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(57) Abstract: The present invention relates to an optical system for reproducing and/or recording on optical record carrier. The
system includes light providing means for providing at least: 1) a main beam for reading information, and 2) a plurality of auxiliary
& beams for radial tracking; a first (A), a second (B) and a third (C) auxiliary beam. The optical record carrier has readable effects
& arranged in tracks (2, 12) in one or more spiral(s), the spiral(s) being separated by one or more guard band(s) (5, 15). The optical
system performs radial tracking from the reflected light of 1) the first auxiliary beam (A), the first auxiliary beam being positioned
O in a first guard band, and 2) the second (B) and third auxiliary beam (C). The second auxiliary beam is positioned on a first track (I),
and the third auxiliary beam (C) is positioned on a second track (II) and on opposite side of the first guard band (5, 15) relative to
the second auxiliary beam (B). The optical system provides improved radial tracking on the above-mentioned carrier format.
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An optical system with 3 spot radial tracking

The present invention relates to an optical system for reproducing and/or
recording optically readable effects on an associated optical record carrier and performing
stable radial tracking on the optical record carrier. The invention further relates to a method
for reproducing and/or recording optically readable effects on an associated optical record

carrier.

In order to meet the demand of increasing information storage capacity the
available optical media, i.e. compact disc (CD), digital versatile disc (DVD) and the Blu-ray
Disc (BD), show a constant improvement in storage capacity. In these optical media, the
reproduction resolution has hitherto been mostly dominated by the wavelength, A, of the
reproduction light and the numerical aperture (NA) of the optical reproduction apparatus.
However, since it is not easy to shorten the wavelength of the reproduction light or to
increase the numerical aperture of the corresponding lens system, attempts to increase the
recording density has pre-dominantly been focused at improving the recording media and/or
the recording/reproduction method.

In particular, for optical media adapted for recording information two different
approaches have been suggested: The land-groove format wherein information is recorded
both in the groove of the track and next to the groove, and the groove-only format wherein
the information is only recorded in the groove, e.g. the BD disc format. Both of these formats
have advantages and disadvantages, in particular with respect to radial tracking and inter-
track/symbol cross-write/erase issues.

Presently, the density limit reached by combining a track pitch of 240nm with
a channel bit length of 50nm has shown that the capacity of the BD-type disc can potentially
be increased from the current 23-25-27GB up to 50GB per layer of information on the media.

However, an inherent conflict between further downscaling of the track pitch
versus the need for stabile radial tracking and limited cross-write/erase problems is
encountered in present state of the art discs. In particular, an optical storage method with both

the advantages of the land-groove format with respect to stable radial tracking and the
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advantages of the groove-only format with respect to limited cross-write/erase problems is
therefore desirable.

In US 2004/0076100, an optical disc for improved storage density is disclosed.
This optical disc is essentially a land-groove format with dedicated pre-pit regions having a
pair of wobble pits disposed between data recording regions, where the data regions are
positioned in spirals or circles on the disc. The pre-pit regions are adapted for generating a
radial tracking error signal. However, manufacturing of such a disc format is troublesome
due to the angular separation of the pre-pit regions causing a non-uniformity of the disc.
Additionally, the trade-off between the number of pre-pit regions and the radial tracking
stability may inherently limit the storage density of the disc.

Hence, an improved optical tracking method would be advantageous, and in
particular a more efficient and/or reliable optical system for reproducing and/or recording

optically readable effects on an associated optical record carrier would be advantageous.

Accordingly, the invention preferably seeks to mitigate, alleviate or eliminate
one or more of the above mentioned disadvantages singly or in any combination. In
particular, it may be seen as an object of the present invention to provide an optical system
that solves the above mentioned problems of the prior art with providing an optical system
facilitating an increased storage density on an optical carrier.

This object and several other objects are obtained in a first aspect of the
invention by providing an optical system for reproducing and/or recording optically readable
effects on an associated optical record carrier the system comprising:

- light providing means for providing at least:

- a main beam for reading information as readable effects on the carrier and/or
recording information as readable effects on the carrier, and

- a plurality of auxiliary beams applicable for radial tracking, said plurality of
auxiliary beams comprising a first, a second and a third auxiliary beam,

- photo detection means capable of detecting reflected light from the optical
record carrier,

the associated optical record carrier comprising, or being adapted for
recording, readable effects arranged in tracks in one or more spiral(s), said one ore more

spiral(s) being separated by one or more guard band(s),
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wherein the optical system is adapted to perform radial tracking from the
reflected light of:

the first auxiliary beam, the first auxiliary beam being positioned in a first
guard band, and

the second and third auxiliary beam. the second auxiliary beam being
positioned substantially on, or next to, a first track, and the third auxiliary beam being
positioned substantially on, or next to, a second track and on opposite side of the first guard
band relative to the second auxiliary beam.

