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- L, 1b830740@mui cal sganning device The |nveUV@6n
rélates to a nethod and an arrangenent for an optical : deV|ce for
scanning information which is stored on a recordi ng ned
informati on on a recordi ng nedium which opfli cal scanning

radiation source or Optical scanning device

The invention relates ,to a method and an
arrangement for an optical scanning device for scanning

5 information which is stored on a recording medium or for
recording information on a recording medium, which optical
scanning device contains a radiation source or light source
for providing a scanning beam, means for focusing the
scanning beam to form a scanning spot, and a detection

10 system having a holographic optical element for receiving
the scanning beam which has been influenced by the
recording medium. Such scanning devices can be used in CD
players and video-disk players or corresponding recording
devices.

15 It is known for holographic optical elements to be
used for scanning optical recording media, by means of
which holographic optical elements the scanning beam is
decomposed into beam elements for tracking and/or for
focusing as well as for production of the information

20 signal, cf. EP 0 373 699 Bl, EP 0 357 323 Bl and EP 0 305
169 Bl. Holographic optical elements contain gratings
which deflect the direction of the scanning beam, which is
reflected from the recording medium, onto a detection
system. The gratings and/or holographic optical elements

25 are used 1in optical scanning devices in particular for
reducing the number of optical elements which are required
for implementation of the optical scanning device. As a
result of the use of gratings as the beam deflection means
or as beam splitting means, the intensity of the scanning

30 beam is reduced in conjunction with beam splitting and
higher-order sidelobes are produced in-conjunction with the
beam deflection by a -grating. A plurality of split
photodetectors are required for detection, which have to be
arranged with h}gh accuracy, and the information signal is

35 formed by addition of signal elements obtained by means of
a plurality of detectors, as a result of which the scanning
signal which contains the information to be scanned is
influenced disadvantageously.
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beamto form a scanning spot, and a detection systenjh hi c
optical element for receiving the scanning beam whi ch—has Ml uenced
by the recording nedium Such scanni ng devi ces can be used in CD )

players and video-di skppbaysifiet @@ r%QOQMt&%OVﬂéHQ:&eWV‘é&%ome the
It is known for hol ographic optical elenents_to be uaed for scann
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contain grasi ngesohuthodef lofct the delemenba ofta hebe scanned and the
suppression of interference.
This object is achieved by the means specified in
the independent claims. Advantageous refinements and

developments are specified in the dependent claims.

10 It is an aspect of the invention to use an optical
spatial filter to improve the obtaining of information
signals in high-resolution scanning devices, such as
digital video disk players, for example. Using the optical
spatial filter, not only is interference in the information

15 signal eliminated, but the resolution of the elements to be
scanned, such as pits in a CD for example, is increased.
To this end, the detector in a scanning system is
preferably covered by a slot or uses a detector whose
dimensions correspond to the slot width, the slot width

20 being matched to the shortest length of the elements to be
scanned. This matching comprises the slot width for the
shortest pit length being determined for a predetermined
numerical aperture using a normalized modulation transfer
function as a function of the spatial frequency for the

25 best modulation.

The optical spatial filter then acts in the
scanning device in such a manner that the focus point in
the plane of the slot or column is the conjugate image of
the scanning spot on the recording medium, only the size of

30 the focus point being determined by the enlargement of the
imaging optical system, and the structure of the elements
to be scanned being reproduced in the slot plane. The
structure of the elements to be scanned is reproduced in
the slot plane, and their section is selected and filtered

35 using the slot or column respectively. As a result of the
fact that the width of the slot is selected such that only
a part of the image of the element to be scanned reaches
the detector, elements of the image extending beyond this,
and/or the remainder of the image, which represents
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holographic optical elements and to use the complete light

component, as a result of which the power component is

increased and the requirements for adjustment of a
plurality of elements with respect to one another are

10 reduced. It should be mentioned as a third aspect that the
holographic optical element is intended to have a structure
which is as simple as possible. The optical spatial filter
is preferably implemented using a holographic optical
element which has at least one grating which is one-

15 dimensional in the entire detection beam, a one-dimensional
grating Dbeing understood to mean a grating whose
characteristics are standard or uniform over its entire
area. Such a one-dimensional grating is then preferably
supplemented in one of its subareas by a further grating,

20 to form a two-dimensional grating.

The one-dimensional grating is used to form a light
spot which corresponds completely to the scanning point or
recording point and is used for obtaining information
signals, so that only one detector is now required which,

25 as a result of a shape which is matched to the light spot,
can at the same time be used for cutting out interference
light. The matching to the dimensions of the light spot
can be achieved by suitable selection of the width of the
detector or by covering the detector by a slot. In

30 principle, it is also possible to combine the holographic
optical element with a detector which is not matched to the
light spot, as a result of which, however, an electromic
equalizer is required as a filter for obtaining information
signals.

35 In principle, it is also possible to use the
optical spatial filter in scanning devices without
holographic optical elements, the thermal stability of the
system then being subject to particular requirements,
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however, in order to meet accuracy requirements which have
to be complied with over a wide temperature range.

As a result of the use of only one detector, which
is designed integrally without being split, the number of
elements which have to be aligned to one another can be
reduced in an advantageous manner. Since, nevertheless,
adjustment with respect to other detectors, such as of the
focusing error detector with respect to the information
signal detector, for example, is required, these detectors
are preferably arranged at an angle with respect to one
another in order to facilitate adjustment by displacement
in a plane.

The implementation of the optical spatial filter in
conjunction with the said optical holographic element is
advantageous in particular because of the thermal problems
of known scanning devices.

The use of the optical spatial filter is in
principle not limited to the 1light beam carrying the
information of the recording medium.

