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Description

This tnvention relates to an optical pickup ap-
paratus and optical grating assembly for the same.
More particularly, this invention relates to an optical
pickup apparatus for reading information stored in
a recording medium such as an information carrier
disc by directing small read-out spots of light to the
disc and detecting the light reflected therefrom by
a photosensitive dstector, and an optical grating
assembly suitable for use in such pickup appara-
tus.

Information carrier discs are known in the art
where data are stored and arranged atong a spiral
track comprising a succession of reflective ele-
ments. The reflective elements constituting the
track generally take the form of hollows called
"pits”, which hold audio, video or other information
in the digital form. The information carriers also
dubbed as optical discs are finding their way rap-
idly into such industries as music, movie and com-
puter.

In order to read out the information stored in
the carrier disc, an optical read-out or pickup de-
vice is used. Fig. 1 schematically illustrates the
arrangement of a typical prior-art optical pickup
device where the three-beam method for tracking
servo control and the astigmatic detection for fo-
cusing servo control are employed. Before having a
detailed description of Fig. 1, the three-beam meth-
od and astigmatic detection are briefly explained
with reference to Figs. 2 and 3.

Turning to Fig. 2, the three-beam method for
fracking servo control uses three beams of light: a
main beam to be concentrated into a main reading
spot 18a and a pair of sub-beams to be focused
into & pair of sub-reading spots 18b and 18c on the
opposite sides of the main reading spot 18a. A
tracking error signal is obtained by sensing the
difference in amount betwesn the pair of reflected
sub-beams.

Turning next to Fig. 3, the astigmatic detection
for focusing servo control makes use of a cylin-
drical lens which acts as a lens with respect to light
in one direction but does not with respect to light in
the opposite direction. A beam of light passing
through the cylindrical lens forms a circular spot at
the focal point, and distorted circular spots or ellip-
tical spots on the far and near sides of the focal
point. Any variation in shape of the reading spot of
beam is electrically detected to thereby generate a
focus aerror signal.

Now roferring to Fig. 1, the optical pickup or
read-out device includes a source of laser 1. A
beam of laser 16 emitted by the laser source 1 is
directed to a diffraction grating 12 where it is
diffracted into a zero-order diffracted main beam
17a and a pair of first-order diffracted sub-beams
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17b and 17c¢. The main beam 17a is for reéding out
the pit information recorded on the disc and. for
sensing focusing error, while the two sub-beams
17b and 17c¢ are for sensing tracking error or failure
of the main reading beam. The three diffracted
beams 17a, 17b and 17¢c are directed {0 a planar
beam splitter 13 provided with a half-silvered sur-
face or mirror 13a where they are reflected toward
a collimating lens 5. As the three beams pass out
of the collimating lens 5, they are rendered parallel.
The collimated beams continue to an objective lens
6 which focuses them into three spots 18a, 18b
and 18c on the surface of the information carrying
disc 7 in & pattern as shown in Fig. 2. The main
reading spot 18a derives from the main beam 17a,
whereas the sub-spots 18b and 18¢ from the sub-
beams 17b and 17c. The spot forming beams 17a,
17b and 17¢ are modulated by the data carrying
track on the disc and reflected back through the
objective lens 6 and the collimating lens 5 toward
the beam splitter 13, following substantially the
identical path. The beam splitter being disposed
obliguely or at an angle with respect to the optical
path of the returning beams, the return beams
impinge obliquely on the beam splitter 13 and pass
therethrough. The length of optical paths, for exam-
ple, + and m within the beam splitter for the light
beams passing therethrough vary depending on the
locations at which those beams strike the splitier.
The net result of this is similar to going through a
cylindrical lens, and, thus, astigmatism is devel-
oped. The returning beams transmitted through the
beam splitter 13 procesd to a plane concave lens
14 by which the incident beams are axially or
longitudinally magnified and focused into spots
19a, 19b and 19c onto a six-segment photosen-
sitive detector 15. These beam spots 19a, 19b and
19¢ are projected on the photodetector 15 in var-
ious patterns as shown in Figs. 4A-4C depending
on the positions of the disc 7 reiative to the objec-
tive lens 6. 1t is noted that the spot 19a is derived
from the main beam 17a, while the spots 19b and
19¢ are from the sub-beams 17b and 17¢, respec-
tively.

Turning to Figs. 4A-4C, the photodstector 15
comprises photosensitive segments A-D arranged
in square configuration to receive the main spot of
beam 192, and a pair of similar photosensitive
segments E and F disposed on both sides of the
square array A-D for receiving the sub-spots 19b
and 19c of the beam. When the surface of the
information carrying disc 7 is situated right in the
focal plane of the objective lens 6, thereby making
it possible for the reading spots to be focused in
the data track of the disc, the beam spots 19a-19¢
are projected on the photodetector in the shape of
round circles and in the pattern as shown in Fig.
4B. I the disc surface is closer to the objective




3 . EP 0 305 169 B1 4

lens beyond its focal point i.e. if the disc surface is
positioned on the near side of the focal point of the
objective lens, then the projected beam spots take
the form of ellipses or oval circles arranged as
shown in Fig. 4A. On the other hand, when the disc
surface is farther than the focal point of the objec-
tive lens i.e. when the disc surface is positioned on
the far side of the focal point of the objective lens,
the beam spots 1%9a-19c are projected on the
photodetector 15 in the form of oval circles and in
a pattern as shown in Fig. 4C.

A pit signal RF obtained by reading the pits in
the data track of the disc with the read-out light
spots is expressed by the following equation:

RF=a+b+c+d

where a, b, ¢ and d represent electrical signals
corresponding to the amounts of light received on
the photosensitive segments A, B, C and D, re-
spectively.

A tracking error signal TES provided by the
three-beam method is expressed as follows:

TES =e-f

where ¢ and f represent electrical signals propor-
tional to the amounts of light projected and re-
ceived on the photosensitive segments E and F,
respactively.

A focus error signal FES generated by the
astigmatic detection is expressed as follows:

FES = (a + d)- (b + ©)

Whenever tracking error is sensed by a frack-
ing error detector 41, a lens actuator or driver 44
operates in response to the output signal from the
detector 41 to move the objective lens 6 in a
direction and amount to correct the error. Likewise,
when focusing error is sensed by a focusing error
detector 42, a lsns actuator or driver 43 operates
responsive to the output signal from the detector
42 to move the objective lens 6 in a direction and
amount to correct the focusing error. In this man-
ner, the position of the objective lens 6 relative to
the disc 7 is always adjusted so that the disc
surface is kept in the focal plane of the objective
lens and the reading beam spots are focused vight
on the data track of the disc, assuring accurate and
reliable read-out of the pits in the data track.

In Fig. 5, there is schematically illustrated an-
other prior-art optical pickup device which incor-
porates a holographic grating. The pickup device
relies on the push-pull method for tracking serve
control and on the wedge prism method for focus-
ing servo control.
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Before having a description of the optical pic-
kup device of Fig. 5, the push-pull and wedge
prism methods are explained in brief.

Turning to Fig. 7, the push-pull detection em-
ploys a single spot of beam for reading the in-
formation stored in the form of pit on the disc.
When the reading spot illuminated on the informa-
tion track is in perfect registration with the data pit
as rgpresented by the center spot in Fig. 7, two
photosensitive segments of a photodetector 45 re-
ceive equal amounts of reflected light. However,
any lateral deviation of the projected light spot with
respect to the data pit causes a difference in the
intensity of light impinging on the photosensitive
segments. This difference sensed by the
photodetector 45 produces a signal indicating the
fracking error.

The wedge prism method for focusing servo
control employs a wedge prism 46 shown in Fig.
8A. One face of the prism is contoured in the form
of a V shaped valley. A beam of light incident on
the wedge prism emanate therefrom in two beams
of light as iflustrated in Fig. 8B. At its focal point F,
the transmitted beams are converged into tiny
spots, while at positions X and Y on the near and
far sides, respectively, of the focal point, the
beams form semicircular spots of different size and
orientation. The varying semicircular spots of light
beams are sensed by a photodstector, which pro-
ducses electric outputs indicating focusing errors.

Now turning to Fig. 5, the optical pickup device
includes a source of laser 1. A laser beam 22 from
the source of laser 1 is directed to the holographic
grating 20. Fig. 6 illustrates the holographic grating
20 in an enlarged perspective view. The holo-
graphic grating 20 comprises a glass or plastic
plate member formed with a number of fine curved
grooves or slits for diffracting the light beam pass-
ing therethrough. In order for the diffraction grating
20 to function like a wedge prism, the grating is
divided into two sections 20a and 20b.