The invention according to the first aspect is particularly but not exclusively
advantageous for facilitating an optical system capable of recording/reproducing information
on a carrier with a low track pitch, i.e. track width. The possibility of a lowered track pitch
does not jeopardize the radial tracking as the radial tracking is to be performed in the guard
bands of the associated carrier. The commonly used optical storage system with a single
spiral carrier format has an inherent conflict between the radial tracking signal provided by
the track and the wish to minimize the track pitch, a conflict that is solved by the present
optical system.

Furthermore, the invention according to the first aspect is particularly but not
exclusively advantageous for facilitating an optical system that is stable against small
deviations from perfect alignment of the reflected light applied for radial tracking relative to
the photo detector means for detecting said reflected light. Such misalignment may otherwise
cause so-called beam landing of the main light spot used for reading/recording, i.e. the main
beam may be slightly offset relative to intended radial position on the track and the reflected
light of the main beam is offset on the corresponding detector. This may in turn reduce the
quality of reproduction/recording, e.g., cross talk

The optical system may advantageously be arranged so that the first, second
and third auxiliary beams are adapted to be substantially equidistantly positioned on the
associated optical record carrier. This symmetry may readily be obtained by a using a grating
as light dividing means. However, the present invention is not limited to such symmetry.
Under some conditions it may be beneficial to have the e.g. the second auxiliary beam shifted
forwards relative to carrier moving direction and the third auxiliary beam shifted backwards
relative to carrier moving direction. . This is normally the case for currently applied 3 spot
push pull radial tracking.

Advantageously, the optical system may be adapted so that the separation

distance in the radial direction between the first, second and third auxiliary beams is
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substantially equal to an integer times the track pitch (T;) of the associated optical record
carrier. Thus, there may be a match between the beam separation and the track pitch on the
carrier, preferably the integer is equal to one, but other integers may also be applied. In some
conditions, e.g. if the tracking servo system is operated in a duty cycle mode, the matching
between the beam separation and the carrier may occur with a non-integer ratio.

Notice, that the second and third auxiliary beam need not be exactly on the
corresponding track but may also be adjacent or a combination of being on the track and
adjacent, i.e. partly on the track, as long as a sufficient push pull signal useful for generating
a radial tracking error signal is obtained.

Beneficially, the first track may be adjacent to the first guard band, and the
second track may be adjacent to the first guard band. Alternatively, tracks adjacent to said
first and second track may be applied.. Even more alternatively, said first and second track
may be positioned on different spirals of readable effects not being adjacent on the carrier,
i.e. that is spirals separated by one or more spirals. Said different spirals may be on the same
side or on opposite side of the first guard band.

Advantageously, each track of the associated carrier may be adapted for
recording and/or reproducing optically readable effects, e.g. pits, positioned substantially in a
groove or a depression in the carrier. Such groove-only formats are applied for write-once
and rewriteable optical media.

Preferably, the radial tracking may be performed according to the push-pull
(PP) method as this method is well known in the art and may therefore be readily
implemented according to the principles of the present invention.

Beneficially, the optical system may comprise at least two corresponding
photo detectors for each of the first, the second and the third auxiliary beam. The at least two
photo detectors can be adapted to generate a difference signal for each auxiliary beam by
subtraction means, e.g. differential circuits. Additionally, wherein the optical system may be
adapted to perform a normalization of each difference signal by a sum of signals representing
the total intensity of reflected light on the at least two photo detectors corresponding to each
difference signal. This is particular advantageous in order to overcome fluctuations in the
reflected light. This may also be beneficial when the tracking is performed in a border guard
band where there is only a spiral positioned on one side of the guard band. Otherwise, an

incorrect tracking error signal would result.
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In a second aspect, the present invention to a method for operating an optical
system adapted for reproducing and/or recording optically readable effects on an associated
optical record carrier, the method comprising the steps of:

- providing light providing means capable of emitting at least:

- a main beam for reading information as readable effects on the carrier and/or
recording information as readable effects on the carrier, and

- a plurality of auxiliary beams applicable for radial tracking, said plurality of
auxiliary beams comprising a first, a second and a third auxiliary beam,

- providing photo detection means capable of detecting reflected light from the
optical record carrier,

the associated optical record carrier comprising, or being adapted for
recording, readable effects arranged in tracks in one or more spiral(s), said one ore more
spiral(s) being separated by one or more guard band(s),

wherein the optical system is adapted to perform radial tracking by:

detecting the reflected light of the first auxiliary beam, the first auxiliary beam
being positioned in a first guard band, and

the reflected light of the second and third auxiliary beam, the second auxiliary
beam being positioned substantially on, or next to, a first track, and the third auxiliary beam
being positioned substantially on, or next to, a second track and on opposite side of the first
guard band relative to the second auxiliary beam.