The invention will be explained in more detail in
the following text, with reference to drawings, in which:
Fig. 1 shows an outline sketch of an arrangement for

carrying out the method,

Fig. shows an outline sketch of a detector arrangement,
Fig. 3 shows an outline sketch of a known scanning system,
shows an outline sketch of a wverification

V)

B

Fig.
arrangement,

Fig. 5 shows an oscilloscope display print without an
optical spatial filter,

FPig. 6 shows an oscilloscope display print with an optical
gspatial filter,

Fig. 7 shows the amplitude/time distribution of the
oscilloscope display print without an optical
spatial filter,

Fig. 8 shows the amplitude/time distribution of the
oscilloscope display print with an optical spatial
filter.

In Fig. 1, the scanning system correspondingly has

a holographic optical element HOE which has a first one-
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grating, comprising the grating G1 and the grating G2, in
this area with the one-dimensional grating G1 which extends
over the entire holographic optical element HOE. The
gratings G1 and G2 are preferably phase gratings, but can
10 also be formed by amplitude gratings. The one-dimensional
grating G1 results in the formation of a beam b2 which
completely reproduces the scanning point, represents the
information signal and is detected using only a single
detector d3. The light beam which emerges from one overall
15 element is represented in Fig. 1 by a circle in the beam
path of the beam Db2. Interference originating from
sidelobes or from adjacent scanning elements is cut out by
matching the width of the photodetector d3 to the light
spot diameter formed by the beam b2 and to the elements to
20 be scanned. This principle is also called a spatial
filter. As a result of the particular use of a spatial
filter for providing an information signal, a light spot
which completely represents the scanning location is formed
from the beam b2 despite the diffraction and splitting
25 losses which occur as disadvantages originating from
gratings, which 1light spot can advantageously be used to
cut out interference from side effects by matching the
detector 43 to the dimensions of the light spot and to the
elements to be scanned. No special adjustment of the
30 detector is required since only a single detector d3 can be
used.

In order to produce a focusing error signal, one
half of the holographic optical element HOE has a second
grating G2 which forms a two-dimensional grating in this

35 area with the first one-dimensional grating Gl1. The light
component which emerges from this half of the holographic
optical element HOE, or the beam b2, in consequence also
represents only half the scanning beam. This is indicated
in Figure 1 by a semicircle in the beam path bil, w_l_':f_;‘gch is
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the 1light spot formed by the beam b2, for obtaining
information signals, the detector d2 is arranged at an

angle o to the focusing error signal detector or at a
distance at an angle o to the centre line formed by the
10 detectors dl1 and d2 between them, cf. Fig. 2. This makes
adjustment possible in an advantageous manner in a plane,
although a light spot size change is determined in
particular by the distance to the holographic optical
element HOE. The i1dea of the invention becomes
15 particularly clear if, in contrast to this, one considers
an arrangement as illustrated in Fig. 3. Fig. 3 contains a
holographic optical element HOE which has a one-dimensional
grating in one half in each case, this grating having a
grating structure, however, in accordance with the known
20 prior art, which differs either in its direction or shape
with respect to that of the other half. In consequence,
two detection beams b3 and b4 are produced which, however,
each represent only a half of the scanning beam. This is
indicated in Fig. 3 by the semicircles in the detection
25 beams b3 and b4. In order to be able to provide a focusing
error signal in addition to the information signal, as
well, a grating G3 is provided in the detection beam b3,
which grating G3 forms a two-dimensional grating with the
grating of the holographic optical element HOE, a 1light
30 spot which represents focusing errors being formed in an
analogous manner to Fig. 1 with -the two-dimensional
grating. Focusing error signals are then provided by means
of the detectors dl and d2, corresponding to the known
double-Foucault method. As a result of the fact that, in
35 contrast to the proposed solution, no one-dimensional
grating Gl is provided extending over the entire area of
the holographic optical element HOE, a detection beam b4
which is formed only with one half of the holographic
optical element HOE can represent only one half of the
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reproduced and a reduced 1light power can be seen.
Furthermore, a light spot which originates from a circular
light distribution has a smaller number of sidelobe maxima
than those which originate from a semicircular light
distribution.

A verification arrangement, which is indicated in
Fig. 4, for implementation of the optical spatial filter
makes it clear that the use of the optical spatial filter
is not limited to the application in conjunction with a
scanning device using a holographic optical element. The
arrangement which is illustrated in Fig. 4 can in principle
also be used for optical scanning of recording media having
a high storage density. However, the disadvantages of this
arrangement are its thermal instability, so that preference
would have to be given to the scanning device using a
holographic optical element. Nevertheless, the
verification of the surprising effect originating from the
use of an optical spatial filter has been obtained with the
arrangement indicated in Fig. 4.

According to Pig. 4, the light from the laser LD,
which light is reflected from the disk D, is passed via the
polarization beam splitter PBS to a focusing lens Fl and is
split into two parts using a beam splitter BSP. A first
part passes through a cylindrical lens CL and is focused on
a quadrant detector QD, by means of which the servo signals
are obtained. The second part is deflected on a single
detector 8D, which is covered by a slit or slot S in order
to form a spatial filter. The same arrangement according
to Fig. 4 is used without the slit or slot § in order to
compare the characteristics of the scanning device with and
without the spatial filter. The scanning or information
signal 1is provided from the detector SD, and the
arrangement according to Fig. 4 has the further elements of
a scanning device, such as the gratings G, collimator C,
quarter-wave plate A/4, deflection mirror M and objective
lens OL.