Turning back to Fig. 5, the holographic grating
20 diffracts the laser beam 22 from the source into
several diffraction orders. Among them, only zero-
order diffraction beam continues to a collimating
lens 5. The first-order difiraction beam wholly
misses the collimating lens § because of its larger
diffraction angle. The zero-order diffraction beam
through the collimating lens 5 is turned into paralle!
beams. The collimated beams are oriented to an
objective lens 6 which focuses them into a spot of
light on the surface of the information carrier disc
7. The impinging beam is reflected by the disc 7
and is returned to the holographic grating 20 along
substantially the same optical path. The return
beam is diffracted into several orders by the dif-
fraction grating 20. Zero-order diffraction beam pro-
ceeds toward the source of laser 1, while tirst-order
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diffraction beam is directed to a four-segment
photodetector 21. As stated hereinabove in connec-
tion with Fig. 6, the holographic grating 20 is di-
vided into grating sections 20a and 20b along a
line oriented in a tangential direction of the disc 7
{(while the dividing line is conspicuous in the draw-
ing to show the boundary between the grating
sections, no such line exists in an actual holo-
graphic grating). As can alsc be seen in Fig. 6, the
sections 20a and 20b are formed with grating
grooves of different design or pattern so that the
first-order diffracted beams emanating from these
sections are converged onto different points. More
spacifically, the two first-order diffracted beams
24a and 24b emanate from the holographic grating
20 due to its composite structure. The beams 24a
and 24b impinge on a four-segment photodetector
21 to form spots of light 25a and 25b. The forma-
tions of light spots 25a and 25b on the photodetec-
tor 2t are shown in enlargement in Figs. 9A-9C
where the alphabetical letters A, B, C and D denote
photosensitive segments comprising the
photodetector 21. In an erroneous read-out situ-
ation where the disc 7 lies closer to the objective
lens 6 beyond its focal point, i.e. it is located within
the focal length of the objective lens 8, semicircular
spots 25a and 25b are formed on the outermost
photosensitive segments A and D as shown in Fig.
9A. When the disc 7 lies in the focal plane of the
objective lens 8, i.e. the disc is at the focus of the
objective lens, tiny spots of light are projected on
the photodetector 21 as shown in Fig. 9B. If the
disc 7 lies farther away from the objective lens
beyond its focal point, i.e. if it is positioned outside
the focal length of the objective lens, semicircular
spots 25a and 25b are ilurninated on the innermost
photosensitive segments B and C as shown in Fig.
ac.

A pit signal RF obtained by optically reading
the disc 7 is expressed as follows:

RF=a+b+c+d

where a, b, ¢ and d represent electrical signals
corresponding to the amounts of light received by
the photosensitive segments A, B, C and D, re-
spectively.

A tracking error signal TES provided by the
push-pull method is expressed as foilows:

TES = {a + b)-(c + d)
The wedge prism method provides a focusing
error signal FES expressed by the following equa-

tion:

FES=(a+d-(b+c
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It should be noted that the composite holo-
graphic grating 20 acts optically like a wedge
prism.

Referring again to Fig. 5, when a focusing error
is sensed by a focusing error detector 42, a lens
actuator 43 operates to drive the objective lens 6 in
a direction and amount to correct the etror. Like-
wise, as a tracking error detector 41 senses a
tracking error, another actuator 44 operates to
move the objective lens 8 in a direction and
amount to offset the focusing error, thereby achiev-
ing an accurate and reliable reading of the pits on
the disc.

The prior-art optical pickup devices of the type
described above, while generally satisfactory in op-
tical read-out operation, suffer some drawbacks.

The optical pickup device of Fig. 1 which em-
ploys the three-beam detection for the tracking
servo control shows an excelient ability to detect
tracking error. However, it requires both the diffrac-
tion grating 12 and the plane beam splitter 13 for
the diffraction of the laser beam, compared with the
one and single holographic grating for the optical
pickup device of Fig. 5 based on the push-pull
detection method. One additional component part
means one additional step of operational adjust-
ment as well as additional cost.

On the other hand, in the pickup device of Fig.
5 relying on the push-pull detection techniguse, a
single holographic grating 20 is sufficient for the
intended diffraction of the laser beam. One less
component part and one less step for the oper-
ational adjustment in this pickup device than in the
device based on the three-beam detection surely
leads to a considerable cost reduction. However,
the push-pufi type of pickup device is disadvanta-
geous in that the tracking etror signal fluctuates
with varying pit depths, making it impossible to
obtain a stable and constant tracking error signal.

An optical pickup device which uses a separate
beam splitter and diffraction grating, like the device
shown in Fig. 1, is known from EP-A-0,226,403.

The use of holograms in optical pickup de-
vices, to direct a light beam reflected from a record
medium toward an optical sensor, is known from
EP-A-0,123,048 and EP-A-0,195,657. From these
two documents, it is also known to form an assem-
bly in which two holograms are adhered to each
other by an optical adhesive.

It is an object of this invention to provide an
optical pickup apparatus for optically reading in-
formation stored in a ftat information carrier.

It is another object of the invention to provide
an optical pickup apparatus for optically reading a
flat information carrier which uses a three-beam
method for tracking servo control and which is
simpler in construction than similar prior art ap-
paratus.
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It is still another object of the invention to
provide a novel optical grating assembly suitable
for use in the optical pickup apparatus.

According to one aspect, the invention provides
an optical pickup apparatus for reading information
recorded on a track or tracks on a recording me-
dium by causing a focused light spot to scan along
said track or tracks and by directing light reflected
from said medium toward a photodetector, the ap-
paratus comprising:

first grating means for deriving from a light
beam emitted by a light source a main beam,
which is focused to form said focused light spot,
and a pair of sub-beams which are focused onto
the recording medium for use in sensing tracking
error of the main beam; characterised by:

second grating means for directing part of the
light beam reflected from said recording medium
toward said photodetector; and

an optical grating assembly which is made of a
single part comprising a first surface portion receiv-
ing light from said light source and provided with
said first grating means and a second surface
portion receiving light reflected from said recording
medium and provided with said second grating
means.

In preferred embodiments, the first grating
means is a diffraction grating and the second grat-
ing means is a holographic grating.

According to another aspect, the invention pro-
vides an optical grating assembly for use in an
optical pick-up apparatus for reading information
recorded on a recording medium in which appara-
tus said assembly is disposed between a light
source and said recording medium, characterized
in that said optical grating assembly is made of a
single part comprising:

a first surface portion, arranged in use to re-
ceive light from said light source;

a second surface portion, arranged in use to
receive light reflected from said recording medium;

first grating means provided on said first sur-
face portion for deriving from a light beam emitted
by said light source a zero-order béam and a pair
of first order beams; and

second grating means provided on said second
surface portion for directing part of the light beam
reflocted from said recording medium toward a
photodetector of said apparatus.

The present invention will become more appar-
ent from the following detailed description of pre-
ferred embodiments, taken in conjunction with the
accompanying drawings, in which:

Fig. 1 is a schematic illustration showing an
overall arrangement of a prior art optical pickup
device;

Fig. 2 is a schematic illustration helpful in under-
standing some basic working principles of the
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three-beam dstection method for tracking servo
control;

Fig. 3 is a schematic illustration helpful in under-
standing some basic working principles of the
astigmatic detection method for focusing servo
control;

Figs. 4A-4C are schematic illustrations showing
light spots formed in different shapes and pat-
ferns on a six-segment photodetector of a prior
art optical pickup device which employs a dif-
fraction grating;

Fig. 5 is a schematic illustration showing an
overall arrangement of a prior-art opticat pickup
device which employs a holographic grating;

Fig. 6 is an enlarged perspective view of a
holographic grating;

Fig. 7 is a schematic illustration helpful in under-
standing the basic working principle of a push-
puil method;

Fig. BA is an enlarged perspective view of a
typical wedge prism employed in a wedge prism
method,;

Fig. BB is a schematic illustration helpful in
understanding some basic working principle of
the wedge prism method;

Figs. 9A-8C are schematic illustrations showing
light spots formed in different shapes and ori-
entations on a four-segment photodetector of a
prior-art optical pickup device which employs a
holographic grating;

Fig. 10 is an enlarged perspective view of an
optical grating assembly according to a pre-
ferred embodiment of this invention;

Figs. 11A-11F are schematic cross-sectional il-
lustrations showing successive steps for manu-
facturing the optical grating assembly according
to this invention,

Fig. 12 is an enlarged cross-sectional view
showing the working of the optfical grating as-
sembly of Fig. 10;

Fig. 13 is a schematic illustration showing the
overail arrangement of an optical pickup appara-
tus according to this invention;

Figs. 14A-14C are schematic illustrations show-
ing light spots formed in different shapes and
orientations on a six-segment photodetector of
the optical pickup apparatus of Fig. 13 accord-
ing to this invention;

Fig. 15A is an enlarged perspective view of an
optical grating assembly according to another
embodiment of this invention;

Fig. 15B is an eniarged perspective view of an
optical grating assembly according to still an-
other ermbodiment of this invention;

