200005367-8
2 0 SEP 2000

SPECIFICATION
TITLE OF THE INVENTION |
RECORDING APPARATUS AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION
Technical Field of the Invention

The present invention relates to a recording apparatus for recording information
signals on a recording medium and to a recording medium on which information
signals are recorded.

Prior Apt |

Conventionally, there is provided an optical disk having a wobble for a
boundary between a land and a groove formed as a recor&ing track on a signal
recording surface. There is also provided a recording apparatus in compliance with
such an optical disk.

The recording apparatus tracks a recording optical beam along a slightly |
wobbling groove on the optical disk such as a music MD or a CD-R disk for
computers.

In addition, the recording apparatus uées a frequency filter to clectrically
separafe a wobbling frequency cémponent from a tracking guidance signal. The
recording apparams gradually multiplies this wobbling frequency component to use

it as a synchropization clock for recording data.
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When there are two disk formats with different wobbling frequencies, it is
* necessary to provide a separate disk specific to each wobbling frequency. There has
been a need to manufacture two types of blank disks for marketing. This is also
inconvenient for users. A recording apparatus compatible with each disk type is also

required.

BRIEF SUMMARY OF THE INVENTION

The present invention has been made in consideration of the forcgoiné. Itis
therefore an object of the present invention to provide 2 recording medium available
for an apparatus which complies with two disk formats having different wobbling
frequencies. It is also an object of the present invention to provide a recording
apparatus which records data with high quality on such a recording medium.

For solving the above-mentioned problems, a recording apparatus according to
the present invention forms a land and a groove as a recording track on a signal
recording surface of a disk-shaped recording medivm. Data is recorded on a disk-
 shaped recording medium provided with a wobble between the land and the groove.
The wobble bas a waveform which is a combination of waveforms with first and
second frequencies. The second frequency is lower than the first frequency.

The recording apparatus comprises: drive means for rotatively driving the
recording medium,; light irradiation means for condensing a laser beam and irradiating

it onto a target track and both tracks adiﬁcent thereto on a signal recbrding surface of



the recording medium which is rotatively driven by the drive means; light detection
means for detecting a return light from each of the target track and both tracks
adjacent thereto and converting the return light into an eiectric signal; high-pass
filtering means for ﬁlteﬁng a high-frequency component in a signal corresponding to
the return light which is returned from the target track and is output from the light
detection means; low-pass filtering means for filtering a low-frequency component n
a signal corresponding to the return light which is returned from each of both tracks
adjacent to the target track and is output from the light detection means; arithmetic
means for computing a signal which passed the high-pass filtering means and a signal
which passed the low-pass filtering means; and means for generating a reference signal
based on a phase of the signal computed in the. arithmetic means. The arithmetic
means nullifies a nonlinear component due to wobbling of both tracks adjacent to the
target track and extracts only a waveform component from the first frequency.

There are formed a land and a groove as arecording track on a signal recording
surface of a recording medium according to the present invention. The disk-shaped
recording medium is provided with a wobble between the land and the groove, The
wobble bas a waveform which is a combination of waveforms with first and second
_ frequencies. The second frequency differs from the first frequency.

A wobble is formed on a .recording track of the recording medium according to
the present invention so that the first frequency and the second frequency waveforms

arc superposed on each other. It is possible to use a recording apparatus which is



compatible with the first frequency or the second frequency..

The recording apparatus using a first high-pass frequency wobble separates a
wobblihg frequency component in the wobble from a tracking error signal. The
recording apparatus then suppresses a wobbling frequency component of the second
low-pass frequency to generate a high-quality recording synchronization clock. This
provides recording quality equivalent to that available with # single frequency wobble.

Asmentioned above, the present invention extracts a high-péss component from

- the WoBble which is formed on the recording medium's recording track and comprises
the superposed frequencies with high-pass and low-pass components. The present
invention, nullifies a nonlinear component, especially a cross modulation component
from the adjacent wobble. Namely, the prosent mvention removes not only low-pass
components mixedly reproduced from the target track due to wobbling, but also cross
modulations which are not removed by a filter and are caused by adjacent track's
wobbling.

