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working distance is accompanied by a considerably smaller focal length than
In known objective lenses The Invention relates to an objective lens for
fo-  and which moreover can be manufactured in a rela- cusing a diverging
radiation beam Into a diffraction-  tively simple manner. This objective
lens is character- limited radiation spot, comprising a single lens body
5   ized in that both the first and the second refractive of transparent
material having a first refractive sur-  surfaces, viewed from the object
side, are concave, face at the object side and a second refractive sur-  in
that the focal length of the lens is considerably face at the image side,
at least one of said surfaces  smaller than Its thickness along the optical
axis and being aspherical. The invention also relates to an opt-  in that
the second refractive surface is aspherical. ical scanning device provided
with such a lens.  10   The design of this objective lens, which may be
Such a lens and scanning device are known from  characterized as a
retrofocus lens or an inverse tele- United States Patent Specification no.
4,888,056. In  photo lens, is based on the recognition that the image the
embodiment described in said Patent Specifica-  field may be small for the
said application and in that tion in which a diverging beam emitted by a
radiation  the lens may exhibit coma because this coma may be source is
focused to a diffraction-limited radiation   15  compensated by adapting
the position ofthe radiation spot having a half-value width of the order of
I [err] on  source when assembling the objective lens and the an
information plane of a transparent record carrier,  radiation source in a
scanning device. Due to the the objective lens is a biconvex lens one of
whose re-  small build-in length of the objective lens and the cor-
fractive surfaces is aspherical. An aspherical lens  responding small
dimensions and the light weight of surface is understood to mean a surface
whose fun-  20  the scanning device, It can be positioned rapidly and
damental shape is spherical but whose real shape   accurately with respect
to the track structure to be has small deviations therefrom so as to
correct for  scanned in an information plane of a record carrier so
spherical aberrations of the fundamental shape. The  that the objective
lens only needs to have a small im- known lens has a relatively large
diffraction-limited  age field. image field with a diameterof the order of
200 [err] so   25  In the objective lens according to the Invention that a
sharp radiation spot can also be formed In the  the diverging beam incident
on thefirstsurface is ren- surroundings of the optical axis enabling the
position  dered even more diverging so that it completely fills of the
scanning spotwith respectto a pattern oftracks  the second surface, while
the second surface focus- to be scanned in the information plane to be
corrected  es the widened beam. by displacing the objective lens and the
scanning   3o  It is to be noted that thi  principle of firstly diverg-
beam with respect to each other.                  ing and subsequently
focusing for an objective lens The build-in length, from the radiation
source to  intended for a scanning device is known per se from the
information plane, of the known device is roughly  European Patent
Application no. 0,294,902 in the 1
name of the present Applicant. The known objective given by [err]
as  system is, however, a mirror objective. The require- tion, f is the
focal length, i.e. the distance between the  ments to be imposed on the
accuracy of the shape of object focus and the object principal point, and
hh' the  the reflecting surfaces of the mirror objective are a distance
between the main surfaces H and H' of the  factor of 5 to 6 larger than
those which must be im- objectivelens. Fora thin lens theterm hh' is
negligible  posed on transparent refractive surfaces so that the with
respect to the left term. The build-in length of the   40  objective lens
according to the present invention is said embodiment, In which the
magnification is of the  considerably simpler to manufacture. order of 4.5
and the focal length is of the order of 3.2  It Is further to be noted that
the German Patent mm, is approximately 20 mm. To reduce the bull-In
Application no. 1 965 089 discloses a lens forfocusing length while
ensuring the same magnification, the fo-  a parallel beam of infrared
radiation on a detector. cal length should have to be reduced. However,
prob-  45  The two surfaces of the lens, as seen from the object lems may
then occur in connection with the desired  side, are convex. One of the
surfaces of the lens has free working distance of the objective lens when
us-  an ellipsoidal shape. Such a shape, however, is not an Ing it for
scanning an information planein a record car-  aspherical shape in the
sense of this invention, i.e. rier. In fact, this information layer is
located behind a  the deviation of the ellipsoidal surface from a spheri-
transparent substrate having a given thickness, for  5o  cal surface is
substantially larger than the small de- example 1.2 mm, while the record
carrier must be   viatlons of this invention. Moreover, the focal length
placed atsome distance from the objective lens so as  of the known lens is
larger than the thickness of the to prevent the objective lens from bumping
against  lens. the record carrier and being damaged In the case of
According to a further characteristic the first re- unwanted movements of
the record carrier with re-  55  fractive surface may be aspherical so as
to enlarge spect to the objective lens.                       the image
field of this objective lens. The present invention has for Its object to
provide  A preferred embodiment of the objective lens is an objective lens
in which a sufficiently large free  characterized in that a third surface
is present be- 2    



3                   EP 0 398 431 B1                  4 tween the first
refractive surface and the second re-  the radiation spot formed by this
beam on the detec- fractive surface, which third surface Is reflecting and
tion system is determined by the extent of focusing on deflects the chief
ray of the beam entering through  the information plane. the first
refractive surface through an angle of ap-    In the case of a defocus this
radiation spot is de- proximately 900 towards the second refractive sur-
5   formed to an elliptical spot whose major axis is locat- face.
ed in one of two mutually perpendicular directions, This reduces the volume
and hence the weight of  also referred to as astigmatic directions,
dependent the objective lens by approximately 50 % so that this  on the
sign of defocus. The separating strips between lens is even more suitable
to be built in a small and  the four detectors extend at angles of
approximately light-weight scanning device.                  10  450 to the
astigmatic directions. It is to be noted that European Patent Application
If a larger extent of astigmatism is desired, the no. 0,272,724 describes
an optical scanning device  diffraction element may be a diffraction
grating with with an objective lens in which a reflecting surface is
straight grating strips and a linearly varying grating provided between the
two refractive surfaces. The   period. Preferably, the astigmatic
diffraction element fundamental shape of this objective lens Is, however,
15  is a holographic grating with curved grating strips and a biconvex lens
with a relatively large focal length and  a non-linearly varying grating
period. Imaging errors It is not a retrofocus lens with a short focal
length.  such as coma can be corrected by adapting the cur- The invention
also relates to an optical scanning  vatures of the grating strips. device
for scanning an information plane on a trans-   It is to be noted that the
use of a grating with a lin- parent substrate of a record carrier, which
scanning   20  early varying grating period in combination with a devices
comprises a radiation source facing the side  four-quadrant detector for
generating a focus-error of the substrate remote from the Information plane
signal Is known per se from United States Patent and an objective system
forfocusing the diverging ra-  Specification no. 4,358,200. However, the
device ac- diation beam supplied by the source to a scanning   cording to
said Patent Specification does not com- spot on the information layer. This
scanning device is  25   prise a retrofocus objective lens. characterized
in thatthe objectivesystem isconstitut-   A second possibility of
focus-error detection, ed by an objective lens as described hereinbefore.