Fig. 18 is an enlarged cross-sectional view
showing the working of the optical grating as-
semblies of Figs. 15A and 15B;
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Fig. 17 is an eniarged perspective view of an
optical grating assembly according to still an-
other embodiment of this invention;
Fig. 18 is an enlarged perspective view showing
the working of the optical grating assembly of
Fig. 17;
Fig. 19 is a schematic illustration showing the
overall arrangement of an optical pickup appara-
tus according to this invention which employs
the optical grating assembly of Fig. 18;
Figs. 20A-20C are schematic illustrations show-
ing light spots formed in different shapes and
orientations on a six-segment photodetector of
the optical pickup apparatus shown in Fig. 19;
Fig. 21 is an enlarged perspective view of an
optical grating assembly according to still an-
other embodiment of this invention;
Fig. 22 is an enlarged perspectiva view of an
optical grating assembly according to stil an-
other embodiment of this invention;
Fig. 23 is an enlarged perspective view showing
the working of the optical grating assembly of
Fig. 22; and
Fig. 24 is a schematic illustration showing the
overall arrangement of an optical pickup appara-
tus according to this invention which employs
the optical grating assembly of Fig. 22.
Refarring now to Fig. 10, there is illustrated a
grating assembly for use in an optical pickup ap-
paratus according to this invention. As shown, the
grating assembly 2 has a face 202 turning toward a
source of radiant light and provided with a diffrac-
tion grating 4a as a first grating component. The
diffraction grating 4a functions to distribute a light
beam from the source into a main beam for read-
ing a data pit formed on the information carrying
disc, and a pair of sub-beams for sensing tracking
error of the main reading beam. The other face 201
of the grating assembly 2 turning toward the in-
formation carrying disc is provided with a holo-
graphic grating 3 as a second grating component.
The holographic grating 3 comprises a number of
curved parallel grooves arranged to deflect a part
of the light beam impinging upon it. Thus, when
incorporated in the optical pickup apparatus of the
invention to be described later, the holographic
grating 3 works to turn & portion of the light beam
reflected from the information carrying disc to a
photodstector. it should be noted that the diffrac-
tion grating 4a and the holographic grating 3 are
made of plastics or glass, and formed into the
grating assembly 2 of unitary or integral structure.
However, this invention is not limited to the uses of
plastics and glass. Other suitable materials can
aiso be used for the unitary grating assembly.
Fabrication of the unitary grating assembly 2 is
now briefly described with reference to Figs. 11A-
11G.
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Fig. 11A illustrates the grating assembly 2 in
schematic cross-section. The grating assembly 2
has the holographic grating 3 on one face and the
diffraction grating 4a on the other face: It is fab-
ricated by introducing (thermoplastic) synthetic res-
in material or glass into a mould 33 shown in Fig.
11B. The mould 33 comprises an upper moulding
half 33a provided with a counterpart design of the
desired holographic grating, and a lowsr moulding
half 33b ruled with a complementary design of the
desired diffraction grating. The mould 33 also has
an inlet passage 33c formed therein, and glass or
plastic material in the molten or fluid state is intro-
duced Into the mould through the inlet passage
33c. A pool of molten material within the mould 33
is left to set into a solid body which constitutes the
unitary composite grating structure 2. Other grating
structures according to the invention which will be
described hereinbelow are all fabricated in substan-
tially the same manner.

Now the forming of the mould half 33a is
described with reference to Figs. 11C-11G. A glass
pane or a sheet of glass 30 is prepared as shown
in Fig. 11C. A coating 31 of photoresist is applied
over one surface of the glass pane 30 (Fig. 11D).

As a next step, using photolithographic tech-
nique {(and, when necessary, two-beam interference
technique), the photoresist coating 31 is etched
away to leave a pattern of fine thread-like projec-
tions 32 (Fig. 11E). The pattern of the fine projec-
tions 32 is covered with a coating of electroplated
metal 33d having a desired thickness (Fig. 11f ).
When the electroplated metal coating 33d is
stripped off the undetlying glass sheet 30, k is
incorporated into the upper mould half 33a as a
grating-forming surface layer. A similarly grating-
forming layer for the lower moulding hailf 33b can
be fabricated following substantially the same pro-
cess as described above.

The optical working of the grating assembly 2
of Fig. 10 is illustrated in Fig. 12 in a greatly
enlarged cross-section taken along the line A-A of
Fig. 10. Referring to Fig. 12 together with Fig. 13
which schematically shows an optical pickup ap-
paratus according to the present embodiment and
having the grating assembly 2 incorporated therein.
The optical pickup apparatus includes a source of
laser 1, typically a semiconductor {aser device, and
an objective lens 6 positionad close to an informa-
tion carrier disc 7 for converging the laser light
from the source 1 on the disc. A collimating lens 5
is disposed closer to the objective lens, while the
optical grating assembly 2 closer to the source of
laser 1. The pickup apparatus also includes a six-
segment photosensor or photodetector 8 which
produces electric outputs in response to and as a
function of incident radiation of light.
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Now to describe the operation of the illustrated
pickup apparatus, a laser beam 9 emitted from the
laser source 1 falis on the diffraction grating 4a
provided on the face 202 of the grating assembly
2. The incident laser beam is diffracted by the
diffracticn grating into a zero-order diffracted heam
9a for reading the data pits on the disc 7, and &
pair of first-order diffracted beams 10a and 11a for
sensing tracking error of the main read-out beam
9a. These three diffracted beams 9a, 10a and 11a
pass through the holographic grating 3 on the other
face 201 of the grating assembly 2, which diffracts
the passing beams into zero-order beams and first-
order beams. Of these, only three zero-order
beams continue to the collimating lens 5. The first-
order beams miss the collimating lens 5 due to
their greater diffraction angles. The thres beams
9a, 10a and 11a impinging on the collimating lens
5 are rendered paralle! as they pass tharethrough
and are directed to the objective lens 6, which
focuses them into three spots 9b, 10b and 11b
onto the disc 7 for reading out the information
carried therein.

The spot 9b derives from the major laser beam
9a, whereas the spots 10b and 11b from the sub-
beams 10a and 11a of the laser, respectively. The
three beam spots are focused on the data carrying
surface of the disc in a relative arrangement as
shown in Fig. 2. Thus, the spots 10b and 11b are
displaced tangentially or in a direction of the disc
rotation with respect to the centre spot 8b.

The spot-forming laser beams are reflected by
the disc 7 and return along substantially the same
optical paths through the objective lens 6 and the
collimating lens 5 to the grating assembly 2 where
the return beams fall on the holographic grating 3.
The incident beams are then diffracted into zero-
order diffraction beams and first-order diffraction
beams. While the =zero-order beams continue
straight back toward the laser source 1, the first-
order diffracted beams 9¢, 10c and 11c are de-
flected sideways. As a consequencs, the first-order
beams 9¢, 10c and 11c pass out of the grating
assembly 2 through a non-grated area 4b in the
lower face 202, bypassing the diffraction grating
4a. H is pointed out that the first-order diffracted
beams which pass obliquely through the grating
assembly 2 inevitably undergo an astigmatic effect
or distortion which is used to advantage to produce
electrical signals indicating focusing errors as wifl
be explained later. The first-order beams 9c¢, 10c
and 11¢ passing out through the non-grated area
4b impinge on the six-segment photodetector 8
and form light spots 9d, 10d and 11d, respsectively,
in various shapes and orientations as shown in
Figs. 14A-14C.

Formation of the light spots on the six-segment
photodetector 8 in the pickup apparatus of the
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present embodiment of the invention, both as to
their shapss or arrangements, is similar to that
obtained in the prior art pickup device of Fig. 1
(see Figs. 4A-4C). Note that the prior art pickup
device includes both the diffraction grating 12 and
the plane beam splitter 13 as its essential optical
components,

The pickup apparatus of this embodiment
shown in Figs. 12 and 13 makes use of the three-
beam dsetection for tracking servo control and the
astigmatic detection for focusing servo control as
does the prior-art device of Fig. 1. However, the
pickup apparatus of the invention relies only on a
single grating assembly 2 for the purpose of beam
diffraction, compared to the two optical compo-
nents in the prior-art device.

In an erroneous reading situation where the
disc 7 is within the focal length of the objective
lens 6 or is closer to the objective lens beyond its
foca! point, the three spots 9d-11d are formed on
the six-segment photodetector in oblong shape and
in orientation as shown in Fig. 14A. In a correct
reading situation where the disc 7 is in the focal
plane of the cbjective lens 6, thres circular spots
9d-11d are projected on the six-segment
photodsetector 8 as shown in Fig. 14B. In another
erroneous reading situation whers the disc 7 is on
the far side of the focal point of the objective lens 6
or outside its focal length, the three light spots 9d-
11d projected on the photodstector 8 take on ob-
fong shapes oriented as shown in Fig. 14C.

A pit signal RF obteined by optically reading
the data pits in the disc 7 is expressed as follows:

RF=a+b+c¢c+d

where a, b, ¢ and d represent electrical outputs
corresponding to the amounts of the light received
by the photosensitive segments A, B, C and D.

A tracking error signal TES provided by the
three-beam method is expressed as follows:

TES =o9-f

where & and f represent electrical outputs in pro-
portion to the quantities of light received by the
photosensitive segments E and F, respectively.