According to the present invention, a reference signal used as a time reference
for recording data is a pure high-pass component in the target track wobble. Asa
result, an optical disk records a series of high-quality data with little fluctuation in a

time axis.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a block diagram showing a schematic configuration of a recording
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apparatus,
FIG. 2 illustrates a wobble formed on an optical disk;
FIG. 3 shows waveforms due to wobbles;
FIG. 4 shows waveforms due to wobbles; and
FIG. 5 is a block diagram showing a schematic configuration of a modified

recording apparatus.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will be described in detail, with reference
to the agcompanying drawings.
First, the following describes a recording apparatus for recording data on an
optical disk with reference to FIG. 1. .

The recording apparatus 1 includes an opticai disk drive unit 10 comprising a
spindie motor 12 and an optical head 20, The spindle motor 12 rotatively drives an
optical disk 11. The optical head 20 records information by irradiating laser onto the
optical disk.

As shown in FIG. 2, with respect to the optical disk 11 according to this
embodiment, spiral lands and grooves form arecording track 11a on a signal recording
surface where an information signal is recorded. This embodiment assumes the use
of a phase-change disk which records an information signal on the sigoal recording
surface based on a phase change.



The optical disk 11 has a radius of 24.00 mm for an innermost track and a
radius of 60.00 mm for an outer disk periphery. A track pitch of 0.74 pm is used for
a recording track 11a on the signal recording surface.

Part of the enlarged optical disk 11 is shown below the disk in FIG. 2.
According to this embodiment, the spindle motor 12 drives the optical disk 11 at a
constant lincar velocity (CLV). A w_obbie is formed between a groove and a land on
the recording track. The wobble is a combination of a first wavelength corresponding
to a high-pass first frequency and a second wavelength corresponding to a low-pass
second frequency based on a wavelength fdr the channel clock.

The wavelength for the channel clock is specified as follows.

T=0.133pm

The first wavelength is specified as follows.

T,=31T=4.12 pm

The second wavelength is specified as follows.

T,=186T=2474pm

The wobble has the following amplitude.

a;, =30 nm (0-p) |

The above notation 0-p means an. amplitude from 0 to the peak.

A wobble waveform is an oireflap of a waveform having a first wavelength T,
with a first amplitude as shown in FIG. 3A and a second wavelength T, with a second
amplitude as shown in FIG. 3B.



The first amplitude is specified as:

a, = 20 nm (0-p)

The second amplitude is specified as:

2,=10mm (0p)

The following wobble amplitude is obtained by superimposing the first
amplitude a; and the second amplitudea,.

a;,=30nm (0;p)

A groove in the optical disk 11 has a track pitch of 740 nm. A wobble
amplitude (60 nm peak-to-peak) is approximately 10% of the track pitch. Namely, the
aspect ratio is not 1:1 in FIGS. 2 and 3. The same applics to FIG. 4 described later.

On the optical disk 11, the wobble is formed to a wavefdrm having the first
ﬁ'equericy and the second frequency superimposed to each other. Accordingly, the
optical disk 11 is compatible with both a recording apparatus compliant with the first
frequency and a recording apparatus compliant with the second frequency,

The recording apparatus according to this embodiment extracts a signal with the
first wavelength T, corresponding to a high-pass waveform for generating a reference
signal (clock). This reference signal worl;s as a time reference for recording data.
Based on the reference signal, recorded data is used for modulating intensity of a laser
beam irradiated from the optical head 20. By doing this, it is possible to record a
series of data accurately synchronized with the target track's wobble on the signal
recording surface of the optical disk 11.



Controlled .by a spindle servomechanism (not shown), the spindle motor 12
rotatively drives so that the optical disk 1] maintains a constant linear speed against
a spot of a laser beam irradiated from the optical head 20 onto a target track.

