorrichtung nach Anspruch 1 oder 2, da-  25  14. Optische
Schreib- und/oder Leseeinrichtung durch gekennzeichnet, daB das zweite Beu-
mit einer Abtastvorrichtung nach einem  der gungselement (40) ein
Beugungsgitter mit zwei      AnsprUche 1 bis 12. Teilgittern (42, 43) ist,
das das gebeugte Strah- lenbUndel in zwei TeilbUndel (bl.1, bl.2) auf-
Revendlcations teilt, und daB das Detektionssystem zwei De-  30 tektorpaare
umfaft, wobei ein erstes (bl.1)     1. Dispositif de balayage pour balayer
optique- bzw. ein zweites (bl.2) TeilbUndel mit einem       ment un objet
(1), ledit dispositif comporte une ersten bzw. zweiten Detekorpaar
zusammen-          source de rayonnement fournissant un faisceau wirkt.
de balayage (b), un objectif r~flecteur (10) pour 35      focaliser le
faisceau de balayage en un spot de 7. Abtastvorrichtung nach Anspruch 6,
dadurch          balayage (Vi) et un systbme de ddtection (20)
gekennzeichnet, daB die Teilgitter (42, 43) eine   sensible au rayonnement
pour capter du sich andernde Gitterperiode haben und daB die
rayonnement 'provenant de l'objet a balayer, Gitterstreifen der Teilgitter
gekrUmmt sind.       caract~ris6 en ce que l'objectif reflecteur (10) 40
comporte un corps (11) transmettant le rayon- 8. Abtastvorrichtung nach
Anspruch 6 oder 7, da-       nement prdsentant une premibre surface (12)
durch gekennzeichnet, daB die Gitterstreifen       situee vis-&-vis de la
source de rayonnement des einen Teilgitters (42) die gleiche Haupt-
(9) et une seconde surface (13) situde a l'op- richtung haben wie die des
anderen Teilgitters     pos6 de la source de rayonnement, ladite pre- (43),
daB die mittleren Gitterperioden der bei-  4s  miore surface presentant une
premibre fenrtre den Teilgitter unterschiedlich sind und daB die    (14)
transmettant le rayonnement situde sym6- Detektorpaare in einer parallel
zur Grenzlinie     triquement autour l'axe optique de l'objectif zwischen
den Teilgittern liegenden Richtung        r~flecteur et comportant un
premier rdflecteur nebeneinander liegen.                              (15)
entourant ladite fenetre, ladite seconde 50      surface (13) pr6sentant un
second r~flecteur 9. Abtastvorrichtung nach Anspruch B oder 7, da-
(16) situd symdtriquement autour l'axe optique durch gekennzeichnet, daB
die Teilgitter (42,      et comportant une seconde fenetre (17) tran- 43)
die gleiche mittlere Gitterperiode haben,      smettant le rayonnement
entourant ledit rdflec- daB die Hauptrichtungen der Gitterstreifen des
teur, en ce que la premibre fen8tre (14) tran- einen Teilgitters (42) einen
ersten Winkel und   Bs  smettant le rayonnement comporte un premier die des
anderen Teilgitters (43) einen zweiten     6lement de diffraction (30) pour
former un fais- Winkel mit der Grenzlinie zwischen den Teilgit-    ceau de
balayage (b,) et deux faisceaux auxi- tern bilden und daB die Detektorpaare
in einer     liaires (b2, ba) en partant du faisceau de rayon- 12    23
EP 0 373 699 B1                   24          c nement (b) foumi par la
source de rayonne-    8. Dispositif de balayage selon la revendication 6
ment ot on ce quo le second rdflecteur (16)       ou 7, caract~risd en ce
quo les bandes de 



comports un second 6l6ment de diffraction         reseau de I'un (42) des
sous-r6seaux prdsen- (40) pour diffracter une partle du rayonnement   tent
la m~me direction principale quo colles de r6fl6chi par lobjet A balayer ot
traversant a   5  'autre sous-rdseau (43), en co quo les pdrio- E
nouveau l'objectif rdflecteur (10) vers le systb-  des de r~seau moyennes
des deux sous-r6- me de detection (20) sensible au rayonnement      seaux