A focusing error signal FES provided by the
astigmatic detection method is expressed as fol-
lows:

FES = (a + d)- {b + c)

Refaerring again to Fig. 13, when a focus error
detector 42 senses a focusing error through the
photodetector 8, it operates a lens actuator 43 so
that the actuator drives the objective lens 6 in a
direction and amount to correct the error. Similarly,
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as a tracking error detector 41 senses a tracking
error through the photodetector 8, it operates a
lens actuator 44 such that the actuator moves the
objective lens 6 in a direction and amount to cor-
rect the error. An accurate and reliable reading of
the data pits on the disc is attained in this manner.

Referring to Figs. 15A and 15B, there are
shown optical grating assemblies according to an-
other embodiment of the invention. The grating
assemblies of Figs. 15A and 15B are essentially
identical in construction to the one shown Fig. 10
oxcept for the structural feature to be described
hereinbelow. Thus, like component parts are des-
ignated by like reference numerals without having
any further description thereof.

The novel structural feature of the optical grat-
ing assemblies 2 shown in Figs. 15A and 15B is
the provision of a lens structure 4c in its lower face
202 in the area through which the reflected laser
bearn deflected by the holographic grating 3 to-
ward the photodetector passes. In the grating as-
sembly of Fig. 15A, the lans structure 4c is pro-
vided in the form of a cylindrical lens, whereas in
Fig. 15B, the lens structure 4c is in the form of a
concave lens.

The optical working of the grating assembly 2
with the lens structure 4c is shown in Fig. 16. With
the cylindrical lens structure of Fig. 15A, the beams
passing through the lens structure undergo a great-
or astigmatic distortion, which, in turn, is effective
to cause the photodetector to generate more dis-
tinct outputs. On the other hand, the concave lens
structure 4c of Fig. 15B functions to magnify the
transmitted beams in axial or longitudinal direction.
The axially magnified beams are more raadily pic-
ked up by the photodetector.

While the cylindrical lens structure 4c has been
separately incorporated as means for enhancing
the astigmatic development, the holographic grat-
ing 3 may suitably be designed to have a similar
function instead of providing a separate structure
4c.

An optical grating assembly 2 according to sfill
another embodiment of the invention is shown in
Fig. 17. The grating assembly 2 is substantially
identical in construction to that of Fig. 10. Thus,
similar parts are indicated by similar reference nu-
merals. However, the grating assembly 2 of Fig. 17
differs from that of Fig. 10 in that its holographic
grating 3 is divided into two sections 3Ja and 3b
glong a line 30 which extends in the tangential or
circumforential direction of the disc 7. The dividing
line 30 is added in the drawing for the purpose of
indicating the boundary between the two grating
sections 3a and 3b. No such line is seen in an
actual grating structure. The two-section holograph-
ic grating is fabricated following the procedure de-
scribed hereinabove in connection to Figs. 11A-
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11F.

The operation of an optical pickup apparatus
which incorporates the grating assembly 2 of Fig.
17 is now explained with reference to Fig. 18
together with Fig. 18 which illustrates the optical
working of the grating assembly.

A laser beam 1 emitted from a source of laser
1 impinges on a diffraction grating 4a provided in
one face 202 of a grating assembly 2 where it is
diffracted into a zero-order main beam Sa for read-
ing the data pits on a disc 7 as well as sensing
focusing error, and a pair of first-order sub-beams
10a and 11a for sensing tracking error. The beams
9a, 10a and 11a pass through a holographic grating
sections 3a and 3b which diffract these beams
again into zero- and first-order beams. The first-
order beams, being diffracted through a far greater
angle, miss a collimator lens 5. Thus, only the
zero-order diffracted beams of the incident beams
9a, 10a and 11a continue to the collimator lens § to
be cast into parallsl rays. The colimated beams
are directed to an objective lens 6 which functions
to focus the incoming beams into three spots 8b,
10b and 11b on the data recorded surface of an
information disc 7. The three focused spols as-
sume the arrangement as shown in Fig. 2 with the
spots 10b and 11b being tangentially displaced
away from the centre spot 8b.

The laser beams which form the spots 8b, 10b
and 11b on the disc are reflected by the data
surface of the disc 7 and return along substantially
the identical paths through the objective lens B and
the collimating lens 5 to the grating assembly 2.
The returning beams fall on the grating sections 3a
and 3b of the holographic grating 3 which function
to independently and separately diffract the trans-
mitted beams into zero- and first-order beams. As
before, the zero-order diffracted beams are direct-
ed straight back to the laser source 1. On the other
hand, the first-order beams 9c, 10c and 11c dif-
fracted by the holographic grating section 3a, and
the first-order beams 8d, 10d and 11d diffracted by
the other holographic grating section 3b pass out of
the grating assembly 2 through a non-grated region
in the lower face 202. The holographic grating
sections 3a and 3b are designed such that the
outgoing first-order diffracted beams converge on
different locations. Accordingly, the diffracted
beams gc¢, 10¢ and 11c through the grating section
3a fall on a six-segment photodetector 8 to form
three spots 9e, 10e and 1te, while the diffracted
beams 9d, 10d and 11d through the other grating
section 3b impinge on the photodetector B to form
three different spots 9f, 10f and 11£. It is noted here
that the light spots 9e and 9f derive from the main
laser beam 9a, and that the light spots 10e-10f and
11e-11f come from the sub-beams 1Ga and 11a,
respectively. With the arrangement of the pickup
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apparatus shown in Figs. 18 and 19, a laser beam
from the source is distributed into one main beam
and a pair of sub-beams by the grating assembly,
making possible the three-beam tracking error de-
tection. At the same time, each returning beam
reflocted by the disc is divided into two separate
beams by the grating assembly, making possible
focusing error detection in a manner similar to that
achieved by the wedge prism method.

Formation of the light spots on the photodetec-
tor 8 under some typical reading situations are
shown in Figs. 20A-20C.

In an erroneous reading situation where the
information disc 7 is located off the focal point of
the objective lens 6 on the near side thereof, i.e.
the disc is positioned within the focal length of the
objective lens, light spots 9e-11e and 9f-11f are
formed on the photodetector in semicircular shape
and in an arrangement as shown in Fig. 20A. In a
correct reading situation where the disc 7 is lo-
cated on the focal point of the objective lens 6,
pinpoint spots 9e-11e and 9f-11f are projected on
the photodetector in a pattern as shown in Fig.
20B. In another erroneous reading situation where
the disc 7 is located off the focal point of the
objective lens on the far side thereof, i.e., the disc
is positioned outside the focal length of the objec-
tive lens, semicircular light spots 8e-119 and 8f-11f
are formed on the photodetector in an arrangement
and orientation as shown in Fig. 20C.

A pit signai RF obtained by reading the pits in
the data track of the disc 7 with the read-out light
spots is expressed by the following equation:

RF=a+hb+c+d

where a, b, ¢ and d represent electrical signals
corresponding to the amounts of light received on
the photosensitive segments A, B, C and D, re-
spectively.

A tracking error signal TES provided by the
three-beam method is expressed as follows:

TES = e-f

whoere o and f represent electrical signals propor-
tiona! to the amounts of light projected and re-
ceived on the photosensitive segments E and F,
respectively.

A focus error signai FES generated by the
wedge prism type detection is expressed as fol-
lows:

FES = (a + d)-(b + ©)
Whenever a tracking error is sensed by a

fracking error detector 41, a lens actuator or driver
44 gperates in response to the output signal from
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the detector 41 to move the cbjective lens 6 in a
diraction and amount to correct the error. Likewiss,
when a focusing error is sensed by a focusing ervor
detector 42, a lens actuator or driver 43 operates in
response to the output signal from the detector 42
to move the objective lens 6 in a direction and
quantity to correct the focusing error. In this man-
ner, the position of the objective lens 6 relative to
the disc 7 is always adjusted so that the disc
surface is kept in the focal plane of the objective
lens and the reading beam spots are focused right
on the data track of the disc, assuring accurate and
reliable read-out of the pits in the data track.

In Fig. 21, there is illustrated a grating assem-
bly according to still another embodiment of the
invention and suitabie for use in an optical pickup
apparatus of the invention. The grating agsembly of
Fig. 21 is substantially identical in construction to
that shown in Fig. 17, and like parts are designated
by like reference numerals. A distinct feature of the
grating assembly 2 of Fig. 21 not found in the
grating assembly of Fig. 17 is that a holographic
means for relieving influence of astigmatism is pro-
vided over the holographic grating sections 3a and
3b. The holographic grating may be made to have
an additional function of relieving influsnce of the
coma. In Fig. 21, the provision of the anti-astig-
matism holographic means is represented by draw-
ing the grating sections 3a and 3b to have grating
configuration or pattern different from the one
shown in Fig. 17. The particular holographic means
may be fabricated by photolithographic technique
which employs two-beam interference (Fig. 11E).
As can be seen in Fig. 18, the returning light
beams are fransmitted obliquely through the grat-
ing assembly 2 toward the photodetector 8, which
inevitably develops astigmatic distortion in the
transmitted light beams. As a result, these beams
form on the photodetector light spots of oblong
circles or ellipses instead of regular circles. By
providing the anti-astigmatism holographic means
over the holographic grating sections 3a and 3b,
the development of astigmatic effects on the light
beams transmitted through the grating assembly 2
is prevented, resulting in the formation of fully
round light spots on the photodetector.