The optical head 20 comprises a laser generator 21 for generating a laser beam,
an optical unit 22 for guiding a light from the laser generator 21, and an optical
detector 23 for detecting a light from the optical unit 22. |

For example, a semiconductor laser can be used for the laser generator 21
generating a laser beam whose intensity is modulated by recorded data.

The optical unit 22 comprises a collimator lens, a beam splitter, an objective
lens, a diffraction grating, and the like. When the laser generator 21 generates a laser
beam, the optical unit 22 irradiates this laser beam as a spot onto a target track on the
optical disk 11. To be precise, a spot is also formed on an adjacent track. This is
described later.

The optical unit 22 transmits a return light from the target track on the optical
disk 11 to the optical detector 23. It should be noted that some optical components in
the optical unit 22 are omitted from the figure for simplicity.

The optical detector 23 detects a return light from the optical disk via the optical
unit 22. The optical detector 23 according to this embodiment uses the 3-beam
method. According to this method, a diffraction grating in the optical unit 22 diffracts
the light to generate a zero order light as a main beam and +first order lights as sub-

beams.



In the optical detector 23, a fixst optical detector 24 at the center detects the
zero order light. On both sides of the first optical detector 24, there are provided a
second optical detector 25 and a third optical detector 26 which detect, say, first
order lights, respectively.

Specifically, the main beam is used for_detecting a reproduction signal and a
focusing exror signal. A side beam is .used for detecting a tracking error signal.
According to this.embodiment, the side beam is used for nullifying a cross talk due to
a wobble on an adjacent track.

For example, the main beam corresponds to a spot on the groove. Two side beams
correspond to spots on both lands édj acent to a target track, respectively.

The optical unit 22 irradiates a laser beam onto the optical disk 11. Based on
a tracking error signal and a focus error signal, the laser beam is controlled by a
tracking servo unit and a focus servo unit (not shown). Namely, the tracking servo unit
and the focus servo unit provides control so that a laser beam spot is positioned to the
target track on the signal recording surface of the optical dlsk 11.

As mentioned above, the optical disk 11's recording- track is provided with a
wobble along a boundary between the land and the groove. The side beam is also used
for detecting this wobble.

Further, the recording apparatus 1 comprises a first amplifier 41 for amplifying
_ an output signal difference from the first optical detector 24, a second amplifier 42 for



amplifying an output signal difference from the second optical detector 25, and a third
amplifier 43 for amplifying an output signal difference from the third optical detector
26.

Each of the first optical detector 24, the second optical detector 25,and ﬂ;e third
optical detector 26 comprises a photodiode which is divided into two portions. The
first amplifier 41, the second amplifier 42, and the third amplifier 43 receive an output
difference signal (push-pull signal) from the first opticai detector 24, the second
optical detector 25, and the third optical detector 26, respectively. The push-pull
signal is used for detecting displacement of a beam transmitted to each detector.

A push-pull signal output from the first amplifier 41 correspondsto a push-pull
signal for t_he_ target track. By contrast, push-pull signals output from the second
amplifier 42 and the third amplifier 43 correspond to push-pull signals for both tracks
adjacent to the farget track.

In addition, the recording apparatus 1 includes a differential push pull (DPP)
unit 44 which generates a tracking servo signal based on an output signal from the first
amplifier 41, the second amplifier 42, and the third amﬁliﬁer 43,

* As described in the U. S. Patent No. 4775968 (Ohsato), the differential push
pull (DPP) unit 44 can provide a tracking error signal free from an offset due to
displacement of the beam spot position detccted by each optical detector in the optical
detector 23, This tracking error signal is used for the tracking servo unit (not showﬁ)

to control an optical head position.
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The recording apparatus 1 includes a signal processing unit 30 which gencrates
a reference signai (clock) for recording an information signal based on output signals
from the first amplifier 41, the second ampliﬁer 42, and the third amplifier 43.