which Is preferred to the above-mentioned so-called Such a scanning device
has a dimension of the    astigmatic method as regards temperature
sensitivity order of several millimetres, measured along the opt-  and ease
of assembling control, is realised in an em- ical axis, and is
particularlysuitableforuse in portable  30   bodiment which Is
characterized in that the first dif- players for optical discs or in
players to be built in  fraction element is a composite diffraction grating
cars, or in memory systems with a plurality of optical  comprising two
sub-gratings, which grating splits the discs.
deflected scanning beam into two sub-beams, and in Such a scanning device
intended for scanning a   that the composite detection system comprises two
reflecting information plane may be further character-  35  detector pairs,
the first and the second sub-beam co- ized by a diffraction element for
deflecting radiation  operating with a first and a second detector pair,
re- from the information plane towards a radiation-sensl-  spectively. tive
detection system which is arranged at the same     In this device the
scanning spot is re-imaged in side of the objective lens as the radiation
source.  two radiation spots on the detector pairs. Each radi- The
diffraction element may be formed in such a   40  ation spot moves
transversely to the separating strip manner that it renders the beam
incident on the de-  of the associated detector pair in dependence upon a
tection system suitable for detecting focusing errors,  focusing error of
the scanning beam with respect to In cooperation with an adapted detection
system.Afo-  the information plane. This offset can be detected by cusing
error is understood to mean a deviation be-  comparing the outputsignals of
the detectors. This fo- tween the plane of focus of the objective lens and
the   45  cus-error detection method is known as the double information
plane.                                  Foucault method. A first embodiment
of the scanning device with a    A preferred embodiment of the
last-mentioned diffraction element adapted for focus-error detection
device is characterized In that the sub-gratings have is characterized in
that the diffraction element is an  a varying grating period and In that
the grating strips element introducing astigmatism and in that the radi-
so   of the sub-gratings are curved. ation-sensitive detection system
comprises four de-     Due to the varying grating period and the curved
tectors which are arranged in four different quadrants  grating strips the
composite grating has a lens action around the chief ray of the beam
deflected by the dif-  and by displacing this grating along the direction
of fraction element.                                   the boundary line of
the sub-gratings the energy dis- The element introducing astigmatism may be
a   55  tribution of the radiation spots can be made symmet- linear grating
which because it is positioned in a non-  rical with respect to the
associated detector pairs, in- parallel beam introduces a certain extend of
astigma-  ter alia because the imaging length of the assembly tism due to
its positioning in this beam. The shape of  of objective system and grating
is adapted to the dis- 3    



5                   EP0398431 B1                    6 tance, In the
direction of the optical axis, between the  Embodiments of the Invention
will now be descri- diode laser and the detectors. This Is particularly im-
bed in greater detail with reference to the accomany- portant if the
detectors In the form of photodlodes and  ing drawings in which the diode
laser are combined in one component and     Fig. 1 shows a first embodiment
of a scanning de- are fixed with respect to each other. Acomposite grat-
5  vice comprising a first modification of the objec- ing with varying
grating periods and curved grating   tive lens according to the invention,
strips, which grating is also referred to as a hologram,  Figs. 2 and 3
show further embodiments of the provides the possibility of correcting for
imaging er-  scanning device in which a diffraction grating is rors such as
coma and astigmatism which may occur     arranged on one of the surfaces of
the objective when using a grating with straight grating strips.  10  lens,
In principletherearetwoembodimentsofascan-         Figs. 4, 5, 6 and 7 show
different embodiments ning device in which the Foucault focus-error detec-
of a diffraction grating, tion method is used. The first embodiment is
charac-  Fig. 8 shows an embodiment of the scanning de- terized in that the
grating strips of the one sub-grating  vice suitable for magneto-optical
discs, have the same main direction as those of the other  15  Fig. 9 shows
an embodiment of the scanning de- sub-grating, in that the average grating
periods of the  vice with a diffraction grating forforming two aux-
sub-gratings are different and in that the detector   illary beams, and
pairs are juxtaposed in a direction parallel to the   Fig. 10showsan
embodiment of the scanning de- bounding line between the sub-gratings. In
this em-   vice with a second modification of the objective bodiment the
sub-gratings of the scanning beam are  20  lens according to the invention.
deflected In thesame direction butatdifferentangles.  Fig. I shows in a
tangential cross-section a part The second embodiment is characterized in
that  of an optical record carrier 1 having a transparent the sub-gratings
have the same average grating per-  substrate 2 and an information layer 3
which may be iod, in that the main directions of the grating strips of
coated with a protective coating 4. A scanning device the onesub-grating
extend at a first angle and those   25  comprising an objective lens 20 and
a radiation of the other sub-grating extend at a second angle to  source
30, forexample a diode laser is arranged dose the bounding line of the two
sub-gratings and in that  to this record carrier. The radiation source
emits a di- the detector pairs are juxtaposed in a direction trans-
verging scanning beam 31 which is focused in the in- versely of the
direction of the said bounding line. The  formation plane 3 by the
objective lens to a scanning sub-beams of the scanning beam are now
deflected   30  spot 32 having a half-value width of the order of 1 pm.
preferablythrough thesame angles but in differentdi-  The entire
information plane can be scanned by rotat- rections. This embodiment is
preferred to the previ-  ing the record carrier around an axis (not shown)
ous embodiment due to its better mounting toleranc-  which is parallel to
the optical axis 00' and by moving es, control facilities and stability.