It is also possible to design the holographic
grating to have an imags magnifying function for
enlarging the light spots formed on the photodetac-
tor. With the enlarged light spots, the photodetector
works to generate electrical outputs of greater in-
tensity.

There is illustrated in Fig. 22 an optical grating
assembly 2 according to still another embodiment
of the invention, which is essentially identical in
structure to that shown in Fig. 17. Thus, like com-
ponent parts are designated by like reference nu-
merals.
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In contrast to the grating assembly of Fig. 17,
the grating assembly 2 of Fig. 22 has been divided
into two holographic grating sections 3a and 3b
along a line 30 which extends parallel to the fine
grooves in the diffraction grating 4a on the other
face 202 of the assembly 2. When the dividing line
30 extends orthogonally with respect to the grating
grooves, it gives rise to the following problems.

Turning back to Fig. 18, the wavelength of the
laser beam @ emitted by the semiconductor source
1 undergoes slightest change with a varying tem-
perature. As the emanating laser beam changes its
wavelongth, so does the return beam reflected by
the disc 7. The relation expressed by the following
equation exists between the wavelength » of the
reflected beam and the diffraction angle 8 through
which the reflected beam Is diffracted into the first-
order beam:

Sine =3

where d denotes the pitch spacing of the holo-
graphic grating.

As will be sesn from the eguation, any variation
in the wavelength of the light beam causes a
change in the diffraction angle 8. If the diffraction
angle with respect to the first-order diffracted beam
undergoes fluctuation in response to the varying
wavelength X, the light spots 9e-11e and 9-11f
focused on the photodetector 8 are displaced lat-
erally in the direction toward or away from the
source 1 as seen in Fig. 18. As a result, the spots
90-110 are positioned much closer to one another,
making it difficult to obtain clear and distinct RF
signals, tracking error signals as well as focusing
error signals. This is true also of the light spots 9f-
11f.

In order to make allowance for the possible
fluctuation in the wavelength of the laser beam
caused by varying temperature conditions or dif-
ferent semiconductor devices used as the laser
source 1, it has been necessary to design the
optical system of the pickup apparatus such that
the light spots 10e and 10f are disptaced on the
photodetector 8, as much as possible, away from
the light spots 11e and 11f, respectively. To this
end, the beams 10b and 11b on the disc 7 must be
made to lie farthest apart from each other, or
alternatively additional optical component parts
should be incorporated, These propositions are dis-
advantageous in that they impose stringent require-
ments on the mounting accuracy of the whole
apparatus, and also involve higher manufacturing
costs and lower operating stability.

The aforementioned problems relating to the
fluctuating wavelength of the laser beam are effec-
tively overcome by the novel grating assembly 2 of
Fig. 22 in which the holographic grating 3 is di-
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vided into the grating sections 3a and 3b atong the
line 30 extending parallel to the fine grooves or
slits of the diffraction grating 4a. Now to refer to
Fig. 23 where the optical working of the grating
assembly 2 of Fig. 22 is illustrated, together with
Fig. 24 where an optical pickup apparatus employ-
ing the grating assembly of Fig. 22 is shown. As
the wavelength of the laser beam 9 from  the
source 1 fluctuates, the light spots focused on the
photodetector 8 are displaced laterally in a direc-
tion away or toward the laser source 1. However,
the spacing between the light spot 10e and 11e is
never diminished. Nor is the distance between the
spots 10f and 11f. Hence, it is not necessary to set
the spacing between the light spots 10e and 11e,
and the spacing between the light spots 10f and
11f broader than usual in anticipation of possible
shrinking.

Fluctuations of the spacing bstween the spots
10e and 10f, and the spacing between the spots
11e and 11f in the direction toward or away from
the source of laser 1 are effectively compensated
for by adjusting the pitch of the grating grooves in
the grating sections 3a and 3b.

As has been described in detail hersinabove,
the optical pickup apparatus of the preferred em-
bodiments includes the diffraction grating which
distributes a light beam from a source into a main
beam for reading the data pits on the information
carrier disc, and a pair of sub-beams for sensing
tracking error of the main reading beam. The dif-
fraction grating ensures a generation of stable
tracking error signals. The pickup apparatus also
includes a holographic grating for directing and
converging part of the light beam reflected by the
disc onto the photodetector. The holographic grat-
ing is integrally formed with the diffraction grating
into a unitary grating assembly, which eliminates
the need for two separate grating components. A
reduction of the requisite grating components leads
to a reduction in the number of delicate operational
adjustments. The overall result is the provision of
an inexpensive optical pickup apparatus which pos-
sesses an excellent ability to sense tracking error
of the read-out beam.

Further, in the novel grating assembly of the
preferred embodiments, the diffraction grating for
diffracting the beam from the source into zero- and
first-order beams, and the holographic grating for
orienting part of the light beams reflected by the
disc toward the photodetector are formed integral
with each other. This unitary structure makes it
possible to fabricate both the diffraction grating and
the holographic grating simultaneously in an eco-
nomical manner as shown in Fig. 11B. The unitary
grating assembly also makes putting component
parts together intc a pickup apparatus easier and
less troublesome.
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Clalms

An optical pick-up apparatus for reading in-
formation recorded on a track or tracks on a
recording medium (7) by causing a focused
light spot (9b) to scan along said track or
tracks and by directing light reftected from said
medium toward a photodetector (8), the ap-
paratus comprising:

first grating means (4a) for deriving from a
light beam (9) emitted by a light source (1} a
main beam (9a), which is focused to form said
focused light spot (9b), and a pair of sub-
beams {10a, 11a) which are focused onto the
recording medium for use in sensing tracking
orror of the main beam, characterised by:

second grating means (3) for directing part
of the light beam reflected from said recording
medium toward said photodetector; and

an optical grating assembly (2) which is
madse of a single part comprising a first surface
portion (202) receiving light from said light
source (1) and provided with said first grating
means (4a) and a second surface portion (201)
receiving light reflected from said recording
medium (7) and provided with said second
grating means (3).

An opticai pickup apparatus according to claim
1, wherein the light beam (9d) directed by said
second grating means (3) is detected by said
photodetsctor (8) using the astigmatic method
to produce focusing error signals.

An optical pickup apparatus according to claim
1, wherein the light beam (9e, 9f) directed by
said second grating means (3, 3a, 3b) is de-
tected by said photodetector (8) through the
wedge prism method to produce focusing error
signals.

An optica! pickup apparatus according to any
one of claims 1 to 3, wherein said first grating
means comprises a diffraction grating (4a).

An optical pickup apparatus according to any
one of the preceding claims, wherein said sec-
ond grating means comprises a holographic
grating (3).

An opfical pickup apparatus according to any
one of the preceding claims, whersin said op-
tical grating assembly {2} is made of glass.

An optica! pickup apparatus according to any
one of claims 1 to 5, wherein said optical
grating assembly (2) is made of plastics.
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10.

11.

12

13.

14.

16

16.

20

An optical pickup apparatus according to -any
one of the preceding claims, wherein said op-
tical grating assembly (2) is provided with lens
means (4c) for enhancing astigmatism in its
first surface portion (202) in an area (4b) where
the light beam directed by said second grating
means (3) to said photodetector (8) passes.

An optical pickup apparatus according to claim
8, wherein said fens means for enhancing
astigmatism comprises a cylindrical lens sur-
face (4c, Fig. 15A).

An optical pickup apparatus according to any
one of claims 1 to 7, wherein sald optical
grating assembly (2) is provided with lens
means (4c) for magnifying light spots in said
first surface portion (202) in an area (4b) where
the light beam directed by said second grating
means {3) to said photodetector (8) passes.

An optical pickup apparatus according to claim
10, wherein said lens means comprises a con-
cave lens surface {4c, Fig. 15B).

An optical pickup apparatus according to claim
5, wherein said holographic grating (3) is di-
vided into two sections (3a, 3b) in order to
obtain focusing error signals through the
wedge prism method.

An optical pickup apparatus according to claim
5, wherein said holographic grating (3) has an
additional function of relieving influence of
astigmatism or coma in the light beam (8c-
11¢) reflected by said recording medium and
transmitted through said grating assembly (2).

An optical pickup apparatus according to claim
5, wherein said holographic grating (3) has an
additional function of magnifying the light spots
{9d - 11d) formed on said photodetector.

An optical pickup apparatus according to claim
5, wherein said holographic grating (3) has an
additional function of enhancing astigmatism in
the light beam (9c-11c) reflected by said re-
cording medium and transmitted through said
grating assembly (2).