The signal processing unit 30 comprises a high-pass filter (HPF) 31, a first low-
pass filter (LPF) 32, and a second low-pass filter (LPF) 33. Tbe high-pass filter 31
filters a high-frequency component in the output signal from the first amplifier 41.
The first low-pass filter 32 filters a low-frequency component in the output signal from
the first low-pass filter 42. The second low-pass filter 33 filters a low-frequency
component in the output signél from the third low-pass filter 43.

The high-pass filter 31 is supplied with a push-pull signal from the first
amplifier 41. As shown in FIG. 4A, for example, the push-pull signal has a
superimposed waveform of the first wavelength T, and the second wavelength T,. The
high-pass filter 31 filters components of the high-pass first wavelength T, and removes
components of the low-pass second wavelength T, from the push-pull signal.
Accordingly, as shown in FIG. 4B, an output signal from the high-pass filter 31 chiefly
comprises components of the first high-pass wavelength T,.

The output signal from the high-pass filter 31 is almost void of low-frequency
components. However, the output sxgnal contains a nonlinear component due to cross
modulation by a cross talk from an adjacent track wobble. Especially, the high-pass
filter 31 cannot completely remove cross modulation components (AM components

and FM components) due to a cross talk from the adjacent wobble.
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The first low-pass filter 31 is also supplied with a push-pull signal from the
second amplifier 42. As shown in FIG. 44, for example, the push-pull signal has a
supeﬁmpo#ed waveform of the first wavelength T1 and the second wavelength T,.
The first low-pass filter 32 filters components of the second low-pass wavelength T,
and removes components of the first high-pass wavelength T1 from the.push-pull
signal. Accordingly, as shown in FIG. 4C, an output signal from the first low-pass
filter 32 chiefly comprises components of the second low-pass wévelength T,.

The second low-pass filter 33 operates similarly to the first low-pass filter 32.
Description about operations of the second low-pass filter 33 is omitted.

The signal processing unit 30 contains a first delay unit 34 for delaying an
output signal from the first low-pass filter 32 aud a second delay unit 35 for delaying
an output signal from the second low-pass filter 33. For example, each of the first
delay unit 34 and the second delay unit 35 uses a delay line for adjusting a delay time.

Further, the signal processing unit 30 contains a first attemuator 36 for
attenuating an output signal from the first delay unit 34 and a second attenuator 37 for
attenuating an output signal from the second delay unit 35. For example, each of the
first attenuator 36 and the second attenuator 37 uses a pre-set resistor for setting an
attenuation. |

The signal processing unit 30 also contains an adder 38 and a phase locked loop
unit (PLL) 39. The adder 38 adds output signals from the high-pass flter 31, the first

attenuator 36, and the second attenuator 37. The phase locked loop unit 39 gencrates
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a reference signal synchronized with a phase for an output signal from the adder 38.

The adder 38 performs an addition or subtraction for a push-pull signal from the
high-pass filter 31, a push-pull signal from the first low-pass filter 32, and a push-pull
signal from the second low-pass filter 33, The first delay unit 34 and first attenuator
~ 36 adjust a phase and an amplitude of the push-pull signal from the first low-pass filter
32. The second delay unit 35 and the second attenuator 37 adjust a phase and an
amplitude of the push-pull signal from the second low-pass filter 33.

The adder circuit 38 performs linear operations including addition and
subtraction also for phase and amplitude adjustments in the first delay unit 34, the
second délay unit 35, the first attenuator 36, and the second attenuator 37.

The first low-pass filter 32 and the second low-pass filter 33 generate signals.
Performing addition or subtraction for these signals nullifics a nonlinear component
contained in a gignal recognized by the high-pass filter 31 as a component for the
almost high-pass first wavelength T,. Especially, this operation nullifies a cross
modulation component due to a wobble of the adjacent track.