the scanning device and the record carrier with re- In order to be able to
follow an information track   35  spect to each other in a radial
direction, i.e. the direc- accurately by means of the scanning spot when
scan-  tion perpendicular to the plane of the drawing in Fig. ning an
information structure arranged in tracks, the  1. scanning device may be
characterized by a diffrac-    The objective lens comprises a relatively
thick tion element for forming a scanning beam and two   body 21 of glass
preferably having a high refractive auxiliary beams from the radiation beam
supplied by  40  index such as ZnSe or SFL6 with a refractive index the
radiation source.                              of 2.53 and 1.80,
respectively. This body has a first The sub-beams formed by the diffraction
ele-    refractive surface 22 and a second refractivesurface ment are
focused by the objective lens to two auxili-  23. The surface 22 has a
diverging effect on the en- ary spots which are located on the two
different   tering diverging beam 31 so that this beam even fur- edges of a
scanned track in the information plane.  45  therdiverges within the lens
body, such that itfills the Each auxiliary spot is re-imaged on a separate
detec-  entire refractive surface 23. This surface has a strong tor of the
detection system. A tracking error signal,  converging effect and focuses
the beam in the scan- that is to say a signal giving an indication about
the  ning spot 32 which is diffraction-limited. magnitude and the direction
of a deviation between    The principal pointof the lens is denoted by H
and the centre of the scanning spot and the centre line of   50  the object
focus is denoted by F. In the embodiment the scanned track, can be derived
from the difference  of Fig. I the focus F is located within the lens. How-
between the output signals of the said two detectors.  ever, this focus may
also be located outside the lens. According to a further characteristic of
the scan-  The focal length, which is defined as the distance be- ning
device, each of the above-mentioned gratings  tween the object focus and
the principal point, is con- may be provided on one of the surfaces of the
objec-  55  siderably smaller than the axial thickness d of the tive lens.
lens. The scanning device may therefore be very Such a grating then does
not require a separate  compact but also very rigid. support, which further
simplifles the scanning device.  One embodiment of the objective lens
consisting 4    



7                   EP 0 398 431 B1                 8 of ZnSe has a focal
length of approximately 0.5 mm,  to read the written Information. an axial
thickness d of approximately 2.8 mm and a     However usually a
beam-separating element, for distance between the lens and the record
carrier of  example a partly transmissive mirror or prism 40 with
approximately 1.1 mm.Atasubstratethicknessofap-    which a portion of the
reflected beam 31' is reflected proximately 1.2 mm the total length from
the front   5   towards the radiation-sensitive detection system 50 face of
the lens tothe information layerisonlyapprox-  Is arranged In the common
radiation path of the pro- imately 5.2 mm.
jected beam 31 and the reflected beam 31', as is If the two surfaces 22 and
23 were spherical, the  shown In Fig. 1. objective lens would exhibit
spherical aberrations. To  For separating the projected and the reflected
correctfor these aberrations, the surface 23 Is asphe-  10  beam increasing
use is being made of a diffraction rical, which means that this surface has
a shape hay-  grating. This grating may be a separate element ar- ing small
deviations from a sphere. This aspherical  ranged between the radiation
source and the objec- shape is shown in the inset of Fig. 1. The real
surface  tive lens. As is shown in Fig. 2, the grating 41 is pre- is
denoted bya solid-line curve 23, while the spherical  ferably arranged on
the surface 22 of the objective fundamental shape is denoted by a broken
line 23'  15  lens. This grating splits a beam incident thereon into which
forthe sake of clarity Is shown as astraight line.  a non-deflected zero
order sub-beam, in a plus first An objective lens having an aspherical
surface 23  order and a minus first order sub-beams and into a has a
diffraction-limited field of, for example 5 [err]  plurality of
higherordersub-beams. The grating para- which Is considerably smaller than
that of the objec-  meters such as the ratio between the width of the tive
systems hitherto used for this purpose. This  20  grating strips and that
of the intermediate grating means that when scanning a record carrier with
infor-  strips and, in the case of a phase grating, the shape mation tracks
it is no longer possible to change over  and depth of the grating grooves
may be chosen to be from one track to another track by moving the scan-
such that the intensity product of the zero order sub- ning beam with
respect to the objective lens. How-  beam formed at the first passage
through the grating ever, this Is no drawback because its compactness  25
41 and a first order sub-beam formed at the second and its light weight
make the scanning device as a  passage through the grating Is maximum. It
can be whole easily movable at the desired speed.         ensured that the
first order sub-beams formed at the If a larger image field is desired, the
refractive  first passage through the grating 41 are deflected surface 22
may also be aspherical. The Image field  through such an angle that the
radiation of these may then have a diameter of, for example 50 pm.  3o
beams after reflection by the information plane 3 The technique described
in United States Patent  does not reach the detection system 50. no.
4,668,058 for providing an aspherical shape on    In the embodiment of Fig.
2 the radiation source the surface of a conventional objective lens may
also  30 and the radiation-sensitive detection system 50 be used for
providing an aspherical shape on the sur-  are arranged at some distance
from the lens surface face 23 or on both surfaces 22 and 23. An objective
35  22. This provides the advantage that a fine control is lens is then
obtained whose aspherical surface is  possible when using a holographic
grating as a dif- formed by the aspherical outer surface of a transpar-
fraction element by moving the objective lens with ent synthetic material
layer which is provided on the  this grating with respect to the detection
system. spherical surface of the glass body. The synthetic ma-  In the
embodiment according to Fig. 3 a diffrac- terial may be a polymerisable
material, for example a   40  tion grating 41' is arranged on the second
surface 23 synthetic material which cures under the influence of  of the
objective lens. This grating deflects a part of a ultraviolet radiation and
which Is provided in a liquid  reflected beam within the objective lens 20
from the state on the lens surface and is given the desired  original
reflected beam so that the reflected beam shape by means of a mold.
portion is Incident on the surface 22 at a different an- The record carrier
may be read in transmission.  45  gle and is thereby directed towards the
detection sys- A radiation-sensitive detection system is then ar-  tem 50.
ranged behind this record carrier for converting the  The separate grating
arranged between the radi- read beam passing through the record carrier and
ation source 30 and the objective lens, or the gratings modulated in
accordance with the information which  41 or 41' on the surfaces 22 and 23
may be imple- has been read Into an electric signal. However, the In-  50
mented in such a manner that the beam originating formation plane is
preferably reflecting. The reflected  from this grating and directed
towards the detection and modulated beam 31' is then received by the ob-
system 50, together with an adapted detection sys- jective lens 20 again so
as to traverse the same path  tem, is suitable for supplying a focus-error
signal. A as the projected beam 31, but then in the reverse dl-  first
embodiment of such a grating with the associat- rection. The beam 31' may
enter the radiation source  55  ed detection system is shown
diagrammatically in Fig. 30 again. If this radiation source is a diode
laser, the  4. In this Figure the beam 31' is denoted by its cross-
so-called feedback effect which Is described in Ger-  section at the area
of the grating, for example grating man Patent Specification no.1,584,664,
maybeused   41. This grating 41 comprises two sub-gratings 42 5    



9                   EP0398431 B1                    10 and 43 which are
separated from each other by the  boundary line 44. line 44. The grating
strips of the sub-gratings are de-  The sub-gratings 42 and 43 may have
straight noted by the reference numerals 45 and 46. These   grating strips
and a constant grating period. However, grating strips are separated by
intermediate strips 47  preferably use is made of a type of grating also
refer- and 48. In this embodiment the sub-gratings have the   5   red to as
hologram which has a varying grating period same grating periods but the
main directions of the  in which the variation in the period is, for
example of preferably curved grating strips 45 of the sub-grating  the
order of several percent of the average grating 42 extend at a first angle
to the bounding line 44,  period. Moreover, as is shown in Figs. 4 and 5
the while the main directions of the curved grating strips  grating strips
of the two sub-gratings are curved. 46 of the second sub-grating 43 extend
at a second,  10   These sub-gratings thus have a variable lens action.
preferably equally large but opposite angle to the  Due to the varying
grating period the positions of the bounding line. The sub-beams are
substantially de-  radiation spots [err]can be varied by moving flected in
a direction transverse to the main direc-  the grating 41 in its own plane.