An optical pickup apparatus according to claim
12, as appendent to claim 4, wherein said
holographic grating (3) is divided into said two
soctions (3a, 3b) along a line (30, Fig. 22)
which extends parallel to the grating lines of
said diffraction grating (4a).
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An optical pickup apparatus according to any
one of the preceding claims, wherein said first
and second grating means {4a, 3) are arranged
such that the light beam (9c-11c} directsd by
said second grating means (3) to said
photodetector (8) passes out of the grating
assembly (2) through a non-grated area (4b) of
said first surface portion (202).

An oplical grating assembly (2) for use in an
optical pick-up apparatus for reading informa-
tion recorded on a recording medium in which
apparatus said assembly is disposed between
a light source and said recording medium,
characterized in that said opfical grating as-
sembly is made of a single part comprising:

a first surface portion (202), arranged in
use to receive light from said light source;

a second surface portion (201), arranged in
use to receive light reflected from said record-
ing madium;

first grating means (4a) provided on said
first surface portion for deriving from a light
beam (9) emitted by said light source a zero-
order beam (9a) and a pair of first order beams
(10a, 11a); and

second grating means (3) provided on said
second surface portion for directing part of the
light beam (9¢-11c¢) reflected from said record-
ing medium toward a photodetector of said
apparatus.

An optical grating assembly according to claim
18, wherein said first grating means comprises
a diffraction grating (4a).

An opticai grating assembly according to claim
18 or claim 19, wherein said second grating
means comprises a holographic grating (3).

An optical grating assembly according to any
one of ciaims 18 to 20, which is made of glass.

An optical grating assembly according to any
one of claims 18 to 20, which is made of
plastics.

An optical grating assembly according to any
one of claims 18 to 22, further comprising !ens
means (4c) for enhancing astigmatism and pro-
vided in said first surface portion (202) in an
area (4b) where the light beam directed by
said second grating means (3) to said
photodetector passes.

An optical grating assembiy according to claim
23, wherein said lens means for enhancing
astigmatism comprises a cylindrical lens sur-
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25,

26.

27.

28.

29,

30.

31.

32,

22

face (4c, Fig. 15A).

An optical grating assembly according to any
one of claims 18 to 22, further comprising lens
means (4c) for magnifying the light spots
formed on said photodetector and provided in
said first surface portion (202) in an area (4b)
where the light beam directed by said second
grating means (3) to said photodetector
passes.

An optical grating assembly according to claim
25, wherein said lens means comprises a con-
cave lens surface (4c, Fig. 15B).

An optical grating assembly according to claim
20, wherein said holographic grating (3) is di-
vided into two sections (3a, 3b} in order to
divide the light beam refiected by said record-
ing medium and impinging on said holographic
grating into two first-order diffracted beams
(9c-11¢, 9d-11d).

An optical grating assembly according to claim
20, whersin said holographic grating (3} has an
additional function of relieving influence of
astigmatism ot coma in the light beam (9¢-
11c) reflected by said recording medium and
transmitted through the grating assembly.

An optical grating assembly according to claim
20, wherein said holographic grating (3) has an
additional function of magnifying the light spots
formed on said photodetector.

An optical grating assembly according to claim
20, wherein said holographic grating (3) has an
additional function of enhancing astigmatism in
the light beam (9c-11c) reflected by said re-
cording medium and transmitted through the
grating assembly.

An optical grating assembly according to claim
27, as appendent to claim 19, wherein said
holographic grating (3) is divided into said two
sections (3a, 3b) along a line (30, Fig. 22)
which extends parallel to the grating lines of
satd diffraction grating (4a).

An optical grating assembly according to any
one of claims 18 to 31, wherein said first and
second grating means (42, 3) are arranged
such that, in said optical pickup apparatus, the
light beam (9c-11c) directed by said second
grating means {(3) to said photodetector passes
out of the grating assembly through a non-
grated area (4b) of said first surface portion
(202).
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Patentanspriiche

1.

Optische Abtastvorrichtung zum Lesen von In-
formation,

die in einer Spur oder Spuren auf einem Auf-
zeichnungstriger (7) aufgezeichnet ist, durch
Abtastung der Spur oder der Spuren mittels
oines fokussierten Lichtstrahls (9b), wobsei das
vom Tréger reflektierte Licht auf einen Photo-
detektor (8) gelenkt wird, welche Vorrichtung
foigendes aufweist:

- eine ersta Gitteranordnung (4a) zum Er-
zeugen eines Hauptstrahls (9a) aus ei-
nem von einer Lichtquelle (1) emittierten
Lichtstrahl (9), wobsei der Hauptstrahl (9a)
so fokussiert wird, da8 er den fokussier-
ten Lichtstrahl (9b) bildet, und eines
Paars von Nebenstrahlen (10a, 11a), die
auf den Aufzeichnungstriger fokussiert
worden und zum Erfassen einer Spurab-
weichung des Hauptstrahls dienen, ge-
kennzelchnet durch:

- eine zweite Gitteranordnung (3), die ei-
nen Teil des vom Aufzeichnungstrdger
refiektierten Lichtstrahls auf den Photo-
detektor lenkt; und

- e@ine optische Gitteranordnung (2), die
aus einem einzigen Teil besteht, das ei-
nen ersten Oberfldchenbereich (202}, der
Licht von der Lichtquelle (1) empfingt
und mit der ersten Gitteranordnung (4a)
versehen ist, und einen zweiten Oberfld-
chenbereich (201) aufweist, um das vom
Aufzeichnungstriger (7) reflektierte Licht
zu empfangen, und der mit der zweiten
Gitteranordnung (3) versehen ist.

Optische Abtastvorrichtung nach Anspruch 1,
bei welcher der von der zweiten Gitteranord-
nung (3) gelenkte Lichtstrahl (9d) vom Photo-
detektor (8) unter Anwendung eines Astimagis-
musverfahrans erfadt wird, um Fokussierabwei-
chungssignale zu erzeugsen.

Optische Abtastvorrichtung nach Anspruch 1,
bei der der von der zweiten Gitteranordnung
(3, 3a, 3b) ausgerichtete Lichtstrahl (9e, of)
vom Photodetektor (8) durch das Keilprisma-
verfahren erfaBt wird, um Fokussierabwei-
chungssignale zu erzeugen.

Optische Abtastvorrichtung nach einem der
Ansprilche 1 bis 3, bei der die erste Gitteran-
ordnung ein Beugungsgitter {(4a) aufweist.

Optische Abtastvorrichtung nach sinem der
vorstehenden Anspriiche, bei der die zweite
Gitteranordnung ein holographisches Gitter (3)
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aufweist.

Optische Abtastvorrichtung nach einem der
vorstehenden Anspriiche, bei dar die optische
Gitteranordnung (2) aus Glas besteht.

Optische Abtastvorrichtung nach einem der
Anspriiche 1 bis 5, bei der die optische Gitte-
ranordnung (2) aus Kunststoff besteht.

Optische Abtastvorrichtung nach einem der
vorstehenden Anspriiche, bei der die optische
Gitteranordnung (2) in ihrem ersten Oberfl4-
chenbereich (202) in siner Fldche (4b), die der
durch die zweite Gitteranordnung (3) zum Fho-
todetektor (8) gerichtete Lichtstrahi durchiduft,
mit dem Astigmatismus einer vergrdBernden
Linseneinrichtung (4c) versehen ist.

Optische Abtastvorrichtung nach Anspruch 8,
bei der die den Astigmatismus vergriBernde
Linseneinrichtung eine  Zylinderlinsenfléiche
(4c, Fig. 15A) aufweist.

Optische Abtastvorrichtung nach einem der
Ansprliche 1 bis 7, bei der die optische Gitte-
ranordnung (2) in ihrem ersten Oberfidchenbe-
reich (202) in einer Flache (4b), die der durch
die zweite Gitteranordnung (3) zum Photode-
tektor {8) gerichtete Lichtstrahl durchléuft, mit
einer Linsensinrichtung (4c) zum Vergr&Bern
der Lichtflecke versehen ist.

Optische Abtastvorrichtung nach Anspruch 10,
bei der die Linsensinrichtung eine konkave Lin-
senfliche (4c, Fig. 15B) aufweist.

Optische Abtastvorrichtung nach Anspruch 5,
bei der das holographische Gitter (3) in zwei
Abschnitte (3a, 3b) untertellt ist, um Fokussier-
abwsichungssignale durch das Keilprismaver-
fahren zu erhalten.

Optische Abtastvorrichtung nach Anspruch 5,
bei der das holographische Gitter (3) zus#tzlich
den EinfluB von Astigmatismus oder Koma in
dem vom Aufzeichnungstriger reflektierten
und durch die Beugungsanordnung (2) durch
gehenden Lichtstrahl (9¢ - 11c) vermindert.