In a third aspect, the invention relates to a computer program product being
adapted to enable a computer system comprising at least one computer having data storage
means associated therewith to control an optical system according to the second aspect of the
invention.

This aspect of the invention is particularly, but not exclusively, advantageous
in that the present invention may be implemented by a computer program product enabling a
computer system to perform the operations of the second aspect of the invention. Thus, it is
contemplated that some known optical system may be changed to operate according to the
present invention by installing a computer program product on a computer system controlling
the said optical system. Such a computer program product may be provided on any kind of
computer readable medium, e.g. magnetically or optically based medium, or through a

computer based network, e.g. the Internet.
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The first, second and third aspect of the present invention may each be
combined with any of the other aspects. These and other aspects of the invention will be

apparent from and elucidated with reference to the embodiments described hereinafter.

The present invention will now be explained, by way of example only, with
reference to the accompanying Figures, where

Fig. 1 is a schematic drawing of an optical system according to the first aspect
of the invention,

Fig. 2 is a schematic drawing of photo detection means according to the first
aspect of the invention,

Fig. 3 is a schematic drawing of a carrier format particular suited for operation
with the optical system according to the first aspect of the invention,

Fig. 4 is a schematic drawing of another carrier format particular suited for
operation with the optical system according to the first aspect of the invention,

Fig. 5 is a schematic drawing of the position of the first, second and third
auxiliary beam on the associated carrier according to the present invention,

Fig. 6 is shows a vertical-radial cross-section of a carrier superimposed with
various push pull (PP) signals,

Fig. 7 is a flow chart illustrating the method according to the second aspect of

the invention.

Figure 1 schematically shows an optical system and associated optical carrier
100 according to the invention. The carrier 100 is fixed and rotated by holding means 30.

The carrier 100 comprises a material suitable for recording information by
means of a radiation beam 52. The term “radiation beam” is used interchangeable with the
term “light beam” throughout this application. The recording material may be of, for
example, the magneto-optical type, the phase-change type, the dye type, metal alloys like
Cu/Si or any other suitable material. Information may be recorded in the form of optically
detectable regions, also called marks for rewriteable media and pits for write-once media, on
the carrier 100. However, the carrier may alternatively be of a read-only-memory (ROM)

format.
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The apparatus comprises an optical head 20, sometimes called an optical pick-
up (OPU), the optical head 20 being displaceable by actuation means 21, e.g. an electric
stepping motor. The optical head 20 comprises a photo detection system 101, a radiation
source 4, a beam splitter 6, an objective lens 7, and lens displacement means 9. The optical
head 20 also comprises light dividing means 22, such as a grating or a holographic pattern
that is capable of splitting the radiation beam 51 into at least four components 52, A, B, and
C where A, B, C may denote the first, second and third order diffraction, respectively, on the
left side of the zero-order main beam 52. However, for changing the radial position of the
main beam 52 for reading/recording at desired track it is necessary for the three auxiliary
beams A, B, C to be changeable in position relative to the main beam 52.

For reason of the clarity just the radiation beam 52 and the three auxiliary
beams A, B, C are shown after passing through the beam splitting means 22 but more
auxiliary spots are typically present if e.g. the light dividing means 22 is a grating. Similarly,
the radiation 8 reflected also comprises more than one component, e.g. the reflections of the
three spots A, B, C, and diffractions thereof, but only one beam 8 is shown in Figure 1 for
clarity. The radiation source 4 for emitting a radiation beam 52 can for example be a
semiconductor laser with a variable power, possibly also with variable wavelength of
radiation. Alternatively, the radiation source 4 may comprise more than one laser. The
radiation source 4, light dividing means 22, and the lens 7 may be considered to be light
providing means within the context of the present invention.

The function of the photo detection system 101 is to convert radiation 8
reflected from the carrier 100 into electrical signals. Thus, the photo detection system 101
comprises several photo detectors, e.g. photodiodes, charged-coupled devices (CCD), etc.,
capable of generating one or more electric output signals that are transmitted to a pre-
processor 11. The photo detectors are arranged spatially to one another, and with a sufficient
time resolution so as to enable detection of focus (FE) and radial tracking (RTE) errors in the
pre-processor 11. Thus, the pre-processor 11 transmits focus (FE) and radial tracking error
(RTE) signals to the processor 50. The photo detection system 101 can also transmit a read
signal or RF signal representing the information being read from the carrier 100 by the main
beam 52 to the processor 50 through the pre-processor 11. The read signal may possibly
converted to a central aperture (CA) signal by a low-pass filtering of the RF signal in the
processor 50.