The recording apparatus 1 also contains a recording signal generator 45 and a
laser drive unit 46. The recording signal generator 45 generates a recording signal
based on a reference signal which the signal processing unit 30 omputs The laser
drive unit 46 drives a laser generator 22 based on a signal from the recording signal
generator 435. |

The signal processing unit 30 generates areference signal. Using this reference
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signal as a time reference, the recording signal generator 45 generates a recording
signal to be recorded on the optical disk 11 based on recording data such as externally
supplied voice data. Specifically, the recording signal generator 45 generates a
recording signal by performing modulation according to a specified modulation
method such as the eight-to-fourteen modulation (EFM), the EFM plus, and the like.

The laser drive unit 46 drives the laser generator 21 in the optical head 20 based
on a recording sigoal generated in the recording signal generator 45. When recording
data on the optical disk 11, the laser drive unit 46 controls the laser generator 21 so
* that the laser generator 21 generates a laser beam with a specified power.

The following describes adjustments by the above-mentioned recording
appafams. The recording apparatus can optimize removal of a cross talk due to an
adjacent track wobble by adjusting delay times in the first delay unit 34 and the second
delay unit 35 and attenuations in the first attenuator 36 and the second attenuator 37.

The recording apparatus uses a spectrum analyzer for adjustment. ﬂc
recording apparatus adjusts phascs and amplitudes in output signals from the first
attenuator 36 and the second attenuator 37 so that an output signal from the adder 38
will contain a minimum amount of low-pass components"ahd a clock component
distribution will be maximum. This adjustment is performed by adjusting the first
delay unit 34, the second delay unit 35, the first attenuator 36, and the second
attenuator 37.

This adjustment can minimize a cross talk due to an adjacent track wobble
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found in the output signal from the adder 38. Accordingly, a cross talk due to an
adjacent track wobble is suppressed in a signal input to the PLL 39 from the adder 38.
The reference signal output from the PLL 29 synchronizes with only the target track
wobble, allowing output of highly accurate refercnce signals.

In the recording apparatus having the above-mentioncd configuration, the adder
38 in the signal processing unit 30 cancels a cross talk due to a wobble of a track
adjacent to the target track just by performing a linear operation for a push-pull signal.
However, only such a linear operation may incompletely suppress cross talks when
there is a large cross modulation component, namely greatnonlinearity. The following
describes a modified example which is capable of handling great nonlinearity and
sﬁfﬁciently suppressing cross talks,

This example provides a modiﬁt.;:d configuration. of the signal processing unit
30 in the above-mentioned recording apparatus. For simplicity, the description of the
modified example is limited to the signal processing unit 30. The corresponding parts
are assigned the same mumerals as those in FIG. 1. The description thereof is omitted.

As shown in FIG. 5, the signal prdccssing unit 30 in the modified example
comprises the high-pass filter (HPF) 31, the ﬁrst low-pass filter (LPF) 32, and the
second low-pass filter (LPF) 33. The high-pass filter 31 filters a high-frequency
~ component in an output signal from. the first amplifier 41. The first low-pass filter 32
filters a low-frequency component in an output signal from the second amplifier 42.

The second low-pass filter 33 filters a low-frequency component in an output signal
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from the third amplifier 43. |

Further, the signal processing unit 30 contains a first delay unit 34 for delaying
an output signal from the first low-pass filter 32 and a second delay unit 35 for
delaying an output signal from the second low-pass filter 33.

In addition, the signal processing umit 30 has a fourth amplifier 51 for
amplifying an output signal from the firstdelay unit 34 and a fifth amplifier 52 for
amplifying an output signal from the second delay unit 35.

Furthermore, the signal processing unit 30 contains the first attenuator 36 for
attenuating an output signal from the first amplifier 51 and the second attenuator 37
for attemtating an output signal from the second amplifier 52.