Aberrations in a direc- tions. Since the main directions are different the
sub-  tion perpendicular to the direction of the boundary beams [err] are
deflected at different angles   15  line 44 can be minimised by suitable
curvatures of the in the YZ plane. This means that In the plane of the
grating strips. The possibility of displacing the posi- detectors, the XY
plane, the radiation spots [err] and  tions of the radiation spots is
particularly important if [err] are offset with respect to each other in
the Y di-  an integrated laser-photodiode unit is used, i.e. a rection. In
this Figure and the following Figures X, Y  component In which the diode
laser and the photode- and Z denote the axes of a system of coordinates  20
tectors arearranged onone supportand aretherefore whose origin 0 coincides
with the centre of the radl-  fixed with respect to each other and thus
have a fixed ation-emitting surface of the diode laser 30.      mutual
distance in the Z direction. This distance is Radiation-sensitive detectors
In the form of pho-  subject to manufacturing tolerances and cannot be
todlodes 51,52 and 53,54 separated by narrow strips  corrected during the
assembly of the device by mov- 55 and 56 are associated with each of the
subbeams   25  Ing the photodiodes with respect to the laser diode In [err]
respectively. These detectors are posi-  the Z direction. tioned in such a
way that in the case of a correct fo-  An important advantage of the
diffraction grating cusing of the beam 31 on the information plane 3 the
with curved grating strips, or hologram, as compared intensity distribution
of the radiation spots 33, and  with a grating having straight grating
strips is that the 33b formed by the sub-beams [err]is sym-  3o  optical
aberrations such as coma and astigmatism metrical with respect to the
detectors 51, 52 and 53,  which may occur when using the last-mentioned
grat- 54, respectively. When a focus error occurs, the radi-  Ing can be
avoided in the first-mentioned grating by ation spots [err]  will become
asymmetrically  taking these aberrations into account in the manufac-
larger and the centre of the radiation distribution of  ture of this
holographic grating and by adapting the each radiation spot moves
transversely to the sepa-  35  curvatures of the grating strips thereto.
rating strips 55, 56 of the associated detector pair.  It is to be noted
that apart from the above- If the output signals of the detectors 51, 52,
53  mentioned advantages of holographic gratings, the and 54 are
represented by [err] re-  grating should be a holographicgrating If it is
provided spectively, the focus-error signal [err] will be given by:  on a
curved lens surface 22 or 23, due to the curva- [err]   ture of the
relevant lens surface. Moreover, If the grat- Asignal which Is proportional
to the Information being  ing is provided on the surface 23, as is shown in
Fig- read, or the information signal [err] Is given by:    ure 3, it will
have to be corrected for the fact that the = [err]              chief
rayofthe beam 31' is not incident on the surface Forgenerating
afocus-errorsignal the composite  22 at the optical axis. The embodiment of
Fig. 2 is grating according to Fig. 4 may be replaced by the   45
therefore preferred to that of Fig. 3. grating 41 shown in Fig. 5. In this
Figure the scanning  Fig. 8 shows an embodiment of a grating 70 beam 31,
the cross-section of the reflected beam 31'  which converts the reflected
scanning beam 31' into in the grating plane and the sub-beams 31' and 31 b'
an astigmatic beam 311'. In principle, this grating has are shown. The main
directions of the preferably   straight grating strips 71 and a linearly
varying grat- curved grating strips of the two sub-gratings 42 and   5o
Ing period. The grating is dimensioned In such a way 43 nowextend at the
same angle tothe boundary line  that the radiation of the beam 31' is
largely deflected 44 while the average grating periods of the two sub-  in
one order, for example the +1 order. The first order gratings are
different. Consequently the angle at  beam 311' Is no longer focused in one
point but in two whichthesub-beam 31. isdeflected isdifferentfrom
mutually perpendicularfocal lines 75 and 78, the line the angle at which
the sub-beam 31b' is deflected.  55   75 being located at a position where
the beam 311 This means that in the plane of the detectors 51, 52,  would
be focused if the grating were not astigmatic. 53 and 54 the radiation
spots 33, and 33b are offset  When a focusing error occurs, the focal lines
75 and with respect to each other in the direction of the  78 are displaced
simultaneously in thesame direction    11                  EP 0 398 431 B1
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and over the same distance. A so-called four-     larisation and the beam
312 incident on the detector quadrant detector 80 is arranged in a plane
approxi-  502 has a second direction of polarisation perpendic- mately
halfway between the positions which the as-  ular to the first direction of
polarlsation. tigmatic focal lines occupy if the scanning beam is   In Fig.
8 the grating 90 is arranged on the first sharply focused on the
information plane. This detec-   5   lens surface 22. If this grating is
arranged on the sec- tor, shown in Fig. 7, comprises four detectors 81, 82,
ond lens surface 23, the scanning device can be giv- 83 and 84 which are
arranged in four different quad-  en its most compactform. This also
applies to the em- rants around the chief ray of the deflected beam 311.