The split or slot S 1is arranged at right angles to
the information track on the disk D and has a width which
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modulation transfer function as a function of the spatial

frequency for the best modulation.
The advantageous and surprising results of the use
of an optical spatial filter in a deflection device are
10 shown in Figs. 5 to 8. It can be seen from the comparison
of Fig. 5 and Fig. 6 that the eyes of the signal produced
with the optical spatial filter are further open. This
means that the signals at a higher frequency are raised
more strongly with the spatial filter. The illustration of
15 the amplitudes A with respect to time t according to Fig. 7
and Fig. 8 indicates the pulse-width distribution. While
the wunfiltered eye signal exhibits only incompletely
separated pulses, which leads to an increased error rate
and to faulty decoding, the filtered eye signal has sharp,
20 separate spikes, or so-called peaks. The standard
deviation is reduced roughly by half, and the amplitude is
increased by virtually 3%. This means that, with the
optical spatial filter or the slit or slot S in front of
the detector SD, not only are interference signals and
25 interference components masked out, but the scanning signal
is considerably improved. In consequence, the optical
spatial filter can be used particularly advantageously in
optical scanning devices, such as digital wvideo disk
players for example, which scan recording media having a
30 high storage density. Since the recording of information
also requires a high signal quality, the area of
application is not limited to players, and includes
recorders just as well.
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optical scanning device contains a radiation source or
light source for providing a scanning beam, means for
focusing the scanning beam to form a scanning spot, and a
detection system having a holographic optical element for
receiving the scanning beam which has been influenced by
the recording medium, characterized in that a one-
dimensional grating (Gl), which extends over the entire
area of the holographic optical element (HOE), is provided
in the beam path in front of the detection system.

2. Arrangement according to Claim 1, characterized in
that the detection system has a detector 43, whose width is
matched to a light spot diameter which is formed with the
one-dimensional grating (G1l) which extends over the entire
area of the holographic optical element {(HOE).

3. Arrangement according to Claim 1, characterized in
that the holographic optical element (HOE) has a first one-
dimensional grating (G1l) which extends over the entire area
of the holographic optical element (HOE), and has a second
one-dimensional grating (G2) which extends over half the
holographic optical element (HOE) , the first one-
dimensional grating (Gl) is intended for obtaining a light
spot which represents the information of the recording
medium, and the second one-dimensional grating (G2} forming
a two-dimensional grating with the £first one-dimensional
grating (G1), which two-dimensional grating is intended for
forming a light spot which represents a focusing error.

4. Method for an optical scanning device for scanning
information which is stored on a recording medium or for
recording information on a recording medium, which optical
scanning device contains a radiation source for providing a
scanning beam, means for focusing the scanning beam to form
a scanning spot, and a detection system for receiving the
scanning beam which has been influenced by the recording
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5. Method according to Claim 4, characterized in that

the optical spatial filter is formed with a one-dimensional
5 grating (G1), which extends over the entire area of the
holographic optical element (HOE), and a detector d3 whose
width is matched to a light spot diameter or the shortest
length of the element to be scanned, the 1light spot
diameter being formed using the one-dimensional grating
10 (G1) which extends over the entire area of the holographic
optical element (HOE).
6. Arrangement of a scanning device for scanning
information which is stored on a recording medium or for
recording information on a recording medium, which scanning
15 device contains a radiation source for providing a scanning
beam, means for focusing the scanning beam to form a
scanning spot, and a detection system for receiving the
scanning beam which has been influenced by the recording
medium, characterized in that an optical spatial filter is
20 provided in the scanning device.
7. Arrangement according to Claim 6, characterized in
that the spatial filter is formed by a detector (SD, S)
whose width is matched to the shortest 1length of the
elements to be scanned, as a function of the modulation.
25 8. Arrangement éccording to Claim 7, characterized in
that the width of the detector (SD) is formed by a slot (8}
which is arranged in front of said detector (SD}.
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arrangement for an optical scanning device having a

holographic optical element for receiving the scanning beam
which has been influenced by the recording medium.

The object of the invention is to overcome the
disadvantages of known methods and devices in terms of
obtaining the information signal and in terms of the
detection device.

One aspect of the invention is to use an optical
spatial filter to obtain the information signals. A
further aspect is to image the entire area of the scanning
spot on only one detector and to use the complete light
component, as a result of which the power component 1is
increased and the requirements for adjustment of a
plurality of elements with respect to one another are
reduced. It should be mentioned as a third aspect that the
holographic optical element has a simple comstruction.

The invention can preferably be used in CD players
and video-disk players, or corresponding recording devices.

Fig. 1

This Sheet Has Been Replaced

L




anot her, can be reduced in an advant ageous manner. Since, neverthel ess,
adj ustnment with respect to other detectors, such as of the focusing error
det%ngoégth respect to the information signal detector for
exanple, is required, these detectors are preferabl ytfﬁlaﬁbsﬂraksmgﬁn | e
Wi th respect to one another in order to éaci | i tate adj dst merREPDRCED

di spl acenent in a plane. The iﬂ'pﬁ ment ati on of the optrcal spatTal
filter in conjunction with the said optical holographic elenent is

advant ageous in particul ar because of the thermal problens of known
scanni ng devi ces. The use of the optical spatial filter is in
principle not limted to the light beamcarrying the information of the
recordi ng medi um G1

= -

el

This Sheet Has Been Replaced

SRR




The i'nvention will be explained in nore detail in t he foIIowi'ng text, with
reference to drawings, in which: Fig. 1 shows an outline sketch of an
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spatral.filter. In Fig. -1, the scanning system correspondi ngly has
a 'hol ographic optical elenent HOE which froma [sic] has a first

one- M98 onal grating GL in the entire area of the hg
el ement HOE. A second grating G2 is provided only in 3
hol ographi c optical elenment HOE, is prgégabl y likew s a5
second one-di nensional grating & and forns a two-di nensional grating,
conprising the grating Gl and the grating &, in this area with the one-
di mensi onal grating Gl which extends over the entire hol ographic optical
el emrent HCE. The gratings GL and & are preferably phase gratings, but
can also be forned by anplitude gratings., The one-di nensi onal
grating Gl results in )
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conpletely reproduces the scanni-ng point, represents the:information signal
and is detected using only a single detector d3. The Iight beam which
emer @x85/f0®m one overall element is represented in Figed-by a circle jn
the beam path of the beam b2. Interference originatindg THSSHEEHHADBEEN o
from adj acent scanning el enents is cutﬁz by mat chi nglthe VRERLACER the
phot odet ector d3 to the |Iight spot dialeter formed by the beam b2 -and to
the el ements to be scanned. This principle is also called a spati al
filter. As a result of the particular use of a spatial filter for
providing an information signal, a |ight spot which conpletely represents
the scanning location is formed fromthe beam b2 despite the diffraction
and splitting | osses gh:ogcur as di sadvantages originating from
gratings, 1,3% i ‘B
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whi ch light spot can advantageously be used to cut out interference from