Moreover, the signal processing unit 30 comprises a PLL 60 and a divider 53.
The PLL 60 generates a reference signal (clock) based on a phase in an output signal
from the high-pass filter 31, The divider 53 divides areference signal output from the
PLL 60 and inputs it to the PLL 60.
| Unlike the above-mentioned recording apparatus configuration, this modified
example directly inputs an output signal from the high-pass filter 31 to the PLL 60,
An output signal is transmitted from the first low-pass filter 32 via the first delay unit
34, the fourth amplifier 51, and the first attenuator 36. Besides, an output signal is
transmitted from the second low-pass filter 33 via the second delay unit 35, the fifth
amplifier 52, and the second attenuator 37. These output signals are both input to the
PLL 60. |
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The PLL 60 comprises a phase comparator 61 and a third low-pass filter 62.
The phase comparator 61 compares an output signal from the high-pass filter 31 with
an output signal from the divider 53. The third low-pass filter 62 filters a low-
frequency component in an output signal from the phase comparator 61.

Further, the PLL 60 containg a voltage controlled oscillator (VCO) 63. It
generates arcference signal with a frequency corresponding to a combined voltage for
an output signal from the third low-pass filter 62, an output signal from the first low-
pass filter 32, and an output signal from the second low-pass filter 33, The output
signal from the first low-pass filter 32 is transmitted via the first delay unit 34, the
fourth amplifier 51, and the first attenuator 36. The output signal from the second
| low-pass filter 33 is transmitted via the second delgy unit 35, the fifth amplifier 52, and
the second attenuator 37. Bach of the fourth amplifier 51 and the fifth amplifier 52
provides a variable amplification factor.

The first low-pass filter 32 provides a low-pass coroponent in a wobble signal
for an inner track adjacent to the target track. The second low-pass filter 33 provides
alow~pass component in a wobble signal for an outer track adjacent to the target track.
These signals supplementally control the voltage controlled oécillator 63 via the first
delay unit 34, the fourth amplifier 51, and the first attennator 36, and via the second
delay unit 35, the fifth amplifier 52, and the second attenuator 37 .

Ifthe voltage controlled oscillator 63 is accelerated or decelerated due to a cross

talk component from the adjacent track, it can be reversely accelerated or decelerated.
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Accordingly, a cross modulation component is canceled and is removed from a high-
frequency wobble component in the target track which is cross-modulated in the phase
direction by a cross talk due to the adjacent track wobble. |

Because the voltage controlled oscillator 63 is supplied with output signals from
the first low-pass filter 32 and the second low-pass filter 33, it is possible to suppress
a cross talk even with large non]ineaﬁty.

The following describes adjustments by the above-mentioned modified example
of the recording apparatus. It is possible to optimize removal of a cross talk due to an
adjacent track wobble by adjusting delay times in the first deléy unit 34 and the second
delay unit 35 and by adjusting attenuations in the first attenuator 36 and the second
. attenuator 37.

Specifically, a time interval analyzer 1s used for measuring a reference signal
which is output from the PLL 60 in the signal processing imit 30. Then, action should
be taken to set constants for the first delay unit 34, the second delay unit 35, the first
attenuator 36, and the second attennator 37 so as to minimize a reference signal jitter.

The above-mentioned ¢mbodiments use a phase-change for the optical disk 11.
The present invention is nbt limited to the above-mentioned embodiments, It is

possible to use other types of disks for the optical disk 11.
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What is Claimed is:
1. A recording apparatus for recording data on a disk-shaped recording medium
whose signal recording surface is provided with a land and a groove as a recording
track, in which a wobble is formed between the land and the groove, and has a
superimposed waveform of a first frequency waveform and a second frequency
waveform which is lower than first frequency, the recording apparatus comprising:

drive means for rotatively driving the recording medium;

light irradiation means for condensing and irradiating a laser beam onto a target
track and both tracks adjacent to the target track on a signal recording surface of the
recording'medium rotatively driven by the drive means;

light detection means for detecting a retarn light from cach of the target track
and both tracks adjacent to the target track and converting the return light to an electric
signal;

high-pass filtering means for filtering a high-frequency component in a signal
corresponding to a return light output by the light detection means from the target
track;

| low-pass filtering meané for filtering a low-frequency component in a signal

corresponding to a return l1ght output by the light detection means from cach of the
both tracks adjacent to the target track; |

arithmetic means for mﬁpuﬁng a signal passing the high-pass filtering means

and a signal passiﬁg the low-pass filtering means, the arithmetic means nullifying a