bodiments described hereinbefore. If the scanning beam is sharply focused
on the infor-  When scanning an information plane with infor- mation plane
3, the radiation spot [err] formed by the   io   mation tracks, It must be
ensured that the centre of beam [err] in the plane of the detectors [err]
round, as Is  the scanning spot always coincides with the centre denoted by
means of the solid-line circle In Fig. 7. If  line of the scanned track. To
this end the scanning de- a focusing error occurs, the radiation spot [err]
is de-  vice must have means for detecting a deviation be- formed to an
elliptical spot, as is illustrated by means  tween the centre of the
scanning spot and the centre of the boken-line ellipses in Fig. 7. The
major axis of  15  line of the track, i.e. means for generating a tracking
the ellipse extends atan angle of 45 totheseparating  error signal. The
position of the scanning spot with re- strips 85 and 86, the sign of the
angle being deter-  spect to the centre line of the track can then be cor-
mined by the focus-error sign. If the signals of the de-  rected by means
of this signal, for example, by mov- tectors 81, 82, 83 and 84 are
represented by [err],  ing the Information plane and the scanning device
[err] and [err] the focus-error signal Sf will be given by:  20  with
respect to each other In a radial direction. [err]         As described in
United States Patent No. If the grating 70 is arranged between the radia-
3,376,842 a grating can be used for generating this tion source 30 and the
objective lens 20, it may be im-  tracking error signal. Fig. 9 shows an
embodiment of plemented as a holographic grating with curved grat-  a
scanning device with such a grating 100. As is ing strips so that the
adjusting and correction possi-  25  shown in this Figure, this grating
splits a beam 31 bilities described with reference to Figs. 4 and 5 are
emitted by the source 30 into a non-deflected zero or- obtained again. If
the grating 70 is arranged on one  der beam [err] a beam [err] diffracted
in the +1 order of the lens surfaces 22 or 23, the grating must be ho-  and
a beam [err] diffracted in the -1 order and into a lographic so as to
correct for the curvature of the rel-  plurality of higher order beams. The
last-mentioned evant surface, in which case also the adjusting and   30
beams are not Important for the present invention be- correction
possibilities may be obtained. Furthermore  cause they are largely
deflected outside the objective it is (again) preferred to arrange the
grating 70 on the  lens 20 and moreover have a small intensity. The surface
22 instead of on the surface 23.           grating 100 Is a single, i.e.
undivided grating. The Fig. 8 shows an embodiment of the scanning de-
parameters of this grating, notably the ratio between vice which is
specially suitable forwriting and reading   35  the width of the grating
strips and that of the inter- so-called magneto-optical record carriers.
Such re-  mediate grating strips and the depth and the shape of cord
carriers and write and read devices for these car-  the grating grooves can
be chosen such that substan- riers are described in Inter alla the Article
"Erasable  tially all radiation of the incident beam 31 reaches the
magneto-optical recording in "Philips' Technical Re-  beams 31, 31b and 31.
Moreover, it can be ensured view Vol;. 42, no.2, 1985, pages 37-47.As
described   40  that the Intensity of the beam 31, Is several times in this
Article, a so-called differential method is pre-  larger, for example, 6
times than that of each of the ferably used when reading a magneto-optical
record  beams [err] and [err] carrier. The radiation reflected by the
Information   The beam 31, is the main beam or scanning plane whose
direction of polarisation is modulated in  beam and forms the scanning spot
32. in the informa- time in accordance with the information which has  45
tion plane 3. The beams [err] are auxiliary been read is split after
passage through the objec-  beams which are focused by the objective lens
20 in tive into two mutually perpendicularly polarised sub-  two auxiliary
spots 32b and [err] in the information beams which are Incident on separate
detectors. In  plane. Since the auxiliary beams 31b and [err] are de- the
known device the beam Is split by means of a po-  flected atopposite angles
by the grating 100, the aux- larisation-sensitive beam splitter.
5o  iliary spots 32b and 32, viewed in the track direction, The scanning
device according to Fig. 8 does not  are located on both sides of the
scanning spot [err] require such a beam splitter because a grating 90
The angle between the direction of the grating supplies two spatially
separated beams [err] and [err]  strips of the grating 100 and the
effective track direc- preferably the [err] order and the -1 order beams.
It can  tion is chosen to be such that the radiation spots [err] be ensured
that these beams have the same Intensi-  55   [err] viewed in the track
direction, are located ty. Polarisers 91 and 92 are arranged between the
de-  one behind the otherand, if the centre of the scanning tectors [err]
In such a way that the beam [err]  spot [err] is located on the centre line
of the scanned incidenton the detector [err] has afirst direction of po-
track the centre of the scanning spot 32b is located 7    13
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on one edge of this track and the centre of the auxil-  surfaces being
aspherical, characterized in that iary spot [err] is located on the other
edge of this track.  both the first and the second refractive surfaces, A
separate detector is present in the radiation-sensi-  viewed from the
object side, are concave, in that tive detection system 50 for each
auxiliary beam. In   the focal length ofthe lens is considerably smaller
the situation in which the auxiliary spots 32b and [err]   5  than its
thickness along the optical axis (00') and cover the track to an equal
extent, the output signals  in that the second refractive surface (23) is
as- of the said detectors are equal. When a tracking error  pherical.
occurs, the centre of one of the auxiliary spots moves towards the centre
line of the track, while the centre  2. An objective lens as claimed in
Claim 1, charac- of the other auxiliary spot moves away from the cen-  10
terized in that the first refractive surface (22) is tre line and the
output signals of the said separate de-  also aspherical. tectors become
unequal. The difference of the output signals of the detectors thus
represents the tracking  3. An objective lens as claimed in Claim I or2,
char- error signal.                                          acterized in
that a third surface (110) is present To limit the number of sub-beams on
the detec-  15  between the first refractive surface (22) and the tion
system 50, the grating 100 is preferably arranged  second refractive
surface (23), which third sur- between the radiation source 30 and the
objective      face (110) is reflecting and deflects the chief ray lens 20
and as close as possible to the radiation       of the beam entering
through the first refractive source so that the reflected beams no
longertraverse    surface (22) through an angle of approximately this
grating. The grating 100 may then have straight  20  [err] towards the
second refractive surface (23). grating strips and a constant grating
period. A grating 41' as shown in Fig. 3 can then be provided on the  4. A
scanning device for scanning an information lens surface 23. If the grating
100 is provided on the  plane on a transparent substrate (2) of a record
lens surface 22 (Fig. 9), it is a holographic grating. Un-  carrier, which
scanning device comprises a radi- der circumstances it is alternatively
possible to pro-  25  ation source (30) facing the side of the substrate
vide a grating 100 on the surface 23 and a grating 41'  remote from the
Information plane and an objec- on the surface 22 of the objective lens 20.
tive system for focusing the diverging radiation Fig. 10 shows a second
principal embodiment of      beam supplied by the source to a scanning spot
the objective lens 20' which is even smaller and light-  (32) on the
information layer (3), characterized in er than that shown in Figs. 1,2, 3,
8 and 9. In addition   30  that the objective system is constituted by an
ob- to the two refractive surfaces 22 and 23, the objective  jective lens
(20) as claimed in Claim 1, 2 or 3. lens of Fig. 10 has a third surface 110
which is reflect- ing and extends at an angle of approximately 450 to  5. A
scanning device as claimed in Claim 4, intend- the original optical axis
00'. The scanning beam 31    ed for scanning a reflecting information
plane, and possibly the reflected beam 31' is thereby folded   35
characterized byadiffraction element (41)forde- within the lens 20'. The
lens 20' then has the same ac-  flecting radiation from the information
plane to- tion as that of Figs. 1, 2, 3, 8 and 9 but it comprises  wards a
radiation-sensitive detection system (50) considerably less lens material.