site effects by matching the detector d3 to the dinensionoREp ACﬁwﬂﬂﬁgQHﬂﬂﬂf

spot and to the elenents to be scanned. No special adjustnpr——B+—the
is required since only a single detector d3 -
detector s req Y T 12 MAR 1997
Optical scanning device

The invention relates to a method and an
arrangement for an optical scanning device for scanning
information which is stored on a recording medium or
for recording information on a recording medium, which
optical scanning device contains a radiation source or
light source for providing a scanning beam, means for
focusing the scanning beam to form a scanning spot, and
a detection system having a holographic optical element
for receiving the scanning beam which has been
influenced by the recording medium. Such scanning
devices can be used in CD players and video-disk
players or corresponding recording devices.

It is known for holographic optical elements to
be used for scanning optical recording media, by means
of which hoiographic optical elements the scanning beam
is decomposed into beam elements for tracking and/or
for focusing as well as for production of the
information signal, cf. EP 0 373 699 Bi, EP 0 357 323
Bl and EP 0 305 169 Bl. Holographic optical elements
contain gratings which deflect the direction of the
scanning beam, which is reflected from the recording
medium, onto a -detection system. The gratings and/or
holographic optical elements are used in optical
scanning devices in particular for reducing the number
of optical elements which are required for
implementation of the optical scanning device. As a
result of the use of gratings as the beam deflection
means or as beam splitting means, the intensity of the
scanning beam is reduced in conjunction with beam
splitting and higher-order sidelobes are produced in
conjunction with the beam deflection by a grating. A
plurality of split photodetectors are required for
detection, which have to be arranged with high
accuracy, and the information signal is formed by
addition of signal elements obtained by means of a
plurality of detectors, as a result of which the



can be used. In order to produce a focusing error o
of "t he hol ographi c optical element HOE has a second gratin e
a two-dinensional grating in this area with the first one-
grating GL. The light conmponent which emerges fromthis halif jof
hol ographi c optical element HOE, or the Feam b2, in conseqyenge.also
represents oSSR tﬁégsehnmmhbe@mmta'hm thei ndh etk ion Fegurlee 1 by a
sem circle i pdh@EID Q%Equg%geghH&Qah§a§t2§§5§g19{ t he focusing error

detector, which conprises two detectors, C .~ The focusing error
detector and the infdPadRes ffal thrt sevent bpe preter aiercameardw in a
pl ane. In or ddisadverriaigee) &S, kidwdTaler hddPossd bhsvi eegal ah thggnight h of

i.n. ' manner to the .
the deteCtord%%éfaf%%(¥géngg%ormatlon signal and in terms of the

detection device. Aspects of this object are the
resolution of the elements to be scanned and the
suppression of interference.

This object is achieved by the means specified
in the independent claims. Advantageous refinements
and developments are specified in the dependent claims.

It is an aspect of the invention to use an
optical spatial filter to improve the obtaining of
information signals in  high-resolution scanning
devices, such as digital wvideo disk players, for
example. Using the optical spatial filter, not only is
interference in the information signal eliminated, but
the resolution of the elements to be scanned, such as
pits in a CD for example, is increased. To this end,
the detector in a scanning system is preferably covered
by a slot or uses a detector whose dimensions
correspond to the slot width, the slot width being
matched to the shortest length of the elements to be
scanned. This matching comprises the slot width for
the shortest pit length being determined for a
predetermined numerical aperture using a normalized
modulation transfer function as a .function of the
spatial frequency for the best modulation.

The optical spatial filter then acts in the
scanning device in such a manner that the focus point
in the plane of the slot or column is the conjugate
image of the scanning spot on the recording medium,
only the size of the focus point being determined by
the enlargement of the imaging optical system, and the
structure of . the .elements. to be scanned being
reproduced in théfslét'plahe. . The structure of the
elements to be scanned iS'reprbduced in the slot plane,
and their section is selected and filtered using the
slot or column respectively. As a result of the fact

f
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I ight‘ spot fornmed by the beam b2, for obtaining infornmat W%W&TS ET
detector d2 is arranged at an angle a to the focusing eryo s‘tiénal det e¢t or
by the&MABt

or at a distance at an angle a to the centre |ine forned B8 o1 s
dl and d2 between them cf. Fig. 2. Thi s makes adjustngent possible injanp
advant ageous manner in a plane, although -a light spbt 3I7€ Cchange Iis

determ ned inthattthel /tdby dhetHessaoceis oséhected ogualphtitat ophlygad

ton cont T ABETEoOEnFES aMESSoRE Gk Dbt BB e bR kR LK Y

Fig. 3. Fig.tBecdetaiotora helemgriphi ofogibealnagenmurtencEnghi bayend a

one-di mensi ongj; gr at i,ag /LR onghal feddl £RGH Ca8€, tnkhi Sisd,| Ngwha¥hng a

grating structure, however, in accordance within the known prior ar{, whi ch
represents interference, such as intersymbo
interference or substrate impurities for example, are
masked out, and the resolution of the elements to be
scanned is increased. A further aspect is also to
image the entire area of the scanning spot on only one
detector in scanning systems using holographic optical
elements and to use the complete light component, as a
result of which theé power component is increased and
the requirements for adjustment of a plurality of
elements with respect to one another are reduced. it
should be mentioned as a third aspect that the
holographic optical element is intended to have a
structure which is as simple as possible. The optical
spatial filter is preferably implemented using a
holographic optical element which has at least one
grating which is one-dimensional in the entire
detection beam, a one-dimensional grating being
tunderstood to mean a grating whose characteristics are-
standard or uniform over its entire area. Such a one-
dimensional grating is then preferably supplemented in
one of its subareas by a further grating, to form a
two-dimensional grating.