The optical head 20 is optically arranged so that the radiation beam 52 is

directed to the optical carrier 100 via a beam splitter 6, and an objective lens 7. Additionally,
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a collimator lens (not shown) may be present before the objective lens 7. Radiation 8
reflected from the carrier 100 is collected by the objective lens 7 and, after passing through
the beam splitter 6, falls on a photo detection system 101 which converts the incident
radiation 8 to electric output signals as described above.

The processor 50 receives and analyses output signals from the pre-processor
11. The processor 50 can also output control signals to the actuation means 21, the radiation
source 4, the lens displacement means 9, the pre-processor 11, and the holding means 30, as
illustrated in Figure 1. Similarly, the processor 50 can receive data, indicated at 61, and the
processor 50 may output data from the reading process as indicated at 60.

Figure 2 is a schematic drawing of photo detection means 101 according to the
first aspect of the invention. Three photo detector sections 110, 120, 130 are shown. On each
of the photo detector sections 110, 120, 130, the corresponding spot, A, B, and C,
respectively are shown. In the embodiment shown in Figure 2, the photo detector sections
110, 120, 130 are divided into two photo detectors a and b. This is the normal optical
configuration for performing tracking by the push-pull (PP) method, where a relative
weighting between the two detectors a and b is applied for generating a radial error signal
denoting the error or deviation from an intended radial position and the actual position. For
simplicity, only a single spot is shown on the photodetectors 110, 120, and 130, but typically
the first order diffraction lines (m=x1) are present as well. By relative weighting between the
detectors marked a and b three push-pull signal PP,, PP , PP¢ are obtained for each
photodetector section 110, 120, and 130 by the subtraction circuits 121, 122, and 123. Thus,
the push-pull signals PP, PPg , PP¢ are calculated. As shown in Figure 3, the PPg is added
to PP¢ by the addition circuit 124. Subsequently, the sum of PPg and PP¢ is adjusted by the
term g in the multiplication circuit 125, g typically being equal to 0.5.

The components of the push-pull signal PP, PPs , PPc may be averaged by
other methods by e.g. normalizing by the sum of the light on the photo detectors a and b by
appropriate sum circuits (not shown). Finally, the adjusted and summed second and third
auxiliary beam push pull signal is subtracted from the first auxiliary beam push pull signal by
the subtraction circuit 127 and a tracking error signal (TES), or a radial error (RE), is
obtained and transmitted to the processor 50.

In Figures 3 and 4, two particular formats of an optical carrier format 1 that
are well suited for being applied by an optical system according to the present invention are

illustrated. In the embodiment of Figures 3, 4, 5, and 6 the carrier format is a format with
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tracks having grooves, e.g. write-once and rewriteable carriers. However, it should be
stressed that the principle of the present invention is not limited to such formats.

Figure 3 is a schematic drawing of a carrier format particular suited for
operation with the optical system according to the first aspect of the invention. A plurality of
tracks 2 are disposed substantially spirally and substantially concentrically with respect to
central position 3 on the carrier. Each track 2 is adapted for recording and/or reproducing
optically readable effects positioned substantially in a groove i.e. a depression (not shown).

The plurality of tracks 2 are arranged adjacently in a multi-track spiral 1 on the
optical record carrier and the number of tracks in Figure 3 is eight. The number of tracks 2 in
the broad spiral 1 is determined by a compromise between the radial servo system complexity
and the storage capacity decrease due to the fact that the guard band 5 contains no data or
possibly that the data density in the guard band 5 is lower than in the grooves of the broad
spiral. The number of tracks 2 may also be: 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, and 20. The tracking area 5 between the windings of the multi-track spiral 1 is
adapted for providing a radial tracking error signal from the optical carrier 100.

Figure 4 is a schematic drawing of another carrier format 10 particular suited
for operation with an optical system according to the first aspect of the invention. A plurality
of tracks 12 are disposed substantially spirally and substantially concentrically with respect to
a central position 13 on the carrier. Each track 12 is adapted for recording and/or reproducing
optically readable effects positioned substantially in a groove (not shown). The plurality of
spirals 10 are arranged in concentric consecutive layers 12 on the optical record carrier with
one spiral in each layer similar to the structure of an onion. In Figure 4, just three consecutive
spirals 12 are shown for clarity but for an actual carrier 100 the number of spirals 12 or
"onion-shelves" may vary by any number between 2 and 1.000.000. The tracking areas 15
between the spirals 12 are adapted for providing a radial tracking error signal from the optical
record carrier as will be further explained in Figures 5 and 6.