which is arranged at the same side of the objec- One of the surfaces (23)
or both surfaces 22 and    tive lens as the radiation source (30). 23 of
the objective lens 20' are aspherical. These sur-  40 faces may be provided
with a diffraction grating as  6. Ascanning device as claimed in Claim 4,
charac- described with reference to Figs. 2, 3, 8 and 9. One   terized by a
diffraction element (100) for forming of the gratings 41 and 41' according
to Figs. 2 and 3,  a scanning beam and two auxiliary beams from
respectively, may also be arranged on the reflecting   the radiation beam
supplied by the radiation surface 110 of the objective lens 20'.         45
source (30). The objective lens according to the invention may not only be
used in a read apparatus but also in a write  7. A scanning device as
claimed in Claim 5, charac- apparatus or in a combined write-read
apparatus.       terized in that the diffraction element (70) is an element
introducing astigmatism and in that the 50      radiation-sensitive
detection system comprises Claims
four detectors (81-84) which are arranged in four different quadrants
around the chief ray of a 1. An objective lens (20) for focusing a
diverging ra-  beam deflected by the diffraction element (70). diation beam
into a diffraction-limited radiation spot, comprising a single lens body
(21) of trans-  55   8. A scanning device as claimed in Claim 7, charac-
parent material having a first refractive surface   terized in that the
astigmatic diffraction grating (22) at the object side and a second
refractive     (70) is a holographic grating with curved grating surface
(23) at the image side, at least one of said  strips and a non-linearly
varying grating period. 8    13                  EP 0 398 431 B1
14 



on one edge of this track and the centre of the auxil-  surfaces being
aspherical, characterized in that laryspot 32, is located on the otheredge
of this track.  both the first and the second refractive surfaces, A
separate detector is present in the radiation-sensi-  viewed from the
object side, are concave, in that tive detection system 50 for each
auxiliary beam. In  the focal length of the lens is considerably smaller
the situation in which the auxiliary spots 32b and [err]    5  than its
thickness along the optical axis (00') and cover the track to an equal
extent, the output signals  in that the second refractive surface (23) is
as- of the said detectors are equal. When a tracking error  pherical.
occurs, the centre of one of the auxiliary spots moves towards the centre
line of the track, while the centre  2. An objective lens as claimed in
Claim 1, charac- of the other auxiliary spot moves away from the cen-  10
terized in that the first refractive surface (22) is tre line and the
outputsignals of the said separate de-  also aspherical. tectors become
unequal. The difference of the output signals of the detectors thus
represents the tracking  3. An objective lens as claimed In Claim 1 or2,
char- error signal.                                         acterized In
that a third surface (110) is present To limit the number of sub-beams on
the detec-  15  between the first refractive surface (22) and the tion
system 50, the grating 100 is preferably arranged  second refractive
surface (23), which third sur- between the radiation source 30 and the
objective     face (110) is reflecting and deflects the chief ray lens 20
and as close as possible to the radiation     of the beam entering through
the first refractive source so that the reflected beams no longer traverse
surface (22) through an angle of approximately this grating. The grating
100 may then have straight  20  900 towards the second refractive surface
(23). grating strips and a constant grating period. Agrating 41' as shown
in Fig. 3 can then be provided on the  4. A scanning device for scanning an
information lens surface 23. If the grating 100 Is provided on the  plane
on a transparent substrate (2) of a record lens surface 22 (Fig. 9), it isa
holographic grating. Un-  carrier, which scanning device comprises a radi-
der circumstances it is alternatively possible to pro-  25  ation source
(30) facing the side of the substrate vide a grating 100 on the surface 23
and a grating 41'  remote from the information plane and an objec- on the
surface 22 of the objective lens 20.           tive system for focusing the
diverging radiation Fig. 10 shows a second principal embodiment of     beam
supplied by the source to a scanning spot the objective lens 20' which is
even smaller and light-  (32) on the information layer (3), characterized
in er than that shown in Figs. 1, 2,3, 8 and 9. In addition   30  that the
objective system is constituted by an ob- to the twd refractive surfaces 22
and 23, the objective  jective lens (20) as claimed in Claim 1, 2 or 3.
lens of Fig. 10 has a third surface 110 which is reflect- ing and extends
at an angle of approximately [err] to  5. A scanning device as claimed in
Claim 4, intend- the original optical axis 00'. The scanning beam 31   ed
for scanning a reflecting information plane, and possibly the reflected
beam 31' is thereby folded   35  characterized by a diffractlon element
(41)forde- within the lens20. The lens 20' then has the same ac-  flecting
radiation from the information plane to- tion as that of Figs. 1, 2, 3, 8
and 9 but it comprises  wards a radiation-sensitive detection system (50)
considerably less lens material.                      which is arranged at
the same side of the objec- One of the surfaces (23) or both surfaces 22
and   tive lens as the radiation source (30). 23 of the objective lens 20'
are aspherical. These sur-  4o faces may be provided with a diffraction
grating as  6. A scanning device as claimed in Claim 4, charac- described
with reference to Figs. 2, 3, 8 and 9. One  terized by a diffraction
element (100) for forming of the gratings 41 and 41' according to Figs. 2
and 3,  a scanning beam and two auxiliary beams from respectively, may also
be arranged on the reflecting  the radiation beam supplied by the radiation
surface 110 of the objective lens 20'.        45      source (30). The
objective lens according to the invention may not only be used in a read
apparatus but also in a write  7. A scanning device as claimed in Claim 5,
charac- apparatus or in a combined write-read apparatus.      terized in
that the diffraction element (70) is an element Introducing astigmatism and
in that the 50     radiation-sensitive detection system comprises Claims
four detectors (81-84) which are arranged in four different quadrants
around the chief ray of a 1. An objective lens (20) forfocusing a diverging
ra-  beam deflected by the diffraction element (70). diation beam into a
diffraction-limited radiation spot, comprising a single lens body (21) of
trans-  55   8. A scanning device as claimed in Claim 7, charac- parent
material having a first refractive surface  terized in that the astigmatic
diffraction grating (22) at the object side and a second refractive    (70)
is a holographic grating with curved grating surface (23) at the image
side, at leastone of said  strips and a non-linearly varying grating
period. 8    15                  EP 0 398 431 B1                 16 



9. A scanning device as claimed in Claim 5, charac-   asphirisch bt.
terized In that the diffraction element is a compo- site diffraction
grating (41) comprising two sub-  2. Objektivinse nach Anspruch 1, dadurch
gskenn- gratings (42,43), which grating splits the deflect-  zeichnet, daB
such die erste brechende Oberfla- ed scanning beam into two sub-beams, and
in   5    che (22) asphfrisch lat. that the detection system comprises two
detector pairs (50), the first and the second sub-beam co-  3.