sont diffdrentes et en ce quo les paires et pour d6former le faisceau de
balayage dif-     de d~tectours sont juxtapos6es dans une di- fract6 de
manibre qu'un signal d'erreur de        rection parallele a la ligne de
sdparation entre focalisation pout on Otre d6rivd au moyen du   1o  les
sous-r~seaux. systbme de detection. 9. Dispositif de balayage selon la
revendication 6 2. Dispositif de balayage selon la revendication 1.,  ou 7,
caractdris6 en co que les sous-rdseaux caractdris6 en co qu'au moins l'un
des 616-       (42, 43) prdsentent la m~me pnriode de r~seau ments de
diffraction (30, 40) prdsente une  t6    moyenne, en co quo les directions
principales structure de phase.                               des bandes de
r~seau de l'un (42) des sous- r~seaux font un premier angle avec la ligne
de & 3  Dispositif de balayage selon la revendication 1     separation
entre les deux sous-r6seaux at que ou 2, caract6risd en ce quo le second
6l6ment     cellos de l'autre sous-rdseau (43) font un se- de diffraction
(40) est un element introduisant  20  cond angle avec ladite ligne de
s~paration et de l'astigmatisme et en co quo le systbme de      en co quo
les paires de d6tectours sont juxta- d6tection (20) sensible au rayonnoment
com-       posses dans une direction s'4tendant transver- porte quatre
d~tecteurs (21, 22, 23, 24) dispo-   salement a la direction de ladite
ligne de sdpa- s~s dans quatre quadrants diff6rents autour le    ration.
rayon principal du faisceau de balayage dif-  26 fract6.
10. Dispositif de balayage selon l'1une quelconque des revendications 1 &
9, caracteris6 en co 4. Dispositif de balayage selon la revendication 3,
quo la seconde foneftre (17) transmettant le caractdris6 en co que le
second 6lment de        rayonnement pr6sente une surface asph6rique
diffraction (40) est un r~seau pr6sentant des  30  (18). bandes de r6seau
droites et une p6riode de rdseau lin6airement variable.                 11.
Dispositif de balayage selon l'une quelconque des revendications 1 a 10,
caracteris6 en co 5. Dispositif de balayage selon la revendication 3,  que
la source de rayonnement (9) est rolise a caract&ris4 en co que le second
6l6ment de   35  la premibre fen8tre (14) transmettant le rayon-
diffraction (40) est un reseau holographique      nement. pr6sentant des
bandes de reseau courbdes et une p~riode de r6seau non-lindairement varia-
12. Dispositif de balayage selon l'une quelconque ble.
des revendications 1 A 11, caractkris6 en co 40      quo le systbme de
d6tection (20) sensible au 6. Dispositif de balayage selon la revendication
1    rayonnement est reli6 & la premiere fen8tre ou 2, caractfris6 on co
quo le second 6lment     (14) transmettant le rayonnement. de diffraction
(40) est un reseau de diffraction comportant deux sous-reseaux (42, 43) et
divi-  13. Objectif r~flecteur comportant deux 6l6ments sant le faisceau de
balayage diffract4 en deux   4s  de diffraction (30, 40), convenable pour
8tre sous-faisceaux (bi,i, bi,2) ot en co quo le sys-  utilis6 dans un
dispositif de balayage selon tbme de d6tection comporte deux paires de
l'une quelconque des revendications 1 a 12. d6tecteurs, un premier
sous-faisceau (bl,,) et un second sous-faisceau (b,,2) coop6rant avec  14.
Dispositif d'enregistroment et/ou de lecture op- une premibre paire
respectivement avec une   6o  tique comportant un dispositif de balayage
so- seconde paire de d6tectours.                      Ion lune quelconque
des revendications 1 a 12. 7. Dispositif de balayage selon la revendication
6, caractfris6 en ce quo les sous-rdseaux (42, 43) pr6sentent une p6riode
de r6seau variable  66 et en ce quo les bandes de reseau des sous- rdseaux
sont courb6es. 13    