Figure 5 is a schematic drawing of the position of the first A, the second B and
third C auxiliary beam on the associated carrier 100 according an embodiment of the present
invention. The first auxiliary beam A is positioned in a first guard band 5 or 15.
Simultaneously, the second auxiliary beam B is positioned substantially on a first track I and
the third auxiliary beam C is positioned substantially on a second track II. The second B and
the third C auxiliary beam are on opposite side of the first guard band 5 or 15 relative to each
other. Furthermore, the second B and the third C auxiliary beam are positioned adjacent to

the guard band 5 or 15. Notice, that the second B and the third C auxiliary beam are shifted in
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tangential direction (vertical in the Figure) of the carrier relative to the first auxiliary beam C.
This is preferred to obtain better optical separation on the photo detections means 101.

Figure 6 shows a vertical-radial cross-section of a carrier 100 superimposed
with the corresponding radial tracking error signals obtained by modelling the push-pull
radial tracking error signal of the embodiment in Figure 5. The scales of the plot are arbitrary.
In Figure 6, the radial position on the carrier 100 is plotted on the horizontal scale. On the
vertical scale, the push-pull radial tracking error signal from the reflected light 8 of auxiliary
spots are plotted. The plot corresponds to the auxiliary spots A, B, and C being scanned along
the radial direction. The dotted line denotes the PP, signal obtained from the first auxiliary
beam A intended for positioning in center of the guard band 5 or 15. It is possible to apply
this single spot for radial tracking but as explained earlier such a single spot method is
sensitive to beam landing. The solid black line denotes the 0.5 (PPg + PP¢ ) sum signal from
the second B and third C auxiliary beam. Finally, the dashed line denotes the subtraction

TES = PP, - 0.5 (PP + PPe), (1)

where TES means a tracking error signal. In formula (1) all the signals are
normalized. This tracking error TES obtained from the three auxiliary beams A, B and C is
invariant to offsets that horizontally displace the reflected light 8 of the three auxiliary beams
A, B and C simultaneously on the photo detector segments 110, 120, and 130 as shown in
Figure 2. This kinds of displacement are typically the result of lens displacement, lens tilt,
displacement of OPU, manufacturing margins etc..

The physical structure of the grooves is also indicated on the vertical scale.
The amplitude of 1 corresponds to the bottom of the grooves, whereas the carrier surface is
positioned at amplitude of 0. Thus, as seen there are no grooves in the tracking area(s) 5 and
15.

The grooves are grouped in either a multi-spiral 1 with tracks 2 or consecutive
spirals 12 in the carrier format 10. Both are 10-track-wide, and the inter-spiral separation, i.e.
the tracking area(s) or guard band 5 or 15. Since the optical spot resolution is finite leading
essentially to a low-pass characteristic of the channel response, the very high frequency of
tracks within the broad groups 2 or 12 is not getting captured. In the given embodiment the
following data applies: numerical aperture (NA) = 0.85, wavelength of light = 405 nm and
track pitch of 220 nm with a duty circle of 50%.
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As it is visible in Figure 6, there is an almost-zero push-pull signal within the
tracks 2 of the multi-spiral 1 or within the consecutive spirals 12. At the guard bands 5 or 15,
howeyver, the groove structure has a significant lower frequency component due to the larger
track spacing there, and the push-pull tracking signals from the auxiliary spot A, B, and C are
strong and provide clear "S-curves" around the middle of the guard band 5 and 15. This
means that the auxiliary spots A, B, and C can reliably track the middle of the guard band 5
and 15 from the obtained radial tracking signals, but the individual tracks 2 of multi-spiral 1
or the consecutive spirals 12 does not give rise to a useful radial tracking error signal. In the
given example, the guard band width is 3 x T}, /2= 3x120 nm = 360nm, while the push-pull
signals vanish only at the spatial track spacing below 2x 120 nm=240nm for the given
characteristics of the optical spot. That means that the guard band 5 and 15 can also be made
narrower, down to approximately 280nm/2 = 140 nm. The lower limit of the track pitch may,
however, with the present state of optical detection devices be somewhat difficult to
implement.