ObJektivilnse nach Anspruch I oder 2, dadurch operating with a first
(51,52) and a second        gekennzelchnet, daB sich zwischen der ersten
(53,54) detector pair, respectively.               brechenden Oberflache
(22) und der zweiten 10      brechenden Oberflfche (23) eine dritte
Oberfla- 10. Ascanning device as claimed In Claim 9, charac-   che (110)
befindet, die reflektierend ist und den terized in that the sub-gratings
(42,43) have a    Hauptstrahl des durch die erste brechende Ober- varying
grating period and in that the grating     flache (22) eintreffenden
Bulndels um einen Win- strips (45,46) of the sub-gratings are curved.
kei von etwa 900 zu der zweiten brechenden 15      Oberfiache (23) hin
ablenkt. 11. A scanning device as claimed in Claim 9 or 10, characterized
in that the grating strips of the one  4. Abtasteinrichtung zum Abtasten
einer Informati- sub-grating (42) have the same main direction as
onsfliche auf einem durchsichtigen Substrat (2) those of the other
sub-grating (43), in that the   eines Informationstragers, wobei diese
Abtast- average grating periods of the sub-gratings   20   einrichtung eine
Strahlungsquelie (30) aufwelst, (42,43) are different and in that the
detector pairs  die gegenuber der von der Informationsfiache (50-54) are
Juxtaposed In a direction parallel to  abgewandten Seite des Substrata
iiegt, sowie ein the bounding line (44) between the sub-gratings.
Oblektivsystem zum Fokussleren des von der Quele gelieferten divergierenden
Strahlungs- 12. A scanning device as claimed in Claim 9 or 10,  25
biindels zu einem Abtastflecken (39) auf der In- characterized in that the
sub-gratings (42,43)    formationsschicht (3), dadurch gekennzeichnet, have
the same average grating period, in that the  daR das Objektivsystem durch
eine Objektivlinse main directions of the grating strips of the one   (20)
nach den Ansprfchen 1, 2 oder 3 gebildet sub-grating (42) extend at a first
angle and those  wird. of the other sub-grating (43) extend at a second
3o angle to the bounding line (44) between the two  5. Abtasteinrichtung
nachAnspruch4zumAbtasten sub-gratings and In that the detector pairs (51-
einer refiektierenden Informationsflache, ge- 54) are juxtaposed in a
direction transversely of  kennzeichnet durch ein Diffraktionselement (41)
the direction of the said bounding line.           zum Ablenken von
Strahlung von der Informati- 36      onsflfiche zu einem
strahlungsempfindlichen De- 13 A scanning device as claimed in Claim 5, 6,
7 or   tektionssystem (50), das sich auf derselben Seite 9, characterized
In that the diffraction element   der Objektiviinse befindet wie die
Strahlungs- (41,70,90,100) is arranged on one of the surfaces  quelle (30).
of the objective lens (20). 40  6. Abtasteinrichtung nach Anspruch 4,
gekenn- zelchnet durch ein Diffraktionselement (100) Patentansprilche
zum Bilden einesAbtastbfndels und zweierHilfs- bOndel aus dem von der
Strahlungsquelle (30) 1. Objektiviinse (20) zum Fokussieren eines diver-
gelleferten Strahlungsbfndel. gierenden Strahlungsb~ndels In elnem  beu-
45 gungsbegrenzten Strahlungaflecken, wobei die-   7. Abtasteinrichtung
nach Anspruch 5, dadurch ge- se Unse aus elnem elnfachen LInsenkorper (21)
kennzelchnet, daB das Diffraktionselement (70) aus durchsichtigen Werkstoff
besteht mit einer     ein Astigmatismus einf~hrendes Element ist und ersten
brechenden Oberflache (22) auf der Ge-      daB das strahlungsempfindliche
Detektionssy- genstandaseite und mit einer zweltn brechen-  so
stemvierDetektoren (81 - 84) aufweist, die In vier den Oberflache (23)
aufder Bildseite, wobeimin-    verschiedenen Quadranten um den Hauptatrahl
destens eine dieser Oberflachen aspharisch ist,    des durch das
Diffraktionselement (70) abge- dadurch gekennzeichnet, dal die erste sowie
die   lenkten BOndels liegen. zweite brechende Oberflache, von der Gegen-
standsseite aus betrachtet, konkav ist, dae die  s5   8. Abtasteinrichtung
nach Anspruch 7, dadurch ge Brennweite der Linse wesentlich kleiner ist als
kennzeichnet, da% das astigmatische Dlffrakti- die Dicke lfings der
optischen Achse (00') und     onselement (70) ein holographisches Gitter
mit daB die zweite brechende Oberfilche (23)           gekrfmmten
Gitterstreifen und einer nicht linear 9 I 11I1II1 111111 1111111111 1111 *
C   L   M   S   *   
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Gitterperiode ist                     qua suivant l'axe optique (00') la
longueurfocale de la lentille eat sensiblement inf6rieure A son 9.
Abtasteinrichtung nach Anspruch 5, dadurch ge-     epaisseur et en ce quo
la seconde surface refrac- kennzeichnet, dall das Diffraktionselement ein
tive (23) ost aspherique. aus zwei Tellgittern (42,43) bestbhendes zusam-
5 mengestolltes Diffraktionsgittbr (41) ist, das des  2. Lentille
d'objectif salon la revendication 1, carac- abgelenkto Abtastbflndel In
zwei TeilbOndel auf-  tirisee on ce quo la premiere surface refractive
teolt, und dat das Detektionssystbm zwei Detak-    (22) est 6galement
aspherique. torpaare (50) aufwelst, wobei ein erstes bzw. zweitss
TeilbfIndel mit einem erstan (51,52) bzw.  10  3. Lentille d'objectif solon
la revendication I ou 2, zweiten (53, 54) Detsktorpaar zusammenarbel-
caracterisee en ce qu'une troislime surface tat.