19



-

A O 0 o

nonlinear component due to wobbles of both tracks adjacent to the target track and
extracting the first frequency waveform component ; and

means for generating a reference signal based on a phase of a signal computed
by the arithmetic means. |
2. Therecording apparatus according to claim 1, wherein the light detection means
uses a pair of light detecting elements for detecting return lights from the target track
and both tracks adjacent to the target track, and a difference signal from the pair of
light detecting elements is input to the high-pass filtering meéns and the low-pass
ﬁltering means.
3. Therecording apparatus according to claim 1, wherein the high-pass filtering
means filters a high-pass component contaiming the first frequency, and the low-pass
filtering means filters a low-pass component containing the second frequency.
4. The recording apparatus according to ¢claim 1, the apparatus further comprising:

attenuation means for attenuating signals passing the high-pass filtering means
and the low-pass filtering means by varying an attenuation factor; and

delay means for delaying signals passing the high-pass filtering means and the
low-pass filtering means by varying a delay time, and wherein |

the arithmetic means is optimized by the attenuation means and the delay
means,
5.  The recording apparatus according to claim 1, wherein the reference signal

generation means coptrols a voltage controlled oscillator based on phase information
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resulting from wobbles of tracks adjacent to the target track, and these wobbles are
detected from signals each passing the lc;w-pass filtering meaus. |
6. A disk-shaped recording medium whose signal recording surface is provided with
a land and a groove as a recording track, wheréin

a wobble is formed between a land and a groove; and

the wobble has a superimposed waveform of a first frequency waveform and a
second frequency waveform which differs from the first frequency.
7. A recording apparatus for recording data on a disk-shaped recording medium
whose signal recording surface is provided with a land and a groove as a recording
track, in which a wobble is formed between the land and the groove, has a
superimposed waveform of a first frequency waveform and a second frequency
waveform which is lower than the first frequency and is identified to be high-pass, the
recording apparatus comprising: |

drive means for rotatively driving the ﬁcording medium;

light irradiation.means for bondensing and iiradiating a laser beam onto a target
track and both tracks adjacent to the target track on a signal recording surface of the
recording medium rotatively driven by the drive means;

light detection means for detecting a return light from each of the target track
and both tracks adjacent to the target track. and converting the return light to an electric
signal;

high-pass filtering means for filtering a high-ﬁ'equency component in a signal
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corresponding to a return light output by the light detection means from the target
track;

low-pass filtering means for filtering a low-frequency component in a signal
corresponding to a return light output by the light detection means from each of the
both tracks adjacent to the target track;

reference signal generation means for generating a reference signal based on a
phase of a signal passing the high-pass filtering means and for having a voltage
controlled oscillator which is controlled according to phase information resulting from
wobbles of tracks adjacent to fhe target track, these wobbles being detected from
signals each passing the low-pass filtering means; and

dividing means for dividing a reference signal output from the reference signal
generation means and for inputting this signal to the reference signal generation
means.
8. Therecording apparatus according to claim 7, wherein the light detection means
uses a pair of light detecting elements for detecting retumn lights from the target track
and both tracks adjacent to the target track, and difference signals from the pair of
light detecting elements are input to the high-pass filtering means and the low-pass |
filtering means.
9.  The recording apparatus according to claim 7, wherein the high-pass filtering
means passes a high-pass component containing the ﬁi‘st frequency, and the low-pass

filtering means passes a low-pass component containing the second frequency.
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