Figure 7 is a flow chart illustrating the method according to the second aspect
of the invention by providing method for operating an optical system adapted for reproducing
and/or recording optically readable effects on an associated optical record carrier 100, the
method comprising the steps of:

S1 providing light providing means 4, 22, and 7 capable of emitting at least:

- a main beam 52 for reading information as readable effects on the carrier 100
and/or recording information as readable effects on the carrier 100, and

- a plurality of auxiliary beams A, B, C applicable for radial tracking, said
plurality of auxiliary beams comprising a first A, a second B and a third C auxiliary beam,

S2 providing photo detection means 101, 110, 120, 130 capable of detecting
reflected light 8 from the optical record carrier 100,

the associated optical record carrier 100 comprising, or being adapted for
recording, readable effects arranged in tracks in one or more spiral(s) 2 or 12, said one ore
more spiral(s) being separated by one or more guard band(s) 5 or 15,

wherein the optical system is adapted to perform radial tracking by:

S3 detecting the reflected light 8 of the first auxiliary beam A, the first
auxiliary beam being positioned in a first guard band 5 or 15, and

S4 detecting the reflected light 8 of the second B and third auxiliary beam C,

the second B auxiliary beam being positioned substantially on, or next to, a first track I, and
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the third C auxiliary beam being positioned substantially on, or next to, a second track II and
on opposite side of the first guard band 5 or 15 relative to the second auxiliary beam B.

Although the present invention has been described in connection with the
specified embodiments, it is not intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only by the accompanying claims. In the
claims, the term comprising does not exclude the presence of other elements or steps.
Additionally, although individual features may be included in different claims, these may
possibly be advantageously combined, and the inclusion in different claims does not imply
that a combination of features is not feasible and/or advantageous. In addition, singular

nn

references do not exclude a plurality. Thus, references to "a", "an", "first", "second" etc. do
not preclude a plurality. Furthermore, reference signs in the claims shall not be construed as

limiting the scope.
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CLAIMS:

1. An optical system for reproducing and/or recording optically readable effects
on an associated optical record carrier (100) the system comprising:
- light providing means (4, 22, 7) for providing at least:
- a main beam (52) for reading information as readable effects on the carrier
and/or recording information as readable effects on the carrier, and
- a plurality of auxiliary beams applicable for radial tracking, said plurality of
auxiliary beams comprising a first (A), a second (B) and a third (C) auxiliary beam,
- photo detection means (101, 110, 120, 130) capable of detecting reflected light
(8) from the optical record carrier (100),

the associated optical record carrier comprising, or being adapted for
recording, readable effects arranged in tracks (2, 12) in one or more spiral(s), said one ore
more spiral(s) being separated by one or more guard band(s) (5, 15),

wherein the optical system is adapted to perform radial tracking from the
reflected light of:
1) the first auxiliary beam (A), the first auxiliary beam being positioned in a first
guard (5, 15) band, and
2) the second (B) and third auxiliary beam (C), the second auxiliary beam (B)
being positioned substantially on, or next to, a first track (I), and the third auxiliary beam (C)
being positioned substantially on, or next to, a second track (II) and on opposite side of the

first guard band (5, 15) relative to the second auxiliary beam (B).

2. An optical system according to claim 1, wherein the first (A), second (B) and
third auxiliary (C) beams are adapted to be substantially equidistantly positioned on the

associated optical record carrier (100).

3. An optical system according to claim 2, wherein the separation distance in the
radial direction between the first (A), second (B) and third (B) auxiliary beams is
substantially equal to an integer times the track pitch (T;) of the associated optical record
carrier (100).
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4. An optical system according to claim 1, wherein the first track (I) is adjacent
to the first guard band (5, 15), and the second track (II) is adjacent to the first guard band (5,
15).

5. An optical system according to claim 1, wherein each track of the associated
carrier (100) is being adapted for recording and/or reproducing optically readable effects

positioned substantially in a groove.

6. An optical system according claim 5, wherein the radial tracking is performed

according to the push-pull (PP) method.

7. An optical system according to claim 1 comprising at least two corresponding
photo detectors (a, b) for each of the first (A), the second (B) and the third (C) auxiliary
beam, said at least two photo detectors being adapted to generate a push pull signal (PP,
PPg, PP¢) for each auxiliary beam (A, B, C).

8. An optical system according to claim 7, wherein the optical system is adapted
to perform a normalization of each push pull signal (PPa, PPg, PP¢) by a sum of signals
representing the total intensity of reflected light on the at least two photo detectors
corresponding to each push pull signal (PPa, PPg , PP¢).

9. A method for operating an optical system adapted for reproducing and/or
recording optically readable effects on an associated optical record carrier (100), the method
comprising the steps of:

- providing light providing means (4, 7, 22) capable of emitting at least:

- a main beam (52) for reading information as readable effects on the carrier
and/or recording information as readable effects on the carrier, and

- a plurality of auxiliary beams applicable for radial tracking, said plurality of
auxiliary beams comprising a first (A), a second (B) and a third (C) auxiliary beam,

- providing photo detection means (101, 110, 120, 130) capable of detecting

reflected light (8) from the optical record carrier,
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the associated optical record carrier comprising, or being adapted for
recording, readable effects arranged in tracks (2, 12) in one or more spiral(s), said one ore
more spiral(s) being separated by one or more guard band(s) (5, 15),

wherein the optical system is adapted to perform radial tracking by:

detecting the reflected light of the first auxiliary beam (A), the first auxiliary
beam being positioned in a first guard band (5, 15), and

the reflected light of the second (B) and third auxiliary beam (C), the second
auxiliary beam (B) being positioned substantially on, or next to, a first track (I), and the third
auxiliary beam (C) being positioned substantially on, or next to, a second track (IT) and on

opposite side of the first guard band (5, 15) relative to the second auxiliary beam (B).