. The one-dimensional gratihg is used to form a
light spot which corresponds completely to the scanning
point or recording point and is used for obtaining
information signals, so that only one detector is now
required which, as a result of a shape which is matched
to the light spot, can at the same time be used for
cutting out interference light. The matching to the
dimensions of the 1light spot can be achieved by
suitable selectlo:.?'gtliléa'@,ﬁ%?zof the detector or by
covering the detlectofiBy-&islot. In principle, it is
also possible to ,.copbine the holographic optical
element with a detector which is not matched to the

light spot, as a vresult of which, however, an



differs either in its direction or shape with respect t IddﬂﬂﬂBNT SHEET

ot her half. In consequence, two detection beans b d—ta—ar e
produced whi ch, however, each represent only a half of Ensq qng?

Thi s -7- is indicated!i 3 by t
semicircles in the -4 -

electronic equalizer 1is required as a filter
obtaining information signals.

In principle, it 1is alsoc possible to use the
optical spatial filter in scanning devices without
holographic optical elements, the thermal stability of
the system then  being subject to particular
requirements, however, in order to meet accuracy
requirements which have to be complied with over a wide
temperature range.

As a result of the use of only one detector,
which is designed integrally without being split, the
number of elements which have to be aligned to one
another can be reduced in an advantageous manner.
Since, nevertheless, adjustment with respect to other
detectors, such as of the focusing error detector with
respect to the information signal' detector, for
example, is required, these detectors are preferably
arranged at an angle with respect to one another in
order to facilitate adjustment by displacement in a

'  plane. '

The implementation of the optical spatial
filter in conjunction with the said dptical holographic
element is advantageous in particular because of the
thermal problems of known scanning devices.

The use of the optical spatial filter is in
principle not limited to the light beam carrying the
information of the recording medium. _

The invention will be explained in more detail
in the following text, with reference to drawings, in
which:

Fig. 1 shows an outline sketch of an arrangement for
carrying out the method,
Fig. 2 shows an outline sketch of a detector

arrangement, - {h;@?

Fig. 3 shows ‘aﬁ'-buﬁliﬁe;f§ﬁé£5h of a known scanning
system, .. ey e
Fig. 4 shows an outllne 'gkétch of a wverification

arrangement.




detection beams b3 and b4.  In order to be able to pr oviRRPLACEMENT SHEET
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error signal in addition to the information signal, as | ¢~—a—grating
is provided in the detection beam b3, which grating G ft r&*r_s wa
di mensional grating with the grating of the hol ographic optic el"enent
HOE, a light spot which represents focusi®mg-errors being fbnw
anal ogous manfég.t® Fshowslawi idactil@obwopéi raﬁ.r@ilalyalprigftat%ngqomat df@cum nd;
error signals are the | d ) ]gt-'fa the detectors dl1 an 2,
corresponding to the ﬁ%g\%\%‘%o zgﬁ_’a. oucrl;tu " nethod. As a _reSt_JIt of the
fact that, iHRigenérashows tdre psepddedcepeutdisplat @mmuh mﬁslhormh "
grating Gl is provideg,extendi Ve e ntire area of the hol ographic
optical elenment HCE, e<Sellpdet ec?éllg% ea[nlb4 \ﬁ! chis fornmed only with one half
of the Fig. 7 shows the amplitude/time distribution "of the

oscilloscope display print without an optical

spatial filter,

Fig. 8 shows the amplitude/time distribution of the
oscilloscope display print with an optical
spatial filter.

In Fig. 1, the scanning system correspondingly

has a holographic optical element HOE which from a

[sicl] has a first one-dimensional grating G1 in the

entire area of the holographic optical element HOE. A

second grating G2 is provided only in a subarea of the

holographic optical element HOE, is preferably likewise
provided as a second one-dimensional grating G2 and
forms a two-dimensional grating, comprising the grating

Gl and the grating G2, in this area with the one-

dimensional grating G1 which extends over the entire

holographic optical element HOE. The gratings Gl and

G2 are preferably phase gratings, but can also be

formed by amplitude gratings. The one-dimensional

grating Gl results in the formation of a beam b2 which
completely reproduces the scanning point, represents

the information signal and is detected using only a

single detector d3. The light beam which emerges from

one overall element is represented in Fig. 1 by a

circle in the beam.path of the beam b2. Interference

originating from sidelobes or from adjacent scanning
elements is cut out by matching the width of the
photodetector d3 to the light spot diameter formed by
the beam b2 and to the elements to be scanned. This
principle is also calleda spa:t}fi:aifllter As a result
of the particular lt_ié:é.;ﬂéﬁ.féf%ﬁﬁg-i—a'(i”filter for providing
an information si‘grrgl!..,_.lfg_._.:‘__:l,i_ig-l'rt spbt which completely
represents the scgriﬁ.iné lécation is formed from the
beam b2 despite the diffraction and splitting losses
which occur as dis#idvantages originating from gratings,
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hol .ographi ¢ optical el enment HOE can represent only one QCEMWNTSSHEET
beam so that the scanning point is not conpletely repr

| i ght power can be seen. Furthernore, a |I|ight sgot
originates froma circular light distribution has a snall¢r 33$@£$‘ﬁﬁ7
si del obe maxi ma than those which origi mat®e -from a seniciricul ar_light
di stribution. which lWhIErSHQQ:&amna@valahleV\hechseé itrdicedt aditin Fi§.
4, for inpl emgnfalir Qe fﬁ-o‘ﬂptéﬁlg eFFalded H%{?e At dhat the

use of the optjcal spatial l'ter 1s not |im application in
conj unction wi%3h &°sclEihi ﬁ‘@mééﬁL@ésusﬁfng %%olb%hﬁpkﬁ&o'-bptapéal te| dhent .
The arrangenerilemindly ito i hé Uskanhed. i N Nd GspdeLal) hAjRstNeh®! BFalt3R be

[ nedi haV|n | st or age
used for opti cal; sscanni ng of recgrdifig ealahaui ng, & bl of slorage .

can be used.