Optische Abtastvorrichtung nach Anspruch 5,
bei der das holographische Gitter (3} zusitzlich
die auf dem Photodetekior ausgebildeten
Lichtflecke (9d - 11d) vergriBert,

Optischa Abtastvorrichtung nach Anspruch 5,
bei der das holographische Gitter (3) zusétzlich
den Astigmatismus in dem vom Aufzeich-
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nungstriger reflektierten und die Gitteranord-
nung durchstrahlenden Lichtstrahl (8¢ - 11c)
vargréfiert.

Qptische Abtastvorrichtung nach Anspruch 12
in Abhéngigkeit von Anspruch 4, bei der das
holographische Gitter (3) in die besagten zwei
Abschnitte (3a, 3b) entlang einer Linie (30, Fig.
22) unterteilt ist, die sich paralisl zu den Gitter-
linien des Beugungsgitters (4a) erstreckt.

Optische Abtastvorrichtung nach einem der
vorstehenden Anspriiche, bei der dis erste und
zweite Gitteranordnung (4a, 3) so angeordnet
sind, daB der durch die zweite Gitieranordnung
(3) auf den Photodetektor (8) ausgerichtete
Lichtstrahl (8¢ - 11c} durch eine nicht mit ei-
nem Gitter versehene Fliche (4b) des ersten
Oberflichenbereichs (202) aus der Gitteranord-
nung (2) austritt.

Optische Gitteranerdnung (2) zur Verwendung
in siner optischen Abtastvorrichtung 2um Le-
sen von auf sinem Aufzeichnungstriiger aufge-
zeichneter Information, in welcher Vorrichtung
die Anordnung zwischen einer Lichtquelle und
dem Aufzeichnungstriiger angeordnet ist, da-
durch gekennzelchnet, da8 die optische Git-
teranordnung aus einem einzigen Teil besteht,
mit:

- einem ersten Oberflichenbereich (202),
der bei Benutzung so angeordnet ist, dai
ar Licht von der Lichtquelle empféangt;

- ginem zweiten Oherflichenbersich (201),
der bei Benutzung so angeordnet ist, dai
et vom Aufzeichnungstréger reflektiertes
Licht empféngt;

- eainer ersten Gittersinrichtung (4a}, dis im
ersten Oberfiichenbergich ausgebildst
ist, um aus einem von der Lichtquselle
abgestrahiten Lichtstrahl (9) sinen Strahl
(9a) nullter Ordnung und ein Paar Strah-
len (10a, 11a) erster Ordnung zu erzeu-
gen; und

- einer zweiten Gittersinrichtung (3), die im
zweiten OberflAchenbersich ausgebildet
ist, um einen Teil des vom Aufzeich-
nungstriger reflektierten Lichtstrahls (9c
= 11¢) zum Photodstektor der Vorrichtung
zu lenken.

Optische Abtastvorrichtung nach Anspruch 18,
bei der die erste Gitteranordnung ein Beu-
gungsgitter (4a} aufweist.

Optische Gitteranordnung nach Anspruch 18
oder Anspruch 19, bei der die zweite Gitterein-
richtung ein holographisches Gitter (3) auf-
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26

weist.

Optische Gitteranordnung nach einem der An-
spriiche 18 bis 20, die aus Glas besteht.

Optische Gitteranordnung nach einem der An-
spriiche 18 bis 20, die aus Plastik besteht.

Optische Gitteranordnung nach einem der An-
spriiche 18 bis 22, die ferner eine Linsensin-
richtung (4c) zum F&rdern von Astigmatismus
aufweist und die im ersten Oberflichenbereich
(202) in einer Fidche (4b) angeordnet ist, durch
die der durch die zweite Gittereinrichtung (3}
ausgerichtete Lichtstrahl zum Photodstektor
1 uft.

Optische Gitteranordnung nach Anspruch 23,
bei der die Linseneinrichtung zum Férdern von
Astigmatismus eine Zylinderlinsenfiiche (dc,
Fig. 15A) aufweist.

Optische Gitteranordnung nach einem der An-
spriiche 18 biz 22, die farner eine Linsenein-
richtung {4c) zum VergréBern der auf dem
Photodetektor ausgebildeten Lichtflecke auf-
weist, die im ersten Oberflichenbersich (202)
in einer Fliche (4b) angeordnet ist, durch die
der durch die zweite Gittereinrichtung (3) aus-
gerichtete Lichtstrahl zum Photodetektor 14uft.

Optische Gitteranordnung nach Anspruch 25,
bei der die Linsensinrichtung sine konkave Lin-
senfliche (dc, Fig. 15B}) aufwaeist.

Optische Gitteranordnung nach Anspruch 20,
bei der das holographische Gitter (3) in zwei
Abschnitte (3a, 3b) unterteilt ist, um den vom
Aufzeichnungstriger reflektierten, auf das holo-
graphische Gitter fallenden Lichtstrahl in zwei
Beugungsstrahlen erster Ordnung {8c - 11c, 8d
- 11d} aufzuteilen,

Optische Gitteranordnung nach Anspruch 20,
bei der das holographische Gitter (3) die zu-
sétzliche Funktion des Linderns des Einflusses
von Astigmatismus oder Koma in dem vom
Autzeichnungsmedium reflektisrten und durch
die Gitteranordnung durchgestrahlten Licht-
strahl (9¢ - 11¢) aufweist.

Optische Gitteranordnung nach Anspruch 20,
bei der das holographische Gitter (3) die zu-
sétzliche Funktion des VergréBern der auf dem
Photodetektor ausgebildeten Lichtflacke auf-
weist.
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30. Optische Gitteranordnung nach Anspruch 20,

3.

32.

bsi der das holographische Gitter (3) die zu-
sdizliche Funktion des F8rderns des Astigma-
tismus in dem vom Aufzsichnungstriger reflek-
tierten und durch die Gitteranordnung hin-
durchgestrahiten Lichtstrahl {9¢ - 11c) aufweist.

Optische Gitteranordnung nach Anspruch 27 in
Abh#ngigkeit von Anspruch 19, bei der das
holographische Gitter (3) in die besagten zwei
Abschnitte (3a, 3b) entlang einer Linie (30, Fig.
22) unterteilt ist, die sich parallel zu den Gitter-
linien des Beugungsgiiters (4a) erstrockt.

Optische Gitteranordnung nach einem dsr An-
spriiche 18 - 31, bei der die erste und zweite
Gittersinrichtung (4a, 3) so ausgebildet sind,
daB in der optischen Abtastvorrichtung der
durch die zweite Gittereinrichtung (3) auf den
Photodetektor (8) ausgerichtete Lichtstrahl (9c
- 11¢) durch eine nicht mit einem Gitter verse-
hene Fliche (4b) des ersten Oberflichenbe-
reichs (202) aus der Gitteranordnung (2) aus-
tritt.

Revendications

Appareil de lecture optique pour lire des infor-
mations enregistrées sur une ou des pistes
définies sur un support d'enregistrement (7} en
obligeant un point lumineux focalisé (9b) &
effectuer un balayage le long de ladite ou
desdites pistes et en dirigeant une lumidre
réfléchie & partir dudit support vers un photo-
détecteur (8), I'apparsil comprenant :

des premiers moyens formant réseau (4a)
destinés & dériver d'un faisceau de lumigre (9)
émis par une source de lumidre (1} un fais-
ceau principal (9a) qui est focalisé pour former
ledit point lumineux focalisé (9b), et deux fais-
ceaux secondaires (10a, 11a) qui sont focalisés
sur le support d'enregisirement pour servir &
détecter une erreur de piste du faisceau princi-
pal, caractérisé par :

des seconds moyens formant réseau (3)
destinés & diriger une partie du faisceau de
lumigre réfléchi 4 partir dudit support d'enre-
gistrement vers ledit photodétecteur; et

un ensemble de réseaux optiques (2) for-
mé d'une seuls piéce comprenant une premié-
re partie de surface (202) qui regoit une lumié-
re provenant de ladite source de lumigre (1) et
comporte lesdits premiers moyens formant ré-
seau (4a), et une seconde partie de surface
(201) qui regoit une lumigre réfléchie & partir
dudit support d'enregistrement (7) et comporte
lesdits seconds moyens formant réseau (3).
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Appareil de lecture optiqus selon la revendica-
tion 1, dans lequel le faisceau de lumiére {9d)
dirigé par lesdits seconds moyens formant ré-
seau (3) est détecté par ledit photodétecteur
(8) & I'aide de la méthode d'astigmatisme pour
produire des signaux d'erreur de focalisation.

Apparsil de lecture optique selon la revendica-
tion 1, dans Jequei le faisceau de lumigre (9e,
9f) dirigé par lesdits seconds moyens formant
réseau (3, 3a, 3b) est détecté par ledit photo-
détecteur (8) grice & la méthode du prisme en
coin pour produire des signaux d'erreur de
focalisation.

Apparsil de lecture optique selon l'une quel-
conque des revendications 1 & 3, dans lequel
lesdits premiers moyens formant réseau com-
portent un réseau de diffraction (4a).

Apparell de lecture optique selon I'une quel-
congue des revendications précédentes, dans
lequel lesdits seconds moyens formant réseau
comportent un réseau holographique (3).