(110) eat prisenta entre la premlire surface re- fractive (22) et la
deuxieme surface refractive 10. Abtasteinrichtung nach Anspruch 9, dadurch
ge-    (23), ladite trotsieme surface (110) eat reflechis- kennzeichnet,
daft die Tellgitter (42,43) sine ver-  *5  santb et elle devie l rayon
principal du faisceau laufende Gitterperiode haben und daf die Gitter-
qul entre a travers la premibre surface refractive streifen (45, 46) der
Teligitter gekrfmmt sind.    (22) pour s'htendre vers la deuxibme surface
ri- fractive (23) sous un angle de l'ordre de 900. 11. Abtastelnrichtung
nach Anspruch 9 oder 10, da- durch gekennzaichnet, dag die Gitterstrelfen
dos   20  4. Dispositif d'exploration pour explorer un plan eonen
Teilgitters (42) dieselbe Hauptrichtung ha-  dinformation present sur un
substrattransparent ben wie die des anderen Teilgiters (43), dag die  (2)
d'un support d'enregistrement, led it dispositif jeweilige mittlere
Gitterporlode derTeilgitter (42,  d'exploration comporte une source de
rayonne- 43) verschieden sind, und daft die Detektorpaare   ment (30)
situee en face du cote du substrat qui (50-54) nebeneinander liegen in
einer Richtung   25  est situe a l'opposd du plan d'information et un
parallel zu der Trenniinie (44) zwischen den Teil-  systeme d'objectif pour
focaliser l faisceau de gittern.
rayonnomentdivergent fourni par la source en un spot d'exploration (32) sur
la couche d'informa- 12. Abtasteinrichtung nach Anspruch 9 odor 10, da-
tion (3), caracterise en ce quo le systhme d'objeo- durch gekennzeichnst,
daf die Tellgittar (42, 43)  30  tif est constitui d'une lentille
d'objectif (20) solon dieselben mittleren Gitterperioden aufwelsen,      la
revendication 1, 2 ou 3. daf die Hauptrichtung der Gitterstrelfen des el-
nen Teilgitters (42) eonen erstn und dM des an-  5. Dispositif
d'exploration solon la revendication 4, deren Teilgitters (43) einen
zweiten Winkel mit    concu pour explorer un plan d'information refle- der
Trennlinie (44) der zwoi Teilgittor einschlie-  3S  chissanL caracterise
par un eiement de diffrac- Ben, und daol die Detektorpaare (51 - 54) neben-
tion (41) pour devier Is rayonnement provenant einander liegen in einer
Richtung quer zu der      du plan d'information vers un systemn de detoc-
Richtung der genannten Trennlinie.                 tion sensible au
rayonnement(50) quiestdispose du mime cote de la lentille d'objectif quo la
sour- 13. Abtastoinrichtung nach Anspruch 5, 6. 7 oder 9,  40  ce de
rayonnement (30). dadurch gakennzeichnet, daf das Diffraktions- element
(41, 70, 90, 100) auf elner der Oberfla-  S. Dispositif d'exploration solon
la revendication 4, chen der Objsktiviinse (20) angebracht ist.
caracterise par un element de diffraction (100) pour former un faisceau
d'exploration et deux 45     faisceaux auxillaires A partir du faisceau de
Revendicatlons                                        rayonnement fourni
par la source de rayonne- ment (30). 1. Lentille d'obJectif (20) pour
focaliser un faisceau de rayonnement divergent en un spot de rayon-  7.
Dispositif d'exploration solon la revendication 5, nement limitM par
diffraction, comportant un   60  caracterise en ce qua l'element de
diffraction corps de lentille simple (21) en materiau transpa-  (70) est un
element introduisant de l'astigmatis- rent prisentant une premlere surface
refractive    me et en ce quo le systeme de ditection sensible (22) situee
du cote d'objet et une seconde surfa-  au rayonnement comporte quatre
ditacteurs (81 ce refractive (23) situee du cote d'image, au      A 84) qui
sont disposes en quatre quadrants dif- moins l'une deadites surfaces etant
aspheriques,  66  ferents autour du rayon principal d'un faisceau
caracterises en ce qua, vues du oti d'objet, la   devie par l'Ielment de
diffraction (70). premiire surface refractive aussi bbon qua la se- conds
surface refractive sont concaves, on ce  8. Dispositif d'exploration selon
la revendication 7, 10 *              I 1111i1 1111111111111111111  
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quo le reseau de diffraction as- tigmate (70) est un riseau holographique
pr6son- tant des bandes de riseau courbios ot une pe- riode de reseau qui
varie non lineairement 5 9. Dispositif d'exploratlon selon la revendicatIon
5, caracterise en ce quo l'element de diffraction est un riseau de
diffraction composi (41) compor- tant deux sous-reseaux (42,43), qui divise
le fais- ceau  d'exploration  devie on deux sous-  10 faisceaux, et en coe
quo le systeme de ditectlon comporto deux paires de ditecteurs (50), le
pre- mier 0 le second soua-faiscoeau coopirant avec une premiere (51,52)
respectivement une secon- do palre de ditecteurs (53, 54).           15 10.
Dispositif d'exploration solon la revendicatbon 9, caractirisi en ce quo
les sous-reseaux (42, 43) prisentent une periode de raseau variable et en
co quo les bandes de reseau (45, 46) des sous-  20 riseaux sont courbies.
11. Dispositif d'exploration solon la revendication 9 ou 10, caractirise en
ce quo les bandes de re- seau de l'un des deux sous-reseaux (42) prisen-
25 tont la mime direction principalo quo celles de l'autre sous-reseau
(43), en co quo les p6iiodes de reseau moyennes des sous-riseaux (42,43)
sont diffirentos ot on ce quo les palres de ditoc- tours (50 a 54) sont
juxtaposies dans une direc-  30 tion s'itendant parallelement a la ligne de
sepa- ration (44) entre les deux sous-reseaux. 12. Dispositif d'exploration
solon la revendication 9 ou 10, caractirise en co quo les sous-riseaux   35
(42, 43) presentont la mime peiiode de reseau moyonne, en co quo les
directions principales des bandes de reseau de l'un des deux sous- reseaux
(42) sitoendent sous un premier angle et quo cellos de I'autre sous-reseau
(43) steondent  40 sous un deuxieme angle par rapport a la ligne de
siparation (44) entre les deux sous-reseaux et en co quo les paires de
dteocturs (51 a 54) sont juxtaposeos dans une direction steondant trans-
versalement A ladito lIgne de siparation.  45 13. Dispositif d'exploration
salon la revendication 5, 6, 7, ou 9, caractirisi en oe quo I'iliment de
dif- fraction (41, 70, 90, 100) est disposi sur l'une quelconque des deux
surfaces de la lentille d'ob-  6o jectif (20). 56 11 I IIIIUI 11111111111
IIIU    