In order to produce a focusing error signal,
one half of the holographic optical element HOE has a
second grating G2 which forms a two-dimensional grating
in this area with the first one-dimensional grating Gi.
The light component which emerges from this half of the
holographic optical element HOE, or the beam b2, in
consequence also represents only half the scanning
beam. This is indicated in Figure 1 by a semicircle in
the beam path bl, which is directed at the focusing
error detector, which comprises two detectors di and
dz. The focusing error detector and the information
signal detector are preferably arranged in a plane. 1In
order, nevertheless, to make it possible to match the
width of the detector d3 in an optimum manner to the
light spot formed by the beam b2,. for obtaining
information signals, the detector d2 is arranged at an
angle o to the focusing error signal detector or at a
distance at an angle o t6 the centre line formed by the
detectors dl and d2 between them, cf. Fig. 2. This
makes adjustment possible in an advantageous manner in
a plane, although a 1light spot. size <change is
determined in particular by the distance to the
holographic optical element HOE. The idea of the
invention becomes particularly clear if, in contrast to
this, one considers an arrangement as illustrated in
Fig. 3. Fig. 3. contains a holographic optical element
HOE which has a one-dimensional grating in one half in
each case, this gratlng' hav1ng a: grating structure,
however, in accordance w1th the khown prior art, which
differs either in-: 1ts:¢;xegplon or shape with respect
to that of the 'othef half. In consequence, two
detection beams b3 and b4 are produced which, however,
each represent only a half of the scanning beam. This
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density. However, the disadvantages of this ar
thermal instability, so that preference would have to b Y
scanni ng devi ce usi ng a hol ographic optical el

the verification of the surprising effect originating fromfhe use of

optical spatial filter has been obtained-with the arranéenent I ndi cat ed
Fig. 4. is indicated in Fig. 3 by the semicircles in the
detection beams b3 and b4. In order to be able to

provide a focusing error signal in addition to the
information signal, as well, a grating G3 is provided
in the detection beam b3, which grating G3 forms a two-
dimensional grating with the grating of the holographic
optical element HOE, a light spot which represents
focusing errors being formed in an analogous manner to
Fig. 1 with the two-dimensional grating. Focusing
error signals are then provided by means of the
detectors dl and d2, corresponding to the known double-
Foucault method. As a result of the fact that, in
contrast to the proposed solution, no one-dimensional
grating Gl is provided extending over the entire area
of the holographic optical element HOE, a detection
beam b4 which is formed only with one half of the
holographic optical element HOE can represent only one
half of the scanning beam, so that the scanning point
is not completely reproduced and a reduced light power
can be seen. Furthermore, a light spot which
originates from a circular light distribution has a
smaller number of sidelobe maxima than those which
originate from a semicircular-light distribution.

A verification arrangement, which is indicated
in Fig. 4, for implementation of the optical spatial
filter makes it clear that the use of the optical
spatial filter is not limited to the application in
conjunction with a scanning device using a holographic
optical element. The arrangement which is illustrated
in Fig. 4 can in principle alsoc be used for optical
scanning of recording media having a high storage
density. However, the disadvantages of this
arrangement are its thermal instability, so that
preference would have .Fo}_bg! given to the scanning
device using 'afflqhéibéféﬁhic optical element.
Nevertheless, the verificatiénfof the surprising effect
originating from the use of an optical spatial filter
has been obtained with the arrangement indicated in

Fig. 4.




According to Fig. 4, the light fromthe |aser LD, whicthﬂﬂﬁ“ﬁﬂﬂEﬁESHEEg

fromthe disk D, is passed via the polarization beamspljt er PBS to a
focusing lens F1 and is split into two parts using a beamis %

A first part passes through a cylindrical lens CL nd ocus
quadrant detector QD, by means of which-tBe-servo signal’s arc obt-at-ret:
The second part is deBkeotddngnta §h@gle4dethetmagﬂﬁ_ﬁ#nmﬁmhs tagered by a

slit or slot | n ryt ol e 18K SRME ar nt
according to Fig w% ?g &é’%&ﬂl %]h ?Eghgé!siltf {“ Eh li!%k . %e%ggggggrrpare
t he characterl"s?rtal dhef ppharisahivmgbean SPlltter PBS to a focusing

lens F1 and is split into two parts using a beam
splitter BSP. A first part passes through a
cylindrical lens CL and 1is focused on a quadrant
detector QD, by means of which the servo signals are
~obtained. The second part is deflected on a single
detector SD, which is covered by a slit or slot S in
order to form a spatial'filter. The same arrangement
according to Fig. 4 is used without the slit or slot S
in order to compare the characteristics of the scanning
device with and without the spatial £filter, The
scanning or information signal is provided from the
detector SD, and the arrangement according to Fig. 4
has the further elements of a scanning device, such as
the gratings G, collimator C, quarter-wave plate A/4,
deflection mirror M and objective lens OL.

The split or slot S is arranged at right angles
to the information track on the disk D and has a width
which is matched to the shortest pit length. A slot
width of 15 pm is preferably used in the case of a
shortest pit length of 0.48 um. The optimum slot width
for a predetermined numerical aperture of the object
lens OL and of the focusing lens FL is determined using
a normalized modulation transfer function as a function
of the spatial frequency for the best modulation.