Appareil de lecture optique selon I'une quel-
conque des ravendications précédentes, dans
lequel ledit ensemble de réseaux optiques (2)
est fait de verre.

Appareil de lecture optique selon Fune quel-
conque des revendications 1 4 5, dans lequel
ledit ensemble de réseaux optiques (2) est fait
de matiéres plastiques.

Appareil de lecture optique selon 'une quel-
conque des revendications précédentes, dans
lequel ledit ensemble de réseaux optiques {2)
comporte des moyens formant lentille (4c¢)
destinds & augmenter un astigmatisme dans sa
premigre partie de surface (202) au niveau
d'une zone (4b) dans laquelie passe le fais-
ceau de lumigre dirigé par lesdits seconds
moyens formant réseau (3) vers ledit photodé-
tecteur (8).

Appareil de lecture optique selon la revendica-
tion 8, dans lequel lesdits moyens formant
lentille destinés & augmenter un astigmatisme
comportent une surface de lentille cylindrique
(4c, Fig. 15A).

Apparsil de lecture optique selon 'une quel-
conque des revendications 1 & 7, dans lequel
fadit ensemble de réseaux optiques (2) com-
porte des moyens formant lentille (4¢) destinés
&4 grossir des paints lumineux dans ladite pre-
miére partie de surface (202) au niveau d'une
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zone (4b) dans laquelle passe le faisceau de
lumigre dirigé par lesdits seconds moyens for-
mant réseau (3) vers ledit photodétecteur (8).

Appareil de lecture optique selon la revendica-
tion 10, dans lequel lesdits moyens formant
lentille comportent une surface de lentille
concave (4c, Fig. 15B).

Appareil de lecture optique selon la revendica-
tion 5, dans lequel ledit réseau hoiographique
{3) est divisé en deux sections (3a, 3b) afin
d'obtenir des signaux d'erreur de focalisation
grice & la méthode du prisme en coin.

Appareil de lecture optique selon la revendica-
tion 5, dans lequel ledit rédseau holographigue
{3) a une fonction supplémentaire qui consiste
a4 atiénuer linfluence d'un astigmatisme ou
d'une coma du faisceau de lumidre (9c-11c)
réfléchi par ledit support d'enregistrement et
transmis par I'intermédiaire dudit snsemble de
réseaux (2).

Apparsil de lecture optique selon la revendica-
tion 5, dans lequsl ledit réseau holographique
(3) a une fonction supplémentaire qui consiste
3 grossir les points Jumineux (9d-11d) formés
sur ledit photodétectsur,

Appareil de lecture optique salon la revendica-
tion 5, dans lequel ledit réseau holographique
(3) a une fonction supplémentaire qui consiste
4 augmenter un astigmatisme du faisceau de
lumigre {8c-11c) réfléchi par ledit support d'en-
registrement et transmis par 'intermédiaire du-
dit ensemble de réseaux (2).

Appareil de leciure optique selon la revendica-
tion 12, lorsqu'elle est dépendante de la reven-
dication 4, dans lequel ledit réseau holographi-
qgue (3) est divisé pour définir lesdites deux
soctions (3a, 3b) le long d'une ligne {30, Fig.
22) qui s'étend paraliélement aux lignes de
réseau dudit réseau de diffraction (4a).

Appareil de lecture optique selon f'une quel-
conque des revendications précédentes, dans
lequel lesdits premiers et seconds moyens for-
mant réseau (d4a, 3) sont disposés de telle
fagon que le faisceau ds lumiére (9¢-11c) diri-
gé par lesdits seconds moyens formant réseau
(3} vers ledit photodétecteur (8) sort dudit en-
semble de réseaux (2) en passant & travers
une zone sans réseau (4b) de ladite premiére
partie de surface (202).
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Ensemble de réseaux optiques (2) destind &
étre utilisé dans un appareil de lecture opfique
pour lire des informations enregistrées sur un
support d'enregistrement, appareil dans lequel
ledit ensemble est disposé entre une source
de lumigre et ledit support d'enregistrement,
caractérisé en ce que ladit ensemble de ré-
seaux optiques est formé d'une seule pidce
comprenant :

une premire partie de surface (202) dis-
posée pour, en service, recevoir une lumidre
provenant de ladite source de lumiére;

une seconde partie de surface (201) dispo-
sée pour, en service, recevolr une lumiére
réfléchie a partir dudit support d'enregistre-
ment;

des premiers moyens formant réseau (4a)
prévus sur ladite premiére partie de surface
pour dériver d'un faisceau de lumidre (9) émis
par ladite source de lumiére un faisceau d'or-
dre zéro (9a) et deux faisceaux (10a, 11a) du
premier ordre; ot

des seconds moyens formant réseau (3)
prévus sur ladite seconde partie de surface
pour diriger une partis du faisceau de lumigre
(9c-11¢) réfiéchi & partir dudit support d'enre-
gistrement vers un photodétecteur dudit appa-
reil.

Ensemble de réseaux optiques selon la reven-
dication 18, dans lequel lesdits premiers
moyens formant réseau comportent un réseau
de diffraction {4a).

Ensemble de réseaux optiques selon la reven-
dication 18 ou la revendication 19, dans lequel
lesdits seconds moyens formant réseau com-
portent un réseau holographique {3}.

Ensemble de réseaux optiques selon l'une
quelconque des revendications 18 & 20, qui
ost fait de verre.

Ensembie de rdseaux opfiques selon |'une
quelconque des revendications 18 & 20, qui
ost fait de matigres plastiques.

Ensemble de réseaux optiques selon !'une
quelconquse des revendications 18 & 22, com-
portant également des moysns formant lentille
{4c) destinés a augmenter un astigmatisme et
prévus dans ladite premiére partie de surface
(202} au niveau d'une zone (4b) dans laquelle
passe le faisceau de lumidre dirigé par lesdits
seconds moyens formant réseau (3) vers ledit
photodétecteur.
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Ensemble de réseaux optiques seion la reven-
dication 23, dans lequel lesdits moyens for-
mant lentilte destinds & augmenter un astigma-
tisma comportent une surface de lentille cylin-
drique {4c, Fig. 15A).

Ensemble de réseaux optiques selon Fune
quelconque des revendications 18 & 22, com-
portant également des moyens formant lentille
{4c) destings & grossir les points Jumineux
formés sur ledit photodétecteur et prévus dans
ladite premigre partie de surface (202) au ni-
veau d'une zone {4b) dans laquelle passe le
faisceau de lumiére dirigé par lesdits seconds
moyens formant réseau (3) vers ledit photodé-
tecteur.

Ensemble de réseaux optiques selon la reven-
dication 25, dans lequel lesdits moyens for-
mant lentille comportent une surface de lentille
concave (4¢, Fig. 15B).

Ensemble de réseaux optiques selon la reven-
dication 20, dans lequel ledit réseau hologra-
phique {3} est divisé en deux sections (3a, Ib)
afin de diviser le faisceau de lumidre réfléchi
par ledit support d'enregistrement et incident
sur ledit réseau holographique en deux fais-
ceaux diffractés (9c-11c, 9d-11d) du premier
ordre.

Ensemble da réseaux optiques selon la reven-
dication 20, dans lequel ledit réseau hologra-
phique (3) a une fonction supplémentaire qui
consiste A atténuer [influence d'un astigmati-
sme ou d'uns coma du faisceau de lumidre
{9c-11¢) réfléchi par ledit support d'enregistre-
ment et transmis par l'intermédiaire de I'en-
semble de réseaux.

Ensemble de réseaux optigues selon la reven-
dication 20, dans lequel ledit réseau hologra-
phique {3) a une fonction supplémentairs qui
consiste & grossir les points lumineux formés
sur ledit photodétecteur.

Ensemble de réseaux optiques selon la reven-
dication 20, dans lequel ledit réseau hologra-
phigus (3) a une fonction supplémentaire qui
consiste & augmenter un astigmatisme du fais-
ceau de lumiére (Bc-11c) réfléchi par ledit sup-
port d'enregistrement et transmis par l'intermé-
diaire de I'ensemble de réseaux.

Ensemble de réseaux optiques sslon la reven-
dication 27, lorsqu'slle est dépendante de la
revendication 19, dans lequel Jedit réseau holo-
graphique (3) est divisé pour définir lesdites
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32,
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deux sections (3a, 3b) le long d'une ligne (30,
Fig. 22) qui s'étend parailklement aux lignes
de réseau dudit réseau de diffraction (4a).

Ensemble de réseaux opligues selon J'une
quelcongue des revendications 18 & 31, dans
lequel lesdits pramiers et seconds moyens for-
mant réseau (4a, 3) sont disposés de telle
fagon que, dans ledit appareil de lsecture opti-
que, le faisceau de lumidre (9c-11c) dirigé par
lesdits seconds moyens formant réseau (3)
vers ladit photodétacteur sort de I'ensemble de
réseaux en passant a4 travers une zone sans
réseau (4b} de |adite premiére partie de surfa-
ce (202).
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