10. A computer program product being adapted to enable a computer system
comprising at least one computer having data storage means associated therewith to control

an optical system according to claim 9.



WO 2006/131858 PCT/IB2006/051758

1/5

20~ 6‘/ 8

21

50~

60 — T_/61

FIG.1



WO 2006/131858 PCT/IB2006/051758

2/5

110

A :[/_\ PP

[ J
B 1.1p a1

120

PPA 127y | 1gs

A | T \

alb 122
130§ 124 125

PPc H

JEnE
C

alb 123
\
101

FIG.2



PCT/IB2006/051758

WO 2006/131858

40 .
—— 2

SO

N
N

S
» N
WY \\\\\\\\\\\\\\\\\\\\\\\\w
S
Qe RN
S

30

-

\\@\\\\\\\\w
R
o

s

20+ —
\\\\\\s\‘\\‘“‘
I —
\\\\::\\:::\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\::\\\ R
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ o N
NN
» AN
N

/o
7

o

S——
\\\\\\\\\\\\QQ\\
--|t
\\\\\\\\\\\\\\\\\\\

7

s,
s

7,

%,
%,

“n, %,
%, %, %,
%, %,

A

“u,

§& &
S&SE S
SN
NI
NRRR
§888
NN N
NARRN
NARRN
NARNN
NN \ \
NNRNN \ \
NN \ \
1 \\ AELY
Ul \ N\
N T
N F s \
1A WY N
1 YY) YY)
1) NN NN
XN N Y
A\ NN YEIYYNEY
NN\ NN AN N i 7
NRRN NENRE N
NARR NN
\\\\\ $S$S | \sgs \
N I N
A\ NN NN
N NNANEN
SN NRRAGN
NS S RARAEGN
Y g5 §\ NN N $
N . e SESSES
NN S \\\\\\\\\\\ o SN N § |
NN \\\\\\\\\\\ o o5 DA
NN \\\\\\\\\\\\\\\\\\\\\w\“\“\@\\\ SONLE
\‘\ NN SOONE
N S S S&FE
\\\\ 3 \\“\\\\W\\\\@\\\m\\\@“‘\ S &
R = W
\\\\\\\ e St
. \\\\\\\\\\\ SR SN
\\\\\\\\\\\\\\\\\\ N e
\\\ \\\\\i\\\\\t\\\\\\\ N
Ny N o~
N -
N - "
\\\\\\ S SRR,
S
S o
\““\\\\m\\“\\m\\ww\v\‘
L

1G.3

15

A
S -
S \\\\\\‘,\\\\\»\\m\\\\\\m\\\\ ~
S N s
\

N o

B e
\\\&“‘t&““:\ IR
SN SN e _—
S N
ST S N
S S N
‘\‘}\“\\\\*‘\\\»\“’&\\"’ s
S \\\“f@\»\\@\\\\\@“‘ »
S e
S = NN
SRS
ST
S
ST TS S
S
ST
§\~‘\‘\“~“§\‘“§
SHSSSSsyT ©
SIS &8
RASSAAON S
$‘§§§§§$ S8
SIS S&S
N S S8 .
S§fssss NONSAAOS AN
NN ROSAEA \
§§§§§§$§\ SISfSSSsS S \ \\ N\
NN RAOANOIRE EALARNRNY
NN 8§ \
$§$ NN NN 1 111N
\\\\\\\§§$\~ \\\\\
SESNYSYY OV Y Y Wi} I\
NRNNARNRN NN NN AN
SYYSNNSY NN Y NN
NN AT T
NARNRRRNNERNNRN AL TN N N
HIHRH AT I TR
HNNR I N BN I
0nn §3) §YNR PR NI B N
NN NN I NN
I 1Y NI N NN
&sg M Y MIEE NI NI
NHTNE N NN W LN
TN I AN NN
HIT W SOSSESSY NI
T W RN N
N W SSSSesss N NNINNNR
\\\\\\\ \\ \ SSedssss s NN
SOSNAN NN NN
DA ANARY ' JOSOSONAN NN NN
Y & Seesss ANRARRNNENANNY N
ALY eSS S SOOGINOONNN RANANNN
NS N e SOTSISS Seassss
AN \ \Q:“\‘\“\\\\‘“‘ e SIS RANANAEN
\\N\ N eSS SOSTESES NASANANN
N\ AN N S s S& AN NASANANN
X \ \\\\}\\\ I S SOSS SSSS8sss
A \ e s e S&S SFSSE NAARARAN
\\g N\ \\§§§%\ S o SO0 SO
X ‘\\\\\\\\\\\\\x\ RN N
N e W
\\%\\QQ\}‘\Q‘&\;‘““““““‘%:\\\“\@*‘ s & 3
eSS S
QQ\%\Q“\“‘S”\\@%%% S
SN “\\\\“\\\\\»\m\\\\\‘j@\«w&@@ \\\\\\‘\\&\\%&@s‘@‘ &
N R WS Asees
\\\\ - . ™ SN S S
\\\\\Q\\\\\\ NNy R s‘\«&@@;@v@\\‘x\@@
\ ™ \\\\\\“;\\“\\ S RO ~
N S eSS S
\\\\\N\\\\\\\“\‘“\\\\\\\\\\“\\\\“\\s«»\\“‘t&\»\«““\\\w s
A \\\\\\“\\\\m\\\\\‘\\\\\\\\\\\“\\\ e e &
- S e S e
v SRRV - s s
R S ey
\\\\@\\\““‘\\@x\\“&\w‘
e
s
:[(:;l I