=

] il

The advantageous and surprising results of the
use of an optical spatial filter in a deflection device
are shown in Figs. 5 to 8. It can be seen from the
comparison of Fig. 5 and Fig. 6 that the eyes of the
signal produced with the optical spatial filter are
further open. This means that the signals at a higher
frequency are ralsed motre strongly' with the spatial

filter. The illustration ‘of the amplitudes A with
respect to time t -according to Fig. 7 and Fig. 8
indicates the pulse-width distribution. While the

unfiltered eye signal exhibits only incompletely
separated pulses, which leads to an increased error



device with and wthout the spatial filter. The scanni ng or

I nformation signal is provided fromthe detector SD, and the arrangenent
according to Fig. 4 has the further elenents of a scanning device, such as
the gratings G collimator C, quarter-wave plate [err]/4, deflection mrror
M and objective |lens QL. The spti® or slot Sis arranged at right
angl es to t heranéoramt i oo tflaaaltyordet&tﬁhdigs,k thand ihasrad éifd whigghli s

tched to th hqrt est A sl ot dth 5 m |
reforably usaS SHERE coRtPtiaE Rpikeey gin Teigriied BeRES or ( ThE The
optimum sl ot #ravfardrdavpatdenedsi weducedericsghlapdyt trelbf amd bbpect
ens QL and OhmberlQEUSIdNIshePsailal Syderer Qﬁf&uwg 2 THTBhLZE

nodul ation transfer function as a nc S atlal ency for t he
best nodul atiBpat, with the optical spatlal fllter or the s it or

slot S in front of the detector SD, not only are
interference signals and interference components masked
out, but the scanning signal is considerably improved.
In consequence, the optical spatial filter can be used
particularly advantageously in optical scanning
devices, such as digital video disk players for
example, which scan recording media having a high
storage density. Since the recording of information .
also requires a high signal quality, the area of
application is not 1limited to players, and includes

recoxrders just as well.
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scanning information which is stored on a recording
medium or for recording information on a recording
medium, which optical scanning device contains a
radiation source or 1light source for providing a
scanning beam, means for focusing the scanning beam to
form a scanning spot, -and a detection system having a
holographic optical element for receiving the scanning
beam which has been influenced by the recording medium,
characterized in that a one-dimensional grating (G1),
which extends over the entire area of the holographic
optical element (HOE), is provided in the beam path in
front of the detection system.

2. Arrangement according to Claim i, characterized
in that the detection system has a detector d3, whose
width is matched to a light spot diameter which is
formed with the one-dimensional grating (G1l) which
extends over the entire area of the holographic optical
element (HOE). .

3. Arrangement according tc Claim 1, characterized
in that the holographic optical element (HOE) has a
first one-dimensional grating (Gl) which extends over
the entire area of the holographic optical element
(HOE), and has a second one-dimensional grating (G2)
which extends over half the holographic optical element
({HOE), the first one-dimensional grating (Gl) ([lacuna]l
for obtaining a light spot which represents the
information of the recording medium, and the second
one-dimensional grating (G2} forming a two-dimensional
grating with the first one-dimensional grating (Gl),
which two-dimensional grating is intended for forming a
light spot which represents a focusing error.

4. Method for an optical scanning device for
scanning information which is stored on a recording
medium or for recording information on a recording
medium, which optical scanning device contains a
radiation source for providing a scanning beam, means

il
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and a detection system for receiving the scanning beam
which has been influenced by the recording medium,
characterized in that an optical spatial filter is used
signals.

to Claim 4,
filter is formed with a one-

to obtain the information
5.
that the optical spatial

Method according characterized in
dimensional grating {(Gl), which extends over the entire
area of the holographic optical element (HOE),
detector d3 whose width is matched to a light spot
diameter or the shortest length of the element to be
scanned, the light spot diameter being formed using the
one-dimensional grating (Gl) which extends over the
entire area of the holographic optical element (HOE).

6. Arrangement of a scanning device for scanning
information which is stored on a recording medium or
for recording information on a recording medium, which
for

and a

scanning device contains a radiation source

means for focusing the

providing a scanning beam,
scanning beam to form a scanning spot, and a detection
system for receiving the scanning beam which has been
influenced by the recording medium,

that an optical spatial filter is provided in the

characterized in

scanning device. _

7. Arrangement according to Claim 6, characterized
in that the spatial filter is formed by a detector (SD,
S) whose width is matched to the shortest length of the
to be function of the
modulation.

8.
in that the width of the detector
slot (8)
(sSD} .

elements scanned, as a

Arrangement according to Claim 7, characterized
(SD) is formed by a
which is arranged in front of said detector
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I n consequence, the optical spatial filter can be used particularly

advant ageously in optical scanning devices, such as digital video disk
pl ayers for exanple, which scan recordi ng nedia having a hi gh storage
density. Since the recording of information also requires a high signa
quality, the area of application is not-13%3rited to players, and includes
recorders just as well. Abstract

Optical scanning device
The invention relates to a method and an

arrangement for an optical scanning device having a
holographic optical element for receiving the scanning
beam which has been influenced by the recording medium.

The object of the invention is to overcome the
disadvantages of known methods and devices in terms of
obtaining the information signal and in terms of the
detection device. '

One aspect of the invention is to use an
optical spatial filter to obtain the information
signals. A further aspect is to image the entire area
of the scanning spot on only one detector and to use
the complete light component, as a result of which the
power component is increased and the requirements for
adjustment of a plurality of elements with respect to
one another are reduced. It should be mentioned as a
third aspect that the holdgraphic optical element has a
simple construction.

The invention can preferably ‘be used in CD
players and video-disk players, or corresponding

recording devices.