DN

\\\\\

\\\\;\\\\“\\\;\
\\\\\\\\‘\\\\ DI N
\\\w\\:‘\\“\“\\\\\w\\\\\‘\\\\:x\; ®

NEERREEE



WO 2006/131858 PCT/IB2006/051758

4/5
2,12 515 2,12
I { n 7
o
®
270
B A C
\
1,10
FIG.5
2,12
f 5, 15 2f 12
1__~______f____4_____
0.8
0.6
0.4
0.2
a "; A
“ kg
0.2 ¥

450 500 550 600 650 700 750

FIG.6



WO 2006/131858 PCT/IB2006/051758

5/5

S1

r ¢ 2
S2

r ¢ ~
S3
v
S4

FIG.7



INTERNATIONAL SEARCH REPORT —
International application No
PCT/IB2006/051758

A, CLASSIFICATION OF SUBJECT MATTER

INV. G11B7/09 G11B7/085 G11B7/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G11B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO~-Internal

Electronic data base constilted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

US 5 210 730 A (HAYASHI AKIO [Jp
11 May 1993 (1993-05-11)

columns 4,5; figures 7-9

EP 0 313 394 A2 (NIPPON CONLUX C
[JP]) 26 April 1989 (1989-04-26)
the whole document

WO 01/13367 A (ZEN RES N V [NLD)
22 February 2001 (2001-02-22)
the whole document

EP 0 409 469 A2 (SONY CORP [JP])
23 January 1991 (1991-01-23)
columns 6-8; figures 4,5

1 ET AL) 1~10

0 LTD 1-10

1-10

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :
*A* document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or afterthe international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

'P* document published prior to the international filing date but
later than the priority date claimed

e

0

0

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannct be considered 1o involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

12 October 2006

Date of mailing of the international search repoit

19/10/2006

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340-3016

Authorized officer

Damp, Stephan

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2006/051758

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

AL) 16 April 1996 (1996-04-16)
column 5; figure 5

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant 1o claim No,
A JP 59 185044 A (NIPPON TELEGRAPH & 1-10
TELEPHONE) 20 October 1984 (1984-10-20)
abstract
A US 5 508 990 A (NAGASAKI TATSUO [JP] ET 1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

information on patent family members

International application No

PCT/IB2006/051758
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5210730 A 11-05-1993  GB 2245405 A 02-01-1992
WO 9014665 Al 29-11-1990
JP 2304722 A 18-12-1990
JP 2651454 B2 10-09-1997
EP 0313394 A2 26-04-1989 CA 1324667 C 23-11-1993
DE 3888915 D1 11-05-1994
DE 3888915 T2 21-07-1994
JP 1125732 A 18-05-1989
us 5184340 A 02-02-1993
WO 0113367 A 22-02-2001 AU 7273200 A 13-03-2001
CA 2381765 Al 22-02-2001
EP 1218879 Al 03-07-2002
JP 2003507831 T 25-02-2003
us 6449225 B1 10-09-2002
EP 0409469 A2 23-01-1991 DE 69019243 D1 14-06-1995
DE 69019248 T2 14-09-1995
JP 3054733 A 08-03-1991
Us 5090004 A 18-02-1992
JP 59185044 A 20-10-1984  NONE
US 5508990 A 16-04-1996  NONE

Form PCT/ISA/210 (patent family annex) {April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