Fig. 1
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-10- Clains 1. Arrangenent for an optical scanning device for scanning
information which is stored on a recordi ng nedi umor for recording
information on a recording nedium which optical scanning device contains a
radi ation source or light source for providing a scanning beam neans for
focusing the scanning beamto forma scanping spot, and a detection system
havi ng a hol ographi c optical el enent fet-receiving the scanni ng beam whi ch
has been influenced by the recording medium characterized in that a

one-di nensional grating (Gl), which extends over the entire area of the

hol ogr aphi ¢ opti cal elengpq (HOE) ,

\\
N ~
=~ —
~
Z : &
\%‘:
} < : .
d‘l‘
FiG. 2

REPLACEMENT SHEET
12 MAR 1997




is provided in the beampath in front of the detection system having a
detector d3, whose width is matched to a |ight spot dianeter which is
formed with the one-dinmensional grating (Gl) which extends over the entire
area of the hol ographic optical el enent (HOCE). 2. Arrangenent accordi ng
to CQaim1l, characterized in that the.hglographic optical elenment (HOE) has
a first one-dinensional grating (Gl) whieh extends over the entire area of
t he hol ographic optical element (HOE), and has a second one-di nmensi onal
grating (&) which extends over half the hol ographic optical elenent (HOCE),
the first one-dinensional grating (Gl) is intended for obtaining a |ight
spot which represents the information of the recordi ng nedium and the
second one-di nensional grating (&) formng a two- dinensional grating with
the first one-dinmensional grating (Gl), which two- dinensional grating is
intended for formng a |light spot which represents a
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scanni ng devi ce for scanning
recordi ng

focusing error. 3. Method for an optical

I nformati on which is stored on a recordi ng nmediumor for

i nformati on on a recordi ng nmedium which optical scanning device contains a

radi ati on source for providing a scanning beam mneans for focusing the

scanni ng beamto forma scanning spot, fand a detection systemfor receiving
is used to obtain the

t he scanni ng beam whi ch has been influenced by the recording nmedi um
spatial filter

characterized in that an optica
i nformati on signals.
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-11- ‘ 4. Method according to Caim3, characterized in that the optical

spatial filter is formed with a one-di nensional grating (Gl), which extends
over the entire area of the hol ographic optical element (HOE), and a
detector d3 whose width is natched to a |ight spot dianeter or the shortest
l ength of the element to be scanned, the light spot diameter being forned
usi ng the one-di nensional grating (Gl)—which extends over the entire area

of the hol ographic optical elenment (HCE).
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5. Arrangenent of a scanning device for scanning information which is
stored on a recording nmediumor for recording information on a recording
medi um whi ch scanni ng devi ce contains a radiation source for providing a
scanni ng beam neans for focusing the scanning beamto forma scanning
spot, and a detection systemfor receiyvigg_the scanning beam which has been
I nfl uenced by the recordi ng nmedium charaeterized in that an optical
spatial filter is provided in the scanning device. 6. Arrangenent
according to Claimb5, characterized in that the spatial filter is forned by
a detector (SD, S) whose width is matched to the shortest |ength of the
el ement s t%rgg/sgayneo .ag a function of the nodul ation.
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7. Afrangerrent according to Caim6; characterized in that the wdth of the
detector (SD) is forned by a slot (S) which is arranged in front of said

det ector (SD). REPLACEMENT SHEET
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1. Arrangement for an optical scanning device for scanning information which

is stored on a recording medium or for recording information on a recording
medium, which optical scanning device contains a radiation source o light
source for providing a scanning beam, means for focusing the scanning beam
to form a scanning spot, and 3 detection system having a holographic optical
element for receiving the scanning beam which has been influenced by the
recording medium, characterized in that a one-dimensional grating (G1),
which extends over the entire area of the holographic optical element (HOE),
is provided in the beam path in front of the detection system having a detector
d3, whose width is matched to a light spot diameter which is formed. with the
one-dimensional grating (G1) which extends over the entire area of the
holographic optical element (HOE).

2. Arrangement according to Claim 1, characterized in that the hclographic
optical element (HOE) has a first one-dimensional grating (G1) which extends
over the entire area of the holographic optical element (HOE), and has a
second one-dimensional grating (G2) which extends over half the holographic
optical element (HOE), the first one-dimensional grating (G1) is intended for
obtaining a light spot which represents the information of the recording
medium, and the second one-dimensional grating (G2) forming a two-
dimensional grating with the first one-dimensional grating (G1), which two-

dimensional grating is intended for forming a light spot which represents a
focusing error.

_3. Msthod for an optical scanning device for scanning information which is
stored on a recording medium or for recording information on a recording
medium, which optical scanning device contains a radiation source for
providing a scanning beam, means for focusing the scanning beam to form a
scanning spot, and a detection system for receiving the scanning beam which
has been influenced by the recording medium, characterized in that an
optical spatial filter is used to obtain the information signals.
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4, Method according to Claim 3, characterized in that the optical spatial filter
is formed with a one-dimensional grating {G1), which extends over tha entire
area of the holographic optical element (HOE), and a detector d3 whose width
is matched to a light spot diameter or the shartest length of the element ta be
scanned, the light spot diameter being formed using the one-dimensional
grating (G 1} which extends over the entire area of the holographic optical
element (HOE).

5. Arrangement of a scanning device for scanning information which is stored
on a recording medium or for recording information on a recording medium,
which scanning device contains a radiation source for providing a scanning
beam, means for focusing the scanning beam to form a scanning spot, and a
detecfion system for receiving the scanning beam which has been influenced
by the recording medium, characterized in that an optical spatial filter is
provided in the scanning device.

8. Airangement according to Claim-S, characterized in that the spatial filter is
formed by a detector (SD, S) whaose width is matched to the shartest length of
the elements to be scanned, as a function of the modulation.

_I. Arrangement according to Claim 6, characterized in that the width of the

detector (SD) is formed by a slot (S) which is arranged in front of said detector
(SD). )




